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Preface

Our journals are designed for critical readers to determine whether the best freshly published
papers will become essential for practice or not. As anesthesiologists work more hours, with
fewer resources and sicker patients than ever before, it is truly a challenge to maintain
currency. For many, reading on the subject of anesthesia does not take priority while juggling
a personal and professional life. Investing in print copies or gaining Internet access to journals
in our field is low on the to-do list.

Anesthesiologists love to talk to fellow anesthesiologists about cases. Even the most dour
clinicians will come to life when another anesthesiologist says, “You will never believe what
happened to me in the operating room last week.” It is readily transparent than many clinicians
are holding onto clinical paradigms that were learned in residency that are, at a minimum, now
controversial and sometimes no longer true.

There has been a veritable explosion over the last 20 years of high-quality research in
anesthesiology, pain medicine, and critical care. The merit of each journal is quantitatively
determined by its “Impact Factor”—the frequency that its articles are cited in other papers or
reports. The impact of anesthesiology and its related fields has soared by over 65 % in the past
5 years. Fully overwhelming evidence now influences the clinical care of patients in our field
and is the reason for this gain. Despite new statistical measures, project design, and editorial
approval, many clinicians are holding onto practice parameters that are outdated or irrelevant.
The process of practice change involves 3 steps. With the introduction of a new practice
parameter, the provider goes through: (1) denial, (2) understanding that there is controversy,
and (3) after more time than should be needed, acceptance.

The editors of this book made a bold attempt at creating a book that is targeted at every
clinician in the field, whether they stay current or not. We present 126 cases, broken down by
subspecialty, where the author has a “split personality.” After a case is presented, the author
forcefully represents 2 adversarial positions: a pro stance and a con stance. In each case, the
authors speak freely, having checked their academic title at the door. During a freewheeling
discussion, the case authors alternate between talking off the cuff and presenting current
evidence. The book is meant as an easy read that can be opened up at any page. Each case is
only a few pages long and can capture the attention of the reader for as long as needed. This is
not meant to be a reference book. Simply stated, the cases are meant to be entertaining and a
“fun read.”

In almost every clinical arena, concepts that we thought were written in stone are on the
road to becoming myths. Examples include the utility of cricoid pressure, the use of normal
saline, left uterine displacement, and the neurotoxicity of inhaled anesthetics in young chil-
dren. These are just the tip of the iceberg of controversial topics recently debated in our
high-impact journals. Large database analyses on an increasingly large number of topics
demand a change in practice.

Another objective of this book is to help the reader take a small step toward currency. The
informal presentation of topics is what we believe is the most accessible way to convey new
information to a large number of readers. This is how information is most frequently shared in
the “real world” both inside and outside of medicine. We believe that this book accomplishes
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this goal of information sharing, and that most of the cases in the book address the most
relevant controversies in anesthesiology today.

The pro–con approach offers advantages over other methods of teaching. These cases can
be presented to residents in a manner similar to the Socratic method. In our experience,
residents do prefer to be taught using a case-based method. Long intervals exist in the
operating room during which minimal activity occurs, although vigilance must still be
maintained. Case-based discussions are a perfect way to spend this time. This book is
essentially a library for a teacher who is looking for high-quality case-based topics.

The enthusiasm of the authors of each case was the most satisfying aspect of this book. The
quality of each case demonstrates that sentiment. Each case author is to be commended for the
wisdom and skillful writing contributed to these cases. While we are grateful for everyone
involved in getting this work to print, we will be most grateful if the readers simply enjoy this
book and use it as a road to currency and an important mode of teaching anesthesia.

New York, USA Corey S. Scher
Chicago, USA Anna Clebone
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Part I

General



1Should Recent Clinical Trials Change
Perioperative Management in Patients
with Cardiac Risk Factors?

Corey S. Scher

Case

A 75-year-old man with a known history of an ischemic
cardiomyopathy presents for resection of a presumed
malignant liver tumor. He had 2 cardiac stents placed in the
last year and a half. His medications include spironolactone,
lisinopril, pioglitazone, and atorvastatin. He also takes
81 mg aspirin per day. A recent cardiac catheterization
showed that his stents were wide open and there was evi-
dence of diffuse, cardiac arterial disease not amenable to
stenting or surgery. His ejection fraction is 32 %, and there
is diastolic dysfunction on his echocardiogram.

Question

What is the best plan for anesthetic management in a patient
with multiple cardiac risk factors?

CON: I think I have all of the information I need to go ahead
with a general anesthetic, a preoperative thoracic epidural
and an awake arterial line before induction. I will use pulse
pressure variation (PPV) to determine fluid status and use
either hetastarch or albumin if he ends up on the steep
portion of the Starling curve where it is essential to give
fluids. A PPV >13 % means that stroke volume is changing
with inspiration and expiration; these oscillations imply a
decrease in preload. It follows that a patient with PPV
of >13 % will be fluid responsive [1]. I would not hydrate to
a PPV less than 13 % as there is a risk of fluid overload and
congestive heart failure. I would go lightly on the crystal-
loids and be a bit heavy-handed on blood products or colloid
to improve stroke volume. In addition, I will get a colleague
to help me out with a trans-esophageal echocardiogram
(TEE).

PRO: I think that your plan is more than reasonable; I am
curious how this plan evolved. I think there is more that you
can offer the patient to improve his care based on essential
clinical trials. To begin with, I think the patient would have
benefited if he had been on a statin. The CARE trial
(Cholesterol And Recurrent Events) clearly showed that
lowering low-density lipoproteins (LDL) with a statin low-
ered the risk of a cardiac event in patients with documented
cardiac disease [2]. It is essential to note that this was not an
anesthesia study but simply a study on the value of statins on
both lipids and heart disease. There were fewer myocardial
infarctions in the statin group compared to placebo. Statin
use led to a lower incidence of infarction and stroke when
interventions such as stents or surgery were chosen. More
and more proof exists over time that taking perioperative
statins is protective against complications [2]. While the
relative success of the CARE trial was attributed to lowering
LDL and its associated plaque formation, it is possible that
the statin might have impacted the amount of inflammation
in the coronary arteries.

CON: Every patient should be managed on a case-by-case
approach. Although the CARE trial is interesting, I would
not delay the case for preoperative management of his
lipoproteins. If he reported good exercise tolerance and
general function, I would go ahead today. The cancer sur-
gery will certainly be more beneficial to this patient’s sur-
vival. The evidence for giving statins at the time of surgery
is muddled, as the study is old and cardiac stents are a clearer
prophylactic paradigm than statins.

PRO: I think you should also add a beta-blocker to your
patient’s regimen. The POISE trial (Perioperative Ischemic
Evaluation) [3] was a randomized controlled trial exploring
the impact of perioperative beta-blockers on cardiac death,
non-fatal myocardial infarctions, and non-fatal cardiac arrest.
In the trial, metoprolol was found to decrease the risk of
non-fatal myocardial infarction, while making the risk of
stroke and mortality higher [3]. I have been using
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beta-blockers for years and have never seen a case of stroke
due to hypoperfusion, but I only use beta-blockers in patients
with persistent hypertension and not in cases of hypovolemia.
I titrate my dose carefully. An individual evaluation should be
performed for each patient to determine the risk–benefit ratio
of using beta-blockade. I would clearly use it in this case.

PRO: I do like that the patient is on spironolactone.

CON: Why is that a factor? You would have to make up a
reason to convince me.

PRO: There is good evidence for aldosterone inhibitors in
patients with systolic heart failure [4].

CON: However, the evidence from patients with heart failure
and a preserved ejection fraction (HFpEF), such as yours, is
limited. In patients with HFpEF, the function of spironolac-
tone was considered [5]. The outcomes of patients hospital-
ized for HFpEF who received spironolactone were compared
to those who did not. The post-hospital mortality rate and
readmissions at 1 year were analyzed. With a multivariate
survival analysis, 1212 patients with HFpEF with a mean age
of 79 years were studied. The majority had hypertensive heart
disease (50.7 %). For patients with HFpEF, the administration
of spironolactone was associated with an increase in all-cause
readmission, perhaps due to the higher rate of hyperkalemia.

PRO: The Aldo-DHF randomized controlled trial, the
Treatment of Preserved Cardiac Function Heart Failure with
an Aldosterone Antagonist trial [4] and its echocardiography
sub-study showed improvements in echocardiographic
measures of diastolic function in patients on spironolactone.
In the first of these trials, hospitalization for heart failure was
significantly reduced with spironolactone therapy; there was
no difference in the primary outcome of cardiovascular
death. In patients who are at high risk, there may be a
reduction in cardiovascular mortality. The final word is not
yet in, but the evidence is increasing in favor of using
spironolactone for stable heart failure patients.

CON: Sounds like the cost–benefit is evolving in favor of
blocking aldosterone, even with the risk of hyperkalemia.

How do I avoid fluid overload, though? I do not want to
overload this patient. I will titrate normal saline boluses
based on pulse pressure variation.

PRO: Fluid administration is a loaded topic. It makes no sense
to give normal saline (NS) because these patients invariably
end up with a hyperchloremic metabolic acidosis, which is
associated with increased morbidity and mortality [6].

I will also say, from all that I have read in the last 2 years,
colloids aren’t great either.

CON: So what have you been reading that made you come to
that conclusion? In my mind, it is clear that less volume is
needed and the patients look better after colloid resuscitation.

PRO: Let us not confuse opinions with facts. Finally there
are some strong data that there is very little place for colloid
resuscitation. In a fairly recent meta-analysis by Perel et al.
[7], the author states, “There is no evidence from randomized
controlled trials that resuscitation with colloids reduces the
risk of death, compared to resuscitation with crystalloids, in
patients with trauma, burns or following surgery. Further-
more, the use of hydroxyethyl starch might increase mortal-
ity. As colloids are not associated with an improvement in
survival and are considerably more expensive than crystal-
loids, it is hard to see how their continued use in clinical
practice can be justified” [7]. Enough said on this issue, as
thousands of patients were included in the 78 trials analyzed.

CON: I am starting to agree, as I have not seen any ran-
domized controlled trials with strong data for colloids. I am
now second-guessing my clinical practice.

There is something else that is bugging me. While col-
loids appear to not be useful, is there a difference between
crystalloids?

PRO: Actually that is an essential question. Balanced salt
solutions such as plasmalyte, lactated Ringers, and
Normosol-R are superior to normal saline for resuscitation.
I am going to go on record declaring that normal saline no
longer has a place in modern medicine. Simply stated, the
title of a paper in Anesthesia and Analgesia in 2013 by
McCluskey et al. [6] says it all, “Hyperchloremia after
noncardiac surgery is independently associated with
increased morbidity and mortality: a propensity-matched
cohort study.” The stuff is outright toxic. After a liter, you
start to go down the wrong path. I cannot think of a case
where it would be advantageous. Some are scared to give
balanced salt solutions, with their small amounts of potas-
sium, to renal failure patients; I have found that in clinical
practice this is a nonissue. For resuscitation, hypertonic
saline, 5–7 %, is increasingly used, because it is hyperon-
cotic and can be used as a volume expander. Hypertonic
saline draws fluid into the intravascular space, and very little
is needed to get the job done. Although a concern, hyper-
natremia is only rarely seen after a 100 cc infusion. A single
100 cc bag of 5 % saline can bridge a patient to transfusion
when blood is not available or is not ready. Still, caution
must be exercised, as hypernatremia can be associated with
significant morbidity or even mortality.
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CON: I have resuscitated hundreds of patients over 30 years
with normal saline and have never had a problem.

PRO: Maybe you just don’t follow up well with how your
patients do postoperatively.

CON: I’ll meet you in the alley after I finish this liver seg-
ment resection. Do you have any more pearls of wisdom for
that case, Sir Professor?

PRO: In liver lobe resections, with the excellent surgical
team that we have, we place 1 large-bore IV and a blood
pressure cuff. A thoracic epidural is placed under fluoro-
scopic guidance.

CON: No arterial line?! And with no central line, how do
you measure central venous pressure (CVP)? The surgeons
always want the CVP on the low side to prevent engorge-
ment of the liver while they are cutting it. The arterial line is
also essential in a potential hemorrhage.

PRO: Simply stated, the CVP does not correlate with filling
of the heart as determined by TEE. If you give a small dose
of phenylephrine to any patient, the CVP will increase with
no change in filling pressures [8].

Massicotte et al. published a paper that is conclusive for
my practice [8]. In it, they ask, “do right ventricular
end-diastolic volume (RVEDV) and intrathoracic blood
volume (ITBV) by TEE represent cardiac preload better than
central venous pressure (CVP) and pulmonary capillary
wedge pressure (PCWP)?” Left ventricular end-diastolic
volume (LVEDV) is the real measure of cardiac preload, and
LVEDV was compared to these other measures.

It was demonstrated that a variety of factors, like the use
of positive end-expiratory pressure (PEEP) and vasopres-
sors, had a significant impact on CVP but a small effect on
LVEDV (true cardiac preload). When the CVP is high, it is
inconceivable that you could lower it with any technique
other than phlebotomy—which you would never want to do
in a liver resection [8]. Simply stated, maybe, and I
emphasize maybe, CVP could be valuable in trending. If a
central vein is very distensible, adding volume may not
increase CVP and if the vein used, by nature, is not dis-
tensible, small changes in volume may increase the CVP
significantly without any impact on preload.

And how would you manage this patient’s diabetes?

PRO: There are many of us who practice anesthesia and do
not know what to look for in postoperative visits. If it is not
in our anesthesiology journals, it does not mean it does not
exist.

The patient is on pioglitazone, an oral agent for diabetes.
“Optimal Glucose Management in the Perioperative Period”
is an excellent paper [9] from the surgical literature on a
topic that I was “soft” on. In the past I would not cancel a
case for a blood sugar of 200. In fact, these borderline
glucose levels only climb as the case proceeds. Hyper-
glycemia is defined as glucose greater than 189 mg/dl.
Factors contributing to poor control include “counterregu-
latory hormones, hepatic insulin resistance, decreased
insulin-stimulated glucose uptake, use of
dextrose-containing intravenous fluids, and enteral and par-
enteral nutrition” [9]. Hyperglycemia in the perioperative
period is associated with increased morbidity and decreased
survival. Both morbidity and mortality around the time of
surgery are decreased by ideal glucose management. I now
measure glucose with a venous sample and send it off to the
laboratory with a request for immediate results or obtain an
arterial or venous blood gas, which gives you a response
within minutes. I would now characterize my behavior sur-
rounding hyperglycemia as “intense.”

CON: Would you go through this “intense” therapy for a
glucose of 200?

PRO: With surgical stimulation and the accompanying
cortisol release, the glucose only goes up, and yes, anything
above 180 receives intense insulin therapy. There has to be a
line somewhere, that is the trigger point. There are so many
pros and cons in what appears to be a routine case. Let us
look at some of them after consulting our colleagues in our
department.

CON: We need to chat more. I am ready to go into the
operating room. Despite the impressive database you have in
your mind, I will do this case just like I always have.

Summary

These papers might change the way you practice. Staying
current is essential as so much of the literature from the time
that I was a resident is simply not true anymore. Although
not every study will stand the test of time, it is worth
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examining and discussing the latest literature with your
colleagues, for the ultimate benefit of the patients you care
for every day.
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2Should Real-Time Ultrasound Guidance Be
Routinely Used for Central Venous Catheter
Placement?

James Leonard

Case

A cardiac anesthesia fellow on his first day had just intubated
a 67-year-old male undergoing an on-pump 2-vessel coro-
nary artery bypass grafting. The patient had a history of
peripheral vascular disease, type 2 diabetes, hypertension,
and recent non–ST-segment elevation myocardial infarction
(NSTEMI). The fellow had just finished positioning and
prepping the patient for a right internal jugular central venous
catheter (CVC) placement when his attending walked back
into the room and noticed the ultrasound equipment next to
the patient’s head.

“Wait a second, why do you have this in the room?” the
attending asked.

“Ultrasound-guided central line placement was done by
everyone at the residency program I was trained at,” the
fellow replied.

“I’ve been placing central lines for 30 years, have never
used ultrasound, and have never had a complication. If you
know your landmarks, you should be able to insert the
catheter successfully every time without the use of
ultrasound.”

Question

Should real-time ultrasound guidance be routinely used for
central venous catheter placement?

PRO: The overwhelming majority of central venous cathe-
ters (CVCs) are placed in 1 of 3 locations: the internal
jugular (IJ), subclavian, or femoral veins using either the
landmark technique or the real-time ultrasound-guided
technique.

While there are many techniques utilizing landmarks for
IJ cannulation, the most commonly described method relies
on directing the needle between the medial and lateral heads
of the sternocleidomastoid muscle, lateral to the carotid
artery, and advancing the needle toward the ipsilateral nipple
in order to cannulate the vein. For subclavian vein cannu-
lation, the patient is positioned in Trendelenburg, the
shoulders are extended, and the needle is inserted 1 cm
lateral to the middle third of the clavicle. The needle is
walked under the clavicle, directed toward the sternal notch,
and slowly advanced until cannulation occurs. For femoral
vein cannulation, the femoral artery is palpated and the
needle is directed medially to the arterial pulsation 1–2 cm
below the inguinal ligament until cannulation occurs.

Ultrasound-guided techniques have been described for IJ,
subclavian, and femoral vein CVC placement. Based upon
available evidence, ultrasound guidance for IJ CVC place-
ment is the most strongly supported of the 3 sites.
Meta-analyses of randomized trials including both adults and
infants demonstrated the following benefits of ultrasound
guidance versus the landmark technique: a significantly
higher rate of successful placement in both adults and infants
(99 versus 78 %), a reduction in failed IJ cannulation on the
first attempt (33 versus 57 %), fewer total numbers of
attempts in adults and infants (1.5–2 fewer mean needle
passes), and a reduction in complications, including arterial
puncture, in both adults and infants (from 16 to 5 % and
from 30 to 6 %, respectively) [1, 2].

CON: The cardiac anesthesia attending allowed the fellow
to proceed with ultrasound-guided right IJ CVC placement.
Upon ultrasound examination of the right IJ vein, significant
intravascular clot was found. Examination of the left IJ
revealed a similar level of clot.

“We should attempt a right subclavian line placement,”
the attending remarked to the fellow. “Should we use
ultrasound for that as well?”.

Evidence in support of ultrasound guidance is decidedly
less robust for femoral and subclavian CVC placement
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compared to IJ placement. With regard to femoral vein
cannulation, 1 randomized controlled trial found a higher
first-attempt success rate and fewer required needle passes
with ultrasound guidance compared to the landmark tech-
nique in pediatric patients [3]. For subclavian vein cannu-
lation, a randomized controlled trial of more than 400
mechanically ventilated patients in medical intensive care
units reported fewer insertion attempts, higher success rates,
reduced access time, and fewer arterial punctures and
hematomas when using ultrasound guidance compared with
the anatomic landmark approach [4].

PRO: The fellow was familiar with the available evidence
regarding ultrasound use in subclavian vein cannulation and
knew that his attending was testing his depth of knowledge.

“While I have less experience with ultrasound for sub-
clavian vein CVC placement, I don’t think you could be
faulted for utilizing it. Overall, ultrasound is a safe technique,
and there aren’t any complications unique to ultrasound-
guided vascular access compared to landmark-guided access
that I’m aware of. If you feel comfortable with the technique,
why wouldn’t you use it?” the fellow replied.

CON: “You bring up something very important there,” the
attending noted. “The level of benefit of these
ultrasound-guided techniques is probably highly
operator-dependent.”

Indeed, the attending may have a point. When discussing
the relative strengths and weaknesses of their study on
ultrasound-guided subclavian vein cannulation, Fragou and
colleagues conceded that “the benefits of the ultrasound
method may not accrue until after a significant learning
period and its learning curve may be highly
operator-dependent” [4]. This operator-dependent learning
curve should therefore be taken into account when
ultrasound-guided techniques are utilized.

The fellow and attending proceeded with successful
landmark-guided right subclavian central line placement and
noted an excellent venous waveform upon connecting the
CVC to the transducer.

“Should we get a chest X-ray in the recovery room to
confirm the position of the catheter?” the attending asked.

While radiographic confirmation of femoral vein CVC
placement is not routinely performed, a variety of modalities
have been described to confirm IJ or subclavian catheter
placement. Manometry was found in a retrospective analysis
to detect arterial punctures not identified by blood flow and
color [5]. A randomized controlled trial showed that con-
tinuous electrocardiography is efficacious in identifying
correct catheter tip placement compared with not using the
technique [6]. Observational studies have noted that both
fluoroscopy and chest radiography are beneficial in

identifying the catheter tip’s position after CVC placement.
However, in cases where fluoroscopy has been used for
catheter placement (such as in the IR suite), a post-procedure
chest X-ray is unnecessary unless the suspicion for com-
plications such as pneumothorax is high. More recently,
investigators have questioned the need for routine
post-procedure chest X-rays for uncomplicated right IJ
catheters placed on the first attempt, as the incidence of
complications and catheter malposition in this situation is
very low [7].

Summary

The available evidence strongly supports the use of ultra-
sound guidance in IJ CVC placement. This recommendation
is reinforced in the 2012 American Society of Anesthesiol-
ogists (ASA) Practice Guidelines on Central Venous Access
[8], which also states that ultrasound guidance may be used
when the subclavian or femoral vein is selected for cannu-
lation. Furthermore, these guidelines recommend the use of
waveform manometry or pressure measurement to confirm
venous placement of the catheter prior to use. Methods for
confirming proper catheter tip position include fluoroscopy,
chest radiography, or continuous electrocardiography. While
unnecessary when the catheter is placed under fluoroscopy, a
post-procedure chest X-ray is still recommended to confirm
correct intraoperative placement of IJ and subclavian CVCs,
although recent studies have questioned the utility of routine
postoperative chest X-rays for uncomplicated right IJ CVC
insertions.
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3A Patient with Chronic Kidney Disease Is
Coming to the Operating Room
for an Emergent Procedure, Which Intravenous
Fluid Do You Plan to Give Her?

Jacob Tiegs and Arthur Atchabahian

Case

A 56-year-old female with stage 3 chronic kidney disease
(CKD) has been diagnosed with acute appendicitis. She has
mild hypertension that went undiagnosed for a few years but
is now controlled on medication, the name of which she
cannot remember. She denies any other medical problems
and has no allergies. She states she still makes urine and that
she is followed by her nephrologist closely, but unfortunately
her renal function has slowly been worsening over the last
year. She appears euvolemic and normotensive. You are the
anesthesiologist on call and are preparing the operating room
for the case, but which IV fluid do you plan to give her?

Question

Which intravenous (IV) fluid choice is best for patients with
chronic kidney disease? Does it make a difference if they
still produce urine or are anuric?

PRO: You notice, as the patient is being transported to the
holding area, that an IV is in place and she has been
receiving 0.9 % saline (normal saline). The anesthesia
technician says he needs to run to central supply to get more
normal saline bags because you are out of them in the
operating room (OR). You plan on switching her IV fluid to
Plasma-Lyte 148 in the meantime.

CON: As you are obtaining consent from the patient, a
colleague of yours who is taking OB call comes by the OR
to see if anything is going on. He says the only patient on
L&D just delivered and he wanted to come by to see if you
needed help. You tell him briefly about the case and mention
you are a little worried about her kidney disease. He reminds
you it is stage 3 chronic kidney disease (CKD) and that her
glomerular filtration rate (GFR) is still 30–59, and that she
makes urine. He says he would not worry too much about it
and that he would continue the normal saline she is currently
receiving. When you ask why he would choose normal
saline, he says “because she is already on it!”

PRO: You reply, “But aren’t you worried about the supra-
physiologic concentration of chloride in normal saline? It can
lead to hyperchloremia and metabolic acidosis, which can
potentially cause renal vasoconstriction andworsening GFR.”

Your colleaguedoesn’t know that youhad just been cleaning
out your office and found your stack of 2012 JAMAs. In the
journal, Yunos et al. found that the use of a chloride liberalfluid
(such as 0.9 % saline) was associated with an increased risk of
acute kidney injury and need for renal replacement therapy
when compared with a chloride restrictive fluid (such as Hart-
mann’s solution or Plasma-Lyte 148) [1].

You tell your colleague, “I am leaning towards using
Plasma-Lyte for this case because of the JAMA article.”

CON: You colleague is impressed with your scholarly
knowledge; however, he remarks “I too read that article and
I believe they studied patients in the ICU, not in the OR.
A patient is usually in the OR for a much shorter time than
one who is in the ICU.”

You note that this is a valid point but feel Yunos’ findings
cannot be ignored [1].

Your colleague breaks your train of thought with a
question, “Wouldn’t you be worried using Plasma-Lyte and
causing hyperkalemia? It has potassium in it.”

PRO: With any patient at risk for renal disease orwith existing
chronic renal failure, it is important to avoid hyperkalemia.
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However, you remind you colleague that Plasma-Lyte only
contains 5 mmol/L of potassium. You state youwould have to
give a very large volume to increase someone’s potassium
purely with Plasma-Lyte. Also, most of the potassium in the
body is intracellular, and hyperkalemia is more likely to be
caused by shifts across cell membranes than by the exogenous
administration of small amounts of potassium. In addition, a
Cochrane review by Burdett et al. [2] found no difference in
postoperative potassium levels between patients receiving
buffered (4.02 mmol/L) versus non-buffered (4.03 mmol/L)
solutions in their review, and another clinical study byKhajavi
et al. [3] found that serum potassiumwas significantly lower in
renal transplant patients given lactatedRinger’s versus normal
saline. Because of this you feel hyperkalemia is not a partic-
ularly strong concern.

However, you are still very much worried about the
hyperchloremic metabolic acidosis that can occur with the
administration of normal saline. You review the chloride
composition of both normal saline, 0.9 %, and Plasma-Lyte
148. Normal saline contains 154 mmol/L of chloride, while
Plasma-Lyte 148 contains 100 mmol/L. A normal chloride
value on a basic metabolic panel (BMP) is around 96–
106 meq/L. It has been well described that hyperchloremic
acidosis may cause renal artery vasoconstriction and
decrease GFR. But you explain to your colleague “that not
only does this acidosis affect kidney function, it also causes
an extracellular shift of potassium which would increase
overall potassium levels.” For these reasons, you really want
to avoid normal saline infusion, especially in this patient
with impaired renal function who is already at risk.

You decide to bring the patient to the OR and start the case.
You have also decided to use Plasma-Lyte as your IV fluid
choice. The case is underway and you are given a morning
break, during which time you quickly look up the topic on
PubMed. You find another article by Shaw et al. that states the
use of normal saline in patients after open abdominal surgery
was associated with a higher incidence of renal failure
requiring dialysis and increased electrolyte abnormalities
compared with patients receiving calcium-free balanced
crystalloids (Plasma-Lyte), further supporting your decision
to not continue the normal saline the patient was receiving on
arrival to the OR [4]. You call the anesthesia tech and tell him
not to worry about restocking the bags of normal saline.

CON: As the case continues, everything is going along well
except her blood pressure begins to drift. You have aug-
mented her BP with small amounts of vasopressors, but
believe what she really needs is intravascular volume
expansion. At this time, your colleague comes into the room
to see how the case is going and to see if you need a lunch

break. He notices the downward blood pressure trend and
says why not give a colloid such as hydroxyethyl starch
(HES) solution. He states it would help expand her
intravascular volume while also minimizing the amount of
fluid you give to this renally impaired patient.

PRO: Although you appreciate your colleague’s advice, you
feel that it would not be the best care for the patient.

You tell him, “There have been numerous studies, most
notably the SAFE and CRISTAL trials, that have found no
difference in morbidity and mortality using colloids versus
crystalloids [5, 6].”

In fact, you feel that HES would be a particularly bad
choice for your patient. You tell him in addition, a recent
study by Kashy et al. found that the use of HES in
non-cardiac surgery resulted in a 21 % increased risk of acute
kidney injury (AKI) compared with only crystalloids [7].
This effect was dose-dependent, meaning that the more HES
a patient received, the greater his chance of developing AKI.
Not only that, but patients who received HES also had a
higher likelihood of needing renal replacement therapy. You
tell your colleague you want to give Plasma-Lyte for volume
replacement in this patient and that you only need a quick
break. You do not want to be gone too long because you are
beginning not to trust your co-worker’s clinical judgment.

You come back from your break and are relieved to see
your colleague has given the patient a 500 cc bolus of
Plasma-Lyte and the blood pressure has responded. As the
case is finishing, you begin to wonder if your decisions
about intravenous fluid and volume replacement would have
been different if your patient had acute kidney injury or was
anuric. But you do not believe you would have changed
anything. That same Cochrane review you looked at earlier
also found no statistical difference between the two groups
(patients who received buffered versus non-buffered IV
solutions) with regard to urine output or changes in post-
operative creatinine levels or creatinine clearance [2]. But in
light of the other facts presented here, you feel confident a
low chloride crystalloid solution would still be optimal.

As in any clinical situation, each decision you make
needs to be patient dependent. Each patient is different, and
there is no cookie-cutter approach to any situation. The
patient’s vital signs and the scenario should guide your
decision-making process. But you realize the principles from
this case also apply to most patients with impaired renal
function. If you believe a patient’s hypotension is due to
decreased intravascular volume, you should give volume.
And as we have discussed, that volume should likely be a
low chloride crystalloid such as Plasma-Lyte or lactated
Ringer’s. In most cases, you should not give fluid just for the
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purpose of increasing urine output. This holds true for
patients with acute kidney injury or chronic kidney disease,
whether they make urine or are anuric. The goal is to keep
your patient euvolemic and of course not to fluid overload
them, but you do not want them hypovolemic either.

Summary

The next day you do a postoperative check on your patient
and note she is doing quite well. Her abdominal pain is gone,
and she feels much better. Importantly, her renal function
remains at baseline. From now on, you will be using a low
chloride crystalloid solution for your IV fluid choice in all of
your patients with kidney disease. However, more investi-
gation is warranted into which crystalloid (Plasma-Lyte
versus Lactated Ringer’s) is best for renally impaired
patients. Also, there is not currently much research about
intravenous fluid choice in patients with existing chronic
renal insufficiency or chronic kidney disease. Most of the
studies investigate the development of acute kidney injury in
the presence of different IV fluids. Studies looking at fluid
choice in patients with chronic renal insufficiency would
help guide clinicians with these patients whom we often see
in the operating room.
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4Just Say NO to Nitrous!

Corey S. Scher

Case

A 65-year-old man is having an open prostatectomy. His
ejection fraction is 30 % due to previous myocardial
infarctions. He has multiple coronary artery stents for his
extensive coronary artery disease. In addition he is in
rate-controlled atrial fibrillation treated with metoprolol and
flecainamide. The patient is advised to have a neuraxial
anesthetic but he declines. The risks and benefits of a general
anesthetic are explained to the patient, and it is decided to
give a small dose of sevoflurane with the addition of nitrous
oxide and fentanyl to pick up the “slack.” The case is dis-
cussed in morning conference, and the majority of providers
do not agree with the use of nitrous oxide.

Question

Has the evidence finally arrived that it no longer helps the
patient to use nitrous oxide?

PRO: In your mind, is the nausea and vomiting associated
with nitrous oxide the reason that you prefer not to use it?

CON: After doing anesthesia for 30 years, I am convinced
that it could be an issue, especially in ambulatory anesthesia
where the last patient to go home is the patient who had
nitrous oxide. I do agree that the results of most studies are
somewhat non-committal on the postoperative nausea and
vomiting (PONV) issue.

PRO: When talking about nausea and vomiting, the term
“emetogenic” must be applied. Without a doubt, the
chemotherapeutic agent cis-platinum is highly emetogenic,
because in normal clinical doses, most patients get sick.

Nitrous oxide is always bundled in with inhaled anesthetics
and narcotics, and it is clinically hard to sort out. The
majority of patients that do receive this daily generic anes-
thetic do not get sick. Simply stated, nitrous is not strongly
emetogenic. I am sure I read a paper a few months ago that
concluded that if you were on nitrous for less than an hour,
then nitrous would not be a factor in PONV [1]. I know what
you are going to say next. By the time the patient is prepped
and draped, at least an hour goes by so what is the point?

CON: I do think that you are understating the role of nitrous
oxide in PONV. In addition, there is a culture among the
surgeons who believe that nitrous oxide distends bowel.
Whether it is a fact or not, I do not use it in closed-space
cases such as obstructed bowel, ear cases, and eye cases as it
always generates an argument that I can avoid by simply not
using it. The surgeons do not want to listen to my arguments
that in ear cases, nitrous oxide is only a problem if the
Eustachian tube is blocked. In eye cases, unless air becomes
trapped intraocularly, creating a bubble that could expand,
nitrous oxide will not cause a problem.

PRO: There are big-ticket items more important than PONV
that we have to settle between us. In a multivariate analysis,
the risk of chronic postsurgical pain was decreased in
patients who received nitrous oxide [2]. This is a game
changer for me. It is common knowledge that chronic pain
after surgery is not uncommon and everything that can be
done should be done to prevent starting up this malicious
cycle. In addition, severe pain in the first postoperative
week, wound complications, and abdominal incisions
increase the risk of chronic pain.

In the ENIGMA trial, “chronic postsurgical pain was
common after major surgery…intraoperative nitrous oxide
administration was associated with a reduced risk of chronic
postsurgical pain” [3].

Of equal if not more importance is that in many patients,
such as those with sleep apnea, higher doses of narcotics are
not ideal. Nitrous will lower the intraoperative narcotic
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requirement, increasing safety and potentially decreasing the
risk of hypopnea in the postoperative period.

CON: Does the literature make that recommendation or is
that just “your common sense”?

PRO: My common sense tells me until we have reason not
to; nitrous allows you to give a full anesthetic with a major
upside that cannot be ignored. You are one of the many in
our field who stopped reading after residency.

CON: I do read. To the best of my knowledge, the ENIGMA
trial strongly suggested that nitrous oxide oxidizes the cobalt
ion on vitamin B12, inactivating methionine synthase
causing a dose-dependent increase in plasma homocysteine
concentrations for days after surgery. So you think I do not
read! Acutely increased homocysteine concentrations impair
endothelial function, induce oxidative stress, and potentially
destabilize coronary artery plaques [3]. The use of nitrous is
associated with an increased long-term risk of myocardial
infarction. If this does not make you stop using nitrous,
nothing will [3].

PRO: You do read! You read only the abstract. This was the
ENIGMA 1 trial, a flawed retrospective study that was
replaced by the ENIGMA 2 trial. The newer trial was done
by the same authors but prospectively with a different design
targeted at the weaknesses of the ENIGMA 1 trial. Are you
familiar with that trial or even better, the differences in the 2
project designs?

CON: When someone mentions the word retrospective, it is
assumed that it is flawed. I have seen many prospective
studies that have perfect stats and yet are still not believable.
A meta-analysis is better because it should take into account
the diversity of variables in many populations. Analyzing
patient-by-patient rather than study-by-study when the
meta-analysis is performed is even better.

PRO: Let me show you the differences in the two designs. In
the ENIGMA 1 trial, 2050 surgical patients aged 18 and
older and were retrospectively randomized to either 70 %
nitrous oxide in 30 % oxygen or oxygen and air. Case
reports and records were reviewed. Perioperative care was
the decision of each anesthesiologist. The primary end point
was duration of stay in the hospital. Slightly more than 50 %
of patients were lost to lack of follow-up. Simply stated, the
study was very much out of control and underpowered. The
patients were analyzed, and the postoperative myocardial
infarction rate was only slightly increased in patients given
nitrous oxide. In the small number of patients who had
homocysteine levels drawn, there was little difference
between the two groups. Surveillance for myocardial
infarction and stroke were inconsistent by the patient’s
doctors. I think this paper was published as an introduction

to the ENIGMA 2 trial, which was much less flawed. If you
do not read the paper and only focus on the abstract, your
opinions on nitrous would be ill based and the nitrous dial
would be turned off for good.

CON: I am not a very good critical reader. What specific
design enhancers were in trial 2 that were not in trial 1?

PRO: ENIGMA 2 was an international randomized,
assessor-blinded trial in patients at least 45 years old (better
than 18) with known or suspected coronary artery disease
having major non-cardiac surgery. The investigators are
mostly the same as in the first trial. An automated telephone
service randomly assigned patients, stratified by site, to
receive general anesthesia with or without nitrous oxide.
While providers were not blinded, the patients and assessors
were. Of the 7112 patients enrolled, 3543 patients received
nitrous and 3509 did not. The primary outcomes assessed
were a composite of death and cardiovascular events
(non-fatal myocardial infarction, cardiac arrest, pulmonary
embolism, and stroke). Postoperative myocardial infarction
was defined as a raised biomarker, plus at least 1 of the
following: symptomatic ischemia, pathologic EKG waves,
EKG findings of ischemia, a coronary artery intervention, a
new regional wall motion abnormality on ECHO, and
autopsy findings of infarction [4]. There were no differences
in any item looked at with all cardiovascular primary out-
comes equal at 8 %. No difference was found in wound
infection and PONV. The sample size is huge, parameters to
be measured were well defined and follow-up is well
defined. I feel relieved that the use of nitrous oxide has little
if any relationship to postoperative cardiovascular events.

CON: There are still unresolved issues. I have always been
taught that nitrous is detrimental to the myelin sheath in
nerves. We have all been taught this in medical school, yet
we totally ignore this issue, which may or may not be sig-
nificant. What is your take on this?

PRO: Vitamin B12 (cyanocobalamin) is a component of 2
biochemical reactions: succinyl coenzyme A’s transforma-
tion into L-methylmalonyl coenzyme A and the methylation
of homocysteine creating methionine. It is the transmethy-
lation reaction that is required for DNA synthesis and for the
upkeep of the myelin sheath via methylation of myelin basic
protein. In order for vitamin B12 to be active, the cobalt
within it must stay in its reduced form (Co+). Irreversible
oxidation of cobalt occurs with exposure to nitrous oxide,
making vitamin B12 useless.

If your patient has severe vitamin B12 deficiency to start
with, it follows that nitrous oxide exposure could cause
further, even permanent decreases in neurologic function, or
even death [5]. There are several case reports of sub-acute
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degeneration of the spinal cord related to this issue. The
frequency is unknown but I would not use nitrous oxide in
those with a diagnosis of pernicious anemia where B12 is
not absorbed or in patients who are anorexic with con-
comitant cachexia.

CON: After listening to your 3 teaching points, I have not
changed my thoughts on nitrous. I have vomited in the
dentist chair from nitrous. I am concerned that on any given
day someone could be getting nitrous with a low B12 level.
Additionally, the randomized single blind study is just that, a
single study.

Summary

Clinicians choose to believe what they want to with regard to
the literature in our journals. By nomeans are these 3 teaching
points the end of the controversy. At the end of the day, if you
do not use nitrous oxide, then you do not have to worry about
these concerns. Some may choose to keep in mind that nitrous
oxide has a long history as an anesthetic, starting in December
1844, when Horace Wells performed the first dental opera-
tions with the gas in Hartford, Connecticut. Additionally,

nitrous oxide may assist with narcotic sparing and therefore
decrease the risk of postoperative apnea, especially in the
elderly, young pediatric, and fragile patients. The potential
role of nitrous oxide in preventing postoperative pain is yet
another area well worth additional research.
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5Closed-Loop Anesthesia: Wave of the Future
or No Future?

Cedar J. Fowler and Howard Ching

Case

A healthy 30-year-old male presents for a laparoscopic
appendectomy. He undergoes induction uneventfully, and
the case is underway when you feel the sudden urge to go to
the bathroom. You contact your colleague who grudgingly
arrives to give you a break. She says to you, “I wish we had
an automatic system to manage the anesthetic for these
healthy patients so we could take breaks whenever we
wanted.” You respond by saying, “Even if we did have a
closed-loop anesthesia system, we would still need to be
here to manage and monitor our anesthetic.”

Questions

What is closed-loop anesthesia and is it a good idea to
consider? Is it feasible in today’s clinical practice?

What Is Closed-Loop Anesthesia?
Before describing closed-loop anesthesia, we should talk
about closed-loop systems. An example of a closed-loop
system is a thermostat. A user can set the desired room
temperature, and the thermostat will control the heating and
cooling systems to achieve the set temperature. A closed-loop
system has a variable the user would like to control (room
temperature) and a target value for the variable (thermostat
temperature). The crucial piece is the feedback control sys-
tem that tells the system how to achieve the target value based
on the control value. In the case of the thermostat, should it
turn on the heater or air conditioner? A closed-loop

anesthesia system is more complex and would allow for the
administration of anesthesia to different individuals. The
target variables in closed-loop anesthesia can be any of the
monitors we use on a daily basis, such as heart rate and blood
pressure. The bispectral index (BIS) monitor also gives us a
possible surrogate for the level of hypnosis in a patient. The
variables that the system would control can be anything from
IV fluids to IV medications.

PRO: Automation has become increasingly prevalent in our
lives, playing a greater role with each passing year. We have
become comfortable with automation controlling the tem-
perature in our homes and ensuring our safety in air travel.
We are also likely to see even more automation in our
automobiles as the major car companies are reported to be
planning self-driving cars by 2020. Thus, public comfort and
acceptance of automation is likely to increase in the near
future.

CON: Automation can take away my independence and
potentially my job. If I use an approved system and a patient
has a bad outcome, who is ultimately responsible? I’m not
sure if I feel comfortable putting my medical license on the
line by using a machine.

PRO: Currently, there are no commercially available
closed-loop anesthesia systems and definitely not one that
could control every aspect of anesthesia care for a patient. So
you are not at risk of losing your job. A few systems are in
the research phase, and most studies are still trying to tease
out the risks versus benefits of using a closed-loop system.
The focus in the literature appears to be on closed-loop fluid
resuscitation and systems capable of monitoring and con-
trolling hypnosis and analgesia. If the technology is able to
prove itself, then it is possible that using closed-loop anes-
thesia may be necessary in order to keep your job and to
comply with hospital outcome measures and reimbursement,
as OR events become increasingly integrated into the EMR
system and easier to benchmark. Data supporting this are
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already being reported in the literature. A decision support
system to identify critical events in patients under spinal
anesthesia found that it resulted in significantly fewer epi-
sodes of hypoxemia as well as a decrease in the time to
detect and treat critical events compared to manual control
[1]. This randomized controlled trial also noted that the
manual control group was 25 % less likely to identify a
critical event than the decision support system.

A multicenter Indian trial found that closed loop was
better able to maintain BIS and heart rate than manual
control. They used a closed-loop anesthesia delivery system
that used BIS as the control variable and propofol infusion as
its feedback control. Here too, they noted greater variability
among the different study sites in the manual control group
than under the closed-loop system [2]. With regard to
closed-loop fluid resuscitation, a recent clinical trial found
better compliance with closed-loop goal-directed fluid ther-
apy (GDFT) than with manual control. They also found that
the automated system did not significantly change the
workload of the anesthesiologist when compared to
non-GDFT practice [3].

The good news is that pharmacology and physiology are
not going to change, and closed-loop systems should be
easily integrated into our practice when the time comes.
These systems still require a skilled anesthetist to operate
them, while allowing us more freedom to perform
higher-level clinical tasks.

CON: I will forever be able to make better clinical decisions
than a program because I bring years of clinical experience
and medical knowledge whenever I administer an anesthetic.
Those systems you just mentioned only monitor and control
1 aspect of anesthesia care. If I am already responsible for
total anesthesia and patient care how does this help me?
Can’t I just setup my own propofol infusion that requires
minimal intervention? Why would I need this system?

PRO: That’s true, you do have much more knowledge and
skill than a closed-loop system, but I think you should be
applying your experience to higher-level tasks, especially
with more complicated and sick patients. As a more practical
example, McGill University is working on a closed-loop
system they call McSleepy that monitors hypnosis via BIS
and analgesia with Analgoscore, a previously proven
home-grown surrogate marker for antinociception. Their
system monitors 3 aspects of anesthesia care. McSleepy
provides hypnosis with propofol, analgesia with remifen-
tanil, and muscle relaxation with rocuronium. They found
that McSleepy maintained hypnosis and antinociception

closer to the desired goals significantly more often than
manual administration of total intravenous anesthesia [4].

The studies we previously mentioned demonstrate that
computer systems excel at repetitive, “attention-based”
tasks, do not suffer from decreased vigilance, and also allow
standardization from OR to OR.

CON: Great, so a computer can keep a target variable
within a specific range better than I can, so what? Anesthesia
isn’t just a numbers game.

PRO: You’re absolutely right, so you would still need to be
present to monitor the patient and perform higher-level
functions, leaving the more repetitive tasks to the
closed-loop system.

CON: So you’re saying that these systems would be more
like copilots rather than autopilots?

PRO: Yes.

CON: I think I can live with that; ultimately I’ll still be able
to monitor my own patients and provide medical care.
I guess I won’t have to worry too much about it until they
develop a robot that can also intubate and put in IVs…

PRO: Interestingly, that too may not be too far off [5] …
until then, I’ll see you when I get back from the bathroom.
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6Should Acute Respiratory Distress Syndrome
(ARDS) Preventative Ventilation Be Standard
in the Adult Operating Room?

Samir Kendale

Case

Dr. X is leaving for the night after starting anesthesia for a
laparoscopic cholecystectomy. Dr. Y comes into the oper-
ating room (OR) to take over the case. The patient is a 70 kg,
5′3″, 45-year-old female with a history of hypertension. The
surgery is being performed under general endotracheal
anesthesia. Dr. X has set the ventilator to volume control, at
a tidal volume of 700 mL, respiratory rate of 12, fraction of
inspired oxygen (FiO2) of 50 %, and positive end-expiratory
pressure (PEEP) of 0. After Dr. X has completed his turn-
over of the case, Dr. Y reaches over to the ventilator and
reduces the tidal volume to 400 mL. Dr. X asks Dr. Y why
he has changed the ventilator settings.

Question

Should acute respiratory distress syndrome (ARDS) pre-
ventative ventilation be standard in the adult operating
room?

PRO: Don’t you read journals? Intensive care unit
(ICU) physicians have been using low tidal volumes to
reduce the mortality of their ARDS patients for years now.
We should be doing the same for our patients in the OR.
High tidal volumes can induce lung injury, including volu-
trauma and barotrauma.

CON: But how do we know if the same reduced tidal
volume strategy is going to have any effect on surgical
patients?

PRO: Because the mechanisms of injury to the lung are the
same, we can assume that the excessive stretch on the lungs

is going to cause ventilator-induced damage. The ventilator
should be set to 6–8 mL/kg of ideal body weight. There was
a prospective trial that confirmed this, and patients on
smaller tidal volumes had a reduced occurrence of acute
respiratory failure and a reduced hospital length of stay [1].
At the very least, even if you aren’t using a lung-protective
strategy, you should have used ideal body weight to deter-
mine this patient’s ventilator settings.

CON: I’ll give you that one. This patient’s ideal body weight
is closer to 50 kg, so my ventilator settings should have been
set based on that. You haven’t answered my question though;
that study was in patients with an intermediate to high risk of
postoperative pulmonary complications [1]. How does that
translate to our general anesthesia population, in which most
patients do not have injured lungs and are not at high risk of
pulmonary complications? See, I do read journals.

PRO: Well, even with open abdominal surgery, in patients
that did not have an increased risk of postoperative pul-
monary complications a protective ventilation strategy
results in improved pulmonary function tests and higher
oxygen saturation [2].

CON: So it may be beneficial in abdominal surgery, but we
don’t know about other surgical procedures. We have tra-
ditionally used higher tidal volumes to prevent hypoxia and
atelectasis, especially in laparoscopic cases where the
pneumoperitoneum may worsen atelectasis. There was that
one prospective study that showed no benefit to low tidal
volumes in upper abdominal surgery [3].

PRO: That study was not clear about the use of PEEP. We
should be using PEEP in combination with low tidal vol-
umes to prevent hypoxia and atelectasis. This may aid in
avoidance of inflammation in the lungs from the repetitive
opening and closing of alveoli. Not using PEEP in a
lung-protective strategy, actually, may result in increased
mortality [4].
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CON: OK. How much PEEP do we need to use?

PRO: Um…I don’t know exactly.

CON: Right. Because the Protective Ventilation Using
High Versus Low PEEP (PROVHILO) trial demonstrated
that there was an increase in hemodynamic instability and
hypotension with the institution of high levels of PEEP [5].

PRO: That trial compared a PEEP of 12 cmH2O with a
PEEP of � 2 cmH2O. Those may not be the appropriate
values to explore because they are so disparate. And the
Intraoperative Protective Ventilation (IMPROVE) trial
showed benefit from the use of 6–8 cmH2O PEEP [6].

CON: Just PEEP and low tidal volume? There will still be
areas of the lung that will not be distended and consequently
poorly aerated.

PRO: Obviously, we will use recruitment maneuvers as
well, as that will allow the PEEP to maintain the lung vol-
ume once it has been expanded.

CON: Recruitment maneuvers may not be enough to
improve postoperative lung function in morbidly obese
patients who undergo laparoscopic gastric bypass surgery
[7]. If recruitment maneuvers are not useful in that popula-
tion that is highly susceptible to postoperative atelectasis,
then what’s the point?

PRO: It depends on what parameters we want to look at.
Perhaps if alternate outcomes are assessed, we may find
what the exact benefit is. We also may need to find the exact
group of patients and the right components and combina-
tions of lung-protective strategies.

CON: So you’re saying we should probably use a
lung-protective strategy with PEEP and recruitment
maneuvers in a certain subset of patients. That subset may be
patients with a high likelihood of postoperative pulmonary
complications. It may be patients having open abdominal
surgery. It may be patients having only major surgery. It
may be some specific combination of these factors, but it
also may harm patients if used in the wrong population.

PRO: Yes, that is correct.

CON: We also don’t know how much PEEP to use or
whether or not to use recruitment maneuvers, and in what
population these will be most effective.

PRO: Well, yes, that’s also true, but we do know it defi-
nitely has a significant impact in a specific subset of patients.

CON: We should just use our clinical judgment then?

PRO: Most likely, at this point, yes. We should consider
whether a patient is at risk of pulmonary complications and
whether any intraoperative events are going to increase this
risk, and then decide what our ventilation strategy will be.
I think that, though, most likely a comprehensive approach
involving low tidal volume, PEEP, and recruitment maneu-
vers will prove to be beneficial to a large number of patients.
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7I Gave Rocuronium 3 Hours Ago, Do I Need
to Reverse?

Daniel Kohut and Kevin Turezyn

Case

A 58-year-old woman with chronic low back pain secondary
to nerve impingement presents for lumbar laminectomy and
fusion. The patient has a history of coronary disease treated
with a stent 3 years ago, as well as obesity and moderate
chronic obstructive pulmonary disease (COPD) from
smoking. Transcranial motor evoked potential monitoring
will be performed during the procedure to assess motor
function, so neuromuscular blocking drugs cannot be given
during the case. One dose of rocuronium, 30 mg, is given at
the surgeon’s request to aid the initial dissection, and no
further muscle relaxation is administered for the rest of the
operation. Three hours later, the patient is breathing spon-
taneously with good tidal volumes, seemingly ready for
extubation. Your attending walks in and asks if the patient
has been reversed.

Question

Should a dose of neuromuscular blockade reversal be given?

CON Doc, rocuronium is an intermediate acting non-
depolarizing agent. It reaches peak effect within several
minutes and lasts for approximately 45–90 min. The patient
is able to produce adequate tidal volumes on her own with
the endotracheal tube in place. She is also able to sustain a

head lift of >5 s. These parameters are generally accepted as
indications that a patient is strong enough to maintain ade-
quate ventilation. Therefore, I don’t think she needs any
reversal.

PRO Your facts are correct, but how do you really know
that the patient’s muscle strength is truly back to her base-
line, or at least close to it? Being able to take “normal” tidal
volumes doesn’t give us much information, as up to 80 % of
her receptors may still be occupied! Even if she is able to
sustain a 5-s head lift, up to 50 % of her receptors may still
be occupied. Are you still comfortable extubating without
any reversal?

CON I see what you’re saying, which is why I also used a
twitch monitor. I placed the leads on the patient’s lateral
forehead over her facial nerve and found that she has a
train-of-four (TOF) ratio >0.9. In addition to this, she has no
evidence of fade on sustained tetanus. Together, these 2
signs indicate that the patient has no residual paralysis and
that the endotracheal tube can be removed without providing
medication for reversal.

PRO OK, but you are aware of how bad we as clinicians are
at accurately assessing TOF ratios quantitatively, right? I’d
be slightly more comfortable if you used double-burst sup-
pression, which consists of 2 short 50 Hz stimuli separated
by 750 ms. The strength of the first twitch is comparable to
the strength of the first TOF twitch, and the strength of the
second is comparable to the fourth twitch in TOF. It’s much
easier to assess the difference in strength between 2 rather
than the first and last of 4 twitches.

In addition, the fact that you are using facial muscles to
assess muscle strength is also concerning. The orbicularis
oculi and the corrugator supercilii are both fairly resistant to
neuromuscular blockade; therefore, when you observe 4
twitches there, the patient may only have 2 or 3 at the
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adductor pollicis, for example. It has been shown recently
that using a twitch monitor on facial muscles is associated
with an increased incidence of postoperative residual neu-
romuscular block in the PACU [1].

Ideally, we should use a more quantitative metric to
assess neuromuscular blockade, such as acceleromyography.
With this technique, a piezoelectric myograph is attached to
the stimulated muscle and is used to measure the force
produced by the electrical stimulus. The acceleromyography
then calculates the TOF ratio, providing the clinician with an
objective value. Murphy et al. showed that acceleromyog-
raphy was superior to the subjective TOF technique in pre-
venting PACU complications such as the need for further
airway interventions and the incidence of oxygen desatura-
tion [2]. The problem with such devices, though, is that most
clinicians aren’t aware of how to use them. Every patient’s
response must be calibrated and normalized prior to
administering any neuromuscular blocker, as assessing the
quantitative TOF with a non-calibrated device is essentially
useless.

CON Wow, Doc, you’re like a walking journal! OK, so
you’re not satisfied with my assessment of this patient’s
muscle strength, but I’d like to mention a few things about
the reversal you seem to be pushing for. Neuromuscular
reversal drugs are not benign. Even when a patient is given
an appropriate weight-based dose, it has variable physiologic
effects. The increased parasympathetic output that results
from acetylcholinesterase inhibition by neostigmine can lead
to bradycardia, causing hypotension. Worse, it can occa-
sionally lead to unstable junctional or ventricular rhythms. In
order to prevent this, neostigmine is usually given with a
dose of an anticholinergic agent. This often causes patients
to become tachycardic. While this is usually benign, it can
produce hemodynamic instability in patients with aortic
stenosis. It can also affect the ratio of myocardial oxygen
demand to perfusion in patients like ours who have a history
of coronary disease, leading to myocardial ischemia.

PRO You are indeed correct! But tachycardia and brady-
cardia are both treatable, and it is also important in patients

with severe cardiac disease to prevent post-op respiratory
complications.

CON Well, Doc…that’s where it gets really tricky! Not only
can neostigmine have adverse hemodynamic affects, but
recent studies have also shown that it can have adverse
respiratory effects! One moderate-sized prospective study
showed an increase in post-op atelectasis in patients given
neostigmine. This same study showed even larger effects,
including an increased incidence of pulmonary edema as
well as longer hospital and PACU stays when patients were
given high-dose neostigmine [3]. While the exact reasons for
this are unclear, it is hypothesized that neostigmine may
actually have a paradoxical affect on respiration when given
to patients who have spontaneously achieved full recovery.
It is believed that it may decrease respiratory muscle strength
and increase upper airway collapse, leaving patients more
prone to respiratory complications.

PRO Well, it seems we’re at an impasse. On the one hand
we can extubate the patient without any reversal and risk
having postoperative weakness and all its associated com-
plications, while on the other hand we risk untoward
hemodynamic effects of neostigmine, and even increased
muscle weakness. Ah, what the hell, let’s just pull the tube
and just keep a close eye on her in PACU.
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8How Do You Recognize and Treat
Perioperative Anaphylaxis?

Amit Prabhakar, Melville Q. Wyche III, Paul Delahoussaye,
and Alan David Kaye

Case

A 60-year-old female is scheduled to have an elective
umbilical hernia repair. Preoperative evaluation revealed a
past medical history of hypertension, obesity, and
well-controlled type II diabetes mellitus. Her home medi-
cations include lisinopril, 10 mg, once a day, and metformin,
1000 mg, twice a day. The surgical history includes 2 pre-
vious cesarean sections and an elective abdominoplasty done
at an outside facility. The patient reported no history of
complications associated with her prior anesthetic exposure
and no history of allergies. Physical examination was rele-
vant for a moderately obese female with good dentition and
a Mallampati 2 airway. The patient was given an ASA
classification of 2.

On the day of surgery, the patient’s vital signs were stable
and NPO status was confirmed. She was given midazolam,
2 mg, prior to being moved to the operating room. Once in
the operating room, the patient was attached to standard
ASA monitors and had several minutes of preoxygenation
prior to induction. She was induced with 2 % lidocaine,

100 mg; propofol, 150 mg; and succinylcholine, 120 mg,
for a rapid sequence intubation. Direct laryngoscopy was
attempted twice; however, the vocal cords were not visual-
ized because of an anterior larynx. An Eschmann catheter
was then used to assist in securing the airway. The patient
was then put on 2 % sevoflurane, and given vecuronium,
4 mg, and cefazolin, 2 g, at the surgeon’s request.

During the perioperative period, the patient was noted to
have labile blood pressure, ranging from 75–110/40–80. In
an attempt to maintain a mean arterial pressure (MAP) of 70,
100 µg boluses of phenylephrine were given intermittently.
Despite the blood pressure fluctuations, all other vital signs
remained stable throughout the procedure.

Upon completion of the surgery, the patient was given
glycopyrrolate, 0.8 mg, and neostigmine, 4 mg, for reversal
of neuromuscular blockade. The patient met the recom-
mended criteria for extubation. She was following com-
mands, breathing spontaneously with a tidal volume of
approximately 500 mL, and was able to maintain a head lift
for 5 s.

Immediately after extubation, the patient’s blood pressure
increased to 220/115 and epistaxis was seen. Simultaneously
she began to have difficulty breathing independently and her
tongue was noted to be enlarged. The decision was made to
re-intubate the patient because of impending obstructive
respiratory failure. Direct laryngoscopy with the Eschmann
stylet was attempted, but was unsuccessful due to extremely
edematous upper airway tissue. Video laryngoscopy with an
Eschmann was then attempted twice and was also unsuc-
cessful because of edema and swelling. The patient’s oxygen
saturation dropped to 80 %. After communicating with the
surgeons, the decision was made to prevent further harm and
perform an emergency tracheostomy.

Emergency tracheostomy was performed, and the
patient’s oxygen saturation increased to 99 %. However, the
blood pressure remained labile during the tracheostomy and
multiple 10 µg doses of epinephrine were required to
maintain a MAP of 50–60. After the definitive airway was
established, a transthoracic echocardiogram was done to rule
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out a cardiovascular etiology. The echocardiogram showed
an ejection fraction >55 %, no wall motion abnormalities,
and volume depletion. Intraoperative bronchoscopy was also
performed and showed edema of the trachea and mainstem
bronchi. The patient was stabilized and transferred to the
ICU for further resuscitation.

Question

How do you recognize and treat perioperative anaphylaxis?

PRO: Perioperative anaphylaxis is a rare and potentially
lethal event that requires quick recognition by the clinician.
The incidence of perioperative anaphylaxis is estimated to be
1 in 10,000–20,000 anesthetic procedures [1, 2]. According
to the National Institute of Allergy and Anaphylaxis Net-
work symposium, anaphylaxis is defined as “a serious
allergic reaction that is rapid in onset and may cause death”
[3]. This is a difficult case because she had a negative sur-
gical history, so you really wouldn’t expect anything as bad
as full blown anaphylaxis.

CON: While statistically rare, the true incidence of anaphy-
laxis is likely underreported because the majority of reactions
go unrecognized because they are mild and transient. As an
anesthesiologist, you can never assume anything. You are
expected to be the person in the room who can quickly
identify and solve the problem when others can’t.

PRO: Well, if you do suspect anaphylaxis you should be
aware of the typical signs of a severe allergic reaction. Those
include erythema, edema, pruritus, hypotension, tachycardia,
and bronchial and gastrointestinal smooth muscle constric-
tion [1].

CON: Yes, but everything is much trickier for a patient
under general anesthesia. The majority of these signs and
symptoms are masked by anesthesia. The patient is often
fully covered with a sterile drape, so cutaneous signs may
not be seen initially [1]. Blood pressure is often lower than
normal during anesthesia due to various anesthetic agents.
Thus, the anesthesia provider may just treat it as decreased
vascular tone and give a small dose of a vasopressor. Also,
fluctuations in blood pressure are expected in patients with
hypertension because of an altered autoregulatory curve.
And obviously an intubated patient won’t be able to tell you
that they are itching. Clinicians should be wary of refractory
hypotension with minimal response to vasopressors and
increasing peak inspiratory pressures.

PRO: So then the initial diagnosis has to be presumptive and
based upon astute clinical judgment. This is important
because life-threatening anaphylaxis can progress within
minutes of initial presentation. To review, there are 4 dif-
ferent types of hypersensitivity reactions and they present
differently. Type I is an IgE-mediated response that leads to
histamine release from mast cells causing vasodilation,
bronchospasm, and cardiovascular collapse in severe cases.
This type of reaction is common with drugs and is the most
likely one to be encountered in the operating room. Type II
is an IgG-mediated reaction that occurs when preformed
antibodies bind to an antigen and activate the complement
cascade. A type III hypersensitivity reaction is when an
antibody–antigen complex forms and causes an immune
response. Type IV hypersensitivity reactions involve T
cell-mediated cytokine release in response to a previously
encountered antigen.

CON: The initial diagnosis can be presumptive, but it is
imperative to establish a definitive diagnosis once the
patient is stabilized. This is crucial because there are no
preemptive therapeutic strategies to prevent anaphylaxis in
the future. The patient should undergo extensive allergy
testing to help identify the triggering agent [1]. While a
definitive diagnosis is dependent on testing, there are sev-
eral markers you can look for that support a diagnosis of
anaphylaxis. Preformed histamine is released by both
basophils and mast cells in response to activation and cell
degranulation. Histamine usually has a half-life of 15–
20 min [4]. However, in severe anaphylactic reactions his-
tamine levels can remain elevated for up to 2 h, likely
because of saturation of enzymatic metabolism [4]. Serum
tryptase levels can also be measured within 2 h of a sus-
pected reaction with elevated levels supporting mast cell
activation and anaphylaxis [4].

PRO: The anesthesiologist must also be aware of the
potential triggers of anaphylaxis. The most of common
causes of hypersensitivity reactions and anaphylaxis in the
perioperative period include drugs, latex products, and
intravenous fluids. The most common drugs associated with
anaphylaxis are antibiotics, neuromuscular blockers, hyp-
notic agents, and rarely, opiates.

CON: Studies have shown that neuromuscular blocking
agents are the most common offending drugs, with an inci-
dence of 50–70 % [5, 6]. The second most common trigger
is latex, which has been reported to account for 16.9 % of
perioperative anaphylactic reactions [5, 7]. The third most
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common cause of anaphylaxis in the operating room
includes antibiotics such as b-lactams and vancomycin [5].
The patient in our case received preoperative cefazolin and
midazolam, and vecuronium on induction. The surgery team
also used latex gloves. As you can see there is a myriad of
possible triggers and allergy testing for this patient is still
ongoing.

Summary

Anaphylaxis is a severe allergic reaction that can progress to
a life-threatening condition within minutes of initial pre-
sentation. Acute management of the patient includes con-
ventional emergency supportive measures. These include
boluses of intravenous fluid and epinephrine to counteract
refractory hypotension, b-2 agonists to reverse bron-
chospasm, and corticosteroids with or without histamine-1
receptor antagonists to mitigate cytokine release. While an
immediate definitive diagnosis is not possible, the clinician
must be cognizant of the acute presentation and treatment of
anaphylaxis in the perioperative setting. Once the patient is
stabilized, definitive diagnosis and management require a

coordinated effort by anesthesiologists, allergists, and the
surgery team.
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9Is Monitored Anesthesia Care (MAC) Safe
for All Cases?

Kenneth M. Sutin and Jonathan Teets

Case

Before surgery, the surgeon comforts his anxious patient, “I
can do this (choose one: biopsy, face lift, endoscopy, hand
procedure) with local anesthesia and a little sedation.” The
surgeon reassures the patient, “No, I never use general
anesthesia, that would be far too risky for such a simple
procedure. You’ll be in and out before you know it.”

The Problem

Boxed into a small corner with no egress, you are the
anesthesia provider du jour assigned for this “simple pro-
cedure” with sedation and monitored anesthesia care
(MAC). You review the patient’s record; his internist’s
preoperative consult indicates that during anesthesia you
should avoid hypoxemia and hypotension. Since his
Lap-Band surgery, the patient is now only mildly overweight
and his sleep apnea has improved. His well-groomed full
beard nicely conceals his retrognathia.

Time for Surgery

In the operating room (OR), you commence sedation with a
mildly intoxicating cocktail of fentanyl, midazolam, and
propofol at 50 mcg/kg/min. Also, you monitor nasal exhaled
CO2 and administer 2 L/min O2 by nasal cannula to main-
tain a satisfactory saturation on the pulse oximeter (SpO2).

All is well until the surgeon indicates, “The patient is still
moving, can’t you give more propofol?”

You respond, “Yes, I can, but if I do, the patient might
stop breathing!”

The surgeon quips, “You’re not going to last long around
here. If you can’t do this, get me someone who can.”

Reluctantly, you give more sedation, a little more fentanyl,
and then raise the propofol infusion to 100 mcg/kg/min. A few
minutes pass and the patient is calm. Soon, the SpO2 dips to
88 %, you dial up O2 flow rate; the saturation improves until it
falls again, abruptly! You raise the drapes, attempt mask
ventilation, but hear only squeaks of air leaking around the
patient’s face. You fail to insert an LMA, and since the patient
is no longer moving, you attempt tracheal intubation as the
patient vomits, the pulse oximeter utters a few more deep bass
notes, the heart rate slows, then there’s a PEA arrest, and you
call a code in OR #13.

The surgeon grouses, “My patient better be OK or this is
the last day you will ever practice anesthesia!”

Fortunately, this story deserves a happy ending: You
successfully intubate the trachea and the patient winds up
doing fine. The surgeon cancels the case. Clearly, this could
never happen in real life? Does this scenario sound remotely
familiar?

Question

Should we make the surgeon happy “at all costs” by fol-
lowing the anesthetic plan he has already promised to the
patient?

PRO: MAC with sedation is common and used for millions
of procedures every year in the USA. The surgeon is the one
who brings in the business, they are HIS patients. At least
with an anesthesiologist present, the patient is continually
monitored by an individual who is only performing the
anesthetic. More and more commonly, surgeons, procedu-
ralists, and dentists are administering “sedation” by them-
selves at the same time they are performing the procedure.
By the careful proceduralists, this amount of sedation is
carefully titrated and limited—but not every surgeon is
careful!
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CON: That’s a terrible scenario too, but it doesn’t mean that
the surgeon should be able to push the anesthesiologist into
doing something that is bad for the patient.

MAC is simply dangerous in some cases. When the level
of sedation transitions from moderate to deep (defined
below), and when supplemented with oxygen, anesthesiol-
ogists (rather their patients) may be treading on thin ice.
Sure, whether by virtue of skill or good fortune, almost all
patients do fine; except, that is, for those who do not. And
when they don’t, their stories are memorialized in the pages
of New York’s most prominent medical journal: the New
York Times. This is MAC’s pachyderm in the pantry. When
things go wrong, patients transition from hypoventilation to
respiratory arrest not with an explosion, but in silence; thus,
the signs of apnea can easily be missed if vigilance wavers
even for a minute. Never forgotten, however, are the disas-
trous consequences of delayed or ineffective airway inter-
vention—cardiac arrest, brain damage, and death. Since
most patients tolerate deep levels of “conscious” sedation,
surgeons and anesthesia providers are readily lulled into a
false sense of security that conscious sedation is safe and
therefore appropriate in all cases.

Impact of Sedative Agents

Medications commonly used to achieve sedation produce
dose-related hypoventilation. They decrease both respiratory
rate and tidal volume by a right shift (opioids) or a decrease
in slope (benzodiazepines, propofol) of the ventilatory
response to PaCO2. When sedative agents are combined,
they act synergistically to accelerate oxygen desaturation,
hypopnea, and/or apnea [1]. Furthermore, especially when
sedation is prolonged, there is progressive atelectasis and a
decreased functional residual capacity (FRC). Finally, the
individual response to sedation is not always predictable; we
have cared for some patients in whom, despite our best
intention to achieve moderate sedation, the response is
unpredictable and bimodal, vacillating between the extremes
of agitation and apnea.

Level of Sedation

The American Society of Anesthesiologists has formally
defined increasing levels of sedation as: minimal, moderate,
deep, and general anesthesia [2]. The key distinctions for our
purpose are that at moderate levels of sedation, patients
remain responsive to mild stimulation, airway intervention is
not required, and spontaneous ventilation is adequate, while
at a deep level of sedation, patients are less responsive to
stimulation, they may require airway intervention, and
spontaneous ventilation may be insufficient. To limit the

consequences of hypoventilation, it is reasonable to avoid
prolonged deep sedation unless the airway is controlled.

SpO2 Monitoring

Anesthesia providers employ a reliable noninvasive tool to
measure arterial oxygen saturation (SaO2)—the pulse
oximeter (SpO2). Unfortunately, we do not often employ
noninvasive devices to assess arterial CO2 (PaCO2),
although such devices are commercially available. It is for-
tuitous that SaO2 will decrease when the patient is
hypoventilating, and in this way, we can take advantage of
the pulse oximeter to indirectly assess respiratory depres-
sion, but only when the patient is breathing room air!

Capnography

During sedation, anesthesiologists frequently monitor oral or
nasal end-tidal CO2 (or the capnography waveform) to
measure respiratory rate, to assess for airway obstruction,
and to exclude apnea; for these purposes capnography is
effective. However, the absolute value of EtCO2 always
underestimates PaCO2, and the gap between the 2 widens
with progressive hypoventilation. During conscious seda-
tion, where the tidal volume is not easily measured or pre-
dictable, the absolute value of the EtCO2 is prone to
misinterpretation. Thus, capnography is useful only to con-
firm the presence of ventilation and circulation, but not
whether either is sufficient.

Room Air Oxygen and the Pulse Oximeter

Since noninvasive PaCO2 measures are not commonly
employed, let’s examine instead how the arterial saturation
measured by a pulse oximeter might be of assistance.
Although a detailed analysis is beyond our scope, a few
calculations will suffice. One can estimate the consequence
of increasing PaCO2 on SpO2 from the following equations.

Assume:

PaO2 ¼ FiO2 � Patm � PH2Oð Þ � PaCO2=RQ� Ps

where Patm = 760 mm Hg, PH2O = 47 mm Hg, RQ = 0.8,
Ps = shunt.

The Hill equation estimates SaO2 from PaO2, (at pH =
7.4, T = 37 °C) [3]:

SaO2 ¼ ð23; 400 � ðPaO3
2 þ 150 � PaO2Þ�1 þ 1Þ�1

Finally, assuming negligible levels of carboxy- and
methemoglobin:
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SpO2 ¼ SaO2

For the purposes of our discussion, let’s consider that a
reasonable decrease in ventilation is achieved when the
PaCO2 climbs to 55 mm Hg, and exceeding that number
might encroach on potentially dangerous levels of respira-
tory depression. Further, we will limit this discussion to
relatively healthy adult patients and specifically exclude
those with respiratory insufficiency, sleep apnea, or oxygen
dependency. Applying these formulas, we will estimate the
impact of increasing PaCO2 on SpO2, at specific values of
FiO2 and shunt (Ps). See Fig. 9.1.

For a healthy adult, let’s assume there is no shunt; thus,
Ps = 0. On room air (RA, FiO2 = 21 %), the SaO2 will be
� 96 % until the PaCO2 rises above 54 mm Hg. This
becomes our safe target: to maintain the saturation at
� 96 %. At a PaCO2 of 55 mm Hg, the PaO2 is still a
comfortable 81 mm Hg.

If our patient has some atelectasis, how will that impact
these calculations? Let’s assume atelectasis introduces a small
shunt, Ps = 10 mm Hg. Again, breathing room air, when the
PaCO2 reaches our target 55 mm Hg, the saturation will be
94 % and the PaO2 will be a bit more concerning 71 mm Hg.
Thus, compared to a patient with no shunt, the presence of a
shunt causes the SpO2 to read a lower saturation for any given
increment in PaCO2, and, provided that we carefully monitor
SpO2, this affords an enhanced margin of safety.

Next, we will estimate the impact of oxygen delivered at
2 L/min by nasal cannula and assume this generates a PiO2

of 200 mm Hg. Intuitively, we might expect such a small
amount of enriched oxygen to have only a minor impact, but
that is not the case. Again, we will assume Ps = 0. With
enriched O2, the SpO2 will remain � 97 % until the PaCO2

rises to 88 mm Hg! At our target for tolerable PaCO2 of
55 mm Hg: (1) SpO2 will be 98.9 % and will not properly
signal when we have achieved our endpoint for moderate
hypoventilation, while (2) the PaO2 is a luxurious 131 mm
Hg! This observation that supplemental oxygen can abolish
the utility of the pulse oximeter to detect hypoventilation is
not a new finding [4]. One final example, assuming a large
shunt, Ps = 50 mm Hg, while breathing 2L O2 NC the SPO2

drops below 96 % only after the PaCO2 climbs to 55 mm
Hg (not shown in graph). Next, we will look at the impact of
atelectasis and decreased FRC to see how this fits with our
model.

Atelectasis

Small tidal volumes predispose to atelectasis and thus
increase shunt. Although a 10 mm Hg shunt is quite small,
only on RA is its impact readily detectable by a decrease in
SpO2, and this can be promptly remedied by asking the
patient to perform a recruitment maneuver (take a deep

Fig. 9.1 Pulse oximeter
saturation with increasing PaCO2
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breath or cough). In contrast, with enriched inspired O2,
even very significant atelectasis (shunt) may persist unde-
tected by the SpO2.

FRC

Although decreases in FRC are generally invisible to SpO2

monitoring, FRC becomes critical during periods of apnea or
hypopnea (AH), and these events are common [5]. The
reasoning is simple; for a given volume of FRC, the greater
the FiO2, the more residual O2 is available within the FRC,
and the longer the duration of AH until SpO2 desaturation
occurs. In fact, some argue this is advantageous and sedated
patients should breathe 100 % O2 to better tolerate longer
periods of AH without SpO2 desaturation. However, rather
than blindly tolerate AH, we suggest it is safest to avoid AH
altogether and, if it occurs, to detect it at its earliest onset to
expedite proper interventions. As shown earlier, when sup-
plemental O2 is used, the SpO2 may still read a high value
while PaCO2 climbs dangerously high, so that if or when
AH occurs, it does so in the presence of a preexisting res-
piratory acidosis.

The implication is clear, to help prevent oversedation, one
can provide room air O2 and titrate sedation to a mild
decrease in SpO2. If sedation is still inadequate, rather than
giving supplemental O2, which masks hypoventilation
resulting from moderate or deep sedation, first consider
obtaining a controlled airway (face mask, LMA, or endo-
tracheal tube) and provide positive pressure ventilation and
enriched oxygen as appropriate.

It was well said by Dr. Carl Hug almost a decade ago,
“MAC should stand for maximum anesthesia caution, not
minimal anesthesia care!” [6].

Many if not most of the severe complications associated
with conscious sedation are due to respiratory depression,
and for the most part, these are preventable [7].

We propose that employing only RA may provide an
extra margin of safety and help to prevent oversedation and
potential adverse consequences. If you have previously used
enriched oxygen for conscious sedation, when you first
employ RA, you will likely be surprised by just how fre-
quently SpO2 desaturations occur with customary sedative
doses (that you likely thought were safe). Employing RA
and carefully following every beat and tone of the pulse
oximeter enables medications to be titrated to an acceptable

(mild) decrease in SPO2; this can help maintain an adequate
respiratory drive and prevent excessive respiratory depres-
sion. There is another benefit of room air; because enriched
oxygen is the most important factor contributing to OR fires,
the risk of fire is decreased.

Summary

Perhaps Joseph Priestley (credited with the discovery of
oxygen) said it best in 1776, “…the air which nature has
provided for us is as good as we deserve!” When the nec-
essary sedation produces excess depression (e.g., SpO2

desaturation, loss of airway reflexes, unarousability, airway
obstruction, or apnea), consider early intervention to control
the airway and ventilation. Finally, our role as consultant
anesthesiologists requires us to educate our colleagues about
the potential risks associated with moderate or deep seda-
tion, especially when the patient presents with risk factors
such as sleep apnea, difficult airway, or a full stomach, or
when a patient’s individual response to sedation is unpre-
dictable or unacceptable.
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10Does Electrophysiology Really Have
to Reprogram My Patient’s Pacemaker Prior
to Electroconvulsive Therapy?

Ethan O. Bryson

Case

A new hire fresh out of residency, Dr. Jacobs was assigned
to cover the electroconvulsive therapy (ECT) service for the
morning. Despite never having done this during her training,
she was confident in her ability to manage the brief period of
general anesthesia required for each case. “Really,” she
thought, “How complicated could it be?”

The first case on the schedule was an 86-year-old man
with a long history of major depressive disorder (MDD) who
was presenting for ECT, having failed several medication
trials over the previous 2 years. His prominent symptoms
included emotional numbing, lack of motivation, lassitude,
and passive suicidal ideation. His medical history was sig-
nificant for long-standing hypertension (HTN), coronary
artery disease (CAD), and chronic obstructive pulmonary
disease (COPD). An echocardiogram and stress test had
been performed 2 years prior and, according to a note from
the patient’s cardiologist, this man had diffuse coronary
artery disease with an ejection fraction of 20 % for which an
implantable cardioverter-defibrillator (ICD) had been placed.

Nothing in the chart indicated the type of implanted
device, and the patient did not have his device identification
card. Dr. Jacob interviewed the patient, conducted an airway
examination, reviewed the available information in the chart,
and wondered:

Question

Does electrophysiology (EP) really have to reprogram my
patient’s pacemaker prior to electroconvulsive therapy?

Realizing she did not know the answer, Dr. Jacobs con-
sulted 2 of her senior colleagues: Dr. Perez, who had

completed a fellowship in cardiothoracic anesthesia and
currently served as the chief of the cardiothoracic
(CT) anesthesia service, and Dr. Singh, the chief of service
and coordinator responsible for anesthesia services. The 3
physicians reviewed the available information together and
discussed their options.

PRO: Dr. Perez commented first. “Since it is unclear what
type of device this patient has, the prudent thing to do is to
have the electrophysiology service interrogate it and, if
necessary, reprogram it.”

CON: After thoughtfully considering Dr. Perez’s com-
ments, Dr. Singh replied, “Maybe in a perfect world, but you
know as well as I do that our EP service is not going to come
to the ECT suite any time soon and this is the first of 20
patients on the day’s schedule. Besides, we already know
from the chart that this patient has an ICD. Why not just put
a magnet over the pulse generator and be done with it?”

PRO (Dr. Perez): “If this device is a simple ICD then I
might agree with you, because it is safe to assume that a
magnet will deactivate an ICD’s ability to detect and treat a
malignant arrhythmia. But what if it is a pacemaker? Then
we have no idea how the pacemaker will respond to a
magnet” [1].

CON (Dr. Singh): “Wait a minute, Dr. Perez, how do we
know that this patient has a pacemaker? I was under the
impression that this was an ICD placed for a low ejection
fraction.”

PRO (Dr. Perez): “All ICD devices are also potentially
pacemakers, in that they all retain the ability to overdrive
pace tachyarrhythmias or pace asystole if needed after a
defibrillatory shock” [2].

CON (Dr. Singh): “Granted, but if this patient is not
pacemaker-dependent, does it matter?”
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Having reached a point where it was obvious that more
information was needed to safely manage this patient’s
anesthetic care, the 3 brought the patient into the treatment
area where he could be attached to the electrocardiogram
(ECG) and other monitors. A 5-lead setup was used, and on
the monitor pacing spikes were clearly visible in both lead II
and precordial lead 5.

PRO (Dr. Perez): “Well now, it seems that our patient is, in
fact, pacemaker dependent, and this makes things a bit more
complicated. Dr. Jacob it’s a good thing you called us.”

CON (Dr. Singh): “Dr. Perez, I’m still not convinced that
all of this is necessary. What exactly are we trying to do
here? The anesthesia required for ECT is only a brief period
of general anesthesia, what could possibly go wrong?”

PRO (Dr. Perez): “The potential adverse outcomes we are
trying to avoid include physical damage to the device,
including lead fracture or repositioning resulting in device
failure, changes in device function such as inadvertent
reprograming, inappropriate defibrillator activation, and
inadvertent reset to backup mode. Any one of these changes
could be catastrophic for this patient as he clearly retains
insufficient intrinsic cardiac pacing” [1].

CON (Dr. Singh): “I understand that these are clearly
adverse events we should try to avoid, but really, how likely
are any of these things to happen? Doesn’t placing a magnet
over the device present a greater risk than the procedure
itself?”

PRO (Dr. Perez): “This patient will receive a significant
electrical stimulus as part of the treatment, strong enough to
induce a therapeutic seizure. The stimulus itself has the
potential to generate electromagnetic interference
(EMI) strong enough to interfere with the proper functioning
of the device” [2].

CON (Dr. Singh): “Yes, but any electromagnetic interfer-
ence that is greater than 15 cm from the device has a min-
imal chance of interfering with device function. This

includes interference from the ECT stimulus, or even inter-
ference from the use of a peripheral nerve monitor” [2].

PRO (Dr. Perez): “True. However, we still have to rec-
ognize that simply placing a magnet over the device when
the patient is pacemaker dependent will not reliably protect
the device from reprograming.”

CON (Dr. Singh): “All right then, contact the EPS service
and have this patient’s device interrogated, and Dr. Jacobs,
please have the next patient brought into the treatment area
so we can move things along while we sort this issue out.”

Summary

When a patient with a cardiac implanted electrical device
presents for ECT, the next question should always be:
“What type of device is it?” For patients with a simple
pacemaker who are not pacemaker dependent, simply
having a magnet available in case of device failure is
sufficient. If the patient is pacemaker dependent, consider
reprograming to asynchronous mode with either a pro-
grammer or a magnet. If the patient has an ICD, it should
be deactivated with either a programmer or a magnet.
Remember, however, that if the device is deactivated it is
essential to have backup external defibrillation available. If
the patient is pacemaker dependent, a magnet will not put
the pacemaker into asynchronous mode and consultation
with EPS for reprograming is indicated. In any case,
always have backup external pacing available in case of
device failure.
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11When Can Transesophageal
and Trans-Thoracic Echocardiography Be
Useful in a Non-Cardiac Case?

Lisa Q. Rong

Case

An 83-year-old man with a history of hypertension, hyper-
lipidemia, and previous transient ischemia attack without
any residual neurological deficits is brought to the operating
room for urgent hip arthroplasty to repair a traumatic femoral
neck fracture. He has an exercise tolerance of 2–3 blocks
that is limited by knee and back pain. His EKG demonstrates
sinus tachycardia at 105 beats per minute, left axis deviation,
and left ventricular hypertrophy. His chest X-ray demon-
strates mild pulmonary congestion, and lab values reveal a
hemoglobin concentration of 8.5 g/dl, normal electrolytes
with elevated creatinine of 1.4 mg/dl. His vital signs in the
operating room are HR 105, BP 179/80, RR 18, Sp02 of
96 % on 2 L of nasal cannula. After routine induction of
anesthesia, the patient remains hypotensive despite 2 liters of
fluid resuscitation and frequent boluses of phenylephrine. An
arterial line, another large bore IV, and a phenylephrine drip
is started with marginally improved blood pressure. An
arterial blood gas demonstrates a stable hemoglobin of
8.0 g/dl. The anesthesiologist, who is basic transesophageal
echocardiography (TEE) certified, places a TEE probe to
evaluate the cause of the persistent hypotension. The TEE
examination demonstrates a dilated left atrium and global
systolic hypokinesis of the left ventricle with estimated
ejection fraction of 30–35 %. Inotropic support is initiated,
patient is taken to the catheterization laboratory for coronary
angiogram, and the surgery is postponed to after the opti-
mization of his cardiac status.

Questions

Was this an appropriate use of intraoperative TEE? Was the
non-cardiac anesthesiologist capable of making the correct

diagnosis? Could a pulmonary artery (PA) catheter be
equally or more appropriate in this setting? Would a
trans-thoracic echo prior to induction have led to post-
ponement of the case and avoided altogether the postin-
duction hemodynamic instability?

PRO: This was definitely an appropriate use of intraoper-
ative echocardiography. Many studies have shown the utility
of “rescue” intraoperative TEE for both the diagnosis and
appropriate intervention that was potentially life saving.
Recent guidelines in 2010 by the American Society of
Anesthesiologists (ASA) and the Society of Cardiovascular
Anesthesiologists (SCA) recommend the use of TEE in
patients who are undergoing non-cardiac surgery and exhibit
persistent hypotension or hypoxia despite intervention [1].
Schillcutt et al. looked at patients with similar characteristics
and situations as our patient in a case study and found that
“all patients had an explainable diagnosis for hemodynamic
instability on echocardiographic examination” with the most
common diagnosis consisting of left heart dysfunction, right
heart dysfunction, hypovolemia, and myocardial ischemia
[2].

CON: The recommendations by the ASA and SCA are
category 2B and 3B evidence, meaning that there are no
randomly controlled trials, or a significant body of evidence
pointing to both the utility and cost-effectiveness of TEE
intraoperatively. Most of the trials that demonstrate benefit
of TEE are present in emergency medicine and critical care
literature [3–6], and the guidelines are heavily based on
expert opinion [7]. The article mentioned by Shillcutt et al is
a retrospective study that includes TEE and transthoracic
echocardiography (TTE) in a small number of patients
(N = 31) [2]. Moreover, there were no standardized guide-
lines as to when, or how echocardiography could be used.
The study did not require standardized imaging planes or
qualifications of the echocardiographer—they included
anesthesiologists, cardiac anesthesiologists, and cardiolo-
gists. It is unclear even whether or not it was in the scope of
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practice of a basic TEE trained anesthesiogist to diagnose
left ventricular dysfunction.

PRO: The study quoted by Schillcutt was done in 2012, and
is one of the newer studies in the anesthesia literature
demonstrating the usefulness in diagnosis and early inter-
vention based on TEE [2]. Guidelines delineating standard
views and the scope of practice for the non-cardiac trained
anesthesiologist on basic intraoperative TEE were published
in 2013 [8]. The guidelines state that the goals are “intra-
operative monitoring rather than specific diagnosis, except in
emergent situations, diagnoses requiring intraoperative car-
diac surgical intervention or postoperative medical/surgical
management must be confirmed by an individual with
advanced skills in TEE or by an independent diagnostic
technique” [8]. Given that the case above was an urgent
situation, the basic echocardiography is within his/her scope
of practice to recognize “specific diagnoses that may require
advanced imaging skills and competence.” Furthermore,
basic echocardiographers are able to diagnosis cardiac dys-
function qualitatively with a visual estimation of systolic
function. Though imprecise, visual estimation allows a basic
echocardiographer to identify those patients who might
benefit from inotropic treatments. Multiple publications
support the use of TEE in patients with severe hemodynamic
disturbances and unknown ventricular function [2–5]. Even
simple imaging of the 6 midpapillary segments from the TG
midpapillary SAX view may be enough for an important,
intervenable diagnosis [8].

CON: Though it may be necessary in emergent situations
for a basic echocardiographer to place a TEE probe, the main
purpose of his or her skill set is for non-diagnostic intra-
operative monitoring. As stated earlier, in an ideal controlled
situation, it is prudent to call someone with advanced
echocardiographic skills to confirm the diagnosis. In the
same vein, the recent American Society of Echocardiogra-
phy (ASE) guidelines for the Use of Echocardiography as a
Monitor for Therapeutic Intervention in Adults in 2015
emphasize the need for an advanced level 2 or above training
experience to use TEE as a quantitative monitoring tool,
regardless of the clinical scenario for which it is being
applied [7]. It also states that “basic clinical trials are lacking
on the use of echocardiography in guiding trauma manage-
ment or other critical care and surgical applications” and the
authors recommend “additional clinical trials be performed
that document the utility of both TTE and TEE as dynamic
monitoring modalities to aid in the treatment of several acute
medical and surgical conditions” [7]. This brings back the
earlier point that there is no proven utility of echocardiog-
raphy versus another diagnostic tool such as a PA catheter in
emergent situations.

PRO: To address more of the PA catheter versus TEE echo
debate: There is a reason why PA catheters have fallen out of
favor. They have not been found to improve survival or
decrease length of stay in hospitalized patients in large
randomized controlled trials in critically ill populations such
as chronic heart failure and sepsis [9]. PA catheters are
invasive and associated with multiple potential complica-
tions such as bleeding, infection, pneumothorax, arrhythmia,
and pulmonary artery rupture. They can also be inaccurate
due to waveform artifacts, damping, tricuspid regurgitation,
and calculated thermodilution cardiac output may vary with
respiration and volume status [9]. Furthermore, trans-
esophageal echocardiography is faster and less invasive
method that can provide more information on valvular
function and diastolic dysfunction compared to other
hemodynamic measurement tools such as the pulmonary
artery catheter.

CON: Though TEE is relatively safe, it remains associated
with complications such as severe odynophagia, dental
injury, upper gastrointestinal hemorrhage, and esophageal
perforation. There are contraindications to TEE, including
signs of GI disease (severe dysphagia, odynophagia, reflux,
hematemesis) or history of pathology, recent surgery [3].
TEE also requires more highly trained personnel; whereas a
PA catheter can be placed by a general anesthesiologist, a
TEE probe requires at least a level one TEE performer to
place and interpret the TEE findings. A PA catheter might be
more practical than a TEE in the postoperative, intensive
care unit monitoring of the patient because it provides
instantaneous, continuous monitoring that does not require
additional highly trained personnel to perform and interpret
the results of the TEE. Therefore, the PA catheter remains a
good alternative to TEE to evaluate acute hemodynamic
especially in cases where advanced echocardiographers are
not present, there are contraindications to TEE, or there is a
need for postoperative continuous monitoring.

Pro and Con Concessions

Most diagnoses are made from history and physical exami-
nation. This patient had a starting saturation of 96 % on
supplemental oxygen. A room air saturation was never
obtained. Everything else in the case scenario was sugges-
tive of acute worsening of heart failure, and an oxygen
saturation significantly lower than 96 % on room air may
have prompted a preoperative trans-thoracic echo (TTE),
which is much less invasive than either a TEE or a PA
catheter. The patient could then have been optimized prior to
induction of anesthesia. Sometimes the best use of a life
preserver is to avoid falling overboard in the first place.
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Due to the ease and cost-effectiveness of focused TTE,
there has been significant interest evaluating high-risk
patients for possible undiagnosed cardiopulmonary disease
that might alter intraoperative anesthetic management. There
is literature suggesting users can be proficient in focused
TTE, including the evaluation of left ventricular function
and valvular function, and basic use of color Doppler, rel-
atively quickly. A recent observational study by Canty et al.
[3] found that a focused preoperative TTE changed the
management in patients older than 65 or patients with sus-
pected cardiac disease over 50 % of the time (either esca-
lation or de-escalation of care). It mentions the limitations
and scope of the focused TTE; it does not replace the
complete TTE, but can give more clinical information than
physical exam, a so-called “ultrasound-assisted
examination.”

The concept of focused TTE can be applied to our patient
to determine whether or not the examination would have
escalated anesthetic care (arterial line placement or vaso-
pressor support) or led to the postponement of the case. In
the study, significant findings that lead to surgical delay
existed in 2 out of the 100 patients, they were severe mitral
regurgitation with pulmonary hypertension and aortic
stenosis with an empty left ventricle [3]. These findings
would likely have not been present in someone with diastolic
dysfunction, and the case would likely not have been
delayed. Diastolic dysfunction alone might not prompted
additional monitoring, but the presence of an arterial line
could have minimized or prevented hemodynamic collapse.

The patient’s hypoxia could have been multifactorial due
to atelectasis, intrinsic lung disease, pulmonary embolism,
etc., and not completely secondary to heart failure, but a
focused TTE is reasonable in a high-risk patient to assess for
cardiac causes of hypoxia. The major point of the case is that
echo is dynamic and preoperative echo could have been
helpful but also could have been relatively normal, and

rescue TEE still might have been necessary to diagnose
acute changes in cardiac function intraoperatively.
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12Should Antifibrinolytics Be Used in Patients
Undergoing Total Joint Replacements?

Suzuko Suzuki

Case

In the preoperative testing clinic, I meet a thin elderly woman
who is scheduled to have a revision of her left total hip
replacement. I call her intomy office and she walks slowlywith
a cane. A quiet “unh” punctuates each step she takes. The 3-m
distance never seemed so far. She had a history of breast cancer
in remission after a mastectomy and chemotherapy 5 years
ago. She also has thalassemia trait. In her previous surgeries,
she required blood transfusions. I look over the blood test
results and note that her hemoglobin is 11 gm/dl and hematocrit
34 %. Her blood type and screen shows the presence of
antibodies to the surface antigens to her red blood cells.

She sits across from me with hopeful eyes and says, “My
surgeon said there is this miracle drug that minimizes
bleeding and I can have my hip replaced again, this time
without needing blood transfusions.”

Question

Should antifibrinolytics be used in patients undergoing total
joint replacements?

Tranexamic acid (TXA) is used in cardiac surgeries and
some orthopedic surgeries. A quick PubMed search for
“tranexamic acid AND total hip replacement” produces a
long but manageable list of literature. Skimming a few
meta-analyses, there appears an almost unanimous favorable
conclusion on the use of TXA for blood conservation [1, 2].
A Cochrane Review from 2011 concluded that antifibri-
nolytics reduced the rate of blood transfusions [3]. It also
warned about the increased rate of myocardial infarction
(MI) with aprotinin, while it did not contain a similar
warning against TXA or aminocaproic acid [3].

The rate of blood transfusion in total joint replacements is
quite high, ranging from 20 % to as high as 45 % in some
studies [4]. The frequency of blood transfusion was higher in
patients with preoperative anemia [4, 5]. This rather anemic
lady has a realistic chance of needing blood transfusion with
her hip replacement.

I called one of my regional anesthesia colleagues to ask
about the use of TXA in their practice. “So, is TXA a mir-
acle drug?”

PRO: As a major orthopedic surgery center, we routinely
use TXA for total joint replacements in the absence of
contraindications. But, this is not necessarily the practice
elsewhere. The evidence is rather clear that TXA reduces
blood loss and reduces the need for blood transfusion in both
total knee and total hip replacements [1–3]. The surgeons
certainly seem to believe that it does reduce bleeding during
the surgery.

CON: Respecting the importance of reducing blood loss and
the implications of avoiding blood transfusions, TXA
sounds like a good idea. But what evidence is there for
improved outcomes really? The studies seem to have small
sample sizes and are based on single institution data. How
confidently can we tell patients that this will work for them
so that they would not require a blood transfusion, and more
importantly, not suffer any side effects or thromboembolic
complications from the TXA?

PRO: Blood conservation is particularly important in
orthopedic surgeries because extensive blood loss occurs
from surgical manipulation and nailing of bones. Perioper-
ative blood transfusion is frequent in total joint replacement,
sometimes even more so for revisions. Besides that, anemia
is prevalent in hip replacement patients, even before the
surgery [4, 5]. We know that anemia is associated with
higher rates of complications, infections, and a longer hos-
pital stay [6]. About half of the patients may end up
receiving blood transfusions. So reducing blood loss means

S. Suzuki (&)
Department of Anesthesiology, New York University Langone
Medical Center/Hospital for Joint Diseases, 301 17th Street, New
York, NY 10003, USA
e-mail: Suzuko.suzuki@nyumc.org

© Springer International Publishing Switzerland 2017
C.S. Scher et al. (eds.), You’re Wrong, I’m Right, DOI 10.1007/978-3-319-43169-7_12

39



better outcomes and avoiding some complications. The use
of TXA is probably also cost-effective.

CON: There is some evidence that the risk of thromboem-
bolism with TXA is probably higher for those with risk
factors [7]. It is our job to form a risk versus benefit
assessment as we always do when we use any medications.

CON: There is a long list of potential risk factors for
thromboembolism. Besides the prior history of pulmonary
embolism (PE), deep vein thrombosis (DVT), myocardial
infarction (MI), and coronary artery disease (CAD), any of
the factors for hypercoagulable state are also risk factors
such as malignancy, chemotherapy, hormone replacement
therapy, use of oral contraceptives and steroids, chronic
inflammatory diseases, and anti-lupus antibodies among
others. Having surgery itself is a risk factor for DVT.
Orthopedic surgery patients are typically obese, sedentary,
are relatively immobilized, and often have rheumatological
or immunological conditions that led them to have their joint
problems. These people are the perfect setup for throm-
boembolism. If you consider all of these factors, we should
not be using TXA in quite a large number of patients.

PRO: To date, no studies have shown an association between
the use of TXA and increased rate of thrombotic complica-
tion, which include MI, PE, DVT, and stroke [1, 2, 8].

CON: That is hard to believe. And, again, I return to the
earlier point that those data are based on a relatively small
number of patients. The Cochrane Review did say that the
data were sparse. Are you comfortable relying on those
small numbers?

PRO: A more recent large database analysis, representing
more than 800,000 patients for total hip and knee replace-
ments, agreed with these findings about the benefit of TXA
as well as the lack of evidence of increased thromboembolic
complications [8].

CON: What about using TXA in this patient with a history
of breast cancer who had chemotherapy 5 years ago? She is
deemed being in remission from her cancer. Now she is
sedentary because of her hip pain. She is at an increased risk
of clot formation.

PRO: But she has a history of anemia and has antibodies,
making cross-matching challenging, and is having a total hip
replacement revision. She is thin, and her risk of needing
blood transfusion is significant. Does she continue to take
any antineoplastic medications? Looking at just the
cancer-related thromboembolism risk, the degree of risk

depends on the type of malignancy, extent of disease, and
whether the patient is on chemotherapy and combination
treatments [9]. Therefore, the risk may be quite different for
someone who is actively receiving chemotherapy for recent
malignancy and for an otherwise healthy person with history
of lumpectomy for low-grade cancer in remission. If she is
not on any such medications and has not had any prior
history of thromboembolism, and it has been 5 years, I
would consider using it, especially since she is also at high
risk of needing blood transfusions.

CON: She no longer takes antineoplastic medications. But
one fatal PE may be too many while anemia is easier to
detect and treat.

PRO: Another interesting and emerging concept in using
TXA is the topical or intra-articular application rather than
giving it intravenously. There is some evidence of
non-inferiority results [10, 11]. For those who are at risk of
thromboembolism, the local use of TXA may be a good
compromise that avoids much of the systemic complications,
but there is not enough evidence to support it and it will also
require the surgeons to agree.

Summary

Evidence supports that TXA reduces blood loss and the rate
of perioperative blood transfusions in total joint replace-
ments. However, although not yet clearly defined, the risk of
thromboembolism exists while the risk factors vary. The
risks and benefits of TXA administration should be assessed
by clinicians on an individual basis.
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13Will Operating Rooms Run More Efficiently
When Anesthesiologists Get Involved in Their
Management?

Steven D. Boggs, Mitchell H. Tsai, and Mohan Tanniru

Case

An operating room that has grown continuously has
encountered managerial problems. Just a few years ago,
there were 7 operating rooms performing annually about
3400 cases. The hospital has built 5 additional operating
rooms with a staff of 11, and around 6000 cases will be
performed by the end of this fiscal year.

Problems have arisen and these include increased surgical
patient cancelation rate, progressively lower Press-Ganey®

scores [1] for the perioperative suite, surgeon complaints of
lack of instrumentation, staffing difficulties, lower than
projected utilization rates and “holds” in the post-anesthetic
care unit (PACU) due to insufficient intensive care unit
(ICU) beds.

The nurse manager of the OR has been in this position for
20 years. She had been an OR nurse prior to assuming her
current position. When the OR caseload was stable and
revenue and expenditures were predictable, there had been
few complaints. However, even her strongest defenders are
now questioning the way the OR is managed.

CON: It seems to me that we need a complete reassessment
of the perioperative process [2]. First, we need to look at the
perioperative management of patients and we need to opti-
mize patient flows in order to minimize cancelations.

Second, it appears that OR resources are not being utilized
efficiently, as reflected by lack of instrumentation availabil-
ity to perform scheduled procedures. Finally, an analysis of
the throughput of a patient for the entire perioperative per-
iod, from preoperative assessment through intraoperative
management to postoperative care to discharge, needs to be
undertaken. Roadblocks that occur—such as PACU holds—
have to be evaluated and we must correct any systemic
problems.

PRO: Actually, what you propose sounds good on paper,
but it really will not improve things. In the past, every few
years the hospital has hired a consulting company to review
its operations. They have interviewed people from each
department, collated their ideas, and come up with solutions
to improve perceived problems. Then, the consultants have
presented these plans to management as if they were their
own ideas and nothing has ever changed [3].

CON: I don’t dispute what you say about consultants. Even
if the management agrees to do what the consultants have
suggested, without proper implementation, follow-through,
and monitoring, no solution will improve OR productivity.
There is a large body of research on OR management, and
some issues can be addressed using quantitative metrics [4].
Fundamentally, the management of an OR is no different
than any other managerial function. Without leadership
committed to change and the creation of the necessary
ecosystem to encourage staff to make the changes, no change
can be effectively implemented [5]. Also, if the personnel in
the OR department don’t feel empowered or enfranchised,
then the solutions and workflows that are implemented
cannot be sustained.

PRO: What you are saying sounds like leadership training
for the military. However, we are in the civilian sector and
you can’t just “order” people around. One can know what
needs to be done and one can threaten people, even by
telling them that you will fire them if orders are not fol-
lowed. Ultimately, organizational inertia [6] makes change
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very difficult and most workers just do only as much as
needed to get by.

CON: That is a rather pessimistic and, truthfully, not an
accurate reflection of the workplace. You are right. It would
be unwise for a leader simply to order people to do what
needs to be done. Also, providing incentives for doing the
job you are hired to do will likely fail [7]. Rather, one has to
look at human factors in the OR and create an atmosphere or
ecosystem where every individual member feels that they are
contributing to the overall mission of the team.

From the person who cleans the room after a case to the
scrub nurse, from the anesthesia healthcare service to the
surgical staff members, they all have to recognize the
important contributions they each make to patient care. They
all need to understand what OR metrics are critical for
patient care and how each of them can play a role in
addressing these metrics [8]. Such a transparent communi-
cation addresses both the tactical (short term) and strategic
(long term) needs of an OR. In this way, all members of the
team (nurses, physicians, technicians, and ancillary person-
nel) can address core values of their mission—providing
service to the patient. If such a sense of mission does not
carry through the entire organization, then people will start
seeing discrepancies in what is said and what is done,
resulting in status quo and no change.

PRO: So, what do you do about our OR management
structure? It has worked for more than 20 years.
CON:Well, you could argue that it has worked for 20 years.
But, you could just as effectively argue that it didn’t have to
work too well for these 20 years. In the past, OR manage-
ment was relatively easy and painless because the reim-
bursement was generous. But competition in the healthcare
sector has accelerated, insurance and the government have
ratcheted down payments, and profit margins have shrunk.
We know that operating rooms are at the center of hospitals’
business operations [9]. They are pivotal in the sense that
they can either generate revenues for the hospital or con-
tribute to significant financial losses [10]. But, the com-
plexity of equipment and pharmaceuticals used in the OR
has grown exponentially. Examples include specialized
equipment (e.g., video towers for laparoscopic surgery),
robotic systems, complicated physiological monitoring sys-
tems [e.g., somatosensory evoked potential (SSEP) for car-
diovascular medicine], and completely novel treatments that
were unheard of not so long ago [e.g., left ventricular assist
device (LVAD)]. For all of these reasons, either one person
or a group of people in the OR need to have more than “on
the job” training in management to make decisions related to
costs and benefits. [11].

PRO: I appreciate the growing complexity of medical
technology and the collaboration necessary to create a
viable, energetic workplace. For the past 20 years, the nurses
at this institution have served as the primary gatekeepers,
managers, and resource personnel to manage all the clinical
workflows demanded by the physicians. Who would you
suggest could manage the workload and possess the social
skills?

CON: I think that anesthesiologists are in a perfect position
to become leaders of any OR in this country. Think about it.
Unlike surgeons, we are here in the operating room 24 h a
day, every day of the week, much like nurses. Our training
gives us the breadth of experience needed to act as consul-
tants for the entire perioperative period. Also, anesthesiolo-
gists understand at an intimate level the need for
collaboration that is necessary between the surgical and
nursing staff in order to care for a patient. We do this every
day, probably unwittingly at the beginning. Anesthesiology
residents rotate through the ORs, ICU, sedation sites, labor,
and delivery, and we are on the floors as hospitalists and
acute pain specialists. At a systems level, anesthesiologists
understand the operational and tactical needs of a smooth
running OR [12]. In fact, many training programs in the
country have intuitively anticipated the need for anesthesi-
ologists to play such a leadership role in the OR and created
OR management programs for their residents.

PRO: I will accept the argument that anesthesiologists are
present in the OR every day. But how would you make the
value proposition that they should transition to take on such
a leadership role? We have anesthesiologists who show up
late every day, who cancel patients on the day of surgery
who have already received preoperative clearance, and who
at times demonstrate a complete lack of awareness or ini-
tiative to take on this new role? They do not seem to be team
players.

CON: Let’s back up a little bit. You point out a very per-
tinent, poignant, and painful truth. First, not all anesthesi-
ologists (or surgeons or nurses, for that matter) have the
temperament for cardiac anesthesia, for obstetrical anesthe-
sia, or for outpatient anesthesia. Likewise, out of any given
residency class, one can only expect a few individuals would
be ideal candidates for OR management. Yet, all anesthe-
siologists should have some exposure to what is involved in
this process because—like all other specialties, perhaps more
than many—it will affect all of them in their practice
throughout their career.

OR management should be divided into different levels of
management, just as businesses do such as operational and
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strategic, depending on the metrics used [13]. Operational
management can use efficiency metrics to improve OR
processes, as they call for scientific inquiry and measurement
for continual improvement. For instance, in order to under-
stand the reason for patient cancelations on the day of sur-
gery, we need to analyze the current work flow used for
patient assignment to the OR and data on what contributed to
their cancelation. We know that anesthesiologist-driven
evaluation of preoperative processes can decrease patient
cancelation rates, reduce laboratory expenditures, and
improve patient and surgeon satisfaction. In the 1990s,
Fischer [14] demonstrated that a preoperative evaluation
clinic can be successful in reducing unnecessary preopera-
tive consultations, reduce diagnostic studies by 55 %, and
reduce day-of-surgery cancelations by 87.9 %. Establishing
such a model has resulted in a savings of $112 per patient.

On the strategic level, we need to address the cultural
issues. Lack of physician interest and participation demon-
strates the need for an awareness that operational processes
have to be coordinated and effectively managed if patient
care is the paramount mission of the OR. Until organiza-
tional leadership connects operational improvements to
strategic mission (patient care) to costs and resources man-
agement (e.g., equipment availability) and start to influence
the culture of the OR team, success is not feasible.

PRO: Let’s say that I agree that some anesthesiologists, who
are interested and willing, are right candidates for taking on
perioperative leadership. Then, what does the governance
structure of a well-managed OR suite look like? The tradi-
tional lines of power dictate that nurses have control over
physicians, and physicians have influence over nurses and
resources of the OR.

CON: I agree that the traditional culture and organizational
governance of the OR is set up to create conflicts, frequently
falling into disputes between physicians and nurses. We
need to change the relationship between nurses and physi-
cians. In fact, we need a level playing field. Dr. Pronovost
was able to advance his protocols to prevent central-line
infections because he empowered the nurses to stop the
process when they saw a breach in precautionary measures
[15]. This is not dissimilar to the kaizen method in Toyota
manufacturing: Line workers are empowered to stop the
assembly line of a multi-billion industry without the prior
approval of management when they detect a defect in the
line [16]. From the outside looking in, it may seem that Dr.
Pronovost created a checklist of things that have to be fol-
lowed and managed. In actuality, he changed the culture of
the ICU by empowering the nurses.

I propose that future OR leadership structures have to
bring about such a cultural change. At some institutions,
there is a triad that governs the OR: Charge Nurse, Charge

Anesthesiologist, and Charge Surgeon. Each day, the Charge
Team handles all the operational issues: add-on cases, deals
with bumps in schedules, emergencies, and patient needs.
A team will be formed using a representative from nurse,
anesthesiology, and the surgical staff, and they will have the
authority on the decisions made in the OR to address
exceptions as they arise.

PRO: What happens when a disgruntled surgeon, with an
elective skin tag removal, disagrees with a decision to bump
his case for an emergent AAA? Who oversees the Charge
Team?

CON: Here, I will borrow from businesses that use matrix
organizational structure [17]. Let each Charge representative
know that they are in direct communication with the superior
officer (or senior management). The Charge Anesthesiologist
reports to the Anesthesiology Chair, the Charge Surgeon
reports to the Surgery Chair, and the Charge Nurse reports to
the Perioperative Services Director. Using your previous
example, if the surgeon disagrees with the Charge Team’s
decision, then he/she would bring the concerns directly up
the chain of command. I would love to be a fly on the wall
when the surgeon explains to the Surgery Chair on the
importance of a skin tag compared to the bleeding,
life-threatening AAA.

PRO: I think you are forgetting one major player in this
equation: the hospital administration. Even if they are not
directly making tactical decisions on the day of surgery, the
administration has a vested interest in the successful col-
laboration of the OR team. They have to structure the OR
governance so that decisions lead to optimal performance,
both financially and in terms of care delivery. For this rea-
son, effective OR managers (or superior officers as stated
earlier) need a transparent system and credible organiza-
tional structure to not only help support decisions when
conflicts arise, but also to take advantage of opportunities for
innovations in care delivery [18]. Also, everyone needs to
understand the metrics (e.g., contribution margin per sur-
geon or per service), so leadership at every level can use
these metrics to guide all tactical or strategic decisions
regarding which services to provide and where.

CON: So, you are saying that all services are not equal when
it comes to receiving block time? That seems like a very
politically unsavory position.

PRO: From a long-term perspective, the hospital will not be
able to deliver care to every patient if it wants to remain
financially viable. As I mentioned before, today’s environ-
ment is very different from the healthcare delivery systems
that existed 10–20 years ago. While all cases will receive
time, certain services will receive favorable treatment
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because they contribute more financially to the hospital. It
must be noted that a service may have a lower priority in a
hospital, but can have a higher priority (greater contribution
margin) in an ambulatory surgical setting. Businesses have
used matrix organizational structure to address such
trade-offs as well—superior officers of each of the Charge
team members can reconcile any differences among them-
selves or work with the organizational leadership based on
the strategic vision of the hospital.

CON: This seems like a tremendous change from the way
medicine was practiced just a few decades ago.

PRO: It is. As I mentioned before, this environment is very
different from the healthcare delivery systems that existed
10–20 years ago. We have to think more in terms of “sys-
tems” now, instead of sole providers advocating care indi-
vidually for their patients. In the 1970s, 2.5 clinical staff
members were involved in the care of each hospitalized
patients. In the 1990s, more than 15 clinical staff members
were involved in the care of each hospitalized patient.
Currently, the number of clinical staff members involved in
the care of a hospitalized patient must be even higher.
Therefore, when it comes to operational processes, health-
care workers who decry that a patient is “mine” or “yours”
completely misunderstand the concept of patient-centered
care. Every person involved in the care of a patient in a
hospital has a stake in both the patient’s clinical outcome
and how efficiently they transition through the hospital.
Please don’t misinterpret what I am saying. There must be
accountability and responsibility, but we must also start
thinking in terms of teams, cooperation, and “game plans”
for our patients. No one provider can provide all of the care
that a patient requires in today’s complex healthcare
environment.

CON: Again, we are back to where we have started this
conversation. Teams, collaboration, and process change
require leadership. We know that management consultants
merely advise but don’t help execute. So, how can we create
the necessary changes to run an effective OR?

PRO: The challenge today is not simply managing change
but supporting change creation, as organizations are asked to
continually change as the demands in the environment call
for such change. If one were to go through managing
change, with cycles of change occurring frequently, man-
agers have to spend too much time managing each change.
The goal is to create an innovative and learning environment
in organizations so people are driven to change without
significant managerial intervention [19, 20]. This is where
there a lot of work is going on—creating learning

organizations that can create an echo system to support
innovation and change creation or be ready to change as the
need arises [21]. Healthcare staff must be educated and
aware of what is needed for effective care delivery and
support profitability (awareness), and empower staff to
challenge decisions. Everyone in the organization must be in
sync on how conflicts are being resolved in a risk-free or
low-risk environment (ability), and create explicit or implicit
incentives to work as a team and share in the rewards (in-
tent). Awareness, ability, and intent are key factors for any
hospital interested in creating an organizational ecosystem to
support learning.

CON: Now, I think we are all on the same page.
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14Are Outcomes Better for Trauma Patients Who
Are Treated Early with Clotting Factors?

Steven D. Boggs and Ian H. Black

Case

A 72-year-old male with known coronary artery disease
presents to his community hospital’s emergency department
(ED) with multiple long-bone fractures and a blood pressure
of 65/40 following a severe motor vehicle accident. It is also
noted that the patient has a widened mediastinum.

You are the anesthesiologist on call. On arrival, you find
that the ED physician has already administered 2 l of crys-
talloid and is instructing the nurse to hang 2 more.

Question

Are outcomes better for patients who are treated with a
massive transfusion protocol for hemorrhage?

You begin the dialogue:

PRO: Excuse me, have you started any blood products on
this patient?

CON: No, we are treating the patient’s blood pressure with
crystalloid as a volume expander. The initial hematocrit was
33, and we will be following this patient’s hematocrit
sequentially with the point-of-care testing instrument that we

just purchased for the ED. Then, depending on the results of
testing we will order components as indicated.

PRO: This is really a case where we should activate the
massive transfusion protocol (MTP). I say that because
while only a small percentage of civilian trauma patients
require such treatment, approximately 3–6 %, this patient
has the potential to require more than 10 units of blood,
especially if in addition to his long-bone fractures, he also
has an aortic dissection. Massive transfusion can be pre-
dicted in cases such as aortic dissection, obstetric catastro-
phy, and liver transplant. In cases of massive transfusion, it
is appropriate to use damage control resuscitation, which
involves the 1:1:1 transfusion of packed red blood cells/fresh
frozen plasma/platelets [1–10].

While the definitions of massive transfusion have evolved
over time, it is important to note that newer definitions
include the rapidity of blood loss and not simply a total
amount [11]. You will find that this patient’s clinical situa-
tion highly suggests that he will meet more than one defi-
nition of a patient who will require a major transfusion. In
case you are not familiar, these would include:

1. 20 units in 24 h (1 blood volume in a 70-kg patient).
2. >10 units in 24 h.
3. >50 % of a patient’s blood volume in 3 h.
4. 50 units of blood components in 24 h.
5. >6 units of PRBCs (packed red blood cells) in 12 h.
6. >4 units/1 h.
7. >150 ml/min loss with associated hemodynamic

instability.

CON: The difficulty withwhat you are stating is that we are not
a trauma center, we are an isolated medical facility. Our blood
bank cannot afford to keep fresh frozen plasma (FFP) unthawed
24/7 for the rare case like this which comes here. Our wastage
rate would be unacceptable. We could start the administration
of PRBCs now, but you are suggesting that we start infusing
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this patient—who has an acceptable hematocrit—with platelets
and FFP. Without evidence of a low hemoglobin, let alone a
coagulopathy, it is hard to see the indication.

PRO: Actually, since this patient presented in shock, it is not
a bad assumption that he has lost a significant percentage of
his blood volume, possibly up to 40 %. If you continue to
administer only crystalloid, his hematocrit will be substan-
tially lower than what you are currently measuring. While
this may temporarily improve his volume status, we will
already be behind the curve in terms of his oxygen-carrying
capacity. Admittedly, we do not transfuse to a fixed hema-
tocrit in all patients, but in this patient with known coronary
disease and significant blood loss, it is reasonable to main-
tain a slightly higher hemoglobin. A slightly higher hemo-
globin may also make platelets more effective by pushing
them against the endothelium [12].

Furthermore, if he has sequestered significant blood
internally and then looses additional blood in surgical pro-
cedures, not only will he require red cells but there will be
significant dilution of his coagulation factors. Substantial
evidence exists that it is better in these situations to be
proactive in the administration of platelets and coagulation
factors [13]. Once you have an established coagulopathy, it
is much more difficult to treat. Consequently, a ratio of
PRBCs/platelets/FFP of 1:1:1 is usually administered.

CON: The problem with the studies that support your
argument is that survivor bias confounds the data. Patients
who survive long enough to receive plasma and platelets
have already survived a very lethal period—the first few
hours in which the more severely injured patients die. So, the
data you cite in favor of 1:1:1 or other ratios is not as
compelling as you suggest. This is exactly the situation we
are in here. If we do order platelets and FFP for this patient,
those units may not be available for at least an hour.

PRO: Your point is well-taken. However, Ho and others
looked at precisely this issue [5]. While some studies did
have a survivor bias (11/26 studies), 10 studies demonstrated
the benefit of high plasma to PRBC ratios and a survivor
bias was not thought likely when before and after cohorts
were used or times were analyzed as time-dependant
covariates. Therefore, the best data that we have at present
suggest that we should administer blood component therapy
early in massive blood loss situations [13–16]. For that
reason, this patient is precisely the one in whom the massive
transfusion protocol should be activated early. This is even
more true in a facility in which these cases are infrequent. In
addition, there is some benchtop work that suggests that

early administration of FFP makes the endothelium less
leaky [14].

CON: Even if I were to concede that blood products should
be administered early in resuscitation, what ratio should we
select? I have seen everything from 1:1:1 to much higher
ratios of platelets and plasma in relationship to red blood
cells. Some studies suggest that FFP/RBC ratios of 1:3 are
superior [13] and we have to remember that a unit of FFP
only contains 80 % of the coagulation factors found in a unit
of whole blood.

PRO: You are right, there definitely is controversy in this area.
In fact, the original study by Borgman et al. [1] had a 1:1:4
ratio with an interquartile range of 1:1.7–1:1.2 of PRBCs to
FFP. To some degree, it depends on the endpoint that you are
measuring: 24-h mortality, 30-day mortality, lung injury, or
multiple organ failure. Similarly, with the administration of
platelets, mortality is improved. The largest, most recent, and
best study to date, the PROPPR study shows no 24-h or 30-day
mortality difference between 1:1 and 1:2 of PRBCs to FFP [3],
but there seemed to be better hemostasis with the 1:1 ratio.

CON: So, should we just toss out our point of care testing
(POC)? If you are going to transfuse fixed ratios of red cells,
platelets, and plasma, why test?

PRO: No, POC testing is incredibly valuable for managing
these patients. You have to recognize where the idea of fixed
ratios came from. In wartime situations in the last century,
whole blood was administered [17]. However, with the evo-
lution of blood banking and storage of components separately,
the idea was that components should be administered in a ratio
that more closely approximated that seen in whole blood [13].

In the initial phases of a massive bleeding situation, there
is not usually time to measure and treat. Consequently, as a
first approach, a fixed ratio is used in MTPs. The coagu-
lopathy seen in these circumstances is also a lagging indi-
cator—by the time you have evidence of the coagulopathy,
you should have already started treating. Therefore, it is
preferable to order the massive transfusion protocol on the
basis of the clinical picture, initiate treatment, and then
measure PT/PTT, INR, platelets, fibrinogen, and other
parameters (i.e., D-dimer) sequentially. If the patient survives
long enough for the hemorrhage to stop, then treatment can
be tailored to the patient’s measured parameters.

CON: I have heard that some centers utilize thromboelas-
tography (TEG). That would not work here in our ED
because we just don’t have that capability or volume.
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PRO: I don’t think a compelling argument can be made for
utilization of TEG in a hospital that occasionally receives
trauma patients. Traffic highway survival data from the US
Department of Transportation show that, for motor vehicular
accidents, being close to a Level I or II trauma center
improves survival. For centers that receive patients but are
not trauma centers, a protocol should be in place and a fixed
transfusion ratio might be simplest and easiest to execute.

Ben Taub Hospital, however, has used TEG to guide MTP
for over a decade in those expected to receive over 10 units of
PRBCs [18]. They found that the addition of TEG to the fixed
ratio transfusion schema revealed lower-than-expected
coagulation activity. This permitted more precise treatment
of coagulopathy. Some centers also use the TEG to guide
tranexamic acid (TXA) administration.

CON: Well, if we are going to be really aggressive and want
to increase coagulation factors, why shouldn’t we just
administer Factor VIIa?

PRO: Factor VIIa is not yet licensed in the USA for trauma,
and it can only be used on a “compassionate” basis. In gen-
eral its off-label use in trauma has been waning. It is very
costly and unless the patient’s temperature and especially pH
are optimized, the effect of Factor VII is not significant [19].
Therefore, the best way to treat massive hemorrhage is to
administer appropriate doses of platelets, cryoprecipitate, and
FFP, and to normalize the patient’s temperature and pH.
Additionally, Factor VII is no substitute for lack of surgical
control of bleeding. That said, if your institution has a pro-
tocol that includes Factor VII, and it is appropriate in your
clinical judgment, it should be administered. The most recent
trauma trial used an initial dose of 200 lg/kg IV with repe-
ated doses of 100 lg/kg at 1 and 3 h [9]. Other trials have
used doses of 90 lg/kg with repeated doses every 1–3 h.

CON: It seems to me that your considerations extend
beyond the exclusive administration of blood products. If
that is the case, it seems to me that the administration of
TXA should also be considered in trauma cases. If you look
at the CRASH-2 trial, it is very cost-effective and has min-
imal adverse sequelae [4].

PRO: Tranexamic acid was shown to be useful in the
CRASH-2 trial. It was the only study to show an improve-
ment in all-cause mortality. Secondary analysis showed it is
most beneficial when administered in the first 3 h and may
even be harmful after that window. So, if the patient has a
significant risk of bleeding, it would be appropriate to

administer 1 g of TXA over 10 min and then continue an
infusion of 1 g over 8 h. In fact, TXA has even been
administered in air medical transport prior to arrival at
hospital to try to decrease blood loss [20].

However, if we are going to look at TXA and Factor VII,
then we should also consider the very important and
neglected aspects of how to implement an MTP. Even with
all blood components and medications available, the
choreography of an MTP requires excellent coordination
between physicians, nurses, technicians, and the blood bank.
This means that the communication systems between the ED
(for example) and the blood bank (BB) must be immediate
and reliable, and, likewise, the method for transporting the
appropriate products to the patient must be similarly reliable.

A recent study on the issues of human factors in the
implementation of the MTP showed that in some cases, a
dedicated phone line had to be established between the BB
and the ED. Also, in a hospital where a pneumatic tube
system was utilized, this sped sample delivery from the ED
to the BB [2]. One hospital had a “one click” notification in
the electronic medical record to notify the BB that the MTP
would be used [2]. One study showed that mortality
improved after initiation of an MTP even though the ratio of
products remained the same. Ultimately, an MTP’s overall
impact is to change the paradigm to provide blood products
earlier and in higher quantities, limit crystalloid, and have a
system in place for a relatively rare event. All of those pieces
are probably important.

CON: Certainly, some changes in infrastructure are neces-
sary if you want improvements as you suggest. It would be
ideal to start the MTP with a single phone call. However, I
would argue that training and familiarity with the MTP is
even more important than any of the preceding interventions.
Not only do everyone need to know what the MTP is and
how it is activated, but mock runs with the MTP would be
the best way to maintain competency. Furthermore, and this
is something that you have not mentioned, it also needs to be
clarified when the MTP will be stopped.

Summary

In conclusion, the MTP is a valuable tool, which can be
complemented with the use of TXA, point-of-care tests such
as TEG, and rehearsal of the protocol with special attention
paid to human factors issues. Future research will determine
ideal ratios as well as the best way to implement the MTP at
low-volume trauma facilities.

14 Are Outcomes Better for Trauma Patients Who Are Treated Early … 51



References

1. Borgman MA, Spinella PC, Perkins JG, Grathwohl KW, Repine T,
Beekley AC, et al. The ratio of blood products transfused affects
mortality in patients receiving massive transfusions at a combat
support hospital. J Trauma. 2007;63:805–13.

2. Enticott JC, Jeffcott S, Ibrahim JE, Wood EM, Cole-Sincalire M,
Fitzgerald M, et al. A review on decision support for massive
transfusion: understanding human factors to support the imple-
mentation of complex interventions in trauma. Transfusion.
2012;52:2692–705.

3. Holcomb JB, Tilley BC, Baraniuk S, Fox EE, Wade CE, Podbiel-
ski JM, et al. Transfusion of plasma, platelets, and red blood cells in a
1:1:1 vs a 1:1:2 ratio andmortality in patients with severe trauma: the
PROPPR randomized clinical trial. JAMA. 2015;313:471–82.

4. Shakur H, Roberts I, Bautista R, Caballero J, Coats T, Dewan Y,
et al. CRASH-2 trial collaborators. Effects of tranexamic acid on
death, vascular occlusive events, and blood transfusion in trauma
patients with significant haemorrhage (CRASH-2): a randomised,
placebo-controlled trial. Lancet. 2010;376:23–32.

5. Ho AM, Dion PW, Yeung JH, Holcomb JB, Critchley LA, Ng CS,
et al. Prevalence of survivor bias in observational studies on fresh
frozen plasma: erythrocyte ratios in trauma requiring massive
transfusion. Anesthesiology. 2012;56:215–6.

6. Mitra B, O’Reilly G, Cameron PA, Zatta A, Gruen RL. Effectiveness
of massive transfusion protocols onmortality in trauma: a systematic
review and meta-analysis. ANZ J Surg. 2013;83(12):918–23.

7. Levi M, Levy JH, Andersen HF, Truloff D. Safety of recombinant
activated factor VII in randomized clinical trials. N Engl J Med.
2010;363(19):1791–800.

8. Roberts I, Shakur H, Afolabi A, Brohi K, Coats T, Dewan Y,
Crash-2 Collaborators, et al. The importance of early treatment with
tranexamic acid in bleeding trauma patients: an exploratory
analysis of the CRASH-2 randomised controlled trial. Lancet.
2011;377(9771):1096–101.

9. Hauser CJ, Boffard K, Dutton R, Bernard GR, Croce MA,
Holcomb JB, CONTROL Study Group, et al. Results of the
CONTROL trial: efficacy and safety of recombinant activated
Factor VII in the management of refractory traumatic hemorrhage.
J Trauma. 2010;69(3):489–500.

10. Mitra B, Gabbe BJ, Kaukonen KM, Olaussen A, Cooper DJ,
Cameron PA. Long-term outcomes of patients receiving a massive
transfusion after trauma. Shock. 2014;42(4):307–12.

11. McDaniel LM, Etchill EW, Raval JS, Neal MD. State of the art:
massive transfusion. Transfus Med. 2014;24:138–44.

12. Escolar G, Mazzara R, Castillo R, Ordinas A. The role of the
Baumgartner technique in transfusion medicine: research and
clinical applications. Transfusion. 1994;34(6):542–9.

13. Zink KA, Sambasivan CN, Holcomb JB, Chisholm G,
Schreiber MA. A high ratio of plasma and platelets to packed red
blood cells in the first 6 hours of massive transfusion improves
outcomes in a large multicenter study. Am J Surg. 2009;197
(5):565–70.

14. Pati S, Matijevic N, Doursout MF, Ko T, Cao Y, Deng X,
et al. Protective effects of fresh frozen plasma on vascular
endothelial permeability, coagulation, and resuscitation after
hemorrhagic shock are time dependent and diminish between
days 0 and 5 after thaw. J Trauma. 2010;69(Suppl 1):
S55–63.

15. Chapman MP, Moore EE, Ramos CR, Ghasabyan A, Harr JN,
Chin TL, et al. Fibrinolysis greater than 3 % is the critical value for
initiation of antifibrinolytic therapy. J Trauma Acute Care Surg.
2013;75(6):961–7 (discussion 967).

16. Kutcher ME, Kornblith LZ, Narayan R, Curd V, Daley AT,
Redick BJ, et al. A paradigm shift in trauma resuscitation:
evaluation of evolving massive transfusion practices. JAMA Surg.
2013;148(9):834–40.

17. Hess JR, Thomas MJG. Blood use in war and disaster: lessons from
the past century. Transfusion. 2003;43(11):1622–33.

18. Tapia NM, Chang A, Norman M, Welsh F, Scott B, Wall MJ Jr,
et al. TEG-guided resuscitation is superior to standardized MTP
resuscitation in massively transfused penetrating trauma patients.
J Trauma Acute Care Surg. 2013;74(2):378–86.

19. Meng ZH, Wolberg AS, Monroe DM III, Hoffman M. The effect of
temperature and pH on the activity of factor VIIa: implications for
the efficacy of high-dose factor VIIa in hypothermic and acidotic
patients. J Trauma. 2003;55(5):886–91.

20. Vu EN, Schlamp RS, Wand RT, Kleine-Deters GA, Vu MP,
Tallon JM. Prehospital use of tranexamic acid for hemorrhagic
shock in primary and secondary air medical evacuation. Air
Med J. 2013;32(5):289–92.

52 S.D. Boggs and I.H. Black



15Should Cerebral Oximetry Be Employed
in Morbidly Obese Patients Undergoing
Bariatric Surgery?

David Porbunderwala

CASE

A 40-year-old morbidly obese male, body mass index
(BMI) 60, with complications including obstructive sleep
apnea, hyperlipidemia, hypertension, and type II diabetes
mellitus, is undergoing Roux-en-Y gastric bypass weight
loss surgery. He has a large neck circumference and a
Mallampati score of 3. Difficult intubation is anticipated, so
the plan is to proceed with fiberoptic laryngoscopy.
A near-infrared spectrometry (NIRS) cerebral oximeter is
placed on the patient’s forehead to monitor cerebral venous
saturation (rScO2); his baseline is 73 %. Peripheral intra-
venous lines are placed under ultrasound guidance.

The patient is induced with propofol and intubated
without difficulty. As the surgeons begin, the patient remains
supine as pneumoperitoneum is established, with the blood
pressure steady at 100/65 and cerebral venous oxygen sat-
uration at 72 %. Ten minutes into the procedure, the sur-
geons call for 25° reverse Trendelenburg. One minute
following positioning, his rScO2 drops to 64 % and his
blood pressure to 98/65. Over the next several minutes, the
rScO2 begins to decline steadily to 55 % and the next BP
measurement is 64/43.

PRO: Cerebral oximetry allows for continuous monitoring
of the patient’s circulatory status. Since no arterial line is
present, if I’m not proactive, I must wait for the blood
pressure cuff to cycle, which may be after a considerable
delay. As it stands, I will increase the LR infusion rate and
give a bolus of phenylephrine.

CON: In this instance, the course of action was not effec-
tively altered by the rScO2 measurement; rather the change
was eclipsed by the marked drop in mean arterial pressure
(MAP), prompting immediate intervention. The 64 %

reading represents a 10 % change in saturation, certainly not
enough for me to emergently reach for a pressor.

PRO: While marked cerebral desaturation might not be
common in other abdominal surgeries, obese patients
undergoing bariatric procedures are the ones to watch. In
2006, a cohort study by Gipson et al. [1] demonstrated that
while significant decreases in rScO2 are not particularly
common in abdominal surgery, they were significantly more
likely to occur in heavier patients undergoing gastric bypass
and in those with longer operations.

CON: The drop in blood pressure or saturation should
undoubtedly be anticipated in these patients with so much
potential intravascular space undergoing massive sympa-
tholysis. If I am doing my job, I will expect the decrease in
blood pressure as the patient is repositioned and I will check
the head and tubing, increase FiO2, and open the IVs, and
then I’ll be able to react to any drops in BP with less urgency
knowing my bases are covered.

PRO: The benefit of the cerebral oximeter transcends surro-
gate monitoring of systemic perfusion in surgery that is not
vascular, cardiac, or neurological. A prospective, randomized
trial demonstrated that monitoring cerebral venous saturation
in elderly patients undergoing abdominal surgery has additive
benefits [2]. Using rScO2 as an indicator for intervention, not
only were cerebral venous saturations maintained at a higher
level, but in those patients who had desaturations—defined as
<75 % of baseline—both length and extent of desaturation
correlated with a decrease in the Mini Mental State Exami-
nation (MMSE) score at 7 days post-op, implying that post-
operative cognitive dysfunctionmay very well be attributed to
desaturation [2]. Another recent meta-analysis supported
these findings and found that a prompt reaction to cerebral
desaturation reduces hospital stay [3].

CON: Much of these data are derived from elderly patients
and those who are considerably sicker; e.g., undergoing liver
transplantation. Though this patient may have multiple
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comorbidities, at the end of the day his heart is still good and
he is relatively young, and he is putatively more able to
recover from this surgery or any minor cerebral injury.
MMSE score in these cases was measured at 7 days; barring
complications, this patient will have been at home for sev-
eral days by that point. Furthermore, the second-line therapy
in the aforementioned trial was a bolus of propofol to
decrease cerebral oxygen demand [2], which I would not be
thrilled to give a hypotensive patient.

PRO: While I would not readily give propofol either, it still
stands that there is no harm in monitoring cerebral oximetry.
Rather, I could have caught the patient on the downslope of
his saturation and, ideally, he would never have dropped his
MAP or his rScO2 to the extent that he did, regardless of
what harm might be done.

Summary

Intraoperative cerebral desaturation and a massive decrease
in blood pressure are to be expected in morbidly obese
patients when they are placed in reverse Trendelenburg

position. The literature suggests that prompt response to
desaturation can reduce postoperative cognitive dysfunction,
but this phenomenon has not been closely examined in the
bariatric population. As the etiology of postoperative cog-
nitive dysfunction continues to be elucidated, monitoring of
rScO2 with NIRS provides a simple, noninvasive, and
inexpensive means of measuring cerebral perfusion and
potentially staying one step ahead of intraoperative
hypotension.
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16Is Normal Saline Solution the Best Crystalloid
for Intravascular Volume Resuscitation?

Saad Rasheed

Case

A 30-year-old male with no significant past medical history
presents to the emergency room with complaints of severe
abdominal pain. The patient reports that the pain began
2 days ago. It has since migrated to the right lower quadrant.
Associated symptoms include nausea without vomiting,
anorexia, and a subjective fever. Significant vital signs
include a temperature of 103.4 °F, a heart rate of 110 beats
per minute, and a blood pressure of 80/50. Physical exami-
nation reveals a diffusely tender abdomen with guarding and
rebound tenderness. Pertinent preoperative laboratories
include a WBC of 22,000 cells/µ(mu)L and a lactate level of
5.8 mmol/L. An abdominal computed tomography
(CT) scan confirms the suspected diagnosis of perforated
appendicitis. The general surgery service is consulted and
the chief resident recommends IV antibiotics and emergent
laparotomy for appendectomy and irrigation and drainage of
the peritoneal cavity.

You place 2 large-bore IVs in the emergency room and
begin an infusion of lactated Ringer’s solution. Once in the
operating room you place standard ASA monitors prior to a
rapid sequence induction. Postinduction, you place an arte-
rial line. Considering the clinical presentation of severe
sepsis, you infuse a total of 30 mL/kg of lactated Ringers.
After the infusion, the patient’s hemodynamic vital signs
have improved; his heart rate is now 95 beats per minute,
and blood pressure has improved to 110/65. ABG shows that
the lactate is trending downward. The appendectomy and
irrigation and drainage are completed successfully, and the
patient is extubated without incident. You transport the
patient to the postanesthesia care unit (PACU) and give a
report to the anesthesiologist covering the recovery room.
He tells the nurse taking care of the patient to disconnect the
lactated Ringer’s and hang a bag of normal saline solution,

scolding you and asking, “Don’t you know that normal
saline solution is the best fluid to resuscitate a patient with?”

Question

Is normal saline solution the best crystalloid for intravascular
volume resuscitation?

PRO: The recovery room anesthesiologist notes that sodium
chloride is the most commonly used crystalloid solution
globally, with more than 200 million liters of normal saline
infused each year in the United States. He leans on a com-
mon argument of seasoned clinicians who favor normal
saline, “I have been practicing anesthesia for more than
20 years and have never encountered a problem using nor-
mal saline. Why try and fix it if it isn’t broken?”

CON: “Although normal saline was the original crystalloid
of choice, there is nothing ‘normal’ about it. It’s composition
is based on studies of red cell lysis from the late 1800s that
indicated that 0.9 % was the concentration of salt in the
human blood, when the actual concentration is actually
0.6 %. Newer crystalloids such as lactated Ringer’s
approximate extracellular fluid more accurately—intuitively
a more physiologically correct fluid should improve patient
outcomes and I’m sure there is research to support this
common sense assertion.”

A quick literature search proves your suspicions: There is
an abundance of new research showing the pitfalls of using
normal saline for fluid resuscitation. Myburgh and Mythen’s
article in the New England Journal of Medicine summarizes
some of the concerns regarding normal saline [1]. The article
notes that the “administration of large volumes of saline
results in hyperchloremic metabolic acidosis.” This makes
sense as normal saline has a chloride concentration of
154 mmol/L—much higher than the serum chloride con-
centration. Further, the article points out that this acidosis is
associated with immune and renal dysfunction [1]. The
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review cites a study by Shaw et al. [2] comparing the use of
normal saline versus PlasmaLyte, a balanced fluid similar to
lactated Ringer’s, which found that in patients undergoing
surgery, PlasmaLyte administration was associated with a
decrease in major complications such as postoperative
infection, the need for renal-replacement therapy, and blood
transfusion when compared to normal saline. In light of
these findings, the article asserts that physiologically bal-
anced solutions are increasingly recommended in surgical
patients [2].

PRO: Your colleague remains unimpressed. He too reads
the NEJM article, finding what he believes are key flaws.
“You mention that hyperchloremic metabolic acidosis cau-
ses an increased incidence of immune and renal dysfunction,
but Myburgh and Mythen themselves admit that ‘the clinical
consequences of these effects are unclear.’ Further, the
results are for PlasmaLyte, not lactated Ringer’s. That study
excluded lactated Ringer’s because calcium-containing
solutions are not used in patients requiring blood transfu-
sion due to the risk of microthrombi. How can you be certain
that the results are transferrable? Finally, the results of that
study are from a database review! Without the gold standard
of a randomized control trial, are you really comfortable
changing your clinical practice?”

CON: “You make some fair points. Although Myburgh and
Mythen allude to the equivocal results regarding the clinical
significance of hyperchloremia in the past, there is growing
evidence of its deleterious effects. McCluskey et al. [3]
performed a retrospective cohort trial that showed that
hyperchloremia was associated with increased morbidity and
mortality after noncardiac surgery, specifically showing that
hyperchloremia (serum chloride >110 mEq/L) was associ-
ated with increased mortality at 30 days postop, a longer
hospital stay, and a higher likelihood of postoperative renal
dysfunction.

“Although Shaw et al’s [2] results were only for Plas-
maLyte, I believe the findings are likely transferrable. The
results were attributed to a hyperchloremic acidosis caused
by normal saline’s chloride concentration of 154 mmol/L.
PlasmaLyte has a chloride concentration of 98 mmol/L, right
in the normal range, and lactated Ringer’s has a chloride
concentration of 109 mmol/L, only slightly higher than the
upper normal limit of plasma chloride concentration. And
Noritomi et al’s [4] study of crystalloid administration during
hemorrhagic shock noted that resuscitation with normal sal-
ine solution caused hyperchloremic acidosis while resusci-
tation with both lactated Ringer’s and Plasma-Lyte did not.
Thus, it stands to reason that patients would derive similar
benefits from lactated Ringer’s and PlasmaLyte.

Lastly, your point regarding a randomized control trial is
a legitimate one. Although the evidence is growing that

normal saline leads to harmful metabolic states, and in turn
negatively influences patient outcomes, without large-scale
randomized controlled trials making definitive guidelines
may prove difficult. This does not, however, mean that your
clinical practice shouldn’t change. There is no evidence that
normal saline is a superior solution, and to continue to use it
blindly does your patients a disservice.”

PRO: “So are you saying that there is no place for normal
saline?”

CON: “My default resuscitation fluid has been lactated
Ringer’s, and based on these recent studies, I see no reason
to change this. In patients who have a hypochloremic
metabolic alkalosis, such as those with persistent severe
vomiting, the normally harmful physiologic effects of nor-
mal saline solution may actually serve some benefit. Outside
of this narrow subset of cases, however, there really is no
place for normal saline as a resuscitation fluid.”

Summary

Normal saline is the most commonly used intravenous fluid
globally and in the USA. This is largely due to its place as
the original fluid used to treat dehydration and its cost. With
the advent of more balanced, physiologically correct solu-
tions, that are only marginally more expensive, these reasons
for the use of normal saline no longer hold weight. We
recommend the use of normal saline only in patients who
have a hypochloremic metabolic alkalosis that would benefit
from a high chloride solution such as normal saline. Con-
sidering numerous recent studies indicating the advantages
of lactated Ringer’s over of normal saline, we look forward
to a randomized control trial that will definitively prove the
superiority of physiologically balanced solutions such as
lactated Ringer’s.
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17Should Local Anesthesia with Conscious
Sedation Be Considered the Standard of Care
Over General Anesthesia for Transcatheter
Aortic Valve Replacement via the Transfemoral
Approach?

Glen D. Quigley and Jennie Y. Ngai

Case

A new cardiac surgeon, Dr. Jones, has just been hired by the
hospital to begin a transcatheter aortic valve replacement
(TAVR) program. Prior to his start date, Dr. Jones requested
to meet with the cardiac anesthesia attendings to discuss the
feasibility of doing all of the transfemoral TAVR cases using
only local anesthesia with conscious sedation (LACS). He
mentioned that he was at a conference in Europe recently
and learned that the majority of transfemoral TAVR cases
performed there were done using LACS. Additionally, he
stated that he had seen several studies that showed that
TAVR procedures done with LACS are just as safe as those
done with the patient under general anesthesia (GA) and that
they require much less time in the operating room (OR).

“I’ve been doing cardiac anesthesia for a long time and I
have a lot of concerns with trying to do a complicated car-
diac procedure like this on a patient who is basically awake,”
replied one of the senior cardiac anesthesiologists. “One of
my biggest concerns is what would happen if the patient
moves while the valve is being deployed. Not just because
the valve could be malpositioned, but because it could also
tear the aorta or block off one of the coronaries and cause a
myocardial infarction. I’m not sure it’s worth that risk just to
save a few minutes of OR time.”

Dr. Jones countered, “It’s not just about the time savings.
I’m also worried that some of these frail elderly patients will
have to stay intubated for a long time after the procedure—
especially patients coming in with severe lung disease. Is it
worth it for a patient to get their valve fixed but then end up
needing to get trached because of a prolonged intubation?”

As one of the younger cardiac anesthesia attendings, I
was also uneasy about the thought of doing these cases
under LACS. However, I wasn’t sure that unease alone was
reason enough to say these cases shouldn’t be done under
LACS, especially if studies from other major cardiac centers
showed it could be done safely. The hospital had invested a
lot of resources into getting this TAVR program started, and
it was important for the cardiac anesthesiologists and Dr.
Jones to come to some consensus on this issue.

Question

Should local anesthesia with conscious sedation be consid-
ered the standard of care over general anesthesia for tran-
scatheter aortic valve replacement via the transfemoral
approach?

Transcatheter aortic valve replacement (TAVR) is a
procedure that was first performed in 2002 as a less invasive
alternative to surgical aortic valve replacement (AVR) and is
being increasingly used in very high-risk patients with sev-
ere aortic stenoses who are ineligible for open surgical AVR.
TAVR uses a stent-valve technology in which a biopros-
thetic tissue valve is mounted inside an expandable stent
device, which can be deployed inside a patient’s native,
diseased aortic valve. Although there are numerous
approaches through which the device can be introduced
(retrograde transfemoral, antegrade transapical, retrograde
transaxillary, etc.), most TAVR procedures worldwide are
performed via the retrograde transfemoral approach [1, 2]. In
the retrograde transfemoral approach (hereafter referred to as
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just the “transfemoral approach”), the stent-valve device is
introduced through a percutaneous puncture of the femoral
artery and delivered retrograde up the aorta using an
over-the-wire technique with fluoroscopic guidance similar
to that used to perform coronary angiography and stenting.
Thus, in many ways, this procedure is much more similar to
procedures typically performed by cardiologists in the
catheterization laboratory than it is to the classic open sur-
gical AVR done by cardiac surgeons in the operating room.
Since much of the setup and procedural aspects of trans-
femoral TAVR match those of catheterization laboratory
procedures, there has been increasing interest over the past
several years in looking at whether transfemoral TAVR can
be safely performed under the same type of LACS used for
catheterization laboratory procedures. Despite the many
similarities though, transfemoral TAVR is still very different
from coronary angioplasty in terms of both the types and
severity of complications that can occur. The 30-day mor-
tality rate of TAVR performed in the typical high-risk sur-
gical patient is approximately 10 %, which is much higher
than that typically reported for coronary angioplasty with
stenting (<1 %) [1].

PRO: My senior anesthesia colleague continued to voice his
concerns with this plan. “General anesthesia is the only safe
way to do these procedures. It is the only way to guarantee
an immobile patient during critical parts of the procedure. It
provides a secure airway from the start of the case and it
avoids having to worry about rapidly converting to general
anesthesia after a surgical catastrophe has occurred. The
possible surgical complications of this procedure include
injury to the femoral arteries with accompanying retroperi-
toneal hemorrhage, dissection of the aorta, stroke from
embolization of calcific aortic plaques, myocardial infarction
from obstruction of coronary ostia, pericardial tamponade,
and ventricular fibrillation following rapid ventricular pac-
ing. All of these complications can occur suddenly and can
be life-threatening; it would be best to not have to also worry
about securing a patient’s airway after one of these com-
plications occurs.”

CON: Dr. Jones countered, “I agree that this procedure can
potentially cause life-threatening complications. However, I
don’t think that just the possibility for serious surgical
complications should rule out doing these procedures under
LACS. As I mentioned earlier, there are multiple studies that
have demonstrated that LACS is equal to general anesthesia
in terms of safety and allows for faster recovery after the
procedure.”

PRO: “Well, I haven’t seen these studies yet so I guess I’ll
have to reserve judgment,” remarked my senior anesthesia
colleague. “But my feeling is that doing these cases with just

local anesthesia and sedation seems to put the patient at
increased risk, especially if surgical complications occur.
Also, doing these cases under sedation alone means that a
transesophageal echocardiography (TEE) probe cannot be
used. TEE is critically important as it enables immediate
verification of correct valve placement and allows for rapid
detection and grading of paravalvular and central leaks.
Significant paravalvular leaks are relatively common after
TAVR, about 8–10 % from studies that I’ve seen, which is
much more common than after conventional open AVR [3].
This problem can be somewhat alleviated with intraoperative
TEE use by allowing for a determination to be made just
after deployment regarding whether an additional balloon
valvuloplasty should be done or even a valve-in-valve if the
paravalvular leak is very severe (i.e., deploying a second
TAVR device inside the first one).”

CON: “I agree that TEE can be tremendously helpful during
these procedures, especially for detecting post-deployment
valvular leaks. However, I don’t think that TEE is an
absolute requirement,” replied Dr. Jones. “For starters, we
already perform a preoperative TEE prior to coming to the
OR to get all the information we need regarding annulus
size, annulus area, and aortic root measurements. We can
also use transthoracic echocardiography (TTE) in the OR for
any cases done with LACS. While imaging of the aorta with
TTE is not always as good as TEE, in most cases it would
probably give you enough information to determine whether
a severe paravalvular leak was present. And we can always
perform contrast aortography using fluoroscopy to further
determine the severity of regurgitation. How about we take a
short break and continue this discussion when we return. I’ll
see if I can bring some copies of those studies back for us to
look at more closely before we make any decisions.”

During the break, I returned to my office to review the
studies to which Dr. Jones had referred. After a quick search
of the literature, I found five clinical trials published in the
past 3 years that compared outcomes between TAVR per-
formed under general anesthesia and local anesthesia plus
conscious sedation (LACS). I jotted down a few notes,
printed out copies of the articles for everyone, and returned
to the conference room to share the information I found.

Before the meeting restarted, I compared articles with Dr.
Jones and found the ones that I downloaded to be the same
articles to which he had referred. As everyone returned to the
meeting, we handed out copies of the articles to review as a
group. I decided to begin by sharing some of the insights I
had taken away from the studies.

“I understand that there are some very strong opinions
regarding this topic and that there’s probably no
one-size-fits-all answer to this question. In front of you are
copies of five clinical studies, done within the past 3 years,
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that compared TAVR performed under either GA or LACS
in terms of safety and efficacy.”

“In aggregate, these studies looked at 617 patients
undergoing transfemoral TAVR—346 under LACS and 276
under GA,” I continued [4–8]. “As Dr. Jones had previously
mentioned, all five studies showed that there was no differ-
ence in terms of mortality, morbidity, or procedure success
rate between TAVR done under LACS or GA [4–8]. Four
out of the five studies showed that TAVR performed under
LACS significantly reduced time in OR when compared
with GA, sometimes by as much as 30–45 min [5–8]. Also,
three out of the five studies showed that total perioperative
and postoperative inotrope/vasopressor requirements were
significantly reduced when LACS was used instead of GA
[4–6]. So overall, the literature to date seems to support that
transfemoral TAVR can be performed under LACS or GA
with equal safety and efficacy. LACS also appears to allow
for significant time savings in the OR and reduced
inotrope/vasopressor requirements.”

PRO: “These are definitely interesting studies and I’m
impressed at how good some of these results are,” stated my
senior colleague. “However, I’m not so sure that I’m ready
to go ahead and say that all transfemoral TAVR procedures
here should be done under LACS. For starters, two of these
studies that you provided to us showed a relatively high rate
of urgent conversion from LACS to GA. Yamamoto et al.
had a 5 % conversion rate and Bergmann et al. reported
almost a 17 % conversion rate! [4, 7]. These are very high
rates and if almost 17 % of these LACS cases have to be
urgently converted to GA, well that’s unacceptably high in
my opinion. Furthermore, 1 of those studies mentioned that
two of those conversions were required because the patients
became uncooperative and started moving. Now, it looks
like no complications occurred as a result of their movement,
but it seems very possible that serious damage could have
been done. I’m still not convinced that LACS is appropriate
for all transfemoral TAVR patients.”

CON: Dr. Jones responded, “I agree that a 17 % conversion
rate would be very high. However, this only occurred in 1
study; the other reported conversion rate was 5 % and the
three other studies said that zero conversions to GA were
needed. Furthermore, it looks like most of those conversions
were due to vascular access complications at the femoral
sites and occurred during the early part of the study period
(2006–2009). Over the past several years, the size of the
deployment devices has gotten dramatically smaller (previ-
ously 22F–25F, now 16F–19F) leading to much lower rates

of femoral vessel injury, especially when combined with
improved techniques for percutaneous vessel closure fol-
lowing removal of the device [1]. Given these facts, I would
argue that the rate of LACS failure and need to convert to
GA due to vascular complications would be much <17 %
nowadays.”

Concession from PRO: “Fair enough, I know that 17 %
was just 1 study,” conceded my senior colleague. “But I
think it’s important to keep in mind that some percentage of
cases done under LACS will definitely need to be converted
to GA urgently and that instead of just saying all trans-
femoral cases should be done under LACS, some thought
should be given to trying to predict which patients might
benefit from doing GA from the start of the case. How about
this: Let’s try to come up with some criteria regarding which
patients would be poor candidates for LACS. Then using
these as a guideline, we will evaluate each patient on the day
of surgery to see whether they can be done under LACS. Our
goal will be to do at least 50 % of our patients under LACS
during the first year and as our group gains more experience
with it, maybe we can increase from there. Sound
reasonable?”

Concession from CON: “Although I would prefer to do
most cases using LACS,” responded Dr. Jones, “I think that
a goal of 50 % of cases done under LACS in the first year
and aiming to increase that rate with experience seems very
reasonable. Let’s come up with some guidelines for LACS
suitability and go from there.”

Summary

TAVR is being performed with increasing frequency
throughout the world as both the number of elderly indi-
viduals needing the procedure and the number of interven-
tionalists trained to perform the procedure increases.
Furthermore, TAVR is currently being evaluated as an
option in moderate risk patients with severe aortic stenosis
who would be able to choose between the less invasive (but
less well-studied) TAVR or the current gold standard, open
surgical AVR; if approved in this population, the number of
TAVR procedures performed annually would likely increase
dramatically. As such, it is important for anesthesiologists to
continue to evaluate the contribution that anesthetic type
makes to patient outcomes for this increasingly important
procedure.
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As mentioned in the previous discussion, local anes-
thesia with conscious sedation (LACS), while still contro-
versial, offers many benefits over general anesthesia
(GA) including avoidance of airway manipulation and
possible prolonged intubation, reduced utilization of OR
time, and reduced need for inotrope/vasopressor support—
while maintaining similar rates of mortality, morbidity, and
procedural success.

However, certain patients would likely be poor candi-
dates for LACS due to a high risk that they would require
urgent or emergent conversion intraoperatively from LACS
to GA. Identifying these risk factors and using these data to
develop guidelines to help with proper patient selection
would probably lead to decreases in the rate of LACS fail-
ure. Contraindications to LACS for TAVR would likely
include: (1) severe obstructive sleep apnea; (2) difficult air-
way by history or exam; (3) inability to lie flat due to
musculoskeletal disease or otherwise; (4) severe GERD;
(5) altered mental status, severe dementia, or other barriers to
communication; and (6) anatomic considerations in which a
TEE may be required (i.e., uncertain annulus size, poor TTE
windows, high-risk features such as concern for annular
rupture or coronary occlusion). With continued research,
anesthesia for TAVR will continue to be refined with the
goal of providing each patient with an anesthetic plan that
maximizes both safety and comfort.
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18Should Antiplatelet Therapy Be Stopped
Preoperatively in a Patient with Coronary
Artery Stents?

Caitlin J. Guo and Katherine Chuy

Case

A 55-year-old man with hypertension, diabetes, and coro-
nary artery disease (CAD) with 2 drug-eluting stents
(DES) placed 3 months ago has been maintained on dual
antiplatelet therapy (DAPT) with aspirin and clopidogrel. He
is now scheduled for a colectomy for newly diagnosed colon
cancer.

The patient arrives at the presurgical testing clinic for his
preoperative evaluation. The anesthesiologist is asked for
advice on perioperative management regarding his anti-
platelet therapy. The cardiologist has already performed a
preoperative assessment and determined his cardiac function
is optimized to proceed. Given the recent timing of his stent
placement, both aspirin and clopidogrel should be continued
throughout surgery. However, the surgeon expresses con-
cerns about continuing the dual therapy because of the
increased bleeding risk.

Background

An estimated 600,000–900,000 coronary stents are placed
every year in the USA for management of acute and chronic
coronary artery disease [1, 2]. At least 10 % of these patients

undergo surgery within the first year while on antiplatelet
therapy [1]. This is an increasingly common scenario that
anesthesiologists encounter in the perioperative setting—
how to balance the risks of surgical bleeding with major
adverse cardiovascular events. Aspirin combined with 1 of
the P2Y12 inhibitors (clopidogrel, prasugrel, or ticagrelor) is
the current standard of care for oral DAPT after cardiac stent
placement to prevent stent thrombosis.

Currently, there are two types of cardiac stents: the bare
metal stent (BMS) and drug-eluting stent (DES). Develop-
ment of the BMS in the 1980s was a major advance over
balloon angioplasty, which was associated with a high rate
of acute vessel closure and restenosis [3]. BMS attempts to
prevent restenosis by reducing arterial recoil and contraction,
thus becoming an effective treatment for symptomatic
coronary artery disease. By 1999, approximately 84 % of
percutaneous coronary interventional (PCI) procedures were
done with BMS [3]. However, vascular smooth cell prolif-
eration and migration from stent implantation led to neoin-
timal hyperplasia over time, resulting in restenosis rates as
high as 20–30 % [3].

DES, a metallic stent coated with an antiproliferative
drug, was developed to reduce neointimal hyperplasia. The
dramatic reduction in restenosis (58–70 % [3]) with DES led
to an exponential growth of their use. By 2005, 80–90 % of
all PCI were performed with DES [3]. Since then, newer and
safer DES have been developed, with current usage esti-
mated to be 75 % of all PCI [3]. The downside of a DES is
that it requires a much longer duration of DAPT to prevent
stent thrombosis, a serious complication that occurs when a
previously patent stent undergoes an acute thrombotic
occlusion. It almost always leads to complete occlusion of
the stent, thus myocardial infarction with ST segment ele-
vation and has an associated mortality of 40–60 % [2].
Patients are at highest risk early after stent placement, prior
to vessel re-endothelialization, which takes 4–6 weeks for a
BMS and 6–12 months for a DES. Premature cessation of
DAPT has been highly associated with stent thrombosis.
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Questions

What should the patient do regarding surgery and his
DAPT? Should this patient proceed with noncardiac surgery
3 months after DES placement? If not, how long should
surgery be delayed?

PRO: This surgery is for cancer removal and a possible cure.
Any delay could lead to metastases and decrease his chance
of a successful complete tumor resection. Surely, the sur-
geon and the cardiologist can agree on an anticoagulation
regimen to minimize the chance of both stent thrombosis and
excessive surgical bleeding.

CON: After noncardiac surgery, patients with stents face an
8–10 % risk of developing major adverse cardiac events
because of inflammation, stress, and prolonged immobility,
compared to a 1–5 % risk in those without stents [2]. The
duration between stent placement and timing of the proce-
dure correlates with the risk of these complications.
Although his oncologist and surgeon would have to weigh in
on this, many types of colon cancer are slow growing. It
doesn’t help to cure his cancer if he dies perioperatively of a
heart attack. Thus, the longer the surgery can wait, the lower
the likelihood that the patient will develop stent thrombosis
and adverse cardiac events.

According to the 2014 American College of Cardiology
(ACC) and American Heart Association (AHA) “Guideline
on Perioperative Cardiovascular Evaluation and Manage-
ment of Patients Undergoing Noncardiac Surgery,” [4] the
minimal recommendation for DAPT is 1 month after BMS
and 12 months for DES (class 1 evidence). Elective surgical
procedures, therefore, should be delayed until DAPT is
completed.

PRO: Yes, but I would argue that this surgery should not be
delayed much longer, which the guidelines address. For
emergent surgeries, the recommendation is to continue
DAPT (class 1 evidence) [4] unless risk of bleeding is
greater than risk of stent thrombosis.

Is a colectomy for colon cancer really a life or death
emergency? Or is it urgent? The ACC/AHA suggests wait-
ing at least 6 months (class 2b evidence) for urgent surgeries
where risk of delaying the procedure outweighs risks of
ischemia and stent thrombosis [4]. In our patient who is
3 months out from stent placement with newly diagnosed
colon cancer, the assessment goes beyond simply evaluating
the case from a cardiovascular standpoint. We must also
consider risk of bleeding while operating with DAPT and
oncological consequences of delaying surgery.

Colorectal cancer is the third most common cause of
cancer death in the USA, with an estimated 132,700 newly
diagnosed cases and 49,700 deaths in 2015 [5]. National
Cancer Institute database statistics for 2004–2010 reported

that an early diagnosis of a localized colon cancer imparts a
5-year relative survival rate of 90 % [6]. It also allows
possibility of a curative therapy with complete resection. In
contrast, more advanced cancer has only a 5-year relative
survival rate in 71 % if spread regionally versus 13 % if
spread systemically [6]. Thus, while colon resection for a
localized cancer is not considered an emergency, delaying
early treatment and resection for up to a year may lower this
patient’s long-term survival rate if his cancer spreads.

Consensus

Ultimately the decision process for this patient requires an
in-depth discussion with the patient and his or her surgeon,
cardiologist, and anesthesiologist, weighing the perceived
risk for major adverse cardiac events and stent thrombosis
from perioperative discontinuation of DAPT versus bleeding
with continuation of DAPT. In this patient, one can argue
that surgery should proceed without delay and DAPT should
be continued. Uncomplicated colon resection is typically
considered low risk for bleeding; in this patient, the benefit
of continuing DAPT outweighs the risk of bleeding. How-
ever, one can never predict intraoperative complications. For
example, if the cancer has invaded major vascular supply,
then the risk for bleeding significantly increases. So if DAPT
is continued, it is important that the anesthesiologist is
familiar with diagnostic and therapeutic options.

Question

Which antiplatelet agents should be continued or discon-
tinued preoperatively and how should they be managed?

For elective surgeries, the majority of American and
European guidelines advise patients with cardiac stents to
continueASA therapy perioperatively when possible [2]. This
recommendation is based on meta-analyses in which contin-
uation of aspirin did not lead to major adverse outcomes from
bleeding, but the discontinuation of aspirin was associated
with significantly more adverse cardiac events. For proce-
dures that are deemed high bleeding risk, where even minimal
bleeding has severe consequences, such as spinal, intracra-
nial, extraocular, urologic, or major reconstructive proce-
dures, both aspirin and PY2 inhibitor should be held.

If the surgery is urgent and cannot be postponed,
depending on when the DES was placed, most agreed that
DAPT should be continued unless the consequences of
bleeding are extreme. However, many controversies sur-
round perioperative management. Some propose obtaining
platelet function assays to determine optimal timing for
surgery. However, there are no suggestions for which pla-
telet assays to use or what the bleeding cut-off should be.
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For high-risk cardiac patients undergoing high-bleeding-
risk surgeries, bridging with intravenous reversible glyco-
protein inhibitors such as eptifibatide or tirofiban are rea-
sonable alternatives and should be managed by the patient’s
cardiologist. Bridging with low-molecular-weight heparin
(LMWH) is not advised because of a different mechanism of
action.

For our patient undergoing colonic resection, many
would suggest he remain on aspirin and, given the recent
timing of DES, he should also remain on clopidogrel. If
significant bleeding is encountered during or after the sur-
gery, studies that evaluate platelet function or the efficiency
of the coagulation cascade, such as thromboelastography,
can be used to guide transfusion. The reversal of antiplatelet
therapy is platelet transfusion.

Question

When should antiplatelet therapy be stopped and resumed
before and after surgery?

If discontinuation of DAPT were deemed necessary
within this critical period because of bleeding risk, practice
guidelines are variable. While some recommend 5 days,
some recommend 7–10 days, and others such as ACC/AHA
do not make any statement [2]. For practical purposes, most
American hospitals have adopted policies of stopping ther-
apy 7 days before surgery. In terms of resuming DAPT
postoperative, the generous consensus appears to be that
DAPT should be resumed as soon as possible if there are no
surgical contraindications, most recommend within 24–48 h.
It is important to note, however, these guideline recom-
mendations are published mostly as narrative commentary.
They are based on a level of evidence not stated or not
necessarily backed by high quality evidence or are based on
either consensus opinions by experts, case studies or a cur-
rent standard of care [2].

Summary

Managing patients who have coronary stents who are
undergoing noncardiac surgeries is challenging and com-
plex. While current guidelines recommend delaying elective
surgery for a year in patients who have DES, there are many
circumstances in which urgent surgeries are required. The
clinicians must weigh the risk of delaying surgery versus the
risk of adverse cardiovascular complications.

Furthermore, patients on DAPT are at an increased risk
for bleeding if continued, but there is also an increased risk
for stent thrombosis and major adverse cardiovascular events
if DAPT is discontinued. The US registry showed that in
more than 4000 patients who had noncardiac surgery within

a year of stent placement, regardless of stent type, there was
a 1.9 % event rate for myocardial infarction, death, and stent
thrombosis [7]. The perioperative rate for major adverse
cardiovascular events was also significantly higher in
patients who had surgery within 42 days after stent
implantation compared to those who have surgery after
42 days [8].

Guidelines have been helpful; however, level of evidence
for most could be stronger. Recent studies show lack of
adherence to even the most respected guideline, the
ACC/AHA. A 2010 national survey of 295 Veterans
Administration physicians showed that 100 % of anesthesi-
ologists and cardiologists were aware of the current
ACC/AHA guidelines at that time for perioperative cardio-
vascular evaluation and care for noncardiac surgery, while
only 78 % of surgeons were aware of them. Additionally,
only 87 % of anesthesiologists, 90 % of cardiologists, and
64 % of surgeons agreed with published guidelines [9]. The
perception of risk of coronary stent thrombosis versus
bleeding also varied among these providers. Anesthesiolo-
gists and cardiologists focused more on stent thrombosis risk
and continuing antiplatelet therapy, and the surgeons
focused more on bleeding [9]. Thus, consistent implemen-
tation of these guidelines has been difficult.

While existing guidelines have been incredibly useful in
guiding perioperative DAPT management before noncardiac
surgery, most institutions have adopted their own recom-
mendations based on the current guidelines. Blind adherence
to policy without clinical consideration can lead to adverse
outcomes. It is important that appropriate specialists evaluate
high-risk patients that risks and benefits are discussed among
all clinicians taking care of the patient and with the patient
himself or herself and those individual hospital policies
allow for exceptions.
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19Is Extubating My Cardiac Surgery Patient
Postoperatively in the Operating Room a Good
Idea?

Joseph Kimmel and Peter J. Neuburger

Case

Following multiple episodes of shortness of breath at home,
a 66-year-old man with severe mitral regurgitation under-
goes an elective mitral valve repair via mini-thoracotomy.
His past medical history is significant for diabetes controlled
with metformin and hypertension treated with metoprolol. In
the past, he was a casual tennis player, but lately he has been
feeling short of breath going up the flight of stairs in his
house. It is the first case of the day. Induction, intubation,
and line placement are uneventful, and the surgery proceeds
without incident. At the end of the case, the surgeon jokes to
his assistant, “This gas man over here has the easiest job; he
just hits every patient over the head with his cookbook and
hopes they wake up some point later in the day.”

Question

Should I tailor my anesthetic emergence to extubate the
patient in the operating room at the end of the case?

CON: Cardiopulmonary bypass (CPB) induces a stress
response in the body evidenced by a sympathetic surge that
can persist for hours postoperatively. Despite this, patients
typically experience some level of stunned and hibernating
myocardium post-CPB, resulting in both systolic and dias-
tolic dysfunction. Additionally, myocardial ischemia is
known to peak postoperatively 18–24 h postbypass and to

improve with intensive analgesia [1]. Positive pressure
ventilation “off-loads” the heart by decreasing afterload and
left ventricular end diastolic pressure (LVEDP) and thus
may increase coronary perfusion pressure (CPP). Addition-
ally, metabolism is increased postoperatively, leading to
increased production of CO2 and higher work of breathing.
Therefore, mechanical ventilation can shift the myocardial
oxygen supply and demand curves in favor of promoting
optimal healing and favorable myocardial remodeling.

PRO: First of all, the other half of the equation for coronary
perfusion pressure is the aortic diastolic pressure, which can
be decreased when a postbypass patient with diastolic dys-
function is exposed to positive pressure ventilation, reducing
preload, and potentially stroke volume by shifting the Star-
ling curve. Perhaps this is why the studies that showed
decreased ischemia with intensive analgesia with positive
pressure ventilation never showed a significant benefit in
overall patient outcomes in terms of long-term ventricular
function, morbidity, or mortality. In fact, the prospective
randomized trials that confirmed the safety of fast-track
(FT) post-CBP recovery (within 4–6 h of surgery vs. the
convention of leaving patients intubated and sedated in the
ICU for 18–24 h postoperatively) showed an increase in
myocardial ischemic time in the fast-track population, but
only with regard to the area under the curve (AUC) of ST
segment elevation/depression, and not with regard to blood
markers or, more importantly, ventricular dysfunction [2].

In addition, the argument against FT extubation may have
been valid 2 decades ago when fast tracking was newly
proposed; however, that debate has already run its course. In
a prospective randomized trial by Cheng et al. [2], patients
were randomized to a fast-track extubation protocol versus
conventional therapy. In the fast-track group, the average
time to extubation was 4.1 h compared to 18.9 h in the
conventional group. Despite extubating during the so-called
ischemic period, there was no difference between the 2
groups in cardiac morbidity or mortality. We know it is safe
to extubate postbypass cardiac patients within the period of
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postoperative myocardial ischemia, and more recently, this
concept was taken even further. In the years since we have
switched from the narcotic-heavy “cookbook” protocol to a
balanced anesthetic involving inhalational agents, we have
found that extubating within 15 min of chest closure is no
longer far-fetched. Although there are no randomized
prospective trials, there are numerous large retrospective
reviews showing both the feasibility and safety of immediate
extubation, or ultra-fast-track (UFT) anesthesia.

CON: What about the concern that our patient population is
aging? Patients are not just accumulating comorbidities, but
they are being medically managed for longer and longer
before presenting for surgical correction. With these sicker
patients, perioperative complications are on the rise and we
need to be more judicious with our aggressive techniques.
While fast track was shown to be appropriate for our patient
population 10 years ago, our current population may be
more liable to the morbidities and complications I just
mentioned. The selection bias in these studies might mean
that they are not generalizable to our current more debilitated
patient population.

PRO: Every 10 years or so an anesthesia journal publishes
an article about how our patient population is aging and
getting sicker, increasing our risks for perioperative surgical
and anesthetic complications. But as our patients have
matured, so too has our experience and ability to manage
them safely perioperatively. Much as it did with fast-track
(and if you look at the first papers published on fast-track
anesthesia, they all start with statements about how our
population is aging), creating UFT merely requires that we
define an eligible population. Some common exclusion cri-
teria in the studies mentioned are patients requiring signifi-
cant vasopressor or inotropic support, or an IABP; those
with morbid obesity; those with severe pulmonary hyper-
tension; and those who are having reoperations [3]. As there
are few prospective analyses, a known difficult airway is not
typically listed as an exclusion criteria, but I would be more
conservative with those patients as well.

CON: Just because something might be safe does not mean
it is worth doing. Early extubation clearly exposes the
patient to further risk whether it is from ischemia or potential
reintubation following respiratory failure; why take an added
risk with minimal reward? Granted, our wallets are getting
tighter but UFT does not necessarily reduce hospital costs. In

fact, the operating room is minute-by-minute the most
expensive place in the hospital, and waiting for a patient to
meet extubation criteria can increase costs. If our patient is
going to stay in the cardiac surgery ICU overnight anyway,
why rush to extubate in the OR? Why not allow him to wake
up slowly with more intensive pain control?

PRO: Whenever a new protocol is implemented, there is
always a learning curve. When fast track was implemented,
some initial studies showed that ICU time and costs were not
improved. However, in those studies, the patients were eli-
gible for ICU discharge long before they actually left the
unit, creating a very expensive financial gap. As institutions
became more comfortable with handling these postbypass
patients outside the ICU, the financial rewards became more
evident. With regard to ultra-fast track, there is literature
showing that patients can safely bypass the ICU entirely and
be managed in a special cardiac post-op unit providing a
step-down level of care. Even with patients recovering in the
ICU postoperatively, the Society of Thoracic Surgeons
(STS) data from 2010 showed that patients who were
extubated in the OR spent 23 fewer hours in the ICU and
most were discharged from the ICU within 6 h [4].

Additionally, there are benefits to the patient by reducing
the potential for ventilator-associated pneumonia and lung
injury and there are also mental health benefits that should
not be dismissed. Numerous studies have shown that the
development of post-traumatic stress disorder or depression
after a surgical ICU stay is a real phenomenon. In fact, some
studies in patients 6 months following surgery show
decreases in health-related quality of life directly propor-
tional to the duration of their postoperative ICU stay.
What’s more, it appears that the younger population of
patients is more vulnerable to the psychological conse-
quences of an ICU admission, and this is exactly the pop-
ulation that would be the most successful with UFT care.
Clearly more research needs to be done in this area, but
immediate extubation in the OR might be one method to
relieve preoperative anxiety and potentially improve post-
operative quality of life.

Concession from CON: I will concede to you that UFT
anesthesia may have a place in our future model of cardiac
surgery care as we start to move away from required post-
operative ICU admissions, especially in the younger patients
having minimally invasive surgery. I guess since our sur-
geons are becoming less invasive, why can’t we?
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20Is a Pulmonary Artery Catheter Needed If You
Have Transesophageal Echocardiography
in a Routine Coronary Artery Bypass Grafting?

Christopher Y. Tanaka and John Hui

Case

The new anesthesiologist at the hospital, Dr. Pro, is assigned
to relieve Dr. Con for the evening from a coronary artery
bypass grafting (CABG) surgery. As Dr. Pro enters the room,
he sees the case is well underway but not yet on cardiopul-
monary bypass (CPB). Dr. Con, obviously anxious to leave,
quickly begins to give sign out, “Pretty routine CABG:
67-year-old guy, 3-vessel disease, normal ejection fraction,
normal valves, otherwise healthy, easy intubation…”

Dr. Pro scans the monitor and furrows his eyebrows and
asks, “Where’s the pulmonary artery catheter (PAC)?
Where I trained, we put a PAC in all of our cardiac cases.”

Dr. Con replies, “So, at this hospital, we only place PACs
in patients with specific issues such as poor ventricular
function or valvular abnormalities. We should be fine with
the central venous catheter (CVC) and transesophageal
echocardiography (TEE)” [1].

Question

Is a pulmonary artery catheter needed if you have TEE in a
routine CABG?

PRO: Of course, every CABG should have a PAC. Let’s
review how much useful information you can get from a
PAC. First, you get direct measurements of the pulmonary
artery pressures (PAP). Second, by wedging the PAC, you
can measure the pulmonary capillary wedge pressure

(PCWP). Third, you can measure cardiac output (CO) using
thermodilution. From these numbers, you can calculate
multiple parameters: systemic vascular resistance (SVR),
pulmonary vascular resistance (PVR), stroke volume, etc.
Finally, you can draw a mixed venous oxygen saturation
(SvO2) to calculate cardiac output using Fick’s equation to
assess adequacy of oxygen delivery [2].

CON: Yes, we can get a lot of numbers from a PAC, but
some of them have potential issues. Accurate measurement
of PCWP assumes the catheter tip is in West lung zone 3 [3],
and positive pressure ventilation can cause overestimation of
left ventricular end diastolic pressure [4]. Thermodilution is
inaccurate if performed incorrectly or if there is significant
tricuspid or pulmonic regurgitation. TEE can estimate all of
the same numbers a PAC gives you, except SvO2 [2]. For
instance, systolic PAP is easily estimated using Doppler
measurements of tricuspid regurgitation. You can easily
calculate SVR, PVR, CO, and PCWP. You can also assess
valvular function, diastolic function, wall motion, and ejec-
tion fraction.

PRO: You make it sounds like I am trying to argue that a
PAC is better than TEE. The PAC should be a complement
to TEE. A CABG patient is at high risk of many catastrophic
events that are accompanied by acute increases in PAP,
including left ventricular dysfunction, mitral regurgitation,
and pulmonary arterial vasoconstriction [5]. The PAC’s
strength is that it continuously displays PAPs and can aid in
rapid diagnosis of these complications.

Detecting acute changes in PAPs with TEE requires
constant probe manipulation and Doppler measurement.
And, if you want to talk about inaccuracies, the TEE has
plenty. Measuring cardiac output with TEE is highly oper-
ator dependent and is considered less accurate compared to
thermodilution [2]. More so, only 53 % of patients have
sufficient tricuspid regurgitation to estimate systolic PAP [6].
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Some of the other calculations you mention are quite
sophisticated and difficult to perform quickly in the operat-
ing room.

CON: But, you have to consider the financial costs and
potential complications of placing PACs. An on-pump pri-
mary CABG that takes 4 h bills a total 34 base and time
units [7, 8]. Anesthesiologists can bill an additional 10 units
for placing a PAC, which adds an additional 29 % to a
patient’s anesthesia bill [9]. For the average commercial
insurance patient, this translates to an additional $700 [10]!
That will add up pretty quickly if you place a PAC in every
CABG.

Inserting a PAC is an additional invasive procedure with
significant risks: arrhythmia, thrombosis, pulmonary artery
rupture, infection, myocardial injury, valvular injury, and
surgical entrapment [11]. Some of these risks are not
uncommon. For instance, bacteremia occurs in 1.3–2.3 %
and arrhythmias in up to 70 % of patients with PACs [12].

PRO: Most of these so-called “complications” associated
with PACs are arrhythmias that occur transiently during
placement and resolve with repositioning the catheter; less
than 1 % of patients have significant ventricular arrhythmias
that require treatment [12]. The rate of severe complications
is actually quite low. In a study of more than 3700 cardiac
surgery patients, only 4 had serious mechanical complica-
tions [13].

CON: Why should we expose patients to any additional
risks or costs when there is no evidence that PACs improve
patient outcomes? In fact, a prospective observational trial
by Schwann et al. [14] found that PAC use was associated
with worse outcomes in CABG patients. Analyzing 2500
patients, the study found that PACs were associated with
significantly increased cardiac events, cerebral events, renal
failure, ICU length of stay, and mortality. Another study
found that only 61 % of cardiac anesthesiologists were able
to accurately identify and interpret PCWP data [15]. If
clinicians are misusing PACs, patient outcomes may suffer.

PRO: That Schwann et al. [14] study is flawed, though.
First, it is not a randomized control trial so the decision to
place a PAC was up to the anesthesiologist. Second, there
was no standardized management using the PAC data.
Finally, the study excluded patients with intraoperative TEE
monitoring! Again, I am saying PACs should be used in
conjunction with TEE.

We also have to consider how this patient will be mon-
itored postoperatively in the ICU. They would not have TEE
continuously available to monitor the patient.

CON: Well, a Cochrane Review clearly concluded that the
use of PACs in the ICU setting did not improve mortality

and length of ICU or hospital stays [16]. Also, we have
alternative technologies; we can use in the intensive care
unit. We can perform focused transthoracic echocardiogra-
phy (TTE) in the ICU. More and more critical care physi-
cians and anesthesiologists are using bedside TTE to guide
postoperative management [17].

There are also multiple emerging technologies that can
quantify cardiac output such as CO2 rebreathing, esophageal
Doppler, pulse contour analysis, lithium dilution, transpul-
monary thermodilution, thoracic bioimpedance, and biore-
actance [18]. Most can provide continuous monitoring in the
OR and ICU, and some do not require additional invasive
catheters.

PRO: I can use the same arguments you made a moment ago:
Where is the proof these new noninvasive CO monitors
improve patient outcomes? There is no evidence they improve
morbidity or mortality in cardiac surgery [18]. Also, there is a
lack of familiarity and comfort with incorporating these newer
technologies into patient management decisions. In a 2015
survey, only 26 % of anesthesiologists reported using non-
invasive CO monitors instead of PACs [19]. In the same
survey, the majority of cardiac surgeons did not support the
use of alternative hemodynamic monitors versus the PAC.

There are no guidelines for the use of these newer tech-
nologies, while PACs are addressed by the American Soci-
ety of Anesthesiologists (ASA) practice guidelines [11].
They state, “PAC is both appropriate and necessary in
selected surgical patients undergoing procedures associated
with complications from hemodynamic changes (e.g., car-
diac surgery…)”. This is a pretty clear endorsement for PAC
use in a routine CABG.

CON: The ASA recommendations are vague, at best. They
do not define “selected patients” and do not specify in which
type of cardiac surgeries PACs should be used. Remember,
these recommendations were published in 2003 and are
outdated. The mortality from CABG surgery decreased
nearly 25 % during 2000–2009 [20]. The routine CABG is
now a safer procedure and may no longer warrant a PAC.

Additionally, the PAC guidelines do not address con-
current use with TEE. They were written at a time when TEE
was not as widely available and utilized. Intraoperative TEE
has since proliferated so that now more than 90 % of
anesthesiologists use TEE during cardiac surgeries [19].

More recently, in 2011, the American College of Cardi-
ology Foundation (ACCF) and American Heart Association
(AHA) Task Force made three recommendations regarding
use of PACs in CABG operations [21]:

• Class I: Placement of a PAC is indicated, preferably
before the induction of anesthesia or surgical incision, in
patients in cardiogenic shock undergoing CABG. (Level
of Evidence: C)
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• Class IIa: Placement of a PAC can be useful in the intra-
operative or early postoperative period in patients with
acute hemodynamic instability. (Level of Evidence: B)

• Class IIb: Placement of a PAC may be reasonable in
clinically stable patients undergoing CABG after consid-
eration of baseline patient risk, the planned surgical pro-
cedure, and the practice setting. (Level of Evidence: B)

So, in our routine CABG patient, use of a PAC is only a
class IIb recommendation, and “may be considered.” This is
only backed by level B evidence, which is only data derived
from a single randomized trial or nonrandomized studies.
This is a far cry from a strong endorsement for a PAC in our
patient, especially considering we use intraoperative TEE in
our practice setting.

PRO: But, the ACCF/AHA guidelines do say a PAC is
reasonable in a stable CABG, and I think many anesthesi-
ologists would still agree. PACs are still widely utilized in
many cardiac anesthesiology practices. A 2015 survey found
that 35 % of anesthesiologists use PAC in all of their CPB
cases, and 45 % of anesthesiologists use a PAC in all
off-pump CABGs [19]. The survey also found that 68 % of
anesthesiologists use a PAC in at least 75 % of CPB cases.

CON: That means 32 % of anesthesiologists use a PAC in
less than 75 % of their cases [22]. I think I will find one of
those guys to relieve me instead. It was nice to meet you,
though.

Summary

There is still no clear consensus in the literature whether
PACs are necessary in routine CABG when TEE is used.
The guidelines are vague, although PAC use is considered at
least reasonable in a routine CABG.

Until more conclusive evidence is available, decisions to
place PACs should be made at the individual clinician and
institutional levels on a case-by-case basis. Surgeons and
critical care physicians should be included in discussions
that review patient and surgical risk factors. The anesthesi-
ologist’s skill level with TEE and familiarity with PACs
should also be considered.
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21When Should You Transfuse a Patient Who Is
Bleeding After Cardiopulmonary Bypass?

Cindy J. Wang

Case

A 68-year-old man with hypertension, hyperlipidemia, dia-
betes mellitus, and coronary artery disease (with a
drug-eluting stent placed in the circumflex artery 2 years
ago) presents with worsening angina over the past several
months. Coronary catheterization reveals multi-vessel coro-
nary artery disease with significant stenosis noted in the right
coronary artery (RCA), left anterior descending artery
(LAD), and circumflex artery (Cx). A coronary artery bypass
graft (CABG) is scheduled, and you are the anesthesiologist.
The patient tells you that he stopped taking clopidogrel
5 days ago, but took his aspirin and metoprolol that
morning.

Induction, intubation, and placement of lines and moni-
tors proceed smoothly. An arterial blood gas (ABG) taken at
the beginning of the case reveals a starting hematocrit of
32 %. After harvesting of the left internal mammary artery
(LIMA) and saphenous vein (SV) for bypass grafts, car-
diopulmonary bypass (CPB) is initiated and the surgeon
proceeds to bypass the stenotic LAD, Cx, and RCA with left
internal mammary artery and saphenous vein grafts. Hema-
tocrit coming off CPB is 24 % with no blood products given
before or during CPB. The patient is successfully weaned off
CPB after spontaneous return to sinus rhythm. Good
biventricular function and no regional wall motion abnor-
malities are noted with transesophageal echocardiography
(TEE). After CPB, the blood pressure remains stable with a
low-dose infusion of norepinephrine. At this time, the sur-
geon requests that protamine be given. After a slow infusion
of protamine, the blood pressure remains stable and con-
tractility remains unchanged. Activated clotting time
(ACT) drawn at this point reveals a return to baseline ACT
value, indicating that heparin has been adequately reversed.

This information is relayed to the surgeon who states that he
does not see any clot formation and that the patient is “oozy”
and bleeding. He asks you to transfuse blood products
immediately to help stop the bleeding.

Questions

What is the cause of bleeding? Should you transfuse at this
time? If yes, what blood products should you transfuse?

PRO: There are numerous causes of bleeding following
CPB in cardiac surgery. These include surgical bleeding,
residual heparinization, fibrinolysis, and coagulopathy.
Numerous factors may influence platelet function and
coagulation including preoperative antiplatelet or anticoag-
ulant therapy, hypothermia, hypocalcemia, dilution of
coagulation factors and platelets, renal dysfunction, and
more. An ACT that has returned to baseline following pro-
tamine administration may rule out residual heparinization.
Standard antifibrinolytic therapy (tranexamic acid or ami-
nocaproic acid) helps to minimize fibrinolysis in CPB cases.
Standard strategies to decrease hemodilution (i.e., minimiz-
ing fluids pre-CPB, decreasing CPB prime volume), reple-
tion of calcium, and rewarming the patient aim to further
decrease the risk of bleeding in cardiac surgery. Once sur-
gical bleeding is ruled out, routine laboratory and
point-of-care (POC) tests can help to identify causes of
bleeding and coagulopathy. Routine laboratory tests such as
prothrombin time (PT), partial thromboplastin time (PTT),
international normalized ratio (INR), and fibrinogen can help
to identify abnormalities in coagulation but can take more
than 30 min to obtain results, which is impractical in the
setting of rapid and significant bleeding. POC tests include
ABG, INR, and visco-elastic tests [thromboelastography
(TEG) and thromboelastometry (ROTEM)] that can be run
in the operating room with faster results (some obtained
within a few minutes).
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If a specific abnormality in coagulation has been identi-
fied in the setting of bleeding, the transfusion of blood
products that address the specific abnormality can take place.
Blood products (red blood cells, platelets, fresh frozen
plasma, cryoprecipitate) should not be transfused until the
cause of bleeding is identified. This helps to minimize
transfusion of unnecessary blood products, which is costly
and carries risks. An exception where it may be necessary to
give blood products before identifying specific abnormalities
is in the setting of brisk, profuse bleeding where the patient
requires escalating vasopressor requirements, displays signs
of end organ damage, and/or becomes hemodynamically
unstable.

CON: The surgeon states that he has checked all of the
anastomoses, graft harvest sites, and cannula sites and ruled
out surgical bleeding. Despite measures made to decrease
hemodilution, the addition of fluids is often necessary to
maintain an adequate blood volume on CPB. Therefore,
there is always a dilution of red blood cells (RBCs) and
coagulation factors resulting in some degree of coagulopathy
in all patients after CPB. In addition, this patient was on
antiplatelet therapy for his drug-eluting stent prior to surgery
and likely has residual platelet inhibition. The surgeon states
that the ongoing bleeding is caused by residual platelet
inhibition and dilutional coagulopathy and that the patient
requires immediate transfusion of platelets and fresh frozen
plasma (FFP) to correct these abnormalities. Transfusion of
RBCs may also be necessary before the hematocrit reaches a
critical level that compromises oxygen delivery.

The surgeon goes on to say that all cardiac surgical
patients should routinely receive a transfusion of platelets
and FFP after CPB since there is always a degree of dilu-
tional coagulopathy.

Question

Are there any risks to blood product transfusion of cardiac
surgical patients on a routine basis?

PRO: Yes. The literature continues to demonstrate many
risks related to blood product transfusions. Therefore, it is
best to try and avoid transfusion in any patient. Unless the
patient is actively exsanguinating and losing a large volume
of blood over a short period of time, it is best to identify the
cause of bleeding first. Data (usually in the form of routine
laboratory or POC testing) can help to identify abnormalities
in coagulation and causes of bleeding. This can help guide
transfusion of specific blood components to facilitate treat-
ment and hopefully minimize the number of products that
are given to each patient. Blood transfusions in and of
themselves have been shown to carry numerous risks
including transmission of infection, transfusion-related acute

lung injury (TRALI), transfusion reactions, and more.
Numerous studies have also demonstrated that blood trans-
fusions in cardiac surgical procedures are associated with
increased mortality and complications including sternal
wound infections, postoperative atrial fibrillation, respiratory
issues, renal failure, and neurologic events [1–3].

CON: Although transfusions may have risks, anemia is also
an independent risk factor for mortality, with adverse effects
seen from poor oxygen delivery to tissues. This is especially
true for patients with coronary artery disease who already
have decreased oxygen delivery to the myocardium that is
further exacerbated by anemia. Multiple large studies have
demonstrated that both perioperative and postoperative
anemia in cardiac surgery are associated with worse renal
function, increased myocardial injury, longer ventilator
support, and increased risk of postoperative stroke [1]. To
maintain adequate oxygen delivery and improve outcomes in
cardiac surgery patients, anemia should be avoided and an
adequate hemoglobin level maintained throughout the case,
which may require transfusion of RBCs. The risk of anemia
in cardiac patients may very well outweigh the risks of
transfusion.

Rebuttal from PRO: While it is true that anemia in cardiac
surgical patients carries increased risks and morbidity in
itself, no definite threshold of hemoglobin has been defined.
Transfusion to higher hemoglobin thresholds to avoid ane-
mia have not shown any added benefit. A couple of large
randomized trials (TRACS and TITRe2) have demonstrated
no advantage to liberal transfusion versus restrictive trans-
fusion in patients undergoing cardiac surgery [2, 3]. A liberal
versus restrictive transfusion threshold has not been shown
to decrease mortality or morbidity, nor has it been shown to
benefit patients. Since no critical hemoglobin or anemia
threshold has been defined where risks of anemia clearly
outweigh the risks of transfusion, there is no evidence to
support routine transfusion of cardiac surgical patients. This
further supports limiting transfusions to situations when
absolutely indicated.

Question

Do blood conservation strategies minimize transfusion of
blood products in cardiac surgery?

PRO: Yes. The risks of both anemia and blood transfusion
in cardiac surgical patients are well established and have
prompted multimodal approaches to blood conservation
strategies. In 2007, the Society of Thoracic Surgeons
(STS) and the Society of Cardiovascular Anesthesiologists
(SCA) published clinical practice guidelines for periopera-
tive blood transfusion and blood conservation in cardiac
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surgery, with an update in 2011. Based on evidence from
randomized trials, observational studies, and case reports;
recommendations for blood conservation include preopera-
tive interventions, intraoperative blood management, blood
salvage interventions, perfusion interventions, POC testing,
and management of blood resources. These guidelines
emphasize a multimodality approach (Class I recommenda-
tion) that includes transfusion algorithms with POC testing
to optimize blood conservation in cardiac surgery [4, 5].

Several studies comparing blood management pre- and
post-implementation of POC testing-guided transfusion
algorithms have demonstrated decreased transfusion of
blood components and better outcomes including decreased
incidence of acute kidney injury, length of postoperative
ventilation, length of stay, and cost [6–8].

CON: Despite the release of guidelines in 2007 with rec-
ommendations for a multimodal approach to blood conser-
vation in cardiac surgery, the rate of transfusion in cardiac
surgery has not changed. A large retrospective study of
cardiac surgical patients in the USA by Robich et al. [9] in
2014 actually revealed an increase in overall blood product
utilization. Despite the release of the 2007 blood conserva-
tion guidelines, blood transfusion in cardiac surgery has not
declined. This may be due to a delay or lack of implemen-
tation of guidelines by institutions, lack of awareness of the
guidelines, higher risk patients undergoing cardiac surgery,
and/or other factors. There is also a large discrepancy that
remains among institutions performing cardiac surgery and
their transfusion practices. This suggests that the majority of
cardiac surgeons and anesthesiologists have not adopted
blood conservation strategies for one reason or another.

Question

Should we routinely use point-of-care testing as a guide for
blood transfusion in cardiac surgery?

PRO: POC testing incorporates visco-elastic tests such as
thromboelastography (TEG) or thromboelastometry
(ROTEM) in comparison with routine laboratory tests such
as PT, PTT, and fibrinogen. Routine laboratory tests have a
long turnaround time, often requiring empiric transfusion of
blood products prior to receiving results in the setting of
ongoing bleeding. POC testing has a much shorter turn-
around time (initial information about clotting dysfunction
can be obtained within 10–15 min). TEG and ROTEM can
provide information on specific dysfunction in clot dynamics
including clot formation, clot strength, and clot breakdown

(fibrinolysis). This allows for directed transfusion of
appropriate blood components to address the identified
dysfunction(s) as opposed to empirically transfusing
numerous blood components. This has been shown to
decrease the amount of transfusion and decrease overall
patient exposure to the risks of transfusion.

Additional POC tests such as ACT can help to exclude
residual heparin as a cause of bleeding. Prolonged ACT after
administration of protamine is often an indication of inade-
quate reversal of heparin and can be addressed by giving
additional protamine.

CON: While POC testing may be useful in identifying
specific disturbances in coagulation, it also has numerous
limitations. While visco-elastic tests provide results in a
shorter time frame than conventional lab tests, they still
require at least 10–15 min for preliminary results on clot
formation, which may not be an acceptable time to wait in
the setting of brisk and vigorous bleeding. These tests also
require adequate training and education for performing the
test, maintaining quality management, and interpreting the
results.

In addition, visco-elastic tests may not be able to identify
all causes of bleeding and in certain scenarios may produce
normal results when bleeding and coagulation abnormalities
are present. In the setting of bleeding with normal POC test
results, the usual assumption is that the cause of bleeding is
surgical. This assumption may not always be correct. Blood
samples for TEG and ROTEM are prepared by heating to a
normal body temperature of 37 °C with the addition of
calcium and platelet activation factors. Therefore, normal
results do not rule out clinically significant platelet dys-
function caused by antiplatelet therapy (i.e., aspirin or
clopidogrel), hypothermia, or hypocalcemia. In a study by
Welsh and colleagues in 2014, TEG was compared to con-
ventional laboratory tests and was not independently pre-
dictive of postoperative bleeding in cardiac surgery with
CPB. Conventional laboratory results were always abnormal
in patients with coagulopathy, while 15 patients with active
bleeding had TEG results in the normal range [10]. Patients
with normal TEG results and ongoing bleeding may not have
an identifiable cause of surgical bleeding, further demon-
strating scenarios where POC tests are not revealing the
presence of an underlying coagulopathy. POC tests may not
always be reliable in the setting of bleeding and may not
serve as an accurate guide to blood component transfusion.
Therefore, in the setting of acute bleeding in cardiac surgery
with normal POC tests, blood product transfusion may still
be necessary.
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Summary

Overall blood product usage in cardiac surgery remains
significant despite the publication of guidelines for blood
conservation in cardiac surgery. Literature supports numer-
ous risks associated with transfusion of blood products in
cardiac surgical patients. While anemia is also associated
with risks, a critical hemoglobin or hematocrit level where
the risks of anemia clearly outweigh the risks of transfusion
has not been well established. Numerous studies have shown
decreased transfusion requirements and improved outcomes
when implementing blood conservation strategies and
POC-guided transfusion algorithms in cardiac surgery.
Therefore, it is unclear why overall transfusion rates have
increased in cardiac surgical patients in the USA over the
past years and why there remains a high discrepancy in
transfusion rates among institutions. Some potential reasons
may be lack of awareness or implementation of STS/SCA
guidelines, increasing proportion of patients with a higher
risk of anemia or bleeding, and lack of understanding or
implementation of POC tests.

Blood conservation in cardiac surgical patients is a
multi-disciplinary approach that begins preoperatively and
continues postoperatively. Cardiologists, cardiac surgeons,
perfusionists, anesthesiologists, and intensivists should all be
educated on current guidelines and work together to minimize
both anemia and transfusions of blood products in their
patients. Multiple strategies should be utilized including guid-
ance from POC testing. Further developments are underway to
improve the speed, accuracy, and spectrumof POC tests, which
will make them more valuable for real-time decisions during
ongoing bleeding in cardiac surgery. For example, more
specific platelet function tests may be required to identify
medication-induced platelet inhibition that is missed by
visco-elastic testing [11]. Implementation of guidelines, edu-
cation, improvements in POC testing, and multidisciplinary
approaches are crucial to improving blood conservation and
limiting transfusion in cardiac surgical patients.
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22Neuraxial Versus General Anesthesia
in a Patient with Asymptomatic Severe
Aortic Stenosis

Patrick B. Smollen and Arthur Atchabahian

Case

A 72-year-old gentleman with asymptomatic severe aortic
stenosis (AS) presents for right hip replacement after a fall at
home. He was diagnosed with severe AS months before due
to a murmur on physical examination, leading to an
echocardiogram showing an aortic valve area of 0.9 cm2

with a mean gradient of 40 mm Hg and a left ventricular
ejection fraction of 55 %. He is fully functional in his
activities of daily living and denies dyspnea on exertion,
angina, or syncopal episodes. He has no risk factors for a
difficult airway on physical examination. You are asked to
devise a safe anesthetic plan for his hip replacement,
weighing the risks and benefits of neuraxial versus general
anesthesia in light of his cardiac condition.

Pro General

In a patient with severe aortic stenosis, two important
anesthetic goals are to maintain adequate preload and
afterload [1]. Neuraxial anesthesia, both spinal and epidural,
produces vasodilation and thus decreases both venous return
and peripheral resistance. Failure to maintain these param-
eters may result in inadequate compensation for a fixed
obstruction, hypotension, and reduced coronary perfusion.
This creates a vicious cycle in which cardiac output drops,
further reducing coronary perfusion and can easily lead to
cardiac arrest [2].

Pro Neuraxial

When titrated slowly in a patient who has been volume
loaded, intrathecal and epidural medications can maintain
hemodynamic stability, particularly when a catheter is used
in the epidural or intrathecal space [3]. Spinal anesthesia,
however, results in a denser block and is less likely to spare
certain segments. While there is little evidence comparing
the hemodynamics of neuraxial anesthesia to general anes-
thesia in patients with AS, the stimuli of direct laryngoscopy,
intubation, and extubation involved with general anesthesia
will result in hemodynamic lability [3].

Pro General

There are only anecdotal case reports of neuraxial anesthesia
in the presence of AS, and while successful, they cannot be
applied to a large general population. According to the
American College of Cardiology, asymptomatic individuals
like this patient, who have an aortic valve area >0.8 cm2, a
mean gradient <50 mm Hg, and preserved left ventricular
systolic function, are not high risk for non-cardiac surgery
[1]. With a reassuring airway exam, an opioid-based anes-
thetic and induction with etomidate should result in a
hemodynamically stable anesthetic appropriate for patients
with severe AS.

Pro Neuraxial

Volatile anesthetics have important hemodynamic conse-
quences for patients withAS. In addition to themaintenance of
preload and afterload, avoidance of tachycardia and arrhyth-
mias is a key component of the management of patients with
severe AS. For example, atrialfibrillation is poorly tolerated in
patients with severe AS due to loss of the atrial kick and the
poor filling of the left ventricle that results [2].
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Isoflurane and desflurane decrease systemic vascular
resistance (SVR), but maintain cardiac output by compen-
sating with an increased heart rate. Though these agents are
unlikely to produce extreme tachycardia, higher heart rates
increase myocardial oxygen consumption and decrease the
filling time needed to maintain left ventricular end-diastolic
volume and coronary perfusion. Sevoflurane decreases
contractility and SVR with little to no rise in heart rate,
dropping the cardiac output and reducing coronary perfusion
pressure. Using a neuraxial technique would eliminate the
potential harmful hemodynamic effects of these agents [2].

Pro General

Transesophageal echocardiography (TEE), which cannot be
used with neuraxial anesthesia alone, may give more insight
into the cardiac function in real time. TEE is less invasive
and has a lower complication rate than other hemodynamic
monitors. With an experienced echocardiographer, a TEE
can provide rapid and accurate information to help maintain
or restore hemodynamic stability [2]. Using neuraxial
anesthesia alone would not allow for TEE as an option.

Consensus

Although there have been no randomized controlled clinical
trials comparing general and neuraxial anesthesia in patients
with severe AS, expert opinion is that general anesthesia is
preferred. There are case reports of neuraxial anesthesia

being successfully performed in a select group of patients
with AS, so it is not necessarily contraindicated. Each case
should be evaluated on its own unique circumstances, with
special attention being given to avoiding decreases in pre-
load and afterload, raising the heart rate, and causing
arrhythmias.

Regardless of the anesthetic chosen, the patient should be
well hydrated and have an invasive blood pressure monitor
(an arterial line), as well as a central venous catheter to
distinguish between inadequate preload versus decreased
systemic vascular resistance. Pulmonary artery catheters can
be considered, but they carry a high risk of causing
arrhythmias that may not be tolerated. Also, with general
anesthesia, a TEE may be considered [1].

Of course, any patient for elective noncardiac surgery
with symptomatic AS or systolic dysfunction should be
evaluated by a cardiologist and optimized. Further, those
categorized as high risk of a poor outcome by the American
College of Cardiology (AVA <0.8 cm2, mean gradient
>50 mm Hg) should be evaluated as well [2].
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23Should High-Risk Cardiac Patients Receive
Perioperative Statins?

Himani V. Bhatt

Case

An 86-year-old woman with an abdominal aortic aneurysm
presents for endovascular repair. She has no history of
myocardial infarction (MI) or angina symptoms. Her elec-
trocardiogram (ECG) shows no ST changes, q-waves, or
T-wave abnormalities, and her echocardiogram is unre-
markable. She takes no medications. You decide to admin-
ister 20 mg of rosuvastatin to the patient in the holding area
since vascular surgery patients are at a high risk of periop-
erative MI [1]. Shortly, thereafter you proceed to the oper-
ating room where a spinal anesthetic is placed and the
vascular surgeon begins the procedure.

CON: A colleague later comes into the operating room to
chat saying, “I hear you are quitting the field of anesthesi-
ology to go treat high cholesterol instead. An admirable
choice, but I heard this patient already has normal choles-
terol and has never had a myocardial infarction.”

PRO: This patient is not aware of having any cardiac
pathology. Most vascular surgery patients, however, likely
have coronary artery disease even if it hasn’t been detected
or become symptomatic yet, and these procedures are often
complicated by myocardial necrosis in the perioperative
period. While the mechanism of action of statins in the
treatment and prevention of cardiovascular disease is pri-
marily from lowering of cholesterol, they also have been
shown to have anti-inflammatory and plaque stabilization
effects that would be beneficial to this patient in the peri-
operative period [2].

CON: Alright, I will grant that vascular surgery patients
have a high rate of infarction, and statins are useful in

patients with coronary artery disease, but aren’t you just
exposing this patient to the risks of a statin without really
knowing if there is a benefit?

PRO: A recent meta-analysis of patients undergoing vas-
cular surgery demonstrated better outcomes for patients who
were taking statins. Compared to patients who were not on
statin therapy, patients on statin therapy had lower rates of
stroke and myocardial infarction, and lower mortality from
all causes [2].

CON: In Dr. Antoniou’s meta-analysis, most of the patients
were in observational trials [1]. In this setting, you can only
say that there is a correlation between better outcomes and
taking statins, not that the statin was the cause of the dif-
ference. The fact that vascular surgery patients who did
better were on statins is likely just because these were the
patients who saw a doctor regularly and received better
preoperative optimization [2].

PRO: Statins could just as easily be a marker for patients
who had a more significant overall disease burden. In fact,
when statin-taking patients received an extra dose prior to
surgery they had fewer cardiovascular and cerebrovascular
events compared to placebo.

CON: A prospective study is certainly welcome, but our
patient here is not on a statin, so this is not applicable in this
case. Can you really say that there is a benefit of giving
statins to patients who are not already on them?

PRO: Another review looked only at patients who were
statin naive and received a statin prior to surgery. These
patients had statistically significant lower rates of death,
myocardial infection, stroke, and atrial fibrillation compared
to placebo [3].H.V. Bhatt (&)
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CON: Most of those things you mentioned only apply to
patients undergoing cardiac surgery. Let us hope that we are
not going onto cardiopulmonary bypass for an endovascular
repair!

PRO: True, the confirmed benefit for statin-naïve vascular
surgery patients given statins prior to surgery was limited to
a lower risk of myocardial infarction and death. Although
there were not enough patients in the study to demonstrate a
benefit in other areas, neither was it shown that there was no
improvement in stroke or atrial fibrillation.

CON: While all this talk of heartbreak and death is very
stimulating, haven’t you put this nice lady at risk of
rhabdomyolysis?

PRO: You are correct that statins cause myotoxicity, which
is a common barrier to patients remaining on statins
long-term. The most common issue is muscle discomfort,
although the range of myotoxicity can be anything from an
asymptomatic rise in creatine kinase to rhabdomyolysis; the
latter being extremely rare. Myotoxicity was not addressed
to a significant degree in the studies reviewed, likely because
it was not a significant problem compared to the greater
issues being addressed [4].

CON: Studies where patients did have significant symptoms
from statins probably had a substantial drop-out of the par-
ticipants and thus simply were not published. Are you
planning on keeping her on rosuvastatin until she too
develops symptoms and decides to stop on her own accord?
Perhaps this will be another item on her medication recon-
ciliation list that no one bothers to stop even if she doesn’t
need it anymore?

PRO: Ideally, the patient should have started the statin more
than 1 week before surgery for maximal value. It is not clear,
and however, how long after surgery patients should continue
taking statins for optimal benefit. More studies are likely to
be needed. On the other hand, patients with coronary artery
disease who are statin naïve are a dwindling population, and
such studies may not be feasible in the future.

CON: The longer patients stay on these drugs, the more
likely they will have complications. Hepatotoxicity, for

example, is uncommon, but becomes more likely when the
patient is on the medication [5]. Any study of perioperative
outcomes will likely be significantly underpowered to ade-
quately address these issues, but hepatotoxicity and rhab-
domyolysis are severe and life-threatening issues.

PRO: While I do not want to diminish the risk of taking
statin medications, a large study population would likely be
needed to adequately evaluate these risks precisely because
they are so rare. Myocardial infarction and death, unfortu-
nately, are not rare occurrences.

At this point, our long-forgotten patient decides to
interject, “While I appreciate the lively debate the 2 of you
have been having on my behalf, I’m wide awake here and
would appreciate either some peace and quiet or some
effective anesthesia!”

Summary

Statins are highly effective drugs at primary and secondary
prevention of myocardial ischemia in the general population.
There are good data to support their effects in the periop-
erative period as well for patients with coronary artery dis-
ease undergoing both cardiac and non-cardiac surgery [1–3].
While statins have their risks [4, 5], the potential adverse
events associated with them occur at a far lower rate than the
events that they help to prevent.
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24Cardiopulmonary Bypass Cases:
To Hemodilute or Not?

Nicole R. Guinn

Case

As we dropped our patient off in the intensive care unit
(ICU), I took a look at the chest tubes: bone dry. We had just
finished a Bentall (aortic root plus valve replacement) in a
middle-aged patient with a stenotic, bicuspid aortic valve
and aortic root dilation. The patient had few other significant
comorbidities and an excellent starting hemoglobin value of
14 g/dL, so I had opted to perform acute normovolemic
hemodilution (ANH) in addition to our standard blood
conservation techniques. We managed to get through the
case without blood transfusion and were coming to the unit
with a hemoglobin level >11 g/dL. Furthermore, the patient
seemed euvolemic, on no vasopressors, and had excellent
urine output. “So why don’t we do this for all our patients?”
queried the resident. He asked a good question.

When we had discussed our case that morning, after
reviewing the history and labs, I suggested to the resident
that we might perform ANH—something the resident had
never heard of before. I explained, “Acute normovolemic
hemodilution is the removal of whole blood prior to surgery,
with replacement of an appropriate volume of crystalloids
and/or colloids to maintain euvolemia. The theory is that by
performing hemodilution prior to the expected blood loss,
the volume of blood lost has proportionately fewer RBCs per
mL. Once the blood loss is complete, at the end of the case,
the patient’s whole blood is returned to them.”

Question

Should acute normovolemic hemodilution (ANH) be used
for all patients undergoing surgery with a large expected
blood loss?

PRO ANH has long been used as a technique to reduce
allogeneic blood transfusion. It is safer and cheaper than
either allogeneic blood transfusion or pre-autologous dona-
tion (PAD), where patients donate their own blood prior to
surgery. Unlike PAD, ANH does not have to be done weeks
in advance of surgery, necessitating lost days of work for
many patients, and there is a reduced risk of infectious
exposure and administration errors since there is no need for
testing or storage. A quick review of the literature shows
multiple studies where ANH reduces intraoperative blood
loss and decreases the use of allogeneic blood, although
results are equivocal in regard to reducing exposure to
transfusion [1, 2]. This may be because hemodilution is only
effective in cases with significant blood loss, and we aren’t
always great at predicting which cases those may be. ANH is
especially useful in cases involving cardiopulmonary
bypass, because the blood can be removed prior to hep-
arinization, allowing the ability to infuse whole blood
post-bypass that has not been cooled, heparinized, or run
through a CPB circuit, thus providing improved coagulation.
Aortic cases, which undergo a more significant cooling
during CPB (cooling impairs platelet function), will partic-
ularly benefit from the whole blood and use of ANH may
decrease the need for, or amount of, platelet transfusion.

CON That is all well and good for your healthy middle-aged
patient with a high starting hemoglobin. But ANH can’t be
safely performed on all patients. An adequate starting
hemoglobin level is necessary to be able to tolerate the
anemia associated with hemodilution. We typically target a
post-hemodilution hemoglobin level of 9 g/dL, expecting it
may drop to 8 g/dL once we initiate CPB. It is also unrea-
sonable to perform ANH in a patient who is already suf-
fering from significant hypovolemia. Furthermore, caution
must be used in patients with critical aortic stenosis or left
main (or equivalent) coronary disease, as these patients often
do not tolerate an acute drop in preload.N.R. Guinn (&)

Department of Anesthesiology, Duke University Medical Center,
DUMC, 2301 Erwin Road, Box 3094, Durham, NC 27710, USA
e-mail: Nicole.guinn@dm.duke.edu; nrguinn@gmail.com

© Springer International Publishing Switzerland 2017
C.S. Scher et al. (eds.), You’re Wrong, I’m Right, DOI 10.1007/978-3-319-43169-7_24

83



CON As the resident and I discussed the virtues and risks of
the technique at the patient’s bedside, the ICU attending, a
colleague of mine who also practices in the operating room
chimed in. “I understand when you do ANH for patients who
refuse transfusion, you have few other options then. But why
waste your time on it for this patient? It’s so labor-intensive,
and besides, blood is really safe these days.”

Concession from PRO She had a point. When we perform
the harvest of autologous blood, we have one provider
dedicated to the task, while another monitors and cares for
the patient. We perform ANH by connecting tubing from the
large bore central venous line to collection bags containing
citrate for anticoagulation. Harvest is done by gravity, and it
takes great care to ensure that speed of drainage is sufficient
to prevent clot formation, as the blood is not anti-coagulated
until is reaches the storage bag. Volume of blood is deter-
mined using a scale. Overfilling the bags also puts the blood
at risk of clotting, as each collection bag is dosed with citrate
for an expected total volume of 450 mL. Replacement fluid
is given between harvest bags, after the central line has been
flushed, with use of vasopressors as needed to maintain
adequate mean arterial pressure. Besides ensuring adequate
flow during the harvest, the patient must be closely moni-
tored for any signs of ischemia, and the procedure halted if
needed. The goal is to complete the harvest prior to hep-
arinization, which can be a busy time for the anesthesia
provider, especially if they are trying to perform an
echocardiography exam at the same time. With an efficient
surgeon, it can be a very short amount of time. Thankfully,
we have the benefit of having available highly skilled per-
fusionists who have been trained on this technique and can
assist in performing it with a safe and aseptic technique. But
if you don’t have someone trained in the technique available
to help, and the blood ends up clotting or the patient
develops ischemia, you can easily end up doing more harm
than good.

PRO Continues But I argued with her about the other
comment. “True, risk of contracting an infectious disease
from allogeneic blood transfusion is really low these days
with advanced testing, <1 in 100,000 for both hepatitis B
and hepatitis C, and <1 in 1,000,000 for HIV. But there are
new infectious risks constantly emerging, including prion
disease, viral severe acute respiratory syndrome (SARS),
dengue, and chikungunya just to name a few” [3].

“Not to mention the more common risks of TRALI
(transfusion related acute lung injury) and TACO (transfu-
sion related circulatory overload),” my resident chimed in.

But perhaps an even stronger argument is cost. In this age
of affordable healthcare, when acquisition and administra-
tion of blood averages more than $750 per unit of PRBCs
[4], other ways to decrease usage may become more popular.

Summary

So we continue to take it on a case-by-case basis. We per-
form ANH for all of our blood refusal patients having sur-
gery with cardiopulmonary bypass, who are predominately
of the Jehovah’s Witness faith. Jehovah’s Witnesses refuse
blood transfusion based on interpretation of several verses of
the Bible. Based on doctrine from the Watchtower, the
publication for Witnesses, they refuse whole blood, red
blood cells, plasma, and platelets, but may accept the “minor
fractions” of blood, including immunoglobulins, albumin,
and clotting factors, based on an individual’s own con-
science. Most will accept procedures involving their own
blood, as long as it is kept in a closed circuit without storage,
such as cell salvage and ANH. For these patients who refuse
allogeneic blood transfusion even in life-threatening hem-
orrhage, ANH is an established and potentially life-saving
procedure when undergoing major cardiac surgery [5]. But
what about for everybody else? For those patients, it will
continue to depend on their particular surgical team,
including the anesthesiologist, surgeon, and perfusionists,
and their own comfort, experience, and availability on any
given day.
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25Are Seizures Really a Problem After the Use
of Antifibrinolytics?

Dmitry Rozin and Madelyn Kahana

Case

A seven-day-old infant with a hypoplastic aortic arch and
membranous ventricular septal defect underwent an aortic
arch reconstruction and patch closure of the ventricular
septal defect. Total cardiopulmonary bypass (CPB) time was
181 min; aortic cross clamp time was 66 min. There was
deep hypothermic circulatory arrest (DHCA) at 18° for
26 min, and regional cerebral perfusion for 11 min. There
were no significant problems in the conduct of the CPB.
Excellent hemostasis was achieved with meticulous surgical
technique, tranexamic acid (TXA) infusion, and balanced
blood product transfusion. On post-op day one, the patient
was noted to have new onset generalized seizures. The
pediatric intensivist phones you to say that your patient is
now having seizures secondary to the use of TXA [1–16].

Questions

What are the potential causes of this infant’s seizures?
Does TXA cause seizures?

CON: Neurologic injury is very common after extensive
cardiac surgery with cardiopulmonary bypass, especially
when utilizing DHCA. Depending on the length of DHCA,
perioperative seizures may be a common complication. If a
patient, such as the one described above, suffers a postop-
erative seizure, it is important to make a prompt diagnosis
and to manage accordingly. This includes testing the patient
for a number of abnormalities associated with seizures,
including blood chemistries and imaging studies as the dif-
ferential diagnosis is long: hypoglycemia, hypocalcemia,

hyponatremia, intracranial bleeding, acute hypoxic ischemic
injury, and stroke, to name a few.

PRO: So all of the chemistries and the computed tomogra-
phy (CT) scan are normal. And, some of the medications
used routinely in the operating room have been shown to
have epileptogenic potential. Why did you choose the
antifibrinolytic that is associated with increased risk of sei-
zures, TXA, and not the available agent that is just as
effective and not associated with seizures, e(epsilon)-ami-
nocaproic acid? Chauhan [14] concluded that e(epsilon)-
aminocaproic acid and TXA are equally effective in reducing
postoperative blood loss and transfusion requirements in
children with cyanotic heart disease undergoing corrective
surgery compared to a control group. Eaton [15] reviewed 22
randomized controlled trials and concluded that there were
no significant differences between TXA and e(epsilon)-
aminocaproic acid in reduction of bleeding and transfusion
requirement.

CON: The mechanism of action of both lysine analogs,
TXA and e(epsilon)-aminocaproic acid, is similar, but there
are several key differences. They both reversibly bind to
plasminogen, causing the lysine analog-plasminogen com-
plex to be displaced from the fibrin clot, preventing the
conversion of plasminogen to plasmin, ultimately delaying
fibrinolysis [1]. At higher concentrations, TXA also has
direct plasmin inhibiting action [2, 3], so it may well be
superior. Additionally, TXA is approximately 6–10 times
more potent than e(epsilon)-aminocaproic acid. And a recent
publication from the Boston group characterized the phar-
macokinetics of TXA in infants and children undergoing
CPB and found no incidence of perioperative seizures
associated with the use of TXA [16].

PRO: TXA has been shown to cause convulsions by GABA
antagonism when introduced into the central nervous system
[5]. There are a number of studies that have identified sei-
zures as a risk following the administration of TXA in the
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bypass patient [6, 8–10], and at least one study [10] that
identified a fourfold risk of seizures following TXA acid
than with e(epsilon)-aminocaproic acid.

Achieving hemostasis after cardiopulmonary bypass, for
which extensive anticoagulation is used, is a complex issue.
When deciding which agent to select, one must weigh the
risks and benefits of both available medications. So at the
end of the conversation, it is possible that the seizures could
be associated with the use of TXA or with DHCA or both.
And perhaps e(epsilon)-aminocaproic acid would have been
a better choice for antifibrinolysis, so that the issue of eti-
ology would not be clouded by a reasonably equivalent drug
with a better side effect profile.

Summary

Antifibrinolytic therapy is important in hemostatic control
during modern pediatric cardiac surgery. There continues to
be controversy regarding which of the available agents,
e(epsilon)-aminocaproic acid and TXA, to utilize. There are
data that support TXA as being the more effective of these
medications, while other studies suggest they are equally
beneficial. Additionally, there are some data that demon-
strate a clinically significant increase in risk of seizures with
TXA, while other studies do not. The debate continues. One
thing is not debated: recommendations regarding optimal
dosage as well as timing and duration of administration of
the antifibrinolytics need to be specified for infants and
children. Until the recent Boston pharmacokinetic data
looking at TXA [16] there was almost no pediatric dosing
information grounded in solid science. We continue to
extrapolate from adult studies. More data addressing optimal
pediatric pharmacokinetics and pharmacodynamics, includ-
ing risk of harm, are clearly needed.
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26Is Regional Anesthesia for Cardiac Surgery
a Good Idea?

M. Megan Chacon

Case

A 47-year-old female with a history of severe mitral regur-
gitation secondary to posterior leaflet prolapse presents for
mitral valve repair/replacement surgery. Her past medical
history is significant for hypertension, a remote smoking
history, and mild asthma. The cardiac surgeon plans a min-
imally invasive repair of the valve through a right anterior
thoracotomy. The patient is anxious about waking up in the
intensive care unit (ICU) while still intubated and concerned
about postoperative pain control. You have discussed the
anesthetic and placement of access lines, and obtained con-
sent for intraoperative transesophageal echocardiogram. She
asks if thoracic epidural anesthesia is an option for her.

High thoracic epidural anesthesia (HTEA) has been used
successfully and has many potential advantages. However,
its safety and practicality have been called into question
because of the need for full heparinization prior to car-
diopulmonary bypass, the risks associated with heparin use
and neuraxial anesthesia, and the need to delay cardiac
surgery in the event of a traumatic epidural placement. You
consult your colleagues who have mixed feelings about the
risk/benefit ratio of thoracic epidurals for cardiac surgery.

Questions

Is the rate of epidural hematoma higher when HTEA is
placed prior to cardiac surgery? What are the benefits of
thoracic epidural anesthesia for this patient population? Is
paravertebral blockade a reasonable alternative?

PRO: High thoracic epidural anesthesia provides superior
postoperative pain control than general anesthesia alone.
There is evidence of additional benefits including a reduction

in postoperative pulmonary complications, a lower incidence
of postoperative supraventricular arrhythmias and acute
kidney injury, and improvement in glycemic control. Several
studies have demonstrated that the cardiac sympathetic
blockade from HTEA has a direct anti-ischemic effect by
vasodilation of stenotic coronary arteries and attenuates
stress-induced myocardial ischemia [1]. A randomized study
revealed HTEA was associated with improved perioperative
cardiac index in patients undergoing cardiac surgery [2].
And while it is still debatable whether use of HTEA facili-
tates fast-track potential and early extubation; it certainly is a
useful technique to avoid large doses of intravenous opioids
that may delay awakening and extubation.

CON: HTEA may have benefits, but the complications can
be catastrophic. The greatest limitation to its widespread
acceptance and use is the presumed increased risk of
epidural hematoma associated with high-dose heparin
administration prior to initiating cardiopulmonary bypass.
With the increasing frequency of same-day hospital admis-
sions prior to cardiac surgery, epidural catheters are placed
on the morning of surgery. While the American Society of
Regional Anesthesia and Pain Medicine considers it safe to
place an epidural 1 h prior to heparinization, many clini-
cians would prefer a longer interval [1]. And of course, if
there is a traumatic epidural, it is likely the case will need to
be postponed for at least 24 h to decrease the likelihood of
epidural hematoma. Few surgeons would be willing to
accept both the neurologic risk to their patients and the
unexpected delays it would create in the cardiac surgery
schedule.

PRO: I can understand the reservations due to the theoretical
hazards; however, there have not been any studies that
demonstrate an increased risk of epidural hematoma in car-
diac surgery. In fact, in the last two published meta-analyses,
no estimates of the risk of HTEA in cardiac surgery could be
made due to the lack of events [1, 3, 4]. There is no evidence
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that anticoagulation during cardiac surgery contributes to an
increased incidence of hematoma.

CON: What about paravertebral blockade (PVB) as an
alternative technique? Multiple prospective, randomized
studies have proven PVB to be as efficacious as HTEA for
thoracic surgery, yet the side effects and complication profile
appear superior to HTEA. It is associated with fewer dural
punctures and a smaller risk of epidural hematoma. A single
injection may be effective for as long as 23 h. A prospective
randomized study by Neuburger et al. [5] demonstrated
decreased postoperative pain and narcotic usage in patients
who received PVB in addition to general anesthesia com-
pared to general anesthesia alone when undergoing mini-
mally invasive cardiac surgery. A retrospective study by
Rodrigues et al. [6] suggests the addition of PVB to general
anesthesia may be associated with lower intraoperative
narcotic requirements and a greater likelihood of successful
immediate extubation.

PRO: HTEA has been shown to improve more than just
postoperative pain control; there are fewer arrhythmias,
pulmonary complications, and acute kidney injuries. How-
ever, the more acceptable side-effect profile may favor the
routine use of PVB for cardiac surgery [5], particularly as
minimally invasive techniques become more common. PVB
has a well-documented role in pain control after thorascopic
surgery.

Summary

HTEA is excellent for postoperative pain control, and there
is evidence HTEA can have a positive impact on short-term
mortality. The benefits probably outweigh any risk of

epidural hematoma. However, potential delays due to trau-
matic epidural placement may not be tolerated by the surgery
team, the anesthesia team, perioperative services, or the
hospital administration. Paravertebral blockade is a safe and
equally efficacious alternative to improving pain control,
early extubation, and patient satisfaction. More studies are
needed on bilateral PVB for median sternotomy incisions,
but there certainly is a role for PVB during minimally
invasive cardiac surgery with benefits that far outweigh the
risks.
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27Are Surgical and Anesthesia Medical Missions
in Low- and Middle-Income Countries Helping
or Hurting? The Evolving Fields of Global
Anesthesia and Global Surgery

Jamey Jermaine Snell

Case

A pediatric surgeon volunteering for a charitable, interna-
tional, non-governmental organization contacts you to solicit
your help for an upcoming surgical mission to Guatemala to
perform cleft palate repairs. She is a world-renowned expert
in oral and facial surgery in need of a skilled pediatric
anesthesiologist to assist, so you join her along with her
team of nurses and surgical assistants.

Upon arrival at a small city hospital, you find meager
resources, but a local anesthesia technician is there to show
you around. You are shown their outdated, but functional
anesthesia machines fitted only with halothane vaporizers, a
poorly stocked supply cabinet, and medications consisting of
thiopental, “suxamethonium,” morphine, diazepam, “ligno-
caine,” and bupivacaine. Fortunately you have brought
supplies and medications with you, so you feel confident in
being able to care for patients safely here.

By the end of an exhausting week, you and the team are
proud to have completed more than 120 cases, including an
impromptu case for resection of an obstructing congenital
airway mass in a neonate, without a single intraoperative
complication.

A few weeks after returning home, you email the anes-
thesia technician back in Guatemala for an update on how
things are back at the hospital. He replies with some dis-
couraging news. The infant with the airway mass who
required postoperative intubation and ICU care did not
survive. She could not receive the appropriate mechanical
ventilation or parenteral nutrition she required because the
hospital rarely cares for neonates. Now, the family is upset
with the hospital staff because the patient’s protracted and
expensive course drained them of all their resources and they
are struggling to feed their remaining children. He then tells

you about a 5-year-old patient who had a successful cleft
palate repair on the last day of the trip, but returned days
later with a significant wound infection and has yet to
improve. The patient is only being treated with antibiotics
since the sole local surgeon capable of managing the case
left town when the mission team arrived and has yet to
return. Apparently, the reason being that in the weeks
leading up to the mission team’s arrival, the small hospital
was emptied of all other patients in order to make room for
the cleft palate patients and the local surgeon had no work
during that time and no reason to stay. The technician
laments about the dismal state of surgery and anesthesia in
his hospital and of all healthcare in his country and hopes
your team will return soon to help them again.

Questions

Are international endeavors in surgery and anesthesia in
low- and middle-income countries (LMICs) helpful or
harmful? Does the successful treatment of 120 patients jus-
tify the harm done to 2 families? How can efforts in global
anesthesia and global surgery be done better?

PRO: Classically the field of global health has focused on
conditions that have the ability to cross borders and therefore
affect the entire globe—namely infectious diseases.
Increasingly, however, as initiatives aimed at reducing the
burden of communicable diseases in LMICs have recog-
nized that scaling up healthcare systems is the ultimate
solution, a more comprehensive definition of global health
has come to take into account non-communicable diseases as
well. This includes chronic and surgically treatable diseases.
It is estimated that surgically treatable diseases make up
28 % of the global burden of illness and contribute to 30 %
of deaths in some countries. Nearly 2 billion people lack
access to safe surgical care worldwide. And though LMICs
make up 70 % of the world’s population, they receive only
4–25 % of the more than 230 million surgical procedures
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performed annually. If access to safe medical care is con-
sidered a human right and moral imperative, so too should
access to safe surgery and the compulsory provision of safe
anesthesia and perioperative care [1, 2].

CON: Taking an even further step back, global health is one
of many forms of global aid or foreign aid that Western
countries have been providing to spur development in
LMICs since the end of World War II. If we take
Sub-Saharan Africa as an example, which has received more
than 300 billion dollars in global aid since 1970, the statis-
tics unequivocally prove the ineffectiveness of aid. Not only
do poverty, disease, and corruption continue unabated in
most of these countries, but also those with the highest
dependence on foreign aid actually saw a negative economic
growth rate of −0.2 % and increase in poverty from 11 to
66 %, during this time frame. It’s estimated that at most,
only half of the funds donated ever actually make it to their
intended target [3]. The explanation for this failure, and
perhaps harm, is complex and varies with the geographic,
cultural, and political setting. However, one observation
seems to be universal: conditions do not improve when
foreigners try to impose their solution to fix a poor country’s
problems with aid, and they may actually be making it
worse. Fixing someone else’s problem for them only
removes the pressure and impetus for them to fix the prob-
lem themselves. To be motivated based upon the assumption
that they are incapable of finding their own solutions is not
altruism but paternalism. This platitude in global aid and
economics can also be seen in transnational military-led
democratization campaigns, and is analogous to endeavors
in global health. The conclusion of the aforementioned
Guatemalan story—the technician expressing the need for
the foreign surgical team to return—illustrates the indefi-
nitely dependent relationships that these types of
well-meaning projects can engender.

PRO: Well, if one does take the all-encompassing
point-of-view, then we must also recognize that we as citi-
zens and physicians in Western countries are the executives
of geopolitical decisions and recipients of commercial
wealth that has exploited many LMICs and are at least
partially responsible for the dismal state of their economies
and healthcare systems. Are we to sit by idly and watch
people die when there is something we can and should do
about it?

CON: There are some scenarios where the risk benefit ratio
is unarguably in favor of global health aid. Humanitarian aid
and medical care provided in the context of natural disasters,
armed conflict, and infectious disease outbreaks are a
necessity due to the absence or debilitation of preexisting
healthcare systems. If the field of global anesthesia does

require those with experience and training, let it be for these
situations where there are no systems in place to cause
unintended harm. The focus is appropriately on the patients
first and the system second. But for planned,
non-emergency, medical and surgical missions, the priorities
should be reversed. The holy grail of any endeavor in global
health aid should be sustainability. Surgical missions by
their very nature of relying on volunteered time, charitable
donations, and importing the human and technical resources
needed—in this case the entire surgical staff and necessary
medical supplies—are by no means sustainable. And though
this story gives an optimistic example of only 2 complica-
tions out of 120, the actual statistics of perioperative mor-
bidity or mortality are largely unknown, but are likely higher
when one considers the frequent circumstance illustrated
above. Practitioners on surgical missions, like our anesthe-
siologist, must often provide care in a new, often austere,
setting with unfamiliar drugs, antiquated equipment, limited
additional hands to help, and often a language barrier. Poorer
outcomes are also more likely due to limitations to com-
prehensive preoperative screening and testing as well as
inadequate follow-up and post-op care. But these statistics
may be unknown for a reason. Just as is the case with global
aid in economic development, the stakeholders involved in
these medical missions want to see good outcomes resulting
from their financial contributions. Neither the volunteer
organizations nor the recipients want to keep track of data
that may demonstrate that the emperor indeed has on no
clothes, or that behind the Potemkin Village is shambles.
Along with external funding also comes external priorities.
What dictates the type of surgery and perioperative care
provided is not a question of what a resource-limited pop-
ulation needs, but what the resource-rich mission team wants
to provide. The power dynamic, often complicated by a
culture of hospitality, is not in favor of the hosts being
anything but agreeable to what the visiting team wants to do
and how they want to do it. This inequality of priorities can
also be responsible for disrupting preexisting operations in a
hospital, displacing local healthcare professionals, and even
interfering with educational activities and the appropriate
care of other patients to make room for the surgical missions
team [4].

PRO: So if sustainability is the ultimate goal, then the
solution should be focusing on building up local human
resources through education. In fact, the dearth of human
resources in LMICs is cited as the ultimate bottleneck to
scaling up healthcare systems. The focus of efforts in global
anesthesia and surgery, when not in the
emergency/humanitarian context, should be through mutu-
ally beneficial, international education collaboratives. Ideally
these would be twinning collaboratives between academic
medical institutions where both organizations have
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something to gain—unique training and research opportu-
nities for the residents and faculty in the donor program in
exchange for clinical and educational support for the host
program. Sustainability can further be enhanced by going
beyond the single surgeon-led model to a collaborative
reinforced with multi-disciplinary (anesthesia, surgery,
medicine, etc.) and inter-professional (physicians, nurses,
technicians, etc.) relationships. The leadership structure
would include high-ranking local officials to provide
context-specific goals and objectives. In terms of duration, it
should be long enough to transfer the necessary educational
knowledge and clinical skills, but with a predetermined
endpoint so that plans and expectations are that the local
hosts will gradually assume full responsibility for building
up their human resources in healthcare [5].

CON: Perhaps a program of that design would work in
theory, however, the reality still falls far short. From per-
sonal first-hand experiences with global health collabora-
tives in Tanzania, Uganda, Ethiopia, Rwanda, Costa Rica,
and Italy, I have seen with surprising consistency the mag-
nitude of destruction cultural disharmony can have on even
the most well-intentioned, well-designed programs. Anec-
dotes are numerous and include an assumption that patients
in LMICs do not need to provide informed consent before
receiving interventions with risk, the use of a “sterilized”
zip-lock bag used to cover an open wound, assuming a
double-standard or overall lower standard-of-care, the
question of if a practitioner could “experiment” with dif-
ferent anesthetic techniques on patients, the use of a
chlorhexidine and tap water mixture used to irrigate the
peritoneal cavity, research protocols that would never pass
one’s institutional review board at home, working beyond
the boundaries of one’s own scope-of-practice or training
experience, local healthcare workers being fired by their
superiors when a foreign physician made even a benign
complaint, and many, many more. Although these cultural
faux pas are more often the exception and not the norm, few
can disagree with the common sentiment of frustration
Westerners often experience when they work in the
resource-poor context—“the locals just aren’t doing
enough!” This is not apathy being observed, but a cultural
misunderstanding. A Western point-of-view superimposed
on the LMICs’ context. For this reason, the long-term
international physician may be better served by a supple-
mental degree in anthropology or sociology than in educa-
tion or even public health. Cultural misunderstandings are
not only responsible for making twinning partnerships less
effective but can even pose a risk of unintended harm for
those they wish to serve.

With regard to unintended harm to the local profession,
examples are also numerous and include local doctors being

uncooperative with foreign doctors because they were not
consulted in the decision to have them there, being offended
because foreign doctors are younger and less experienced
but consider themselves equal or superior due to their cre-
dentials, local doctors physically interrupting foreign doc-
tors teaching physician-extenders because they fear the
empowerment of a competing profession and job insecurity,
leaving their job posts or being fired indirectly due to the
presence of foreign doctors, foreign doctors damaging the
respect and stature of local doctors by professionally dis-
agreeing with or demeaning them in public in a manner
considered acceptable back at home, and, at its worst, the
medico-legal fallout and damage to the trust of local
physicians in the community that can follow a patient’s
death or complication suffered at the hands of a foreign
doctor.

With regard to unintended harm to the patients, the
classic example is of the heroic surgeon (and accompanying
anesthesiologist) who go around the system—doing
uncommon procedures, requiring uncommon resources—in
order to save the life of a single patient in desperate need of a
procedure that could not and would not be done if the for-
eign team was not there. It is not uncommon to see physi-
cians go so far as to donate their own money or take drastic
measures to build a micro-healthcare system around the
patient. This, at first glance, seems to the foreign physician
like a laudable response to a moral imperative that cannot be
ignored. His or her short-sighted goal fails to ask the
questions:

• “Can the family afford the care this child will need
postoperatively or long-term?”

• “Am I consuming local resources that will now be
unavailable for other patients?”

• “Will the surgeons who I’m teaching this procedure to be
willing and able to do this procedure after I leave?”

• “Just because I can, does that mean I should?”

These questions are challenging ethical conundrums that
do not have simple or easy answers. Nevertheless, they
should be asked and considered.

The sustainable approach is from the long-term
point-of-view that aims to work through the system—bro-
ken as it may be—instead of around it. A real-life example
that illustrates this point was a recent experience while
working as an anesthesiologist in a resource-stricken, aca-
demic referral hospital of a Sub-Saharan African country.
There was an observation that the incidence of hypoxia was
significantly high following routine inductions of general
anesthesia. A fact-finding survey found one of many con-
tributing factors to be only 4 laryngoscopes that existed for 6
operating theaters. Practitioners were often leaving to search
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for equipment or attempting to proceed without the appro-
priate laryngoscope. The results of the survey proved that the
lack of laryngoscopes was directly associated with com-
promising patient safety and was used as objective data and
leverage to convince the hospital’s director general to allo-
cate funds and procure more laryngoscopes. About a month
later, additional laryngoscopes were provided. In this case,
we as the foreign physicians had to intentionally work within
the broken system, resist the urge to bring our own or donate
resources, and facilitate the growth and evolution of the
system. This approach takes much more time, much less ego,
is less under our control, is not nearly as impressive as
quoting the number of operations done, and may even
require watching patients suffer the tragic consequences that
their hospital’s lack of resources subjects them to all the time
when we are not around. But this system-centered approach
has the potential to help thousands of patients while the
patient-centered approach can help only one at a time.

Summary

It can be safely assumed that regardless of its efficacy, the
practice of international aid—whether in the context of
economic or healthcare development—is not going away
any time soon. We must therefore accept the fact that
endeavors in global surgery and global anesthesia will

continue as well. But we should never lose sight of the fact
that the ultimate goal is to not be needed—to equip a system
to sustain itself autonomously. All of our efforts should be
screened and assessed with regard to this system-centered
criterion, in addition to placing leadership and prioritization
in local hands, and giving deference to ethical and cultural
considerations. Let us hope that as this field evolves, each
new iteration of a particular collaborative builds upon les-
sons learned from its predecessor. Then, one day we may
achieve the goal of realizing a sustainable model for
improving healthcare in resource-limited settings and
ensuring quality and access for patients regardless of the
country in which they reside.
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28Can Oxygenation in Single-Lung Thoracic
Surgery Be Affected by Inhibition of Hypoxic
Pulmonary Vasoconstriction?

Rebekah Nam

Case

A 60-year-old male is undergoing video-assisted thoraco-
scopic surgery (VATS) for the resection of a lung mass. We
induce general anesthesia, and endotracheal intubation is
performed with a double-lumen tube. The appropriate lung is
isolated, and correct tube placement is confirmed with
fiberoptic guidance. Single-lung ventilation is established
with an FiO2 of 1.0, which the patient tolerates without
desaturation or hemodynamic disturbance. As the surgeons
get to work, the cardiothoracic fellow who is feeling gre-
garious today turns to us and initiates a discussion on the
topic of hypoxic pulmonary vasoconstriction (HPV).

Questions

What exactly is hypoxic pulmonary vasoconstriction? Are
there scenarios where this phenomenon could be harmful
rather than advantageous? What are some of the mediators of
this reflex under the anesthesiologist’s control?

PRO: Hypoxic pulmonary vasoconstriction is a highly
conserved reflex. Pulmonary blood flow is diverted away
from gravity-dependent, poorly ventilated, relatively
hypoxic areas of the lungs and toward better-ventilated
regions. This effectively optimizes ventilation and perfusion
(V/Q) matching throughout the lungs and maximizes oxy-
genation under hypoxic conditions. The major stimulus for
this reflex is alveolar as well as pulmonary capillary oxygen
tension. HPV is described with 2 distinct phases. Phase 1
takes effect within just a few seconds and peaks at 15 min.
With sustained hypoxia (30–60 min), Phase 2 begins and
pulmonary vascular resistance (PVR) continues to steadily
increase over 2 h. Vascular tone and PVR decrease slowly to

baseline over a period of hours following a return to nor-
moxia [1].

HPV plays an essential role in compensating for hypoxia
associated with asthma, chronic obstructive pulmonary dis-
ease, pneumonia, adult respiratory distress syndrome, and
atelectasis. It especially plays a significant role during
anesthesia and single-lung ventilation surgical cases.

CON: Although HPV has evolved for the purpose of
improving oxygenation through V/Q matching, there are also
conditions in which long-standing hypoxia leads to increased
pulmonary vascular resistance resulting in pulmonary
hypertension and even cor pulmonale. There exists the fas-
cinating entity of high-altitude pulmonary edema (HAPE),
which is a form of noncardiogenic pulmonary edema
affecting mountaineers as they ascend to areas of low FiO2.

PRO: There are many additional factors that contribute to
the attenuation or augmentation of HPV including oxygen
levels, carbon dioxide, acid–base status, temperature, and
coexisting medical conditions. The strength of HPV is also
responsive to many of our anesthetic decisions. Volatile
inhalational agents (isoflurane, sevoflurane, desflurane), for
example, all impair HPV whereas fentanyl and propofol
seem to have no significant effects. The pulmonary vascu-
lature contains alpha, beta, and dopamine receptors, which
may respond inconsistently to pressors as different receptors
are stimulated at varying doses of medication. In studies,
phenylephrine has been shown to increase oxygenation in
certain populations. Furthermore, vasoactive drugs and
many classes of medications such as calcium channel
blockers, beta-blockers, ACE inhibitors, prostacyclins,
phosphodiesterase inhibitors, and inhaled nitric oxide
(iNO) all affect the degree of pulmonary vasoconstriction
[1].

CON: There appear to be too many variables that ultimately
determine the degree of pulmonary vasoconstriction present.
Patients come in with complex medical histories and com-
plicated medication lists. Anesthesia and surgical conditions
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induce a myriad of physiological changes many of which
affect HPV from both the patient internally (physiologic
parameters) and from iatrogenesis (anesthesiologist-
administered drugs and mechanical ventilation parameters,
for example). Furthermore, many of the studies on hypoxic
pulmonary vasoconstriction were performed on laboratory
animals and findings may not strictly pertain to human
subjects [2].

Summary

In the event of severe hypoxemia during one-lung ventila-
tion, the anesthesiologist must be prepared with maneuvers to
restore adequate oxygen delivery. FiO2 should be increased,
and proper double-lumen tube positioning confirmed. The
delivery of volatile anesthetic may be decreased to <1 MAC
to reduce HPV inhibition, and PEEP (5 cm H2O) can be
applied to the ventilated lung following a recruitment
maneuver. More advanced interventions include adding
CPAP (1–2 cm H2O) to the nonventilated lung following a
recruitment maneuver, intermittently inflating the nonventi-
lated lung, or introducing a bronchial blocker for targeted
isolation of the operative lobar bronchus. In the event of

critical desaturation under OLV, timely communication with
the surgeon is key. Two-lung ventilation should be resumed
if possible and the surgeon may be able to assist by occluding
or compressing the blood flow to the operative lung [3].

Hypoxic pulmonary vasoconstriction is an extremely
critical and adaptive reflex that allows for compensation in
conditions of hypoxemia. Known mediators of HPV may be
employed by the anesthesiologists to optimize oxygenation.
However, it must be realized that HPV is profoundly
responsive to numerous stimuli. The best anesthetic strategy
may be to aim for normal physiological parameters and be
mindful how deviation and medications may affect HPV in
critical situations with dangerous hypoxia.
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29Is a Bronchial Blocker Just as Good
as a Double-Lumen Tube for Achieving
Adequate Lung Isolation?

Alexandra Lewis and David Amar

Case

A 48-year-old female (height 155 cm; weight 64 kg) with a
history of moderate chronic obstructive pulmonary disease
(COPD) was scheduled for right video-assisted thoraco-
scopic surgery (VATS) and segmentectomy for a lower lobe
mass measuring 2.5 � 2.4 cm. On examination, she had a
Mallampati Class II airway, a high-arched palate, a mouth
opening >3 cm, and full range of neck motion. Anesthesia
was induced with propofol and vecuronium. Direct laryn-
goscopy revealed a grade 3 view of the larynx with visual-
ization only of the tip of the epiglottis. After 3 failed
attempts with a Mac #3, a Miller #3, and a video laryngo-
scope, a supraglottic airway (SGA) was inserted and her
oxygen saturation was maintained at >95 %. The anesthesia
team called for help due to increasing airway edema, con-
cerned that this could lead to a “can’t ventilate, can’t intu-
bate” situation.

An 8.0 endotracheal tube was loaded onto the fiberoptic
scope and successfully advanced into the trachea through the
supraglottic airway. The thoracic surgeon now requested
placement of a double-lumen tube (DLT) for optimal lung
isolation. The anesthesiologist responded, “Taking into
account this patient’s airway anatomy and increased edema
from intubation, we were planning on using a bronchial
blocker (BB).”

Question

Do you really think it is wise to exchange a single-lumen
tube for a DLT in this setting?

PRO (Surgeon): Why can’t we use an airway exchange
catheter? I’ve seen many anesthesiologists use it to place
DLTs. My greatest concern is poor surgical exposure with
the use of a bronchial blocker (BB). I have never had a good
experience with those devices.

CON (Anesthesiologist): We should be able to achieve
adequate lung isolation with a BB. Given this patient’s
known history of difficult intubation, the exchange of a
single-lumen tube for a DLT is fraught with the risk of
airway trauma and loss of the airway. In our practice, we use
a video laryngoscope during the tube exchange to guide the
DLT under direct vision and minimize these risks. In this
particular situation, we had an unexpected difficult airway
and worsening airway edema from multiple intubation
attempts. We had a poor view with the video laryngoscope,
which would make direct visualization for the exchange
virtually impossible. Under these circumstances, it is dan-
gerous to use an exchange catheter and I am not willing to
take that risk.

PRO: Isn’t there evidence of better lung isolation with a
DLT compared to a BB?

CON: I agree, the time to adequate lung isolation was sig-
nificantly less for 1 type of DLT (*93 s) when compared to
3 types of BBs (*203 s) in 1 randomized trial [1]. While
repositioning was also needed more frequently using a BB,
good surgical exposure was achieved with BB in this study.
Although using the BB may require more patience on your
part, I believe that it will be much safer for the patient to not
exchange the endotracheal tube in this case.

PRO: Well, a BB is not ideal in a patient with obstructive
lung disease. The narrow lumen of a BB produces increased
airway resistance to flow compared to a DLT. This patient
has moderate COPD with hyperinflation on her CXR. The
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speed of lung collapse in this patient will likely be slower
than in a patient with normal lung parenchyma due to
hyperinflation and severe gas trapping. How would you
expedite lung collapse with a BB under these circumstances?

CON: Several procedures can accelerate lung collapse,
including the apnea disconnection technique or the bronchial
suction technique. With the apnea technique, the patient is
disconnected from the circuit and the BB is inflated after
end-expiration when the EtCO2 falls to zero [2]. If the lung
is still slightly inflated after the chest is open, a second
period of apnea is implemented; the circuit is disconnected
and the BB is deflated coupled with gentle pressure from
your surgical instruments to collapse the lung further.
However, this technique is not recommended in patients
with limited pulmonary reserve, such as the morbidly obese
and patients with severe parenchymal disease. Alternatively,
with the bronchial suction technique, gentle, intermittent
suction can be applied incrementally to the suction port of
the BB to a pressure of −30 cmH20 [3].

PRO: Even if you achieve lung isolation, I was under the
impression that BBs have a higher incidence of malposition.
The BB can easily be dislodged with surgical manipulation
of the lung. It is not just inconvenient but potentially dan-
gerous if we are dissecting around the pulmonary artery.
How do you reduce the risk of malposition?

CON: Although there may be a higher incidence of malpo-
sition with a BB versus DLT, this is still uncommon. There
are different types of BBs available on the market. A new
device is a single-lumen tube with a camera at the tip, which
can be used in combination with the BB to continuously
visualize the BB and immediately identify impending her-
niation or malposition, which can then easily be corrected.

PRO: The major benefit of a DLT is the ease of freely
alternating ventilation between the lungs and the ability to
suction and irrigate as needed. This advantage is irrefutable,
and I am not sure whether the BB offers any additional
benefits, except for difficult or prolonged intubations. If there
is tumor in the mainstem bronchus, a BB can lead to serious
bleeding in the airway, and the BB will be in the way of the
surgery. A DLT on the contralateral side could avoid dis-
ruption of the bronchial tree.

CON: You make a compelling argument, and I agree with
some of your points, especially in the presence of an intra-
luminal tumor. I am not convinced, however, that the DLT
has any advantage over the BB for ventilation or suctioning.
If necessary, the BB may simply be deflated to facilitate
suctioning and ventilation with short periods of apnea.

Summary

The use of BBs versus DLTs continues to remain a subject of
much debate among thoracic anesthesiologists and surgeons.
A growing number of studies demonstrate no difference in
the degree of lung collapse between the 2 devices. BBs are
often selected in clinical scenarios when a double-lumen tube
is contraindicated. In cases with restricted mouth opening
from trismus, airway swelling, or facial trauma, a nasal
fiberoptic intubation with a single-lumen tube is the only
option and precludes the use of a DLT. Alternatively, a BB
can be used in such a way to minimize the degree of intra-
pulmonary shunt by selective lobar blockade in patients with
severe pulmonary disease [4–6]. Considering these scenarios,
BBs are among the most versatile airway devices for lung
isolation and have clear advantages over DLTs.

Among the reasons that BBs are not widely accepted is
that positioning may be challenging in patients with unusual
anatomic variations, and there is a risk of malposition in these
situations. Thus, placement requires a skilled anesthesiologist
familiar with airway anatomy and comfortable with the use of
fiberoptic bronchoscopy to position a BB. The use of BBs
should be in every anesthesiologist’s armamentarium for
lung isolation. Their use should be encouraged in training
programs to ensure that the anesthesiologist can adapt to
situations where a BB is necessary. With the introduction of
single-lumen tubes with integrated cameras, BBs may gain
wider acceptance for purposes of training and monitoring.
The VivaSight single lumen tube has been successfully used
to provide visualization and continuous monitoring of
endobronchial blockers [7]. Thus far, limited research exists
on the use of these newer airway devices compared to tra-
ditional BBs among less experienced anesthesiologists, but
close attention to this area of research is warranted in the
future.
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30Your Thoracic Epidural is Not Working: How
Do You Provide Analgesia Post-thoracotomy?

Angela Renee Ingram and Anuj Malhotra

Case

You are carrying the pain pager and are paged to the floor for
a patient who is 2 days following (POD#2) a thoracotomy
for a pulmonary lobectomy. When moving the patient from a
chair to her bed, her epidural catheter was inadvertently
pulled out and now the patient is in severe pain. Should you
replace her epidural or seek alternative techniques for ade-
quate pain control?

Question

Are thoracic epidurals the gold standard for managing
post-thoracotomy pain? What alternative regional techniques
and systemic medications are available to provide adequate
pain control post-thoracotomy? Do these different techniques
have equianalgesic effects and similar side-effect profiles?

PRO: Epidural blockade has provided reliable pain man-
agement in postoperative patients since the 1980s and has
become the “gold standard” in the management of
post-thoracotomy pain. In general, epidural anesthesia has
been shown to attenuate the surgical stress response, which
causes a pro-inflammatory state with catecholamine surges
and potential cardiovascular consequences. Epidural anal-
gesia after surgery helps to prevent the contribution of severe
pain to this inflammatory state. Multiple factors contribute to
post-thoracotomy pain including the skin incision,

intraoperative retraction of intercostal muscles and liga-
ments, direct intercostal nerve damage, and pleural irritation.
Post-surgical pain is also related to the presence of chest
tubes as well as pleural irritation from residual pleural fluid
and blood [1]. Well-controlled pain with an epidural facili-
tates deep breathing, coughing, and earlier mobilization to
prevent atelectasis while reducing overall opioid consump-
tion. In a meta-analysis of the effectiveness of postoperative
epidural analgesia, Block et al showed improved pain scores
for epidural versus parenteral opioids at all time points,
including postoperative days 2–4 [2]. In this post-
thoracotomy patient with reduced pulmonary reserve,
replacing the epidural and getting her comfortable quickly is
the way to go, provided there are no absolute contraindica-
tions for a neuraxial block.

CON: Well, that’s great that epidurals are considered the
gold standard from 20+ years ago for post-thoracotomy pain;
however, they are not without morbidity. Complications
related to the epidural include hypotension, urinary reten-
tion, delayed gastric emptying, and potentially devastating
epidural hematoma. Although epidurals do demonstrate
better short-term outcomes in terms of acute pain, including
earlier mobilization and earlier return of intestinal function,
there is no conclusive evidence of a mortality benefit of
epidural over other modes of analgesia, including systemic
opioids, after thoracic surgery. Furthermore, the success of
thoracic epidurals in treating acute postoperative pain has
not been shown to translate definitively into the prevention
of chronic post-thoracotomy pain syndrome. Additionally,
thoracic epidural placement can be more technically chal-
lenging than the lumbar route because of the steep angle of
the thoracic vertebrae, leading to difficulty with placement,
which may delay treatment of the acute pain. Failure of
thoracic epidurals is not uncommon and depends on both
patient anatomy and the level of experience of the person
performing the procedure. Systemic opioids in conjunction
with other adjuvant medications such as NSAIDs, acet-
aminophen, and gabapentin would still be able to control
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post-thoracotomy pain. Using multimodal analgesia should
help to minimize the side-effect profiles of each individual
drug.

PRO: There are no data specifically showing survival
benefit in post-thoracotomy patients with thoracic epidurals
because prospective, randomized clinical trials have been
underpowered for this relatively rare endpoint. However, a
recent meta-analysis does suggest decreased mortality [3].
Additionally, there may be contraindications to using indi-
vidual systemic medications, thus making multimodal anal-
gesia using only these agents difficult to achieve. Systemic
opioids can contribute greatly to postoperative nausea and
vomiting as well as decreased intestinal motility, leading to
postoperative ileus and its sequelae. Opioid-induced respi-
ratory depression may lead to aspiration or hypercarbic
respiratory failure. Acetaminophen may be contraindicated
in patients with liver dysfunction. NSAIDs could be chal-
lenging to use in the setting of postoperative bleeding or in
patients with significant renal dysfunction. Gabapentin has
been shown to decrease postoperative pain scores within the
first 24 h but has not demonstrated an opioid-sparing effect
past this time point [1], and can itself cause increased
sedation.

CON: It’s POD #2, a time when many patients begin to
have their anticoagulation restarted and therefore placing a
new thoracic epidural would be contraindicated. If a thoracic
epidural is of concern due to an increased risk of hematoma
or hypotension (e.g., planned anticoagulation, hypovolemia),
an alternative to a neuraxial blockade could be a single-shot
regional technique, or if there is no absolute contraindica-
tion, a paravertebral catheter. A meta-analysis by Davies,
Miles, and Graham showed that when paravertebral catheters
were directly compared to thoracic epidural catheters for
thoracotomy, there was no significant difference in pain
control, and that paravertebral catheters had a more favor-
able side-effect profile than epidurals, with decreased failure
rates and a reduction in pulmonary complications [4]. If this
patient were in severe pain, even a single-shot paravertebral
block done at the bedside would be able to decrease acute
pain in conjunction with systemic medications. Intercostal
blocks would be another regional technique that could be
performed post-thoracotomy, but they may require multiple
injections to cover pain adequately. Other research into
using liposomal bupivacaine in single-shot paravertebral and
intercostal blocks is ongoing and may prove to be yet
another alternative to managing post-thoracotomy pain.

PRO: I agree that if a thoracic epidural is contraindicated, it
should not be replaced and that a regional technique, if
possible, plus systemic medications is the way to go; how-
ever, I would also point out that the majority of the

paravertebral catheters in the meta-analysis quoted earlier
were placed under direct visualization by the surgeon at the
end of the procedure. Direct visualization intraoperatively
increases the chances of the paravertebral catheter working
beyond its initial insertion and also decreases the chances of
a complication. More research must be done that directly
compares ultrasound-guided paravertebral catheter place-
ment versus thoracic epidural in thoracotomy patients before
I am convinced about paravertebral catheters replacing
epidurals as a rescue therapy in post-thoracotomy patients.
Additionally, paravertebral injections and blocks are still
considered “deep blocks” or non-compressible in the event
of vascular puncture. Although anticoagulation and
hypotension are not considered absolute contraindications to
this block, alternative regional techniques such as intercostal
nerve blocks may be a better option.

Summary

When treating severe acute post-thoracotomy pain, one must
weigh the risks and benefits of treating the individual patient
with neuraxial blocks, other regional techniques, or par-
enteral medications. Although thoracic epidurals are the gold
standard for managing post-thoracotomy pain, there are
multiple alternative techniques to provide good pain relief.
In general, a multimodal technique using regional anesthesia
plus parenteral medications will create adequate analgesia to
synergistically relieve pain. Research directly comparing
ultrasound-guided regional techniques with thoracic epidu-
rals as well as longer acting liposomal bupivacaine in
regional techniques is ongoing [5] and may yield alternate
options for treating post-thoracotomy pain.
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31Pediatric Upper Respiratory Infection: You
Cancelled the Case and Told the Parents
to Reschedule, Right?

Brian Blasiole

Case

After travelling 3 h early one morning in September, a
young family registers their 4-year-old son at the preopera-
tive desk for a tonsillectomy and adenoidectomy (T&A) with
Dr. Rhino. The child is placed in a pre-op evaluation room,
and the nurse obtains vital signs and assesses the patient.
The newly minted pediatric anesthesiology fellow reviews
the chart outside the room and notes an otherwise healthy
4-year-old with sleep disordered breathing and obstructive
sleep apnea (OSA) diagnosed by a formal sleep study pre-
senting for T&A.

The fellow knocks on the door and almost recoils upon
entry with the odor of stale cigarette smoke saturating the
room. The nurse in the room reports that the child had a cold
with a fever “to touch” last week and asks the fellow if the
case will be cancelled. The parents quickly interrupt the
nurse and state that the child has been on antibiotics for
3 days from their local pediatrician who also cleared him for
surgery. They also state that he always has a cough and
runny nose, and their pediatrician told them the frequency of
colds would decrease after the T&A.

The fellow obtained more history and ascertained that the
child has been afebrile and behaving normally after starting
antibiotics. His symptoms consist of non-purulent rhinorrhea
and occasional non-productive cough. On auscultation, coarse
breath sounds are heard, which clear after the child coughs.

The fellow explains to the parents the risk of anesthesia in
a child with a recent upper respiratory infection (URI) and
intimates that the case may be cancelled. The parents
become visibly upset and start to argue with the fellow,
stating that they were told by their pediatrician the kid will
be fine for surgery and that they both took the day off from
work, drove 3 h to get to the hospital, and coordinated child

care and school transportation for their other children. The
fellow quickly retreats stating that he will review this case
with his attending.

After leaving the room, the fellow consults with a col-
league who shows him an article by a preeminent researcher
in the field of pediatric URI and anesthesia suggesting that
blanket cancellation of kids with URIs “may be a thing of
the past” [1].

Question

“You cancelled the case and told the parents to reschedule,
right?” asks the veteran anesthesiologist after hearing the
fellow’s presentation of the patient.

PRO: It is generally felt that elective surgery should be
cancelled in children with an active and/or recent URIs
because of an increased risk of perioperative respiratory
events. URIs lead to the release of inflammatory mediators
that are associated with airway hyper-reactivity and can
cause perioperative bronchospasm, atelectasis, and hypox-
emia with an increased alveolar–arterial oxygen gradient.
Additional respiratory complications include breath holding,
increased secretions, laryngospasm, and stridor from sub-
glottic edema. URIs are most commonly of viral origin and
self-limiting; however, the airway hyper-reactivity can per-
sist from 2 to 6 weeks. Risk factors for respiratory adverse
events that can be identified during the pre-anesthetic
assessment include an active URI or respiratory symptoms
within the past 2 weeks, nasal congestion, parent’s statement
that child has a “cold” and is not acting normally, tobacco
smoke exposure, and a history of prematurity (<37 weeks),
reactive airway disease, atopy, and/or snoring [1]. Severe
symptoms that typically lead to postponement of a case for
at least 4 weeks include mucopurulent secretions (not just
clear rhinorrhea), productive cough, fever >38 °C, lethargy,B. Blasiole (&)
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or signs of pulmonary involvement (lower airway). This
child is at a higher risk of a perioperative respiratory event
due to his history of URI with moderate respiratory symp-
toms, fever, and tobacco smoke exposure. The conservative
approach would be to postpone this case for at least 2 weeks.

CON: Children in daycare or in nursery school can have up
to 6–8 URIs in a year. Postponing surgery for up to 6 weeks
between each URI makes it very difficult to schedule a sur-
gery that could possibly ameliorate a cause for the child’s
frequent colds. Besides, there have been numerous cases of
children undergoing major surgery with an URI that did not
affect their hospital course. In fact, there have been no cases
of serious adverse events in the closed claims database
associated with anesthesia and URIs [1]. The adverse events
associated with URIs are treatable and can possibly be mit-
igated by certain anesthetic approaches. Finally, it is impor-
tant to weigh the risks and benefits of proceeding with this
case. The family has arranged time and transportation to get
here, which they may not be willing to do again. The optimal
time frame to allow for resolution of the URI and symptoms
and reschedule surgery is also known. Furthermore, a T&A
in this relatively uncomplicated child may decrease the
likelihood of another URI. Surgery should proceed as
scheduled. Inform the parents about the risks of anesthesia
with a URI including the possibility of a hospital admission.

The new pediatric anesthesia fellow pushes his attending
to proceed with the case in the light of the seemingly mild,
resolving URI and the family’s hardship. As the patient is
brought into the operating room, the grizzled attending asks
the young physician if he plans an intravenous or inhala-
tional induction. The fellow hesitates, as he assumed that the
standard inhalational induction and placement of peripheral
IV would suffice. The attending quickly becomes impatient,
shakes his head and grumbles.

Question

Should this 4-year-old be held down to obtain peripheral IV
access prior to administration of an inhalational agent?

PRO: Pre-induction administration of IV anticholinergics
agents will block muscarinic receptors, which may help to
decrease airway secretions (secretions that may trigger
bronchospasm). Additional adjunctive agents that could be
administered with an IV include lidocaine and opioids. Most
importantly, blunting the airway reflexes with a sufficient
depth of anesthesia is paramount in avoiding respiratory
events and triggering airway hyper-reactivity. Intravenous
induction will provide the fastest way to achieve a deep

plane of anesthesia, regardless of which induction agent is
used. If given sufficient time to work (15–20 min),
premedication such as oral midazolam and distraction tech-
niques should make the patient a satisfactory candidate for
IV placement.

CON: Obtaining IV access in an awake 4-year-old child can
be difficult, and possibly psychologically damaging to the
child if multiple attempts are required. Mask induction of
inhalation anesthesia with sevoflurane in oxygen, with or
without nitrous oxide, is a common and safe approach to
induction in a child of this age. A peripheral IV can reliably
be placed in a motionless child once a sufficient plane of
anesthesia has been reached. An inhalational induction is
also more amenable to parental presence.

The anesthesiology attending, determined to push the
fellow further, now demands a decision on airway man-
agement. He asks whether the fellow will place a laryngeal
mask airway (LMA) or endotracheal tube (ETT)? Or, he
sarcastically proposes with an artful smile, would the fellow
prefer to mask the patient between cauterizations?

Question

Should an ETT be placed for this procedure?

PRO: An oral right angle endotracheal (RAE) tube is pre-
ferred for T&A to allow for placement of the grooved blade
tongue retractor for surgical exposure. Ideally, the RAE tube
should be cuffed to prevent aspiration of blood and other
material as well as gas leaks around the tube. Topical lido-
caine spray to the vocal cords prior to placement of the tube
may reduce the incidence of laryngospasm and/or bron-
chospasm. Using a LMA for this case would make it tech-
nically more difficult for the surgeon secondary to
inadequate positioning and surgical exposure. This could
potentially prolong the surgery, increase the risk of surgical
complications, and lead to more pain. The LMA does not
provide the protection from aspiration or laryngospasm that
an ETT would confer. Finally, the ETT would allow the
provision of higher airway pressures and more direct
application of aerosolized beta-bronchodilator therapy in the
event of bronchospasm in the child with a URI.

CON: Use of an ETT in a child with a URI is associated with
an increased risk of airway complications [1]. Although the
lowest risk of airway complications is associated with use of
a face mask, it would be impractical and possibly dangerous
to manage the airway with a face mask for a T&A. The LMA
is a safe alternative since it does not require the
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instrumentation of the airway and is associated with the lower
incidence of perioperative complications compared to the
ETT [1].

Following an uneventful inhalation induction, intra-
venous line, and oral RAE tube placement, the surgery is
conducted uneventfully. The surgeon finishes and returns the
head of the bed to the anesthesiology fellow who dutifully
calls his attending to report that he is ready extubate the
patient “deep.” The attending sighs and asks for the fellow to
wait for him to get to the room before he does anything.

Question

Should the patient with a recent URI be extubated under
deep anesthesia after a T&A for obstructive sleep apnea?

PRO: There is no evidence for increased respiratory com-
plications after deep extubation following T&A, even in
children with a URI [2, 3]. Removal of the tracheal tube
under deep anesthesia removes the stimulus for coughing
and bronchospasm. Coughing and bucking on the endotra-
cheal tube during emergence also increases the risk for
postsurgical bleeding and the possibility of wound dehis-
cence. If the airway and stomach are appropriately suctioned
while the child is asleep, the risk of laryngospasm and
aspiration can be decreased. Upper airway obstruction can
be avoided by gentle placement of adjunctive devices such
as a nasal trumpet or oral airway. Proper head, neck, and
body positioning of the child and vigilant monitoring for
airway obstruction will allow the child to awaken safely
from anesthesia.

CON: A deep extubation requires that the child emerge from
anesthesia with an unprotected airway, leading to the pos-
sibility of laryngospasm or bronchospasm. If the child is
brought to the postanesthesia care unit while still in stage 2
or 3 anesthesia, these events could occur in the hallway, a
truly dangerous situation. This child also has an increased
risk for upper airway obstruction after his T&A due to his
diagnosis of obstructive sleep apnea. Extubating the trachea
completely awake after return of the laryngeal and pharyn-
geal reflexes prevents the occurrence of airway obstruction
and aspiration.

The endotracheal tube is removed while the patient is still
deeply anesthetized in the operating suite. The patient is
transported to the postanesthesia care unit (PACU) on oxy-
gen via simple face mask. On arrival, the fellow notes that
the child is cyanotic, tachypneic, and has audible wheezing.
Pulse oximetry shows low oxygen saturation. The fellow

quickly applies positive pressure via face mask while
simultaneously handing his attending atropine and epi-
nephrine. The bronchospasm breaks and the oxygen satu-
ration returns to baseline. The attending orders nebulized
albuterol, and the fellow gives a dose of intravenous
methylprednisolone. Once the patient is stable, the parents
are allowed to see the child in the PACU and are informed of
the bronchospasm event. By this time, the attending has long
since vanished, and the fellow explains to the family that he
believes the child should be admitted overnight for obser-
vation. The upset parents ask, “Why?”

Question

Should this child be admitted for overnight observation after
treatment for bronchospasm?

PRO: This child should be admitted to the hospital for
observation in light of his T&A, URI, and subsequent
bronchospasm on emergence in the PACU. Discharging this
child on the same day could be deadly if he undergoes
another event in the car or at home when the effect of the
beta-2 agonists and steroids wane. Overnight monitoring of
the patient allows for rapid detection and treatment of any
additional respiratory events. In addition, postoperative
bleeding after a T&A could conceivably be worse in a child
with intermittent coughing from a URI.

CON: The family’s social situation has again come into
play. An overnight admission would require them to take
another day off work and arrange for care of their other
children.

Summary

URIs are the most common cause of procedure cancellation
in pediatric anesthesia and present a unique challenge to the
pediatric anesthesiologist. The anesthesia risks for a child
with a URI are laryngospasm, bronchospasm, increased
secretions, coughing, and resultant decreased oxygen satu-
rations. These risks are increased in the setting of exposure
to second-hand smoke, sleep disordered breathing, a more
invasive type of airway instrumentation (ETT>LMA>mask),
presence of an underlying RAD, and prematurity. High-risk
symptoms are parental report of a URI, nasal congestion,
copious secretions, sleep disordered breathing, passive
smoking, family history of atopy/asthma, and airway
surgery.
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The risks and benefits of proceeding with anesthesia in a
child with a URI must be considered and include the urgency
and nature of the surgery, the anesthetic management
required, the severity of the URI, and the social situation.
Airway risks can be mitigated by tailoring the anesthetic to
safely perform certain surgeries in the presence of a mild
URI. The dilemma for the anesthesiologist is to decide when
to proceed or postpone elective cases in children with a
moderately severe URI. If the decision is made to continue
with the case, the increased risk and dangers of an adverse
respiratory event including the possibility of an overnight
admission must be made clear.
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32Does a Low Mean Blood Pressure
in the Neonate Under Anesthesia Lead
to Cognitive Deficits?

Anna Clebone and Corey S. Scher

Case

A 3-day-old presents for surgery to deal with a tethered cord.
This congenital disorder is characterized by a membrane (the
filum terminale) abnormally anchored to the spinal cord at
the L2 level or lower. If untreated, there may be progressive
lower extremity weakness and incontinence, due to stretch-
ing on the spinal cord from the child’s movements. Early
surgery yields better outcomes.

The “untethering” surgery involves a careful dissection to
free the spinal cord. Neuromonitoring and nerve testing
intraoperatively are essential to preserve motor function in
the lower extremities and avoid incontinence later in life. The
need for intraoperative nerve monitoring prohibits the use of
muscle relaxants. The neurosurgeon rightly insists that the
infant stay completely still while she is dissecting out the
spinal cord. Sevoflurane is kept at 3.6 atm%, slightly above
the MAC of 3.3 atm% for neonates. In addition, an infusion
of remifentanil is added. You realize the blood pressure will
be lower than ideal, but you don’t want the patient to move,
which would be catastrophic. Your colleague comes in the
room to give you a lunch break, and starts to harangue you
about the persistent blood pressure of 50/28 (35)…

“You may not know it, but you are probably not per-
fusing the brain and above all the spinal cord,” your col-
league says derisively.

Questions

Is autoregulation present at birth? If not, is a mild level of
hypotension a threat to the central nervous system at a
critical mean arterial blood pressure (MAP)?

PRO: “As you know, the variables involved are cerebral
perfusion pressure (CPP), MAP, intracranial pressure (ICP),
and central venous pressure (CVP). CPP = MAP − ICP (or
CVP, whichever is higher).” Your colleague continues with
a smug look on his face, “In this case we cannot calculate
CPP. We do not know the CVP. The ICP is almost impos-
sible to measure noninvasively, although the wide-open
diamond-shaped posterior fontanelle and square-shaped
anterior fontanelle will be bulging if it is high. Having
said that, MAP is what we can control related to brain per-
fusion. The normal MAP in a full-term 3-day-old is
40 mmHg! Talk about a narrow window for error!!!”

CON: “Three days ago the infant went through labor and
delivery, during which the umbilical cord was periodically
being compressed during contractions—with presumed
decreased oxygen to the brain. What’s different now? Gen-
eral anesthesia most likely decreases the amount of oxygen
that the brain needs by decreasing the cerebral metabolic
rate. If you are really worried about perfusing the brain,
employ near-infrared spectroscopy (NIRS), which in my
opinion, is greatly underutilized. Jöbsis first reported in 1977
that the relatively high degree of transparency of myocardial
and brain tissue in the near-infrared (NIR) range enabled
real-time non-invasive detection of tissue oxygen saturation
using transillumination spectroscopy [1]. By 1985, Ferrari
and colleagues reported some of the first human cerebral
oximetry studies using near-infrared spectroscopy (NIRS in
patients with subarachnoid haemorrhage) [2]. According to
Bhatia et al, ‘Episodes of angiographic cerebral vasospasm
were strongly associated with a reduction in the trend of the
ipsilateral NIRS signal. Furthermore, the degree of spasm
(especially more than a 75 % vessel diameter reduction)
were associated with a greater reduction in the same-sided
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NIRS signal demonstrating real-time detection of intracere-
bral ischaemia’ [3].”

PRO: “The NIRS is constantly changing with the EtCO2.
Not to mention the variation if the surgery becomes bloody
and the hematocrit drops. There are no defined trigger points
to tell me when the infant’s brain is becoming ischemic,
whether the interference with the signal be anemia or pH
status.”

CON: “Well, fine, even if you don’t look at the NIRS, the
MAP estimates cerebral blood flow pretty well. If there’s
nothing else bad going on in the brain, a MAP over 45 mmHg
is great, between 35 and 45 mmHg is probably OK, and only
when you get under 35 you are getting into trouble. Rhondali
et al. [4] looked at this in children under 6 months old, with
the EtCO2 level held relatively constant. If you want the
transcranial Doppler to show good perfusion, aim for a MAP
of 45 mmHg. The NIRS still looks decent and shows
increased oxygenation versus an awake infant with MAPs
between 35 and 45 mmHg, probably because sevoflurane
decreases the cerebral metabolic rate. With a MAP below
35 mmHg, cerebral perfusion is likely poor, but you are stuck
between a rock and a hard place because most pressors in
babies will compromise splanchnic flow and renal flow [4].”

PRO: “Yeah, but Rhondali’s study was done in healthy
infants, with an ideal fluid balance. Who is to say that with
longer surgeries or sicker kids, those numbers are right?
Why not better safe than sorry and keep the blood pressure
up? And besides, do those sketchy monitors correlate with
long-term outcomes for these kids, our most vulnerable
population?”

CON: “Are you not concerned with intraventricular hem-
orrhage (IVH) as you try to keep the pressure up? It has
evolved in the literature from case reports to actual studies.
IVH DOES happen.”

PRO: “If intraventricular hemorrhage is going to occur, it
has likely already happened in utero, during delivery of the
infant, or otherwise way before the infant gets to the oper-
ating room. This may or may not be applicable to full-term
infants, but in one large meta-analysis of preterm low birth
weight and very low birth weight infants, over half of IVH
occurred in the first 6 h of life [5].”

Summary

The data on safe minimal blood pressures for infants
undergoing general anesthesia are still in its, well, infancy.
Large database studies correlating intraoperative blood
pressures and long-term cognitive outcomes are needed.
Close attention is warranted to this area of research in the
future.
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33Does Rapid Sequence Induction Have a Role
in Pediatric Anesthesia?

Michale Sofer

Case

A 5-year-old male presents to the emergency department
(ED) with a right supracondylar fracture after falling from
the monkey bars. He has no other injuries, no notable past
medical history, and no past surgical history. He ate lunch
about an hour prior to his fall and arrived to the ED
approximately 30 min later. He has a 22-gauge IV in his left
upper extremity and a splint to his right upper extremity. He
is noticeably upset and tucked into his mother’s arms. The
pediatric orthopedic surgeon would like to take him urgently
to the operating room (OR) for a closed reduction with
percutaneous pinning (CRPP), and possible open reduction
with internal fixation if needed. The surgeon anticipates 20–
30 min operative time and minimal blood loss for the case.

Just as you are finishing preparing the room for the case,
your friend, a pediatric anesthesiologist, peeks into the
operating room to offer you a hand. You are not pediatric
trained, but often take care of older children when on call.
You welcome your friend, along with her professional input,
into the room and ask her to peek at your setup and see if
there is anything you forgot.

As she looks over your anesthesia machine and cart, she
notices the medications you prepared for induction and asks,
“Are you planning to do a rapid sequence induction?”

Questions

Does Rapid Sequence Induction (RSI) have a role in pedi-
atric anesthesia? Should we instead consider
“modified-RSI?” If we do utilize RSI, which muscle relaxant
is most appropriate: succinylcholine or rocuronium?

PRO: Of course! He’s a trauma patient. He is a “full
stomach.”

I was planning to do a classic RSI. I don’t want to ven-
tilate and insufflate his stomach. He ate lunch a measly 2 h
ago! Thankfully, he already has an IV from the ED, so that’s
one less thing to worry about. I was going to place all my
monitors and pre-oxygenate for at least 3 min. I’ve prepared
propofol, fentanyl, and rocuronium for induction. With an
intubating dose of rocuronium, he should have adequate
intubating conditions in about a minute or so. I’ve done it
this way before in older children, it works well.

CON: My main concern is that he won’t tolerate apnea, even
for that minute. In fact, the younger the child, the less likely
they are to tolerate classic RSI. First, he simply may not
cooperate. Wrestling a mask on his face for pre-oxygenation
is likely to just leave you both out of breath! He is already in
tears, and the mask may not do much more than add to his
(and your) anxiety, without accomplishing adequate
pre-oxygenation. Even if you accomplish pre-oxygenation,
he is still much more likely to have hypoxemia between
induction and intubation than to have an aspiration event.
Aspiration events in children are not only infrequent, but
appear low risk [1]. I’d be more concerned about the
hypoxemia than aspiration.

PRO: It only takes about a minute for the rocuronium to take
effect. That’s not a long time for apnea! I can hold my breath
longer than that! Why do you think he won’t tolerate it?

CON: Compared to an adult, he has a decreased functional
reserve capacity to minute ventilation ratio, increased oxy-
gen consumption, and a greater closing capacity after
induction of anesthesia and use of muscle relaxant. You may
only have seconds until his oxygen saturation starts to drop,
while older children do tend to tolerate apnea better.

For example, with adequate pre-oxygenation, a healthy
adult can tolerate apnea for at least 8 min before desaturation
to less than 90 % SaO2. On room air, this same adult will
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start to start to desaturate within 45–60 s [2]. In a child who
is pre-oxygenated, you may see desaturation in under a
minute. Without pre-oxygenation, that time is even less, and
the smaller the child, the less time you have [3].

Aspiration just isn’t nearly as likely as desaturation in
children. It shouldn’t be more of a focus than hypoxemia.

PRO: We shouldn’t just ignore the possibility of aspiration.
It does happen, and it does increase morbidity and mortality.
Our goal should still be to minimize its occurrence, utilizing
all possible measures. Perhaps it happens so infrequently
because we have been doing things right: minimizing ven-
tilation, minimizing time between induction and intubation,
and using rapid onset muscle relaxants.

In this case, cricoid pressure may do more harm than
good. It will probably distort the airway and make intubation
more difficult. Plus, a 5-year-old is unlikely to understand
the benefit of pressure on his neck [3].

I would omit cricoid pressure, but I still feel that we
should utilize all other measures to minimize his aspiration
risk. I don’t want him sitting in an intensive care unit
because I chose to ignore the hotdog in his stomach.

CON: I agree, but aspiration in pediatric anesthetic practice
appears to occur at a rate of 2 per 10,000 cases. It is
potentially higher in emergency situations, but not signifi-
cantly. Aspiration in young children is even rarer, and no
pediatrics deaths from aspiration have been appreciated in
any recent reviews or studies [1]. There will always be risk
factors that we can’t control for, such as a difficult airway,
gastrointestinal pathology, gastro-esophageal reflux, obesity,
and esophageal disease. However, anxiety, increased
abdominal pressure, and inadequate or light anesthesia were
also found to be risk factors for aspiration and are in some
realm of our control.

In his case, regurgitation and vomiting are most likely to
result from direct laryngoscopy in the setting of light anes-
thesia or incomplete paralysis. This is classically what
happens when a child starts to desaturate with classic RSI
and the anesthesiologist rushes to intubate: the patient can
buck and regurgitate, become a more difficult intubation, or
experience hypoxemia or bradycardia [1, 4].

How about trying “controlled” RSI, with gentle mask
ventilation? Mask ventilation pressures maintained below
10–12 cm H2O allow oxygenation, limit hypercarbia, and
keep small airways open, with a very low likelihood of

resulting gastric inflation and regurgitation. Neuhuas et al.
reported a retrospective cohort analysis of 1001 children
who underwent controlled RSI with less than 4 h NPO after
solids or 2 h after clears. This study reports significantly
fewer episodes of hypoxemia, bradycardia, and difficult
intubations compared to classic RSI, with no observed pul-
monary aspiration events. This is in stark comparison to
Gencorelli et al. retrospective study of 1070 children who
underwent classic RSI, with high incidences of hypoxemia,
especially in younger patients, and increased difficult intu-
bations, but also no reported aspiration events [4].

It seems that either way, the risk of aspiration is low in
the pediatric population and compromising ventilation to
minimize the rare aspiration event may be overzealous.
Controlled RSI allows time for adequate muscle relaxation
and depth of anesthesia, while maintaining oxygenation. If
you are worried about the time to intubation, you can also
consider using succinylcholine as an alternative to high-dose
rocuronium.

PRO: You would use succinylcholine? What about the side
effects? What about the risks of hyperkalemic cardiac arrest,
malignant hyperthermia, or rhabdomyolysis? We don’t
know that he’s not susceptible! His lack of medical history
doesn’t exclude him from the possibilities of an undiagnosed
muscular dystrophy or malignant hyperthermia. I’m not sure
it’s worth the risk. Besides, Mazruek et al. [5] study in 26
pediatric patients found comparable intubating condi-
tions 30 s after RSI with administration of rocuronium
1.2 mg/kg as compared to succinylcholine 1.5 mg/kg. The
only significant difference was the time until the return of the
first twitch response. If the two drugs are comparable with
respect to intubation, rocuronium seems safer to me.

CON: I would consider succinylcholine only because this is
expected to be such a short case. Rocuronium isn’t going to
wear off in a timely fashion, and succinylcholine is another
appropriate option, although less popular. The pediatric
product labeling was revised and now states that succinyl-
choline is indicated for “emergency intubation or instances
where immediate securing of the airway is necessary, [such
as] laryngospasm, difficult airway, full stomach or intra-
muscular use when a suitable vein is inaccessible.” Due to
the potential side effects, I would generally agree with your
use of rocuronium, but in this case, it may leave you with
some waiting time at the end of the procedure.

112 M. Sofer



References

1. Kelly CJ, Walker RWM. Perioperative pulmonary aspiration is
infrequent and low risk in pediatric patients. Paediatr Anaesth.
2015;25:36–43.

2. Weingart SD, Levitan RM. Preoxygenation and prevention of
desaturation during emergency airway management. Ann Emerg
Med. 2012;50(3):165–75.

3. Engelhardt T. Rapid sequence induction has no use in pediatric
anesthesia. Paediatr Anaesth. 2015;25:5–8.

4. Walker RWM. Pulmonary aspiration in pediatric anesthetic practice
in the UK: a prospective survey of specialist pediatric centers over a
one-year period. Paediatr Anaesth. 2013;23:702–11.

5. Mazurek AJ, Rae B, Hann S, Kim JI, Castro B, Coté CJ. Rocuronium
versus succinylcholine: are they equally effective during
rapid-sequence induction of anesthesia? Anesth Analg.
1998;87:1259–62.

33 Does Rapid Sequence Induction Have a Role in Pediatric … 113



34Anesthetic Neurotoxicity: Is Anesthesia Toxic
to the Developing Brain? Should I Cancel My
Baby’s Surgery?

Misuzu Kameyama and Corey S. Scher

Case

A 4-month-old boy with congenital sensorineural hearing
loss presents for bilateral cochlear implant placement under
general anesthesia. The child was born full term with no
problems in the perinatal period. The mother did an Internet
search for “anesthesia for children” and was shocked at what
she found: Papers that claimed that anesthesia in growing
children can impact cognitive development. While she was
not familiar with the language of scientific reporting, she
was more than proficient to determine that anesthesia in the
growing neuroplastic brain could be a danger for her child
[1]. In addition, her child was already falling behind in
reaching developmental milestones due to hearing loss. The
mother’s concern grew, as her child had multiple anesthetics
to evaluate for hearing loss since the child’s first month of
life. At the pre-surgical testing clinic, the parents asked the
anesthesiologist how exposing their child to another anes-
thetic could affect his future development.

Question

Is anesthesia toxic to the developing brain? Should I cancel
my baby’s surgery?

PRO The parents certainly have valid concerns. The litera-
ture on neurotoxicity is replete with animal models that
demonstrate that exposure to inhaled anesthetics is associ-
ated with neurotoxicity. The deposition of beta amyloid

protein, increased apoptosis, tau phosphorylation, and
mitochondrial changes are just a few of the markers that
show up in well-designed animal models [1]. Much of the
research in pediatric anesthesiology over the past 10 years
has been dedicated to determining whether these changes
occur in humans. This is very difficult to do prospectively,
due to overwhelming ethical concerns. Obviously, we can-
not biopsy the brain after a child has had an anesthetic.
I have looked at so many papers from infant rats and pri-
mates, and the results are the same: apoptosis, beta amyloid
protein, and the rest of the markers. I am convinced that
anesthesia-induced neurotoxicity has to occur in humans [2].

CON This procedure needs to occur. Even though being
deaf is not “life-threatening,” it is a major disability that will
hinder the child’s verbal development. There is strong evi-
dence that when cochlear implants are placed early in a
pre-lingual child, there is significant improvement in audi-
tory speech reception and perception skills.

The American Society of Anesthesiologists (ASA) ad-
dressed this issue with a consensus statement from an expert
examination of the literature. The original statement
addressed the intense controversy of giving anesthetics to a
child, due to neuroplasticity of the infant brain. In essence,
the statement declared that children younger than 3 years old
should not have elective surgery. More recently, two trials
have brought this into question. In the most definitive study
to date, researchers examined 700 infants, up to 60 weeks
old, who were undergoing hernia repair in hospitals across 7
countries. Half of the patients were randomly assigned to
receive general anesthesia, while the other half received
spinal anesthesia and remained awake. The median duration
of surgery in both groups was approximately 1 h. The
authors assessed the children’s neurological development at
2 years of age [3] and found that children in both the general
and regional anesthesia groups had similar cognitive scores.
Another recent investigation looked at premature infants (on
average, born at 26 weeks gestation) who were randomized
to receive sevoflurane versus a spinal for inguinal hernia
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repair. The neurodevelopmental outcome did not differ
between the two groups. Simply stated, this child can have
surgery now.

PRO Yes, while very impressive, there will be constant shifts
on the pendulum of this issue. I can assure you that there are
ongoing trials that will show the opposite. That is the inherent
nature of scientific investigation. The animal studies were
initially conducted in immature baby mice and later in rhesus
monkeys. The pharmacologic agents that have been identi-
fied as potentially harmful are the gamma-aminobutyric acid
(GABA) agonists and N-methyl-D-aspartate (NMDA)
receptor antagonists. And although the studies are inconclu-
sive, opioids and alpha agonists may be neuroprotective.

The design of most of these controlled animal investi-
gations can cover the variables better than a clinical human
study. The two prospective studies in human infants are well
designed. However, the scale used to measure intelligence—
the Wechsler Pre-School and Primary Scale of Intelligence
—may not be sensitive enough. It may be years before this
issue is definitive.

CON A single brief exposure to anesthesia is unlikely to do
harm. With repeated exposures, the risk of learning dis-
abilities, behavioral problems, and cognitive dysfunction in
children will probably rise, although not as much as we
previously imagined. The only reason why an increase in
developmental delay is even on our radar lies in increased
surveillance for these disorders. Better diagnostics, not
anesthesia is the reason for this trend.

PRO Concession to CON In summary, you are correct.
I would recommend that they proceed with the cochlear
implant surgery without reservation. The benefit of this
life-changing operation far outweighs the risk of a single

exposure to anesthesia, provided that this child is otherwise
in good health. I would proceed with general anesthesia,
which is considered the current standard, since this is not a
surgery that can be done with local or regional anesthesia.
I am not compelled to do a total intravenous anesthetic as it
is unclear which intravenous drugs may be related to
neurotoxicity.

Summary

While the best clinical human studies now appear to show that
a single, short general anesthetic is not neurotoxic in children,
more work must be published to add to that literature. If a
small child needs to undergo an invasive procedure, it is not
only unethical but also dangerous to withhold anesthesia and
analgesia. As with any medical decision, one should weigh
the risks and benefits of proceeding with surgery and anes-
thesia. If a procedure is completely elective, perhaps it should
be delayed until the child is older. But urgent and emergent
cases, as well as potentially life-changing cases should pro-
ceed without altering our current practice.
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35Should an Anxious Parent Be Allowed to Be
Present for the Induction of Anesthesia in Her
Child?

Paul A. Tripi and Mark M. Goldfinger

Case

Two attending pediatric anesthesiologists are colleagues in a
busy pediatric operating room. Although a departmental
policy exists that permits parental presence during induction
of anesthesia (PPIA) in a child, they have very differing
views on the effectiveness of this intervention for decreasing
child anxiety and improving cooperation during induction.
Because of these differences in viewpoint, one anesthesiol-
ogist, Dr. John Friendly, frequently allows PPIA, while the
other, Dr. Michael Firm, avoids it in almost every case.

Dr. Firm is assigned to the urology room for the day and
is caring for many children having minor ambulatory pro-
cedures. In the preoperative area, he meets Billy Whiner,
who is scheduled to undergo an inguinal hernia repair, along
with his mother. Both are very anxious about the upcoming
surgery, and the mother insists on coming with Billy to the
operating room (OR) until he is asleep. Dr. Firm responds
that he can sedate Billy to reduce his anxiety and refuses
mom’s request to go with Billy on the grounds that it will be
of no benefit. Mom angrily responds that she would like to
have a different anesthesiologist who is willing to allow her
to come to the operating room.

Question

Should an anxious parent be allowed to be present for the
induction of anesthesia in her child?

Pro-Con Discussion

In an attempt to diffuse the situation, Dr. Firm responds to
mom by telling her that he will discuss the case with his
colleague, Dr. Friendly, who is also working in the surgery
center that day. He manages to track down Dr. Friendly, who
is between cases in his busy ear, nose, and throat
(ENT) room.

Dr. Firm: Hey, John, I’ve got this anxious mother who is
insisting on coming to the OR with her 6-year-old for an
inguinal hernia repair. She is incredibly anxious, so I told
her, “Absolutely not. I can sedate him to take away his
anxiety.” She is still insisting!

Dr. Friendly: I’m not surprised, Mike. You know it is
natural for a parent to remain close to her child, especially
during stressful situations.

Dr. Firm: Yes, John. No doubt that is true. But, the data are
clear about anxious parents in the operating room. They are
not any help and often can make the child even more anx-
ious. For instance, Kain did a large prospective cohort study
that reviewed much data from his prior studies. He showed
that children who benefited from PPIA had calm rather than
anxious parents [1]. Furthermore, Bevan showed that anx-
ious parents can actually worsen a child’s behavior during
induction and make the child more upset than if the parent
was not present [2].

Dr. Friendly: Just because the parent is anxious does not
mean that you should always say “no” to the parent’s request
to come to the operating room. In that study by Kain you
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mentioned, he showed that there were several factors other
than a calmer parent associated with less anxious children
during induction. These factors included older age, child
temperament characterized by lower activity and impulsiv-
ity, and parental motivation to participate. The study also
indicated that much of the variation in child anxiety and
compliance could not be accounted for by any of these
factors [1]. Refusing to allow PPIA can upset the parent, and
we have entered the age of consumerism, where the satis-
faction of the parent is very important. Parents generally
have very positive attitudes about PPIA, and they will usu-
ally say “yes” when given a choice to participate [3]. A re-
cent study looking at parental motivation to be present
during induction confirmed parents’ preference for this
option and showed that being sensitive to the family’s cul-
ture was also important [4]. I think it is imperative to con-
sider how motivated the parent is to participate. In my own
practice, I have allowed parents to participate in thousands
of cases, and I have never had an adverse event.

Dr. Firm: Well, apparently you did not hear about that case
from a couple of years ago. A mother was present during
induction of her 7-year-old son for an umbilical hernior-
rhaphy, and she attempted to remove him from the induction
room after he was fully anesthetized [5]! It turns out the OR
team had noted that she was anxious, and she subsequently
reported that the experience resurfaced traumatic memories.
It does not seem worth the risk to ever let an anxious parent
go to the OR.

Dr. Friendly: That was an unusual event that was the first
of its kind reported in the literature. It just points out that it is
important to carefully explain to a parent what she should
expect during the induction. An extra person should be
available to monitor the parent and escort her from the
induction area after the child is anesthetized. Just as
important, a departmental or hospital policy should be in
place to identify the screening process for determining eli-
gibility of patients, outline the procedures for educating
parents, and identify steps in the process to make it as safe as
possible.

Dr. Firm: I do not see why we do not just go ahead with
sedation and skip parental presence in all cases. The litera-
ture is clear that premedication is more effective than par-
ental presence to reduce child anxiety and improve
cooperation during induction of anesthesia [6]. Oral mida-
zolam has a long history as a safe and effective preoperative
sedative for children, and newer agents such as
dexmedetomidine are gaining in popularity and offer addi-
tional benefits such as improved analgesia [7].

Dr. Friendly: All drugs have adverse effects, and it would
not be practical or economical to sedate every patient. I like
to use a balanced approach to providing preoperative anxi-
olysis in children [8]. I draw on three major strategies to
achieve anxiolysis: psychosocial preparation, PPIA, and
premedication. Every patient should receive information and
preparation based upon his psychological development and
social interactions. With the help of the Child Life Service to
provide some child-friendly preparation for mask induction,
this may be all that is necessary to achieve a smooth
induction of anesthesia. If your patient remains anxious, it is
certainly reasonable to provide premedication, usually in a
noninvasive fashion that avoids placing an IV in the awake
child. A lot of times, the parent becomes less insistent on
coming to the OR once she sees her child calm down with
the sedation.

Dr. Firm: Why bother with parental presence in the OR
once your patient is adequately sedated?

Dr. Friendly: There still may be some benefit, more so to
the parent than the child. In 2000, Kain showed decreased
parental anxiety and improved satisfaction when comparing
parents who accompanied sedated children to the OR versus
parents who did not [9]. Remember, it is the parent rather
than the child who completes the follow-up satisfaction
survey! Furthermore, in keeping with practicing
family-centered care, I consider the parent to also be my
patient.

Dr. Firm: Well, be my guest in taking this parent on as one
of your patients. I still do not see any benefit to bringing that
anxious parent to the OR.

Dr. Friendly: Mike, if you do not mind, I would be happy
to take care of Billy. We can switch assignments for now,
and trade back once the case is completed.

Summary

There is no right answer contained within this argument
between Dr. Friendly and Dr. Firm. Views concerning par-
ental presence vary widely among anesthesiologists, ranging
from complete avoidance to liberal use of the intervention.
There is general consensus that it is best avoided in cer-
tain situations, such as the anesthesia induction of a young
infant or a child with anticipated airway management diffi-
culties. Anesthesiologists should respect colleague’s differing
opinions and try to work within the framework of the
departmental/hospital policy regarding parental presence. The
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ultimate goal for each patient is to provide adequate anxiolysis
to achieve a smooth and safe induction of anesthesia.
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36What Is the Role of Premedication
in the Pediatric Patient?

Elliot S. Schwartz and Anna Clebone

Case

A 5-year-old boy presents for surgery to repair a large
inguinal hernia. The inguinal mass is reducible and enlarges
when the boy coughs or cries. The boy has no nausea or
vomiting and has been having normal bowel movements. The
mass is not tender and there are no signs of inflammation.

As the anesthesiologist starts the preoperative evaluation,
the child clings to his mother and starts crying. The parents
state that they are very anxious as well.

Question

Should this child receive premedication with sedative drugs?
If not, what are alternatives to premedication?

PRO: Many pediatric patients show signs of significant
preoperative anxiety. Preoperative anxiety is associated with
postoperative complications including higher levels of per-
ceived pain, increased incidence of emergence delirium, and
higher rates of postoperative maladaptive behaviors [1]. I use
premedication with sedative drugs regularly because it
reduces anxiety in children and their parents, shortens the
time required for induction, and decreases the risk of nega-
tive psychological events after the surgery. Pharmacologic

intervention is more effective and more cost sensitive than
resource-intensive behavioral preparation programs. The
ideal premedication has a rapid and reliable onset, a short
duration of action, and minimal side effects. There is a range
of options, but oral midazolam (0.5–1 mg/kg, 20 mg maxi-
mum) should be routinely administered in the pediatric
patient as it comes closest to achieving this ideal profile.
Maximum effect occurs after 15–20 min.

CON: A classic study in anesthesiology demonstrated that a
preoperative visit from an anesthesiologist reduced anxiety
to a greater extent than a sedative medication [2]. This study
was done in adults, but the lesson here can also be applied to
pediatrics in that there is no replacement for a thorough and
thoughtful preoperative visit from an empathic anesthesiol-
ogist. This preoperative visit can reduce patient and parent
anxiety by providing the details of what the patient and
parent should expect and how the child’s safety will be
ensured. The more information and communication the
better: videos, literature, and hospital tours can all reduce
anxiety without any of the drawbacks of adverse effects from
an additional medication. Additionally, many children
respond positively to play therapy and parental presence
during induction of anesthesia. An empathetic approach with
the anxious patient makes the routine use of premedication
unnecessary.

PRO: The development of midazolam has reshaped the
approach to premedication because of its quick action and
minimal effect on respiration. What are your concerns about
the administration of midazolam?

CON: An ear tube surgery lasts 10 min; the effects of
midazolam are obviously much longer. This likely con-
tributes to increased rates of postoperative delirium and
agitation in some premedicated patients, especially those
treated during short procedures. In addition, paradoxical
reactions have been noted where anxiety is actually
increased after the administration of midazolam. Other
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factors that may limit its use include bad taste, burning
sensation upon IV or nasal administration, and increased risk
of hiccups [3]. What other medications do you use? It is
essential to know that a syringe full of a premed may pro-
voke as much anxiety as a mask induction.

PRO: Oral midazolam is the most widely used premedica-
tion, but there are many effective regimens. A smaller dose
of midazolam, for example, can be used in conjunction with
oral ketamine (4-6 mg/kg). Midazolam can also be admin-
istered orally, intramuscularly, intravenously, rectally, or
nasally. As an alternative to a benzodiazepine, fentanyl (5-15
mcg/kg) can be administered even in the form of a lollipop
or nasal sufentanil can be administered at a dose of 2
mcg/kg, although close monitoring is required due to the
high risk of respiratory depression. Other alternatives that
require more research include the alpha-2 adrenergic
receptor agonist clonidine and dexmedetomidine, which may
have the potential to reduce the risk of postoperative delir-
ium and pain. Dexmedetomidine can be used both orally and
nasally. The delayed onset of action of oral clonidine and the
limited oral bioavailability of dexmedetomidine do limit
their use (although a higher oral dose has been tried with
some success). Unfortunately, a recent randomized con-
trolled study using clonidine administered nasally showed
that only about half of the children responded adequately
30 min following its administration [4].

CON: As the pharmacology evolves, so too does research
into non-pharmacologic approaches to reduce anxiety. One
study has demonstrated that an intensive family-centered
preparatory program is as effective as midazolam [5]. The
most important elements contributing to this reduction in
anxiety in this preparatory program seemed to be prior
education and exposure of the child to the anesthesia mask
and parental use of distraction [6]. Other creative approaches
to reduce anxiety include the use of clown doctors [7],
web-based resources [8], and fish aquariums [9]. By
whichever method, the goal is to create a family-friendly
environment.

PRO: Some of the approaches listed are resource intensive
and may not be feasible in a surgical facility that only
occasionally has pediatric patients. My other concern is the
child who initially responds well to these behavioral
preparation programs, but suddenly becomes anxious as you
enter the operating room. What are your non-pharmacologic
approaches to the children that were calm in the presurgical
area, but become terrified as you prepare for induction?

CON: For children that go from calm to terrified tears in the
operating room, I first stop what I am doing and, if old
enough to communicate with, I ask about their concerns.

I provide reassurance that they will see their family after
they awake and that they will not feel anything or remember
anything from the procedure. I remind them that everything
will be done to make sure that they are not in any pain after
they wake up. If there is any specific misunderstanding, I
clarify the process using concrete language. If the child asks
for a parent to be present in the operating room, I honor the
request. In some circumstances, having the child or adoles-
cent hold the anesthesia mask provides a degree of control
that can relieve anxiety.

PRO: What if after these attempts at relieving the child’s
anxiety, the patient continues to be hysterical and
uncooperative?

CON: In our youngest patients, parental presence is often
effective, possibly combined with premedication. If a
school-age patient is still hysterical and inconsolable after
every other avenue has been attempted, I would have a
conversation with the parents about rescheduling the surgery
or offering a premedication.

PRO: I am familiar with research showing that parents
overwhelmingly want to be present for induction in the
operating room [10], but realize this does not happen in the
vast majority of cases. Are there any randomized controlled
studies describing the usefulness of parental presence during
induction?

CON: Parental presence in the operating room during
induction remains controversial, especially among anes-
thesiologists in the USA. However, I have found parental
presence provides another opportunity for reassurance
during the most anxiety-provoking component of the
patient’s experience. The child can be reassured through
eye contact and touch from the parent resulting in
increased cooperation of the child. Randomized controlled
studies have mixed results about the benefits of parental
presence. For example, parental presence during anesthesia
reduces the anxiety of the child compared to the level of
anxiety in children without parents present, but this anxi-
olytic effect is less than the effect of children premedicated
with midazolam [11]. Additionally, there may be no benefit
to the child if the parent has a significant level of anxiety,
and the benefit may vary based on the age of the patient
[12].

CON: How would your approach differ based on the age of
the patient?

PRO The typical 6-month-old infant will rarely require
premedication as separation anxiety is not an issue at this
age. However, in an older infant with separation anxiety,
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premedication should be routinely administered. From
ages 2–5, the need for premedication is generally the
highest.

Summary

Reducing anxiety in the preoperative period improves
postoperative outcomes and parent satisfaction. Whether the
goal of anxiety control is best achieved through premedication
is still a matter of debate in the literature, andmany in the USA
regularly use premedication. A challenge in the research on
premedication is the external validity of even the most
rigorous studies. Expectations can play a crucial role in
anxiety, and expectations can vary enormously among
patients in different regions, countries, and cultures.
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37Presence of Family Members in the Operating
Room: Is This Really Helpful?

Michelle N. Gonta and Misuzu Kameyama

Case

A 3-year-old boy presents to the ambulatory surgery unit of
a large city hospital for a bilateral tonsillectomy and ade-
noidectomy for mild sleep apnea and snoring. He was born
full term with no other medical history. While discussing the
anesthetic plan for inhalational induction using a mask, the
child’s mother interrupts and states that she heard from
friends of hers that she would be able to stay with her child
while he went to sleep. The child seems uncomfortable with
your presence and clings to his mother’s leg. You feel that it
would be appropriate for the mother to accompany her child
to the operating room given the child’s clear discomfort with
strangers; however, your supervising anesthesiologist, who
comes from an institution that never allows parents in the
operating room, does not agree.

Question

Is the presence of family members in the operating room
really helpful in easing the child’s anxiety?

PRO Given the child’s anxiety, there is clearly an advantage
to allowing the parent to be present for induction. There is a
significant negative correlation [1] between age and anxiety.
Children who are younger are much more anxious during
induction of anesthesia than older children. In this particular
study, the mean age for the most anxiety was 2.6 years old,
so this child is of the appropriate age to receive the most
benefit.

CON It’s true that younger children experience more anxi-
ety, but often this is a result of the anxiety of their parents.
Children of calm parents are less anxious during induction of
anesthesia, whether the parent is present or not. Children of
anxious parents were more anxious when their parent was
present during induction. Another randomized controlled
trial [2] found that serum cortisol was decreased in children
aged >4 with a parent with a low anxiety level. These were
the only children found to benefit strongly from parental
presence during induction of anesthesia. Further, this study
found that children aged <4 were more anxious when the
parent was present during induction of anesthesia.

PRO You concede that the findings of this study strongly
argue against bringing the parents of this child into the
operating room, especially given that his mother does appear
to be quite anxious. However, the child is also very anxious
and has now started to cry. You suggest premedicating the
child with midazolam 0.5 mg/kg, but the patient’s mother
says that her presence is all the child needs and she doesn’t
want her kid to get more medicine.

CON Your attending explains to the parents that a study [3]
compared parental presence to midazolam premedication to
no intervention and found that while there were no differ-
ences in the child’s anxiety among the three groups in the
preoperative holding area, on separation from the parents it
was found that the children in the midazolam group exhib-
ited significantly less anxiety than both the parental presence
group and the no intervention group. The group of children
that received midazolam was also found to have the least
anxiety overall on entry into the operating room and appli-
cation of the anesthesia mask. The children who were
premedicated with midazolam were also found to be more
compliant during induction of anesthesia.

PRO The child’s parents agree to premedicate the child and
not accompany the child to the operating room until the
child’s uncle bursts into the room and states that he heard
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other parents speaking in the waiting room about the pos-
sibility of having clowns accompany their child and thinks
that clowns should be considered to ease the child’s anxiety.
The parents now would like to know if they could once
again forgo the midazolam premedication and simply have a
clown join them and their child in the operating room.

CON You defer to your attending for a response, as you have
never seen clowns in the hospital and certainly not in the
operating room. Your attending cites a recently published
study [4] that compared the anxiety of children in three
unique groups: (1) a clown group, which consisted of two
clowns and a parent accompanying the child; (2) a premed-
ication group, which consisted of midazolam premedication
as well as a parent accompanying the child to the operating
room and through induction; and (3) a control group in which
the child was simply accompanied to the operating room by
one parent. Your attending states that the results of this study
showed that the level of anxiety was significantly lower in the
clown group compared to the premedication group at the time
of induction of anesthesia, and the level of anxiety in the
control group was significantly higher compared to both the
premedication and clown group. The level of anxiety in the
waiting area showed no significant differences across the
three groups. A related study [5] also looked at the effect of
clowns versus hand-held video games on children’s preop-
erative anxiety and found that clowns were more effective
than video games at reducing the patient’s apprehension.
While these studies seem to indicate that the distraction
component the clowns provide plus the presence of a parent
at induction was the most effective at reducing the child’s
anxiety, it is important to note that this was never compared
to midazolam alone, which in prior studies was shown to be
more effective than parental presence. Further, these studies
looked at children ages 5–12, which represents an older age
group than this particular 3-year-old patient. Therefore,
applying these results to this patient may end up heightening
his anxiety.

PRO The patient’s parents agree to proceed without a clown
or their presence in the operating room, and with a midazolam
premedication following the extensive advice of your
attending. The induction is uneventful and the child is coop-
erative, even holding the mask himself for the inhalational
induction. The case proceeds without incident, and the parents
happily meet their sleeping child in the recovery room.

Summary

Nearly every child having a surgical procedure experiences
some level of anxiety regarding entering the operating room
and induction of anesthesia. Whether utilizing midazolam,
calm parental presence, or even introducing clowns and other
distraction techniques into the mix, it is our opinion that
decreasing the patient’s anxiety with whatever techniques are
currently available at your institution should be the goal of
the pediatric anesthesiologist, whenever safe and feasible.
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38Is It Appropriate for Complicated Pediatric
Surgical Patients to Receive Care Outside
of Specialized Pediatric Centers?

Mark M. Goldfinger and Paul Tripi

Case

The annual American Society of Anesthesiologists
(ASA) meeting is a great place to assemble with colleagues
and reacquaint with friends from the past. Sherry and I
hadn’t seen each other since we graduated medical school
20 years ago. We walked to the Ether Pub, est. 1846, in the
French Quarter, New Orleans, Louisiana, hoping to remi-
nisce over 2 Moscow Mules. They were closed for renova-
tions so we went to Café Du Monde, est. 1862, instead. We
then began to chat over café au lait with chicory. Little did I
know that she was a practicing anesthesiologist at St. Else-
where, 60 miles from the Children’s Hospital where I
practice in Ohio. She elaborated on how she loves living
near the Amish countryside. “My son and daughter ride our
horses on 10 acres of land,” she commented with a smile.
Thinking of a quick retort I said, “My kids practice their
unicycle riding in the hallway of our penthouse.”

After completing an anesthesiology residency program,
Sherry went to work at a community hospital in rural Ohio.
As a fellowship-trained board-certified pediatric anesthesi-
ologist, I was curious to know if she had done any inter-
esting pediatric cases at her hospital.

“Well, yes,” she said with a furrowed brow. “Last month
there was a 4-week-old baby born at home and subsequently
admitted to our community hospital with a diagnosis of
pyloric stenosis. We thought about shipping the baby out,
but after adequate rehydration and appropriate electrolyte
data he was booked for a pyloromyotomy. I hadn’t cared for
an infant in a while but when the child’s mother said, ‘Take
care of my baby,’ I knew that I was destined to be that

child’s anesthesiologist. Besides, we have a general surgeon
who’s really good with his hands,” Sherry commented.

Question

Should this baby receive care in a community hospital?

PRO (Sherry) It’s a question of supply anddemand. Formany
decades, children have been cared for in community hospitals.
With more than 5 million operations performed annually on
children in the USA, there just aren’t enough pediatric-
trained anesthesiologists and surgeons to attend to every case.
There are an estimated 800 practicing pediatric general sur-
geons in the USA [1]. The overall ratio of pediatric general
surgeons to the pediatric population 0–17 years is 1/108,000.
In the year 2000, therewere nopediatric general surgeons in the
states of Montana, Idaho, Wyoming, and North Dakota.

CON (I) There may be a shortage of specialists, but patient
safety must trump other concerns.

“Is it safe to anesthetize children at community hospi-
tals?” I asked.

“Yes. We have a long track record at our hospital in
Ohio,” Sherry said. “And so do other states.” she added. “I
know what you’re thinking, but the reported anesthetic-
related death of a 19-month-old at a California community
hospital was the first such death in 16 years at that institution
as reported by the Los Angeles Times” [2].

“True, it’s rare,” I said, “but if that’s your child, the fact
that the devastating event is rare won’t make a difference,
much less bring back the child.”

PRO (Sherry) “Well how about cost? In this country we are
experiencing the Patient Protection and Affordable Care Act
(‘Obamacare’), along with its complexities and myriad
ramifications. There is a study that demonstrates that the cost
of a pyloromyotomy is lowest at a general hospital ($10,197)
as compared to a children’s hospital ($11,160) or a children’s
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unit within a general hospital ($12,284) [3]. We must also
consider convenience. In my experience, families prefer
being close to home. When visiting a loved one at a hospital,
they don’t want to travel long distances, especially through
heavy traffic in the big cities. If they forget something at
home they can easily retrieve it. If transportation is an issue, it
is generally less costly to travel a shorter distance.”

CON (I) “That may be true, but again the value of a life is
priceless. A group at UCLA reported that infants treated at
community hospitals for pyloric stenosis experienced an
increased likelihood of surgical complications. Complica-
tions include viscous perforation, postoperative infection,
and small bowel obstruction. This must drive up costs
considerably” [4].

PRO (Sherry) “Well, another complication looked at in that
paper includes readmission to the same or a different hos-
pital. As it turns out, hospital type and volume did not
impact the 30-day readmission rate (3.4 %). By the way, the
most common diagnosis on readmission was electrolyte
imbalance/dehydration and respiratory illness. We are pre-
pared to treat both of those.”

CON (I) “What we really want to focus on though is safety.
Adverse events in younger children are a universal concern.
In Japan, critical incidents such as laryngospasm and
hypotension are 4 times more common during an anesthetic
in infants younger than 1 year [5]. The Hellenic Society of
Anesthesiology in Greece recommends that children under
3 years of age undergoing a surgical procedure be trans-
ported to specialized centers [6]. Authors in France recom-
mend that a minimum case load of 200 pediatric anesthetics
(per group per year) is necessary to reduce the incidence of
complications in children [7]. Are you really prepared to
treat an infant who has a cardiac arrest from massive hem-
orrhage (and hypovolemia) or hyperkalemia (related to the
transfusion of stored blood)? According to The Pediatric
Peri-Operative Cardiac Arrest (POCA) registry, these car-
diovascular causes are the most common reasons for cardiac
arrest, at least since we got rid of halothane” [8].

PRO (Sherry) “Let me tell you about my case. I proceeded
with intravenous administration of atropine, suctioning of
the infant’s stomach, preoxygenation, and a rapid sequence
induction. The circulating nurse’s cell phone rang while she
was holding cricoid pressure, and the nurse stepped away to
answer. At that point in time, the patient vomited his
stomach contents. His head was bathed in a soupy mix and
my hands were slipping as I attempted laryngoscopy. The
last oxygen saturation number I noticed was 58 %. After
quickly suctioning the baby’s mouth with a yankauer and

drying off the baby’s face, I intubated the baby with a
3.5 mm microcuff endotracheal tube. The SaO2 rose to
97 %. The baby was extubated at the end of the case and did
just fine. Does this happen at your hospital?”

CON (I) “Yes. But, at an academic center there are more
skilled people around to deal with complications. For
instance, it’s more likely that someone experienced in
holding cricoid pressure would be available. There are
numerous personnel to intubate if the laryngoscopist fails, or
to start a new intravenous line if the existing one infiltrates.
Attendings, fellows, residents, and anesthetists to name a
few. If the baby requires tertiary level care postoperatively
due to aspiration pneumonia, as an example, we have a
pediatric intensive care unit (PICU) and level IV neonatal
intensive care unit (NICU). Consultants such as pediatric
pulmonologists are readily available. We don’t have to
worry about transporting the baby to another medical facil-
ity. Sherry, how would you have transported your patient to
a tertiary care facility if needed?”

PRO (Sherry) “By ambulance. The family would have
followed by horse and buggy as their driver was ill at the
time.”

“Let’s take a closer look at your world of pediatric
anesthesiology. I’ve been doing some reading on this topic
since my soupy mix case. Pediatric anesthesiology has only
relatively recently been formalized as a unique specialty.
The Society for Pediatric Anesthesia (SPA) formed in 1987.
In 1997 the Accreditation Council for Graduate Medical
Education (ACGME) recognized pediatric anesthesia as a
subspecialty. There are currently 42 accredited fellowship
programs. In 2013 the American Board of Anesthesiology
(ABA) administered the first examination offering the
opportunity for interested candidates to become board cer-
tified in pediatric anesthesiology. After the 2013 and 2014
exam administration there are 2214 board certified physi-
cians in this field. Again, there clearly aren’t enough spe-
cialists to cover the pediatric surgical population in the
United States.”

CON (I) “Well let’s look at the difference in training
between generalists and specialists. The pediatric require-
ment per the ACGME for anesthesia residents during their
training mandates caring for 100 patients younger than
12 years of age. Within this group, 20 children must be
younger than 3 years of age, including 5 that are younger
than 3 months of age. This means, Sherry, that you may
never have taken care of a 1-month-old in training, much
less a 1-month-old with a full stomach like the patient with
pyloric stenosis. In contrast, Pediatric Anesthesia fellows
must care for 75 children between the ages of 3 and 11, 40
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children between the ages of 1 and 2, 40 infants between the
ages of 1 month and 11 months, and 15 neonates. I would
respectfully argue that caring for the minimum of 55
(40 + 15) infants and neonates will prepare a specialist well
when presented with the opportunity to care for a
1-month-old with pyloric stenosis. Next time put the neonate
in an ambulance and have him transported from St. Else-
where in Amish country to our tertiary Children’s Hospital.”

PRO (Sherry) “What about surgical training?”

CON (I) “Well, per the ACGME, general surgical residents
must perform 750 cases during their training. Pediatric sur-
gery is one of the essential content areas that is emphasized
amongst a host of other areas. Pediatric surgical fellows in
comparison must document 800 major pediatric surgical
procedures during their 24-month program. In addition,
Sherry, did you know that the ASA has published a state-
ment on practice recommendations for pediatric anesthesia?
This was approved by the ASA House of Delegates on
October 19, 2011. Under sections 3, 3.2 it states: ‘…it is
suggested that anesthesiologists providing and/or directly
supervising the anesthetic care of patients in the categories
designated by the facility’s department of anesthesiology as
being at increased risk for anesthetic complications should
be graduates of pediatric anesthesiology fellowship training
programs accredited by the ACGME.’” [9].

PRO (Sherry) “Yes I did. But, did YOU know that the same
paragraph you quote continues to state that ‘…or should be
fully credentialed members of the department of anesthesi-
ology who have demonstrated continuous competence in the
care of such patients as determined by the department of
anesthesiology’? I am one of those members. And I’m not
sure that a perfectly healthy full-term baby with pyloric
stenosis would even be considered at increased risk for
anesthetic complications.”

CON (I) “Soupy mix. Soupy mix. The plague of the first-
born male. In March 2014, the American College of Sur-
geons published guidelines that define the resources that
surgical facilities need for safe care of infants and children
[10]. The upshot is that there are 3 tiers of children’s surgical
care. Level I is comprehensive care at the highest level,
including complex surgical procedures and children with
severe illness. This necessitates pediatric surgeons and
anesthesiologists as well as a level IV NICU. Level II is
advanced surgical care in children with moderate risk med-
ical conditions. This level also necessitates a facility staffed
with pediatric surgeons and anesthesiologists as well as a
Level III NICU. Level III is basic surgical care. This
involves low-risk surgical procedures in children older than
1 year who are otherwise healthy. A general surgeon and

anesthesiologist are adequate at this level. No NICU is
necessary, but the facility must have the ability to stabilize
and transfer the patient to a Level I or II facility. I think St.
Elsewhere would be a Level III facility. This means that
performing an inguinal hernia repair on a healthy 2-year-old
would be appropriate.”

PRO (Sherry) “Now that you mention it, I did read an
article in the Wall Street Journal that relates a story about a
child having surgery and summarizes the 3 levels” [11].

I ordered a beignet drizzled with dark chocolate for
Sherry. We left Café Du Monde, hailed a cab back to the
convention center and arrived just in time for the inaugural
ASA apple bobbing contest. Sherry joined the rural anes-
thesiologist group while I connected with the urban group.
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39Are the Transfusion Goals for a Premature
Infant the Same As for a 7-Year-Old?

Olga N. Albert

Case

A 26-week-old ex-28-week premature infant presents for the
resection of a congenital pulmonary adenomatous malfor-
mation (CPAM). He is intubated and sedated in the Neonatal
Intensive Care Unit (NICU). You notice that the patient’s
hemoglobin is 7 and his hematocrit is 21. The NICU fellow
giving you the report informs you that in preparation for the
upcoming surgery the patient was transfused with fresh
frozen plasma “just to give him volume” (which doesn’t
seem like a good reason to you) and is ready for the oper-
ation. You tell the fellow that this critically ill neonate needs
to have hemoglobin of at least 10.

He disagrees, stating, “This infant has physiologic anemia
of prematurity, which can be well tolerated. In premature
infants, this occurs at an earlier post-conceptual age than in
full term neonates. He is no different then a 7-year-old going
for surgery.”

Question

Should anemia be treated differently in the preemie than in
the older child?

CON Until recently, transfusion guidelines for children were
based on experiences with adults. In a 2007 Canadian study,
investigators found that stable critically ill children can tol-
erate hemoglobin of 7 and a hematocrit of 21 without any
sequelae [1]. These findings were similar to results published
in an earlier adult Intensive Care Unit study [2]. The PINT
(Premature Infants in Need for a Transfusion) study deter-
mined that a restrictive transfusion policy did not result in a
higher incidence of death, neurodevelopmental impairment,

or significant visual or hearing deficits in preemies [3]. “So
your patient does not need to be transfused, he is ready,” the
fellow insists.

PRO “I would disagree,” you say. “In the PINT study, if
ventilatory support needed to be escalated to provide ade-
quate oxygenation, then a transfusion was given [3]. In
patients needing an increasing level of ventilator support,
some centers have adopted guidelines to transfuse to a
hemoglobin of 10 and hematocrit of 30. And why not?! The
risks of transfusion today are very low across all age
groups.”

CON “But there is more to consider,” the fellow replies.
“Risks of transfusion can be much higher in the premature
neonate, including developing a CMV infection; transfusion-
associated graft-versus-host disease, necrotizing enterocoli-
tis, and even severe intraventricular hemorrhage (from the
solute load in the blood-product preservative).
Transfusion-related hyperkalemia and resulting cardiac
arrest is well documented in the infant and child. In addition,
several retrospective studies show that transfusion of PRBCs
carries an increased risk of neurocognitive abnormalities in
preemies and is linked to chronic lung disease and
retinopathy of prematurity [4].”

PRO “You aren’t considering the risks of inadequate oxy-
gen delivery,” you point out to the fellow. “The major reason
for the PRBC transfusion is to increase oxygen delivery to
the tissues (DO2). As you may recall if you paid any
attention in med school physiology, this is defined as the
product of cardiac output (CO) and arterial oxygen content
(CaO2). So,

DO2 ¼ CO� CaO2:

The arterial oxygen content is dependent upon the
hemoglobin concentration, arterial oxygen saturation (SaO2),
oxygen-carrying capacity of hemoglobin (1.34 mL/gm
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hemoglobin), and to a minor extent, the partial pressure of
oxygen (PaO2). So,

CaO2 ¼ Hb� 1:34� SaO2ð Þþ PaO2 � 0:003ð Þ:
Oxygen supply can be increased by increasing cardiac

output, arterial oxygen saturation, or hemoglobin concen-
tration. Hemoglobin concentration is the major player in this
equation. I agree that currently there are not any good
biomarkers for measuring oxygen delivery to the tissue.
However, I still think this preterm infant should be
transfused.”

CON “Well, to really improve quality of life in premature
neonates, one must consider treatment with erythropoietin or
darbepoetin, not a transfusion. In a prospective, randomized,
blinded, multicenter study evaluating the effect of erythro-
poietin versus darbepoetin on neurodevelopmental outcomes
of preterm infants, Ohls et al. showed that treated patients
had significantly higher composite cognitive scores and
higher language scores, with results approaching statistical
significance. The patients in the treatment group were
exposed to fewer transfusions, which could have been the
reason for their better neurodevelopmental outcome [5].”

PRO “I agree that erythropoietin is a great idea, but one
can’t always wait for 4–6 weeks before surgery for this
medication to work. Furthermore, I am worried that this
preterm is ill equipped to handle blood loss during surgery.
In healthy adult volunteers, Weiskopf et al. [6] showed that
reduction of hemoglobin to 6 g/dl leads to reversible intel-
lectual impairment: both increases in reaction time and
impairments in early and late memory. This trend also held
true in premature neonates. In a study by van Hoften et al.
improved cerebral oxygen saturation occurred with transfu-
sion at or below a hemoglobin level of 6 g/dl [7]. The
implication is that overly restrictive transfusion guidelines
may impair adequate cerebral oxygenation in patients
regardless of age.”

Summary

Although many transfusion principles are similar for pre-
mature infants and older children, there are multiple differ-
ences as well. Premature neonates need CMV-negative,
leukocyte-reduced, and irradiated blood. Premature infants
with respiratory insufficiency may also require transfusion.
Unique risks with transfusion certainly exist for the prema-
ture infant, and these must be weighed against the benefits
on a case-by-case basis.
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40How Should You Get the Autistic Child
into the Operating Room When the Mother
Objects to Intramuscular Ketamine?

Glenn E. Mann and Jerry Y. Chao

Case

Freddy is a 15-year-old autistic obese teenager who presents
for elective circumcision due to phimosis. His mother is
present in the preoperative area and is quite concerned about
the induction of anesthesia. Her friend, who also has an
autistic child, told her that Freddy will have to have an
intramuscular injection of medicine in order to “go to sleep”
for surgery. Based on prior experiences at the dentist’s office
the mother explains that as soon as someone comes near him
with a needle he becomes agitated; using a needle for
induction of anesthesia would be challenging. When you go
to see Freddy he is sitting in a chair with his mother and
sister at his side. As you approach him, Freddy gets up and
tries to walk out, but his mother tells him to sit down again.
He seems to listen to her directions well.

Your colleague says to you, “Better go get the ketamine
dart ready!”

Question

You are now considering the various options for anesthetic
management of a patient with autism. How can one safely
induce general anesthesia for this patient while being
mindful and sensitive to the needs of Freddy’s family?

Autism spectrum disorder (ASD) is characterized by a
wide range of social and communication disabilities that can
encompass repetitive behaviors and interests, sensory issues,
phobias, and in some cases severe cognitive delay. The
ability of these patients to perform activities of daily living
may be severely impaired. Patients with ASD can be

hypersensitive to situations or activities that bring them
discomfort and provoke fearful and sometimes aggressive
behavior. Fortunately, there are often simple interventions
that evoke more calming reactions. While cognitively
impaired, patients with ASD are aware of unfamiliar sur-
roundings and can be shy and fearful of strangers, especially
if they have had prior traumatic encounters. It will be
important to have a discussion with the family about options
for thoughtful care in the perioperative setting.

PRO Freddy is very aware of his surroundings and appears
quite afraid of the medical staff. If he is approached with a
needle, he will likely become aggressive and combative. We
will need to enlist the help of his mother, his sister, and our
child life specialist. They will be important in assessing
Freddy’s needs and can help determine alternative tech-
niques we can employ to desensitize Freddy to the periop-
erative environment. Hopefully, during this time of
non-threatening interaction we can gain some insight into
what he will tolerate. Perhaps he will eventually accept brief
periods of mask placement.

CON This is going to take a lot of time to assess and may
delay other scheduled cases. It also seems like an excessive
effort given how safe a ketamine injection is as a first-line
sedative. It has favorable properties of sedation, analgesia,
and amnesia. In high enough doses it can be used to induce
general anesthesia. Ketamine has a rapid onset and a pre-
dictable duration of action, generally preserves airway
patency and spontaneous breathing with little impact on
functional residual capacity, and avoids cardiovascular
compromise [1]. Why would you want to try any other
strategy with this patient?

PRO While these are positive pharmacologic features,
ketamine also has adverse properties such as increased
salivation, hallucinations, hyperventilation, random limb
movements, and emergence reactions, especially after short
surgical procedures [1]. Not to mention that traumatizing
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Freddy with a needle also may have consequences. He could
have behavioral disturbances that last for days or weeks after
today’s procedure as a result of our interaction. And all
future encounters with medical professionals could be neg-
atively impacted as well. Using desensitization techniques
can greatly benefit our patient and his family. The benefits of
involving a skilled child life specialist cannot be overstated,
and close participation and investment of the primary care-
taker(s) are crucial in this endeavor.

Early engagement by the child life specialist and
demonstration of the use of medical equipment such as the
pulse oximeter probe, blood pressure cuff, and anesthesia
mask in a non-threatening, playful setting have been shown
to be of real benefit [2]. Role playing and distraction with
electronic media (tablet computer, video game console, etc.)
have also been shown to decrease anxiety and ease induction
[3]. These strategies have also been shown to reduce emer-
gence delirium, decrease analgesic requirements, and
improve parental satisfaction with the perioperative experi-
ence [4].

Of course, I acknowledge that for patients with devel-
opmental delay, behavioral interventions may be of variable
benefit. But, surprising Freddy with a ketamine “dart” likely
will make him more mistrustful of healthcare workers in the
future and could lead postoperatively to the development of
post-traumatic stress disorder symptoms such as nightmares,
increased aggression, increased anxiety, eating problems,
and withdrawal [5]. Anesthetic management can have
far-reaching consequences beyond the immediate perioper-
ative period.

CON Are you not concerned that Freddy could put himself
and the providers taking care of him in danger by becoming
aggressive with everyone?

PRO I am very concerned about self-injurious behavior as
well as risk to nurses, physicians, and support staff. If
behavioral interventions alone are ineffective, we can give
him oral midazolam, which has been shown to be a highly
effective anxiolytic. After oral premedication, Freddy may
allow examination of his arms for candidate veins with the
participation and engagement of his primary caretaker and
the child life staff. Application of a eutectic mixture of local
anesthesia (EMLA) cream may also be possible before or
after oral midazolam. Freddy may tolerate venipuncture with
oral premedication, distraction, and/or EMLA cream. This

approach allows for the possibility of an intravenous
induction of anesthesia as opposed to intramuscular injection
or inhalational induction. There is also evidence supporting
the use of intranasal dexmedetomidine for sedation [6]. Only
after we have exhausted these possibilities and Freddy
remains a risk to himself and the staff would I agree to
intramuscular ketamine. I view this induction technique as a
strategy of last resort.

Summary

Successful anesthetic induction of the developmentally
delayed and potentially combative child requires a true
multidisciplinary effort and the foresight and leadership of
the anesthesiologist and allied staff. Educated primary
caretakers should be empowered to take on a significant role
in the induction of their child as well. Early desensitization,
observing what the patient will allow, well-timed distraction,
and pharmacologic interventions may all be of benefit in
contributing to a safe and smooth induction. Indeed, there
are many alternative approaches to the induction of anes-
thesia in these challenging situations. The “ketamine dart” is
but one of those alternatives and in our view should be the
anesthesiologist’s last resort.
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41Is “Deep” Extubation Preferable in Patients
at Risk for Bronchospasm?

Manoj Dalmia

Case

You walk up to your next patient, a slim 10-year-old boy, as
his clubbed fingernails rapidly pound away at a keyboard, his
eyes fixated on the screen. You sigh, recognizing this physical
examination sign of chronic hypoxia (the fingers, not the video
game addiction). As you suspect, he has cystic fibrosis com-
plicated by recurrent lung infections and failure to thrive. He is
scheduled for a soft tissue mass excision of the lower back. The
parents are unsurprisingly nervous though the child is relatively
calm. You introduce yourself to the child who shakes your
hand but then immediately goes back to his game, pausing
briefly first to cough up a tissue full of phlegm. The parents
explain to you that he had a recent bronchial infection (on day
5 of 7 of antibiotics) that is now just resolving but is, unfor-
tunately, par for the course. The patient is very compliant with
his inhaler use. The parents are just as concerned as you about
the increased pulmonary risks associated with general endo-
tracheal anesthesia and recent lower respiratory infection,
especially in light of his cystic fibrosis; however, this surgery
has been cancelled twice already, and their son never seems to
have a clear window to have the procedure done. In addition,
the mass is deep and painful to lie on, and the surgeon states it
cannot be done under local anesthesia. After a detailed dis-
cussion involving the parents and surgeon, you decide to
proceed with the surgery. The parents accept the risks and
appreciate your help.

The patient arrives in the operating room and you proceed to
put in an intravenous line under nitrous oxide—you’d rather
not risk a mask induction without intravenous access consid-
ering the risk of a severe bronchospasm or laryngospasm on
induction. After pre-oxygenating the patient for 3 min, you

proceed to induce the patient with a combination of fentanyl,
lidocaine, propofol, and rocuronium. The patient is easy to
mask, and intubation is uneventful. Anesthesia is maintained
with sevoflurane at a minimum alveolar concentration
(MAC) of 0.8 plus intermittent boluses of fentanyl and
rocuronium (both of which are unlikely to cause clinically
significant histamine release). You keep the total gas flow to a
minimum to help warm/humidify the gas and minimize the
chances of further drying up this patient’s already thick secre-
tions. The patient is turned prone and you have caught up on
your charting when your pediatric anesthesia colleague comes
in to relieve you for the day. You give report to your colleague
and explain your plan to extubate the patient during stage 3
anesthesia—“deep” to minimize the chance of airway reactiv-
ity. His eyes narrow and, thinking that he does not understand,
you explain that this involves deepening the level of anesthesia
at the end of the case, tracheal suctioning, recruitment
maneuvers, and neuromuscular blockade reversal prior to
having the patient breathe spontaneously with 6–10 mL/kg
tidal volumes and a regular respiratory rate prior to extubation.

On this suggestion, your pediatric colleague looks at you
quizzically, saying, “Why would you ever WILLINGLY
remove a definitive airway from a patient irrespective of
their underlying disease? Wake them up and if they bron-
chospasm during stage 2, you can treat it while knowing you
have a secure airway!”

Question

Does evidence demonstrate that “deep” extubation of pedi-
atric patients at risk for bronchospasm (e.g., from asthma,
cystic fibrosis, recent upper respiratory infection, or bron-
chopulmonary dysplasia) is safe, or even preferred?

PRO: You retort with all of the calm you can manage, “I
don’t think it’s crazy at all. We know that cystic fibrosis is an
autosomal recessive disorder that leads to a defect in the
cystic fibrosis transmembrane conductance regulator (CFTR)
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gene affecting multiple organs, including the lungs, pan-
creas, hepatobiliary tract, and intestine. Specifically in the
lungs, it leads to hyperviscous mucus, which is difficult to
clear, serving as a perfect petri dish for chronic infections
including Staph and Pseudomonas. Consequently, there is a
cycle of chronic inflammation both from the infectious
processes and the disease itself leading to progressive lung
injury/destruction [1]. Add to this the fact that this child has
a resolving lower respiratory tract infection (LRI), which
significantly increases ANY patient’s airway reactivity plus
the introduction of a foreign object into his trachea (the
endotracheal tube!), and this patient is a clear set-up for
bronchospasm, severe coughing, and other possible respi-
ratory complications. It would seem irresponsible NOT to
extubate him deep!”

CON: “Where is your evidence that demonstrates that deep
extubation in a high-risk patient actually DECREASES the
risk of perioperative complications? Are there are any
studies that show superiority to awake extubation? Think of
this logically: If a child bronchospasms without a secure
airway and you’re unable to ventilate him, what would you
do? Intubate. If a child laryngospasms without a secure
airway and you’re unable to break it with positive pressure
ventilation, what would you do? Intubate. If a patient vomits
without a secure airway, you think he might have aspirated,
and he starts desaturating, what would you do? You get the
idea. You’re removing the answer to the problem. And with
modern-day anesthetics and how quickly they are removed
from our bodies, the patient should wake up very quickly.”

PRO: “Your initial point is logical, but I don’t think it’s
necessary to prove that deep extubations decrease periop-
erative complications as long as they don’t INCREASE
them. von Ungern-Sternberg et al. initially performed a
prospective cohort study looking to identify any associations
between family history, anesthesia management, and
occurrence of perioperative respiratory events by assessing
children in the preoperative period with an adapted version
of the International Study Group for Asthma and Allergies in
Childhood (ISAAC) questionnaire. They evaluated 9297
completed questionnaires and found the following groups
were all associated with a statistically significant increase in
perioperative respiratory events (i.e., bronchospasm, laryn-
gospasm, perioperative persistent cough, desaturation
<95 %, or airway obstruction) (see Table 41.1 [2]).”

“Recently, von Ungern-Sternberg et al. also performed a
prospective, randomized controlled trial comparing deep
versus awake extubations in 100 high-risk patients for ade-
notonsillectomy using the risk factors as laid out in their
prior study. Although a small sample, this study found NO
increase in the overall incidence of complications. Persistent
coughing occurred more in the awake extubation group and
mild airway obstruction (relieved with simple airway
maneuvers) occurred more in the deep extubation group [3].
This is consistent with more recent studies demonstrating no
overall difference in the incidence of perioperative respira-
tory complications in children undergoing T&A in high-risk
children (albeit with different criteria defining ‘high risk’)
(see Table 41.1 [4]).”

Table 41.1 Pediatric patients
considered to be at high risk for
perioperative respiratory events
[2, 4]

Study Considered “high risk” for perioperative respiratory events

von Ungern-Sternberg
et al. [2]

Positive respiratory history (i.e., nocturnal dry cough, wheezing during
exercise, wheezing more than 3 times in the past 12 months, history of
eczema)

Recent upper respiratory infection (<2 weeks before procedure)

History of � 2 family members with asthma, atopy, or smoking

Inhalation induction (vs. intravenous)

Intravenous maintenance of anesthesia (vs. inhalational)

Airway management by general anesthesiologist (vs. pediatric specialist)

Endotracheal intubation (vs. facemask)

Baijal et al. [4] <3 years old

Craniofacial abnormalities

Down syndrome

Obstructive sleep apnea

Morbid obesity

Failure to thrive

Recent upper respiratory infection (<2 weeks before procedure)

History of reactive airway disease
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“Primum non nocere: First do no harm, which is sup-
ported by the most recent evidence. And if I can decrease
postoperative coughing fits, then that also improves the
quality of the postoperative period for the child and family!”

CON: “You’re still helping to prove my point. If there is no
overall BENEFIT to extubating deep, then there is no reason
to deviate from the ‘gold standard’ of an awake extubation.
Sure, bucking or coughing could damage the surgical suture
line—but the incidence is low. Persistent coughing in the
postoperative period is easily treated with some blow-by
humidified oxygen or an albuterol nebulizer. Patient satis-
faction is important, but just because I can do it, doesn’t
mean I should. Call me conservative. And here you’re not
simply dealing with a patient with asthma or a simple cold.
Cystic fibrosis patients have a greater degree of underlying
pulmonary disease, and general anesthesia leads to numer-
ous impairments in pulmonary mechanics: decreased func-
tional residual capacity, increased atelectasis, increased
airway resistance (due to obstruction), just to get started.”

PRO: “Again, great point. Pandit et al. looked at a cohort of
19 cystic fibrosis patients from 8 to 18 years old who were
admitted for intravenous (IV) antibiotic treatment for pul-
monary exacerbation and required general anesthesia
(GA) for peripheral intravenous central catheter (PICC) line
placement—a decent comparison for our current patient!
Seventeen underwent GA with a supraglottic airway (e.g., an
LMA) and 2 underwent GA with endotracheal intubation.
Their study compared spirometry results, cystic fibrosis
clinical scores (CFCS), and forced oscillation technique
(FOT) results for the cohort in the preoperative period, as
well as 24 and 48 h postoperatively after GA. He found no
statistically significant differences in spirometry, CFCS, or
FOT besides a statistically significant DECREASE at 48 h
in respiratory system resistance in the CF group! [5].”

CON: “This is clearly a very debatable topic, and honestly, I
am still not comfortable with the idea of a deep extubation in
this patient. I see where you’re coming from, but I am not
going to change my practice until I see evidence that deep
extubation is superior to what I’ve always done.”

PRO: “No problem. I understand your viewpoint and don’t
want to put you in an uncomfortable position. I’ll stay and
finish the case since I have no plans tonight. See if there’s
another one of our peds colleagues who needs relief!”

Summary

Both sides make great points, and there is no clear answer
yet to strongly support one method over the other. Until
there is, each anesthesia provider should make this decision
based on the individual patient, the risks and benefits, as well
as their own clinical skills—unfamiliarity with a technique is
likely to lead to perioperative complications. Obviously,
certain patient and surgical factors can lean a practitioner
toward one technique versus another. In a patient with a
difficult airway, an awake extubation is appropriate. If the
surgical suture line is fragile, deep extubation (and backup
from a colleague familiar with this technique) should be
considered.
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42What Is the Best Approach to a Pediatric
Patient with an Unexplained Intraoperative
Cardiac Arrest?

Sherryl Adamic and Anna Clebone

Case

Still bleary-eyed from a long night on call doing a liver
transplant, you stumble into the local coffee shop looking for
a jolt of caffeine before the drive home. One of your new
colleagues, fresh out of fellowship, bounces in the front
door.

You attempt to duck out of the shop through a side door,
but unfortunately she spots you and starts talking at a rapid
pace, “Hi, Doctor! Boy, you look tired! I have to tell you, I
did the craziest case yesterday.”

You sigh and look up at her through half-closed eyelids.
“This kid suddenly lost end-tidal carbon dioxide (EtCO2)

and became pulseless during the middle of the surgery!” Dr.
Sprightly squeaks.

Realizing that you DID go into academics to mentor
residents and younger faculty, you shift into professor mode
and ask her about the case.

She replies, “The patient was a healthy 4-year-old who
presented for resection of a renal tumor that extended into
the inferior vena cava.”

“Healthy patients tend to do well,” you muse. “Was there
anything else in the medical history? What about the labs?”

“We checked a chemistry, complete blood count, and
coagulation studies. All the lab values were within normal
limits. Besides the tumor, the only abnormal finding was a
tumor thrombus that was located in the inferior vena cava.”

“Interesting,” you state. “I can guess how this story ends.
The patient arrests secondary to a massive pulmonary
embolus, correct?”

“That would be the most obvious reason, but the short
answer is no.”

“You have now peaked my curiosity. Can we talk over
coffee and you can tell me what happened?”

“Sure!” she exclaims, excited to have a mentor hear her
story.

You now wonder what you have started.

Question

What is the best approach to a pediatric patient with an
unexplained intraoperative cardiac arrest?

PRO: You tell her, “I would follow the Pediatric Advanced
Life Support (PALS) guidelines and consult the pulmonary
embolus algorithm.”

She continues, “We initiated the PALS guidelines. Chest
compressions were started immediately and we called for
help and the automated external defibrillator (AED). The
rhythm was checked, and it was shockable ventricular fib-
rillation. The patient weighed 17 kg, so we gave 170 lg of
epinephrine (10 lg/kg) and planned on defibrillating the
patient at 40 J (*2 J/kg). Once the defibrillator was avail-
able, we attempted to place the ‘fast patches’ (self-adhesive
defibrillation electrodes), but there wasn’t enough area
available on the chest due to the sterile surgical field. We lost
time trying to figure out how to defibrillate the patient.
Fortunately one of our team members suggested using the
external paddles. More time was lost because our surgeon
objected that the paddles would contaminate the sterile field
because there was no way to make them sterile. We were
able to convince the surgeon to accept contamination, as
defibrillation could be life-saving, and we defibrillated at
40 J without success.”
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You reply sagely, “That doesn’t surprise me. Unantici-
pated cardiac arrests are very rare. Adding the sterile field to
a stressful situation only makes matters worse. Going to the
external paddles when the fast patched aren’t available or
when they can’t be quickly placed due to a draped surgical
field is a good idea. Plus, it may be difficult to resuscitate a
patient with a massive pulmonary embolus anyway. What
happened next?”

CON: Your colleague looks down and sighs, “Kept fol-
lowing the PALS guidelines without success.”

“That’s unfortunate. The PALS guidelines should be
successful, as long as you treat the underlying cause. Did
you perform a TEE?” you ask.

“We did and no thrombus was identified.”
Now alert, you say, “I am intrigued. There has to be more

to this story. What events led up to the arrest?”
She goes on, “The patient had been losing blood

throughout the case. It was more oozing than massive
bleeding. We treated it with lactated Ringers and 5 %
albumin boluses. When the patient became hypotensive and
anemic, we initiated a blood transfusion. After starting the
second unit of blood the patient suddenly arrested.”

PRO: “So it sounds like a hypovolemic arrest—one of the
most common causes of unanticipated cardiac arrests in
children,” you muse. “I would have continued to transfuse
the blood while continuing the PALS resuscitation.”

“That’s exactly what we did and the patient did not
respond. We continued to give epinephrine and defibrillated
the patient at 80 J (*4 J/kg) with no conversion of the
ventricular fibrillation. It had been over 15 min since the
arrest and I was sweating bullets. I couldn’t figure out why
the patient wasn’t responding to treatment.”

“Hmmmm. Did you check labs?” you reply.
“I tried but wasn’t able to get blood from the arterial line.

I felt all was lost, and then a team member suggested giving
calcium. I thought that it wouldn’t hurt the patient and it
might help even though there wasn’t a clear indication.
I gave 340 mg of calcium intravenously while chest com-
pressions were continued. At the next rhythm check (and
20 min into the arrest), the patient was still in v-fib. We
defibrillated at 80 J, and this time there was conversion of
the rhythm to normal sinus with a perfusing blood pressure.”

CON: You now state definitively, “Sounds like while fol-
lowing the PALS guidelines, you concentrated on one pos-
sible underlying cause to the exclusion of other possibilities.
Due to the successful resuscitation after giving calcium, I’m
now changing my guess to a hyperkalemic cardiac arrest. Of

course this now makes sense since the arrest happened
during a blood transfusion, with the high potassium con-
centration in a unit of packed red blood cells. Hyperkalemia
is one of the most common causes of pediatric cardiovas-
cular arrest under anesthesia according to the Pediatric
Perioperative Cardiac Arrest (POCA) Registry [1]. This
registry encompassed 80 hospitals reporting all cardiac
arrests in children 18 years old and younger. Over a 6-year
period, *400 arrests were reported, half connected to an
anesthesia cause.”

She looks at you knowingly and says, “Your second
guess is correct. We ran a full panel arterial blood gas once
the line was functional. The potassium was 9.1 mEq/L.”

“There are some great teaching points here,” you muse.
“Such as?”
“This is a great reminder for me as well. What you think

is obvious may not be so obvious. Going down the pul-
monary embolus algorithm would never have gotten you to
the correct answer. Also, strictly adhering to PALS guide-
lines wouldn’t have gotten you quickly to the correct answer
either. I think that it is very easy to get stuck on what seems
to be the obvious pathway and become blinded to other
possibilities (e.g., the use of the external paddles instead of
the fast patches). Back in the day, the paddles were all we
had, but now ‘fast patches’ are usually the best choice. But
what happens when you don’t have them or can’t use them?
Most medical professionals wouldn’t even think to use the
external paddles since they may not have had experience
with them.”

“It’s amazing how obvious it becomes once the answer is
staring at you,” she states.

You answer, “Even though I’m more experienced than
you, I would have thought it was a PE from the tumor
thrombus too. I do have to say that I’m glad that you shared
this experience with me. It has certainly educated me to
many points that I would not have thought about.”

Summary

Intraoperative cardiac arrest in children is a rare event,
especially in children without cardiac disease; 34 % of
children with an intraoperative cardiac arrest had cardiac
disease, either acquired or congenital [2]. When intraopera-
tive cardiac arrest occurs, the PALS guidelines are a good
starting point, but the PALS algorithm itself only begins to
consider the treatment of underlying causes (Hs and Ts).
Fixation error, which occurred in this case, can lead to
focusing on one cause of cardiac arrest and ignoring all other
possibilities [3]. Frequent simulation training, as well as
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specific training on avoiding cognitive errors, may be a
solution, but more research is needed to determine the best
means of implementation.
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43Malignant Hyperthermia: “It Certainly Is”
Versus “It Certainly Is Not!”

Corey S. Scher

Case

The first case of the day in room 12 is a 4-year-old boy who
is scheduled for a bilateral inguinal hernia repair. Three days
before the procedure, the child had presented to pre-surgical
testing for evaluation. Pertinent history includes birth at
31-week gestation, and predictably, the common morbidities
of a premature infant, including lack of lung surfactant
requiring a week of intubation and ventilation, apnea of
prematurity, bronchopulmonary dysplasia (BPD), hyper-
bilirubinemia, a grade 2 intraventricular hemorrhage, and 2
seizures. Luckily, all of these problems have resolved. The
child did receive an ill-defined anesthetic for a peripherally
inserted central catheter (PICC) line during his initial hos-
pitalization in the neonatal intensive care unit (NICU). The
Mandarin-speaking father reported that the child needed
3 days of postoperative mechanical ventilation due to lung
problems related to prematurity. He did not recall any other
problems.

You proceed with induction. With the father in the room,
an inhalational induction is performed with oxygen and 70 %
nitrous oxide with 8 atm% sevoflurane quickly added. When
the child appeared to be asleep, the father was escorted out of
the room and an intravenous line was placed without inci-
dent. Intubation without muscle relaxation was smooth.
Activation of the underbody heat transfer device was acti-
vated. A minute after beginning the inhalational induction the
end tidal CO2 (EtCO2) immediately rose to 62 mm Hg. After
stage 2 anesthesia had passed, the anesthesia attending turned
the sevoflurane down to 3 atm% and assisted ventilation by
squeezing the bag with every breath. The EtCO2 was 70 at the
time of intubation. The CO2 increased with each breath on
pressure-controlled mechanical ventilation. Ventilation set-
tings were set to hyperventilate the child, but the CO2

continued to climb to the mid-80s. Vital signs after a minute
of mechanical ventilation were a pulse of 156, BP of 110/70,
and a temperature of 38.1. Breath sounds were equal bilat-
erally, and heart tones were normal.

PRO: It seems that the more we ventilate, the worse the CO2

becomes. I have never had a case of malignant hyperthermia,
but the increasing CO2 with ventilation is very worrisome.
Please bring in the malignant hyperthermia cart now!!!

CON: All you have is an elevated CO2. Nothing else fits
MH. The temperature and vital signs are not very different
than they would be after an inhalational induction in a
normal 4 year old. Call a tech to check out the machine, and
in the meantime, hand ventilate rapidly to lower the CO2.

PRO: We have enough information to give dantrolene at this
point. Nothing else fits!

CON: This could be any lung problem ranging from
atelectasis to mucous plugging to mainstem intubation to
pneumothorax, not to mention air embolus or cardiac shunt.
Breath sounds in a child are transmitted across the chest to
both lung fields, and it is very common to hear bilateral
breath sounds in an infant or child when you are only ven-
tilating one lung (e.g., with a mainstem intubation, large
mucous plug blocking 1 bronchus, or from a pneumothorax).
The child had or has residual BPD. The lung remodels to
correct BPD, and it is very possible that you now have a
pneumothorax from your overzealous ventilation. So far,
you have very little to label him for life as a patient who has
MH. Actually, you have almost nothing.

PRO: You are clueless as you probably have no idea what is
actually going on. If you did understand MH, giving dan-
trolene now is essential!! The normal state of events must be
understood before the MH state is understood. During
excitation–contraction coupling, acetylcholine is liberated
from muscles and binds to the nerves at the neuromuscular
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receptors. This causes an action potential at the neuromus-
cular endplate. This action potential is propagated to the
transverse tubule, causing a voltage change at the dihy-
dropyridine receptor. A conformational change at the
voltage-gated dihydropyridine receptor is directly transmit-
ted to the ryanodine receptor subtype (RYR1), which is
located at the sarcoplasmic reticulum [1]. The ryanodine
receptor then opens and facilitates release of calcium from
the sarcoplasmic reticulum into the cytosol. This leads to
muscle contraction by initiating cross-linking of myofila-
ments. Active reuptake of calcium back into the sarcoplas-
mic reticulum via an adenosine triphosphate-dependent
calcium pump terminates the muscle contraction [2]. It is no
surprise that there are so many clinical expressions of MH as
there are more than 400 variants in the RYR! gene. With the
administration of triggering agents such as inhaled anes-
thetics and/or succinylcholine, the huge storage bin of cal-
cium in the sarcoplasmic reticulum is released through the
RYR1 channels causing a relative overdose of cytosolic
calcium. This leads to intense muscle contraction, the
destruction of vital cell functions including the loss of the
integrity of the cell membrane. Upon the cell’s death, CO2

and heat are released. I am sure that is going on in our
patient. What else does this?

CON: With the use of succinylcholine, an abrupt rise in CO2

is common. You did not use sux! Now that the routine use of
succinylcholine has been abandoned, the rise in CO2 is much
more gradual. In this case, the rise is more than abrupt. The
mildly elevated body temperature and the relative increase in
heart rate also argue against that.

PRO: The operating room is freezing, which would conceal
the early signs of hyperthermia. I would get an early arterial
blood gas. If I have a mixed respiratory and metabolic aci-
dosis, I would initiate dantrolene and follow the remainder
of the Malignant Hyperthermia Hotline algorithm, which is
available on any cell phone or operating room computer.
Delay would add to significant rhabdomyolysis. Then I
would have to deal with renal dysfunction with myoglobin
deposits in the kidney.

CON: Larach et al. [2] determined that hyperthermia was
one of the first signs of hyperthermia, and in the very
aggressive presentation of this case, the room temperature is
never at a point to suppress the temperature elevation of MH.

PRO: I cannot believe that you can take a con position
against giving dantrolene. The old Dantrium is being
replaced by Ryanodex. It is available in 250 mg ampoules
and on need 5 cc of sterile water to constitute. One amp will
cover the initial presentation of MH.

CON: I now know why you are so eager to call the MH. Are
you not the doctor who gave anesthetic for a tonsillectomy
and the patient, 7 h after arriving at home, returned to the
hospital with a temperature of 40° and then had a cardiac
arrest!! Malignant hyperthermia does not present itself that
far out after an anesthetic. It was taught back in the day that
any elevation of temperature in the first 24 h after anesthesia
could be MH, but it is no longer considered to be true. You
feel like you have been burned, but the facts are that what-
ever caused the child to present back to the hospital, had
nothing to do with the anesthetic.

PRO: The ABG is back! pH 7.17, CO2 81, O2 250 (with
FiO2 of 50 %), and a base excess of −15. At this point, you
must admit that this is MH!! Stop the anesthetic. Hook up an
Ambu bag and hook it up to wall oxygen. Start a propofol
infusion to provide a non-triggering anesthetic. I am calling
for help and getting both excellent IV access and an arterial
line for both hemodynamics and blood sampling. Let us start
out with 1 meq of sodium bicarbonate and 2.5 mg/kg of
dantrolene. I do hope we have the Ryanodex as classic
dantrolene takes a few minutes to mix with sterile water.
Every second counts, and once the arterial line goes in, we
will get a gas to see the response to dantrolene and have a
CK (creatinine kinase) level to determine the relative muscle
breakdown at this point. I do not think that alkalizing the
urine has safety issues.

CON: How does the dantrolene work and are you dosing by
ideal body weight or actual weight?

PRO: Dosing should be based on real weight to make sure
that the dantrolene works on all of the muscle mass. Muscle
contraction is hindered directly by dantrolene; the calcium in
the muscle cell is diminished. Rigidity from muscle relax-
ation wanes. Dantrolene halts the ongoing release of calcium
from the storage sites in muscle (the sarcoplasmic reticu-
lum). There is no block of neuromuscular transmission from
dantrolene itself. A decrease occurs in the physical response
to nerve stimulation. It potentiates non-depolarizing neuro-
muscular blockade. When dantrolene is used with
non-depolarizing muscle relaxants, care should be taken to
ensure muscle strength has returned prior to extubation.

CON: Was he at risk for all of this? While the genetics
support an autosomal dominant predisposition, most cases
involve a mutation and the ryanodine receptor. Forty-four
different mutations at the ryanodine receptor have been
documented. There are some rare muscle diseases that are
markers for MH, but I have never seen one of them. Central
core disease is clearly a case where triggering agents should
be avoided. King-Denborough [3] D′, centronuclear
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myopathy, and myotonic muscular dystrophy have a strong
relationship with MH. I have not seen one of these diseases.

PRO: The ABG after 1 dose of dantrolene is completely
normal, and the child is now breathing on his own. Let’s
repeat the gas in 10 min and re-evaluate further dosing of
dantrolene. In days back, dantrolene was given on a schedule
for 24 h with a maximum dose of 10 mg/kg. Patients were
kept intubated for the first day. The dosing has changed.
Give one dose and re-evaluate. If there remains a mixed
metabolic and respiratory acidosis, give another dose.
Remember to get a CK with each dose. There are rare cases
when you need to exceed more than 10–30 mg/kg has been
described but it is rare.

CON: It seems that there are so many variable clinical pic-
tures of this disorder, I now know if the possibility exists, no
real harm in treatment. Your instincts were correct.

PRO: While we are waiting for the next gas, get the father in
the PACU. I need to talk to him.

FATHER: What is going on with my son?

PRO: Your son looks like he had a reaction to the anesthetic
that is called malignant hyperthermia. (A detailed disserta-
tion follows)

FATHER: I was married to a woman 10 years ago. We had a
child who also had a reaction to anesthesia. He was sick and
kept on life support for a day and discharged after 5 days.
Your description of this case is similar to the one that was in
the past. Now I am married to another woman, and it hap-
pened again. I have never had anesthesia, but it sounds like I
passed it on.

PRO: Incredible. I need to go back to the operating room to
take care of your son.

CON: The ABG is normal again. Let’s call the Pedi-
atric ICU, keep him on a propofol drip and re-evaluation.

PRO: While the return to the full MH signs and symptoms is
25 %, I want to stop the propofol, get him ready for extu-
bation! I think he is fine now.

CON: You are out of your mind. In no way are you out of
the woods.

PRO: If the blood gases are stable, the dantrolene worked
and there is no reason he needs to be intubated and sedated.

The patient will be in the pediatric ICU, and if signs and
symptoms return, we can give another dose of dantrolene.

CON: Don’t you need to see the CK to make sure that we do
not end up with a renal issue?

PRO: He does not need to be intubated and sedated for that.
I have had 8 cases over 30 years, which is more than most
clinicians have had. Each one is different than any other one.
The signs and symptoms vary in each one. In this case, the
temperature was barely elevated and the underbody could
account for it. I think that the elevated temperature was a
clear signal that something was not right as it was elevated
only moments after the tachycardia and end tidal CO2 shot
up.

CON: I think you are out there alone in your perspective of
such an early extubation. MH can kill.

PRO: If diagnosed early and treated with dantrolene early,
MH cannot kill.

Summary

It is essential that every anesthetizing location that includes
the use of inhaled anesthetics must have an adequate quan-
tity of dantrolene in a cart that includes ACLS meds, cooling
systems, ice, NG tubes, central line kits to cover the possi-
bility of poor venous access, and any other supportive
materials. MH is a disease of high variability and requires
flexibility on anesthesiologists as it rarely fits in the box that
contains all the signs and symptoms. While there remain
several gaps in a comprehensive understanding of this dis-
order, the treatment is highly effective. While the incidence
of this disorder is rare, the mortality of this disorder should
be also rare.
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44Is There a “Right” Drug to Choose When
the Blood Pressure Is Low and More Volume Is
not the Answer in a Pediatric Patient?

Jennifer L. Liedel and Madelyn Kahana

Case

A 5-month-old presents for urgent drainage of a suspected
empyema associated with a community-acquired pneumonia.
The infant was a full-term product of an uncomplicated
pregnancy and delivery and was healthy until developing an
upper respiratory tract infection (URI) 10 days ago. She was
admitted to the hospital 2 days prior to the procedure with
continued fever and increased work of breathing and is on a
high-flow nasal cannula. Her respiratory viral panel is positive
for respiratory syncytial virus (RSV), and her blood culture is
positive for Staph aureus. She was treated with vancomycin
for 36 h. Her temperature is 39 °C, she is tachycardic to 190,
her respiratory rate is 58, and her blood pressure is 85/38. Her
oxygen saturation is 94 on 100 % oxygen at 8 L per minute.
Your colleague is helping you prepare and suggests having a
dopamine infusion available in case the child becomes
hemodynamically unstable and is poorly responsive to vol-
ume resuscitation. You tell him that you do not want to
manipulate the anterior pituitary output with dopamine, you
want to support the blood pressure, and epinephrine would be
a better choice [1]. He is skeptical that it matters.

Question

Does it matter if you choose epinephrine or dopamine for
small children and neonates who are septic and require
inotropic support?

PRO A fluid bolus is obviously the first choice to treat
hypotension from sepsis or systemic inflammation. When
this isn’t enough, dopamine has historically been the ino-
trope of choice [2]. More recently, the use of dopamine has
been questioned, especially in the young child.

In this 5-month-old, several organ systems are maturing
at a rapid pace. Dopamine reduces the anterior pituitary
output, impacting thyroid hormones. Potential long-term
neurodevelopmental consequences include a negative impact
on brain development, which is dependent on normal thyroid
function [3, 4]. There is no advantage, and only detriment to
using dopamine. Epinephrine is a clear alternative.

CON Dopamine is still on the recommended treatment list
for pediatric sepsis [1].

PRO Dopamine has a long history of being used for pedi-
atric sepsis and as such is listed as a therapy for hypotension.
However, it functions not only as a catecholamine (after
being converted in the body to norepinephrine), but also as a
central nervous system neurotransmitter and a peripheral
paracrine hormone.

Dopamine acts via D2 receptors to maintain hypothala-
mic pituitary homeostasis. Two important anterior pituitary
hormones are affected by changes in dopamine—thyroid
stimulating hormone and prolactin [3–5]. The effect of
dopamine on TSH is particularly important in the neonate
and infant for whom brain maturation is occurring at a rapid
rate. Dopamine has been shown to prolong the sick euthy-
roid state in critically ill patients. Increasingly, evidence
suggests that even a short period of relative hypothyroidism
has lasting effects on development [3, 4].

Epinephrine is also on the recommended treatment list for
pediatric sepsis. Although no data prove that dopamine-
induced reductions in thyroid hormone impact brain devel-
opment, why risk it when there is a good, if not better,
alternative? And dopamine reduces prolactin levels as well,
and that could be problematic [5].
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CON I know you could not be worried about lactation in
this setting.

PRO You’re right. I do not care about lactation, but I do
care about the immune system, and prolactin is a key hor-
mone involved in regulating lymphocyte number and func-
tion. Exogenous dopamine causes a marked reduction in
prolactin secretion via the hypothalamic pituitary axis.
Receptors for prolactin are present on many tissues in the
body. The absence of stimulation is thought to put patients at
risk of immunosuppression and infection [5].

CON Well, dopamine can be used to protect renal function.
I am sure you have heard of “renal dose dopamine.” Epi-
nephrine may increase the likelihood of acute kidney injury.

PRO The notion of “renally dosed” dopamine has been
disproven [6]. Dopaminergic activation (D1) in the kidney is
in part responsible for the natriuresis observed with lower
doses of dopamine in the setting of normotension. Renal
tubule cells also produce dopamine, which activates a Na–K
ATPase and enhances natriuresis. This is augmented by local
vasodilation. So while I admit that dopamine may increase
urine flow, there is no evidence that administration of
dopamine in the setting of renal failure or insufficiency will
prevent progression or reverse the ongoing acute kidney
injury [6].

With regard to epinephrine and the induction of renal
injury, the best protection for the kidney is adequate cardiac
output. Epinephrine does not and should not replace ade-
quate volume replacement, but should additional inotropy be
needed to maintain sufficient cardiac output, epinephrine
does not produce direct renal injury.

CON With dopamine, you can still titrate the effect you want
based on the dose you choose. At doses <10 mcg/kg/min the
drug is primarily a beta adrenergic agonist and at doses above
that it becomes an alpha-adrenergic agent. That is convenient.
You only need one drug.

PRO Although that is true, I would argue it is true for both
agents. With the administration of either exogenous dopa-
mine or epinephrine, adrenergic receptors are activated.
Importantly, for both catecholamines, beta responses pre-
dominate at lower doses and alpha at higher doses (dopa-
mine >10 ug/kg/min, epinephrine >0.05 ug/kg/min). As
doses increase and alpha responses predominate, organ
perfusion is diminished.

In fact, epinephrine is a downstream product of the meta-
bolism of dopamine. In the adrenal medulla and with periph-
eral secretion, dopamine is converted to norepinephrine.
A portion of that norepinephrine is further modified to create
epinephrine. In the past, epinephrine has been utilized as a
second-line agent for the treatment of hypotension in sepsis.
Both epinephrine and dopamine act via beta-1 receptors to
increase cAMP. The increase in cAMP leads to increased
intracellular availability of calcium, resulting in positive ino-
tropy and chronotropy.

Loss of vasomotor tone can occur in sepsis, requiring the
use of an intravenous vasoconstricting agent. Although
high-dose dopamine is effective, new evidence shows
low-dose vasopressin would be a better choice [1]. Vaso-
pressin does not cause tachycardia and can result in the ability
to decrease the dose of other medications, such as epinephrine.

CON Isn’t dopamine less injurious to cardiac muscle cells?
That would be an important reason to choose it over
epinephrine.

PRO At doses that produce an equivalent pharmacologic
effect, all adrenergic agonists are cardiotoxic. All of them.
Dopamine is no better than epinephrine and no worse [7].

CON OK. What if the infusion extravasates? Dopamine will
not cause as much tissue damage as will epinephrine. That is
a real advantage [8].

PRO It would be an advantage if it were true. Extravasation
of dopamine and epinephrine are both bad. Both can cause
extensive soft tissue injury and both should ideally be
infused in a central line, but in an emergency, both can be
infused peripherally until a central access is established.
Care should be taken to directly visualize and frequently
check the peripheral infusion site for any signs of extrava-
sation or infiltration [8]. Good try.

Summary

The choice of vasoactive medications in the setting of sepsis
or systemic inflammation is an important one. Although
there is no real “right” answer, the neuroendocrine impact of
dopamine administration is an important consideration.
Although outcomes are not well established in randomized
controlled trials, the preclinical science is powerful. When
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making this decision, one should consider the potential
negative impact of dopamine on neurocognitive develop-
ment in the infant through thyroid hormone suppression and
on the immune system in all ages through depression of
prolactin levels.
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45Which Is Safer: A Traditional Epidural
or a Combined Spinal Epidural?

Juan Davila-Velazquez and Jeffrey Bernstein

Case

A 32-year-old primigravida at 5-cm dilatation, with regular
contractions and intact membranes, is admitted to the labor
floor in active labor. She is obese [body mass index
(BMI) 41] and has a Mallampati Class III airway. The rest of
her medical history is unremarkable. After addressing her
questions and concerns and signing consent, you perform a
traditional epidural with loss of resistance to air, 6 cm from
the skin. Aspiration and test dose are negative. The epidural
catheter is loaded with 10 ml bupivacaine, 0.125 %, and
fentanyl, 50 µ(mu)g. Patient-controlled epidural analgesia
with both continuous and demand dosing is initiated before
you leave the room.

Thirty minutes later, the nurse calls and informs you that
the patient is still reporting moderate to severe pain during
her contractions. You decide to load the epidural catheter
with an additional 5 ml of a stronger concentration of
bupivacaine (0.25 %). Fifteen minutes after the top-up, you
return to the labor room. As per the nurse, cervical dilatation
is unchanged. The patient still looks uncomfortable, and
after your assessment, you realize there is no discernible
sensory or motor block. You explain to the patient that the
epidural catheter appears not to be working and should be
replaced. The patient agrees.

It is 6 p.m., and the overnight resident is here to relieve
you. After excusing yourself, you meet the senior night float
resident in the on-call room. Explaining what has just hap-
pened; the resident interrupts you and says, “This has just
taken too long. Poor lady! You should have done a com-
bined spinal epidural (CSE) from the beginning.”

Question

Compared to a traditional epidural, is a combined spinal
epidural technique more reliable and safer?

PRO Acceptance of the CSE technique among certain
practitioners has been slow because of the concern that an
epidural catheter placed after administration of an intrathecal
anesthetic is untested and unreliable. This is especially evi-
dent if the epidural needs to be activated soon after placement
(*1 h) for an emergent cesarean section. When a catheter is
placed utilizing the traditional technique, we must wait
20 min after the loading dose to assess whether it is working.
If the patient remains uncomfortable and the initial sensory
block is not what was anticipated, most practitioners will err
on the side of manipulating or redosing the catheter with a
higher concentration and reassessing 20 min later. By the
time the patient agrees to a replacement and a new catheter is
placed and loaded, an hour has elapsed. This is no difference
in the time it takes the initial sensory block achieved with a
standard subarachnoid CSE dose [2.5 mg bupivacaine and
10–15 µ(mu)g fentanyl] to resolve or wear off. Thus, the time
during which the catheters remain untested is similar,
regardless of the technique utilized for placement. Ulti-
mately, it is our vigilance and clinical suspicion that will help
us identify which catheters are likely to fail.

CON If a CSE technique is used and the patient requires an
emergency cesarean delivery, the untested epidural anes-
thetic can be patchy, one-sided, or not work at all. This puts
the patient, newborn, and anesthesiologist at risk should a
general anesthetic be required for a true emergency. If a CSE
is performed with 2.5 mg of bupivacaine and 10–15 µ(mu)g
of fentanyl, the patient will be comfortable for an hour, and
at best you can reliably test for intravascular placement
without truly knowing the risk of dosing an inadvertent
intrathecal catheter. After placement of a pure epidural
catheter, it should not take more than 20 min to determine
whether your catheter is properly placed.
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By performing a dural puncture with a 25-, 26-, or
27-gauge needle you increase the risk of a headache, which
is of primary concern because of patient dissatisfaction and
lawsuits. By penetrating the dura, which serves as a pro-
tective barrier, you create a channel through which infectious
agents can reach the CNS, increasing the possibility of
meningitis. I agree that a CSE provides more reliable initial
analgesia than an epidural. But I feel safer knowing I have a
reliable working catheter should an emergency arise.

PRO I agree that albeit small, there is increased morbidity
when a CSE is performed. Nonetheless, if passing a 27-G
pencil-point needle with its 1 % chance of spinal headache
helps an anesthesiologist confirm location of the epidural
space, such a risk is justifiable. A 1 % incidence of
post-dural puncture headache (PDPH) is smaller than that
incurred if you continue to advance and pierce the dura
unintentionally with the epidural needle. Furthermore, the
consequences of a spinal headache are far less detrimental
than those that may complicate the replacement of an
epidural catheter (bleeding, infection, nerve damage). Thus,
when faced with the predicament of passing a spinal needle
and confirming it with the visualization of CSF, or threading
a catheter after a “suspicious” loss of resistance, it is
preferable to pass the spinal needle. In fact, seeing CSF
removes some of the subjectivity from the procedure. It is
not surprising that a growing amount of evidence shows that
there is a lower rate of catheter replacement and a higher rate
of successful catheter activation for cesarean sections after a
CSE [1, 2]. Safety is not compromised but rather enhanced
with a CSE technique.

CON What if it is a dry tap (you are really in the epidural
space but there is no CSF)?

When placing an epidural, if I encounter a loss of resis-
tance but I am not sure that I have entered the epidural space,
I pull it out and start again rather than advancing my needle

or puncturing the dura unnecessarily with a spinal needle.
Even if you have CSF confirmation, it does not guarantee
that the epidural catheter will function appropriately should
the need arise. The advantage of a CSE is that in some
patients, it is hypothesized that the communication channel
created allows for the diffusion of local anesthetic from the
epidural into the spinal canal, thus providing better sacral
analgesia.

Summary

The advantages of the combined spinal epidural technique
are that it provides faster analgesia and better sacral cover-
age. The disadvantages are that it comes at the expense of a
small increase in the risk of PDPH and meningitis. Which
catheter is more reliable, one placed during a CSE or during
a traditional epidural, is a subject of much debate. Beside the
technique or approach used for catheter placement, there are
probably other factors that will ultimately affect catheter
safety. How experienced the anesthesiologist is with either
technique and his/her ability to detect and replace subopti-
mal or non-working catheters are difficult to measure, yet
critical factors. In other words, the CSE or the epidural is
only as good as the anesthesiologist performing and
managing it.
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46When Should a Patient Undergoing Dilation
and Evacuation of Products of Gestation Be
Intubated?

Barbara Orlando, Agnes McNamara Lamon, and Migdalia Saloum

Case

A 32-year-old G4P0030 at 22 weeks is seen by her obste-
trician for moderate vaginal bleeding that began 2 days ago
upon returning from a trip to the Bahamas. She explains that
this morning after breakfast, she experienced severe
cramping and worsening bleeding. She is worried because
“I’ve already lost 3 babies and I really want a child.”

Unfortunately, after examining her, no fetal heart tones
are found, and the ultrasound confirms the suspected diag-
nosis of an incomplete abortion. Because the bleeding is
quite heavy, the obstetrician decides to have her emergently
admitted to the hospital. He recommends a dilation and
evacuation (D & E).

The patient is extremely upset. When the anesthesiology
resident arrives, the first thing the patient utters is, “I want to
go to sleep! I cannot deal with another dead baby.”

Upon examination, she is hemodynamically stable, but
pale. Besides the previous spontaneous miscarriages for
which workups were negative, the patient is healthy, obese
[body mass index (BMI) 30.8], and has no allergies. Her
airway is a Mallampati class III and she had a full breakfast

at 8 a.m. It is now 3:15 p.m. The anesthesiology attending
arrives as the patient is signing the consent for general
anesthesia only. She refuses neuraxial or regional blocks,
even though the resident explained the risks of general
anesthesia in a patient considered to have a “full stomach.”

Question

Should all patients undergoing a D & E be intubated?

PRO: As the anesthesiology attending introduces himself to
the patient, he realizes how upset she is. Anxiety and stress
in the context of 3 previous miscarriages seem to be an
adequate reason to choose general anesthesia.

CON: The resident does not agree and expresses her con-
cerns about a potential difficult airway. She recently read a
retrospective study from the UK, finding that failed intuba-
tion occurred in 1/224 pregnant patients with Mallampati
scores > I [1]. She then suggests to the attending, “Maybe
we could just do deep sedation. It should be a short case and
the patient is almost 8 h away from her last food intake. To
be on the safe side, we could ask the obstetrician to wait 45
more minutes!”

PRO: The attending replies, “Well, I am familiar with this
study and it also shows that obstetric patients are at a higher
risk for aspiration” [1]. Even if gastric emptying has recently
been shown to be normal during pregnancy, this risk is still
increased because of decreased pressure at the lower eso-
phageal sphincter [2]. Sedation without protecting her air-
way would put her at an increased risk for aspiration even if
she was NPO, because she is in her second trimester, obese,
and very anxious, which further delays gastric emptying.
I would not administer deep sedation; I would definitely
intubate the trachea. This patient is to be considered “full
stomach” regardless of her last intake.

The attending adds that the patient has been crying a lot,
and she was throwing up as the resident was setting up the
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room. He continues, as the resident is shaking her head,
“Maybe if she was <20 weeks gestation and had a normal
BMI, I would consider sedating her.”

CON: The resident does not seem convinced by her
attending’s arguments. For her, the potential difficult airway
combined with the aspiration risk seem a relative con-
traindication to general anesthesia. As for the patient’s
anxiety, she says, “I would rather do a spinal and comfort
her through the whole procedure than having to deal with an
aspiration risk or worse! In addition, would it allow closure
if she was able to hold the baby? What do you think?”

PRO: “You bring up an interesting point. The British Journal
of Medicine published an article in 2013 that showed that
womenwho had a vaginal delivery of a stillborn andwere able
to hold their child had a lower incidence of post-traumatic
stress disorder later in life [3]. However, those were cases of
intrauterine fetal demise (IUFD) where the mother was
hemodynamically stable. I understood from her obstetrician
that she has already lost*800 cc! Shemight become severely
hypotensive when you create a sympathetic block with the
spinal! I feel it is really safer to have this patient asleep with a
controlled airway from the beginning, especially if we antic-
ipate further bleeding and the need for a transfusion.”

CON: The resident thinks for a minute then replies, “We
could do an epidural and slowly titrate the level to avoid a
sudden sympathectomy?”

PRO: “But what if the patient goes into disseminated
intravascular coagulation (DIC) and you need to start a
massive transfusion protocol? This patient is actively
bleeding! Do you want to have an awake patient who you
might have to intubate emergently? It is safer to control the
airway when you are in a relatively stable situation as
opposed to a crash intubation! You do know that the risk of
DIC is increased when the fetus dies at a relative advanced
gestational age, and this patient is in her late second trime-
ster” [4, 5].

Summary

The obstetric patient has always been a source of anxiety for
anesthesiologists because of the potential for immediate,
severe, and sometimes even fatal complications. The
increased Mallampati score [6], airway edema and friability,
decreased oxygen reserve (lower functional residual capac-
ity), and increased aspiration risk combine to create a recipe
for disaster. No anesthesiologist wants to find themselves in
the “cannot intubate, cannot ventilate” situation. Deep
sedation is clearly not a prudent option in a pregnant patient

since the airway may be lost when mild sedation leads to
deep sedation or general anesthesia without a protected air-
way. Additionally, increased gastric contents leading to a
higher risk of aspiration (“full stomach”) should be pre-
sumed in all patients with severe GERD or obesity, and
pregnant patients likely after week 12, but certainly after
16 weeks of gestation [3, 7]. The American Society of
Anesthesiologists (ASA) recently reviewed, in conjunction
with the American Congress of Obstetricians and Gynecol-
ogists (ACOG), the statement on non-obstetric surgery
during pregnancy, but it did not include any specific rec-
ommendations on intubation of pregnant patients.

This leaves the anesthesiologist with the anesthetic
options of neuraxial anesthesia vs general anesthesia with an
endotracheal tube.

Other complications seen with incomplete abortions and
intrauterine fetal demise are blood loss and disseminated
intravascular coagulation. Determining the hemodynamic
stability of the patient is critical. An otherwise healthy,
young patient may be able to compensate for a large blood
loss until hemodynamic collapse. Monitoring vital signs,
accurately estimating ongoing blood loss, and being thor-
oughly prepared to resuscitate the patient cannot be over-
stated. It is essential that a hemodynamically unstable patient
or one that is at risk to require aggressive resuscitation
should have a definitive protected airway. A parturient with
a closed cervix, no blood loss that is experiencing an IUFD
or uncomplicated incomplete abortion might be offered
regional anesthesia.
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47Two Blood Patches Have Failed. Now What?

Alexander Sinofsky and Arthur Atchabahian

Case

I was not thrilled when the newest patient requested an
epidural at the end of my shift on the obstetrics floor. To put
it nicely, her anatomy promised it would be a technically
challenging procedure—there were no palpable landmarks to
speak of on her back. After my Tuohy needle hit bone for a
fifth time, I called the supervising anesthesiologist covering
obstetric anesthesia that day to provide assistance and moral
support. He struggled for several minutes before his needle
seemed to find a promising spot. And as he advanced the
needle a touch more, his persistence was rewarded with a
steady stream of cerebrospinal fluid. A “wet tap”—the
attending and I stared at each other. He quickly removed the
epidural catheter from the tray and threaded it through the
needle into the intrathecal space.

Ultimately, we left the catheter in place and did not
attempt an epidural at another level. The attending stepped
into the hallway as I counseled the patient on the strong
possibility of developing a headache, reportedly 50–70 %
[1].

“Well, what are we going to do now?” I called after my
supervising anesthesiologist.

Looking over his shoulder as I caught up, he answered,
“There isn’t much to do right now—we just have to wait.”

I wasn’t convinced this was the best course of action.

Question

What should the initial treatment of a post-dural puncture
headache (PDPH) be? Does timing matter?

PRO: The attending explained outside, “One of the most
widely used initial treatments for known wet tap is inserting
the epidural catheter intrathecally with possible conversion
to continuous spinal anesthesia. Previous data were incon-
clusive, but a recent study demonstrated that insertion of an
intrathecal catheter reduced the risk of PDPH compared to
placing an epidural catheter elsewhere” [2].

CON: I didn’t like the idea of threading anything into the
intrathecal space, given the risk of infection and the possi-
bility of someone unwittingly administering a dose of
medication intended for an epidural.

I proposed an alternative, “There may be some efficacy in
performing a blood patch prior development of symptoms.
A recent study concluded that performing a prophylactic
blood patch at a different interspace reduced the incidence of
post-dural puncture headache” [3].

PRO: “Typically, we wait a day or two after a wet tap when
a patient develops a headache to offer a blood patch. Pre-
vious literature has shown very little difference between
prophylactic blood patches and sham procedures. Addi-
tionally, blood patches were known to fail at a much higher
rate if given in the first 48 h after dural puncture [1],” the
supervising anesthesiologist said.

CON: “Well, using the onset of the headache as a trigger for
an epidural blood patch (EBP) can be complicated as well.
Although uncommon, the onset of intense headache imme-
diately or on the same day as dural puncture is most likely
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pneumocephalus—the injection of air into the subarachnoid
or subdural space. This headache can be almost indistin-
guishable from PDPH, although it typically resolves within
several days. In contrast, PDPH is more often seen 24–48 h
after dural puncture and can last much longer than
pneumocephalus.”

As the on-call supervising anesthesiologist left the
obstetrics ward, I took a quick detour to an office to search
for articles. I was reminded that a blood patch is believed to
work by sealing the dural leak with blood clot, thus
increasing both intracranial and intraspinal pressure toward
normal, relieving the vasodilation that may cause the
headache.

I was surprised by how conflicting the evidence was
regarding prophylactic blood patches. Some studies,
including meta-analyses, concluded that prophylactic EBP
(PEBP) demonstrated a significant reduction in PDPH inci-
dence, while others showed no benefit. According to a
focused review by Agerson et al., the available data suggest
that PEBP does not reduce PDPH incidence after dural
puncture, but may reduce intensity and duration of symp-
toms [4]. This reinforced what I already had been taught:
There just didn’t seem to be sufficient evidence to draw
reliable conclusions about the benefit of PEBP.

As for the idea that epidural blood patches have higher
failure rates if administered early, there were some results to
suggest increased failure of therapeutic blood patches given
within 24 and 48 h after dural puncture. Yet, these studies
seemed to have many confounding variables: needle size and
type, the surgical procedure, sex, and age. I also considered a
concession: PDPH is known to have a variable course that
can last from days to weeks. Some patients may have full
resolution of their symptoms within the first 48 h and thus
could avoid having to undergo a blood patch if we would
just wait.

Two days later, I was back on the obstetrics floor with a
different supervising anesthesiologist. The intrathecal
catheter had been accidentally removed on the first day, and
the patient was complaining of an intense headache while
sitting up or standing, which was relieved when she lay flat.
She had no other neurologic symptoms. I went to grab the
new supervising anesthesiologist on call to offer a thera-
peutic epidural blood patch (TEBP). The attending seemed
hesitant to offer the blood patch at that time.

Question

Should all patients with a post-dural puncture headache
receive an epidural blood patch?

PRO: Surprised by his reluctance, I said, “An epidural blood
patch is the only treatment for post-dural puncture headache

supported by evidence. It is as close to a sure thing as we
have.”

CON: “That’s questionable at best,” he continued, not
sounding very impressed. “Most recent studies have shown
that complete relief from post-dural puncture headaches is
actually much less common after blood patch than we think.
One study of accidental dural puncture in 100 obstetric
patients found complete headache relief after EBP in only
50 % of patients; a different study by Paech et al. showed
permanent cure in only 22 % [5]. Furthermore, PDPHs tend
to resolve by themselves in days to weeks regardless, so
even those patients with resolution of symptoms after TEBP
may just have had spontaneous resolution. There have also
been case reports of scarring in the epidural space after blood
patch, rendering future epidural anesthesia patchy and inef-
fective [6]. Also, there are case reports of delayed radicular
pain from large injections of blood [7]. We should treat most
of these patients with expectant, conservative
management….”

PRO: “There is almost no evidence at all in support of
‘conservative management’: hydration, bed rest, and adju-
vant medications. A Cochrane review concluded that bed
rest and fluid supplementation is not effective in relieving
PDPH symptoms [8]. In different studies, gabapentin and
hydrocortisone did decrease pain scores over placebo, but
only for up to 96 and 48 h after intervention, respectively.
Both of these studies were limited by small sample size and
short follow-up time [9]. And the role for agents such as
sumatriptan and ACTH remains unclear, as studies thus far
have not yielded significant results.”

I knew that PDPH had a course varying from days to
weeks (or even years), but withholding treatment while a
patient suffers was unacceptable to me.

CON: “Well, there are studies of caffeine that show it may
help lower the incidence of headache, but is not effective at
treating symptoms. Analgesics such as NSAIDs, acet-
aminophen, and opioids may have a role in symptomatic
relief, but have not been shown to prevent or reduce the
duration of headaches.” It didn’t sound like this senior
attending really wanted conservative management. His point
was merely that TEBP was an invasive procedure and its
effectiveness was questionable; it was wrong to offer a
treatment just for the sake of doing something. Transient
back pain after the procedure is common [1], meningeal
symptoms have been reported, and case reports have asso-
ciated TEBP with subdural hematomas.

Concession from CON: He concluded, “I’m not opposed
to offering TEBPs, but it is not the right treatment for every
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patient. It may be best suited for the treatment of severe
cases where there are signs of traction on the cranial nerves
like diplopia and tinnitus, or the severity of the headache has
forced the patient to be bedbound. Additionally, a promising
alternative to EBPs is sphenopalatine ganglion block
(SPGB), a much less invasive intervention. In early data,
69 % of 32 obstetrics patients with PDPH had resolution of
their headaches after SPGB without needing an EBP” [10].

Although the patient did not have any other neurologic
sequela of dural puncture, the attending soon relented and
we performed a therapeutic epidural blood patch at the
bedside. I was pleased when I returned an hour later to find
the patient smiling and sitting up in bed. I was convinced we
were successful, and the patient was discharged home.

Yet, when I called the patient 2 days later, her headache
had returned. Now, I was really unsure of what to do. I went
to speak with the new on-call supervising anesthesiologist to
determine whether we should offer a second blood patch.

Question

After an unsuccessful therapeutic epidural blood patch,
should a second blood patch be offered?

PRO: “I think we need to repeat a TEBP today—the
patient’s symptoms are back and exactly as they were 2 days
ago. I’m just not sure what went wrong; we waited 48 h after
dural puncture and injected 20 mL of blood,” I said.

CON: “The data on performing a second TEBP are almost
nonexistent. There are no randomized controlled trials of
repeat blood patches. Many patients are discharged and lost
to follow-up before we see whether the first blood patch
even worked. There are some case reports of patients
requiring more than two blood patches for relief of their
PDPH [11]—the third blood patch was performed under
computed tomography (CT) guidance to direct blood to the
site of CSF leakage. Explanations for failure of these blood
patches include inadequate volume, patching too early, and
presence of CSF in the epidural space. CSF may dilute or
have an anticoagulant effect that decreases the success of
EBPs” [12].

PRO: “The usefulness of repeat EBPs is not well estab-
lished. Most practitioners will offer a second patch, but are
hesitant to do more than two if that fails. A recent survey of
North American practitioners reported that nearly 75 % of
responders would perform a second TEBP. If the second one
fails, or the patient develops neurologic sequela, nearly 90 %
of responders would obtain neurologic consultation and
additional imaging” [13].

Summary

Epidural blood patch following inadvertent dural puncture
has been considered the “standard of care.” A recent survey
of North American practices reported that more than 90 % of
patients with PDPH are treated with EBP [13]. Before the
procedure was performed, physicians quoted success rates of
greater than 90 % to their patients [12], although recent
investigations have shown the success rate of EBP to be
much lower. EBP as it is performed now is likely not the
gold standard we need to eliminate PDPHs. We need to
investigate more solutions to this complication that can
result from any epidural anesthetic. In the meantime, we can
continue to use epidural blood patches as a valuable treat-
ment in a very limited armamentarium against post-dural
puncture headaches.
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48Should a Spinal Be Used for Surgical
Anesthesia After a Failed Labor Epidural?

Antonio Gonzalez Fiol and Suzanne K.W. Mankowitz

Case

The obstetrical team (OB) calls the anesthesia resident to
inform him that one of the laboring patients will have a
cesarean delivery for failure to progress. The anesthesia
resident calls his attending: “I am calling to discuss our
24-year-old G1P0 parturient in labor room 8 who will be
having a cesarean delivery for failure to progress. The
patient’s medical history is significant only for obesity. She
denies any surgeries in the past. Her airway examination
reveals a Mallampati 3, with good mouth opening, normal
thyromental distance, full range of motion, and a short, thick
neck. We placed her epidural this morning, and I have been
asked to give additional medication (top-up) three times
since then.

The patient’s epidural catheter is bolused with 15 mL of
2 % lidocaine in divided doses. Fifteen minutes later, the
patient has a right-sided blockade to T10 and a left-sided
block to L1 by pin prick. The anesthesia resident approaches
the two anesthesia attendings on the labor floor and asks
them how to proceed. The resident suggests quickly doing a
low-dose spinal.

Question

Should a spinal be used for surgical anesthesia for cesarean
delivery after a failed labor epidural?

Attending: I wish that you had informed me that you gave
numerous boluses to this patient. An increased number of
epidural top-ups are associated with epidural anesthesia
block failure at cesarean delivery [1]. Before we commit to a
plan, have you manipulated the catheter in an attempt to
improve the quality of the block? Simple catheter manipu-
lation, such as pulling the catheter back 1 cm, can lead to
successful epidural anesthesia. In fact, this intervention may
lead to successful epidural anesthesia in greater than 80 % of
cases in which there is an initially inadequate surgical block
[2].

Resident: I noticed the level to be one-sided after I gave
10 mL of 2 % lidocaine. I pulled back the catheter 1 cm and
gave an additional 5 mL. After 15 min, the block remains
one-sided. Perhaps a low-dose spinal might work in this
case.

Attending: You seem pretty sure about this “low-dose
spinal.” Why do you think this is our best anesthetic option?

Resident (PRO): A spinal technique offers a quick onset
blockade and a dense block. This avoids the “patchy” or
unilateral block that is sometimes associated with an
epidural, as we are experiencing here. Spinals are a far more
reliable technique for cesarean delivery with fewer intraop-
erative failures and less intraoperative pain [3]. I have seen
other anesthesiologists routinely remove the epidural cathe-
ter without even attempting to use it for a cesarean delivery;
they prefer to place a single-shot spinal. Kinsella [3] and
Visser et al. [4] are two authors who have published the
literature in favor of this practice.
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Attending (CON): Simply removing a labor epidural
catheter and performing a spinal is different from what you
are proposing here. Remember, our case is different because
we already bolused the epidural with 15 cc of local anes-
thetic. I think that it would be a bad idea to place a spinal
after an epidural bolus, because this could lead to a high or
total spinal [5]. Can you imagine having your birth experi-
ence destroyed by apnea and intubation? I absolutely forbid
you to do this on my watch. Kinsella et al found that there is
a significantly greater likelihood for a high spinal in patients
who had this procedure performed after already receiving an
epidural bolus for cesarean delivery, 7/71 versus 1/68 [3].
However, be aware that high spinals have also occurred even
in the absence of a recent epidural bolus. The Serious
Complication Repository project (SCORE) found that spinal
anesthesia after failed labor epidural represented 27 % of the
total high neuraxial blocks secondary to epidural or spinal
techniques (excluding unrecognized intrathecal catheters
during labor or at the time of cesarean delivery). Obesity
accounted for 41 % of those total high neuraxial techniques
[6]. Thus, I prefer not to do a single-shot spinal after
epidural.

Questions

What is considered low-dose spinal anesthesia? Is it 10 mg
of bupivacaine, 7.5 mg, or even less than that? How can you
know how much to use, particularly in this case where we
already have quite a lot of local anesthetic in the epidural
space?

PRO: You have some excellent questions. We do not really
know what dose to use. However, looking here at my iPad, I
found one article in which a reduced spinal dose was used,
between 7.5 mg and 11.3 mg (median 9.38) of 0.75 %
hyperbaric bupivacaine with 15–25 mcg of fentanyl. This
dose led to zero high spinals in 115 parturients who had a
spinal anesthetic after epidural analgesia. No boluses were
administered for 30 min prior to spinal placement and the
patients remained sitting for 2 min after the neuraxial block
[7]. I also found a second study that reported no increased
incidence of high or total spinal after labor analgesia com-
pared to de novo spinals, when spinals are placed after labor
analgesia without bolusing the epidural catheter for cesarean
delivery. In this second study, 128 women were adminis-
tered 1.5–3 mL of hyperbaric or isobaric 0.5 % bupivacaine
with or without 1–3 mcg of sufentanil [4]. Thus, I concur
with these authors that a 20 % reduction in spinal dose is a
reasonable plan after a labor epidural that has not been
recently bolused [7].

CON: Good luck trying to explain to the surgeon why you
are going to delay his case for an additional 2 min after
doing your spinal! That is a long time, especially if the baby
is already having late decelerations, or worse. I think that we
really just do not know what dose to use. You must also take
into consideration how much volume is in the epidural space
from a continuous infusion or bolus. This volume in the
epidural space can lead to extension of a spinal blockade [5,
7]. Complicating the situation, remember that this patient has
a Mallampati score of 3, which is associated with an inci-
dence of difficult direct laryngoscopy that is eight times
higher [8]. We cannot change the body mass index or airway
of our patients, but we can modify our anesthetic technique
to provide the safest alternative using evidence-based med-
icine. Therefore, I would advocate a low-dose spinal only as
part of a combined spinal-epidural so that the block could be
extended as necessary. This particular patient has two risk
factors for a high or total spinal: (1) obesity and (2) a failed
labor epidural that was bolused less than 30 min before the
cesarean delivery. Hence, I would recommend the placement
of an epidural and slow titration of the local anesthetic until a
surgical level is obtained. It is important to take into con-
sideration the fact that at this point there is a risk of reaching
toxic levels of the local anesthetic in question [9]. The
authors recommend the use of chloroprocaine-2, 3 % to
obtain a surgical level. This would allow a fast evaluation of
the level of anesthesia and avoid reaching toxic levels of
lidocaine.

Regional anesthesia (epidural, spinal, or combined
spinal-epidural) remains the preferred anesthetic technique
for the management of urgent/elective cesarean delivery.
General anesthesia (GETA) is usually reserved for emer-
gency cesarean delivery, when there is a contraindication for
neuraxial anesthesia or in some instances when neuraxial
anesthesia fails. GETA carries risks of pulmonary aspiration,
difficult airway, a “can’t intubate, can’t ventilate” situation,
neonatal depression, and/or maternal recall. It is critical to
remember that the parturient has particularly friable airway
mucosa and an increased incidence of difficult airway, even
compared to the same patient when she is not pregnant.

It is important to recognize factors that could possibly
lead to a situation in which epidural analgesia cannot be used
as an anesthetic for cesarean delivery. Some of those risk
factors include: the need for multiple top-ups, an urgent
cesarean delivery, and training of the anesthesiologist
(non-obstetric anesthesia specialist) [1]. The replacement of
a poorly functioning labor epidural is the best way to prevent
a failed epidural catheter in the event that the patient should
end up needing a cesarean delivery. Although spinal anes-
thesia after an epidural catheter bolus is an acceptable
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technique, it should be done with great caution and recog-
nition that a high or total spinal could occur, albeit infre-
quently. Lowering the spinal dose could adversely impact
duration of the spinal blockade or result in block failure.
Replacement of the original labor epidural with a combined
spinal epidural (CSE) or a de novo epidural is other options.
A CSE is a good option because it might be more reliable
and have a faster onset with better anesthesia than a stan-
dalone epidural. Again, however, the best dose for the spinal
component of this technique remains unknown, particularly
after a bolus is administered. The decision of which tech-
nique to perform when faced with a parturient needing an
emergency cesarean delivery, who presents with a failed
labor epidural, is a difficult one. The patient’s risk factors for
a total high spinal (i.e., obesity, bolus <30 min ago) must be
taken into consideration. Each option has benefits and risks,
and the final plan must be tailored to each patient.
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49Accidental Dural Puncture: Should
an Intrathecal Catheter Be Threaded?

Katherine Chuy and Shruthima Thangada

Case

It was a late night on the obstetrics floor. I was the resident
on call, overseeing the management of 7 epidurals in
laboring patients. Just as I was about to lay my head down in
the call room, I received a call from the nurse, who told me
that a patient being admitted was asking to speak with me
about an epidural. I looked over her chart and saw that she
was a healthy 32-year-old female giving birth to her second
child. She had 1 uncomplicated pregnancy in the past and no
previous miscarriages or abortions. When I met the patient in
the labor room, the obstetrics resident informed me she was
6 cm dilated and would likely deliver that evening.

After reviewing the case with my attending and deter-
mining that the patient had no contraindications for an
epidural placement, I prepared for the procedure while my
attending supervised me. Everything was going smoothly as
I slowly advanced the 10-cm, 18-G Tuohy epidural needle.
Suddenly, however, with the next advancement, a gush of
fluid started filling the syringe attached to the needle. With
my hands still on the needle and the patient’s back, I shook
my head in disappointment and looked at my attending.
I had accidentally punctured the dura once before, and I felt
discouraged with this second blunder during my obstetric
anesthesia rotation. Still not used to making quick decisions,
I froze as cerebrospinal fluid (CSF) rushed into the syringe.

“Should I take the epidural out and place it at another
level?” I whispered to my attending. This is what I did the
last time with a different attending.

“You could,” he said. “Or you could just thread the
epidural catheter.”

What? I thought. I’ve never heard of such a thing. At the
same time, here is a chance to do something new. Following
my attending’s step-by-step instructions, I threaded the
catheter and injected a small amount of local anesthetic.
Within moments, the patient was much more comfortable.
I confirmed good bilateral pain relief up to the T7 level and
ensured she did not have any signs of a high spinal. I labeled
the catheter with a bright red sticker, informing everyone on
the medical staff that this was a spinal catheter, not an
epidural catheter. I hooked the catheter up to a medication
pump, slowly infusing the local anesthetic at a low, constant
rate. The patient did well, ultimately giving birth several
hours later.

I later sat down with my attending to discuss this case.
I recognized the accidental dural puncture immediately and
understood that we did not want to leave the needle in place
with CSF leaking, because that would increase the risk of
post-dural puncture headache (PDPH). The harder part for
me was quickly making a decision about how to rectify the
situation. I suggested doing what I was familiar with:
removing the needle and reinserting it at another level. But
this was residency. I had to expose myself to different
schools of thought as well as critically analyze and deter-
mine alternatives when the initial anesthetic plan did not
play out as expected.

Question

An accidental dural puncture (ADP) during an epidural
placement increases the chance of PDPH. Should we thread
the epidural catheter into the intrathecal space when this
occurs, or reintroduce the epidural at a new interspace? Does
threading the catheter reduce the risk of PDPH?

CON (Resident): I understand that puncturing the dura
exposes a patient to the risk of PDPH caused by decreased
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pressure as CSF leaks through the dural tear. This causes
CSF volume loss and intracranial hypotension. It can be
caused by a spinal or combined spinal/epidural procedure, if
we intend for the dura to be punctured. If the dura is
punctured during an epidural placement, however, it’s
referred to as ADP or “wet tap.” Epidural needles have
larger bores (16 or 18 G) than spinal needles. Because they
are larger, ADP would increase the amount of CSF leak, thus
increasing the risk of PDPH [1].

If the dura were punctured during an epidural placement,
I would immediately recognize this by observing CSF
exiting through the needle. My approach, based on my
limited experience, would involve immediately taking the
needle out and reinserting it at another interspace. Hopefully,
my prompt response of removing the needle would prevent
too much CSF leakage, which could lead to PDPH. I would
keep a close eye on the patient for any symptoms that would
suggest PDPH, such as headache presenting in the occipital
or frontal regions, which is exacerbated by assuming an
upright position and relieved by lying down [2]. Once I
established that my newly placed epidural was working well,
I would manage it as I normally would. I would load the
epidural to establish a good sensory level, and then I would
set an appropriate infusion rate to maintain adequate anal-
gesia. I would report to the nurse and team taking care of the
patient so they are familiar with the plan of care.

PRO (Attending): You have some good points and a good
line of thinking. Although nobody wants to accidentally
puncture the dura during an epidural needle placement, it
happens to the best of us. According to some published
reports, the rate of ADP varies from 0.19 to 6.6 %. Of the
patients affected, PDPH can occur in 50–70 %, so it’s not
insignificant [1]. The question then turns to what you should
do when you recognize ADP during an epidural attempt.
One option, as you mentioned, is removing the epidural
needle and restarting the procedure in a new interspace. The
second option is threading the epidural catheter intrathecally
to continue with spinal analgesia. You are still giving anal-
gesia as you would with an adequately placed epidural, but
studies have suggested that threading the catheter after ADP
can help decrease the chances of PDPH. The third and fourth
options, both less likely in this case, are to give a single-shot
spinal dose through the epidural needle or to abandon the
procedure entirely [3]. We won’t go into the last 2 options in
this discussion.

There are some benefits to immediately threading the
epidural catheter intrathecally. For one, this obviates the
need to retry the epidural, which can expose the patient to
another ADP and place them at even higher risk of PDPH if
the needle punctures the dura a second time. Once a catheter
is placed intrathecally, it can be dosed appropriately with
local anesthetics and opioids to provide rapid and effective

labor analgesia, anesthesia for operative delivery, or for
other procedures where neuraxial anesthesia is beneficial.

Secondly, some studies have suggested a decreased
incidence of PDPH when the spinal catheter is threaded
during ADP. One recent meta-analysis showed a risk ratio
for PDPH after spinal catheterization of 0.82. The laboring
patients in this study with ADP, who had a catheter in place
for at least 24 hours, had a reduced incidence of PDPH
compared to those who had an epidural attempted at another
location (42 vs. 62 %, odds ratio = 2.3) [1]. Another study
also showed that the group who had an intrathecal catheter
placed for at least 24 hours also had a decreased PDPH
incidence of 6.2 % [4]. While these studies seem promising,
they also have limitations. Additionally, a recent
meta-analysis analyzed 9 studies on parturients and con-
cluded that the incidence of PDPH was reduced, but not
significantly, by intrathecal catheters after ADP [5].

So, while recent studies have been conflicting, we ulti-
mately want to do what we can to reduce the chance of
PDPH—an unpleasant experience for patients; it can hinder
ambulation and prolong the hospital stay [4]. It is at least
worth considering the option of threading an intrathecal
catheter after ADP, as there seem to be suggestions that it
can help decrease the incidence of PDPH and, at least, avoid
another epidural attempt.

Question

Does threading a catheter decrease the need for an epidural
blood patch (EBP)? What about a prophylactic EBP?

CON (Resident): OK, I understand that some studies sug-
gest that threading the catheter decreases the chance of
getting PDPH, but patients who get a spinal catheter can still
get PDPH. In the event that they do develop this compli-
cation, there are options we can choose to manage it, such as
conservative treatment like intravenous hydration and bed
rest. Ultimately, if these do not work, I would recommend
doing EBP, which has a pretty high success rate. If studies
are not conclusive that a spinal catheter will decrease the
incidence of PDPH, I don’t quite see the benefit of threading
the catheter, particularly if I’m quite confident I can insert it
successfully the second time around. If it comes to the point
where the patient gets PDPH, I will manage it accordingly,
even if it means performing an EBP.

PRO (Attending): I understand that you are getting into
your comfort zone. I do want to challenge you, though, to at
least be able to assess your options, and know why and how
you come to your decisions. To be able to perform epidurals
quickly, safely, and successfully is great. Remember,
though, performing an EBP is also not always benign—it
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comes with the same risks as performing an epidural. If our
goal is to provide a safe way to manage pain and decrease
side effects, complications, and risks, I want you to at least
consider that a continuous spinal anesthetic is also an option
if we do not want to risk another ADP. In addition to what I
mentioned earlier about analyses suggesting a decreased
incidence of PDPH, studies have also suggested a lower
incidence of patients needing a therapeutic EBP with
intrathecal catheters compared to patients who received
another attempted epidural [4, 5]. However, other studies
have suggested no statistical difference in EBP rates when
comparing spinal catheters to epidurals reinserted at another
location after ADP [1, 6].

Conservative treatment such as hydration and bed rest has
not been shown to be very effective at treating PDPH [1].
Thus, if threading the epidural catheter intrathecally at the
time of ADP can possibly help prevent PDPH and decrease
the chance of needing EBP, my opinion is that this would be
an option worth considering. Performing EBP has its own
risks, so it seems to me that a spinal catheter may be a better
choice than reintroducing the epidural at a new interspace in
that it can provide quick, adequate pain relief and possibly
prevent a higher risk of PDPH and the need for EBP.

Question

We have to be so careful with the dosing in these catheters.
Are they worth the risk if other people taking care of the
patient are not familiar with the epidural?

CON (Resident): There appears to be a lot of risk with
these catheters, especially on a busy obstetrics floor where
there is a lot of turnover among residents and medical staff.
Giving a large dose and causing a high spinal despite cor-
rectly labeling the catheter and giving adequate turnover
instructions would be a devastating error. I would rather not
take this chance. I would rather know that if my patient
ended up having PDPH, there are several different man-
agement options available, even if it means performing a
therapeutic EBP.

PRO (Attending): The placement of a spinal catheter
indeed poses risks if it is not managed correctly. Thus, only
those trained to manage these catheters should be involved
in their placement. There must be clear labeling that they are
intrathecal catheters. I’m glad you recognize the concerns
surrounding this procedure and other aspects of its man-
agement that might make it risky in the hospital setting.
I hope that this discussion at least allows you to broaden
your scope of options when ADP occurs. I would encourage
you to continue reading literature that comes out on this.

While the information I have mentioned points toward cer-
tain possible benefits of spinal catheters, remember that
much of the literature are meta-analyses, or observational
and retrospective studies. We have yet to see a large-scale,
prospective, randomized control study on this topic, mainly
because the rates of ADP and PDPH are low, and such
studies would require a significant length of time, many
patients, and many participating medical centers in order to
get results that are statistically significant.

Summary

Interestingly, 1 study investigated injecting intrathecal
morphine with short-term spinal catheterization (i.e., less
than 24 hours), as a means of preventing PDPH in
non-obstetric surgery [3]. In their case series, 11 of 686 adult
patients undergoing pelvic/lower limb surgery with plans for
a combined spinal/epidural procedure received a continuous
spinal catheter following an ADP. At the end of surgery,
intrathecal morphine and hyperbaric bupivacaine were
given. There were no reports of any morphine side effects
(nausea, vomiting, pruritus, respiratory depression, or uri-
nary retention), symptoms of PDPH, paresthesias, fever, or
signs of infection upon daily follow-up for 7–10 days after
surgery. According to this study, it is perhaps the intrathecal
opioids that helped decrease the incidence of PDPH and thus
the need for EBP after ADP with spinal catheterization [3].

More large, multicenter, prospective randomized control
trials have to be done to determine what exactly can help
prevent PDPH and decrease the need for therapeutic EBP
after ADP. Current studies suggest the benefit of threading
an epidural catheter intrathecally to prevent PDPH and
decrease the need for EBP, but results vary.

Inserting a spinal catheter after ADP can lead to imme-
diate pain relief and decreases the need to reintroduce the
epidural at another site; some studies suggest that it may also
help reduce the risk of PDPH and EBP. Ultimately, the
decision to thread a spinal catheter depends on the anes-
thesiologist’s comfort and on the team that will be managing
the catheter thereafter.
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50Should Intraoperative Cell Salvage Be Used
During Cesarean Delivery?

Alaeldin A. Darwich and Sharon E. Abramovitz

Case

A 32-year-old woman, G3P2, at 38-week gestation pre-
sented to triage with vaginal bleeding. She had two previous
cesarean sections: the first for breech presentation and the
second at her request, both of which were complicated by
uterine atony and postpartum hemorrhage. She received a
blood transfusion, but did not recall the amount or type of
blood products administered.

The patient was scheduled for repeat cesarean section in
8 days. She was hemodynamically stable, but the obstetri-
cian suspected mild placental abruption and he wanted to
proceed with cesarean section urgently.

You are the obstetric anesthesiologist covering the labor
and delivery unit. With a high risk of bleeding in this case,
you contact the blood bank to assure that blood is available
before proceeding to the operating room. Your colleague,
who came to start his shift and take over labor and delivery,
called the anesthesia technician to set up the cell salvage
machine. You are in complete disagreement with your col-
league about using intraoperative cell salvage (IOCS) during
cesarean section.

Obstetric hemorrhage is the leading cause of maternal
mortality worldwide. In the USA, hemorrhage was the cause
of 11.3 % of all pregnancy-related deaths in 2011 [1].
Pregnancy-related transfusion accounts for up to 6 % of the
total quantity of red blood cells transfused in developed
countries. In the USA, this is equivalent to approximately
830,000 units of red cells transfused annually secondary to
obstetrics-related anemia and hemorrhage [2].

The practice of intraoperative blood salvage has increased
substantially during the last two decades during surgeries

where large volumes of blood loss are anticipated. Allo-
geneic blood transfusions are certainly beneficial in specific
situations, but this practice is also associated with many risks
and side effects including postoperative infection, acute lung
injury, perioperative myocardial infarction, and low cardiac
output failure. The rate of allogeneic blood transfusion and
its associated risks and costs has decreased with the use of
IOCS. There is strong evidence for the use of intraoperative
cell salvage in cardiac and orthopedic surgery, but there are
concerns about its use in obstetrics [3].

Question

Should intraoperative cell salvage be used during cesarean
section? If so, what are the safety concerns and economic
benefits of IOCS?

Risk of Iatrogenic Amniotic Fluid Embolism

CON: Using IOCS in the obstetrical setting is not a safe
practice due to the risk of contamination with amniotic fluid
and fetal cells, and re-administration of the shed blood can
trigger an iatrogenic amniotic fluid embolism (AFE). Par-
turients are different from general surgery patients.

PRO: This is a theoretical concern. The presence of fetal
cells and amniotic fluid in the maternal blood has been
regarded as a marker of AFE, but both components are
present in the maternal blood even when AFE does not
develop.

Intraoperatively, two suctions can be utilized: one to
remove the initial blood that is rich in amniotic fluid and the
other for subsequent bleeding. The suctioned maternal blood
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is mixed with anticoagulant and then filtered, washed, cen-
trifuged, suspended in saline, and re-administered to the
patient. This process will remove multiple contaminants of
shed blood, which include free hemoglobin, anticoagulant,
inflammatory mediators, cellular debris, and amniotic fluid.
When leukocyte depletion filtration is used after washing,
the salvaged blood product will be comparable to the cir-
culating maternal [4].

Clinical experience with about 400 case reports supports
the use of IOCS. With this technology, maternal blood
contaminated with amniotic fluid has been re-administered
to the mother after washing without the development of
amniotic fluid embolism.

CON: IOCS has been used in obstetric hemorrhage. But
there are no randomized controlled trials that exist to support
the safety of blood salvage in obstetrics and the supporting
data that do exist are based only on case reports. AFE can be
a life-threatening complication.

PRO: AFE is a rare event with an incidence of 1–12 cases
per 100,000 deliveries [5]. A study to prove the safety of
blood salvage in OB would require a huge sample, which
would be impractical and very expensive. The available data
show that there is currently no reported case of AFE asso-
ciated with the use of cell salvage in obstetrics. As anes-
thesiologists, we use off-label drugs and devices and adopt
practices without definite support from data. For example,
we add fentanyl and/or morphine to local anesthetics when
performing spinal and epidural anesthesia, which is an
off-label use of these drugs.

The etiology of AFE is not clear. The pathophysiology of
AFE is considered to be similar to anaphylactic- or
endotoxin-mediated shock rather than an embolic event.
Therefore, AFE could occur regardless of the presence of
fetal tissue or blood in the maternal circulation [6].

Rh-Immunization

CON: What about concerns for Rh-immunization? Cell
salvage cannot distinguish maternal blood from fetal blood.
In a parturient who is Rh-negative, there is a risk of
Rh-immunization if the fetus is Rh-positive.

PRO: This should not be of great concern. All Rh-negative
parturients receive anti-D immunoglobulin after delivery.
A Kleihauer test should be performed in the immediate

postpartum period to calculate the appropriate dose of anti-D
immunoglobulin.

Risks of Allogenic Blood Transfusion

CON: There is hesitation in using IOCS, particularly since
the blood bank is available 24 h per day. In elective cesarean
sections with a high risk of postpartum hemorrhage, such as
known placenta accreta, there is time to alert the blood bank
and prepare for massive hemorrhage. In emergency situa-
tions, O-negative blood is available in the labor and delivery
unit for immediate use, and the massive transfusion protocol
can be activated. Why is cell salvage advantageous over the
blood bank supply?

PRO: Allogeneic blood transfusion is not without adverse
effects. Traditionally, blood transfusion-related adverse
effects have focused on infectious complications. These risks
are extremely rare due to pre-donation testing and screening.
However, when multiple units are transfused, this risk is
increased substantially. The risk of having any type of
infection is about 1:30,000 after exposure to 1 unit of blood
and is dose-dependent. After ten units of blood, the patient’s
risk increases to 1:3000 [4].

A more commonly recognized risk is transfusion-related
acute lung injury (TRALI), which is indistinguishable from
acute respiratory distress syndrome (ARDS) and has an
incidence of 1:12,000 transfused units.

Transfusion-associated circulatory overload (TACO)
occurs in 1–6 % of transfused patients and may be seen in
young patients after transfusion of as little as 1 unit of RBCs
[7].

Immunomodulation is a unique concern after blood
transfusion, especially in the younger patient. Short- and
long-term effects include nosocomial infection, postopera-
tive infection, and cancer recurrence [8].

A systematic review and meta-analysis of health
care-associated infections after RBC transfusion found that a
restrictive transfusion strategy might lower the incidence of
health care-associated serious infection [9].

The aim of cell salvage is to reduce the need for allo-
geneic blood transfusion and its associated risks. If a patient
is a Jehovah’s Witness or has a rare blood group or anti-
bodies, this blood saving technique is readily available. Cell
salvage is acceptable to some Jehovah’s Witnesses who
refuse allogenic blood transfusion, provided that blood
remains in continuity with their circulation.
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Question

Is the use of cell salvage in the obstetric setting
cost-effective?

CON: The majority of cases of postpartum hemorrhage have
no known risk factors, and predicting who would benefit
from cell salvage is difficult. In order for cell salvage to be
beneficial, it should be available at all times, especially
during emergency situations. Emergency cesarean sections
have been shown to be associated with more hemorrhage
than scheduled cesarean sections, and utilization of cell
salvage is most needed in this situation [10]. A 24-h service
with experienced personnel to initiate the cell salvage when
needed will mandate additional costs, manpower, and
training.

PRO: The cost-effectiveness of cell salvage in obstetrics
may depend on the facility’s case volume, risks, and the
volume of blood loss for each case. Financial and education
investments in such technology would be beneficial in
high-volume tertiary obstetric units with high-risk parturi-
ents. In such settings, cell salvage can be cost-effective
compared with allogenic blood transfusion [10].

Postpartum hemorrhage is notorious for unpredictability,
and blood loss is usually underestimated. With the increase
of uterine blood flow at full term, which may reach 700–
900 mL/min, large amounts of blood can be lost in minutes.
One way to minimize cost and to be ready for transfusion is
to set up the cell salvage machine in “stand-by mode,” which
is using only the collecting system. When sufficient blood is
collected, the processing components can then be utilized
[11].

CON: One of the goals of using IOCS in obstetrics is to
eliminate or minimize the use of allogeneic blood. The
available data show that the median salvaged blood trans-
fused does not exceed two units, and the percentage of
women who avoided allogeneic blood transfusion is 28.5 %.
However, it is unknown whether these data will support
IOCS to reduce the use of blood bank supply [12].

PRO: The available data are based on studies with small
sample sizes, and the groups were not homogenous. The
starting hemoglobin was not the same, and transfusion
guidelines and thresholds were different. A randomized
control study to establish the efficacy of IOCS on the blood
bank would require about 4500 patients to detect a 33 %
reduction in allogeneic blood usage. Despite the lack of data,
the American College of Obstetrics and Gynecology rec-
ommends the use of IOCS in women when massive hem-
orrhage is anticipated [12]. Also the American Society of
Anesthesiologists recommends its use in cases of intractable

hemorrhage when banked blood is not available or the
patient refuses [13]. Similarly in the UK, several official
scientific bodies recommend the use of IOCS in specific
circumstances.

A multicenter randomized controlled trial of IOCS use
during cesarean section conducted in the UK was scheduled
to end in April 2015. This trial recruited 3050 participants to
determine whether routine use of IOCS during cesarean
section will reduce the need for blood bank transfusion in
comparison with the current practice. Such a large study will
hopefully answer questions about efficacy of IOCS usage
and concerns about adverse effects [14].

Summary

Intraoperative cell salvage is a blood conservation technique
with the main goal of reducing the use of banked blood and
its associated risks. The use of IOCS in the obstetrical setting
was limited initially by concerns for risks of AFE and
Rh-immunization. To date, there are about 400 case reports
describing the safe use of IOCS to manage postpartum
hemorrhage. There are no proven cases of AFE after IOCS
reported in the literature. Medical societies in the USA and
UK are endorsing its use to manage postpartum hemorrhage
(PPH). Randomized controlled trials are needed to show its
effectiveness and the impact on the supply of allogeneic
blood.
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51Should Damage Control or Traditional
Resuscitation Be Used for Abnormal
Placentation Cases?

Anna Korban, Antonio Gonzalez Fiol, and Stephanie R. Goodman

Case

A healthy 25-year-old G3P2002 patient at 38-week gestation
was referred to the high-risk obstetric anesthesia service due
to the presence of abnormal placentation. Her past surgical
history included 2 previous cesarean deliveries. The ultra-
sound examination was suspicious for a complete anterior
placenta previa with multiple placental lakes, which looked
even more likely after magnetic resonance imaging (MRI).

One day prior to the scheduled cesarean delivery, the
team discussed the anesthetic plan. The resident told the
attending that she read about damage control resuscitation
for a presentation, and asked, “Do we have any evidence to
support the use of this transfusion strategy for severe
obstetric hemorrhage?”

Question

Should damage control or traditional resuscitation be used
for abnormal placentation cases (expected or unexpected)?

PRO: Your attending explained, “You are correct that early
coagulopathy, specifically enhanced fibrinolysis, is not
exclusive to trauma and is also a known problem in
obstetrical hemorrhage [1]. Some authors refer to the normal
coagulation changes at the end of pregnancy (increase of
several clotting factors and anticoagulants, and a decrease in
fibrinolytic activity) as a low-grade compensated dissemi-
nated intravascular coagulation (DIC). It is not uncommon to
see DIC develop in patients with placental abruption,
amniotic fluid embolism (AFE), or hemorrhagic shock [1].
That being said, it is important to respond to severe hem-
orrhage quickly, not only by replacing packed red blood
cells (PRBCs) but also considering that a rapid consumption
of coagulation factors (i.e., DIC) might follow.”

CON: A second attending, known for being more conser-
vative, retorts, “I think that we do not have enough evidence
to support the use of damage control resuscitation (PRBCs to
fresh frozen plasma [FFP] to platelets 1:1:1) in obstetrical
patients compared to traditional resuscitation (PRBCs to FFP
to platelets 3:1:1 after 10 U PRBCs). The damage control
strategy has been shown to be effective only in trauma
patients. Rheologically speaking, parturients are known to
be in a hypercoagulable state [2] and obstetric hemorrhage is
not necessarily the same as traumatic hemorrhage. Why
would parturients need early or aggressive replacement of
their coagulation factors?”

PRO: “I would like you to see this review article by Gallos
et al. [3]. They cite several studies showing that trauma
patients who received a 1:1 PRBC:plasma ratio had less
coagulopathy and improved survival. Most importantly, just
as I mentioned before, they stress the relationship between
the early coagulopathy and DIC associated with severe
hemorrhage, which is what we expect in a patient with a
placenta accreta. In addition, they shares their positive
experience (personal and institutional) with using a 1:1:1
strategy when managing patients with known abnormal
placentation.”
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CON: “After your explanation of the coagulation changes
during pregnancy, this makes sense physiologically, but
where is the evidence?! Plenty of ideas in the history of
medicine have seemed great on paper, but studies have
proven them false.”

PRO: “I agree with you that we do not have a lot of liter-
ature to support using a 1:1 ratio of PRBCs to FFP in
treating postpartum hemorrhage (PPH). What is proven,
though, is the importance of fibrinogen and its early
replacement during resuscitation. Here, let’s quickly review
this article I have. Charbit et al. [1] collected blood from 128
parturients the moment administration of prostaglandin E2
was deemed necessary, typically after first-line maneuvers
(manual exploration/massage of the uterus and administra-
tion of oxytocin) failed to control excessive bleeding. The
blood was collected at 0, 1, 2, 4, and 24 h. From all of the
many laboratory values measured, (PT, PTT, INR, fibrino-
gen, Factor II and Factor V, D-dimer, antithrombin, protein
C, thrombin-antithrombin [TAT] and plasmin-antiplasmin
[PAP] complexes, soluble fibrin, euglobin lysis time and
soluble thrombomodulin), multivariate analysis showed that
fibrinogen was the only factor independently associated with
progression to severe hemorrhage (defined as peripartum
decrease of hemoglobin by 4 g/dL or more; transfusion of at
least 4 units of PRBCs, the need for hemostatic intervention
such as embolization, surgical vascular ligation, or total
hysterectomy, or death). Fibrinogen levels of less than 2 g/L
at time zero had a 100 % positive predictive value for severe
hemorrhage, which strongly suggests that fibrinogen levels
should be maintained above 2 g/L during massive hemor-
rhage. Early administration of FFP (damage control trans-
fusion) is of the utmost importance in order to avoid
progression to severe hemorrhage. As you can see, in tra-
ditional resuscitation, FFP would not be given until after 10
units of PRBCs, and fibrinogen would not be replaced until
much too late!”

CON: “There is no way to tell from this study design if the
low fibrinogen levels were the cause or a consequence of
the bleeding. FFP isn’t a great way to replace fibrinogen
anyway—it only contains 2 g/L, which means that large
volumes of FFP would be needed to achieve this goal.
Cryoprecipitate has a much higher fibrinogen concentration
(388 mg/Unit), but also poses higher risks of immune and
transfusion reactions [4]. Is the benefit worth the risk of
exposing patients to the volume and risk of infection and
allergic reaction? Aiming to correct hypofibrinogenemia
with FFP might result in transfusion-acquired circulatory-
overload (TACO).”

PRO: “How about fibrinogen concentrate? The volume is
low, and it is processed to decrease the risk of infection.

“Early administration of fibrinogen concentrate for treat-
ment of PPH was addressed in a recently published ran-
domized controlled trial by Wikkelso et al. [5].
Unfortunately, their liberal use of tranexamic acid in both
study groups, inability to include patients with massive and
rapid bleeding, and the fact that only 2 % of the enrolled
patients had a fibrinogen level <2 g/L limit the generaliz-
ability of this study. The majority of their patients would
have been categorized as low risk for severe hemorrhage
according to Charbit et al. [1] (fibrinogen of >4 g/L). I do
admit that I am waiting for better evidence before incorpo-
rating fibrinogen concentrate into my practice, though.”

CON: “Should we send STAT blood work and direct our
management to maintaining a fibrinogen level >2 g/L?”

PRO: “Waiting for blood work results such as a fibrinogen
level or coagulation profile could result in delayed admin-
istration of blood products. Although clinical judgment is
important, in massive hemorrhage, there isn’t time to play
catch-up. Protocols can assist with ‘staying ahead’ once a
massive hemorrhage situation has been declared, keeping a
balance between replacement of oxygen-carrying PRBCs
and replenishment of important coagulation factors. In our
institution, per our request, cryoprecipitate is in the second
box of blood products sent with activation of the obstetric
massive transfusion protocol (MTP). In contrast, in the
trauma MTP, cryoprecipitate is not transfused until after the
fourth box of products.

“Some institutions use point-of-care thromboelastography
devices such as the ROTEM®, TEG®, or FIBTEM® for
guiding hemorrhage treatment. Although not a ‘real-time’
result, thromboelastography comes close, detecting the
strength of clot formation in approximately 10 min. This test
can also help with early detection of abnormal fibrinolysis
and its response to therapy [2].”

CON: “It makes sense then to use more yellow products
early in a case of obstetrical hemorrhage. But why not also
use an anti-fibrinolytic drug such as tranexamic acid, as you
mentioned in the study by Wikkelso et al. [5]? I can get it
from the cardiac room and we can use it in the case
tomorrow.”

PRO: “The data, in terms of safety and efficacy of tranex-
amic acid in cases of PPH, are not clear and more work is
needed before making a practice-changing decision. The
CRASH-2 trial demonstrated that the use of tranexamic acid
reduced mortality in trauma patients with no increase in
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thromboembolic events [6]. On the other hand, the obstetric
literature is inconclusive (mainly as a result of a lack of
well-designed studies) in terms of its routine use during
elective or urgent cesarean deliveries or for PPH manage-
ment. There is an ongoing trial looking into the efficiency of
tranexamic acid for obstetric hemorrhage (WOMEN trial)
[6].”

CON: “OK. I overheard the nursing staff saying that we
were going to be using cell salvage during this delivery.
I thought that the use of cell salvage was a relative con-
traindication in patients with obstetric hemorrhage due to the
risk of AFE?”

PRO: “The use of cell salvage was restricted out of fear of
exposing the maternal circulation to amniotic fluid and fetal
material, which were believed to be triggers of AFE. We
now understand, however, that AFE is not an embolic
phenomenon but a rare, severe anaphylactoid reaction and
that the presence of amniotic fluid and fetal material in the
maternal circulation is not uncommon. The use of cell sal-
vage has been reported in hundreds of obstetric hemorrhage
cases without causing iatrogenic AFE [3]. Caution should be
used as there are some case reports in which hypotension has
been associated with the use of cell salvage during cesarean
delivery. Despite these reports, cell salvage is commonly
used in many institutions in patients with known or highly
suspected abnormal placentation. In fact, the use of cell
salvage is recommended by the American College of
Obstetricians and Gynecologists for such patients [7].”

Summary

Postpartum hemorrhage remains one of the leading causes of
maternal morbidity and mortality [2]. Recently, we have
seen an increase in the literature describing low fibrinogen

levels related to severe hemorrhage. Yet it still remains
unclear whether this is the cause of, or merely associated
with, the bleeding [4]. Given the association between this
coagulation factor and PPH, it is not surprising that many
obstetric anesthesiologists have adopted the damage control
transfusion strategy that has normally been reserved for
trauma patients. Not only have we provided early avail-
ability and transfusion of FFP, but have we modified this
strategy as well in order to better suit our obstetric patients’
needs.

In our institution, the obstetric MTP (Table 51.1) uses
cryoprecipitate early, which is aimed at restoring fibrinogen
levels as aggressively as possible. It is reasonable to consider
that in the near future, we might replace fibrinogen with
fibrinogen concentrate. Even though the FIB-PPH trial (fib-
rinogen concentrate) by Wikkelso et al. [5] showed no effi-
cacy from pre-treatment with fibrinogen concentrate in PPH,
we still think that the use of this drug and tranexamic acid
might become part of our pharmacologic therapy for PPH.

The management of PPH is an enormous task that
requires a multidisciplinary approach involving physicians,
nurses, and the blood bank, among others. The primary goal
of this approach is early recognition and aggressive man-
agement of patients at risk of, or suffering from, PPH. There
is even a nationwide movement toward the creation and
implementation of protocols aimed at decreasing the mor-
bidity and mortality associated with severe PPH. This is
exemplified by the creation of the Obstetric Hemorrhage
Care Guidelines and Hemorrhage Tool kits by the California
Maternal Quality Care Collaborative Task Force (https://
www.cmqcc.org) and the recent study by Shields et al. [8].
The key elements of these protocols are the early identifi-
cation of patients at risk and the creation of algorithms for
early and aggressive intervention for patients suffering from
antepartum, intrapartum, or postpartum hemorrhage.
Recognition of the primary cause of hemorrhage (i.e., atony,
laceration of the uterus or vaginal canal, accreta) is of the

Table 51.1 OB massive
transfusion protocol (MTP)

Step #1: Activation of OB MTP (packs released 15 min apart)
Pack #1

PRBCs 5 units of type-specific or 5 O neg

Thawed plasma 5 units type-specific, or compatible

SDP 1 unit type- and Rh-specific or RH neg

Step #2: After 15 min retrieve Pack #2

PRBCs 5 units of type-specific or 5 O neg

Thawed plasma 5 units type-specific, or compatible

Cryoprecipitate 5 units cryo pooled

Step #3: After 15 min retrieve Pack #3 (same as pack #1)

Step #4: After 15 min retrieve Pack #4 (same as pack #2)

15 min after step #4: Repeat steps 1 through 4 until MTP is discontinued
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utmost importance because if bleeding persists, replacement
of blood products only temporizes and does not fix the true
problem.
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52Managing the Noncompliant HIV-Positive
Mother: A PRO/CON Debate

Simon Kim and Corey S. Scher

Case

It was another busy night at the hospital when around
10 p.m., a disheveled, unkempt young woman walked in
from the rain. While the patient was oriented to name and
place, and was able to tell us that she was pregnant, she also
remained confused, somewhat somnolent, and altered,
making me question the reliability of her medical history.

With regard to the history, the obstetrics (OB) team had
no better luck. On manual examination, the residents noted
her amniotic sac was still intact, but she was having active
contractions on the monitor.

As the patient was being taken care of by the OB team, I
went to go check up on some of the labs that were sent. She
had active human immunodeficiency virus (HIV) with a
CD4+ count of 20 cells/mm3 and a large detectable viral load
of >1000 copies/mL. My mind raced for an answer to the
endless possibilities of what could explain her diminished
mental capacity: Primary lymphoma, toxoplasmosis, cere-
bral abscess? Kaposi’s with cerebral involvement? HIV
encephalitis or HIV-associated dementia? Other infectious
causes [i.e., herpes simplex virus (HSV) encephalitis]? Or
could this be substance-related? Did she ever have a workup
in the past, and was she ever on antiretroviral
(ARV) therapy?

Question

What is the HIV management protocol for a pregnant patient
with a CD4 count of 20 and a large detectable viral load
(>1000 counts/mm3) and diminished mental capacity? What
drug therapy would be appropriate?

The obstetrics resident, known to cite the American
College of Obstetricians and Gynecologists (ACOG)
guidelines religiously, reaffirmed the fact that it was imper-
ative to identify and treat pregnant women for HIV and to
provide appropriate prophylaxis to the newborn in the first
hours of life. “Generally, the same regimen recommended
for non-pregnant adults is used in pregnant women, unless
known adverse effects outweigh the benefits to the woman,
fetus, or infant. While it is unclear whether or not the patient
was ever on anti-retroviral therapy in the past, the mother
needs to be started on zidovudine (ZDV), given her HIV
status, especially since it appears that she is near delivery.”

PRO: It is important to prevent further progression of the
disease in the mother as well as vertical transmission to the
fetus. “A retrospective review of HIV-exposed infants in
New York state showed a transmission rate of approximately
10 % when zidovudine (ZDV) prophylaxis was begun
intrapartum or given to newborns within 48 hours of life; no
significant reduction of neonatal transmission if therapy
was started after 3 days of life” [1].

CON: I interposed, “What about resistance testing for HIV?
What if she had a similar episode of active HIV in the past,
and was previously treated with ZDV? In the setting of
potential ZDV resistance, should ZDV still be given?”

I recalled that the National Institutes of Health (NIH) pro-
vides detailed recommendations for use of antiretroviral drugs
(ARVs) in HIV-infectedmothers; their guidelines are reviewed
and updated frequently. I decided to take another look to see
when resistance testing is warranted—if HIV RNA is above
threshold (i.e., >500–1000 copies/mL) [2]. However, while the
NIH provides detailed guidelines for HIV pregnant patients
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with known ARV status, our patient is unable to provide any
reliable history. Hence, for this patient who was likely ARV
naïve or who may have lacked compliance if ever treated with
ARVs in the past, immediate therapy and prophylaxis should be
initiated without waiting for results of resistance testing [2].

Optimal prophylaxis in drug-resistant HIV pregnant
patients is unknown; it is important to consult a pediatric
acquired immunodeficiency syndrome (AIDS) specialist for
optimizing therapy in an infant, especially when weighing
the risks of side effects (i.e., risk of teratogenicity with
efavirenz). However, the NIH states ZDV should still be
given intravenously regardless of ZDV resistance given its
demonstrated benefits even in the face of resistance [2].

The patient was given ZDV. The OB team decided to
page the AIDS pediatric consult to assist in optimizing ART
therapy (i.e., 3 regimen HIV drug therapy).

The next question came up in my mind: given her HIV
status, should the infant be delivered via cesarian or vaginal
delivery? It seemed logical to me that a cesarean delivery
would be the way to go to prevent vertical transmission from
exposure to the high viral load in the blood or vaginal fluids.

PRO: I decided to do a quick search on the Internet, which
seemed to validate my thoughts. ACOG recommends
scheduling cesareans at 39 weeks in patients with a viral load
>1000 copies/mm3; in these patients, cesarean deliveries
performed before labor onset and ROM effectively reduce the
risk of vertical transmission [3]. On the other hand, when HIV
viral load <1000 copies/mL, the benefits of a cesarean deliv-
ery are not as clear in decreasing HIV vertical transmission.

Furthermore, ZDV alone reduced risk of vertical trans-
mission from 25 to 5–8 %; in combination with a scheduled
cesarean delivery, the risk is further reduced to 2 % [3].

CON: However, while the benefit to the newborn was clear,
what of the risk to the mother? I asked the OB attending, Dr.
S who was standing nearby, “Is there an increased risk of
mortality for the mother with a cesarian delivery?”

Concession from CON: Dr. S took a moment before he
replied, “While that is true, complication rates in most
studies of HIV-infected women undergoing cesarean deliv-
eries have been shown to be generally similar to
HIV-uninfected women [4].”

By repeat ultrasound, the gestational age of the fetus was
determined to be around 36 weeks. While scheduled cesarean
delivery at 38–39 weeks seemed to be the general consensus,
given that the patient was in active labor, it was decided to
schedule her for a cesarean within the next few hours.

Dr. S further added, “Even if a pregnant woman with HIV
has taken her ARVs throughout her pregnancy but continues
to have a viral load above 1000 copies/mL at 34 to
36 weeks, we still advise cesarean over vaginal delivery.”

I went to talk with the patient again to see if I had any
better luck this time figuring out any relevant history, only to
find out she had eaten recently before her C-section. The
American Society of Anesthesiologists (ASA) Guidelines
for Obstetrical Anesthesia recommend that patients undergo
a fasting period of 2 h for clear liquids and 6–8 h for solids
(depending on the fat content of the food) [5].

Question

Under the given circumstances regarding the patient’s
upcoming c-section, is a neuraxial technique or a general
anesthetic preferred?

PRO: Pregnant patients are considered to have a full stom-
ach given the physiological and anatomical changes of
pregnancy. With an additional oral intake of solids, there
may be a potential for an increased risk of aspiration with the
loss of airway reflexes associated with the induction of
general anesthesia. To minimize aspiration risk, a regional
technique may be a better alternative for anesthesia [5].

CON: This patient might not cooperate during a cesarean
delivery with a neuraxial anesthetic, due to her altered
mental status. A general anesthetic might be necessary to
ensure her safety during this surgical procedure. The risk of
aspiration pneumonitis may be decreased further with the
use of H2-blockers to decrease stomach acid.

As I examined the patient’s back, to my horror, I found an
old, worn out, flimsy epidural catheter loosely taped in place.
How in the world did she end up with this catheter for so
long? I attempted to remove it, only to find part of the tip
break off (unclear how much was left inside, or if there was
anything significant left) from the rest of what I could pull
out. Murphy’s Law was in full effect.

Great, just great, I thought to myself.
It was hard to tell whether or not the catheter itself was

infected. Blood cultures were immediately drawn and sent.
The patient was already started on broad-spectrum antibi-
otics given her immunocompromised status, fever, and
tachycardia by the primary OB team when she first pre-
sented. We ordered a computed tomography (CT) scan,
which did not show any signs of a broken catheter, nor any
significant lesions in the brain that may have served a con-
traindication to a neuraxial. When we finally decided to do
another epidural at a different level, Murphy’s Law contin-
ued to prove resilient as we punctured the epidural mem-
brane, causing the tip of the needle to go intrathecally, also
known as a “wet tap.”

Awesome job, I thought to myself sarcastically.
We decided to convert to a spinal instead, which went

more smoothly. We threaded the catheter intrathecally and
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achieved an excellent block with spinal dosing through the
catheter. With reassurance, the patient did well during the
cesarean under neuraxial anesthesia, and luckily her infant
was born with Apgar scores of 9 and 9, with no immediately
obvious medical issues.

At the end of the case, we gave an intrathecal dose of
preservative-free morphine and then removed the intrathecal
catheter. Although some authors suggest leaving an acci-
dental intrathecal catheter in situ for 24 h to decrease the risk
of post-dural puncture headache (PDPH), we thought that it
would be best for the patient to remove it, given the risk of
her leaving against medical advice. Unfortunately, 6 h later,
the patient began to exhibit classic signs of a PDPH. We
decided to start standard management of IV fluids, caffeine,
and analgesia, but the patient continued to indicate her
headache was not going away following the dural puncture.
Epidural saline relieved the headache temporarily, but the
effect was transient and patient was found to be experiencing
the headaches again.

Question

The question arose, would an autologous epidural blood
patch (EBP) be safe given her HIV-positive status?

CON: There is very little literature regarding HIV-positive
patients and autologous EBPs after a post-dural puncture.
Some major fears with use of autologous EBPs from a
HIV-seropositive patient are the potential enhancement of
HIV spread through the central nervous system (CNS),
masking of neurologic sequelae of the autologous EBP with
coexisting neurologic HIV complications, possible epidural
infection in the immunocompromised patient, and epidural
hematoma and HIV-associated coagulopathy.

PRO: While not many studies exist given the complexity
and scarcity of these patients, in 1 longitudinal study, 9 of
218 HIV-seropositive patients undergoing at least 1 diag-
nostic lumbar puncture (LP) required an EBP, all adminis-
tered between 5 and 13 days post-LP, for PDPH [6]. Of the
9 patients, 6 underwent serial longitudinal neuropsycholog-
ical evaluations over varying periods of time from 6 to
24 months. None were found to have declined in neu-
rocognitive performance or any other adverse neurologic or
infectious sequelae [6].

CON: However, the sample in the cited study included only
patients with no history of prior HIV-related nervous system

disease. Our patient may very well have HIV-related CNS
involvement. Furthermore, the risk of secondary infection in
the CSF as a result of an autologous EBP in an HIV-positive
patient seems unknown in the literature.

Concession from CON: Yes, our patient may have CNS
involvement, but HIV infection involves the CNS early in
the course of the disease regardless. Hence, it is highly
unlikely that an autologous EBP would be the initial CNS
exposure to HIV. Many HIV-induced neurologic disorders
(toxoplasmosis, CNS lymphoma, cryptococcal meningitis)
are secondary to the HIV-induced immunocompromised
state. It is true, however, that other HIV-induced neurologic
diseases such as AIDS dementia complex, HIV aseptic
meningitis, and vacuolar myelopathy may be attributable
directly to the HIV infection itself [6].

To treat a PDPH, one may also consider epidural saline or
dextran, but effects tend to be transient. Homologous EBPs
can also be considered, but a donor needs to be present.
Stored blood is anti-coagulated and therefore cannot be used
for EBP.

The patient continued to have a PDPH 24 h after con-
servative therapy. She was given an autologous EBP, and
her headache soon resolved.

I later overheard one of the nurses rush into the call room
the day after delivery with news that the patient was
nowhere to be found. The patient seemed to have left against
medical advice (AMA) and was never to be heard from
again. It was a sad story, one that seemed meant for the
books. And the rest is history… or so we thought.

The patient returned a year later, in acute distress, and due
to significant blood on her clothing, she was taken imme-
diately to the trauma bay.

After the initial ruckus, the staff got her quickly situated
in her room. How long was she like this? Was she actively
hemorrhaging? Back to the ABCs: Airway, check. Breath-
ing, check. Circulation? She looked a bit pale overall but
pressures remained stable after large bore IVs and fluid
boluses were initiated. Type and cross and blood was
ordered stat. The staff was doing a great job responding to
the acute situation. On examination, the patient was found to
have a retained placenta not yet delivered, and it was
unknown where her baby was or how long since the
delivery.

I began to think about the anesthetic plan for a patient
with a retained placenta, assuming most of the delivery
occurred outside the hospital. Should we give a regional
anesthetic, ketamine or general (inhalational?) anesthesia?
The patient was around 91 lb and her height 5 ft 2 in.
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Question

Furthermore, might she benefit from intravenous nitroglyc-
erine?

This could be a simple case of an undelivered versus a
retained placenta, although on ultrasound the obstetrics team
did not see any signs of an invasive placenta. Retained
placenta occurs in a very small percentage of vaginal
deliveries and necessitates manual exploration. The risk of
primary or secondary postpartum hemorrhage (PPH), uterine
inversion, and puerperal sepsis all increases with a retained
placenta. One also needs to be aware of drugs that may
contract the cervix, trapping the placenta.

Nitroglycerin could be used to assist placental delivery,
given that it relaxes the uterus and thus assists in manual
exploration and delivery of the placenta. However, given the
possibility the patient has been hemorrhaging given the
unknown details of her delivery, nitroglycerin (and regional
techniques) may increase hypotension via vasodilation. Keta-
mine, on theother hand,maybea better candidate given its rapid
onset, sympathomimetic effects and preferred hemodynamic
effects in the setting of PPH. Moreover, it is synergistic with
opiates in reducing pain. As a dissociative anesthetic, however,
it may cause hallucinations. In this patient, who has diminished
mental capacity, this combinationwith a dissociativemaymake
it more difficult to assess her neurologic function, and poten-
tially become a disaster in the case of a bad reaction.

General anesthesia may make manual exploration of her
uterus easier, given her neurologic status. In addition, an
inhalational anesthetic is rapidly acting with dose-dependent
relaxation (of the uterus).

The patient ended up receiving general anesthesia given
her altered mental status, along with 50–100 mcg nitro-
glycerin IV push q 1–2 min initially, with necessary
adjustments made as needed for desired clinical effect and
maternal hemodynamics. Fortunately, she remained hemo-
dynamically stable without the need to consider ketamine.

I’m happy to say, the placenta was successfully delivered.
Finally, I could breathe a sigh of relief.

Summary

In the treatment of the HIV-positive parturient, zidovudine
remains an important prophylactic drug regardless of
patient resistance. In an HIV-positive parturient, scheduled
cesarean delivery is recommended when the viral load is
greater than 1000 copies/mm3. The limited literature so far
suggests that in HIV-seropositive patients, an autologous
EBP for a PDPH refractory to conservative treatment may
be done without worsening of the patient’s neurologic
symptoms of HIV, although studies are currently limited.
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53At What Hematocrit Should a Patient Who is
Undergoing Craniotomy for Tumor be
Transfused?

Mark Burbridge

Case

A 67-year-old retired operating room nurse is scheduled for
craniotomy for tumor resection. The presumptive tissue
diagnosis is a renal cell carcinoma metastasis. The lesion
measures 3 cm by 2 cm, and imaging shows that the tumor
encases a segment of the middle cerebral artery. This will be
her third craniotomy in the last 3 years, all on the right side.
This unfortunate woman had a right radical nephrectomy,
and the left kidney has significant tumor burden. Her pre-
operative hematocrit is 25. She mentions that she received a
blood transfusion after coronary artery bypass graft (CABG)
surgery 15 years ago following a ST-segment elevation
myocardial infarction (STEMI) and ended up in the intensive
care unit (ICU) for 2 weeks with septic shock; she thinks
from contaminated blood products. She asks you what the
likelihood is of needing a blood transfusion, and she would
like to know what your transfusion strategy is because she
only wants to receive blood if it is absolutely necessary.

As you are about to tell her that there is an absolute lack
of evidence on the subject, she looks you in the eye and
states that she trusts you and knows you will do the right
thing. Shortly after induction, you call for blood to be
brought to the operating room due to the high potential for
surgical bleeding. One of the senior neuroanesthesiologists
in the department then enters the room and asks whether you
will use a liberal or restrictive transfusion strategy for blood
transfusion, and why.

Question

At what hematocrit should a patient who is undergoing
craniotomy for tumor be transfused?

PRO There are no published guidelines. The decision to
transfuse, and at what hematocrit is unknown. Therefore,
one must understand the physiology of cerebral bloodflow
and the risks and benefits of blood transfusion.

CON I agree that there are no published guidelines, but the
incredibly large variation in transfusion practice among
anesthesiologists for neurosurgery would indicate that there
is more to consider than simply the physiology of cerebral
bloodflow [1].

PRO The issue of whether or not to transfuse can be dis-
tilled down to cerebral oxygen delivery in the perioperative
period. What we know is that the relationship between
oxygen delivery and consumption in the human brain exists
in a precarious balance. The brain has a high oxygen
extraction ratio, and receives 15 % of cardiac output yet
consumes 20 % of total body oxygen. The brain has
essentially no energy reserve. We must ensure adequate
delivery of oxygen to the brain at all times or risk ischemia
or infarction. Complicating matters further, it is uncertain at
which point oxygen delivery will be compromised as
hematocrit falls [2], thereby justifying a higher transfusion
trigger. A liberal transfusion strategy is a nebulous term, but
would correspond to a hematocrit of approximately 30–
33 %. This patient has coronary artery disease, for which a
hematocrit above 30 % would be advised [2]. Similar to the
brain, the heart requires a constant supply of glucose and
oxygen and has limited energy stores, and the flow to this
patient’s heart is already compromised. Multiple risks of
significant and abrupt blood loss exist during this case,
including the location of the tumor next to a major blood
vessel, the fact that this is her third craniotomy in the same
area, and the fact that renal cell carcinoma metastases are
notoriously vascular tumors. This tumor has also not been
embolized preoperatively. Embolization could significantly
reduce intraoperative blood loss if she had been a good
candidate. Coupled with her low preoperative hemoglobin
and history of coronary artery disease, there are multiple
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reasons to maintain the hematocrit above 30 and to “stay
ahead” of the blood loss.

CON While you outlined some factors that must be con-
sidered in the decision to transfuse, let us not forget that
administration of blood is not a benign event. Blood should
only be given when absolutely necessary. In fact, this patient
has already suffered from a rare complication of blood
transfusion: bacterial contamination leading to septic shock.
It is obvious that this patient’s cardiac status is poor, and a
transfusion-related complication could worsen her cardiac
status further and increase the risk of death. Inadvertent
over-transfusion could impair oxygen delivery to her brain
due to increased blood viscosity [3]. This could actually be
more harmful than letting her hematocrit fall too low.
Over-transfusion will also lead to circulatory over-load,
which will place incredible stress on this woman’s heart,
which we know is already damaged from her STEMI. This
could precipitate an intraoperative MI. When you factor in
the additional, although rare, risks of transfusion-related
acute lung injury, hemolytic transfusion reactions, febrile
reactions, and ABO incompatibility and the risk of infectious
disease transmission, it becomes clear that blood must only
be given when the clinical scenario necessitates it. The
immunosuppression that is caused by any blood transfusion
must also be considered [2]. I am choosing to transfuse more
conservatively based on my continuous intraoperative eval-
uation of the patient’s physiology, the surgical success, and
the ongoing blood loss.

PRO Of course there is risk to transfusion of blood products,
but it has never been safer to transfuse. I personally think
that the risk associated with blood transfusion takes a back
seat to the need to supply enough oxygen to the brain. We
cannot let rare complications cloud our assessment of what
the patient needs in an operation that carries significant risk.
We could extend the argument that what we do can cause
rare or even theoretical complications also applies to the
choice of anesthetic agents. While some preliminary evi-
dence would suggest that general anesthetics also play an
immunosuppressive role [2], we do not eliminate these from
our anesthetic practice. The overriding principle is to provide
sound perioperative care to patients that gives them the
lowest morbidity and mortality.

CON My case is about to start in the other room, so I will
have to go in a few moments. One last point of discussion
must involve the use of blood conservation strategies. Have
any of these been employed in this case?

PRO While we can agree that the practice of permissive
hypotension has largely been abandoned, there are several
blood conservation strategies that have been investigated.
These include: acute normovolemic hemodilution, use of
antifibrinolytics such as tranexamic acid and aminocaproic
acid, autologous predonation, intraoperative cell salvage,
acute normovolemic hemodilution, and erythropoietin.
While these are theoretically attractive, the evidence cur-
rently does not support their routine use in craniotomy for
tumor [1].

Summary

In general, guidelines for blood transfusion practices for
anesthesiologists are lacking in neurosurgical patients. Evi-
dence shows that both anemia and blood transfusion are
associated with poor clinical outcomes [3]. There is essen-
tially no high-quality evidence to guide transfusion practice
for cases of craniotomy for tumor resection. The hetero-
geneity of patient presentation is the major reason. One study
found that the risk of transfusion for all patients having a
craniotomy for tumor resection was 1.4 % [2]. There are a
number of risk factors, however, that increase the likelihood
of transfusion. Meningiomas are the primary tumors with the
highest potential for blood loss, while renal cell carcinoma
metastases have the highest blood loss when considering
secondary tumors. Proximity to major vascular structures
must also be considered. Re-operation is, as with other
organs, a risk factor for increased potential for blood loss as
well. Patient factors that would increase the likelihood for
transfusion are numerous and include, but are not limited to,
coagulopathy and anemia [1]. Additionally, cardiovascular
comorbidities may also demand a higher than normal
hematocrit. Clearly, there is a need to have an understanding
of the patient’s health status, the characteristics of the tumor,
and the extent of the proposed operation. Of course, a dis-
cussion preoperatively with the surgeon to review the oper-
ative strategy and review the imaging is always good form.
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54Traumatic Brain Injury: Where Do We Stand
with Ketamine and Hyperventilation?

Corey S. Scher

Case

A 29-year-old man on his bicycle is hit by a taxi cab despite
being in a New York City designated bike lane. The rider
does not have a helmet on and sustains a left tibia/fibula
open fracture and a large bleeding scalp laceration. The first
responders place a neck collar on, start an intravenous line,
and call the trauma emergency department (ED) at Bellevue
Hospital to report their assessment at the site of the accident.
Above all, he is unconscious, with bilateral breath sounds,
strong pulses, and no apparent abdominal or chest trauma.
With a Glasgow Coma Scale score less than 8, the anes-
thesiologist is called to intubate the patient to both protect
his airway and initiate neuroresuscitation. Total body com-
puted tomography (CT) scan is consistent with the ortho-
pedic trauma discovered on examination and a traumatic
brain injury with a parietal subarachnoid hemorrhage and
midline shift. The Glasgow Coma Scale (GCS) looks at
traumatic brain injury within 48 h and describes the severity
(Table 54.1).

The anesthesiologist draws up ketamine for the intuba-
tion. Right away, a disagreement breaks out between the two
attending anesthesiologists who assume care of the airway
and venous access.

PRO Ketamine is the perfect drug for this intubation. If this
trauma patient is bleeding from a site that has not been
discovered yet, we are at risk for worsening hypotension. At
least with ketamine, the blood pressure will not precipitously
drop from the anesthetic. Above all, ketamine lowers
intracranial pressure (ICP). We thought that an increased
ICP was likely in this patient from the examination and
history, and we can confirm this by looking at the midline
shift on the CT scan.

CON Excuse me! Ketamine increases intracranial pressure!!
Additionally, I believe that in the trauma patient, cate-
cholamines are depleted and ketamine serves as a myocar-
dial depressant.

PRO Let me address the ketamine issue. Like you, I hear
from so many residents that ketamine increases ICP. It is
essential to examine the current literature: Cohen et al. [1]
developed a systematic search strategy and applied it to six
electronic reference databases. Studies, prospective and both
randomized and nonrandomized, looked at ketamine and
another intravenous anesthetic agent in patients who were
intubated [1]. A qualitative method was utilized to synthe-
size the study designs, populations of patients, outcomes,
and follow-up times, because these were dissimilar in each
study [1]. Of 4896 titles that were retrieved, ten studies met
the inclusion criteria, reporting data on 953 patients. Two of
eight studies reported small reductions in intracranial pres-
sure within 10 min of ketamine administration, and two
studies reported an increase. None of the studies reported
significant differences in cerebral perfusion pressure, neu-
rologic outcomes, ICU length of stay, or mortality [1].

In a second yet similar study, “The ketamine effect on
ICP in traumatic brain injury,” Zeller et al. [2] looked at
multiple databases, focusing on ketamine and intracranial
pressure as well as cerebral perfusion pressure: 101 adult and
55 pediatric patients were included, with no ICP increase
with ketamine administration. A significant decrease in ICP
with a ketamine bolus was seen in three studies. In two
studies, there was an actual increase in blood pressure and
cerebral perfusion pressure. This meant that there was
actually a decrease in the need for vasopressors in one study.
No significant adverse events related to ketamine were
noted. If you look at the study, the statistics were robust in
saying that ketamine lowers ICP, but not with any clinical
significance. There were two studies that showed an increaseC.S. Scher (&)
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in ICP, but again, the result was not clinically significant [2].
Are we arguing over something that is of no concern?

CON The evidence level in both studies appears to be on the
low side. When I was a resident back in the 1990s, I do
recall that some of the literature clearly taught that ketamine
increased intracranial pressure. Let me check my iPad for a
second… “Ketamine is usually not administered for the
anesthetic management of patients at risk of intracranial
hypertension because of the reported increases in cerebral
metabolism” [3]. This came from a sentinel paper by Bazin
[3]. Finally, another paper [4] stated, “The effect on
intracranial pressure (ICP) of ketamine as an anesthetic
induction agent following pretreatment with either midazo-
lam (ten cases) or diazepam (five cases) was investigated in
unpremeditated neurosurgical patients. In all patients in the
midazolam group, ICP increased following ketamine while
the cerebral perfusion pressure (CPP) fell in five cases.” It
seems as if these historical data have now been refuted in
more recent studies.

Let us move on to hyperventilation to reduce intracranial
pressure. I have been doing this for years when the
intracranial pressure needed to be reduced. ICP is normally
7–15 mm Hg; at 20–25 mm Hg, the upper limit of normal,

treatment to reduce ICP may be needed. In traumatic brain
injury, however, this becomes problematic because hyper-
ventilation may lead to severe vasoconstriction to the injured
area of the brain thus denying critically needed oxygen and
leading to poor outcomes. Regional blood flow and oxygen
consumption were measured during normoventilation, mild
hypocapnea, and mild hypercapnea. Regional ischemia
occurred in 28.9 % during normocapnea, increased to
59.4 % during mild hypercapnea, and increased to 73 %
with hyperventilation and hypocapnea. Despite this strong
evidence, 90 % of clinicians still hyperventilate throughout
the case, as shown in one survey study in Western Europe
[5]. As with every study, though, it is important to ask if this
model holds up in real clinical situations.

PRO It is difficult to argue with your comments. First of all,
when treating of traumatic brain injury, when the cerebral
perfusion pressure (CPP) falls below 70 mm Hg and/or the
ICP is greater than 20 mm Hg, steps must be taken to lower
ICP. Maintenance of an adequate cerebral perfusion pressure
is more important than control of ICP. Before getting all
fancy trying to control the ICP, first try to control the mean
arterial pressure (MAP). Measures to increase MAP should
be instituted prior to starting more complex methods of ICP

Table 54.1 Calculating severity
of traumatic brain injury using the
Glasgow Coma Scale

Eye opening

Spontaneous = 4

To speech = 3

To painful stimulation = 2

No response = 1

Motor response

Follows commands = 6

Makes localizing movements to pain = 5

Makes withdrawal movements to pain = 4

Flexor (decorticate) posturing to pain = 3

Extensor (decerebrate) posturing to pain = 2

No response = 1

Verbal response

Oriented to person, place, and date = 5

Converses but is disoriented = 4

Says inappropriate words = 3

Says incomprehensible sounds = 2

No response = 1

The severity of TBI according to the GCS score (within 48 h) is as follows:

Severe TBI = 3–8 points

Moderate TBI = 9–12 points

Mild TBI = 13–15 points
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control. Elevated carbon dioxide dilates cerebral vessels thus
elevating ICP. It is now standard of care to ventilate a patient
to a PaCO2 of 30 mm Hg. Hyperventilation below 30 mm
Hg does not increase cerebral vessel constriction. This has
been shown with transcranial Doppler measurements and
jugular venous saturations. It is not recommended to
hyperventilate in the first 24 h after a TBI.

The true effect of hyperventilation is actually to control
pH. Although the effects of hyperventilation on ICP are
almost instant, they lessen over 6–24 h because the brain
adjusts by normalizing the pH by fluctuating bicarbonate
levels in the extracellular fluid. If hyperventilation is sud-
denly discontinued and normocapnia is restored too quickly,
there is a rebound increase in CBF and ICP. Aggressive ICP
only causes alkalosis and cerebral vessel constriction leading
to ischemia of the TBI patient.

CON What do we do when the surgeon wants us to bring the
paCO2 to 25 or below?

PRO Don’t do it. Explain these reasons to the surgeon, and
you should be on more solid ground. If you are in a situation
of desperation from a “tight” brain, you must increase your
level of monitoring to include both transcranial Doppler and
cerebral oximetry. There is no way that you would be able to
defend yourself later if you hyperventilated to a CO2 to 25.
End of discussion.

Summary

When I was a resident in the early 1980s, there were hard
and set rules in neuroanesthesia. Ketamine was never used in
the patient with increased intracranial pressure, and persis-
tent hyperventilation was done throughout an entire anes-
thetic for a neurosurgical case with elevated ICP. Old dogma
dies a slow death, and I think that this pro–con discussion
puts us on more solid ground with using ketamine and mild
hyperventilation.
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55Is General Anesthesia or Conscious Sedation
More Appropriate for Patients Undergoing
Endovascular Clot Retrieval for Acute Ischemic
Stroke?

Elina Abramchayeva and Jinu Kim

Case

A 68-year-old man with history significant for hypertension,
hyperlipidemia, and chronic lower back pain presents to the
emergency department (ED) with hemiplegia of his left leg.
An emergent head computed tomography (CT) scan reveals
an anterior cerebral artery occlusion. The patient is brought
to the interventional radiology suite for a cerebral angiogram
and intra-arterial recanalization. The patient is alert and
oriented, comfortable, with a benign airway examination.
His last meal was 9 h prior to the procedure.

You decide to provide conscious sedation (CS) for the
procedure with intermittent boluses of fentanyl. An hour into
the procedure, the patient grows restless and tells you that
his back is uncomfortable and he cannot lay still. The sur-
geon says the patient movement is interfering with his
images and requests that you do something about it. You are
uncomfortable with further sedating the patient without a
definitive airway and proceed to intubate and start general
anesthesia (GA). Your colleague comes to assist you and
says under their breath, “I would have intubated from the
beginning.”

A number of studies have investigated the effect anes-
thetic technique (GA versus CS) has on patient outcomes for
endovascular recanalization therapy.

Question

Should general anesthesia or sedation be used for endovas-
cular clot retrieval for patients who have had an embolic
stroke?

PRO GA Although the patient is NPO, the patient is still at
increased risk of aspiration, both from the stroke and sec-
ondary to the sedation he is receiving, especially in the
context of supine positioning. Vomiting and aspiration of
gastric contents during the procedure would necessitate
emergent intubation for airway protection. Emergent intu-
bation is not without risk, and can result in hypoxia, trauma
to the cerebral circulation secondary to catheters in the
intracranial circulation, further aspiration and even death,
providing a valid argument for why these patients should be
intubated from the beginning of the case in a controlled
setting.

PRO CS Yes, emergent intubation has risks, but numerous
studies have suggested that the rate of emergent intubations
during conscious sedation is very low, and that those who
undergo endovascular recanalization under conscious seda-
tion have higher rates of a successful procedure and no
increase in intraprocedural complications [1]. This should
curb any perceived disadvantages of conscious sedation.

In addition, conscious sedation permits for continuous
intraprocedural monitoring and assessment of new or
worsening neurologic deficits. This continuous monitoring
allows the procedure to proceed to a clinical endpoint rather
than a radiologic endpoint and also provides a quicker
assessment of function post-procedure [2]. This can poten-
tially decrease the time the patient is exposed to contrast and
fluoroscopy and shorten the duration of the procedure.

PRO GA General anesthesia, on the other hand, addresses
one of the main disadvantages of conscious sedation, which
is patient movement during the procedure. At times, it is
imperative that the patient be still in order for the procedu-
ralist to obtain adequate images of the brain for clot retrieval.
Patients undergoing the intervention under conscious seda-
tion can become agitated either because of the stroke or due
to device-induced discomfort. General anesthesia avoids this
situation and provides complete immobility.
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Our patient began the procedure under sedation and had
difficulty lying still. If that was not immediately rectified it
could have resulted in catastrophic events—such as wire
perforation resulting in intracranial hemorrhage or vascular
injury in the form of dissection.

PRO CS General anesthesia in itself has been associated
with poorer neurologic outcomes and higher mortality when
compared to conscious sedation. A meta-analysis of 1956
patients for stroke intervention comparing conscious seda-
tion and general anesthesia showed that GA is associated
with lower odds of a favorable functional outcome and
successful recanalization, and higher odds of mortality and
respiratory complications [1].

PRO GA Just to point out, in the same meta-analysis study,
when the data are adjusted for baseline preoperative neuro-
logic status, there is no statistically significant difference in
outcomes between GA and CS. There are no prospective
randomized double blind trials as of yet proving improved
patient outcomes with conscious sedation. Most of the
studies cited by proponents of CS are retrospective and
contain selection bias since most patients with high-grade or
posterior circulation strokes undergo GA.

PRO CS Patients undergoing general anesthesia are more
prone to hemodynamic instability during induction and
emergence, which can potentially cause brain ischemia,
especially in the penumbra, the vulnerable watershed areas at
the periphery of the ischemic stroke. The induction phase of
general anesthesia is often complicated by hypotension,
which can profoundly decrease cerebral blood flow, result-
ing in cerebral hypoperfusion, and further exacerbating
ischemic injury in the penumbra. Furthermore, inhalational
anesthetics inhibit cerebral autoregulation and can also
contribute to reperfusion injury. This could explain lower
neurologic testing scores in patients who received GA
instead of CS. Conscious sedation, on the other hand, pre-
serves cerebral autoregulation, maintaining cerebral
perfusion.

Summary

General anesthesia and conscious sedation both have
potential risks for patients undergoing intra-arterial ther-
apy for acute ischemic stroke. The anesthetic modality

used should be tailored to the patient and surgeon.
Factors to consider include the extent and severity of the
stroke, patient comorbidities, hemodynamics and airway
status.

Many studies suggest that conscious sedation is the
superior anesthetic modality when compared to general
anesthesia for patients undergoing neuro-interventional
procedures for acute ischemic stroke. While none of these
studies are prospective randomized trials, a meta-analysis of
retrospective studies shows that the use of CS results in
improved outcomes and lower mortality [1]. Specifically, the
meta-analysis indicates that GA is associated with lower
odds of favorable functional outcome, lower odds of suc-
cessful recanalization, and higher odds of mortality and
respiratory complications. There was no significant differ-
ence in the rate of vascular complications, total procedure
duration, time to catheter insertion in the groin, and time to
recanalization between the 2 groups.

However, it is important to note that there are numerous
limitations in the study design that may have confounded the
results. Stroke severity, for instance, is one of the con-
founding variables. Patients with worse initial stroke pre-
sentations, with altered mental status or those who could not
protect their airway, invariably require intra-arterial therapy
under GA with endotracheal intubation. Additionally, these
patients also contribute to increased rates of post-treatment
morbidity and mortality. Stroke location is another important
variable for determination of patient outcome that was not
accounted for in the meta-analysis study. Patients with
posterior circulation infarcts, bulbar involvement, or basilar
artery occlusion also typically require GA and often have
worse outcomes [3].

Future studies comparing the outcomes of GA versus CS
for patients undergoing endovascular therapy for acute
ischemic stroke should be prospective and randomized and
exclude patients where CS is not possible, i.e., posterior
infarcts.

The current 2014 SNACC (Society for Neuroscience in
Anesthesiology and Critical Care) Consensus statement
recommends hemodynamic control with SBP 140–180,
DBP < 105, and NIBP every 3 min [4]. This means that
there should not be any delay in obtaining arterial access for
BP monitoring. Oxygenation should be maintained with
SpO2 > 92 %, PaO2 > 60, along with maintaining normo-
capnia. Glucose should be checked hourly, with a goal of
70–140. Glucose > 140 should be treated with IV insulin.
Patients should be maintained euvolemic, and temperature

190 E. Abramchayeva and J. Kim



should be 35–37 °C. Anticoagulation should be available, as
well as protamine in the event of intracranial hemorrhage.

General anesthesia should be reserved for patients with
severe neurologic deficits, posterior circulation infarcts,
hemodynamic instability, airway compromise, or inability to
cooperate. Meanwhile, conscious sedation may be more
appropriate for patients with anterior circulation strokes,
those who are cooperative, and those for whom you can
protect their airway. All patients receiving conscious seda-
tion should be prepared to convert to general anesthesia in an
expeditious manner if needed.
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56Tranexamic Acid for Major Spine Surgery

Sergey Pisklakov

Case

A 55-year old man presents for elective L3-L5 lumbar
laminectomy with decompression. His medical history con-
sists of hypertension, well- controlled with amlodipine. In
addition, he suffers from chronic back pain due to lumbar
radiculopathy and spinal stenosis. His laboratory work,
including electrolytes, complete blood count, and coagula-
tion factors, is normal. The surgeon is asking you to give the
patient tranexamic acid (TXA) to reduce intraoperative
bleeding. You wonder whether the benefits of TXA out-
weigh its downsides.

Question

Should pro-hemostatic therapy in the form of a fibrinolytic
inhibitor be administered for surgical procedures with sig-
nificant anticipated blood loss?

PRO: Anti-fibrinolytic agents such as tranexamic acid
(TXA) are used to improve hemostasis, which may be
achieved by stimulation of fibrin formation or inhibition of
fibrinolysis. Simply stated, TXA maintains clot stability.
Perioperative hemorrhage is a major complication following
spine surgery, resulting in increased morbidity and mortality
due either to the extent of the surgical intervention or to an
underlying coagulation disorder [1, 2] Pro-hemostatic topical
and systemic pharmacological agents provide a potential
avenue for decreasing this blood loss [3]. Systemic phar-
macological agents include TXA, aprotinin, aminocaproic
acid (EACA), desmopressin, and recombinant factor VIIa
and can be used prophylactically or if unexpected blood loss
occurs [4]. Over the last decade, studies have produced
evidence supporting the use of antifibrinolytic agents in a

wide variety of procedures: liver transplant, obstetrics and
gynecology, trauma, orthopedics, and spine surgery.

CON: Identifying patients at risk is essential for the pre-
vention of excessive blood loss. The techniques to minimize
blood transfusion include positioning to minimize epidural
venous bleeding, intraoperative normovolemic hemodilu-
tion, cell salvage, systemic administration of antifibrinolytic
agents, minimally invasive surgery, and staging of complex
procedures. TXA studies in spine surgery are limited by low
patient enrollment. Furthermore, the safety of TXA and the
possibility of adverse reactions in the surgical arena need
further evaluation. What is the optimal intraoperative dose of
TXA? The published data indicate a wide range of dosage
regimens [5]. Should TXA be used in combination with
other pro-thrombotic agents during surgery? There are too
many questions that have not been answered.

PRO: TXA is traditionally used to reduce surgical blood
loss. It can be administered orally, intramuscularly, intra-
venously, or topically. TXA is similar to EACA, which is a
synthetic lysine analog that competitively inhibits the con-
version of plasminogen to plasmin by binding to
plasminogen-specific sites and preventing fibrin degradation
[6]. Rather than promoting new clot formation, TXA
enhances clot stability.

CON: The perioperative dosage of TXA is not standardized.
It varies for different surgeries and medical conditions. The
original manufacturer of TXA, Pfizer, recommends different
dosages for different surgical interventions in its product
insert.

PRO: The evidence that TXA reduces blood transfusion in
surgical patients has been available for years. A trial of TXA
by Ker et al. showed that it reduced overall blood loss by
one-third [7].
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In randomized clinical studies, TXA reduced periopera-
tive blood loss compared to placebo in a variety of surgical
procedures, including intracranial surgery, trauma, cardiac
surgery with or without cardiopulmonary bypass, total hip
and knee replacement, oral and maxillofacial surgery, cran-
iosynostosis surgery, gastrointestinal endoscopy procedures,
ear-nose-and-throat procedures, prostatectomy, and spinal
surgeries. TXA is considered to be effective in trauma care.
It is incorporated into the US military practice guidelines for
tactical combat casualty management [8]. The effects of
TXA administration on death, vascular occlusive events, and
blood transfusion in trauma patients were examined in the
CRASH-2 trial, which established that TXA might be
life-saving. Specifically regarding spine surgery, TXA sig-
nificantly reduced the percentage of patients with idiopathic
scoliosis requiring blood transfusion. It also reduced intra-
operative blood loss from posterior spine fusion [9] and
posterior lumbar surgery [10].

CON: The efficacy of TXA varies with the type of surgery.
When directly compared with similar agents, TXA was
found to be at least as effective as EACA and more effective
than desmopressin in surgical procedures [11]. Postoperative
complications and mortality after administration of aprotinin
compared to tranexamic acid were studied in cardiac sur-
gery. Although the study was neither randomized nor
double-blinded, and there was no control group, the inves-
tigators concluded that both antifibrinolytic drugs bear risks
of adverse effects. Compared to TXA, aprotinin was asso-
ciated with a higher incidence of complications after primary
CABG surgery and a higher 1-year mortality in high-risk
patients. Tranexamic acid may also have unfavorable effects
after valve surgery. Both antifibrinolytic drugs bear risks of
adverse effects; the benefit of any blood-sparing effect has to
be balanced against the potential risks of the drugs [12].
When compared to aprotinin, TXA and aminocaproic acid
are probably similarly effective in reducing bleeding and the
need for blood transfusion during spinal surgery [13].

The prophylactic efficacy of TXA in spinal surgery is
neither well studied nor established. The administration of a
prophylactic low dose of TXA failed to have a significant
effect on transfusion requirements in patients undergoing
spinal fixation [14] or during surgical treatment of metastatic
spine tumors [15], but was shown to be effective in reducing
perioperative blood loss in cervical laminoplasty, primarily
through a reduction in postoperative hemorrhage [16].

PRO: The overall incidence of vascular thrombosis was low
or none in prospective controlled trials, retrospective studies,
and case series in children and adults, including those targeted
at spine surgery [13]. Most of the clinical trials and random-
ized studies were done on patients undergoing joint replace-
ments. Conducted in 2012, a meta-analysis of cardiac surgery

patients did not reveal an increase in the risk of deep vein
thrombosis (DVT) associated with TXA administration [7].

CON: Fibrinogen levels are known to rise steadily
throughout the postoperative period when Amicar is given
[17]. There is a legitimate concern that TXA may cause a
higher incidence of postoperative thromboembolic events.
Active thromboembolic disease is a contraindication for
TXA use. Pulmonary embolism (PE) and DVT [18] have
been described with TXA use.

Most randomized studies showed that compared to pla-
cebo, antifibrinolytic agents, while reducing bleeding and
need for transfusion in joint replacement and spine surgery
[18], do not increase the risk of myocardial infarction,
stroke, deep vein thrombosis, or pulmonary embolism.

However, cases of acute renal cortical necrosis have been
described after TXA. In patients with renal dysfunction,
TXA is associated with postoperative seizures. Multifocal
myoclonus has also been described after TXA infusion,
especially in patients with renal dysfunction [18]. Ligneous
conjunctivitis, toxic epidermal necrolysis, central venous
stasis retinopathy, disturbances of color vision, and central
retinal artery occlusion may also result from TXA use.

Summary

Spinal surgery is often associated with significant bleeding
requiring multiple blood transfusions. This makes antifibri-
nolytic agents, including TXA, potentially important
adjuncts to perioperative management. However, the present
role of TXA in reducing perioperative blood loss and
transfusion requirements in spine surgery is not clear. The
majority of research studying the role of antifibrinolytic
drugs in spine surgery has had limited patient enrollment and
reports mixed results. Nevertheless, accumulating evidence
suggests that TXA may reduce the need for transfusion in
the setting of spinal surgery. Careful assessment of risks and
benefits must be evaluated on a case-by-case basis. It is
important to identify the types of surgical interventions
where TXA use should be advised (such as spinal fusion,
spinal stenosis correction, and trauma) or discouraged (such
as tumors). The dosage of TXA is not well established and
varies for different procedures and medical conditions.

The effect of TXA on the occurrence of thromboembolic
events, strokes, myocardial ischemia, seizures, and mortality
has not been adequately evaluated and remains ambiguous.
The majority of the clinical trials analyzing thromboembolic
complications of TXA in surgery are either conflicting or
inadequately powered and therefore insufficient to establish
definitive conclusions. The published literature supports the
safe use of TXA for the prevention of blood transfusion for
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major joint replacement procedures. Although the benefit
and safety of tranexamic acid in patients undergoing major
spinal fusion have yet to be thoroughly established, TXA
appears to have a potential beneficial role in their manage-
ment. Currently, there is no strong evidence that TXA leads
to an increased rate of thromboembolic events. Future
multicenter, placebo-controlled, blinded, prospective, ran-
domized studies are needed to clarify the exact role and
safety of TXA in spine surgery.
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57Should Major Spine Surgery Patients Be
Extubated in the Operating Room?

A. Elisabeth Abramowicz

Case

A 72-year-old woman, who is still working and enjoys
physical activity, has thoracolumbar kyphoscoliosis related
to degenerative spine disease. She has a history of hyper-
tension, well controlled with a diuretic. Her quality of life
has deteriorated because of back pain and posture changes,
and she desires correction. She takes acetaminophen,
325 mg/oxycodone, 10 mg, every 4–6 h for back pain. In
the past, she had a 2-level anterior cervical discectomy and
fusion and a hysterectomy. She is scheduled for an 8-level
spinal decompression, fusion, and instrumentation with a
2-level pedicle osteotomy.

Her height is 5′4″ and weight is 180 lbs. Hemoglobin
(Hgb): 12.7 g/dL. Creatinine: 1.3 mg/dL. Blood pressure
(BP): 140/89. Heart rate: 76. Electrocardiogram (EKG):
sinus rhythm at 65/min, left ventricular hypertrophy with
non-specific ST segment and T wave changes.

The surgery lasted 7 h, with the patient positioned prone
on a Jackson table. Multimodal neurophysiological moni-
toring was used. The head was resting on a foam pillow. The
intubation was difficult with a Cormack-Lehane class III
view of the larynx on direct laryngoscopy, but she was
successfully intubated on the second attempt using a video
laryngoscope with a 7.0-mm ID Mallinckrodt Lo-Pro
endotracheal tube. Her anesthetic consisted of sufentanil,
propofol, and ketamine infusions. She was given a contin-
uous infusion of tranexamic acid throughout the surgery.
The blood loss was estimated to be 3000 mL. There were
periods of hypotension, which responded to phenylephrine
and volume expansion. Phenylephrine was infused contin-
uously from midway through the surgery. The patient
received 500 mL of 5 % albumin, 5400 mL of crystalloids,

3 units of packed red blood cells (PRBCs), and 900 mL of
cell saver blood. The urine output was 600 mL. The surgery
ended at 10:15 p.m., at which time the Hgb was 9.1 g/dL
and the pressors had been discontinued.

Question

Should this patient be awakened and extubated in the
operating room (OR)?

PRO: Stable major spine surgery patients should be extu-
bated in the OR.

Complex or major spine surgery is poorly defined. It
implies fusion and instrumentation, usually in the prone
position. A high number of levels fused and a severe
deformity that requires an osteotomy correlate with the
length of surgery and the blood loss [1, 2].

Degenerative spine disease, spondylosis, is common in
the aging population. Major elective surgery requires thor-
ough preoperative preparation with risk stratification.
The RCRI (Revised Cardiac Risk Index) categorizes all
spine surgery as intermediate risk procedures. However, in a
group of patients undergoing complex spine surgery, the
RCRI performed no better than chance in identifying those
patients who developed perioperative cardiac complications
[3]. This type of surgery has an inherent risk of complica-
tions, including death. The Scoliosis Research Society
Morbidity and Mortality Database reported 2 deaths per
1000 adult patients [4]. The highest risk procedures included
spine fractures and kyphosis and scoliosis correction. The
main causes of death were respiratory/pulmonary, cardiac,
stroke, sepsis, and intraoperative blood loss. In another
study, the incidence of major complications in adult spinal
deformity surgery approached 8.5 % [5].

There are 3 other types of complications that are partic-
ularly prevalent in major spine surgery in the prone position:
airway edema; postoperative visual loss (POVL), specifi-
cally posterior ischemic optic neuropathy (PION) [6, 7]; and
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awareness in the setting of total intravenous anesthesia
(TIVA) [8], commonly used to facilitate motor-evoked
potential (MEP) monitoring.

Anastasian [9] retrospectively examined the factors cor-
relating with the decision to delay extubation after major
spine surgery of 8-h duration or more in a series of 289
patients from one center. She found that 44 % of patients
remained intubated, and the decision not to extubate corre-
lated independently with older age, American Society of
Anesthesiologists (ASA) status, procedure duration, total
volume of crystalloids, and total blood volume administered.
Delayed extubation also correlated independently with case
end time—6 p.m. for immediate extubation versus 8 p.m.
for delayed extubation on average with a mean difference in
duration of 100 min. Patients who remained intubated had a
threefold higher rate of postoperative pneumonia.

Management of pain after major spine surgery may be
challenging, especially in patients who are not opioid naïve.
Recently, there has been a trend to use multimodality pain
management in this setting, aiming at reducing reliance on
opioids with their attendant side effects and risks. When the
preoperative daily oral dose of opioids exceeds 30 mg of
morphine, equivalent, multimodality pain management
should be implemented postoperatively, including
gabapentinoids, nonsteroidal anti-inflammatory drugs
(NSAIDs), acetaminophen, ketamine, and infiltration of
extended-release local anesthetics [10].

In the elective setting, patients optimized for major spine
surgery should be extubated after its conclusion in order to
diminish the likelihood of postoperative respiratory com-
plications, including pneumonia and sepsis. This is particu-
larly important in patients with implants, as seeding of
bacteria can have disastrous consequences. It appears from
the analysis of Anastasian that delaying extubation is influ-
enced by the time the intervention ends. Anesthesiologists
may delay extubation for indications related to provider
fatigue, decreased nursing and physician staffing, and lack of
other resources after hours and, since handoff of care was
more common (although not significantly so in the multi-
variate analysis) in the delayed extubation group, perhaps
more caution in dealing with an unfamiliar patient [9].

Although patients usually disclose intraoperative aware-
ness many days after surgery, the NAP5 group identified a
group of patients whose recall was probably related to
post-anesthesia care, especially if they remained intubated
[8]. Unless fully discussed with the patient preoperatively,
postoperative intubation and ventilation may be a source of
major distress.

Postoperative visual loss (POVL) becomes apparent once
the patient has recovered sufficiently from anesthesia to
appreciate visual field defects. In the worst-case scenario,
blindness is complete and bilateral. In many instances,
however, visual loss is unilateral and/or partial. Posterior

ischemic optic neuropathy (PION) is considered irreversible.
However, if discovered early, visual loss due to cortical
blindness or acute angle glaucoma, both rare but potentially
reversible, may be diagnosed and treated. Clearly, there
could be a benefit to the patient if awakening from anes-
thesia were immediate.

Multimodality pain management with the stated goal of
decreasing opioid dosage makes sense only in the awake
patient; after all, we are guiding narcotic administration
based on the patient’s subjective pain assessment. Similarly,
early detection of dyspnea in pulmonary embolism, chest
pain in a coronary syndrome, or neurological deterioration in
an ischemic stroke is more likely to lead to a focused and
successful intervention. Let us remember that these com-
plications may occur in up to 8.5 % of major spine surgery
patients [5].

A minor reason not to delay intubation is related to the
Lo-Pro endotracheal tube, often used for routine surgery
because of low cost. These high-pressure, low-volume cuffed
tubes are not designed for prolonged intubation because the
cuff pressure is high enough to damage the tracheal mucosa.
Who measures tracheal cuff pressure in the OR?

Lastly, it is important to perform a neurological exami-
nation after extensive spine surgery to identify potentially
correctable neural compression. Postoperative hematoma
may develop, albeit very rarely, after all monitoring has been
discontinued. Rapid decompression could save cord
function.

CON: Major spine surgery patients should remain intubated
after lengthy, bloody interventions.

Although good data are lacking, resuscitation from blood
loss in the prone position, especially during lengthy surgery,
leads to airway edema. It is not uncommon to observe
conjunctival edema and its partial prolapse. This is indicative
of dependent mucosal edema and perhaps of the risk of
airway obstruction after extubation. Various techniques have
been proposed to identify high-risk patients. Laryngeal
ultrasound is gaining popularity, but it cannot evaluate the
oropharynx and palate. The cuff-leak test, from qualitative to
quantitative, where the tidal volume deficit is measured with
the cuff deflated while the patient is mechanically ventilated,
has been used. However, it is neither perfectly sensitive nor
specific [11]. Within a few hours, with the patient supine and
with head elevation, the facial edema subsides. Why not wait
until then to extubate the patient?

Patients with lumbar spondylosis often present difficulties
in endotracheal intubation: Spondylosis affects the cervical
spine as well, and limits neck extension, especially when a
previous decompression and fusion has taken place. Waiting
for a few hours before extubation until any ongoing blood
loss from the large postoperative wound has abated, and
other potential complications have declared themselves,
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prevents emergent reintubation in this difficult setting. In its
extubation guidelines, the Difficult Airway Society
(UK) [12] recommends that “patient factors”—cardiovas-
cular, respiratory, metabolic/temperature, and neuromuscular
—be optimized before extubation. How can one be certain
that the patient has been optimized mere minutes after
returning to the supine position? Delaying extubation until
the hemoglobin and blood gas values have been reviewed
and corrected seems like a reasonable plan. Core temperature
may also drop significantly in a cold OR during wound
cleaning and dressing. The guideline further recommends
that if reintubation may be potentially difficult or oxygena-
tion uncertain, the patient should be considered for the
high-risk extubation pathway, which includes delaying
extubation until an informed judgment is made that it is safe
to remove the endotracheal tube, and all the necessary
adjunct devices as well as personnel are available for rein-
tubation if necessary.

Restricting crystalloids [6] and keeping the Jackson table
in reverse Trendelenburg are 2 commonly used techniques to
minimize the risk of orbital venous congestion and to reduce
the risk of PION [7]. This position, however, contributes to a
decrease in venous return to the heart and amplifies the
decrease in cardiac output, which is common in the prone
position [13]. Pressors are commonly necessary during
prolonged major surgical interventions. Intravascular vol-
ume repletion using BP as a guide is very imperfect. Non-
invasive pulse pressure and stroke volume variation
monitors are sometimes used, but they work only in
mechanically ventilated patients. It is prudent to allow time
to be able to fully assess the cardiovascular performance of
the mechanically ventilated patient in the supine position in
the hours after surgery, when continued bleeding may occur.

Summary

The common argument that neurological evaluation must be
done as soon as surgery is completed, rushing the extubation
process, may be related to tradition in this era of sophisti-
cated computed tomography (CT)-based intraoperative
navigation used to place pedicle screws with continuous
multimodality neurophysiological monitoring.

There should be no fast rule that all major spine surgery
patients should be extubated at the conclusion of the inter-
vention. A deliberate, guideline-based approach factoring in
the general respiratory and cardiovascular patient variables

as well as airway-related elements is mandatory in each case.
It is probably best to make the decision to extubate in the
calm after the storm.
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58General Anesthesia for Intra-arterial Stroke
Treatment (Endovascular Mechanical
Thrombectomy): Still Needed or a Thing
of the Past?

A. Elisabeth Abramowicz

Case

A 74-year-old female presents with right-sided hemiplegia
and aphasia. She was last seen well by her family 1 h before
arrival in the emergency room (ER). They report a history of
hypertension, type II diabetes, and paroxysmal atrial fibril-
lation. She is taking lisinopril, hydrochlorothiazide, met-
formin, and metoprolol. She has no known allergies and last
ate 3 h ago. Height: 5′2″ and weight: 220 lbs. Vital signs:
blood pressure (BP) 180/105 mm Hg, heart rate (HR) 120,
respiratory rate (RR) 18, and temperature 36.7 °C.

The neurointerventional team and the anesthesiology
department are contacted by the stroke neurology team for
endovascular thrombectomy of the left middle cerebral
artery (MCA). The patient has had a computed tomography
(CT)/CT angiogram (CTA) confirming occlusion of the left
MCA and is receiving intravenous tissue plasminogen acti-
vator (iv T-PA). Her electrocardiogram (EKG) shows atrial
fibrillation and her blood glucose is 240 mg/dL. She arrived
in the emergency room 1 h ago.

Question

What are the anesthetic management options?
The on-call anesthesiologist has no experience with acute

ischemic stroke (AIS) intervention. The patient is aphasic,
does not follow commands, and is somewhat agitated. She
tolerated the CTA with head and torso restraints. The airway
examination is limited by her lack of cooperation; the patient
is obese and has good dentition. She requires full-stomach
precautions.

The anesthesiologist is interviewing the family members
and has learned that the patient had an uneventful total hip
replacement at another institution 2 years ago.

The stroke neurologists insist that the patient be brought
to the neurointerventional suite immediately, as “time is
brain” and a good neurological outcome depends heavily on
rapid reperfusion of the occluded MCA.

The anesthesiologist informs the family that she will
administer general anesthesia because of lack of patient
cooperation, morbid obesity, and a risk of aspiration. The
stroke neurologist, who overhears the informed consent
discussion, pulls the anesthesiologist to the side and insists
that general anesthesia for endovascular thrombectomy is
contraindicated in AIS because the literature is clear that it is
associated with adverse neurological outcomes. The inter-
ventional neurologist joins the conversation and supports the
stroke neurologist. She explains that she does not need
complete immobility and that “conscious sedation” will be
adequate.

PRO: General anesthesia for endovascular thrombectomy is
contraindicated in AIS. Sedation is always the preferred
anesthetic modality.

Although first-generation mechanical clot retrieval devices
have been on the market with US Food and Drug Adminis-
tration (FDA) approval since 2004, proof that endovascular
mechanical thrombectomy is superior to iv t-PA alone in AIS
caused by occlusion of the internal carotid artery or its major
branch, the MCA, has not been evident until very recently [1–
5]. The tide has turned, probably because newer thrombec-
tomy devices, so-called stent retrievers, which restore flow
faster and more effectively, have been universally adopted in
the endovascular treatment of major ischemic stroke, pro-
vided recanalization can be achieved within 6 h of onset. The
American Heart Association/American Stroke Association
(AHA/ASA) has issued a focused update to its 2013 guide-
lines on early management of patients with ischemic stroke,
confirming this important development [6]. It has been esti-
mated that up to 10 %, or 60,000, of patients with acute
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ischemic stroke may benefit annually from this novel treat-
ment [7]; up to 300 centers nationwide will be needed to
provide this service on demand.

There are no randomized controlled trials addressing the
safety of general anesthesia and/or its components in inter-
ventions for acute ischemic stroke. There is a body of weaker
evidence indicating that general anesthesia, or “the intubated
state” as it has been referred to in earlier publications, results
in worse neurological outcomes despite similar occluded
vessel recanalization levels (Thrombolysis in Cerebral
Infarction, or TICI scale); the December 2014 meta-analysis
of the published retrospective, single-center, mostly small
series supports this association [8]. The major criticism of the
available data is that it is likely that more neurologically
impaired patients with higher National Institutes of Health
(NIH) Stroke Scale values, at higher risk of poor outcome at
the outset, required general anesthesia. The most recent
study, which analyzed a cohort of consecutive AIS patients in
several centers in the Netherlands, where the type of anes-
thesia administered depended on each center’s local
protocol/preference, again indicates that general anesthesia is
detrimental, even after adjustment for stroke severity [9]. The
putative advantages of general anesthesia, such as immobil-
ity, decrease in motion artefacts with resultant shortening of
the procedure, decreased risk of vessel perforation, decreased
radiation exposure to personnel, and smaller contrast dose
have not been borne out in many observational studies.
Indeed, most interventionalists state that since wire and
micro-catheter navigation is “blind” because of vessel
occlusion, immobility does not offer the same technical
advantage as in aneurysm or AVM embolization.

It is no surprise then that the AHA/ASA now recom-
mends that “it might be reasonable to favor conscious
sedation over general anesthesia during endovascular ther-
apy for AIS” (New Recommendation, number 16, Class IIb;
Level of evidence C) [6]. A proposed reason for the wors-
ened outcomes with general anesthesia is a delay in the time
from stroke to groin puncture. In an observational study
from a well-run stroke center in Switzerland, general anes-
thesia caused a 15-min delay on average [10], while a
20-min delay was seen in the Dutch study [9]. One minute of
brain ischemia destroys 2 million neurons, 714 km of
myelinated fibers, and 830 billion synapses [11]. Better
neurological outcomes, irrespective of other variables, occur
with short stroke-to-reperfusion times.

Despite these preliminary data, it is not yet known why
general anesthesia worsens neurological outcome. A retro-
spective study by Davis et al. [12] found that a decrease in
systolic blood pressure below 140 mm Hg, common in the
general anesthesia group, was independently associated with
poor neurological outcome. Does it follow that, provided the
BP is maintained above that level, general anesthesia is safe?
Is it possible that blood pressure variability alone affects the

tenuous viability of the ischemic penumbra? It has also been
suggested that even modest hyperventilation during general
anesthesia might be the culprit. Unspecified toxic effects of
(volatile) anesthetics on the ischemic brain could also be in
play. This is all conjecture at this point. The additional argu-
ments in favor of sedation are: It allows monitoring for both
worsening neurological deficit and clinical improvement,
which then may serve as a treatment end-point; pain percep-
tion during wire/catheter manipulation may be used as a
warning sign of vessel damage before dissection/perforation
occurs; and last but not least, it provides the hemodynamic
stability that is so important in the acute phase of an ischemic
stroke.

CON: General anesthesia must have a place in AIS
thrombectomy. Sedation cannot be safely administered to
every patient.

AIS patients are old; the mean age of a stroke patient is
79 years. In 65 % of cases, patients are over 65 years of age.
Comorbidities are common in this group, as they constitute
risk factors for stroke. These include hypertension, diabetes,
atrial fibrillation or flutter, obstructive sleep apnea, smoking,
and chronic kidney disease [13]. Stroke increases the risk of
seizures, neurologic deterioration, and aspiration. The
emergent nature of endovascular treatment precludes a
thorough preanesthetic evaluation and optimization.
Left MCA syndromes cause aphasia; patients do not follow
commands, nor do they understand what is being done to
them. They may be agitated, which may pose a danger of
neck or limb injury and loss of both intravenous and arterial
access lines, and may make imaging impossible.

Administering sedation to such patients in any other
circumstance would be considered risky or outright unsafe.
Patients who have mental status changes are at risk for air-
way obstruction and aspiration, even after small doses of
medication. In addition, the topography of the neurointer-
ventional suite does not allow access to the airway. More-
over, the patient is positioned flat on a horizontal radiolucent
table with a head restraint. This is a very dangerous position
if regurgitation or vomiting were to occur. The table is
usually poorly padded, and the massive electronic and
bi-plane X-ray equipment requires cooling, creating thermal
discomfort. These conditions may aggravate agitation and
lack of cooperation, necessitating further doses of sedatives.
The deployment of the stent portion of the thrombectomy
device causes pain from intracranial vessel stretch, which is
further amplified by the retrieval of the clot. Several passes
of the stent retriever may be necessary before reperfusion
and anticipated neurological improvement occurs.

Considering the dual problems of positional discomfort
and pain from intracranial and intracerebral arterial manipu-
lation, a good analgesic regimen is probably satisfactory in
cooperative patients and avoids over-sedation, airway
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obstruction, and hypoventilation with hypoxemia. However,
the potential complications should not be considered minor in
comparison to the hemodynamic variability of general
anesthesia, which can be tightly controlled. Patients with AIS
who need to be immobilized for safety would need deep
sedation. Instead, they deserve elective airway protection and
controlled ventilation; i.e., general anesthesia.

Until randomized, controlled trials elucidate the best
anesthetic management for AIS, most centers will continue
to rely on local protocols. There is a strong preference for
either one or the other technique; availability of consistent
coverage by an anesthesiologist may be one of the defining,
but unpublished, criteria. In centers that prefer “conscious
sedation,” emergent conversion to general anesthesia is
reported in 10–13 % of cases [14]. We know from the
anesthesia literature that emergency conversions carry sig-
nificant risks, as they are really respiratory rescues, not
controlled induction of anesthesia.

Interestingly, in his meta-analysis of retrospective case
series, Brinjikji [8] found that respiratory complications, as
well as death and poor neurological and angiographic out-
comes, were more common in the general anesthesia
group. Only 6 of 9 studies analyzed had stroke severity data;
in these, patients with higher severity strokes were more
likely to have had general anesthesia, indicating a selection
bias and a more frequent need to protect the airway. Unlike
the two studies previously quoted [9, 10], he did not find a
delay in treatment associated with general anesthesia.

There is little information on optimal sedation drug
selection in AIS thrombectomy. John et al. [15] retrospec-
tively compared 35 patients receiving dexmedetomidine
with 37 given propofol. Despite similar outcomes, patients
receiving dexmedetomidine not unexpectedly exhibited
hemodynamic instability and required large doses of vaso-
pressors. These results, if confirmed, call into question the
validity of the argument that sedation is preferable because it
avoids the hemodynamic variability caused by general
anesthesia.

Summary

Despite the neurologists’ exhortations and the soft recom-
mendation to “favor” sedation in the 2015 AHA/ASA
guidelines, there are many unanswered questions [16].
Because of a lack of quality prospective data, the choice of
anesthetic technique is best left to the anesthesiologist, who
must identify and communicate the contraindications to
sedation to the treating team, while being aware of the
technical aspects of the procedure and respecting the local
preference-guided protocol.
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59Is It Better to Perform a Craniotomy for Brain
Tumor Resection Awake?

John L. Ard Jr. and Irene Kim

Case

A 44-year-old, otherwise healthy, right-handed woman
presents to the emergency room after having her first seizure
in a restaurant. A computed tomography (CT) scan of her
head revealed a 2-cm by 4-cm mass in her right parietal lobe.

Her neurosurgeon recommends a craniotomy for resec-
tion of her tumor and diagnosis of tumor type.

The patient, who is the mother of 2 small children, had a
relative who had a brain tumor removed while “awake.” The
procedure went well and the relative left the hospital 2 days
after surgery. Although she is fearful of an awake procedure
she wants to get home as soon as possible to care for her
children. She wonders if she can avoid general anesthesia
and have her tumor taken out “awake” as well.

Her neurosurgeon has done a few awake cases, but only
when the tumor was located in an eloquent area of the brain,
which this tumor is not. The surgeon consults his anesthesia
colleague.

Question

Are outcomes just as good or better after awake
craniotomies?

PRO: Recently a number of prospective and retrospective
studies compared craniotomy for tumor resection under
general anesthesia versus an “awake” technique [1]. The
awake craniotomy patients had shorter hospital stays with
fewer neurologic deficits. Most of these cases involved

tumors near eloquent areas (language or motor), but the
benefit to patients was so great that an awake technique
should be considered for all craniotomies.

CON: Most of those studies are retrospective or nonran-
domized [1]. In the meta-analysis [1], the awake group was
younger and had more frontal and temporal tumors com-
pared to the general anesthesia group. It is difficult to
overcome selection bias in these studies as patients with
sleep apnea, morbid obesity, anxiety, speech or language
problems would not be suitable candidates for an awake
technique.

PRO: In 2014, a case series of very sick patients having
awake craniotomies was published [2]. The patients were
able to tolerate the procedure and did well afterward. Only a
few neurosurgical centers perform all craniotomies “awake”
[3]. Perhaps anesthesiologists don’t have to be so selective
about who gets an awake craniotomy.

CON: We still lack randomized trials. It’s easy enough to
publish a series where all patients do well, likely introducing
publication bias. The failures are just not mentioned.

PRO: The awake group may do better because they avoid
general anesthesia agents or at least receive these agents at
lower doses [4]. For instance, both inhaled and intravenous
anesthetics have profound cardiac and vasoactive effects.
The awake craniotomy anesthetic, in contrast, produces less
hypotension; this is undoubtedly good for maintaining
cerebral perfusion. Awake craniotomy also avoids mechan-
ical ventilation and resulting barotrauma, which releases
cytokines and initiates an inflammatory cascade.

CON: There is some evidence in the literature that com-
monly used anesthetics such as propofol or sevoflurane have
toxic effects on organs such as the lungs, heart, and brain.
But it is certain that hypoxia and hypercarbia are bad for
these organs as well. Episodes of desaturation occur in
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awake craniotomies. The unsecured airway could also
increase the likelihood of aspiration pneumonitis.

PRO: General anesthetics affect immune function [4]. The
inhaled agent halothane suppresses natural killer cell activ-
ity, and isoflurane adversely impacts the peripheral helper-T
lymphocyte ratio after craniotomy. Commonly used opioids
such as fentanyl and morphine decrease cellular and humoral
immunity [5]. An awake craniotomy relies on local anes-
thetics for pain control, so the use of narcotics and inhaled
anesthetics is reduced or eliminated.

CON: These are interesting research findings and may one
day change how we practice anesthesia in patients with all
types of cancer. Unfortunately, there is a lack of randomized
controlled trials to confirm that any of this makes a differ-
ence in patient outcome. Additionally, the local anesthetics
used for the scalp block are cardiotoxic and neurotoxic in
high doses.

Concession from PRO: There will always be patients who
require general anesthesia such as the very young or those
who refuse to undergo an awake procedure. There is a lack
of solid evidence to indicate that an awake technique is as
safe as general endotracheal anesthesia for this type of case.

Concession from CON: Although the evidence for per-
forming more craniotomies awake is mostly retrospective,
the possibility of better outcomes without an increase in
complications should push anesthesiologists to perform and
publish the necessary clinical trials.
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60Nitrous Oxide in Neuroanesthesia: Does It
Have a Place?

Elizabeth A.M. Frost

Case

You had rather hoped that you would be assigned to the
aneurysm clipping this morning. After all, operative aneur-
ysms are becoming increasingly rare now that the inter-
ventionalists are getting so good at coiling. However, the
case has been given to one of the older members of the
department, who has more experience with craniotomies.
And here you are with the short eye cases. So between cases
you decide to wander into the neuro room, just to see how
things are going. To your horror you realize that your col-
league has dialed in nitrous oxide 60 % with the isoflurane!

Question

Will his choice of anesthesia adversely impact the patient’s
neurologic outcome?

PRO (You): What are you doing? Don’t you know how bad
nitrous oxide is for maintenance of stable intracranial
dynamics?

CON (Your Colleague): I’ve been doing craniotomies this
way since you were in kindergarten, and I have never had a
problem. I’m using N2O so she wakes up quickly and that
makes my surgeon happy so he can check her out early…
none of this “days on a ventilator” stuff.

PRO: Well. It’s time you listened to a little science and
changed. You are right that early studies suggested that N2O
was pharmacologically inert and provided good analgesia.
So it became a background gas. But as long ago as 1939,

Courville described adverse effects [1]. Almost 80 years ago
he demonstrated decisively that asphyxic damage to the
brain is a frequent consequence of N2O [1]. And while the
use of N2O in neuroanesthesia has been debated for years,
studies reviewed by Lam and Mayberg and Culley [2, 3]
confirm that N2O cannot be considered safe for all patients—
especially neurosurgical patients—and that its inclusion
should be a conscious act rather than a reflex.

CON: Oh, I know all that. And if you are quoting history, let
me remind you of Clement’s book from the same era
extolling the virtues of N2O as the sole agent [4]. My patient
was stable before I started. She knew her name and almost
got the date right. The patient had just a little weakness in
her left arm. Sure she had a bad headache. Don’t we all?
Given the norm around here, I thought she was pretty good.
Vital signs were no problem… I mean she is a bit old at 60
and she was anxious, so a blood pressure of 170/95 and a
few ectopic beats were no big deal.

PRO: How do you know that the hypertension and dys-
rhythmias were not due to raised intracranial pressure? What
was her Hunt and Hess classification score? You know that
those numbers are used as a predictor of severity of injury
and outcome, ranging from 1 = mild symptoms going up to
5 = a decerebrate, comatose patient [5]. Sounds like your
patient was between a 2 and a 3, which is just on the cusp of
where we could make a significant difference in outcome”
[5].

CON: Hardly matters. Neuro said to give mannitol and
furosemide before incision, anyway.

PRO: So it seems she does have significant neurologic
symptoms. Nitrous oxide is an NMDA antagonist and as
such has a real potential to exert neurotoxic effects. It is a
direct cerebral vasodilator and also increases metabolism,
thus increasing intracranial pressure. In fact, 66 % N2O was
shown to increase mean intracranial pressure (ICP) by
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27 mmHg in patients with neurologic damage. Autoregula-
tion is also impaired. And on top of that, there is quite a bit
of mounting evidence that nitrous oxide in combination with
isoflurane might induce apoptosis and increase beta amyloid
protein levels [6], which are known to be toxic to the
immature brain. And before you say anything, I know these
are in vitro studies on fetal mice cell cultures and may not be
relevant to human brains. Still it is evidence that N2O can
exert damaging effects at some point during development.

CON: So what? A little increase in cerebral blood flow I can
manage with some hyperventilation! And I am glad you
agree that mice are not humans. Those studies just don’t
apply. My patient is a grown woman, not a fetus or neonate!

PRO: But back to your hyperventilation. That causes cere-
bral ischemia by itself. Soukup and colleagues showed that
decreasing PaCO2 by 20 % (that is, from 40 to 32 mmHg)
resulted in a decrease in cerebral blood flow (CBF) from 30
to 25 ml/100 g/min and decreased the brain tissue partial
pressure of oxygen (ptiO2) by 25 % [7].

CON: Back off. I am delivering 40 % oxygen, and the pulse
oximeter is reading 97 %.

PRO: OK. Let’s consider some of the other effects of N2O
on the nervous system. Did you find out if the surgeon is
planning on monitoring any evoked potentials?

CON: That’s only for back surgery.

PRO: Not at all…evoked potential monitoring is widely
used to detect neural damage throughout the nervous system.
Nitrous oxide can have profound effects on the electroen-
cephalogram (EEG) and can depress all evoked potentials.
And while it is most likely an anticonvulsant, withdrawal
may elicit convulsive activity.

CON: You clearly don’t like my choice of anesthetic here.

PRO: No, I don’t given that this is someone who already has
sustained a major intracranial insult. Your technique might
well work for a short non-neurosurgical procedure, but it is
just not the best technique here. In fact, Hancock and
Nathanson after a review of the literature concluded that
remifentanil should be substituted for N2O for the “at risk”

brain [8]. Also, diuretics and hyperventilation shrink the
brain. When the surgeon comes to close, air will be trapped
intracranially. Because the blood/gas solubility coefficient of
N2O is 30 times that of nitrogen, the number of N2O
molecules given up by the blood to the air within the cra-
nium exceeds the number of molecules of nitrogen and
oxygen absorbed by the blood. Thus, a tension pneumo-
cephalus will develop and is only very slowly absorbed.

CON: Maybe the surgeon will leave a drain in?

PRO: Not likely. Moreover, while many of the inhalation
agents, including the isoflurane you are using, have been
shown to have cerebral protective effects, nitrous oxide will
eliminate those beneficial actions. Another study by Paster-
nak et al. compared 199 patients who were given N2O
during intracranial aneurysm clipping with 242 who received
other techniques [9]. Those who received N2O were at sig-
nificantly higher risk of developing delayed ischemic neu-
rologic deficits.
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61Should We Treat Hypertension Immediately
Before Electroconvulsive Therapy?

Elana B. Lubit

Case

A 70-year-old man admitted with refractory major depres-
sion is scheduled for electroconvulsive therapy (ECT). He
has hypertension and coronary artery disease, s/p myocardial
infarction (MI), and stent 10 years ago. His cardiologist
writes that he is stable on medications (lisinopril, aspirin,
and escitalopram). He is thin, with a normal airway. Blood
tests are within normal limits, and electrocardiogram
(ECG) shows sinus rhythm with old Q-waves in inferior
leads.

You have not anesthetized anyone for ECT since your
residency, so a colleague, who has been doing ECT cases for
20 years, is standing by to help. Your patient stares silently
at the ceiling as you apply the monitors. His heart rate is 98,
and his blood pressure is 180/110. Your colleague glances at
the numbers and waits for your response.

Questions

Is it safe to proceed with ECT if the patient has elevated
heart rate and blood pressure? Should you try to control the
numbers before treatment? If so, with what?

You step away from the bedside for a word with your
colleague.

Can we continue?” you ask. “Uncontrolled hypertension is a risk
factor for cardiac complications, right?

Your colleague shrugs. “Probably not, in an otherwise
stable patient,” she replies. “Besides, if we canceled ECT for

every acutely hypertensive patient, we’d miss many chances
to save lives. Let’s do this.”

PRO: “The fact that a patient is acutely hypertensive before
induction doesn’t mean he’s going to have a problem.
A meta-analysis of perioperative studies showed an increase
in transient effects—lability, dysrhythmias, and ischemia—
when patients started out with systolic blood pressure above
180 or diastolic above 110. But the analysis showed no
change in outcome based on initial blood pressure. More-
over, there was no evidence that postponing surgery for
blood pressure control led to any difference in outcome” [1].

CON: “So? What makes you think that a meta-analysis of
surgical patients is relevant to ECT? People’s vital signs go
crazy with ECT. Bradycardia, tachycardia, hypertension—
even in patients who start out normal! Surely ECT is a
special high-risk situation.”

PRO: “Not really. We get too anxious about these numbers.
The duration of ECT-related lability is rarely more than
10 min, usually fewer, and it seems pretty benign. A review
of 17,400 ECTs at the Mayo Clinic found only 1 (non-fatal)
cardiac arrest; the other complications were transient
arrhythmias or transient respiratory events. All the transient
complications together affected fewer than 1 % of patients
[2]. Also, a recent Danish review found no deaths related to
ECT in almost 100,000 treatments [3]. So ECT is extremely
safe. It’s really a low-risk procedure.”

CON: “Even so. You’re talking about all ECT patients.
Don’t you think the ECT patients with uncontrolled hyper-
tension represent a high-risk subgroup? Our patient has
coronary disease too!”

PRO: “Well, some smallish studies in the 1990s (fewer than
100 patients) compared high-cardiac-risk ECT patients to
other ECT patients, and the groups differed only in transient
complications, such as chest pain or dysrhythmias without
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sequelae. I admit there haven’t been large studies of specific
high-risk subgroups. But so many depressed patients have
major comorbidities, I suspect most ECT patients belong to
one medical risk group or another! So those low complica-
tion rates probably do apply here.”

CON: “OK, so let’s say we can proceed safely. It still seems
like we ought to do something for his blood pressure before
we get started.”

At this point, the attending psychiatrist asks whether you
are planning to treat the patient or merely have a seminar.
You request a few more minutes. The psychiatrist leaves to
make phone calls.

The patient does not move at all. “He’s always like that,”
says the psychiatric nurse. “That’s why we’re here.”

You turn back to your colleague.

“So, let’s treat his blood pressure,” you suggest. “After all, we
know that treating hypertension reduces a patient’s overall risk
of stroke and cardiac death [4], even if we can’t prove it reduces
peri-ECT risk. How about a beta-blocker?”

PRO: “No,” your colleague replies, “I think we’re better off
leaving him alone. Remember, this is his first ECT treat-
ment, so the psychiatrist has to titrate the stimulus to find the
seizure threshold. If there’s no seizure, the unopposed vagal
effect of the stimulus can cause severe bradycardia. Do we
really want to give a beta-blocker right before that happens?
I once gave a patient a metoprolol premed, and after 1
stimulus without a seizure he went completely asystolic.
Never again!”

CON: “So how about a peripheral vasodilator?”

PRO: “What, and send his heart rate over the top before
we’ve even started ECT?”

CON: “A calcium-channel blocker then.”

PRO: “Diltiazem shortens seizure duration.”

CON: You sigh, and check another blood pressure: 185/105.
Heart rate still in the 90s.

“How about this, then,” you propose, “Let’s treat his
blood pressure and give him another day to stabilize. We can
start ECT in 2 days.” You are not surprised when your
colleague shakes her head.

PRO: “I say we do it now. Remember, we can treat the
pressure as soon as the seizure begins. I don’t think he’s at
risk for any serious complication if we proceed now, and this
depression is keeping him in a state of devastating pain. We
are looking at a person in agony, like someone screaming
with pain on a battlefield. Do we say, ‘you’ll need to scream
another couple of days?’ However long he’s been depressed,
however long he’s been catatonic—he’s in our hands now
and he’s in terrible pain. I say, this is not elective.”

CON: “We’re medical doctors, not psychiatrists. If he suffers
another 2 days of depression, that’s a psychiatric problem. If
he has a cardiac complication, we will have harmed him.”

PRO: “But delaying ECT may reduce his chances of
cure” [2].

CON: “How about you put your name on this case, since
you’re so confident about this?”

PRO: Your colleague smiles sympathetically. “I understand.
Nobody wants to harm a patient, and this is your first ECT as
an attending. But we’re helping save a life here. Let’s go.”

She signs the chart and turns to the patient. The psychi-
atrist has returned and places the ECT electrodes while you
place an IV.

Treatment begins. Etomidate… succinylcholine… The
blood pressure comes down a bit while you mask-ventilate
the patient. Right unilateral stimulus… no seizure. The heart
rate and blood pressure drop to 50 and 110/60. You watch
the screen. The psychiatrist increases the current for the
second stimulus… this time the patient seizes. Suddenly, his
heart rate is 130, blood pressure is 200/120, and you see ST
depressions. Your colleague gives esmolol; the vital signs
and ECG normalizes in 5–10 min. Now the patient is
breathing; soon he opens his eyes. You scan his face, but he
is still impassive.

“No miracles on the first day,” remarks the nurse. “But he’s on
his way now. Thank you for your help.”

Summary

Moderate preinduction hypertension is nearly always benign in
ECT patients; we may not be justified in delaying the case.
Moreover, given the unpredictability of vital signs after
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induction—especially in ECT with titration, when a seizure
may not occur—wemay dobest not treating preinductionblood
pressure, but rather waiting until after the seizure begins.

We are naturally loath to bring a patient with high blood
pressure into an elective procedure. Perhaps, then, we should
consider these cases semi-elective, if not emergent. If we
consider the agony of depression, and the risk of failure
associated with delaying treatment, we may be more willing
to proceed.

Finally, the ubiquitous caveat of our profession: We must
always consider the individual case when we determine our
plan. Some cases will still warrant waiting for medical sta-
bilization, and we will have to judge which ones they are.
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62Viscoelastic Testing in Liver Transplantation

Cynthia Wang

Case

A 57-year-old female with alcoholic cirrhosis presents for an
orthotopic liver transplantation. Her pre-transplant hospital
course has been prolonged and complicated. She has been
intubated for respiratory failure and has had sepsis that is
currently resolving but remains on a low-dose norepinephrine
infusion. She is in renal failure secondary to a combination of
hepatorenal syndrome and acute tubular necrosis and is on
continuous renal replacement therapy. She has a history of a
repaired ruptured duodenal ulcer, and her portal vein is
thrombosed. Her calculated model for end-stage liver disease
(MELD) score is 45. Following a very difficult and bloody
hepatectomy, the graft is finally reperfused. The surgeon
mentions that he does not see clot forming in the surgical field
and asks what you “can give to make the bleeding better.”
You have already administered almost 100 units of blood and
fresh frozen plasma (FFP), 2 packs of platelets, and 2 packs
of cryoprecipitate.

Question

Do the prothrombin time (PT), partial thromboplastin time
(PTT), and international normalized ratio (INR) accurately
reflect the patient’s true coagulation status? What about
fibrinogen levels?

PRO: PT, PTT, and INR testings are widely available, rela-
tively quick, and inexpensive ways of assessing the intrinsic
and extrinsic pathways. PT and particularly INR have his-
torically been accurate indicators of the severity of liver
disease. PTT, on the other hand, may detect congenital factor

deficiencies, particularly since it is usually normal or near
normal in liver disease. Fibrinogen levels over 100 mg/dL
are generally a reliable indicator that the patient has adequate
fibrinogen to initiate coagulation [1]. Low levels, on the other
hand, may be a clue that hyperfibrinolysis is present.

It has been suggested that clot formation times on
thromboelastometry tracings are the reflective of, or may be
a substitute for, PT and PTT values [2]. However, other
studies have tried to correlate the results of viscoelastic
testing with conventional coagulation tests such as PT, PTT,
and INR and failed to demonstrate a positive correlation [3].
Overall, various types of thromboelastography have been
shown to correlate poorly with PT and PTT levels [4]. Given
these limitations, thromboelastometry should be utilized as a
test to supplement conventional laboratory testing rather
than as a replacement for the traditional values.

CON: Conventional coagulation tests performed in plasma
samples have been shown to have little correlation with
bleeding or the need for transfusion in liver transplantation
[5]. Patients with end-stage liver disease exhibit not only a
deficiency of procoagulants and antifibrinolytic factors, but
also a decrease in anticoagulants and profibrinolytics. Thus,
in addition to being at risk for bleeding, patients carry the
additional risk of thromboembolic complications. During
orthotopic liver transplantation, evaluation of the patient’s
coagulation status is complicated by blood loss, the possi-
bility of massive transfusion, and the stress of surgery. This,
in conjunction with the dynamic nature of coagulopathy
during the liver transplantation, makes the utility of con-
ventional coagulation tests limited at best.

The international normalized ratio (INR) was developed in
the 1980s in order to standardize therapeutic anticoagulation
with vitamin K antagonists. The INR is calibrated on healthy
volunteers, not on the patients with end-stage liver disease.
Furthermore, there can be significant inter-laboratory vari-
ability depending on which thromboplastin reagent is used
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for testing. Thus, INR testing in cirrhotic patients may lead to
imprecise and unreliable results. Neither INR nor PT values
have been shown to predict bleeding in the patients with liver
disease. In fact, the American Association for the Study of
Liver Diseases practice guidelines for the performance of
liver biopsies states that there is no PT or INR level that
clearly predicts bleeding before or after biopsy [6]. Similarly,
PTT levels usually do not reflect the degree of liver dys-
function and therefore have limited utility. Low fibrinogen
levels are often seen in stable, nonbleeding cirrhotic patients.
Thus, they may not predict the propensity to bleed nor are
they predictive of disseminated intravascular coagulation in
cirrhotic patients. Fibrinogen is also an acute phase reactant,
so levels may vary widely during liver transplantation, ren-
dering isolated results unreliable.

Question

The bleeding continues, and surgeon is asking if you can
consider giving a dose of tranexamic acid. Is thromboelas-
tometry a superior test of coagulation than conventional
laboratory tests?

PRO: Thromboelastometry provides a comprehensive anal-
ysis of coagulation defects in patients with liver disease. It is
performed in whole blood whereas conventional coagulation
tests are performed in plasma samples. Theoretically,
because testing is done in the whole blood, all the compo-
nents of coagulation are analyzed. Conventional laboratory
coagulation assays use turbidimetry—or the “cloudiness” of
the sample—to detect clot characteristics. Viscoelastic test-
ing, however, is capable of detecting mechanical properties
of the clot, such as clot firmness, which is dependent on
fibrinogen and platelet levels and functions. Furthermore, it
demonstrates clot evolution; over time, a thromboelastome-
try tracing can show dissolution of the clot. If it occurs
earlier rather than later, hyperfibrinolysis may be a source of
abnormal bleeding. Clot evolution is displayed in real time,
and enough information may be obtained from the tracing
within as little as 10 min in order to make significant man-
agement decisions. Conventional coagulation testing, on the
other hand, may require 30–60 min, depending on the lab-
oratory, before results can be obtained. Thus, by the time
results are available, the coagulation status may have chan-
ged dramatically, particularly in the dynamic setting of liver
transplantation. I predict that future well-done studies will
show that thromboelastometry-guided transfusion practices
will reduce the overall use of blood products in liver
transplantation.

CON: Despite the advantages of viscoelastic studies, there
are disadvantages and potential limitations to thromboelas-
tometry. For one, viscoelastic tests measure the coagulation
status in a cuvette in a static environment that is dramatically
different from whole blood flowing through an endothelial-
ized blood vessel. Furthermore, viscoelastic testing systems
demand operator expertise. Tests run by untrained personnel
without an established quality assurance protocol are bound
to be inaccurate and imprecise. There are many technical
variations in running the test, each of which may show a
different result. Thromboelastometry machines also require
daily calibration (sometimes multiple). Failure to maintain
and calibrate the device may result in inaccuracies. In addi-
tion to requiring trained personnel to perform the examina-
tion, interpretation of tracings also demands experience and
expertise.

Although thromboelastometry shows clot formation and
dissolution in real time, the entire test may not yield results
any more quickly than standard coagulation tests. A test
takes 30–60 min to complete, a time frame in which most
laboratories are able to process conventional coagulation
tests.

Summary

Although the use of viscoelastic testing does not completely
eliminate the utility of conventional coagulation testing, it
has been shown to streamline transfusion practices during
liver transplantation, which will ideally decrease overall
transfusion requirements. As we transition into an age of
transfusion medicine in which the use of FFP is replaced by
factor concentrates, viscoelastic testing may begin to play a
greater role. That said, conventional coagulation testing
remains valuable, particularly in settings in which throm-
boelastometry is inaccessible. Obtaining reliable and precise
thromboelastograms requires a considerable amount of
technical and interpretative expertise that may be unavailable
at some centers. The two testing modalities each offer insight
into the different aspects of a very complex coagulation
process in the patient with end-stage liver disease.
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63Antifibrinolytics in Liver Transplantation

Cynthia Wang

Case

A 27-year-old male with a history of liver transplantation as
a child for biliary atresia presents for retransplantation sec-
ondary to graft failure due to chronic rejection. Upon pre-
sentation to the operating room, his Model for End-Stage
Liver Disease (MELD) score is 36. He is oliguric and has
just begun single-pass dialysis. He is not intubated and not
on any vasopressor infusions. His platelet count is 45,000,
his international normalized ratio (INR) is 2.1, and his fib-
rinogen levels are 95 mg/dL. Since this is a redo liver
transplantation, you place 2 large bore central venous
catheters in anticipation of massive bleeding and transfusion
requirements. The surgeon asks you if it would be appro-
priate to administer tranexamic acid prophylactically in order
to minimize bleeding risk.

PRO: It is a well-known fact that hyperfibrinolysis can
contribute significantly to bleeding and increased transfusion
requirements during liver transplantation. Increased plas-
minogen activator activity accompanied by decreased
activity of various inhibitors of fibrinolysis result in exces-
sive breakdown of fibrin. Clinically, this manifests as diffuse
raw surface, non-surgical bleeding. Due to these processes,
antifibrinolytics have long played a significant role in liver
transplantation in attempts to decrease the risk of bleeding
and need for massive transfusion. Some, however, have
argued that there has been a paucity of clear evidence for the
efficacy of antifibrinolytics in liver transplantation [1]. Oth-
ers have pointed out that the use of these agents may
increase the risk of perioperative thromboembolic compli-
cations in the liver transplant population [1]. However, a
meta-analysis performed by Molenaar et al. of 23 studies
involving a total of 1,407 patients who received either

aprotinin or tranexamic acid for liver transplantation sug-
gested that both agents reduced transfusion requirements
compared to control groups [2]. At the same time, the
analysis did not show any increase in incidence of hepatic
artery thrombosis, venous thromboembolism, or periopera-
tive mortality. Multiple prospective, randomized, controlled
trials have shown a decrease in blood transfusion require-
ment in patients receiving antifibrinolytics when compared
to placebo [2]. Thus, administering an antifibrinolytic when
massive bleeding is anticipated may be clinically
appropriate.

CON: Despite the compelling conclusions reached from the
large meta-analysis mentioned above [2], it is important to
note that it was based on a number of underpowered studies,
which may exaggerate the difference in results between
study groups. Thus, the fact that the group did not find
differences between the groups does not indicate that there is
no increase in the risk of thrombotic events associated with
the use of antifibrinolytic agents. Furthermore, although
aminocaproic acid is frequently used, there have been few
studies that show definitive benefit for patients who receive
this agent during transplantation.

Liver transplantation patients bleed for a variety of rea-
sons, and hyperfibrinolysis is only one of them. They suffer
from thrombocytopenia/thrombocytopathia, dilutional coag-
ulopathy, hypothermia-related coagulopathy, and surgical
bleeding. Prophylactic administration of antifibrinolytic
agents may be misdirected in clinical situations in which
hyperfibrinolysis is not the primary reason for uncontrollable
raw surface bleeding; in fact, it may prove deleterious to the
patient, potentially resulting in thromboembolic complica-
tions [3]. There have been many case reports of throm-
boembolism in patients undergoing liver transplantation who
received antifibrinolytic agents. In fact, it has been postu-
lated that these complications are probably under-reported or
underestimated; a number of subclinical cases of throm-
boembolic events likely occur perioperatively without being
recognized or reported.
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Renal complications have been associated with amino-
caproic acid, possibly due to acute tubular necrosis, renal
infarction, myopathy- or pigment-induced renal insuffi-
ciency, glomerular capillary thrombosis, or obstruction of
the upper urinary tract [3]. Patients who receive aminoca-
proic acid may suffer from severe proteinuria and/or myo-
globinuria from myonecrosis, for which the only definitive
treatment is hemodialysis. Renal complications have also
been reported with aprotinin, [3] which may have a direct
toxic effect on the proximal tubular cells. Furthermore,
patients who have received aprotinin in the past may have a
propensity for hypersensitivity reactions.

Question

You tell the surgeon that perhaps it is better to delay
administration of an antifibrinolytic until after the hepatec-
tomy—during the anhepatic or postreperfusion phase. You
also recommend that a thromboelastogram be obtained prior
to administration of the agent. When you call the pharmacy
for tranexamic acid, you are told that the pharmacy is out of
tranexamic acid and only has epsilon-aminocaproic acid
(EACA) in stock. Are the 2 agents equivalent?

PRO: Antifibrinolytic agents fall into 2 categories: lysine
analogues and serine protease inhibitors. Lysine analogues
competitively inhibit the binding of plasminogen to lysine
residues on the surface of fibrin, thereby preventing the
conversion of plasminogen to plasmin. Serine protease
inhibitors suppress fibrinolysis by inhibiting tissue plas-
minogen activator production. Both tranexamic acid and
EACA are lysine analogues. EACA was the first antifibri-
nolytic used in liver transplantation. In the 1980s, Kang et al.
reported 20 patients who developed severe fibrinolysis (out
of a group of 97 undergoing liver transplantation) who were
all treated with EACA [4]. All patients demonstrated
improvement in hyperfibrinolysis as demonstrated by
thromboelastography [4]. Likewise, the use of tranexamic
acid was also first reported in the liver transplantation pop-
ulation in the 1980s, although it was not studied until later.
In 1996, Boylan et al. reported a double-blinded,
placebo-controlled study of a series of 45 cases that showed
decreased intraoperative blood loss and reduced platelet,
cryoprecipitate, and plasma transfusion requirements in
patients who received tranexamic acid compared to the
placebo group [5]. This is one of many studies that have
shown a beneficial effect of tranexamic acid on blood loss
and transfusion requirements during liver transplantation.

CON: Although both EACA and tranexamic have similar
mechanisms of action, there are significant differences

between the 2 agents that must be taken into consideration.
Tranexamic acid is 6–10 times more potent than EACA [3].
Although both drugs are excreted in the urine, EACA has
been shown to be associated with significant renal morbidity.
Trials involving tranexamic acid and EACA in liver trans-
plantation are difficult to compare since dosing regimens
vary widely from group to group. Over the last decade, many
placebo-controlled trials involving tranexamic acid and
aprotinin have been published. However, EACA has been
studied only in one randomized, controlled trial, which
incidentally concluded that EACA offered no benefit com-
pared to placebo [6]. It is difficult to equate the 2 agents as
there have been no head-to-head trials comparing the effi-
cacy and safety profiles of tranexamic acid and EACA.

Summary

The use of antifibrinolytics in liver transplantation remains a
hotly debated topic. Although some have demonstrated a
clear reduction in transfusion requirements for patients who
have received antifibrinolytics, case reports of sometimes
fatal thromboembolic complications make the routine
administration of these agents questionable. As more studies
related to the use of antifibrinolytics in the transplant pop-
ulation emerge, it is prudent to use them judiciously and
with guidance from coagulation and viscoelastic testing.

References

1. Xia VW, Steadman RH. Antifibrinolytics in orthotopic liver
transplantation: current status and controversies. Liver Transpl.
2005;11:10–8.

2. Molenaar IQ, Warnaar N, Groen H, TenVergert EM, Slooff MJH,
Porte RJ. Efficacy and safety of antifibrinolytic drugs in liver
transplantation: a systematic review and meta-analysis. Am J
Transplant. 2007;7:185–94.

3. Porte RJ. Antifibrinolytics in liver transplantation: they are effective,
but what about the risk-benefit ratio? Liver Transpl. 2004;10:285–8.

4. Kang Y, Lewis JH, Navalgund A, Russell MW, Bontempo FA,
Niren LS, et al. Epsilon-aminocaproic acid for treatment of
fibrinolysis during liver transplantation. Anesthesiology. 1987;66
(6):766–73.

5. Boylan JF, Klinck JR, Sandler AN, Arellano R, Greig PD,
Nierenberg H, et al. Tranexamic acid reduces blood loss, transfusion
requirements, and coagulation factor use in primary orthotopic liver
transplantation. Anesthesiology. 1996;85(5):1043–8; discussion
30A–31A.

6. Dalmau A, Sabate A, Acosta F, Garcia-Huete L, Koo M, Sansano T,
et al. Tranexamic acid reduces red cell transfusion better than
aminocaproic acid or placebo in liver transplantation. Anesth Analg.
2000;91:29–34.

220 C. Wang



64Would You Recommend Accepting
a “Donation After Cardiac Death” Liver?

Corey S. Scher

Case

At 3 in the morning, the telephone rings 5 times before it is
picked up by the anesthesiologist.

Robert, this is your friend Elizabeth. Sorry to wake you but as
you know, my aunt needs a liver transplant, and we are trying to
decide if she should accept a liver from a donation after cardiac
death (DCD) patient. The surgeons are giving us all this infor-
mation, but I want to know from the anesthesiologist’s per-
spective as well before we make a decision as a family.

Question

Would you recommend that your colleague’s family member
who needs a transplant accept a “donation after cardiac
death” liver?

PRO: As you know, the 3 types of livers available are:
(1) living donor, (2) donation after cardiac death (DCD), and
(3) donation after brain death (DBD). Since your aunt has
designated you in writing as her health care proxy, I will
discuss her medical details with you. When your aunt
potentially had a liver donor last week from a DBD donor, as
you know, that liver was suboptimal. Your aunt has a Model
for End-Stage Liver Disease (MELD) score around 50. Her
chance of passing away without a transplant within
3 months is greater than 80 %. She has hepatorenal syn-
drome and is due for hemodialysis today. The cause of her
end-stage liver disease is hepatitis C. Her transhepatic
internal jugular portal caval shunt (TIPS) is not functioning,
and disease has left her with ascites, bilateral pleural effu-
sions, and a pulmonary artery (PA) pressure of 40/22.

Hemodialysis during the case is arranged so that the anes-
thesiologist will not be burdened with hyperkalemia that is
nearly impossible to treat. Most of the electrolytes will be
normal throughout the case thanks to dialysis. As you know,
that liver came from a patient who is in North Carolina. The
Organ Procurement and Transplantation Network (OPTN)
and the United Network Organ Sharing (UNOS) group are
regulatory agencies that have divided the country into 11
regions [1]. We are region 9 (New York), and North Car-
olina is in region 11. This means that all transplant centers in
region 11 had turned this liver down. Why?

Simply, it could be a suboptimal liver after biopsy or the
donor may have an unusual blood type that no one in the
region had. In essence, there are many reasons that a liver
may get turned down by an entire region and accepted by a
center from a different region. In most cases, if the region
has centers that have a small patient load, they need excel-
lent outcomes and will not take organs that may be subop-
timal leading to a questionable result. Many small volume
centers cannot risk a suboptimal outcome that may occur for
a liver that is donated after cardiac death. Simply stated, not
every transplant center has the resources and experience to
procure and deliver a liver with minimal ischemic times.

As the UNOS agent told us, the DBD donor last week had
a subarachnoid bleed and had a respiratory arrest while at
home. Doing the math, it took 10 min for first responders to
get into that patient’s home, 3 min to assess the situation,
and 8 min to get the patient intubated and on 100 % oxygen.
Totaling these numbers, the warm ischemic time was
therefore 21 min. After 2 weeks, the patient had no neuro-
logic recovery and a computed tomography (CT) scan of the
head revealed a huge bleed in the temporal lobe and a
subarachnoid bolt measured an intracranial pressure of 25
(normal in the supine patient is 7–15). A craniectomy was
performed to relieve pressure and there was no clinical
improvement in neurologic status. Two independent clini-
cians agreed that this was consistent with brain death. Once
this decision is made, the liver can be procured with no
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further ischemic time. I think that the liver took a big hit
from the original incident of hypoxia in the home and the CT
scan revealed a fatty liver. Since statistics count, the centers
in region 9 did not want to take the risk. Some centers take
the liver to examine, get pathology involved, and then make
a decision. It can be a tough call, because some of the
borderline livers do fine.

Based on you wanting the best for your aunt, though,
“some do fine” is not exactly a ringing endorsement! I think
that the right DCD liver is now acceptable as there is a
nationwide shortage of organs and with a MELD score of
50, her time is clearly running out and if you wait, she may
become just too sick to endure the trials and tribulations of
the surgery and the normal stormy postoperative course.

CON: On the other hand, DCD cases are fraught with ethical
issues. The procurement process itself means that 4/5 times I
get called in for a DCD case, it is cancelled.

I will explain the process to you and you can decide the
medical and ethical issues for DCD donation. When it is
clear that a patient who is not brain dead, who is usually
intubated, and possibly on vasoactive agents (e.g., epi-
nephrine, norepinephrine, vasopressin) will not recover, the
family works with the medical team on making a decision to
withdraw care. The term “to withdraw care” in a patient who
is technically alive puts clinicians and family together on an
ethically charged slippery slope. The proper terminology is
to “provide comfort care.” Anything that makes the patient
comfortable such as extubation is considered. It is essential
that the surgeons doing the procurement do not introduce
themselves as involved with transplant until there is com-
plete agreement with the managing physicians and family to
transition over to comfort care. The extubation is done in the
operating room, and in some protocols, the use of vasoactive
agents is discontinued. Narcotics and benzodiazepines are
administered if the patient appears uncomfortable or strug-
gling. Depending upon state or center regulatory rules,
heparin may be given to prevent clots forming in organs
designated for procurement. It is always hoped that the
patient’s heart stops shortly after extubation to cut down on
the dreaded “warm ischemia” time.

From an organ procurement perspective, the ideal would
be to cut down the “warm ischemia” time to zero by
immediately flushing the patient with University of Wis-
consin solution as soon as he is extubated, replacing the
blood with preservative. This action, however, is considered
to be a homicide.

The liver is somewhat resilient; therefore, more ischemic
time is allowed than would be for, say, the small bowel for a

small bowel transplant. The waiting time for the heart to stop is
not unlimited. If the heart does not stop after 45 min, the patient
is returned to the intensive care unit, and no organ procurement
will be performed. Comfort care is continued in the unit.

The organ procurement team is very careful to avoid even
the remote chance that this could be a breach of regulatory
protocols. As soon has the heart stops, there is a 5 min “no
touch” period as autoresuscitation can occur. The warm
ischemia time consists of this 5 min plus the time from
extubation to asystole (during which the patient who was
extubated is alive but may have low oxygen saturation).
After the 5 min “no touch” period, a large bore arterial
catheter is placed and organs are flushed with University of
Wisconsin solution, which both arrests metabolism and
preserves the organ to some degree. Cold ischemia time is
the time from the University of Wisconsin solution flush
until the liver arrives at the destination hospital where it is
prepared on ice before it is ready to be sewn in. Under the
present rules, there is controversy. The bile duct is very
sensitive to any form of ischemia. While it may look pristine
when it is being sewn in, months down the line you may find
a stricture severe enough that a new liver may be needed.

This is so much more challenging than a simple brain
dead donor. Upon unclamping all of the vascular anasto-
moses, the DCD liver will have a reperfusion injury even if it
is a fairly normal liver. I look at the surgical field. A lack of
firmness in the liver is a good sign. Firmness in the liver
implies that blood flow is meeting resistance. I keep my
central venous pressure (CVP) low to allow blood to flow
easily through the new liver. I try to minimize vasopressors
and use calcium to increase cardiac contractility rather than
epinephrine or norepinephrine. Vasopressors will increase
resistance to flow. Usually reperfusion hypotension requires
at most a few hits of a vasopressor and rarely an infusion.

You can imagine what we must see on reperfusion to a
DCD liver that has had an ischemic injury. The liver
invariably becomes firmer than baseline and often looks
mottled for the first half hour. Much time is spent using a
Doppler to assess perfusion of the hepatic artery and portal
vein. Because the liver is suboptimal, coagulation is sub-
optimal. The appearance of bile is very reassuring after
reperfusion. We cross our fingers hoping that bile will start
to be excreted in a patient with a DCD liver. While I am not
sure whether there are data on blood products, in the DCD
liver with an ischemic injury we seem to use the same
amount of blood products after reperfusion as we do during
the anahepatic phase. While everyone is worried about
overcorrection and hypercoagulation with the use of fresh
frozen plasma (FFP), cryoprecipitate, and prothombin
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complex concentrates, this seems to be less of a problem in
DCD cases. In summary, we sweat these cases out.

CON: The facts are that overall survival rates from DCD
donors (71 % at 1 year and 60 % at 3 years) were signifi-
cantly inferior to those from DBD donors (80 % at 1 year and
70 % at 3 years) [2]. The 2 biggest factors that are respon-
sible for this difference are thermal injury and ischemia.

PRO: While these numbers are almost alarming, the future
appears to include more DCD donors as there is so muchmore
availability than DBD donors. Your aunt could die waiting.

CON: Perhaps the possibility of a living related donor could
be explored further. I had a case the other day of an 8-kg
baby with biliary atresia. The baby was unfortunate because
his parents were talked into refusing the Kasai procedure to
give him a better chance of receiving a transplant (increasing
his MELD score moves him up on the transplant list). It is
my understanding that the child is now comatose, and with
no correctly sized deceased donors available, his mother has
agreed to donate a portion of her liver. Luckily, she is the
correct blood type, and sizing measurements are favorable.
DBD cases are rare in the pediatric population. Kids just do
not face catastrophic injuries or illnesses often enough to
make a pool of donors. Receiving a matched living donation
from a family member or friend poses a threat to both the
donor and recipient. The donor takes the risk that she will
not have enough liver left to survive. The recipient takes the
risk that despite best preoperative efforts to estimate sizing,
the donated lobe will end up being an incorrect size when
actual placement is attempted. Anesthesia in these cases is

complicated by difficulties in gaining adequate intravenous
access and the ever-difficult pediatric arterial line.

Summary

The liver transplant or solid organ transplant program is a
huge endeavor that involves countless professionals
including hepatologists, transplant surgeons, anesthesiolo-
gists, pathologists, coordinators, psychiatrists, cardiologists,
social workers, physical therapists, and pulmonologists.
With a shortage of organs, there is a strong push to have the
strict regulations that go with DCD cases reviewed by both
people in the medical field and those outside the field. Some
future steps that would allow for advancement would
include allowing arterial flush lines in place, mandatory
procurement from surgeons who are at the same profes-
sional level as those transplanting organs, discovery of
essential therapies to lessen reperfusion syndrome, and lib-
eralizing some of the IRB regulations to permit increased
clinical research.
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65Should Only Patients Who Are Medically
Optimized Receive a Liver Transplant?

Corey S. Scher

Case

A 42-year-old with alcohol-induced end-stage liver disease
has been listed by United Network Organ Sharing (UNOS)
for a liver transplant. His end-stage liver disease resulting in
severe cirrhosis is a threat to his life while he is on the
waiting list. In short, he is likely to die waiting. His Model
for End-Stage Liver Disease (MELD) score is 35.

A consult note to his private medical doctor by the
multiple members of a liver transplant section included the
following: “The end-stage of liver damage is cirrhosis.
Cirrhosis frequently shows up insidiously with minor labo-
ratory abnormalities, such as slight thrombocytopenia or
mild increases in aspartate aminotransferase. Imaging and
percutaneous liver biopsy confirm the diagnosis. Ideal
management involves treatment for alcoholism; management
of ascites, variceal bleeding, and encephalopathy; regular
screening for hepatocellular carcinoma; treatment of infec-
tions; immunization; and attention to nutrition and general
health. Effective treatment is focused on the cause, which
may stop disease progression, stabilize function of the liver,
and abolish or postpone the need for liver transplant.”

Of note, the consult specifically states that “sobriety,
while important, is not a must.”

Question

Is it right for this patient to receive a liver transplant if he has
not achieved sobriety?

CON: No. It seems to make sense that a patient who carries
a diagnosis of substance abuse, particularly an alcoholic,
must have embraced sobriety by having gone through a
well-respected program and must be sober for 6 months.

Zero alcohol ingestion, along with perfect compliance with
antirejection medications, is needed to give the liver the best
long-term success. I know it is ethically charged, but the
information we have seems to indicate that the most suc-
cessful treatment for alcoholism is sobriety.

PRO: Any addiction treatment is marked by short moments
of success and long moments of relapse. If he embraces
treatment, the success rate is excellent and if he does not, the
success rate is low. The treatment of the chronic disease of
addiction does not end with a liver transplant but is a sep-
arate medical problem that requires years of treatment. If the
patient buys into addiction treatment, it is ongoing for the
rest of his life. Why draw a line in the sand for sobriety when
it can be dealt with after transplant or while he is waiting on
the liver transplant list? Six months of sobriety means only
6 months of sobriety. In reality, the transplant and sobriety
are really two separate issues that should not be lumped into
one. True, his lack of sobriety may be looked at by regula-
tory agencies and make him move down the liver transplant
waiting list, but it shouldn’t mean that he can’t be listed at
all.

CON: Donated livers vary greatly in quality. There are
several ways of categorizing donors. The cadaveric donor is
simply brain dead, but liver perfusion is not compromised.
The second type is donation after cardiac death, which is
ethically charged as this involves patients who are not brain
dead but will die and are not conscious. They are taken to the
operating room and are extubated. Time from extubation is
recorded and when and if there is asystole, the liver is pro-
cured after an additional 5 min “no touch” period. In these
cases, the liver to be donated may have been ischemic for
more time than it can tolerate. Many centers do not do this
type of procurement as the outcome of the transplant may be
compromised. I believe he would be offered a “donation
after cardiac death” liver before a “donation after brain
death” liver. The third type of donation is a part of a liver
from a healthy person to the recipient. While the recipient’s
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MELD score determines, for the most part, where they are
on the list, the alcoholic should not receive the perfect donor.

PRO: With proper care, this patient may have many good
years ahead of him [1].

Improvement strategies include the following:

1. Create a network of family and friends who will help and
encourage the patient to attend appointments and com-
ply with treatment.

2. Evaluate cardiac function and the presence of pericardial
and pleural fluid. In a patient with liver disease, the heart
will not tolerate stress as well. Perform an echocardio-
gram and stress test.

3. Treat portal hypertension. If untreated, this condition
leads to esophageal varices, ascites, and intestinal
bleeding. Consider accomplishing this with a TIPS
procedure (transjugular intrahepatic portosystemic
shunt). This is a synthetic conduit within the liver con-
necting the inflow portal vein and the outflow hepatic
vein.

4. Electrolytes—mental fuzziness can be caused by
hyponatremia, and this can be treated with vasopressin
antagonists.

5. Band esophageal varices.
6. Pulmonary hypertension can keep someone off of the

transplant list. Stated simply, in a patient with a pul-
monary artery pressure greater than 60, the liver will
swell with reperfusion during the transplant, severely
compromising transplant success. Sildenafil can be
started, sometimes decreasing pulmonary hypertension
enough to qualify the patient for the transplant list.

7. Evaluate for intrapulmonary shunt. This involves the
deoxygenated blood from the right heart bypassing gas
exchange before returning to the left heart.

8. Hepatorenal syndrome—This involves kidney dysfunc-
tion in patients with liver failure, and patients may
eventually receive a combined kidney–liver transplant. It
is characterized by severe vasoconstriction in the kid-
neys, as well as splanchnic vasodilatation. Treatment is
terlipressin, a vasopressin analogue, which constricts the
splanchnic bed to squeeze the blood into the renal vas-
cular bed. It works in a small subset of patients, but most
patients eventually return to their baseline hepatorenal
state and require dialysis. The exact cause in patients
with severe liver disease is unknown. Even if a com-
bined liver–kidney transplant is needed, having some
kidney function is beneficial and also helps to decrease
the inevitable hyperkalemia that occurs during transplant
from packed red blood cell transfusion.

9. Encephalopathy—This is due to hyperammonemia,
although the exact mechanism is unclear. Antibiotics

serve to cut down on bowel flora and thus blood
ammonia levels. Lactulose also helps to decrease bowel
flora by increasing motility. Encephalopathy ranges
from mild cognitive changes to frank coma. Surgeons
and hepatologists would be reluctant to transplant a
patient in a coma.

10. Anemia—from bleeding varices, low platelet counts
from portal hypertension, and generalized marrow sup-
pression. Chronic anemia should be treated with either
stimulants of the bone marrow or blood transfusion so
that patients enter the operating room with maximal
oxygen delivery to tissues [1].

CON: I do not think that optimization is always the right
thing. I once took care of a baby who had biliary atresia. The
therapeutic option was a Kasai procedure, which is when
bowel is sewn to the porta hepatis. This allows bile to drain,
jaundice to disappear, and nutritional status to be optimized.
If the child gains enough weight, the child can receive a
transplant from a donation by one of the parents. Recurrent
cholangitis, unfortunately, can occur as an ongoing process
in these patients.

I do remember a family who refused the Kasai with the
mindset being as the child gets sicker, he or she would move
up quickly on the transplant list. The fact is that there is a
tremendous shortage of child donors and the parents may not
have the anatomy and circulation status to permit donation
of their own livers. In this case, the child grew sicker and did
move up the list. By the time he was first on the list, he was
close to death as neither parent could donate. When the child
was brought to the operating room for a transplant, he had a
cardiac arrest on induction. CPR was successful and the
child’s transplant proceeded without incident. The parents
took a huge risk and succeeded by getting a transplant sig-
nificantly earlier than if he had the Kasai. They were vic-
torious by the skin of their teeth.

In adults, there have also been documented cases of
patients who deliberately withdrew optimization in favor of
moving up the list. With an enormous shortage of donor
organs, it makes sense to get somewhat sicker to have access
to a liver quicker. The list is a slippery slope and sometimes
a fictitious MELD score is reported, especially when sur-
geons are incentivized to perform surgery. While the United
Network Organ Sharing guidelines are strict, they are not
always followed.

PRO: I believe that optimization should occur. In 2011, the
US Food and Drug Administration (FDA) approved for the
first time direct-acting antivirals (DAAs) for the treatment of
hepatitis C. DAAs, including protease inhibitors, block
enzymes that the hepatitis C virus uses to multiply [2]. More
options have been approved since then. The genotype of the
virus will determine for which combination of drugs the
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patient is eligible. By the time the patient has cirrhosis, the
patient may have no detectable virus but the complications
of cirrhosis remain. The new liver may thrive, but the effects
of the end-stage cirrhotic state will remain and transplant
will be needed; these medications are very expensive and not
readily available to the underserved population.

Summary

Refusing optimization treatment for end-stage liver disease
may make a patient move up on the liver transplant list;
however, he or she could easily die from concurrent com-
plications such as bleeding. Optimization allows, in the long
run, a healthier patient for this high-risk case. Refusing

treatment in order to move up the list is dangerous if not
irresponsible as a patient increases his or her chances of
becoming de-listed from becoming too ill to endure the
transplant. I do not think a patient or parent of a child should
even be offered the option of not being optimized.
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66Is the Model for End-Stage Liver Disease
(MELD) Score the Best Way to Evaluate Liver
Transplant Patients Preoperatively?

Benjamin Heller and Jeron Zerillo

Case

A 52-year-old male with a past medical history of hepatitis C
cirrhosis, hypertension, hyperlipidemia, and a body mass
index of 34 presents for deceased donor liver transplantation.
He has been on the liver transplant list for 6 months. His
international normalized ratio (INR) is 2.1, creatinine is 1.6,
and total bilirubin is 8.4, and he has never undergone renal
replacement therapy. As a result, his preoperative Model for
End-Stage Liver Disease (MELD) score is 27. In the holding
area, he responds appropriately to most questions, although
his wife reports that he has seemed more confused in the past
2 days. On physical exam, you note that the patient is dif-
fusely jaundiced, has spider angiomas, and has marked
ascites.

Your resident, who has done a thorough history and
physical, asks you whether this patient is sick enough to
appropriately utilize such a precious resource.

Question

Is the MELD score the best way to evaluate liver transplant
patients preoperatively?

PRO: This patient can best be evaluated for a liver transplant
by utilizing the MELD score, which was originally created
to predict survival in patients with portal hypertension
undergoing transjugular intrahepatic portosystemic shunt
[1]. However, it has since been adopted by the United

Network of Organ Sharing (UNOS) to prioritize patients for
liver transplantation. The MELD system utilizes objective
measures, thereby decreasing the likelihood of skewing
organ allocation inappropriately by the use of subjective
criteria. With historic allocation systems that utilized sub-
jective measures, practitioners could claim that patients were
encephalopathic when they were not. MELD scoring, on the
other hand, emphasizes 3 of the most important criteria in
disease severity for cirrhotics and provides an objective
value that can be compared against other patients with
end-stage liver disease. It is calculated using the following
formula:

MELD ¼ 9:57� Loge creatinineð Þþ 3:78
� Loge total bilirubinð Þþ 11:2
� Loge INRð Þþ 6:43:

The following apply to MELD scoring:

• UNOS has set the lower limit of creatinine, INR, and
bilirubin at 1, so there are no negative values.

• UNOS has capped the upper limit of creatinine at 4.
Additionally, if a patient has received hemodialysis twice
in the previous 7 days, he/she is scored with this value
whatever the creatinine level.

• Scores range from 6 to 40 and are used to predict 3-month
mortality, while the patient is on the wait list [2].

CON: While the MELD score has been used for allocation
since 2002 [1], it is not without its limitations. Although
widely used as a predictor of survival, even its creators admit
that the survival of 15–20 % of patients cannot be accurately
predicted by this scoring system [1]. Furthermore, while the
MELD score can accurately predict mortality for patients on
the liver transplant waiting list, it has not been found to
accurately predict mortality after liver transplant, likely due
to a variety of factors such as donor characteristics,

B. Heller
Department of Anesthesiology, Icahn School of Medicine at
Mount Sinai, 1 Gustave L. Levy Place, New York,
NY 10029, USA
e-mail: Benjamin.Heller@mountsinai.org

J. Zerillo (&)
Department of Anesthesiology, Division of Liver Transplantation,
Icahn School of Medicine at Mount Sinai, 1 Gustave L. Levy
Place, 8th Floor, New York, NY 10029, USA
e-mail: Jeron.zerillo@mountsinai.org

© Springer International Publishing Switzerland 2017
C.S. Scher et al. (eds.), You’re Wrong, I’m Right, DOI 10.1007/978-3-319-43169-7_66

229



experience of the surgeons and anesthesiologists [3], and
unanticipated postoperative complications [1].

PRO: Prior to the MELD score, the Child-Turcotte-Pugh
(CTP) score was used to assess patients undergoing liver
transplantation. This scoring system has 5 categories: total
bilirubin, serum albumin, prothrombin time (PT) (or INR),
ascites, and hepatic encephalopathy (Table 66.1) [4]. Each
category is assigned a value from 1 to 3, with 3 being the
most severe for a maximum score of 15 [4]. Many clinicians
consider the subjective categories of ascites and hepatic
encephalopathy, combined with an absence of evaluation of
renal function, to be the major drawbacks of this scoring
system.

Most studies have indicated that the MELD score has
yielded results superior to the Child-Turcotte-Pugh score in
predicting patients’ risk of mortality [1]. Furthermore, renal
function is an established marker of prognosis in patients
with cirrhosis [5], and the CTP score lacks these data. The
new MELD system has eliminated waiting time as a criterion
for transplant [5]. This allows sicker patients, once listed, to
be considered earlier for transplantation, which helps to
maximize justice, one of the main values of modern-day
medical ethics.

CON: The MELD score cannot predict post-liver transplant
survival [5]. If the purpose of liver transplantation is
long-term survival, then the scoring system should ideally
reflect postoperative survival as well. This would help to
ensure the best possible use of a scarce resource. Part of
maximizing justice is making sure that organs do not go to
waste; therefore, postoperative survival should be consid-
ered. In the future, donor characteristics may be weighed
more heavily, as the relationship between donor and recip-
ient is of paramount importance. Additionally, since sar-
copenia has recently been demonstrated to be an
independent risk factor for wait-list mortality, its incorpo-
ration into organ allocation systems may improve organ
matching [6].

PRO: With any system, unanticipated events peri- and
postoperatively can affect the success of liver transplantation
even in the best of candidates. There is no way to predict the
future and to expect any preoperative scoring system to do
so is unrealistic. What the MELD system does is quantify
how sick patients are preoperatively. While the CTP system
does the same thing, it is less objective and more user
dependent. The MELD score creates a uniform, objective
scoring system that can equally risk-stratify a patient in a
small, local hospital in rural Wisconsin as well as in a large
tertiary care center in New York City. When the MELD
system was adopted for organ allocation, the average MELD
at time of transplantation increased from 18.5 to 24.1, with
the first decrease in wait-list mortality/patient removal for
extreme illness since the inception of the list [2].

CON: Exceptions to the MELD system are becoming
increasingly common. Patients with hepatocellular carci-
noma (HCC) do not inherently have high MELD scores, but
given certain criteria can benefit greatly from liver trans-
plantation [2]. These patients may be granted “exception”
points to their MELD score (such that their minimal starting
MELD is 22, and then 3 points may be added every 3 months
to account for potential tumor progression), increasing their
likelihood of receiving a transplant. These HCC exceptions
do not maximize the benefit of transplants, as life-years
gained after transplant in these patients is less, since they
likely would have survived longer than their non-exception
equally MELD scored counterparts [2].

PRO: This is an issue that, at present, is widely debated. The
addition of exception points for HCC patients is currently
under review and may change in the near future, with pro-
posals that include capping this patient population at 34
points [7], a level that would preclude them from taking part
in the Share 35 liver region sharing program.

CON: Furthermore, patients that are candidates for
re-transplantation are given a MELD score, which can be
misleading. Studies have shown that patients undergoing

Table 66.1 The
Child-Turcotte-Pugh (CTP) score
to assess patients undergoing liver
transplantation

Total Bilirubin
(mg/dl)

Serum Albumin
(g/dl)

INR Ascites Hepatic
encephalopathy

1
point

<2 >3.5 <1.7 None None

2
points

2–3 2.8–3.5 1.7–
2.3

Mild Grade I–II

3
points

>3 <2.8 >2.3 Moderate to
Severe

Grade III–IV

INR international normalized ratio
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re-transplantation have a worse prognosis than those
undergoing primary procedures [5]. Even for patients with
the same MELD score, studies have shown survival was
significantly lower for those undergoing re-transplantation
than for primary transplant patients [8].

Summary

MELD-based scoring is the best available system because it
has improved organ allocation since its implementation [9].
The patient in this vignette demonstrates the stigmata of
end-stage liver disease such as ascites and hepatic
encephalopathy, which is not unusual for those who present
for liver transplantation. The answer to the resident about
whether the patient is sick enough to appropriately utilize
such a precious resource is that according to the objective
qualifications outlined in the MELD score, he is.

While the MELD system is our best means of allocating
liver grafts, it should remain constantly under review to
maximize justice and optimize patient outcomes as our
understanding of perioperative risk factors improves.
Regardless of the scoring system used, we must continue to
improve our ability to match organs to those patients who
will benefit most, which may result in transplantation of
increasingly sicker patients. As a result, communication with
the surgeon and the transplant team is essential, and extreme
intraoperative vigilance is a necessity. Ultimately, the

anesthesiologist can play a critical role in the success of
these surgeries, regardless of the scoring system utilized [3].
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67A Small Bowel Transplant for a Patient
with Scleroderma: Once Again on the Slippery
Slope Both Clinically and Ethically

Corey S. Scher

Case

A 55-year-old gentleman with a 30-year history of diffuse
scleroderma presents for a small bowel transplant. His
rapidly progressive autoimmune disease includes his entire
gastrointestinal tract, liver, lungs, skin, and joints. He is
brought to the holding area, and the chart includes the fol-
lowing preoperative assessment by organ system:

1. Raynaud’s phenomenon: This is the presenting symptom
in 70 % of scleroderma patients and occurs in 95 % at
some time during their illness: pitting ulcers on the fin-
gertips including skin and mucosal telangiectasia.

2. Cardiovascular: dysrhythmias and syncope due to con-
duction abnormalities, hypertension, and congestive
heart failure (CHF).

3. Digestive: gastro-esophageal reflux disease, bloating,
indigestion, loss of appetite, diarrhea alternating with
constipation, sicca syndrome, and its complications,
loosening of teeth and hoarseness due to acid reflux.

4. Pulmonary: progressively worsening shortness of breath,
chest pain caused by pulmonary hypertension, and dry
persistent cough due to interstitial lung disease.

5. Musculoskeletal: joint and muscle aches, loss of range of
motion, carpal tunnel syndrome, and muscle weakness.

6. Genitourinary: scleroderma renal crises and kidney
failure.

7. Other: facial pain due to trigeminal neuralgia, hand
paresthesias, headache, stroke, fatigue, calcinosis, and
weight loss.

His evaluation includes:

• Abdominal computed tomography (CT) scan

• Barium enema
• Blood tests for liver function, electrolytes, kidney func-

tion, and antibodies to certain viruses
• Colonoscopy
• Electrocardiogram (ECG) and echocardiogram
• Endoscopy
• Motility studies
• Ultrasound of the circulatory system
• Upper gastrointestinal and small bowel X-ray series

Additional test results include:

1. Pulmonary function tests indicated less than 50 % of
predicted in all values.

2. Chest X-ray revealed significant cardiomegaly and
decreased pulmonary markings.

3. Increased values on liver function tests, reflecting inva-
sion of the liver by scleroderma along with total par-
enteral nutrition induced cirrhosis.

4. Upper endoscopy revealed a “hard, tube-like structure
with no sphincters.”

5. Double balloon enteroscopy revealed a rock-solid small
bowel with a paucity of normal villi.

6. Anemia.
7. Glomerular flow rate 20 % of predicted.

On examination, he was unable to breathe through his
nose and showed an extremely limited mouth opening of
1–2 finger breadths. His skin was hard as stone, and he held
a tissue over his mouth as bile continuously poured out. His
only intravenous access was a peripherally inserted central
catheter (PICC) line near his right axilla that was dedicated
to total parenteral nutrition (TPN) and did not run sponta-
neously. ENT and the cardiopulmonary pump team were
notified about the potential for a lost airway.

PRO: The patient is here and we must move forward. It is
what it is, a situation where it is almost impossible to avoid
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complications related to anesthesia and obviously to the
transplant surgery.

CON: This procedure should not be done. His pulmonary
function and renal status make his 6-month survival quite
limited. Is there a backup recipient in the hospital so that his
organ does not go to waste? We are not helping this patient.
We are only going to speed up his dying process and make
him even more miserable, if that is possible.

PRO: The surgeons are ready to move forward with this
case and, unlike the extensive list of patients waiting for a
liver transplant, there are not many patients who are eligible
for this small bowel.

CON: I cannot imagine intubating him without serious
aspiration.

PRO: It is unlikely that we will be able to topicalize him
for an awake intubation. Nebulized lidocaine or spraying-
as-you-go are 2 approaches that will not work. I would like
to give him small incremental doses of ketamine and see
how far that takes us. We will start out by giving 0.2 mg of
glycopyrrolate to dry him out.

CON: Dry him out? He has a river of bile that continuously
flows from his bowel to his mouth. That is why glycopy-
rrolate and spray-as-you-go will not work. Blocking the
recurrent laryngeal and the internal branch of the superior
laryngeal nerves and the back of the throat cannot be
attempted as we cannot feel his cricoid cartilage or hyoid
bone. And his small mouth opening prohibits gargling with
viscous lidocaine. ENT thinks that an awake tracheostomy is
needed with cardiac surgery backup because of the possible
need for a sternotomy. How did we get into this?

PRO: I am going to do the ketamine thing and hope for the
best. It is a no-win situation. I was in many no-win situations
in Iraq and many did work out.

CON: Will you allow the resident to do the fiberoptic or will
you just take it yourself and get it over with one way or
another?

PRO: The resident gets first crack as he is excellent with the
scope. We will pre-oxygenate for 5 min through his mouth
as his nose is blocked. Then I will count to 10. If the resident
is not close, we will pre-oxygenate again. We will give
ketamine in 20 mg increments and start when 80 mg are in.

CON: How can you let a resident do this? If there was ever
one for an attending this is it.

PRO: I am sorry, but I have to start this case and I am going
to do it the way I want. Let’s bring him to the operating
room (OR) and start by putting monitors on. We are going
straight to the right internal jugular with the ultrasound. If
visualization is good, we will double-stick the neck and
place 1 wire for a triple lumen and 1 for a 9.0 French
introducer. As with many patients with autoimmune dis-
eases, he may be hypercoaguable and we may not see any
viable vessels.

CON: You are better off sticking him with the long
large-bore needle as the angiocath in the kit may not be
strong enough for his widespread sclerosis. The downside is
that the neck may be like a rock, and if you insert a wire in
the neck, then you have to confirm the wire is properly
placed, which requires you to insert the angiocath over the
wire, pull the wire out, and then hook up IV tubing for
manometry to see the venous tracing before placing the
actual venous catheter. You will also need to place an
arterial line. The more steps you take the more chances for
infection or worse, a mistake.

PRO: The double stick was easy but dilating required so
much more force than I would normally apply that it made
me feel nervous. We will use the triple lumen for drugs and
the introducer for volume. Actually, before we deal with the
airway, let’s stick the left neck for another introducer.

CON: You have a bad case of being overconfident if not
crazy!

PRO: Here is the plan. Let’s give him 2 mg of midazolam to
offset possible hallucinations from the ketamine. I will titrate
the ketamine to be able to pry the mouth open to fit an
Ovassapian airway. If he does not tolerate the airway, I will
titrate 20 mg at a time until he does. I will use the airway to
place an orogastric tube so I can get whatever I can out of his
gastrointestinal tract. I do not look at this as a full stomach but
rather an entire GI tract that has no sphincters or barriers [1].

CON: There is over a liter of bilious fluid coming out. You
better leave that tube in on suction during the intubation.
I am starting to shake watching your resident pick up the
fiberoptic scope.

PRO: After 20 more milligrams of ketamine, I am pleasantly
shocked as it took the resident 30 s to intubate. I need to take
the scope for myself and examine as much of the lung for
bile as possible.

CON: It will be hard to tell if the bile that you see is the
result of aspiration that just happened during the intubation
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or nothing more than his ongoing daily aspiration of bile.
Does it even matter if he is oxygenating well?

PRO: The paper on “The Strategy of Mechanical Ventilation
in ARDS: 2012 Update” (from ARDSNET.org) strongly
implies that early employment of low-volume ventilation in
patients at risk protects a significant number of them from
contracting acute respiratory distress syndrome (ARDS).
There was close to a 10 % reduction in ARDS-related mor-
tality. This patient is at high risk for ARDS and my sense is
that both acute and chronic bilious aspiration is what is going
on. We will bring the tidal volumes down to 6–8 ml/kg ideal
body weight.

CON: This patient will become wildly atelectatic at 6 ml/kg
ventilation, with an increase of pulmonary vascular resis-
tance and inevitable hypoxia. He will need many recruitment
breaths to make a dent in the respiratory acidosis that will
evolve. I would not pick this patient for your “clinical trial.”
I would volume-control ventilate the patient with a pressure
limit of 25. That dose could be similar to the 6–8 cc
ARDSNET recommendation [2]. The key to survival if the
surgical technique is well done will be related to complica-
tions of immunosuppression. Iatrogenic atelectasis with
potent immunosuppressants is a setup for life-threatening
pneumonia. These patients do poorly without an immune
system, and your ARDSNET ventilation is not seeing the big
picture here.

PRO: There are several big ticket items that must addressed,
namely blood product administration, monitoring for clot
stability, and avoidance of reperfusion injury to preserve the
new graft. The components of reperfusion injury and
attempts to control it in liver transplantation are clearer than
in the small bowel. We do take the big leap and view the
pathophysiology similarly.

In essence, reperfusion of the graft leads to a massive
inflammatory response and disturbance of the microcircula-
tion in the new small bowel. The cause is multifactorial, but
both warm and cold ischemic times are certainly factors. If
the reperfusion injury is massive, the newly created vascular
grafts could clot, compromising viability. In liver trans-
plantation, unclamping of new vascular grafts often leads to
severe hypotension, requiring a short course of vasopressors.
Inflammatory mediators are vasodilators, and the loss of
nitric oxide is the main player in unstable vital signs.
A similar but less profound hemodynamic response occurs
with reperfusion of a small bowel graft. Gut flow is severely
compromised by vasopressors, and they are given as a last
resort.

CON: In summary, we are going to spend hours and dollars
on a man who might make it through the surgery but will
present on postop day one with 1 or all of 3 possible clinical
scenarios that act like the same thing: (1) acute rejection,
(2) inflammatory or iatrogenic bowel perforation, and
(3) clots in the microcirculation or the major vascular
anastomoses. It is likely that you will be giving anesthesia
again within hours of the end of the initial case.

PRO: Once we go back to the OR, we may not find any of
the aforementioned possibilities and we are then stuck with
hemodynamic instability and a rising lactate. The old saying
is that the longer you are on the ventilator the longer you will
remain on the ventilator. The anesthesiologists and surgeons
often have only 1 shot at this and you are right that take
backs to the OR increase the chance of his demise.

Fast Forward to Postop Day #3

CON: The patient has now gone back to the OR 3 times for
anastomotic leaks, vascular compromise, and an exploration
solely based on rising lactate. He is now on a norepinephrine
infusion. His arterial blood gases (ABGs) and chest X-ray
(CXR) are consistent with ARDS. He has already received
40 units of packed red blood cells (PRBCs) and 55 units of
fresh frozen plasma (FFP) with multiple rounds of platelets.
He is dying [3].

PRO: The survival rate in high-volume small bowel trans-
plant centers is almost 80 % at the end of the first year with
morbidity and mortality most often related to severe
immunosuppression; we just have to have him turn around.

CON: Look at the big picture here. He cannot survive. We
should provide comfort care or, in more frank although
improper terminology “withdraw care.”

Summary

This is an ethically charged case as the patient’s lung
function is poor, his kidney and liver are compromised, and
his “new” small bowel will lack normal motility. He might
have been a better candidate months ago when his systemic
sclerosis was not that bad. The anesthesiologist should have
made a more forceful appeal for the involvement of an ethics
consult as he knew from the beginning he was providing
care that would hasten the patient’s death.
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68Should Steroids Be Used in Septic Shock?

Samion Shabashev

Case

You are rounding on an elderly woman in the intensive care
unit (ICU) when John, one of your residents, presents a case.

“This is a 76-year-old female with a past medical history
of type 2 diabetes who presented to the emergency depart-
ment with a 3-day history of fever, chills, dysuria, flank pain,
and altered mental status,” John says. “Upon admission her
vitals were: temperature 39.5 °C, heart rate 126, blood
pressure 70/42, and respiration of 20 breaths per minute, and
oxygen saturation of 99 % on 4 L nasal cannula. On phys-
ical exam she is an ill-appearing elderly women with an
altered mental status, who appears dehydrated and is warm
to the touch. Lab work is significant for white blood count of
17,000 mg/dL with predominant polymorphonuclear neu-
trophils shift, hemoglobin and hematocrit are 15 g/dL and
44 %, and chemistry panel with elevated BUN/Creatinine
levels of 50 and 2.2 mg/dL, respectively. The urinalysis is
consistent with a urinary tract infection. The patient was
given 2 L of lactated Ringer’s in the emergency room with
minimal improvement in blood pressure. She was subse-
quently started on broad-spectrum antibiotics, a nore-
pinephrine infusion, and admitted to the intensive care unit.”

John then continues his assessment and plan for the
patient. “Since the patient presented with signs and symp-
toms that fulfill the systemic inflammatory response syn-
drome (SIRS) criteria and the patient is hemodynamically
unstable requiring vasopressor support for acute circulatory
collapse secondary to the infection, I believe this patient is in
septic shock.”

John says, “My management for this patient is to continue
with broad-spectrum antibiotics and then narrow down the
antibiotics once culture sensitivities come back. I will con-
tinue with crystalloid fluid resuscitation as needed, and

continue with a norepinephrine drip for blood pressure
support until we can start weaning it down.”

Question

At this point, Peter, another resident, intervenes to ask a
question. “Since sepsis is driven by a systemic inflammatory
response in which production of inflammatory cytokines
plays a large role, wouldn’t it make sense to give this patient
a steroid to help reduce her inflammatory response?”

CON: John replies, with only the slightest hint of eye roll,
“Steroids are anti-inflammatory drugs that modulate gene
expression for suppressing the immune system response.
This effect might decrease the effectiveness of immune
system’s response against microbial infections. Corticos-
teroids can also mask some symptoms of infection and can
potentially lead to superimposed infections in this patient.”

PRO: Peter replies patiently, “Yes, John, but recently there
has been data that demonstrated that low-dose hydrocorti-
sone treatment in patients with septic shock have improved
hemodynamic parameters, inhibited systemic inflamma-
tion, and prevented overwhelming compensatory anti-
inflammatory response, and maintained Th1-related
immune responsiveness” [1].

CON: “On the contrary!” exclaims John, “the CORTICUS
trial (a multicenter, prospective randomized, double-blind,
placebo-controlled trial) showed that there was no significant
difference in 28-day mortality between those treated with
placebo (36 %) and those who received hydrocortisone
(39.2 %) (with P = 0.069). There was also no significant
difference in either hospital or ICU mortality in this study
(31.5 % placebo vs 34.3 % hydrocortisone, P = 0.51). The
hydrocortisone group also had more episodes of superin-
fection, including new sepsis and septic shock” [2].
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PRO: Peter continues to keep his cool as he proceeds with
his point of view. “Despite this information, there have still
been various studies that have shown a decrease in the time
necessary to reverse septic shock with the use of low-dose
steroids. In fact, in that same CORTICUS study, they
demonstrated significantly shorter times to reversal of shock
in the group treated with hydrocortisone as compared to the
placebo group (3.3 vs 5.8 days with P < 0.001)” [2].

CON: “I don’t know about you, Peter,” says John, “but I just
don’t feel comfortable giving my patient medication that has
so much controversy as to its efficacy. From what I’ve read
there is still controversy on how effective steroids are in
septic shock. In addition, from all the main studies that I’ve
read, the treatment with steroids did not modify the duration
of shock and the mortality of septic shock enough to con-
vince me to start using them in this patient” [3].

PRO: Peter once again replies patiently, “I agree, John, there
is no evidence to use steroids in EVERY patient with SIRS
criteria or sepsis. However, there is a plethora of research that
supports the hypothesis that it would be appropriate to
reserve low-dose steroid therapy for patients with septic
shock whose blood pressure is poorly responsive to aggres-
sive fluid and vasopressor therapy alone, as in this patient.”

CON: “Can you give me an example?” asks John.

PRO: After a moment of thought, Peter then proceeds with
an answer. “Well, according to one paper I read, the use of
low-dose corticosteroids in septic patients restores cardio-
vascular homeostasis, terminates systemic and tissue
inflammation, restores organ function, and prevents death
[4]. According to the author, corticosteroids should be ini-
tiated only in patients with sepsis who require 0.5 l(mu)
g/kg/min or more of norepinephrine and should be continued
for 5–7 days except in patients with poor hemodynamic
response after 2 days” [4].

Summary

The Final Verdict

The use of corticosteroids in septic patients has been a con-
troversial subject for many years. Originally, a short course
of high-dose corticosteroids (>300 mg hydrocortisone daily)

was tried. However, subsequent studies showed no benefit
from this regimen and actually demonstrated an increased
mortality due to increased superinfection-related deaths. This
in turn led to a Grade-A recommendation by the Surviving
Sepsis Campaign (SSC) guidelines against the use of
high-dose corticosteroids [5]. Thereafter, some experts began
to use the adrenocorticotropic hormone (ACTH) stimulation
test to identify subpopulations of “responders” and then
discontinue steroid therapy in these patients. However, this
approach has also been shown to be ineffective due to the
inability to accurately distinctly indentify between respon-
ders and nonresponders. Thus, the most recent SSC guide-
lines discourage using the ACTH stimulation test to identify
the subset of adults with septic shock who should receive
hydrocortisone (Grade-2B recommendation) [6]. This brings
us to the most contemporary role of steroids in septic patients.
More recently, studies that used lower doses of hydrocorti-
sone for longer durations have shown promising results in
certain subsets of septic patients [2]. In patients with septic
shock that are unresponsive to IV fluid resuscitation and
vasopressors, the addition of low-dose corticosteroids (hy-
drocortisone 200 mg/daily, for 7 days) has been shown to be
safe, is associated with lower mortality, and leads to
improved rates of shock reversal, ultimately to a decreased
ICU length of stay.
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69Should Extracorporeal Membrane
Oxygenation Be Used for the Early Treatment
of Acute Respiratory Distress Syndrome?

Melissa M. Anastacio and Scott A. Falk

Case

A 48-year-old African American man with a medical history
notable for asthma, chronic obstructive pulmonary disease
(COPD), and active tobacco use presented to his primary
care physician (PCP) with a 5-day history of progressive
shortness of breath, productive cough, generalized malaise,
and body aches. He traveled to Florida 1 week prior to
presentation and was exposed to “moldy” water due to
flooding of his basement the preceding week. He denied any
recent sick contacts. At his PCP’s office, his room air oxygen
saturation was 78 %.

A chest radiograph (Fig. 69.1a) taken in the emergency
department demonstrated a right middle lobe opacity con-
cerning for community-acquired pneumonia. He was
admitted, placed on supplemental oxygen, and treated with
levofloxacin.

Over a 5-day period, hypoxemia worsened with escala-
tion of noninvasive (CPAP with FiO2 100 %, inhaled epo-
prostanol) to invasive ventilation (bilevel, 100 % FiO2, tidal
volume of 450, high/low PEEP of 30/0, and pressure support
of 13 with a PaO2:FiO2 ratio of 78). Chest radiographs
(Fig. 69.1b, c) showed progressive development of diffuse
ground glass opacities confirmed by a chest computed
tomography (CT) scan (Fig. 69.2), all concerning for acute
respiratory distress syndrome (ARDS). An extensive infec-
tious and rheumatologic workup failed to identify a

causative agent. Antimicrobial coverage was broadened to
vancomycin and piperacillin/tazobactam.

Question

As the patient continued to worsen, the clinicians asked
themselves: Should extracorporeal membrane oxygenation
(ECMO) be used for the early treatment of ARDS?

PRO: Acute respiratory distress syndrome (ARDS) is asso-
ciated with significant morbidity and mortality. Extracor-
poreal membrane oxygenation (ECMO) is a therapeutic
option in the management of severe ARDS. The concept of
“lung rest” underlies the potential benefit of ECMO in the
management of severe ARDS.

CON: Yes, but inconsistencies in the literature have made
the definitive role of ECMO in ARDS management difficult
to establish.

ARDS is classically defined as the acute onset of hypox-
emia and bilateral pulmonary infiltrates consistent with pul-
monary edema in the absence of left heart failure [1]. In an
attempt to address validity issues with the original definition,
the ARDS Task Force refined the definition and further
classified ARDS according to the degree of hypoxemia: mild
(200 < PaO2:FIO2 � 300), moderate (100 < PaO2:FIO2

200), and severe (PaO2:FIO2 < 100) [2]. Associated mor-
tality rates were 27, 35, and 45 %, respectively [2]. The most
common etiology of acute respiratory failure was infectious
with bacterial pneumonia, the most frequently encountered
pathology followed by viral pneumonia, while less common
causes were sepsis, trauma, and pulmonary emboli [3–6].

ARDS is associated with significant mortality rates and
the majority die because of refractory hypoxemia [2, 7, 8].
For survivors, the morbidity remains significant with
diminished quality of life that can persist for years [8, 9].

M.M. Anastacio
Department of Surgery, Medstar Washington Hospital Center,
110 Irving Street, NW, Room 4B 42, Washington,
DC 20010, USA
e-mail: Melissa.M.Anastacio@medstar.net;
manastacio@hotmail.com

S.A. Falk (&)
Department of Anesthesiology and Critical Care,
Hospital of the University of Pennsylvania, 3400 Spruce Street,
Dulles 680 F, Philadelphia, PA 19104, USA
e-mail: falks@uphs.upenn.edu; Scott.Falk@uphs.upenn.edu

© Springer International Publishing Switzerland 2017
C.S. Scher et al. (eds.), You’re Wrong, I’m Right, DOI 10.1007/978-3-319-43169-7_69

241



The average annual medical cost for survivors is 2–4 times
greater than for healthy individuals [10].

PRO: Key concepts to the management of ARDS involve
treatment of the underlying cause and supportive care, but
the hallmark is utilization of lung-protective strategies
including low tidal volume, low pressure, permissive
hypercapnia, and minimal oxygen, all to limit
ventilator-associated lung injury and oxygen toxicity [3].
The ARDSNet trial demonstrated significant reduction in
mortality from 39 to 31 % with the use of low tidal volumes
and permissive hypercapnia; however, outcomes remained
poor [3]. If conventional ventilation failed, more advanced
ventilator modes such as a high frequency oscillator or air-
way pressure release ventilation or adjuncts such as steroids
or nitric oxide could be utilized—although there has been no
data to prove their efficacy in ARDS. It was at this extreme
end of the spectrum that ECMO emerged as a potentially
lifesaving alternative for the management of severe ARDS.

ECMO is an extracorporeal circuit that provides cardiac
and/or pulmonary support. It has been utilized in both
pediatric and adult populations, for emergent cardiac sup-
port, and severe respiratory failure [11]. A venous outflow
cannula placed in the internal jugular vein or femoral vein
removes blood, which is passed through a membrane oxy-
genator where gas exchange occurs. It is then recirculated
back into the body through an inflow cannula in the femoral
vein (VV ECMO) or through a central artery (femoral artery
or axillary artery) (venoarterial/VA ECMO). For severe
ARDS, both VV and VA ECMO have been utilized, though
VV ECMO is more commonly used. As a result of advances
in ECMO technology and its greater availability, ECMO
cannulation can be perceived as straightforward. However, it
is associated with potentially serious complications (vascular
injury, stroke, bleeding, infection, and extremity ischemia)
and requires a skilled multidisciplinary team of specialized
physicians, perfusionists, nurses, and ancillary staff [12].
Additionally, it requires a tremendous amount of resources
and finances from ECMO institutions.

With severe ARDS, ECMO has the advantage of facili-
tating lung-protective strategies, correcting hypoxemia and
hypercarbia while providing target organ recovery and
maintaining adequate whole-body organ perfusion.

CON: Fine, but did you examine the actual data? The data
on the benefits of ECMO have been less than conclusive and
fraught with many issues. Developed in the early 1970s, the
first randomized controlled trial utilizing VA ECMO in
ARDS patients demonstrated poor outcomes (close to 90 %
mortality in both the control and ECMO groups) [13]. As a
result, the concept of ECMO in ARDS fell out of favor.

PRO: It is important to note, however, that this study was
performed prior to the improved understanding of ARDS,
development of lung-protective strategies, and advancements

Fig. 69.1 Serial chest radiographs from a the day of presentation to the emergency department, b prior to and c after ECMO initiation
demonstrate progressive worsening bilateral pulmonary infiltrates

Fig. 69.2 Computed tomography scan of the chest demonstrates
bilateral ground glass opacities, interseptal thickening, and bilateral
atelectasis
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in ECMO technology. Since then, several institutional
experiences with ECMO have been published. They provide
a generally favorable view of ECMO’s benefit in ARDS
patients.

CON: Yes, but this study is limited—it is retrospective and
observational and has inconsistent methodologies.

PRO: Let’s look at more recent literature. The largest
single-institution experience comes from the University of
Michigan. Based on data from 255 patients with severe
ARDS placed on ECMO over a 14-year period, the overall
survival to hospital discharge was 52 %, a rate similar to
contemporary programs [12, 14]. This data reflected expe-
rience before and after the launch of lung-protective venti-
lation strategies. The CESAR trial is the only other
randomized control trial that evaluated primary outcomes
(death or severe disability) at 6 months from hospital dis-
charge for ARDS patients who were randomized to either
conventional medical management or transfer to an ECMO
center for consideration of ECMO [15]. Survival rates
without disability at 6 months post-discharge were statisti-
cally higher for ARDS patients who received ECMO con-
sideration (63 vs 47 % for the conventional group).
Additionally, a gain of 0.03 in quality-associated life years
was gained at 6 months. Further stimulating growing interest
in ECMO’s role with ARDS came with the outbreak of
H1N1 influenza that demonstrated survival rates in the 70
percentile range in patients rescued with ECMO [16, 17].
Both the CESAR trial and experience with H1N1 influenza
outbreak also highlighted the importance of referral to
ECMO-specialized centers.

CON: Fine, but What is the best way to even implement an
ECMO program? ECMO’s use in the management of ARDS
has been plagued by the absence of consensus guidelines for
indications, contraindications, and even management.
Although the Extracorporeal Life Support Organization
(ELSO) published general guidelines for indications and
contraindications for ECMO support, the ELSO stresses that
they do not reflect standard-of-care practices nor do they
reflect consensus guidelines [18]. Published criteria in the
literature reflect variations across institutions, across nations,
and over time.

Further complicating the discussion is the absence of
agreement on the role of specific patient factors such as age,
body mass index, preexisting chronic medical conditions
(including malignancy, COPD, renal or liver disease, mal-
nutrition, or immune compromised state), and the presence
and severity of acute extrapulmonary dysfunction in the
decision algorithm for ECMO consideration. All of these

factors inherently increase one’s risk for complications
including death. Frequently cited independent predictors of
mortality pre-ECMO are as follows: age, sex, the presence of
chronic diseases such as diabetes, COPD, and acute extra-
pulmonary organ dysfunction (namely renal and hepatic),
severity of illness based on scoring systems (APACHE,
SOFA, PRESERVE, MODS), degree of acidosis (pH <7.10),
PaO2:FiO2 ratio, and number of ventilator days [4–6, 12, 19].

PRO: Yes, but ECMO itself could potentially assist patients
in avoiding the worsening of these comorbidities.
ARDS-related complications include worsening hypoxemia
and hypercarbia, progression to non-recoverable lung func-
tion and extrapulmonary organ dysfunction (hemodynamic
instability, renal or liver dysfunction). The number of ven-
tilator days prior to ECMO initiation has consistently been
cited as an independent predictor of mortality (typically
greater than 7–10 days) [4–6, 9, 12]. ECMO may be able to
ameliorate the development of acute extrapulmonary organ
dysfunction and can shorten overall ventilator days, but
would have no influence on other fixed patient variables.

CON: However, other issues remain unanswered. Namely,
what constitutes “early” initiation? Is it based on the number
of days on the ventilator? Is it based on when ARDS is
diagnosed, which is problematic because it can be misdi-
agnosed or diagnosed late? Additionally, When should that
phone call be made to an ECMO-based institution for
assistance or transfer? Who should perform ECMO cannu-
lation? Oftentimes, patients are placed on ECMO at the
referring hospital and then transferred for further manage-
ment. Should only the ECMO center actually place patients
on ECMO so that transferred patients can be properly
evaluated? Despite well-established literature, there are
inconsistencies in the real-life practice of ARDS manage-
ment. There are also differences in the experience of diverse
hospital systems in the management of critically ill patients
and in the understanding and utilization of ECMO. Incon-
sistencies and lack of standardized practices may contribute
to mortality seen in severe ARDS and in ECMO patients.

Consensus More important than addressing earlier ECMO
utilization, we should all consider the even greater benefit of
early referral or transfer to an ECMO center. The benefit
would not only be from the ECMO expertise and infras-
tructure but the overall higher level of knowledge provided
by physicians in such referral centers in the management of
complex patients such as the ARDS population. Their
expertise may even obviate the need for ECMO if proper
management strategies are employed, avoiding certain
device-associated complications that only increase patient
morbidity and mortality. Additionally, ECMO centers
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should take a more active role in educating surrounding
referral hospitals.

Follow-up

On hospital day 7, the patient was transferred to a tertiary
referral center and placed on veno-venous ECMO (VV
ECMO) via the right internal jugular vein and the right
femoral vein. Transesophageal echocardiogram demon-
strated an ejection fraction of 65 % with normal biventric-
ular function. Mechanical ventilator settings were
minimized. Additional interventions included escalation of
antimicrobials, the addition of an antifungal agent and ster-
oids, and utilization of a combination of neuromuscular
blockade, sedative, and analgesic infusions of varying
duration. He was decannulated from ECMO on the 22nd
day, undergoing a percutaneous tracheostomy in the interim.
He did not suffer any extrapulmonary organ damage or
ECMO-related complications. He was ultimately liberalized
from the ventilator and discharged from the hospital for
extensive physical rehabilitation.

Summary

ECMO is a valuable, potentially lifesaving alternative to
conventional management of severe ARDS. However, its
efficacious use is fraught with many unanswered questions,
inconsistent data, and potentially morbid complications.
Although early institution of ECMO in ARDS patients may
be lifesaving, the data are inconclusive.
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70What Is the Most Effective Initial Resuscitation
for the Septic Shock Patient?

Howard Nearman

Case

A 67-year-old 88 kg man with a past medical history of
coronary artery disease and heart failure with a reduced
ejection fraction (rEFHF) underwent a Whipple procedure
2 weeks ago for a duodenal adenocarcinoma. His postop-
erative course was uneventful, and he was discharged home
a week later. He now presents to the emergency department
with complaints of fever, malaise, and abdominal pain. His
vital signs include a temperature of 101.2 °F, pulse of 112,
and a blood pressure of 82/46. In keeping with the most
recent Surviving Sepsis Campaign International Guidelines
for Management of Severe Sepsis and Septic Shock [1],
cultures are obtained and the patient is started on empiric
broad-spectrum antibiotics. Fluids are started, and he is
quickly admitted to the intensive care unit (ICU) for stabi-
lization before further diagnostic and/or source control pro-
cedures are performed.

Question

What is the most effective initial resuscitation for the septic
shock patient?

PRO (ICU Attending): We have started treatment in short
order and need to follow the guidelines by providing early
goal-directed therapy (EGDT) [2]. Let us place an arterial
line, a central venous catheter and measure a blood lactate
level. Since the patient is hypotensive, we can give

30 mL/kg of a crystalloid solution and push the central
venous pressure (CVP) above 8 mmHg. Our goals are to
achieve a mean arterial pressure (MAP) of at least 65 mmHg
and get the central venous oxygen saturation (ScvO2) above
70 %. We can continue to give fluids as long as there is
hemodynamic improvement, such as increase in blood
pressure or decrease in tachycardia. If our fluid resuscitation
does not get the MAP above 65 mmHg, we may have to
consider adding a norepinephrine drip.

CON (ICU Fellow): With all due respect, I have concerns
aggressively pushing fluids in a patient with rEFHF and I
think we need to take a look at some of the newer data.
There are 2 large studies recently published that do not
totally support EGDT as defined in the Surviving Sepsis
Campaign. The ARISE trial found that EGDT in septic
shock patients did not reduce all-cause mortality at 90 days
and that the EGDT group actually received a larger volume
of resuscitative fluid and were more likely to receive vaso-
pressors than the usual-care group [3]. Similarly, the Pro-
CESS trial also found that protocol-based resuscitation of
septic shock patients did not improve outcomes at 90 days.
In addition, they noted no difference in the need for organ
support [4]. Furthermore, both studies demonstrated that
measuring central venous pressure (CVP) and central venous
oxygen saturation, although safe, is not necessary for suc-
cessful resuscitation.

PRO (ICU Attending): OK. Good to know. We can still
press on with our fluid resuscitation while assessing
response to volume. Let us hang normal saline and follow
MAP, CVP, and heart rate.

CON (ICU Fellow): I am not a big fan of normal saline in
the critically ill. Infusing large quantities of normal saline
with a chloride concentration of 154 meq/L will result in
hyperchloremic acidosis, which cannot be good for the
unstable septic patient. In fact, a recent study in septic
patients found those who received balanced fluids had lower
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in-hospital mortality; in fact, the larger the proportion of
balanced fluids compared with normal saline, the lower the
mortality [5].

PRO (ICU Attending): Ringer’s Lactate it is then. We can
run in 30 mL/kg and then assess MAP. We should also
re-measure blood lactate if the initial level was >4 mmol/L.

CON (ICU Fellow): Do you think it is a good idea to
administer more than 2.5 L of fluid in a patient with a history
of systolic heart failure? Can’t we better tailor our resusci-
tation goals?

PRO (ICU Attending): Well, we need to normalize perfu-
sion. I suppose we can closely assess response to fluid as we
resuscitate to see if we have reached our goal of a CVP of
8 mm Hg.

CON (ICU Fellow): I am not sure that with respect to fluids
in sepsis, more is necessarily better—especially in this
patient with a history of congestive heart failure. And I really
do not think that CVP is the best indicator of volume
responsiveness.

Regarding total fluids administered, in a retrospective
review of 350 septic patients treated in accordance with the
Surviving Sepsis Campaign guidelines, a more positive fluid
balance at 24 h significantly increased the risk of in-hospital
mortality [6]. In sepsis, hypoperfusion results in capillary
endothelial leak, and administered fluid will accumulate in
the interstitial space. This will interfere with diffusion of
nutrients from the intravascular space, leading to organ
dysfunction. But if we really need to give fluid, let us do it
quickly. There is data demonstrating that the higher the
proportion of total fluid that is received within the first 3 h of
onset of sepsis was associated with decreased hospital
mortality [7].

PRO (ICU Attending): All right. I can buy that. Let us push
fluid quickly, but we need to figure out when enough is
enough—when our patient will no longer be preload
responsive. You are not a big fan of using CVP as a guide to
fluid resuscitation I take it?

CON (ICU Fellow): We can agree that the only reason to
give fluid is to increase stroke volume. CVP has been widely
accepted as a valid indicator of intravascular volume, being
mentioned prominently in the Surviving Sepsis Guidelines.
However, CVP is a static indicator, and a systemic review
has concluded that CVP is not a reliable gauge of volume
status in the critically ill, nor can it be used reliably to predict
responsiveness to fluid therapy [8]. The efficacy of fluid
challenges in producing a beneficial hemodynamic response

is better assessed using minimally invasive cardiac output
monitors that track changes in stroke volume dynamically
and in real time [9].

If we do not achieve our hemodynamic goals with judi-
cious fluid resuscitation, then we will need to start vaso-
pressors and/or inotropes.

PRO (ICU Attending): It is always a tough call on how to
balance achieving goal MAP between administration of
fluids and the use of vasopressors. I know that fluid resus-
citation is clearly the initial treatment, but I am not com-
fortable sitting on a MAP <65 mmHg for very long waiting
for fluids to take effect.

CON (ICU Fellow): And I agree with that. In general, it
seems that starting vasopressors early rather than later leads
to better outcomes. Recent data from a retrospective cohort
study showed that for every 1-h delay in starting nore-
pinephrine during the first 6 h of onset of sepsis, there was a
5.3 % increase in mortality. Patients who had nore-
pinephrine started within the first 2 h had significantly lower
lactate levels, required less total norepinephrine in the first
24 h, and had lower 28-day mortality rates [10]. It is also
possible that earlier vasopressor use allowed for lower fluid
volumes needed to reach hemodynamic goals. Specifically,
with respect to this patient with rEFHF, we may see
improved outcomes by providing pure inotropic support
early and optimizing cardiac output with dobutamine for
instance, rather than from a pure vasoconstrictor like vaso-
pressin, which may serve only to increase afterload and
stress his failing heart without improving overall perfusion.
Current guidelines are unable to consider exceptions for all
potential circumstances and only provide a “one size fits all”
approach.

PRO (ICU Attending): All right. I assume you will want to
use norepinephrine as the initial agent as it is the vasopressor
recommended by the Surviving Sepsis Guidelines.

CON (ICU Fellow): Not necessarily. I mean, I know what
the guidelines say, but I am not convinced. There was an
article out many years ago that found that endogenous
vasopressin plasma levels in hypotensive septic shock
patients receiving catecholamines were inappropriately low
[11]. More recently, a retrospective cohort study evaluated
septic shock patients who received monotherapy with either
norepinephrine or vasopressin as initial vasoactive therapy.
The results demonstrated that vasopressin was noninferior to
norepinephrine for the achievement of MAP goal [12].
A definitive randomized controlled trial of vasopressin ver-
sus norepinephrine as initial therapy is currently underway
and hopefully will provide a definitive answer [13].
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PRO (ICU Attending): Well, I am glad that we had this
discussion. It certainly seems that the optimal initial resus-
citation of septic shock patients—with the exception of
antibiotics and source control, of course—may not neces-
sarily be exactly as defined in the 2012 Surviving Sepsis
Guidelines. Apparently, there is a lot of new data that need
to be analyzed with respect to fluids, monitoring and
hemodynamic therapy.

CON (ICU Fellow): As a matter of fact, that is exactly what
is happening now. Dr. Dellinger, the lead author on the 2012
Guidelines, has recently published an update looking at
some of these controversies [14]. We have made a lot of
headway into improving the outcome for our patients in
septic shock, but more work lays ahead. Prospective ran-
domized controlled trials are difficult due to the range of
disease presentations, origins of the septic process, and
definition of measured outcomes.
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71Should Patients with Acute Respiratory
Distress Syndrome Be Placed in the Prone
Position to Improve Ventilation?

Arati Patil

Case

We always had a variety of critically ill patients in the sur-
gical intensive care unit: trauma, postoperative, cardiac,
vascular, and postoperative respiratory failure patients.
Although most of the patients were memorable, one in
particular has stood out to me throughout the years.

James was young, only aged 22 years. His mother had
passed away in the year prior to his admission, and he started
drinking heavily after that life-altering event—up to 1 L of
vodka a day. Prior to his alcohol abuse, he had been com-
pletely healthy. He presented to the hospital with severe
mid-epigastric pain and was quickly diagnosed with pan-
creatitis. James was admitted to the surgical intensive care
unit due to the severity of his pancreatitis and risk for
alcohol withdrawal. He decompensated very quickly and
needed to be intubated the evening of his admission and
soon thereafter developed systemic inflammatory response
syndrome (SIRS).

During the course of his admission, he developed acute
respiratory distress syndrome, or ARDS. At first, his ARDS
was manageable. We followed the ARDS Network protocol,
and he was “stable.” However, as his pancreatitis worsened,
his ARDS followed suit and he required increasing ventilator
support. During rounds, we discussed management options
of his pancreatitis and ARDS as it was quickly becoming
apparent that his condition was deteriorating.

Placing James in the prone position for his ARDS was
brought up and it initiated some intense debate during
rounds. It was not merely a ventilator change or medication
order we were talking about. In the end, we decided to
perform a literature search in order to bring some

evidence-based medicine to the table and help us make an
informed decision.

Question

Should patients with ARDS be placed in the prone position?

PRO: During rounds, I stated, “I read that prone positioning
improves arterial oxygenation, positive end-expiratory
pressure (PEEP) induced alveolar recruitment, and drai-
nage of secretions. The improvement in arterial oxygenation
stems from an improvement in ventilation/perfusion mis-
match as there is better ventilation in the perfused lung areas.
Prone positioning can also prevent ventilator-induced lung
injury by decreasing overdistention and increasing alveolar
recruitment. This homogenizes the strain induced by
mechanical ventilation and decreases the overall stress on
the lungs. Wouldn’t it then be indicated in patients with
ARDS?” [1].

CON: One of the team members responded, “The
improvement in arterial oxygenation and decrease in
ventilator-induced lung injury is valid, but does it actually
make a difference in the patient’s outcome and is it worth the
risks?”

“Prone positioning is not indicated for ALL patients with ARDS
because there are absolute contraindications. These include
burns and open wounds on the face, pelvic fractures, spinal
instability, and increased intracranial pressure. There are com-
plications from prone positioning as well. We need to consider
the risk of facial edema, pressure sores, desaturation during the
turning process, loss of the airway, and damage to important
lines. I certainly want to avoid reintubating a patient or replacing
lines”. [2]

PRO: I responded, “I understand your concern, but there are
hazards to all types of treatment modalities. Facial edema
resolves when the patient no longer requires prone posi-
tioning, and pressure necrosis can be prevented by protective
covering and careful positioning. The desaturation during
the positioning process is typically transient and does not
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require intervention. There is a risk of loss of the airway and
lines, but with careful positioning this can be prevented.

As for outcomes, in 2013 the New England Journal of Medicine
published the large (466 patients) prospective
randomized-controlled PROSEVA trial, which showed that for
patients with severe ARDS, prone positioning significantly
decreased 28-day (16 % in the prone group vs 32.8 % in the
supine group) and 90-day mortality. The benefits certainly
outweigh the risks!” [3]

CON: My team member responded, “Sure that was an
interesting study, but we need to keep in mind that the trial
only studied patients with severe ARDS, defined as a partial
pressure of arterial oxygen (PaO2) to fraction of inspired
oxygen (FiO2) ratio of less than 150 mmHg, a FiO2 of at
least 0.6, PEEP of at least 5 cm H2O, and a tidal volume
close to 6 ml per kg of predicted body weight. If James
doesn’t meet that criteria, he might not benefit from prone
positioning. Also, the PROSEVA trial patients were intu-
bated and mechanically ventilated for ARDS for less than
36 h prior to being enrolled in the study.”

PRO: “OK. We can check to see if our patient meets that
criteria. Regardless, we should consider prone positioning
for our severe ARDS patients in this ICU. The study also
showed there was a significant increase in rate of successful
extubations in the prone group!”

CON: “The ICUs where the study was performed used
prone positioning in daily practice for 5 years. We have not
performed prone positioning in our ICU before. Our staff
would have to be trained. We may have a higher risk of
complications from prone positioning due to our lack of
experience.”

Concession from PRO: “I agree that we should not
implement prone positioning without training. Let’s get
started with planning sessions for our staff in the classroom
and with the human patient simulator.”

Summary

Although in my patient’s case, we did not use prone posi-
tioning as an ARDS treatment, it is an important topic to
consider. It is evident that prone positioning in patients with
severe ARDS can decrease mortality, and each ARDS
patient needs to be looked at independently to consider
whether prone positioning will be beneficial. It is important
that intensive care units become familiar with prone posi-
tioning and require classroom and hands-on education on
this topic in order to offer it in a safe and effective manner.
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72What Is the Best Strategy for Ventilation
in Acute Respiratory Distress Syndrome?

Lee Stein

Case

A 52-year-old man who was a pedestrian struck by a car is a
patient in your intensive care unit (ICU). No history is
known, and no one has been able to reach his family. The
impact was mainly on his left chest and abdomen, and the
patient required intubation upon arrival to the emergency
department. A computed tomography (CT) scan upon
admission showed a pulmonary contusion, along with 2 rib
fractures. The patient’s condition has been worsening, and a
chest X-ray (CXR) shows complete whiteout of both lungs.
A partial pressure of oxygen/inspired fraction of oxygen
(PaO2/FiO2) ratio of 90 is calculated, and the diagnosis of
severe acute respiratory distress syndrome (ARDS) is made.

Questions

How should we ventilate patients with acute respiratory
distress syndrome? Should we use a high positive
end-expiratory pressure (PEEP) or low PEEP strategy?
Should we use spontaneous or passive mechanical
ventilation?

PRO: I think we can both agree to start with a lung pro-
tective strategy, as it’s been widely accepted that this reduces
mortality in patients with ARDS [1]. What that means is that
we will ventilate the patient using a low-tidal volume strat-
egy and try to limit our plateau pressures to as low as pos-
sible, not exceeding 30 cm H2O. I believe we should also
use a high PEEP and keep the patient sedated and muscle
relaxed to use passive mechanical ventilation.

CON: Yes, I do agree that we should limit our tidal volumes
to 6 mL/kg of ideal body weight and increase respiratory
rate to maintain an adequate minute ventilation, as well as
limit plateau pressures. However, I disagree with the use of
high PEEP and passive mechanical ventilation. I believe low
PEEP would be safer for the patient. Also, the patient will be
better off spontaneously breathing, in order to maintain
muscle tone and avoid deconditioning!

PRO: Well, I’ll explain why I think high PEEP is a better
strategy first. In ARDS, you lose a significant amount of
lung volume because of fluid, consolidation, and atelectasis.
We need to try to maximize the viable lung available for gas
exchange by using higher pressures to keep alveoli open.
This also helps prevent constant opening and collapsing of
alveoli, which causes further damage [2]. A high PEEP
strategy will improve the chances of survival for our patient.

CON: I don’t think that it will. The evidence does not show
any difference in mortality between a high PEEP strategy
and a low PEEP strategy. A high PEEP strategy may help
keep more alveoli open in certain areas of the lung, but will
also cause over-distention in other areas leading to baro-
trauma. Very high intra-thoracic pressure may also nega-
tively affect hemodynamics by impairing venous return to
the heart [2]. Multiple randomized controlled trials seem to
indicate that there is no difference in mortality between the 2
strategies. The largest of them, the Lung Open Ventilation
Study, had 983 patients and showed that there was no dif-
ference in all-cause hospital mortality in patients with ARDS
who were ventilated with high PEEP or low PEEP [3].

PRO: There is a meta-analysis that combined the data from
3 randomized controlled trials (RCTs), including the Lung
Open Ventilation Study, which looked at high PEEP versus
low PEEP in patients with lung injury who were ventilated
with lung protective strategies. All of this data analyzed
together showed that for patients with ARDS, there was an
improvement in mortality with a high PEEP strategy [4].
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Patients with ARDS had better oxygenation and were more
likely to achieve unassisted breathing earlier. The paper also
showed this was not associated with an increase in adverse
effects, such as causing pneumothorax or requiring vaso-
pressors [4].

CON: It’s interesting to see that although individual studies
showed no difference, for patients with ARDS (i.e., more
severe lung damage), there was a decrease in mortality in the
high PEEP group. However, there still is too much
conflicting evidence on the subject. Part of the problem may
be that each individual’s injury and lung pathology may
have a different threshold for finding the right balance of
PEEP, where oxygenation is improved, but over-distention
does not cause harm [2]. Perhaps all of our studies looking at
entire populations of patients show no difference in mortality
because they combine data points from a heterogeneous
group. There are many ideas for individualized strategies for
determining the ideal amount of PEEP. I recently read a pilot
study where PEEP was set based on the static compliance of
a patient’s lung [5]. The authors showed that there was
decreased organ dysfunction versus the group with FiO2-
guided PEEP settings. There was also a non-statistically
significant trend toward decreased mortality in the group
with PEEP set based on lung static compliance [5]. With
further research, maybe we will find a method of individu-
alization that will significantly decrease mortality.

PRO: OK, I will agree that an individualized strategy would
likely result in the best outcomes. It’s not yet possible to say
what might be the best method though. Research is ongoing
as to which measure should determine optimal PEEP: static
compliance as you mentioned, pressure-volume curves,
esophageal pressure as a surrogate for pleural pressure, or
even directly measuring lung volume with nitrogen washout
[2]. Studies haven’t established what may work and what
may not.

CON: You also mentioned that we should keep the patient
sedated and muscle relaxed with passive mechanical venti-
lation. My concern is that without use of the diaphragm, you
may get atrophy and weakness [2]. This would make it
harder to wean the patient from the ventilator and could
result in a longer hospital course. There is also evidence that
spontaneous breathing with ventilator support can reduce
lung inflammation and improve oxygen delivery [2]. I’ve
even heard concerns that the use of non-depolarizing muscle
relaxants can cause long-term problems with weakness.

PRO: This is completely wrong! It is better to keep the
patient muscle relaxed and on passive mechanical ventila-
tion. First, there is evidence that in severe ARDS, main-
taining spontaneous ventilation may actually cause increased
damage to the lung, although the evidence is from animal
models [6]. Even so, the cause of the worsening lung injury
was likely from an increase in transpulmonary pressure
induced by the forceful spontaneous breathing effort [6].
Secondly, based on the evidence, you are wrong to say that
use of muscle relaxants might cause long-term weakness in
survivors of ARDS. In a prospective study looking at lung
injury survivors, Fan et al. [7] showed that while there was
significant morbidity from long-term ICU-related weakness,
muscle relaxant use was not an associated factor. In a
meta-analysis looking at neuromuscular blocking agents in
ARDS, this was again shown to be the case. In that study,
short infusions of cisatracurium were not associated with an
increase in ICU-acquired weakness [8]. In each of the
studies included in the meta-analysis, the infusion of cisa-
tracurium was for 48 h. Even more importantly, however,
that same meta-analysis showed that the use of cisatracurium
in patients with ARDS was associated with a decrease in
mortality and barotrauma [8]! So, I would argue that we
should muscle relax our patient with a cisatracurium infusion
and he will be less likely to have lung injury and more likely
to survive.

CON: I will concede that the evidence shows that in severe
ARDS, it is beneficial to use a neuromuscular blocking agent
and this certainly applies to our patient. One caveat is that
these are associations—a randomized controlled trial or large
population database study is still needed for definitive proof.
The evidence is less clear for mild-to-moderate ARDS and
maintaining ventilator-assisted spontaneous ventilation in
those cases could be more beneficial [2]. So what consensus
have we arrived at?

PRO: Basedonour discussion, I think thatwecanfinally agree
on how to best ventilate the patient. We will, of course, use a
low-tidal volume strategy and limit our tidal volumes to
6 mL/kg of ideal body weight. We will use an individualized
protocol for determining the proper PEEP for our patient,
which will help us take into account the severity of his injury,
and will try to find the right balance between keeping alveoli
open and promoting gas exchange without causing
over-distention and barotrauma. Although there is little evi-
dence on the best individualization strategy, we can use a
strategy based on static compliance because it showed a
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statistically significant reduction inorgandysfunction.Finally,
thepatientwill bekeptonpassivemechanical ventilationwitha
cisatracurium infusion, which has been shown to decrease
mortality and barotrauma in severe ARDS, and has not been
associated with an increased risk for ICU-related weakness.
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73Is a Single Dose of Etomidate for Rapid
Sequence Intubation (RSI) Safe in the Critically
Ill Patient?

Matt Bilbily

Case

A 64-year-old man admitted for exacerbation of chronic
obstructive pulmonary disease (COPD) is now septic and
failing noninvasive mask ventilation and requires intubation.
He has a full-stomach.

The attending anesthesiologist asks the resident, “What
method would you like to use to intubate this patient?”

“I think I will perform direct laryngoscopy after rapid sequence
induction (RSI) and go with the most commonly used induction
agent for RSI, 0.3 mg/kg intravenous (IV) etomidate,” the resi-
dent answers. “I think this is a good choice because after my single
induction dose of etomidate there will beminimal changes in heart
rate and stroke volume. Additionally, etomidate is unlikely to
cause a harmful drop in blood pressure.”“You make a good
argument for etomidate. However, are you at all concerned about
its effect on adrenal suppression in an intensive care unit patient?”
asks the attending.

The resident now recalls from his readings that etomidate
is known to suppress the normal cortisol production of the
adrenal glands through inhibition of 11-beta-hydroxylase
enzyme. However, he admits that he is not sure whether a
single dose of etomidate is enough to result in clinically
significant adrenal suppression.

Question

Is a single dose of etomidate for RSI safe in the critically ill
patient?

CON: “A single dose of etomidate for RSI has been shown
to suppress the adrenal production of cortisol,” the attending
says. “A prospective study of 40 non-septic critically ill
patients receiving etomidate for RSI showed that within 12 h
of receiving etomidate 80 % of patients met the diagnostic

criteria for adrenal suppression. However, by 48 h, this
number decreased to 9 %” [1].

PRO: “Has etomidate-induced adrenal suppression in criti-
cally ill patients been shown to lead to worse patient out-
comes?” asks the resident.

Concession from CON: “Single-dose etomidate for RSI in
critically ill patients has not been shown to increase mor-
tality compared to other induction agents,” the attending
admits. “In the Cochrane collaboration, Bruder and col-
leagues did a meta-analysis of 7 randomized control trials
looking at critically ill patients requiring RSI, with a census
of 772 patients [2]. They found no significant difference in
mortality when comparing the 390 patients receiving eto-
midate to the 382 patients receiving other induction agents,
with an odds ratio of 1.17 at 95 % CI.

“However, be mindful that no RCT to date has been adequately
powered to detect mortality difference so you must still be
cautious.”
“This report also looked at secondary outcomes including:
sequential organ failure (SOFA) score, ICU length of stay
(LOS), hospital LOS, duration of mechanical ventilation, and
duration of vasopressor support among others. After reviewing
the included studies, the authors concluded no significant dif-
ference in any of these secondary outcomes with the exception
of the SOFA score. As you know, the SOFA score ranges from 0
(good organ function) to 24 (worse organ function). In one of
the included RCTs, which compared etomidate versus ketamine
for RSI of critically ill patients, the mean difference in score was
found to be 0.7 (95 % CI). In the original paper, this result was
not deemed statistically significant, however, in this
meta-analysis they found statistical significance but concluded
that the difference was not clinically meaningful” [2].

PRO: “Would it be a good idea to supplement corticos-
teroids after etomidate administration to ‘counteract’ the
adrenal suppression?” asks the resident.

CON: “It seems like a logical course of action, however, a
randomized control trial done in critically ill non-septic
shock patients showed no benefit to this therapy,” says the
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attending. “In this study they administered an infusion of
hydrocortisone or placebo after a single induction dose of
etomidate. They found no difference in the SOFA score, ICU
length stay, number of ventilator days, or 28 day mortality.
On the other hand they did show a decreased requirement for
norepinephrine in patients receiving hydrocortisone” [3].

PRO: The resident concludes that based on the evidence to
date, the use of etomidate in critically ill patients does
suppress the adrenal production of cortisol but does not seem
to increase mortality, organ system dysfunction, or health-
care resource utilization. He realizes that this question is
being investigated on an ongoing basis but feels comfortable
with using etomidate as the induction agent for this critically
ill patient.

Summary

Pro Concession

The attending suggests that perhaps the best solution to the
controversy is to avoid RSI and etomidate altogether.

Reviewing the patient’s chart, it becomes clear that the
patient’s deterioration has been gradual over hours, and that
the need for intubation is urgent, not emergent. With the
patient still able to maintain tolerable saturations on sup-
plemental oxygen, and not yet on vasopressors for sepsis,
they formulate an alternative plan together to intubate using
awake direct laryngoscopy after thorough airway topical-
ization with nebulized lidocaine and minimal sedation.
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74Should Intensive Care Unit Patients Be Deeply
Sedated?

Caitlin J. Guo

Case

A 75-year-old man is admitted to the surgical intensive care
unit (ICU) after an emergent laparotomy for perforated
bowel. His medical history includes hypertension, diabetes,
coronary artery disease, and previous alcohol abuse. On
arrival to the ICU, he is acidotic and in septic shock,
requiring norepinephrine and vasopressin infusions. Pro-
gressively over the next few hours in the ICU, vasopressor
support has decreased and lactic acidosis is improving, but
he now has acute respiratory distress syndrome (ARDS) and
is being mechanically ventilated with lung protective ven-
tilation. It is expected that his length of mechanical venti-
lation will exceed 48 h.

Question

Should this ICU patient be deeply sedated?

PRO: Yes, pain is the most common issue patients recall
after discharge from the ICU, and it is commonly associated
with the endotracheal tube and mechanical ventilation. For
this reason, traditionally, deep sedation has been used in the
ICU.

CON: No, recently, there has been an increasing body of
evidence that a daily wake-up and lightening of sedation are
associated with better clinical outcomes.

PRO: Why would we want our patients to be more aware of
their situation and surroundings?

CON: Most ICU stays have multiple phases. The early
phase is generally brief but active, involving many

interventions and procedures, followed by a longer conva-
lescence. Should we tailor our sedation accordingly?

PRO: Possibly, but this is difficult to do. Historically, ICU
sedation practices stemmed from intraoperative anesthetic
care at a time when ventilators could only deliver mandatory
breaths. Deep sedation was thus required to maintain syn-
chrony between the patient and the ventilator. The use of
neuromuscular blockade was common. And when agitation
was observed, sedatives were used to induce deep sedation
to prevent self-harm when the patient would accidentally
remove vascular lines and the endotracheal tube.

To further complicate matters, assessing pain in the ICU
is challenging. Self-reported pain scales for awake patients
cannot be validated in the ICU. Objective measures such as
heart rate and blood pressure can be difficult to interpret and
are frequently confounded by the underlying medical con-
dition. There are many reasons why patients may experience
pain: blood draws, mechanical ventilation, placement of
vascular lines, Foley catheters, and skeletal and muscular
pain from immobility and pressure ulcers. Short-term
sequelae of untreated pain may include an increase in the
stress response, inflammation, and impairment of the
immune system, predisposing patients to infection and poor
wound healing. Long-term consequences include chronic
pain, anxiety, and post-traumatic stress disorder. For these
reasons, many providers favor the strategy of deep sedation.

The Society of Critical Care Medicine practice guidelines
on sedation from 1995 to 2002 favored this approach, with
liberal benzodiazepine infusions. Because many patients
have significant cognitive and physical impairment after ICU
discharge, the addition of post-traumatic stress would be
cruel and should be avoided if possible.

CON: With the advent of the modern ventilator modes,
mechanical ventilation is no longer a reason for deep
sedation.

C.J. Guo (&)
Department of Anesthesiology, Perioperative Care and Pain
Medicine, New York University Langone Medical Center, 550
First Avenue, New York, NY 10016, USA
e-mail: Caitlin.Guo@nyumc.org

© Springer International Publishing Switzerland 2017
C.S. Scher et al. (eds.), You’re Wrong, I’m Right, DOI 10.1007/978-3-319-43169-7_74

257



PRO: It is important to note that patients may have a med-
ical indication for continuous deep sedation, which may
include intracranial hypertension, severe respiratory failure,
profound hemodynamic instability, status epilepticus,
deliberate hypothermia, concurrent use of neuromuscular
blockade, and critical lines and drains that require protection.

In our patient who underwent a laparotomy and was in
septic shock requiring aggressive hemodynamic support, the
argument could be made that he should be deeply sedated
because of his severe hemodynamic instability. Any
coughing on the endotracheal tube can cause a vagal
response and compromise his cardiac function. In addition, a
patient who has recently received large-volume resuscitation
for septic shock following bowel surgery is at risk of
abdominal compartment syndrome. Light sedation can
increase the likelihood of ventilator dyssynchrony and
increased intrathoracic pressure and can mimic abdominal
compartment syndrome. A hemodynamically unstable
patient who is in shock and requiring active resuscitation and
interventions should be deeply sedated.

CON: Traditional ICU sedation is comprised of short-acting
benzodiazepines and opiates, but the context-sensitive
half-life of these drugs is greatly increased with a continu-
ous infusion. During the time when these medications are
wearing off, patients are at the highest risk for developing
delirium, a form of acute cerebral dysfunction. The inci-
dence is reported to be as high as 70 % in ventilated patients.
The clinical hallmarks of delirium include decreased atten-
tion span, inability to comprehend surroundings, and waxing
and waning alertness. The 2 major subtypes are hypo- and
hyperactive delirium, and some patients may have both.
Regardless of type, delirium is associated with increased
short- and long-term morbidity and mortality. Many ICU
survivors are found to have permanent loss of memory and
reasoning power. Recent long-term studies have shown that
a fair number of patients meet the criteria for delirium long
after they are discharged from the ICU. Lighter sedation is
better. In the last 15 years, evidence from randomized trials
demonstrated that a daily wake-up paired with trials of
spontaneous breathing have been associated with better
clinical outcomes, less delirium, and fewer ventilator and
ICU days than deep sedation. The results were first
demonstrated in a landmark study: “Daily Interruption of
Sedative Infusions in Critically Ill Patients Undergoing
Mechanical Ventilation” [1]. They showed that daily inter-
ruption of sedation significantly reduced mechanical venti-
lation and ICU days and was associated with less
neuroimaging. Subsequent large randomized studies have
confirmed similar findings: the “Awakening and Breathing
Controlled Trial” [2] and the “A Protocol of No Sedation for
Critically Ill Patients Receiving Mechanical Ventilation: a

Randomized Trial” [3]. All groups were treated for pain. In
contrast to deep sedation, light sedation was not associated
with additional short-term adverse effects or long-term
psychiatric outcomes.

While most of the original trials studied daily wake-up,
recent trials focused on targeted light sedation: “Daily
Sedation Interruption in Mechanically Ventilated Critically
Ill Patients Cared for with a Sedation Protocol” [4]. The
Canadian Critical Care Trials Group showed that there was
no additional benefit when daily wake-up was added to a
protocol that minimized the level of sedation. Coupled with
the newer generation of ventilators that are capable of
delivering synchronized breaths, the development of shorter
acting sedatives and early mobility programs has dramati-
cally changed the practice of ICU sedation. Routine use of
heavy sedation in ventilated patients is no longer favored.
The goal is to have calm, lucid patients who are able to
cooperate with their care.

Propofol and dexmedetomidine have gained popularity
over benzodiazepines after a number of randomized trials
demonstrated a shorter duration of mechanical ventilation
and ICU length of stay, according to a 2015 Cochrane
Review [5]. There seems to be some reduction in the risk of
delirium, but the heterogeneity among the studies was high.
The most common side effect associated with dexmedeto-
midine is bradycardia. There is no evidence that
dexmedetomidine impacts mortality. In anesthesia literature,
dexmedetomidine has been increasingly used for procedural
sedation in lieu of propofol because of a better hemody-
namic profile and less respiratory depression.

The most recent sedation practice guideline [6] by the
Society of Critical Care Medicine calls for the aggressive
monitoring and treatment of pain, agitation, and delirium,
rather than masking the symptoms with sedatives. Some of
the major recommendations are as follows:

1. Treat pain first.
2. Routine use of ICU sedation scores such as SAS

(Sedation-Agitation scale) and RAAS (Richmond
Sedation-Agitation scale) when administering sedatives.

3. Minimize benzodiazepines as the primary choice of
sedative because of the increased association with
delirium.

4. Monitor delirium with ICU-CAM (Confusion Assess-
ment Method for the ICU).

5. Prevent ICU delirium with nonpharmacological
measures.

In the past decade, as the overall trend moved away from
heavy sedation, many have started evaluating nonpharma-
cological methods of reducing delirium. These methods
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include frequent reorientation, noise reduction, visual and
hearing aids, and sleep promotion. Early ICU mobility
programs are also safe and feasible. They consist of activities
from passive range of motion to ambulating with a ventila-
tor. Studies that couple lightened sedation with early
mobility have demonstrated better functional outcome at
discharge. Integrated programs such as the ABCDEF bundle
by the ICU Delirium and Cognitive Impairment Study
Group [7] are leading efforts to reduce delirium through
these multidisciplinary approaches.

Back to our patient who underwent a laparotomy for
perforated bowel: Following a few hours of additional
resuscitation after arrival to the ICU, his hemodynamic
status improved on decreased inotropic support. We antici-
pate our patient will need prolonged mechanical ventilation
because of his acute lung injury. Our approach to sedation
should incorporate a multimodal approach to minimize his
ventilator time and ICU stay. Targeted light sedation with
early mobility will benefit this patient greatly. In addition,
optimal pain control is crucial as inadequate pain relief may
delay weaning him from the ventilator. A regional anesthetic
such as an epidural can be utilized to reduce the quantity of
systemic opiates he receives. Side effects from large doses of
opiates include sedation and delay of return of bowel func-
tion. Nonpharmacological measures such as promoting a
day/night circadian cycle, along with frequent reorientation,
may help prevent delirium. Finally, early mobility can pre-
vent skeletal muscular weakness.

Summary

Growing evidence suggests that management of sedation
and delirium has important effects on clinical outcome.
Guidelines have evolved from deep sedation to daily
wake-up and trials of spontaneous breathing to a more
comprehensive approach to managing pain, agitation, and

delirium. It seems that best practices are achieved with
protocols that assess depth of sedation and pain, targeting
appropriate sedatives and opiates. When administered,
sedation should be kept to the minimum necessary to ensure
patient safety and comfort. When possible, nonpharmaco-
logical methods should be utilized to minimize delirium.

The pendulum for sedation practice has been shifting over
the past decade. Different stages of ICU care may require
different levels of sedation. During the early active phase
when there are multiple interventions and active resuscita-
tion, deep sedation is a reasonable approach. During the
convalescent phase when the patient remains critically ill but
stable, light sedation paired with early mobility should be
emphasized.
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75Is There Any Advantage to Albumin Over
Crystalloid for Volume Resuscitation?

Michael J. Naso

Case

A 55-year-old male presents to the trauma bay after being
involved in a motor vehicle accident while intoxicated. He is
well known to the emergency department for multiple
alcohol-related admissions, and has a past medical history of
smoking, hypertension, mild renal insufficiency, and abnor-
mal liver function tests and coagulation studies. He has
sustained multiple fractures, is intubated for airway protec-
tion, and has a Glascow Coma Score of 8 on arrival. A chest
tube is placed in the trauma bay for suspicion of pneumoth-
orax, and a massive transfusion protocol is initiated. He is
stable enough to be brought for a pan-computed tomography
(CT) scan, which reveals a traumatic brain injury (TBI). At
this point he deteriorates hemodynamically and the neuro-
surgical and trauma teams rush the patient to the operating
room for emergent craniotomy and exploratory laparotomy.

Now in the operating room with invasive lines and
monitors, the patient is requiring vasopressors/inotropes to
maintain adequate mean arterial pressures (MAP) after
resuscitation has begun with liters of crystalloid and blood
products. Should you as the anesthesiologist administer
albumin to replete the intravascular volume, improve the
stroke volume index, and reduce cerebral edema?

Question

Is there any reason to administer albumin in addition to
standard resuscitation with crystalloids, blood products,
vasopressors, and inotropes?

PRO: A drug usage evaluation (DUE) revealed in 2009 that
only 53 % of albumin use met the current criteria and 70 %
of the albumin was used by 3 services (medicine, transplant,
and cardiothoracic surgery) [1]. Guidelines for the Use of

Albumin were developed by the University Hospital Con-
sortium, published in the Archives of Internal Medicine and
most recently revised in 2010 [1]. They address 12 indica-
tions for albumin use and often did not follow the US Food
and Drug Administration (FDA)-approved recommendations
as first-line therapy. Non-protein colloids such as hetastarch
and dextrans were offered as first-line, less costly alterna-
tives. This treatment paradigm has shifted in recent years as
these colloids have become notoriously implicated with
renal failure, hypersensitivity, and increased risk of bleeding.
The DUE clearly shows that clinicians were not considering
the use of albumin as a viable alternative even for
FDA-approved indications [1].

It is my opinion that with the competition from other
colloids, the use of albumin is not being considered in the
acutely ill patients who need emergent cardiovascular
resuscitation.

The FDA indications for albumin include hemorrhagic
and maldistributive shock, hepatic resection, burns, cerebral
ischemia or hemorrhage, cardiac bypass surgery, nutritional
intervention, acute nephropathy/nephrotic syndrome, hyper-
bilirubinemia of the newborn, ascities/cirrhosis/spontaneous
bacterial peritonitis/hepatorenal syndrome, organ transplant,
plasmapheresis, and acute respiratory distress syndrome
(ARDS).

CON: Multiple clinical trials have failed to consistently
demonstrate any difference between colloid and crystalloid
in the treatment of septic shock [2–4]. A Cochrane review of
24 studies suggested albumin administration resulted in a
6 % increased risk of death [5], but a larger Cochrane review
in 2013 analyzed 78 randomized controlled trials looking at
colloids versus crystalloids for fluid resuscitation in trauma,
burns, and post-surgical patients and found no evidence that
colloid administration improved mortality and that starches
might actually increase the relative risk (RR) of death: RR of
albumin 1 (95 % CI .92–1.09), hetastarch RR 1.1
(CI 1.02–1.1) [6]. Based on these results, the authors
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recommended that the use of colloids rather than crystalloids
was hard to justify because of their substantially higher cost
[6].

Despite albumin administration to neurosurgical ICU
patients being listed as an indication, there is preliminary
evidence (SAFE study) that its use is considered inappro-
priate. The SAFE study (saline versus albumin fluid evalu-
ation) suggested that patients resuscitated with albumin had
a higher mortality rate than those resuscitated with saline [4].

PRO: The mortality results of the SAFE trial may not be at
all relevant because 28-day all-cause mortality is not an
appropriate end point to assess outcomes for patients with
brain injuries. A more meaningful end point for research in
patients with TBI is mortality and functional neurological
status at least 6 months after injury [7]. Furthermore,
patients with TBI represented only 7 % of the study popu-
lation [4]. The SAFE study [4] also excluded patients
admitted to the intensive care unit (ICU) after cardiac sur-
gery, liver transplantation, and burns, all of which are
FDA-approved indications for treatment with albumin.

CON: The SAFE trial was a multicenter, randomized,
double-blinded trial to compare saline and albumin on
heterogeneous ICU patient populations and found absolutely
no differences between death, single or multiple organ failure,
days spent in the ICU or hospital, or days of mechanical
ventilation or renal replacement therapy [4].In patients with
severe traumatic brain injury (GCS score, 3 to 8), 61 of 146
patients in the albumin group (41.8%) had died at 24 months
as compared with 32 of 144 in the saline group (22.2%) (rel-
ative risk, 1.88; 95% CI, 1.31 to 2.70; P<0.001). The authors
proposed that contrary to the expectation of reduced cerebral
edema from increased plasma oncotic pressure, albumin leak
across the damaged blood brain barrier caused paradoxical
cerebral edema. This theory was further supported by patients
with intracranial pressure (ICP) monitors; the albumin group’s
ICPs were higher, but this needs further study [8]. Mannitol
and hypertonic saline are commonly used in these patients.

PRO: True, but the CRISTAL trial, published that same
year, showed no mortality differences at 28 days but a RR of
death of .92 (p = .03) in the colloid group at 90 days,
meaning that there were significantly more patients who
survived 90 days in the colloid group [2]. Also in the
CRISTAL trial, there were more days alive without
mechanical ventilation by 7 days and 28 days (p = .01) and
more days alive without vasopressor therapy by 7 days
(p = .04) and by 28 days (p = .03) [2].

Concession from CON: The CRISTAL study population
differs from other trials because it only enrolled patients with

hypotension and lactic acidosis [2]. The difference in base-
line hemodynamic status of patients before randomization
may account for the difference in colloid resuscitation
mortality from previous studies. This population may reflect
the patient population that we as anesthesiologists are likely
to encounter in emergent cases.

PRO: Even in the SAFE trial, whose results strongly con-
demned the use of albumin, patients in the colloid group
received significantly less fluid volume to achieve the same
hemodynamic targets than patients in the crystalloid group,
while maintaining better MAP and central venous pressure
(CVP) [4].

In the CRISTAL study, fluid resuscitation based on col-
loids administration showed a similar mortality and mor-
bidity to a strategy based only on crystalloids and patients
did not experience more complications such as kidney fail-
ure or, severe shock with multi-organ failure [2].

Concession from PRO: Hetastarch and dextrans, which are
commonly administered colloids and have known negative
renal impacts, showed no differences in the CRISTAL trial
[2]. The lack of adverse outcomes known to be associated
with hetastarch, especially in patients in shock and at high
risk of acute renal injury, can be explained by exclusion of
patients with chronic renal failure from the trial; hetastarch
volume administration was limited to the manufacturer’s
guidelines, and further, colloids may prevent renal injury by
improving cardiac output.

Summary

In conclusion, albumin is a safe alternative to fluid resusci-
tation with crystalloid only. It has no difference in mortality
and can help achieve satisfactory cardiovascular end points
such as mean arterial pressures with less volume, which is
important in patients who may become volume overloaded.
As for the patient in the scenario presented, the results of the
SAFE trial subgroup analysis suggest a randomized con-
trolled trial in patients with traumatic brain injuries will help
elucidate whether a crystalloid versus crystalloid plus colloid
fluid resuscitation strategy affects mortality.
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76There Is Nothing Dexmedetomidine Does
that Cannot Be Done Old School

Hersh Patel

Case

Pediatric anesthesiology was mesmerizing. Watching the
anesthesiologist use tools scaled down to facilitate man-
agement of airways the size of my pupil enticed me. More
importantly, as a medical student, I was an observer and I
was keen on understanding the intricacies of the magic
performed behind that blue curtain. And so it was another
day on my rotation as the anesthesiology team wheeled
down a patient from the pediatric intensive care unit (PICU).
The child was aged 3 years who was unfortunately inflicted
with a relatively rare disorder known as nemaline myopathy.
She lay flaccid and weak with nasal bi-level positive airway
pressure (BiPAP) assisting her every breath. As I stared into
the portable monitor where the pulse oximeter measured a
frustrating 89 %, the attending looked at me and asked,
“What are we worried about in this patient?”

As everything I learned in medical school escaped me at
that very moment, my reflex fail-safe response kicked in
with “airway, breathing, and circulation.”

I immediately heard a pretentious chuckle behind me
followed by the statement, “We’re obviously worried about
malignant hyperthermia.”

In my short-lived years in the medical field, I’ve learned
that modesty goes a long way at the bottom of the totem
pole. The attending abruptly pulled back on the reins of the
stretcher and glared back at the resident who had made the
decree about malignant hyperthermia.

There is no increased risk over the general population [1]. Our
medical student is absolutely correct, airway management will
be challenging when performing a bronchoscopy on a
BiPAP-dependent patient like ours,” the attending said.

“Nemaline myopathy is an autosomal recessive disease classi-
fied into 6 types based on time of onset and severity of symp-
toms. The most severe types have low life expectancies
secondary to respiratory failure [2], but no association to
malignant hyperthermia.

The challenge in this patient was maintaining sufficient
ventilation while providing appropriate sedation and anal-
gesia during a bronchoscopy. The attending had discussed
managing the airway via a mask with swivel adapter con-
nected to the anesthesia circuit to provide positive pressure
ventilation throughout the case. The more challenging
question became, “What anesthetics do you plan on using to
provide amnesia, analgesia, and sedation while maintaining
spontaneous ventilation?”

The resident promptly responded with “dexmedeto-
midine,” which incited a clash between the old and new age
of anesthetics.

Question

The attending asked, “What does dexmedetomidine do that
can’t be done with older drugs?”

We began by discussing the basic pharmacology of the
medication. Dexmedetomidine is a highly selective alpha-2
agonist thought to have all of the properties required for
sedation, analgesia, anxiolysis, sympatholysis, and opioid
sparing. These effects are mediated by subset receptors:
Alpha-2a promotes sedation, hypnosis, analgesia, neuro-
protection, and inhibition of insulin secretion; alpha-2b
centrally suppresses shivering, provides analgesia at the
spinal cord, and induces vasoconstriction in the periphery;
and alpha-2c modulates sensory processing, locomotor
activity, and epinephrine outflow from the medulla. All 3
subtypes generally affect inhibition of norepinephrine
release [3].

PRO (Resident): Dexmedetomidine allows the patient to
maintain spontaneous ventilation during anesthesia.
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Propofol, barbiturates, and benzodiazepines cause respira-
tory depression, while dexmedetomidine can even be used
through tracheal extubation and beyond [4]. A key benefit of
dexmedetomidine infusions is its limited effect on respiration
with a wide margin of safety at higher doses [5]. It also
allows for preservation of hypercapnic arousal, while
decreasing apneic threshold [3].

CON (Attending): I have been using ketamine for years
with the same effect. In fact, it has less cardio-depressive
effects and improves bronchiole relaxation in patients prone
to bronchospasm [6]. More importantly, the doses of keta-
mine approved by the US Food and Drug Administration
(FDA) have more reliable sedative effects than
dexmedetomidine.

One of the major controversies surrounding dexmedeto-
midine is its dosing. Many clinicians find variable response
to the medication with sedation. Jones et al demonstrated
that patients who received doses greater than those approved
by the FDA (max 0.7 lg/kg/min) had a lower percentage of
Richmond Agitation-Sedation Scale (RAAS) scores at goal
and a higher percentage in the unsedated category than those
receiving less than 0.7 lg/kg/min. Interestingly, the side
effect profile remained constant even with these higher doses
[7]. A phase 2 trial on medical ICU patients by Venn et al
showed that 58 % of patients on rates as high as 2.5
lg/kg/min still required rescue doses of propofol [8].

PRO: Ketamine sounds like a good option, but if we need to
intubate this patient, dexmedetomidine will attenuate the
hemodynamic stress response. Another benefit of
dexmedetomidine is its sympatholytic properties [9] and is
commonly used as an adjunct in patients with disorders that
are exacerbated by stress responses, such as urea cycle dis-
orders. It has also been shown to reduce oxygen consump-
tion [10], which along with the sympatholytic effects may
improve cardiac outcomes [11].

CON: For years, sympatholytics such as beta-blockers have
worked just fine. With chronic disease, the patient may be
completely reliant on adrenergic tone for stability. How will
she overcome the bradycardic and hypotensive effects of this
drug? Adverse effects for dexmedetomidine include
hypotension (30 %), hypertension (12 %), nausea (11 %),
bradycardia (9 %), and dry mouth (3 %) [12]. Dexmedeto-
midine exhibits a biphasic, dose-dependent change in blood
pressure in the setting of decreasing norepinephrine con-
centrations while progressively decreasing heart rate and
cardiac output [13]. At low doses, mean arterial pressure
decreases without any changes to central venous pressure or
pulmonary and systemic vascular resistance. At higher
doses, all of these parameters increase.

PRO: Aside from the hemodynamics, I’ve been told that
children wake up better with dexmedetomidine and require
less opioids overall. In a study performed by Shukry et al, 50
children were randomized to receive either placebo or
dexmedetomidine 0.2 mcg/kg/h [14]. The study revealed a
significantly lower incidence of delirium in children
receiving this low-dose infusion during emergence, but no
effect on pain score, time to extubation, or discharge from
recovery time [14].

The opioid-sparing effects of dexmedetomidine are more
controversial. The analgesic properties are thought to be
spinally and supraspinally mediated through activation of
alpha-2a receptors, inhibition of nociceptive signals, and
release of local endorphins. Venn et al showed that
dexmedetomidine in the postoperative period reduced anal-
gesic requirements by 50 % in cardiac patients [5].

CON: Propofol, fentanyl, and midazolam can achieve similar
clinical effects at lower costs [15]. Even though
dexmedetomidine provides many benefits to the patient, the
overall cost compared to benefits received may be unneces-
sarily higher. The long-term effects or benefits have not been
well established and would need to be evaluated for a more
comprehensive understanding of the opioid-sparing effects.

Summary

While dexmedetomidine is far from the perfect anesthetic, it
provides a strong set of anesthetic qualities, including
analgesia, sedation, hypnosis, anxiolysis, sympatholysis, and
opioid sparing. It serves as a powerful adjunct among the
anesthesia arsenal, but also requires vigilance, as with any
potent chemical, especially with its tendency toward induc-
ing bradycardia and hypotension. This short-acting, quick
onset drug creates an effective respiratory milieu for spon-
taneous ventilation and may be advantageous for this patient,
but not necessary. Each anesthetic comes with its own set of
advantages and disadvantages. Optimization requires a bal-
anced anesthetic approach, and each user will justify their
own personalized technique. Until multiple studies show
clear evidence of a single drug being the perfect anesthetic,
controversy over the choice of anesthetic will persist.
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77Does Treating Systemic Inflammatory
Response Syndrome Lead to Better Outcomes
in Surgical Patients?

Nader Soliman

Case

A 40-year-old obese woman presents for a laparoscopic
cholecystectomy for acute cholecystitis and cholelithiasis.
The gallbladder was found to be inflamed, and the case was
converted to open. The most common systemic complica-
tions of open cholecystectomy are pulmonary in nature;
however, surgical procedure-related complications are also
possible such as surgical site or intra-abdominal infections, a
bile leak, or bleeding, all of which may produce an inflam-
matory response.

The inflammatory response is initiated by cytokines,
which are polypeptide signaling molecules that adhere to
specific receptors with an autocrine, paracrine, and/or
endocrine mechanism in response to an instigating stimu-
lus. This process is kept in check with anti-inflammatory
cytokines. At times, the pro-inflammatory cytokines over-
whelm the anti-inflammatory cytokines, which may lead to a
systemic inflammatory response rather than a localized one.
The major influential pro-inflammatory cytokines are as
follows: interleukin-1 (IL-1), tumor necrosis factor-alpha
(TNF-α[alpha]), interleukin-6 (IL-6), interleukin-8 (IL-8),
and macrophage inflammatory protein-1α(alpha)
(MIP-1alpha). The major anti-inflammatory cytokines are
interleukin-10 (IL-10) and interleukin-13 (IL-13).

Systemic inflammatory response syndrome (SIRS) is
defined as a systemic response to a nonspecific infectious or
noninfectious insult. Examples are burns, pancreatitis, an
autoimmune disorder, ischemia, or trauma. The presence of
two or more of the following clinical criteria helps establish
the diagnosis of SIRS: (1) body temperature >38°C (100.4°F)
or <36°C (96.8°F), (2) heart rate >90 beats per minute,
(3) respiratory rate more than 20 breaths per minute or

hyperventilation with an arterial carbon dioxide tension
(PaCO2) ≤32 mm Hg, and (4) abnormal white blood cell
count (>12,000/mcL or <4000/mcL or >10 % immature
[band] forms) [1–3]. This unchecked destructive response
may lead to organ dysfunction and failure.

Questions

Does treating SIRS lead to better outcomes in surgical
patients? If so, which treatment options are most promising?

PRO: I believe that recognition and early treatment of SIRS
are important to influence its natural course and decrease
morbidity and mortality. Did you know that the Ital-
ian SEPSIS study showed an inverse correlation between the
identification of SIRS and the development of sepsis [1]?
This is why there are several different treatment strategies for
SIRS including physiological, pharmacological, and/or
cytokine adsorption therapy [1]. These strategies target
supposed triggers, early mediators, and physiological
responses to inflammation.

CON: You might be right, but what are these strategies and
how do they work exactly in the treatment for SIRS and
multi-organ dysfunction syndrome?

PRO: Great question Early goal-directed therapy works by
optimizing cardiac pre-load, after-load, and contractility.
This optimizes oxygen delivery to the heart and systemic
tissues, therefore, reducing morbidity and mortality in
patients with SIRS, shock, and severe sepsis [1, 2].

CON: That could possibly work, but keen recognition for
signs of SIRS and quick action are of upmost importance for
this strategy to be successful.

PRO: That is true! As you may know, TNF-α(alpha) is one
of the major cytokines in the development and propagation
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of SIRS. Its plasma levels have been found to rise rapidly
when measured following any insult. Pharmacological
therapies targeting pro-inflammatory cytokines have been
developed in hope of treating SIRS and sepsis. In the
MONARCS trial from North America, a study of 2634
septic patients using afelimomab (anti-TNF-α[alpha] Fab2
monoclonal antibody fragment) showed a significant
reduction in mortality of 3.6 % [1]. It also displayed a sig-
nificant reduction in levels of TNF-α(alpha) and IL-6, and
rapid improvement in organ failure scores compared with
placebo [1–3].

CON: I’ve read that trial, and these results are directed
toward septic patients, not patients with only SIRS [3].
I don’t think that single monoclonal therapy will be enough
given the multifaceted nature of the dyscytokinaemia in
SIRS.

PRO: Well, maybe you heard of antioxidant micronutrient
supplementation such as selenium and glutamine in
improving outcomes in patients with SIRS and sepsis.
Selenium given intravenously at high doses when compared
to placebo significantly improved Acute Physiology and
Chronic Health Evaluation (APACHE) scores and reduced
the incidence of renal failure requiring hemodialysis. Gut
permeability to endotoxin may be decreased by oral glu-
tamine, which in turn may reduce cytokine levels, as well as
reduce temperature, heart rate, and leukocyte count [1]. This
could be used as an adjunct to other therapies.

CON: I understand that Berger et al. claim Level A evidence
for using these supplements, but the inquiry is open to the
way the cytokines are actually being influenced [1]. Also,
the data for oral glutamine have been inconclusive.

PRO: If a multimodal approach to SIRS therapy will be
used, then the anchor to this method should be hemoad-
sorption technology. It has been proven that with the use of
CytoSorb® (CytoSorbents Corp., Monmouth Junction, NJ),
the patient’s hemodynamic profile improves faster, while the
need for catecholamine support decreases. This technology
uses highly biocompatible and hemocompatible porous
high-tech polymer beads that work during blood purification
therapies by trapping and permanently eliminating mole-
cules sized in the range of 5–60 kDa from the blood. Most
cytokines fall within that range [4]. In a case study, Cyto-
Sorb was used as an adjuvant therapy in combination with
continuous veno-venous hemofiltration on a patient with

postoperative septic shock after undergoing a cephalic pan-
createctomy. It was observed that there was a decrease in the
levels of TNF-α(alpha), IL-1β(beta), and interferon-gamma
(IFN-γ[gamma]) while there was an increase in IL-10 levels.
This correlated with a decrease in vasopressor requirements
and provided a more stable hemodynamic profile and cardiac
output while normalizing the systemic vascular resistance
index [4].

CON: I actually read that case report and would like to add
that while the patient seemed to improve he ended up dying
24 h after the second CytoSorb was discontinued. You have
mentioned several options to treat SIRS, but they have one
thing in common, they lack extensive affirmative evidence
for treating SIRS specifically! It just seems too early to get
excited about these strategies.

Summary

The central mechanism in initiating SIRS is complex but is
likely to be the secretion of cytokines anomalously.
Cytokines are peptides and glycoproteins of low molecular
weight, which function as intercellular mediators regulating
inflammation, wound healing, local and systemic immune
responses, and hematopoiesis. The resulting inflammatory
response includes release of potentially harmful phospho-
lipids, attraction of neutrophils, and activation of the com-
plement, kinin, and coagulation cascades. Current treatments
for SIRS have not shown much promise, but with a multi-
modal therapeutic approach and further research focused on
hemoadsorption technology strategies, SIRS looks to be
tamable in the near future.
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78Should Mechanically Ventilated Intensive Care
Unit Patients Receive Physical Therapy?

Jonathan V. Feldstein

Case

An obese 45-year-old man is brought to our level-one
trauma center after being struck by a car while on his
motorcycle. He was in the right lane on the highway when a
sleep-deprived delivery driver swerved to make the exit and
clipped the victim’s back tire. The focused assessment with
sonography in trauma (FAST) scan in the trauma slot reveals
significant abdominal bleeding. An exploratory laparotomy
finds a ruptured spleen requiring splenectomy for source
control. Due to bowel swelling and the patient’s body
habitus, the abdomen cannot be closed. A vacuum dressing
is placed over the incision, and the patient is brought to the
surgical intensive care unit (ICU).

The next day, a physiatrist responds to the automatically
ordered rehabilitation medicine consult. He loosely outlines a
rehabilitation plan for this patient, “Passive range-of-motion
exercises of upper and lower extremities while patient is
sedated. Progress to assisted active range of motion when
patient becomes interactive. Rehab medicine to follow.”

Later that afternoon when the physical therapist is making
rounds in the ICU, she skips the patient’s room. “He is not
on my list of patients for today. The order must have gone in
too late. I will see him tomorrow.” When she looks into his
room the following day, the nurse tells her, “He went to the
operating room for an abdominal washout.” Finally, on
hospital day 3, the physical therapist is able to work with the
patient. The patient is still requiring heavy sedation, so she
attempts to do passive range-of-motion (ROM) exercises.
Unfortunately, the patient’s legs are too heavy for her to lift
so she is only able to work on his upper extremities. Two
days later, the patient is still intubated but more interactive.
The physical therapist works on assisted active exercises, but
again struggles to move his legs. Her note from the day

reads, “Patient is not a strong candidate for physical therapy
at this time. Please reconsult rehab medicine when condition
improves.”

Question

Should mechanically ventilated ICU patients receive physi-
cal therapy?

CON: The physical therapist is questioned about signing off
on the patient. She states that there are many patients who
need physical therapy in the hospital and her time may be
better spent with those who can actively participate. She sees
very little improvement in strength and functionality in her
mechanically ventilated patients compared with non-critical
patients in the hospital.

PRO: After a literature review, you present a few interesting
papers to the physical therapist. You find multiple studies
showing positive outcomes from early institution of physical
therapy in mechanically ventilated and other critically ill
patients. While some of the benefits may not be seen imme-
diately, they are significant over the course of an admission.
A multi-center randomized control trial by Schweickert et al.
randomized 104 mechanically ventilated patients to early
exercise and mobilization during daily interruption of seda-
tion or to only daily interruption of sedation [1]. The unre-
sponsive patients underwent passive range-of-motion and
progressed to active assisted/independent exercises when they
became more alert. When the patient was able, therapy ses-
sions escalated to bed-mobility, transferring, sitting, and even
as far as pre-gait/walking exercises in some patients. More
patients in the intervention group returned to independent
functional status at hospital discharge compared to the control
group. They also found that the patients receiving early
therapy had a shorter duration of delirium and more
ventilator-free days than control patients had. Prolonged
immobility can lead to ICU-acquired weakness, which further
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hinders a return to baseline functionality. Patel et al. found
that when early mobilization was used alongside intensive
insulin therapy, early mobilization decreased the incidence of
ICU-associated weakness while significantly decreasing
insulin requirements [2].

CON: The physical therapist cannot argue with these find-
ings and thanks you for the papers. She reminds you,
though, that it is not as easy as sending a physical therapist
to the ICU and starting an early mobilization program.
Critically ill patients, especially those who are mechanically
ventilated, pose unique safety concerns. Patients are often
tethered by multiple access lines, monitors, and ventilation
circuits. The disconnection of any of this equipment by a
person not trained to replace it could lead to adverse events
such as the interruption of vasoactive medication in a
hemodynamically unstable patient. Physical therapists have
little to no airway management training, making extubation a
potentially more devastating event.

PRO: These concerns are valid without a doubt, but in your
literature search, you also came across impressive safety data.
After training physical therapists in a progressivemobilization
program specifically for critical care patients, Sricharoenchai
et al. reported only 34 potential safety events over the course
of 5267, or 0.6 %, of all physical therapy sessions [3]. The
most common events were arrhythmia (10 occurrences) and
mean arterial pressures higher than 140 mm Hg (8 occur-
rences) or less than 55 mmHg (5 occurrences). There were no
reported extubations, removals of central venous lines, or
cardiopulmonary arrests. In fact, of all these potential safety
events, only 4 mandated additional treatment or cost.

CON: The physical therapist again welcomes the paper you
present and reads it carefully. As she scrutinizes the methods
of the paper, she notices that the ICU studied had the
equivalent of 2.25 full-time equivalents of physical therapy
support for 16 patients. The patients were also able to get
therapy 6 days a week. This amount of staffing immediately
strikes her as impressive and likely expensive. Considering
the additional training and staffing needed for the study, she
questions whether it would be more cost-effective to wait
until the patients improve to a level of acuity that the ther-
apists are currently equipped to handle.

PRO: You acknowledge that instituting a protocol similar to
the one in the study would undoubtedly require more
resources than currently being utilized. Fortunately, as daily

rehabilitation is standard of care across most of Europe,
several groups have shared their experiences. McWilliams
et al. published a quality improvement project in which they
instituted an ICU rehabilitation team [4]. Their unit desig-
nated a critical care physiotherapy specialist to lead a team
that was trained in a progressive early mobilization program
similar to the program described earlier. The introduction of
this team was associated with a reduction in ICU length of
stay by 2 days and total hospital length of stay by 5 days.
McWilliams’s team noted that the reduction in critical care
length of stay would translate into significant financial
benefits. For their 292 patient cohorts, they calculated a
saving of 584 critical care bed days, which increased
availability of beds for new admissions. Seemingly, the
establishment of such a critical care rehabilitation team
would eventually be more economical than less aggressive
rehabilitation programs.

Summary

There is convincing evidence for the establishment of a crit-
ical care-specific rehabilitation team. These teams can have an
impressive impact on mechanically ventilated patients,
including earlier return to independent functional status,
shorter duration of delirium, more ventilator-free days,
decreased ICU-associated weakness, decreased ICU length of
stay, and decreased hospital length of stay. While the imple-
mentation of these teams would be initially resource-
intensive, the programs would likely be cost-effective in the
long run.

References

1. Schweickert WD, Pohlman MC, Pohlman AS, Nigos C, Pawlik AJ,
Esbrook CL, et al. Early physical and occupational therapy in
mechanically ventilated, critically ill patients: a randomised con-
trolled trial. Lancet. 2009;373(9678):1874–82.

2. Patel BK, Pohlman AS, Hall JB, Kress JP. Impact of early
mobilization on glycemic control and ICU-acquired weakness in
critically ill patients who are mechanically ventilated. Chest.
2014;146(3):583–9.

3. Sricharoenchai T, Parker AM, Zanni JM, Nelliot A, Dinglas VD,
Needham DM. Safety of physical therapy interventions in critically
ill patients: a single-center prospective evaluation of 1110 intensive
care unit admissions. J Crit Care. 2014;29(3):395–400.

4. McWilliams D, Weblin J, Atkins G, Bion J, Williams J, Elliott C,
et al. Enhancing rehabilitation of mechanically ventilated patients in
the intensive care unit: a quality improvement project. J Crit Care.
2015;30(1):13–8.

272 J.V. Feldstein



Part IX

Ambulatory



79Should Persistent Postoperative Nausea
and Vomiting Delay Discharge
of an Ambulatory Surgery Patient
from the Post-anesthesia Care Unit?

David Shapiro and Andrew Goldberg

Case

A 43-year-old woman with a past medical history of men-
orrhagia and uterine fibroids just underwent a laparoscopic
myomectomy this morning under general anesthesia. Her
anesthesia care included desflurane, nitrous oxide, and
intermittent boluses of fentanyl and rocuronium. She
received dexamethasone before surgical incision and
ondansetron 20 min prior to emergence. She woke up
comfortable and without complaints. Thirty minutes into her
recovery in the post-anesthesia care unit (PACU), she began
to experience nausea and had 2 episodes of non-bloody,
non-bilious emesis. More ondansetron was given and the
patient reported slight improvement of her symptoms, but
the nausea returned shortly thereafter.

Roughly 60 % of all surgeries performed in the United
States occur in the ambulatory setting. Postoperative nausea
and vomiting (PONV) is one of the most common compli-
cations associated with outpatient surgical procedures and is
also a major factor limiting early postoperative discharge. In
addition, PONV is uncomfortable for affected patients,
sometimes more so than pain [1].

Studies have shown that approximately 30–60 % of
patients who do not receive anti-emetic prophylaxis will
experience postoperative nausea, vomiting, or both. In
high-risk patients, PONV rates can be as high as 80 % [2–4].
Although the complications of PONV are rarely fatal, it can
frustrate providers, decrease patient satisfaction, delay dis-
charge, lead to unanticipated hospital admissions, increase
resource utilization, and cost the healthcare system hundreds
of millions of dollars annually [2].

Question

Can we send a stable patient with adequate pain control
home from the PACU if she continues to experience nausea
and vomiting several hours after her procedure?

PRO: The patient needs to be discharged! Her symptoms
will resolve without further intervention. She has just about
every risk factor for PONV: She just had a laparoscopic
gynecological surgery; she is a relatively young woman, a
non-smoker; and she received a volatile anesthetic for gen-
eral anesthesia maintenance, neostigmine, as well as 200
mcg of fentanyl and 0.5 mg of hydromorphone over the past
3 h in the PACU. Is it really surprising that she is having a
prolonged PACU course?

The patient has already received 2 different anti-emetics
as well an additional liter of fluid in the PACU. We can only
do so much for patients who are at the highest risk of PONV.
While the volatile anesthetic she was given is a known risk
factor for PONV, it is only thought to cause early PONV in
the first 2 h postoperatively [5]. Therefore, by the time she
gets home, her symptoms will likely improve. She just needs
time.

CON: It would be unwise to send her home now. Do you
really want a nauseous patient ambulating? Early ambula-
tion, especially in patients with PONV is thought to exac-
erbate and prolong symptoms. We can certainly do more to
try and alleviate her symptoms. Have you taken a look at the
latest guidelines for PONV?

PRO: I am just following the Modified Post Anesthesia
Discharge Scoring System (PADSS), which has been studied
and validated. PADSS criteria include the following:
(1) vital signs, (2) activity, (3) pain, (4) surgical bleeding,
and (5) nausea and vomiting. Patients receive 0–2 points
based on clinical status and those with PADSS scores >9 are
fit for discharge [6]. Our patient scores 9 out of 10 possible
points (given her moderate nausea and vomiting and
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successful, although transient, relief of symptoms early in
her PACU course) and therefore is fit for discharge.

CON: Yes, if you follow those guidelines, she is a candidate
for discharge, but sometimes you have to do your own
thinking and consider the patient’s clinical context. All of
medicine does not fit into an algorithm. I do not think you
are doing right by the patient by sending her home at this
point. We still have more to offer her to try and alleviate her
symptoms. What if we send her home with the oral
anti-emetics and her symptoms worsen again?

Let’s examine the latest guidelines on managing PONV.
First, we should reduce the amount of postoperative opioids
this patient receives for her pain as these can directly
increase PONV. Cancel her orders for all that fentanyl and
hydromorphone. We can offer ketorolac and acetaminophen
since those are opioid-sparing pain medications. Second, an
anti-emetic should be given that is from a different phar-
macologic class than the initial drug. Options include
promethazine 6.25–12.5 mg IV, or less commonly,
droperidol 0.625 mg IV. An awareness should be main-
tained of common side effects—both can potentiate respi-
ratory depression, promethazine can cause hallucinations,
and droperidol can lead to dysphoria. Of note, haloperidol
0.5–2 mg IM or IV can be regarded as an alternative to
droperidol, but it should be noted that its use as an
anti-emetic or its IV administration is considered off-label
use by the US Food and Drug Administration (FDA).
Finally, propofol, 20 mg IV, can be utilized as a rescue
therapy [7].

PRO: We need space in the PACU for the patients currently
in surgery. It costs our center thousands of dollars to pay
overtime to our staff, keep our operating rooms idle, and
delay surgeries because we cannot move patients from
operating rooms to the PACU. In 1994, Carroll et al. looked
at the costs incurred by outpatient surgical centers in
managing more than 200 patients experiencing PONV by
examining medication, supply, and personnel costs [8]. They
found that these symptoms delayed discharge by an average
of 24 min and cost the center $415 per patient in lost rev-
enue [8]. Adjusting for the US medical inflation rate over the
past 20 years, that amounts to more than $700 per patient.
Over the course of an entire year in a high volume center,
this can amount to hundreds of thousands, or even millions
of dollars lost per year! If we keep this patient and others like
her in the PACU, we will put our own center out of business.

CON: If the patient feels too uncomfortable from the nausea
and vomiting to go home, we cannot discharge her. Just one
poor patient experience is enough to harm our ambulatory

care center’s business. According to a study of 100 patients
in the preoperative clinic, patients ranked vomiting and
nausea the first and fourth of the 10 most undesirable post-
operative outcomes, respectively [1]. In 2001, Gan et al.
reported that patients were willing to shell out up to $100 of
their own money to avoid feeling nauseous in the postop-
erative period [9]. If our patient feels this way, we cannot
just send her home; we must alleviate her symptoms.

Healthcare delivery is becoming more focused on patient
satisfaction, and we need to keep in mind that patients are
essentially customers of our anesthesia services. Therefore,
we must change our practice in order to deliver the care that
patients value most. If our patient considers nausea more
unpleasant than pain, we must tailor our PACU care to
reflect these concerns and wishes.

Summary

Ultimately, it is at the discretion of the healthcare provider to
determine when a patient is safe for discharge after ambu-
latory surgery. PONV risk assessment should be performed
during the preoperative history and physical, and each
patient should be risk stratified so that anesthetic and post-
operative management plans can be created accordingly.
There are numerous strategies anesthesia providers can use
to prevent PONV, and several anti-emetic medications may
be given to patients who experience PONV despite pro-
phylaxis. Movement of patients through the perioperative
setting is crucial to the functioning and success of an
ambulatory surgery practice but patient safety and satisfac-
tion are paramount.
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80Should We Postpone Surgery in Patients
with Uncontrolled Preoperative Hypertension?

Kristina Natan and Arthur Atchabahian

Case

A 67-year-old male patient with a history of hypertension
(HTN) presents for total hip arthroplasty. In the holding area,
his blood pressure (BP) is 220/120 on repeated measure-
ments. You recommend that the surgery be postponed to
achieve better control of the BP. The cardiologist called to
consult suggests just giving some labetalol to decrease the
BP, then proceeding.

Question

Should surgery be postponed for patients with uncontrolled
preoperative hypertension?

PRO: You quote 2 landmark articles by Prys-Roberts et al.
[1, 2] that demonstrated that patients with poorly treated
hypertension are at increased risk of myocardial ischemia
and hemodynamic instability.

When the cardiologist tells you that medicine has evolved
since the 1970s, you also quote a 2010 paper by Wax et al.
[3] that demonstrated an increase in the incidence (2.8 vs.
1.3 %) of any adverse outcome (elevated troponin and
in-hospital death) in patients who underwent surgery with a
systolic blood pressure (SBP) >200 mm Hg.

CON: “That may be true,” replies the cardiologist, “but in
that paper, the 42 patients whose surgery was canceled and
who returned for surgery had an even higher rate of adverse
cardiac outcomes (4.8 %) than those for whom surgery was
allowed to proceed” [3].

PRO: “Well,” you answer, “the number of patients whose
surgery was postponed is too small to make the difference
statistically significant” [3].

CON: The cardiologist says, “While it is obviously true that
patients with hypertension have worse outcomes, and the
higher their BP, the worse the outcome, as was shown by
Stamler et al. using population data [4], postponing surgery
did not seem to vastly reduce the incidence of
complications.”

When you mention that the diastolic blood pressure
(DBP) is also elevated, he sits down at the computer and
retrieves a randomized controlled trial performed by Weksler
et al. [5]. The authors included 989 patients with known and
treated hypertension with diastolic blood pressure ranging
between 110 and 130 mm Hg preoperatively, but excluded
patients with target-organ damage. Patients were randomly
assigned to control or study groups. Patients in the control
group were admitted to the hospital for blood pressure
control, and the surgery was performed once DBP was
<110 mm Hg for 3 consecutive days. The study group was
treated with 10 mg intranasal nifedipine for blood pressure
control prior to proceeding to surgery. There were no major
cardiovascular or neurological postoperative complications
in either group. The hospitalization time was shorter in the
study group than in the control group. Based on the results,
the authors’ recommendation was to proceed with surgery in
patients with Stage 3 hypertension as long as there is no
evidence of end-organ damage (ischemic heart disease, heart
failure, cerebrovascular disease, or renal impairment) [5].

PRO: You retort, “Patients in that study do not seem very
representative of reality, since there was not a single serious
complication in almost 1000 patients.”

You remind the cardiologist that the 2002 American
College of Cardiology and American Heart Association
guidelines recommended postponing elective surgery in
severely hypertensive patients who have SBP > 180 mmHg
or DBP > 110 mmHg [6].
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CON: “That was true,” he replies, “but following a
meta-analysis performed by Howell et al. [7] that did not find
worse outcomes in hypertensive as compared to normoten-
sive patients, this recommendation is no longer part of more
recent guidelines [8]. Howell et al. pointed out that patients
would not die perioperatively from elevated BP itself, but
were more likely to die from hypertension-induced comor-
bidities and inadequate management. Therefore, patients with
target-organ damage induced by hypertension deserve more
attention and perhaps should even have surgery delayed.
They propose not to delay surgery, however due to a single
systolic hypertension reading, since patients with severe
hypertension may need 3 or more months to see significant
change in cardiovascular risk factors with treatment.”

Summary

Due to a lack of data and somewhat contradictory results of
the existing studies, it is difficult to draw a definite conclu-
sion about this controversial issue. There is a general con-
sensus to proceed with the surgery in patients with
mild-to-moderate hypertension without any end-organ
damage. However, for severely hypertensive patients,
physicians should evaluate the urgency and risks of cardio-
vascular complications on an individual basis. Any recom-
mendations to proceed or postpone elective surgery should
take into account the risks and benefits of each choice.
Patients with end-organ damage (ischemic heart disease,
heart failure, cerebrovascular disease, or renal impairment)
deserve more attention and scrutiny, and delaying surgery in
those patients can probably be justified.
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81Should the Morbidly Obese Patient Be Allowed
to Leave the Day of Surgery?

Christopher J. Curatolo and Andrew Goldberg

Case

A patient with a body mass index (BMI) of 42 just under-
went an uneventful hernia repair under sedation. She is a
34-year-old woman with a history of hypertension,
non-insulin-dependent diabetes, hyperlipidemia, and anxi-
ety. The post-anesthesia care unit (PACU) attending was
discussing with his resident his plan to discharge the patient
later that day when another attending, who overheard this,
commented that it was not appropriate to discharge such a
patient. Who is correct?

Question

Should the patient be allowed to leave the day of surgery?

PRO The PACU attending pointed out that it was indeed
appropriate to discharge this patient from the PACU since
she had an uneventful procedure under sedation and met all
of the standard discharge criteria.

CON The other attending replied that some morbidly obese
patients are at increased risk of perioperative complications
and should stay for a few hours in a monitored setting or
even spend the entire night.

PRO The PACU attending responded that a recent study
showed no difference in unplanned hospital admissions
between morbidly obese and non-obese patients [1].
Additionally, as long as comorbidities are minimal or

optimized before surgery, there is no reason to keep patients
overnight [2].

CON But several studies have shown that obesity is a risk
factor for postoperative complications, unplanned admis-
sions, and cancellations in outpatient surgery [2, 3].

PRO Those studies aren’t conclusive and haven’t been
reproduced [4]. Additionally, it is a huge resource burden
(both in hospital space and in healthcare expenditure) to
keep patients overnight simply because of their BMI.

CON That may be, but what about this patient’s comor-
bidities? Surely you have to take that into account.

PRO All of her comorbidities were optimized so she should
be allowed to go home.

CON Does the patient have obstructive sleep apnea
(OSA) or is she suspected of having it?

PRO She doesn’t have a history of OSA, but I am not sure if
there’s a possibility of it.

CON Let’s do a quick assessment. The currently favored
method of screening for suspected OSA is to use the
STOP-Bang questionnaire [5]. It is highly sensitive, and its
specificity increases considerably as the number of positive
findings increases. So the more questions the patient answers
positively, the more likely the patient has OSA and the
greater the severity of OSA if confirmed. To summarize, the
questionnaire asks the following:

• S = Snoring. Do you snore loudly (louder than talking or
loud enough to be heard through closed doors)?

• T = Tiredness. Do you often feel tired, fatigued, or
sleepy during daytime?

• O = Observed apnea. Has anyone observed you stop
breathing during your sleep?
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• P = Pressure. Do you have or are you being treated for
high blood pressure?

• B = BMI > 35 kg/m2

• A = Age > 50 years
• N = Neck circumference > 40 cm
• G = Male gender

Three or more positive answers indicate a high risk for
OSA, and 5–8 positive replies indicate a high probability of
moderate-to-severe OSA.

PRO This patient scores a 6. How does this change things?

CON This patient, with a score of 6, has a high probability
of moderate-to-severe OSA. This helps us because several
societies have published guidelines on the approach to these
patients. For example, the Society for Ambulatory Anes-
thesia (SAMBA) published a consensus statement in 2012
on the preoperative selection of adult patients with OSA
scheduled for ambulatory surgery [6]. Additionally, the
American Society of Anesthesiologists (ASA) Task Force on
Perioperative Management of patients with obstructive sleep
apnea published practice guidelines on the perioperative
management of patients with OSA [7].

PRO So how do they recommend we handle patients like
these?

CON Both societies take similar, but slightly different,
approaches. SAMBA’s consensus statement has us start by
classifying patients into those with known OSA versus a
presumed diagnosis of OSA. Next must be a discussion of
whether their comorbid conditions are optimized. This is

because we know that non-optimized comorbidities such as
congestive heart failure and unstable angina are independent
risk factors for poor outcomes. So not all patients, and
especially not all morbidly obese patients, will be suitable
candidates for ambulatory surgery. Next, optimized patients
with OSA who are able to use a continuous positive airway
pressure (CPAP) device after discharge may proceed with
ambulatory surgery since we know that this greatly reduces
their risk of complications. These patients should be
instructed to bring their CPAP machine to the hospital and
should be started on therapy immediately following surgery.

Next, let’s consider patients with a presumed diagnosis of
OSA, such as our patient, who screened positive with the
STOP-Bang questionnaire. If the patient’s comorbidities are
optimized for surgery, then it must be determined whether
postoperative pain can be managed predominantly using
non-opioid analgesic techniques. Patients suspected of hav-
ing OSA, even though not explicitly diagnosed, have an
increased sensitivity to opioids. Furthermore, these patients
are also more likely to hypoventilate, become apneic, and
experience hypoxemia postoperatively. Together, this com-
bination can be fatal. Therefore, if a postoperative analgesic
plan can avoid opioids, then these patients may undergo
ambulatory surgery. Here’s a summary diagram of what we
just discussed (Fig. 81.1) [6].

PRO How do the ASA practice guidelines differ?

CON According to the ASA, their guidelines include a
larger sample of anesthesiologists and a broader review of
scientific data than others. They say the literature itself is
insufficient to state definitively whether inpatient or outpa-
tient surgery is safer for patients with OSA. Similar to other

Fig. 81.1 Ambulatory surgery
algorithm for patients with
obstructive sleep apnea (OSA).
CPAP: continuous positive
airway pressure. Reprinted with
permission from Joshi et al. [6]
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guidelines, they list multiple factors to consider, such as
OSA status, coexisting diseases, nature of surgery, type of
anesthesia, need for postoperative opioids, patient age,
adequacy of post-discharge observation, and the capabilities
of the outpatient facility. They agree that studies report
lower rates of postoperative complications when CPAP is
used.

PRO What about the types of anesthesia the patients should
receive?

CON Regional and other potentially opioid-sparing tech-
niques should be considered when applicable. Patients
receiving sedation should have their ventilation monitored
by continuous capnography. If general anesthesia is
required, a secure airway with an endotracheal tube may be
preferable due to the increased risk of airway obstruction.
Patients undergoing endotracheal intubation should have full
neuromuscular blockade reversal, if applicable, and be
extubated when awake and in a non-supine position (such as
lateral or Fowler’s). Risk factors for postoperative respira-
tory depression must be considered, including the severity of
OSA, use of sedatives, administration of opioids, site and
invasiveness of the procedure, and finally the potential for
apnea during sleep on the third or fourth day as sleep pat-
terns are reestablished. Comparative observational studies
indicate a decrease in apneic periods when patients with
OSA slept in positions other than supine.

PRO But wait, we’ve been talking this whole time about
OSA and other comorbidities. What about her morbid obe-
sity itself?

CON Good question. Obesity, although clearly associated
with an increased number of comorbidities, does not in and
of itself direct you to a particular management technique.
The bigger concern is the complications of obesity itself, the
most important of which is OSA.

PRO So can I discharge my patient yet?

CON Our patient underwent a relatively noninvasive pro-
cedure with minimal sedation, was medically optimized
prior to surgery, and does not require postoperative opi-
oids. Since she is at minimal risk for respiratory depres-
sion, she may be discharged home once she meets all of the
standard criteria for discharge. Given her risk for OSA,
however, she should be encouraged to follow-up with her

primary care physician for a formal sleep study to ascertain
whether she does in fact have OSA and the potential need
for CPAP.

Summary

Morbid obesity is associated with multiple comorbidities that
may prevent a patient from undergoing ambulatory surgery.
While it is imperative that comorbidities be properly opti-
mized prior to approving an ambulatory procedure, the most
serious determination is whether the patient has suspected or
known OSA. If the patient is suspected of having OSA, it is
recommended that the patient not undergo ambulatory sur-
gery unless respiratory depression-causing agents can be
avoided, especially postoperatively. In the patient with
known OSA, it is recommended that CPAP be used in the
postoperative period and that full precautions be taken to
reduce the number of apneic periods (e.g., sleeping in the
non-supine position). While the literature is not conclusive,
specialty and subspecialty organizations have made recom-
mendations to help tailor care.
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82Should Complementary and Alternative
Medicine (CAM) Be Used for the Treatment
of Postoperative Pain Following Ambulatory
Surgery?

Dennis Grech, David Kam, and Preet Patel

Case

Following arthroscopic shoulder surgery at a multi-specialty
ambulatory surgery center (ASC), a patient with a history of
obstructive sleep apnea (OSA) complained to the anesthe-
siologist that he was feeling mild postoperative pain. Post-
operative pain is a common complaint following shoulder
procedures as the joint is heavily innervated and highly
vascularized. The patient requested pain relief; he also
expressed a desire to continue his recovery at home as
originally planned. As the anesthesiologist and the patient
began discussing the available pain treatment options, the
patient revealed that he had terrible experiences in the past
with opioid medications. Common side effects of these
medications include severe nausea, vomiting, constipation,
pruritus, dependence, and apnea. The anesthesiologist deci-
ded that a non-pharmacological treatment modality may be
best suited for the treatment of postoperative pain in this
patient.

The anesthesiologist and patient discussed a number of
complementary and alternative medicine (CAM) treatment
options including aromatherapy, homeopathy, massage
therapy, and acupuncture before deciding on an exact
treatment plan. The patient had reservations about the
effectiveness of some of these therapies. He asked the doc-
tor, “Are you sure that these will work?”

Question

What are the benefits and limitations of complementary and
alternative medicine (CAM)—specifically aromatherapy,
homeopathy, massage therapy, and acupuncture—for the
treatment of postoperative pain in the ambulatory setting?

Acupuncture

The anesthesiologist discussed each treatment modality in
detail with the patient, beginning with acupuncture for
postoperative pain relief. Acupuncture, a component of tra-
ditional Chinese medicine, is a popular and widely used
treatment for pain and other conditions that has been
employed in China for more than 3 millennia. There have
been an increasing number of clinical trials evaluating the
efficacy of acupuncture and related techniques as an adjuvant
method for postoperative pain.

PRO: In 2008, researchers published a systematic review
that quantitatively evaluated the available evidence for the
efficacy of acupuncture and related techniques in postoper-
ative pain management [1]. In this meta-analysis, they found
that acupuncture and related techniques are effective
adjuncts for postoperative pain management as demonstrated
by a significant reduction of postoperative pain scores and
opioid consumption. The opioid-sparing effect was most
marked at 72 h postoperation where a 29 % reduction of
morphine consumption was demonstrated. The opioid-
sparing effect at 8 and 24 h was 21 % and 23 %, respec-
tively [1]. It has been suggested that anesthesia may inhibit
the effects of acupuncture and that the analgesic effect of
acupuncture is progressively more evident in the postoper-
ative period. While the reduction in pain scores achieved
with acupuncture was statistically significant at 8 and 72 h,
the reduction in pain intensity was moderate and it could be
argued that it may not be clinically relevant. The same
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applies to the small absolute reductions in opioid
consumption.

However, the relative reduction in opioid consumption
ranged from 21 to 29 %, which is generally considered
clinically significant [1]. Furthermore, this meta-analysis
showed a significant reduction in the incidence of
opioid-related adverse effects, including nausea, pruritus,
dizziness, sedation, and urinary retention in the acupuncture
treatment group. This suggests that the opioid-sparing effects
are clinically significant. The reduction in nausea, however,
could also be attributed to the acupuncture itself with stim-
ulation of some acupuncture points having anti-emetic
effects. The side effects attributable to acupuncture were
minimal and resolved spontaneously. This is an important
consideration, since the use of some adjunct analgesics
might be limited by the concern for adverse effects such as
bleeding and renal dysfunction with the use of non-steroidal
anti-inflammatory drugs (NSAIDs). Other studies have
supported the effectiveness of acupuncture for other types of
pain such as chronic knee pain.

CON: Although most studies show acupuncture to be an
effective treatment modality for postoperative pain man-
agement, the exact mechanism of acupuncture analgesia
remains unclear. Some proposed mechanisms include acti-
vation of the endogenous pain inhibitory system, release of
endogenous opioids including b(beta)-endorphins, enke-
phalins, and dynorphins, and release of non-opioid sub-
stances such as serotonin, norepinephrine, and gamma-
aminobutyric acid (GABA). There are also several limita-
tions with the currently published data on acupuncture for
postoperative pain management. First, there is wide vari-
ability in the acupuncture regimens, types of surgery, time of
application, and duration of stimulation. Next, there is
inconsistent reporting of outcome measures. There is large
variation in outcome measures, and those outcomes that
might be regarded as clinically significant (e.g., duration of
recovery room stay and opioid-related adverse events) were
inconsistently reported. Side effects related to acupuncture
are also a concern and they include minor bleeding at the
acupuncture site, headache, local pain, dizziness, and
instantaneous bradycardia.

Homeopathy

Next, the anesthesiologist discussed the history and benefits
of homeopathy for postoperative pain with the patient.
Homeopathy was developed by a German physician, Samuel
Christian Hahnemann (1755–1843), who described his the-
ory of “like cures like” as the “Principle of Similars.” He
recorded the symptoms caused to healthy individuals by
certain substances, and treated patients exhibiting those same

symptoms with the matched substances. These symptoms
are treated independently of their clinical diagnosis; 2
patients with the same disease may receive different treat-
ments based on their specific symptomology.

CON: A meta-analysis of 4 randomized controlled trials
(RCTs) that used St. John’s wort in homeopathic form for
pain after dental surgery found a benefit in pain control over
placebo that was not statistically significant [2]. These
studies were all well designed and blinded, but did not all
control for confounders or adequately detail the homeopathic
treatment regimen used. Lokken et al. performed a ran-
domized double-blind study with crossover of patients who
had bilateral molar impaction [3]. This allowed 2 identical
surgeries to be performed, with postoperative analgesia
provided by either homeopathy or placebo for the first sur-
gery, and the other type for the second. The researchers
found that pain after surgery was the same whether treated
by homeopathy or by placebo. However, the authors noted
that pain scores were low throughout the group for both
surgeries and suggested that this was due to the strong belief
of the study participants in the efficacy of homeopathy.

In treatment of postoperative pain in orthopedic surgeries,
the use of less dilute Traumeel S was not found to be
superior to placebo in patients with hallux valgus surgery
[4]. The authors noted a statistically significant decrease in
the daily maximum pain score on the day of operation
among patients receiving the homeopathic remedy, but this
effect did not extend beyond the first postoperative day.
A single-center randomized study of knee ligament recon-
structions found no difference in postoperative morphine
consumption between those given homeopathic treatment
compared to those given placebo [5]. Another randomized
double-blind trial of add-on homeopathic Arnica montana in
patients undergoing knee surgery found no statistically sig-
nificant difference in pain levels compared to placebo [6].
Again, total amount of analgesics used was identical
between both groups. These add-on studies may more clo-
sely represent conditions in reality, as patients commonly
see both conventional physicians in addition to taking
homeopathic remedies. In the case of homeopathy, this study
design may be more pragmatic than the standard superiority
trials commonly used to evaluate new treatment regimens.

PRO: Previous work has demonstrated that therapeutic
benefits seen with homeopathy are actually from homeo-
pathic consultations and not the remedies themselves.
Homeopathic consultations involve detailed history-taking
and collaboration with the patient for a personalized treat-
ment plan. This ritual may have symbolic meaning for the
patient; communication skills, empathy, hopefulness, and
patient enablement all may play important roles in the pain
management seen with homeopathy. Anxiety, commonly
associated with pain, has been found to be relieved with the
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rapport that is built with homeopathic practitioners. Physi-
cians with open minds may therefore derive benefit for their
patients through complementary homeopathic consultations.

CON: Many previous studies have found equivocal evi-
dence supporting homeopathy and further research with
well-designed studies is necessary for adequate evaluation of
this popular alternative therapy [7]. Often, the exact mech-
anisms of action are unknown resulting in skepticism and
poor acceptance of the treatment modalities among physi-
cians. Additionally, homeopathic preparations are not dis-
tributed in standardized formulations. This raises major
concerns as patients may be exposed to unknown side effects
and adverse drug interactions.

Massage Therapy

Next, the anesthesiologist reviewed the benefits of massage
therapy with the patient. Massage is a therapeutic modality
that involves manual manipulation of the soft tissues of the
body. References to the use of massage as a healing art date
back to at least the 8th century BCE. Massage has since been
used throughout the world for the treatment of a wide range
of ailments.

PRO: The benefits of massage therapy include that in gen-
eral, massage is non-invasive and safe when practiced by an
experienced therapist. Studies have been conducted testing
the effectiveness of massage therapy in reducing postopera-
tive pain. Taylor et al. found no statistically significant dif-
ference in postoperative pain level between complementary
massage therapy, complementary vibration therapy, and
usual care alone among patients who had undergone
laparotomies [8]. In contrast, another randomized controlled
trial found significant decreases in pain level among post-
operative patients receiving adjuvant massage therapy, as
well as a more rapid decrease in pain intensity [9]. Smaller
studies among cardiothoracic and abdominal surgery patients
have also shown reduced pain in postoperative patients who
received massage therapy as compared to controls. An
assessment of postoperative massage in cancer patients was
conducted by Mehling et al., who found that massage used in
conjunction with acupuncture was associated with 38 % of
patients reporting a decrease in pain score of at least 2 points,
compared with 18 % of control patients [10]. Average pain
scores improved by 1.6 points in the first 3 postoperative
days, compared to 0.6 points in the control group. These
differences were statistically significant. Adjunctive massage
therapy without acupuncture was associated with a greater
improvement in pain than receiving usual care alone, but this
effect was only seen the first postoperative day and the
authors did not report a quantification of this decrease.

CON: Though there is emerging evidence that adjunctive
massage therapy may improve surgical patients’ pain scores,
particularly in the early postoperative period, this is still an
area of active study with no clear consensus. Among mas-
sage researchers, a controversial issue is the use of touch
controls. Many trials have used a control group that does not
receive any physical contact; critics of this method assert
that it is important to clarify whether a massage given by an
untrained individual is as efficacious as that given by a
massage therapist. Furthermore, this method fails to control
for the non-specific impact of touch. The recently completed
Reducing End-of-Life Symptoms with Touch (REST) study,
a large National Institutes of Health (NIH) phase III trial,
evaluated the impact of the systematic touching of patients
by hospice volunteers untrained in massage therapy [11].
These results showed statistically significant immediate and
sustained improvements in pain among patients treated with
simple touch alone, comparable to those treated with mas-
sage therapy. Finally, massage therapy should be limited to
patients who are without coagulation disorders, low plate-
lets, bone lesions, open wounds, or dermatitis due to the risk
of adverse effects. As demand for this popular adjunctive
therapy continues to grow in the USA, further large-scale
research of these intriguing results is required, especially in
their application to the postoperative patient population.

Aromatherapy

Finally, the patient and anesthesiologist discussed the ben-
efits and limitations of aromatherapy. Aromatherapy utilizes
essential oils distilled from plant sources for inhalation as a
treatment modality; it has been practiced throughout history
for a wide variety of ailments. Recent interest has fueled
study into its possible uses due to the intimate links between
the olfactory and the limbic systems.

PRO: There is evidence that aromatherapy decreases the
intensity of postoperative pain. In 2006, Kim et al. found
that aromatherapy with lavender oil after breast biopsy was
not associated with a significant difference in narcotic
requirements, discharge times, or pain scores [12]. However,
patients treated with aromatherapy reported more satisfac-
tion with their postoperative pain control than the control
group; this difference was statistically significant.

In 2007, Kim et al. again examined the effect of aro-
matherapy on postoperative pain control, this time in mor-
bidly obese patients undergoing lap-band surgery [13]. They
found that lavender inhalation was associated with a statis-
tically significant decrease in use of postoperative analgesics
in general, as well as morphine in particular, when compared
to the control group. These authors expressed concern that
these findings could not be applied to other operations [13].
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However, in 2011 aromatherapy was found to statistically
significantly improve pain scores of post-Cesarean patients at
a half-hour, 8 h, and 16 h from the time of intervention when
compared to the control group who received an artificial
neutral aromatic compound that resembled lavender essence
[14]. A similar study the following year found that
post-Cesarean section patients who received aromatherapy
had less pain in the first 4, 8, and 12 h after first intervention,
as well as decreased heart rate, decreased analgesic require-
ments, and increased satisfaction with pain control [15]. In
the pediatric population, aromatherapy with lavender essen-
tial oils was associated with decreased oral analgesic use after
tonsillectomy, but not with decreased pain intensity [16]. Use
of Rosa damascena Mill. in postoperative pediatric patients
was associated with significantly decreased pain scores as
compared to patients receiving almond oil placebo [17].

CON: The anesthesiologist admitted to the patient that
although numerous studies indicate a quantifiable decrease
in analgesic use in postoperative patients with aromatherapy,
it has not been proven to be a sufficient postoperative pain
treatment option by itself; rather, aromatherapy should be
used as an adjuvant with traditionally prescribed pain med-
ications. The current data suggest that further inquiries into
aromatherapy’s analgesic effects are warranted in the future.
Finally, side effects have also been reported with the use of
certain agents; lavender oil can cause hypersomnia and using
licorice for a significant time can cause hypertension.

Summary

Despite limitations, complementary and alternative medicine
(CAM) can be used for the treatment of postoperative pain
following ambulatory surgery. Aromatherapy has been
shown to decrease the intensity of postoperative pain (de-
creased pain scores) following a number of surgical proce-
dures. Homeopathic consultations have been shown to
decrease patient anxiety and improve patient satisfaction.
Massage therapy is a non-invasive technique that has been
shown to lower pain scores as well as decrease pain intensity
more rapidly when used as an adjuvant therapy. Finally,
acupuncture has been shown to unequivocally reduce post-
operative pain scores and reduce opioid consumption as well
as opioid-related adverse events, and is associated with
reduced nausea and vomiting in the postoperative state.
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83Pros and Cons of a Freestanding Ambulatory
Surgery Center (ASC) Versus a Hospital-Based
Operating Room

Dennis Grech, Preet Patel, and David Kam

Case

A 25-year-old healthy male patient with no significant past
medical history visits his doctor after a right knee injury
1 week ago. The patient says to the doctor, “I was playing
basketball with my buddies last week when I heard a pop
and felt a lot of pain in my knee.” After a visit to the local
emergency room following the incident, the patient was told
that he had a torn meniscus in his right knee and would need
corrective surgery. The patient is visiting his doctor today in
order to determine the next step. He asks the doctor,
“Where’s the best place to go to get my knee fixed?”.

Question

What are the benefits and limitations of having surgical
procedures performed in a freestanding ambulatory surgery
center (ASC) as opposed to a hospital-based operating room
(OR)?

As the patient and his doctor discuss their options, the
doctor says, “You can get the procedure done at a free-
standing ambulatory surgery center just down the road.
I think it is the best choice for you.”

PRO: The doctor’s recommendation to have the procedure
performed at a freestanding ASC is a sensible decision for a

multitude of reasons. First, according to a study published in
2010, which examined Medicare data on common ambula-
tory procedures in Florida, ASCs are more efficient than
hospital-based operating rooms [1]. A second study from
2012 compared ambulatory surgical visits of Medicare
beneficiaries between hospital-based ORs and freestanding
ASCs [2]. The main outcomes of interest, including time in
surgery, time in operating room, time in postoperative care,
and total perioperative time, were significantly shorter in
freestanding ASCs than in hospital-based ORs. However,
the authors admit that it is unclear how much of the differ-
ence was the result of efficiency versus patient selection.

A major study published in 2015 by Kadhim et al. which
compared surgical time and operating room efficiency for
primary anterior cruciate ligament reconstruction (ACLR)
between inpatient and ambulatory facilities within the same
institution, found that despite the fact that the same surgeon
performed the same surgery at facilities owned by the same
institution and primarily working in a single OR, there were
differences in OR procedure time and work efficiency [3].
ACLR procedures at the ASC were of shorter duration than
those at the inpatient OR (p < 0.0001). The median turnover
time was also significantly longer at the inpatient facility
compared with the ambulatory facility. In fact, if 2 proce-
dures were performed consecutively, the surgical day lasted
for 6 h at the ASC compared with 9 h at the hospital.

In addition to being more efficient, ASCs are also asso-
ciated with a lower cost per case [1]. Koenig et al. studied
the impact of the growth of ASCs on total Medicare pro-
cedure volume and ASC market share from 2000 to 2009 for
4 common outpatient procedures: cataract surgery, upper
gastrointestinal procedures, colonoscopy, and arthroscopy
[4]. ASC growth was not significantly associated with
Medicare volume, except for colonoscopy. An additional
ASC operating room per 100,000 population results in a
1.8 % increase in colonoscopies performed in all outpatient
settings. The study demonstrates that continued growth of
ASCs could reduce Medicare spending, because ASCs are
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paid a fraction of the amount paid to hospital outpatient
departments for the same services.

Finally, ASCs are not only more efficient and potentially
cheaper, but studies have also shown that they achieve a
high level of patient satisfaction [5]. Gardner et al. examined
differences in patient anxiety and patient satisfaction among
patients who experienced surgery at a hospital-based OR
versus a freestanding ASC. Forty-seven participants com-
pleted the State Trait Anxiety Inventory and Press Ganey
Ambulatory Surgery Survey. Patients at both types of
facilities experienced moderate levels of preoperative anxi-
ety and were highly satisfied with care received. No signif-
icant differences were found in preoperative anxiety, overall
satisfaction with care, or overall satisfaction with nursing
care. The site where the surgery was performed may not be a
determining factor in patient anxiety or satisfaction levels.

CON: While ASCs have many advantages, these facilities
also have some drawbacks. According to Hollenbeck et al.
ASCs may spur higher overall procedure utilization and thus
lead to greater overall health care costs [1]. These investiga-
tors used the State Ambulatory Surgery Database of the State
of Florida to identify Medicare-aged patients undergoing 4
common ambulatory procedures in 2006, including knee
arthroscopy, cystoscopy, cataract removal, and colonoscopy.
Ultimately, they found that “the presence of an ASC is asso-
ciated with higher utilization of common outpatient proce-
dures in the elderly.Whether ASCs aremeeting unmet clinical
demand or spurring overutilization is not yet clear” [1].

With the continued growth of ASCs, the need for
accreditation has become paramount, as accreditation allows
for the assessment of clinical practice, improves account-
ability and better ensures quality of care [6]. In some states,
ASC accreditation by a recognized organization is man-
dated, but in others, it is voluntary. Accreditation provides
external validation of safe practices, benchmarking perfor-
mance against other accredited facilities, and demonstrates
to patients and payers the facility’s commitment to contin-
uous quality improvement.

Freestanding ASCs also have obvious limitations when
compared to hospital-based ORs and inpatient facilities.
Freestanding ASCs are generally limited to low- to moderate-
risk surgeries as well as low- to moderate-risk patients.
High-risk surgeries involve the major organs, brain, sinuses,
hip, knee, limb amputations, and the head and neck. Most of
these procedures must be performed at inpatient facilities as
close monitoring and pain control are needed postoperatively.
High-risk patients often have significant uncontrolled
comorbidities. Classic examples include patients with renal
failure, congestive heart failure (CHF), chronic bronchitis and
emphysema (COPD), liver disease, uncontrolled diabetes
mellitus (DM), hypertension (HTN), cancer, and morbid
obesity. Patients with any of these comorbidities must meet

with an anesthesiologist in the preoperative testing clinic, as
they are more likely to have a complicated and prolonged
recovery, which may require highly trained medical care from
multiple specialists. A recent study at the University of
Michigan identified specific risk factors that increase the risk
of poor outcomes postoperatively: history of cancer, para-
plegia, old age (>81), renal failure/dialysis, current steroid
use, COPD, and history of stroke [7]. This study suggests that
these patients may be more safely cared for if their surgery is
performed as an inpatient.

The American Society of Anesthesiologists has identified
many characteristics to help predict a difficult airway,
including small mouth opening, prominent front teeth, his-
tory of neck surgery and/or radiation, limited range of neck
motion, inability to see the uvula and tonsils when opening
the mouth, and a small chin. Patients with Modified Mal-
lampati classification III–IV are at greater risk for intra- and
postoperative complications, which inpatient facilities would
be more prepared to manage effectively.

Finally, many ASCs are privately owned and the over-
sight of a large institution is absent. In these circumstances,
it becomes easier to sacrifice patient safety in order to
maximize profits. For example, patients may be encouraged
by the staff at freestanding ASCs to leave the PACU early. If
discharged too soon, patients may experience discomfort
during a prolonged drive home, nausea in transit and while
at home, trouble changing blood-soaked dressings, difficulty
walking to and using the bathroom, as well as more serious
medical complications such as bleeding and infection. By
recovering from surgery at an inpatient facility, patients can
avoid comfort issues as well as have readily available access
to medical specialists, imaging modalities, and enhanced
postoperative pain management. Additionally, the resources
may not exist to treat any serious complications that may
occur, and an ambulance ride is required to take the patient
to a facility with a higher level of care.

Summary

Advances in the safety of surgical technology and anesthesia
medications have allowed ambulatory surgery to become the
fastest growing type of surgery in the USA. Patients now
have the ability to choose between freestanding ASCs and
traditional hospital-based operating rooms for a wide variety
of ambulatory surgical procedures. Freestanding ASCs offer
many advantages over hospital-based ORs including
increased efficiency, lower costs, and similar patient anxiety
and satisfaction scores. However, concerns that they may be
spurring overutilization, lack the same rigorous accreditation
process of hospitals, and are generally unable to handle
high-risk patients and perform high-risk procedures limit
their appeal.

290 D. Grech et al.



References

1. Hollenbeck BK, Hollingsworth JM, Dunn RL, Zaojun Y, Birk-
meyer JD. Ambulatory surgery center market share and rates of
outpatient surgery in the elderly. Surg Innov. 2010;17(4):340–5.

2. Hair B, Hussey P, Wynn B. A comparison of ambulatory
perioperative times in hospitals and freestanding centers. Am J
Surg. 2012;204(1):23–7.

3. Kadhim M, Gans I, Baldwin K, Flynn J, Ganley T. Do surgical times
and efficiency differ between inpatient and ambulatory surgery
centers that are both hospital owned? J Pediatr Orthop. 2015.

4. Koenig L, Gu Q. Growth of ambulatory surgical centers, surgery
volume, and savings to medicare. Am J Gastroenterol. 2013;108
(1):10–5.

5. Gardner TF, Nnadozie MU Sr, Davis BA, Kirk S. Patient anxiety
and patient satisfaction in hospital-based and freestanding ambula-
tory surgery centers. J Nurs Care Qual. 2005;20(3):238–43.

6. Urman RD, Philip BK. Accreditation of ambulatory facilities.
Anesthesiol Clin. 2014;32(2):551–7.

7. Mathis MR, Naughton NN, Shanks AM, Freundlich RE, Pan-
nucci CJ, Chu Y, et al. Patient selection for day case-eligible
surgery: identifying those at high risk for major complications.
Anesthesiology. 2013;119(6):1310–21.

83 Pros and Cons of a Freestanding Ambulatory Surgery Center … 291



Part X

Acute Pain



84Can a Regional Anesthetic Affect
the Development of Phantom Limb Pain?

Christopher DeNatale

Case

A 62-year-old man presents for urgent amputation of his
right lower extremity distal to the knee for progressive
gangrene and necrosis. The patient had several previous
procedures related to complications of peripheral vascular
disease including lower extremity angiograms, femoral
stents, and a bi-aorto femoral bypass. The patient has sig-
nificant preoperative ischemic pain, with a large neuropathic
component, and he asks you if there is anything you can do
to decrease his likelihood of developing chronic pain after
the amputation. After an amputation, there is the possibility
that the patient will develop stump pain, phantom limb pain,
and even phantom limb sensations. These symptoms can
develop soon after the surgery.

Questions

Does a regional anesthetic for limb amputation surgery
prevent or alter the development of phantom limb pain
(PLP)? Can anything else be done to prevent PLP?

PRO: Although the evidence is controversial, I would per-
form a regional anesthetic because there is minimal risk, and
the potential benefit is enormous.

CON: I don’t know of any conclusive study that points to
benefits specifically from a single regional anesthetic.
Nikolajsen et al. did not demonstrate a difference in chronic
phantom or stump pain by using an epidural perioperatively
for pain control. They used a comprehensive technique,
placing the epidural almost a day prior to the surgery, and
left the catheter in place to manage acute pain for several
days. The pain was well controlled preoperatively with the

epidural, but no long-term benefits were seen in preventing
phantom limb or stump pain [1]. Although they were suc-
cessful in treating acute pain, the absence of long-term
benefits and the risk of complications would not lead me to
place an epidural routinely for limb amputations. These
patients are often also anticoagulated, increasing the risk of
epidural hematoma, sometimes to unacceptable levels. The
only reason I would do an epidural or regional block would
be for acute pain control.

We can improve phantom limb pain simply by achieving
adequate perioperative pain control, either with or without
an epidural. In their study, Karanikolas and colleagues
examined the use of regional versus intravenous patient-
controlled analgesia (IV PCA) in the preoperative, intraop-
erative, and postoperative periods. They found there was no
benefit from placing an epidural during any of the 3 stages.
A decreased incidence of phantom limb pain, persisting
6 months after the amputation, was found in all groups as
long as there was adequate perioperative pain control. No
matter what the perioperative plan (epidural or IV PCA),
adequate perioperative pain management was the only
measure demonstrated to decrease the incidence, intensity,
and frequency of phantom limb pain [2]. So the benefit
appears to be independent of the epidural.

PRO: If a peripheral nerve catheter can control postopera-
tive pain for a longer duration and to a greater extent than
intravenous narcotics, chronic pain could potentially be
mitigated via this mechanism. A small study looked at
placing a perioperative lower extremity perineural catheter,
which was kept in place for a median duration of 30 days.
The patients in the intervention study group reported
decreased severe phantom limb pain and sensation, even
12 months after the infusion of local anesthetics was dis-
continued [3].

CON: How practical is that study? Is it safe to leave a
peripheral nerve catheter in for a month? Prevention of any
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potential deleterious effect is the first objective of any
treatment. There are many problems related to leaving in a
perineural catheter for 30 days postoperatively, as shown by
the author’s reports such as inadvertent removal and infec-
tion. Nevertheless if these findings are true, there will be a
need for developing methods of safely leaving a perineural
catheter in place that long.

PRO: Phantom limb pain is difficult to treat with the current
modalities. Any means to prevent the development of PLP
would prove extremely helpful to patients undergoing
amputation of an extremity. I will speak to the patient, but I
feel that a peripheral nerve catheter, even if kept only for a
short duration has potential benefits with limited side effects.

In cases of existing PLP, a perineural infusion for only
6 days has also shown possible benefit. Patients reported
some improvement in their phantom limb pain even
extending out to 1 year after this shorter local anesthetic
infusion [4]. I would not make a postoperative peripheral
nerve catheter the standard of care on the basis of only a few
patients, but this study points to an area that may provide
benefit and clearly needs to be explored more thoroughly.
Again, I will discuss the anesthetic options with the patient
but I would like to plan on a regional anesthetic for optimal
pain control and hopefully as a preventive measure to mit-
igate the likelihood of developing PLP.

Summary

There is no clear consensus about the most beneficial way to
approach patients undergoing amputation who are at risk for
phantom limb pain. Although there is an interest in exploring
postoperative regional anesthesia, there are no clear recom-
mendations at this time. Currently the best management is to
treat acute pain appropriately, by IV PCA, epidural, or
peripheral regional anesthesia, which may have a beneficial
effect on preventing chronic phantom limb pain.
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85Charcot–Marie–Tooth Disease and Regional
Anesthesia: Is Perioperative Neuraxial
Analgesia Really Contraindicated?

Magdalena Anitescu

Case

A 65-year-old male is scheduled for a 3-h open cholecys-
tectomy and hemicolectomy. His electronic medical records
are sparse. After meeting the patient in the preoperative
holding area and discussing his case with the surgical service,
you learn that the patient has had multiple abdominal surg-
eries for small bowel obstruction of unknown origin. Three
years ago, Charcot–Marie–Tooth (CMT) disease was diag-
nosed. He has early leg fatigue and difficulty walking and
usually requires a wheelchair. The cardiologists who evalu-
ated him preoperatively did not recommend cardiac testing in
preparation for surgery because his cardiac risk is low. A re-
view of the computed tomography (CT) scan shows many
abdominal adhesions encasing the transverse colon, cecum,
and gallbladder, and extensive fibrous tissue that may indi-
cate subacute small bowel obstruction. During an open lysis
of adhesions performed two-and-a-half years ago, the patient
was given an epidural, which offered excellent pain relief.

Question

Given the patient’s excellent experience with epidural
analgesia and in view of the expected length of surgery,
would you consider placing a neuraxial catheter for this
patient with a congenital neuromuscular disorder?

PRO: The patient had excellent results with a previous
epidural. He is scheduled for an incision from the xiphoid
process to 5 cm under the umbilicus. At risk for severe
postoperative pain, he is the perfect candidate for an epidural

catheter for perioperative pain control, especially after
undergoing open hemicolectomy and cholecystectomy [1].

CON: Good points, but the patient has a neuromuscular
disorder. CMT is a progressive congenital disease associated
with distal–proximal progression of muscle weakness. In
severe cases, weakness of the axial muscles contributes to
scoliosis and pulmonary restriction [2]. This patient has not
been evaluated recently by a neurologist. Thus, we do not
know how advanced his disease is. If the patient experiences
severe muscle weakness after an epidural is placed, how will
we determine whether the weakness is associated with CMT
or with a complication of the neuraxial procedure?

PRO: Excellent points, but CMT is a genetically heteroge-
neous disorder that can be diagnosed based on its common
phenotypical picture: progressive peroneal muscle weakness
and atrophy. The symptoms of CMT vary from very mild to
severe. The critical form of this condition, CMT Type I, has
an onset during adolescence. It is associated with serious
musculoskeletal and respiratory comorbidities. CMT Type I
neuropathy occurs before the skeletal growth spurt. As a
consequence, the axial skeleton is weakened with subsequent
scoliosis and restrictive lung disease. The milder form of this
genetic disorder, CMT Type II, occurs around the fifth to
seventh decade of life. Clinical manifestations show a slower
onset and are slowly progressive, with mild weakness [3].

CON: Patients who undergo extensive surgery are at high
risk of experiencing severe postoperative pain. A compre-
hensive perioperative regimen for pain control should be
planned, involving multimodal analgesic therapy; epidural
analgesia may be only 1 of the many tools necessary to treat
postoperative pain in this patient. One may argue that in the
presence of a neuromuscular disorder, an epidural may be
contraindicated. Modalities involving intraoperative keta-
mine and lidocaine infusions may prove beneficial. Keta-
mine, at a rate of 0.5 mg/kg/h, may decrease the need for
opioids and result in better pain scores [4].
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PRO: In older adults with marginal cognitive dysfunction,
ketamine infusions at high rates may predispose to signifi-
cant perioperative delirium. A neuraxial technique may still
be superior, especially if the continuous infusion contains
only an opioid and not a local anesthetic. A detailed pre-
operative evaluation and documentation of baseline neuro-
logical function is required in this patient to sort out potential
postoperative adverse events.

CON: Patients with a neurological disorder may be exposed
to the “double-crush” phenomenon when a neuraxial pro-
cedure is performed. With preexisting neural compromise,
patients may be more susceptible to injury than their normal
counterparts when exposed to a secondary neurological
insult at another site. It is possible that in those select
patients, the spinal cord may be significantly injured during
traumatic needle or catheter placement, especially when
sensation is limited by the underlying neuropathy[5]. The
patient may be unable to report paresthesias after needle or
catheter placement.

PRO: Although in some select cases neuraxial analgesia
may be contraindicated, the overwhelming evidence sup-
ports the many benefits of epidural perioperative analgesia in
major surgery [6].

Summary

Neuraxial epidural infusions with local anesthetics and/or
opioids are excellent analgesic techniques for a variety of
surgical procedures. In patients with baseline neuromuscular
disorders, careful neurological examination and an under-
standing of etiology prognosis and stage of disease are
essential in weighing the risks and benefits of a neuraxial
technique.

In mild, stable neuromuscular disorders such as CMT
Type II, epidural analgesia may be beneficial preoperatively,
especially if only opioid solutions are used. The addition of a
local anesthetic (LA) to the epidural solution should be
carefully considered. A LA has effects on the fibers already
injured by the underlying disease. Custom-made solutions
with a low concentration of LA may be better tolerated by
patients with neuromuscular diseases, because they may
have less impact on the sensory, autonomic, and motor fibers
blocked during neuraxial anesthesia.

In severe neuromuscular disorders such as CMT Type I,
the analgesic plan may involve alternative multimodal
techniques such as intraoperative infusion of lidocaine and
ketamine, temporary use of perioperative long-acting medi-
cations such as methadone, or preemptive administration of
membrane stabilizers such as gabapentin or pregabalin. The
anesthesiologist must weigh the risks and benefits of a
neuraxial procedure for patients suffering from various
neuromuscular disorders whether congenital or acquired.
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86Positional Headache Without a Previous
Lumbar Puncture: Would a Blood Patch Be
Useful?

Magdalena Anitescu

Case

You are paged by a neurology colleague who asks you to
perform an epidural blood patch (EBP) for a 30-year-old
female with severe, debilitating positional headache. You
agree to evaluate the patient but do not commit to an
intervention yet. The patient has been suffering from acute
onset of severe positional headaches for 1 month. She was
initially treated by her primary care physician with ibuprofen
and hydrocodone but these medications offered little relief.
Her pain is throbbing, severe, and primarily temporal, less so
in the frontal and occipital areas. The pain is much worse
when she sits and stands and decreases slightly when lying
flat. No other symptoms are found. She states that she can no
longer care for her 4 children because of debilitating pain.

Question

In view of a positional headache without a history of dural
puncture and possible idiopathic intracranial hypotension
(IIH), would an epidural blood patch (EBP) confirm the
diagnosis and provide effective pain relief?

PRO: The neurologist who accompanies her insists you
perform the EBP emergently since he is convinced that the
patient has IIH [1]. The clinical presentation of this patient is
consistent with IIH, a condition that manifests with new
onset of severe positional headache without a history of
dural puncture, that occurs within 15 min of sitting or
standing. He insists that, in his experience, no medications
can help this kind of pain and the most effective treatment is
a lumbar epidural blood patch.

CON: In spite of the possibility of IIH, the location of the
headache is somewhat unusual. The patient complains of
headache primarily in the temporal area and not in the
classically described fronto-occipital distribution. While IIH
is still the likely diagnosis, other conditions may be associ-
ated with these symptoms, like postural orthostatic tachy-
cardia (POTS). Diabetes insipidus and cervicogenic pain can
also mimic the positional headache of IIH [2]. Those con-
ditions would not respond well to the epidural blood patch
(EBP) and as such other investigations are needed for proper
diagnosis in our case.

PRO: Headache is a common symptom that brings patients to
a general practitioner’s office; however, positional headaches
are generally rare. The idiopathic intracranial hypotension
(IIH) syndrome has specific diagnostic criteria:

1. Orthostatic headache
2. At least 1 of the following:

(a) Low opening cerebrospinal fluid (CSF) pressure
(<60 mm H2O)

(b) Sustained improvement after epidural blood patch
(EBP)

(c) Demonstrated active leak of cerebrospinal fluid
(d) Signs of intracranial hypotension on cranial magnetic

resonance imaging (MRI)
3. No history of dural puncture
4. No other disease

TheEBPisessential forbothdiagnosingandtreatingIIH[3].

CON: Without imaging studies, the risk of an EBP out-
weighs its benefits if there is an incorrect diagnosis.
When EBP was used to treat positional headache in IIH,
there were several reports of rebound intracranial hyperten-
sion immediately after the blood was injected into the
epidural space. Intracranial hypo- and hypertension are both
usually associated with severe headaches, whose character
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may sometimes be confusing. Shifting from low to high
intracranial pressure may be associated with change in
location of the headache. IIH is usually associated with
occipital pain; intracranial hypertension is localized more in
the frontal areas and retro-orbital region. New onset nausea,
vomiting, and blurred vision after a blood patch may help
diagnose this complication [4]. Imaging tests are needed to
confirm the diagnosis.

PRO: Several diagnostic imaging studies have been used
since the description of the syndrome. In a patient with
severe positional headache but no history of dural puncture
of any kind, suspicion of IIT should be confirmed with
invasive and non-invasive imaging. Since invasive diag-
nostic studies primarily involve a dural puncture, imaging
tests should be the first choice. An MRI may show the signs
of low pressure in IIH, often known as SEEPS [5]:

1. Subdural fluid collection
2. Enhancement of the pachymeninges
3. Engorgement of the venous structures
4. Pituitary hyperemia
5. Sagging of the brain

An MRI can be a diagnostic tool in IIH, but it is unclear
whether it confirms the diagnosis. Many tests utilized in
diagnosing the IIH have various sensitivities and specifici-
ties. No one best test is available.

CON: With recent technological advances, imaging tests
have gained momentum in diagnosing IIH. When MRI is
coupled with intracranial venography, the diagnostic value of
the test is enhanced [6]. A radionuclide cisternogram is cur-
rently 1 method of confirming the diagnosis of IIH. In con-
junction with spine MRI for the presence of collected fluid, it
allows correct visualization of the CSF leak and is therefore
essential in directing the correct placement of the EBP [5].

PRO: So, if we identify the level of a CSF leak we can
actually place the EBP. The supposed mechanism of action
is gelatinous tamponade of the dural leak, followed by fibrin
deposits and fibroblastic activity. Another postulated mech-
anism of action may be restriction of CSF flow within the
spinal epidural space, which interferes with CSF absorption.
I would vote for performing an EBP as quickly as possible.

CON: All treatment modalities in IIH start with a conser-
vative regimen. As with a post dural puncture headache, the
headache in IIH may resolve with rest, caffeinated bever-
ages, increased fluid intake, and abdominal binders. Those

methods are intended to increase CSF pressure at the site of
the leakage and thus relieve the headaches to some extent.
Other treatments include administration of intravenous caf-
feine or theophylline for their effects on adenosine receptors.
The resulting vasoconstriction decreases intracranial blood
flow and venous engorgement.

Only about 60 % of patients have both initial and
long-term relief after a first EPB. A second EBP can be
applied as early as the fifth day following the first injection
in patients with severe symptoms [2]. To optimize the effect,
the EBP must be placed as close as possible to the leak [7].
Infusion of saline or artificial CSF may offer limited benefit.
Surgical intervention is a last resort, reserved for refractory
cases with massive dural defect.

Summary

IIH is a syndrome of positional headache in the absence of a
dural puncture. In many cases, it is difficult to diagnose and
can be confused with other conditions causing headache.
Diagnosis requires invasive and noninvasive imaging tests
such as brain MRI with venogram, radionuclide cis-
ternogram, and lumbar puncture with opening CSF pressure.
EBP is the mainstay of treatment but is often less effective
than it is for postdural puncture headache. Many times 2 or
even 3 EBPs are needed for effective resolution of symp-
toms. Surgical treatments are reserved for refractory cases.
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87Single-Dose Epidural Morphine
or Patient-Controlled Epidural Analgesia
(PCEA) for Post-Cesarean Pain Control?

Lucia Daiana Voiculescu, Olga Eydlin, and Joseph Thomas Largi

Case

A 32-year-old G3P1 female with a body mass index
(BMI) of 40 presents for elective, repeat cesarean delivery.
The patient denies other comorbidities, but her husband
states that she snores loudly at night and notes pauses in her
nighttime breathing. The patient reports that after her pre-
vious cesarean delivery, the epidural catheter impeded her
ability to interact with the baby. Her right leg was numb and
weak, and she could not get up to go to the bathroom. The
skin around the catheter insertion remained red, swollen, and
painful for a few days. Overall, it was “very uncomfortable.”
As a consequence, she asks you if it would be possible to
have the catheter removed immediately after surgery.

Prior to the procedure, an L3/4 epidural catheter is
inserted, and a surgical block is achieved using 20 mL of
2 % lidocaine with 1:200,000 epinephrine. The cesarean
delivery proceeds without complications. However, the
patient’s oxygen level is in the low 90 s during the case,
requiring supplemental oxygen via nasal cannula and
placement of the patient in reverse Trendelenburg position.
At the end of the surgery, the anesthesia team discusses the
postoperative plan for the epidural catheter and pain
management.

Question

Single-dose epidural morphine or patient-controlled epidural
analgesia (PCEA) for post-cesarean pain control?

PRO: In recent years, the number of cesarean births in the
USA has significantly increased in 2011 accounting for
33 % of total deliveries [1, 2]. The postoperative pain
associated with this intervention is usually moderate to
severe and gradually subsides after 40–48 h.

Neuraxial administration of morphine before removing
the epidural catheter at the end of the surgery is a technique
used frequently for post-cesarean analgesia. A single dose of
epidural morphine produces adequate analgesia for up to
24 h without significant sedation, hemodynamic effects, or
impairment of neuromuscular function [3–9].

A prospective, randomized, double-blind study by
Kumarasamy et al. evaluating 60 ASA 1 and 2 patients who
underwent cesarean deliveries compared the effectiveness
and duration of analgesia with epidural morphine, 4 mg
versus 5 mg, for postoperative pain relief. Five milligrams of
morphine provided longer analgesia and was more effective
in providing postoperative pain control [4]. This study notes
that there was no excessive sedation or respiratory depres-
sion with either dose in these patients.

CON: Based on BMI, this patient meets the criteria for
clinically severe obesity. Her history of snoring, nighttime
witnessed apneic events, and dozing off frequently during
the daytime is suspicious for obstructive sleep apnea (OSA),
even though she has never been formally tested [10].
Administering epidural morphine, an opioid associated with
delayed respiratory depression, to a patient already at risk for
obstruction (due to her body habitus and symptoms of OSA),
increases the risk of postoperative complications.

A recent meta-analysis by El-Solh et al. [11] showed that
patients with OSA have “an almost 2.5-fold increased risk of
developing postoperative respiratory failure.” In a closed
claims analysis, Lee et al. [12] found that “the vast majority”
of opioid-induced respiratory depression events occurred
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within 24 h of surgery, and a significant number involved
epidural opioid administration. Obesity and OSA both
increase the risk of respiratory depression when neuraxial
opioids are used [12, 13]. In addition, along with the normal
physiologic changes of pregnancy, obesity can result in rapid
desaturation and difficult ventilation if respiratory depression
occurs. After epidural morphine administration, all patients
should be monitored for a minimum of 24 h [13].

PRO: PCEA patients should also be monitored for as long as
the catheter is in place. Patients should be evaluated period-
ically for the efficacy of analgesia as well as potential com-
plications (hematoma, epidural abscess, skin infection,
catheter migration, etc.). Although the PCEA may result in
better pain control beyond the first 24 postoperative hours, the
equipment used and the specialized personnel involved in the
process make this analgesic modality more expensive [14].

In the past, this patient experienced some catheter-related
problems: unilateral, deep anesthesia (probably due to
catheter migration), and superficial cellulitis at the insertion
site. Removing the catheter at the end of the procedure will
decrease the potential for such unpleasant results.

After the surgical block resolves, the patient will be able
to stand and walk without weakness, numbness or proprio-
ceptive deficit. Early ambulation leads to greater patient
satisfaction. Further, it also could prevent deep venous
thrombosis (DVT) [15]. After cesarean delivery, this obese
patient has an increased risk of early venous thromboem-
bolism [16, 17]. Removing the catheter at the end of the
procedure means that a greater range of antithrombotic
agents can be prescribed within hours of the surgery.

Superficial cellulitis or deep infection can be avoided by
early removal of the catheter [18, 19]. If PCEA is chosen, the
risk of infection needs to be minimized by maintaining a
closed system, with a limited number of catheter manipu-
lations and inspecting the insertion site every 8 h [20].

CON: While epidural morphine can provide good postop-
erative analgesia, many side effects are possible including
nausea, vomiting, pruritus, sedation, urinary retention, and
respiratory depression [3, 6, 8, 14]. These are concerns that
must be considered and discussed with the patient prior to
administering any medication. The risks of respiratory
depression and nausea, vomiting, or pruritus are dose rela-
ted, being higher with doses exceeding 4 mg of morphine [4,
6]. The study by Kumarasamy et al. demonstrated that the
incidence of postoperative nausea and vomiting (PONV) as
well as pruritus was significantly higher in patients who
received higher doses of morphine (5 mg) than lower doses
(4 mg). Specifically, 72 and 82 % of patients who received
5 mg of epidural morphine experienced PONV and pruritus,
respectively. In contrast, 16 and 29 % of patients who
received 4 mg of epidural morphine had PONV and pruritus,

respectively [4]. This study evaluated relatively healthy
patients with a mean weight of approximately 68 kg and
mean height of approximately 156–158 cm. Further studies
evaluating the use of epidural morphine in obese patients for
post-cesarean analgesia are warranted.

PRO: The patient had a poor experience during her previous
epidural, and care should be taken to avoid further problems.
However, many of the side effects of epidural morphine are
treatable should they arise. Pruritus is secondary to the µ
(mu)-agonist property of morphine and should be treated
with low-dose intravenous naloxone. Diphenhydramine will
only produce sedation; it does not help to alleviate pruritus
as it is not related to histamine release. Nausea can be treated
with several medications and techniques including ensuring
adequate hydration and administering appropriate antinausea
medications, such as ondansetron.

CON: Epidural analgesia (opioids, local anesthetics, or a
combination of both) is a very effective and safeway to control
postoperative pain from cesarean delivery. After the neuraxial
catheter is removed, the analgesic options become limited,
although the patient would be able to receive acetaminophen
and ketorolac if there are no contraindications. Intravenous or
oral opioids could produce satisfactory analgesia; however,
systemic opioids may make the mother sleepy and dizzy and
may sedate the baby via her breast milk. Epidural PCA pro-
vides better postoperative pain control than parenteral or
neuraxial opioids [14]. Retaining the catheter and infusing
low-dose fentanyl and bupivacaine should not prevent the
patient from ambulating while achieving good analgesia.

The obstetrics and anesthesia teams as well as nursing
staff discussed the potential benefits and risks of the avail-
able postoperative analgesia regimens with the patient. They
counseled the patient about the potential risk of respiratory
depression from epidural morphine and possible challenges
in satisfactorily controlling her pain, particularly toward the
end of the first postoperative day [14]. The patient decided to
keep the epidural catheter, and the team set up an epidural
PCA with low-dose fentanyl and bupivacaine.

Summary

As the incidence of obesity in the general population is
increasing, including in women of childbearing age, it is
very important to choose a postoperative pain management
regimen that optimizes analgesia while minimizing side
effects in the obese parturient population. It is essential to
achieve good pain control after cesarean delivery in order to
improve maternal–infant bonding. Adequate analgesia per-
mits early ambulation and discharge, which may lead to
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greater patient satisfaction. Each patient should be evaluated
on a case-by-case basis by the interdisciplinary team of
anesthesia, obstetrics, and/or pain management.

Epidural PCA with local anesthetics and opioids is
effective and tolerated well by most patients. Initial place-
ment and maintenance of PCEA requires specialized
equipment as well as personnel trained in catheter manage-
ment, making this modality more expensive.

Single-shot epidural morphine provides adequate post-
operative pain control, especially in the first 20–24 h. Its use
is limited by the high frequency of side effects, such as
nausea, vomiting, pruritus, sedation, urinary retention, and
respiratory depression.

Multimodal opioid-sparing regimens, such as acet-
aminophen and/or ketorolac, in conjunction with epidural
analgesia (PCA or single-dose morphine at the end of the
surgery) should be employed whenever possible. Further
large, double-blind studies are necessary to evaluate the
safety and efficacy of epidural morphine in diverse cate-
gories of postpartum patients.
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88Is Opioid Avoidance Warranted for a Patient
with Obstructive Sleep Apnea
in the Postoperative Period?

Lucia Daiana Voiculescu and Olga Eydlin

Case

A 55-year-old man with a body mass index (BMI) of 46,
obstructive sleep apnea (OSA) non-compliant with home
continuous positive airway pressure (CPAP), hypertension,
type 2 diabetes, and gastroesophageal reflux presents for
laparoscopic cholecystectomy.

On examination, the patient has redundant neck tissue, a
full beard, a large tongue, and a Mallampati class 3 airway.
Anticipating a possible difficult airway, the anesthesia team
brings a video laryngoscope into the room. After induction,
the patient is difficult to ventilate, requiring an oral airway,
jaw thrust, and 2-person ventilation. Direct laryngoscopy is
challenging. Intubation is achieved using the video
laryngoscope.

Thirty minutes into the case, the surgical team decides to
convert the procedure to open cholecystectomy because of
difficult visualization. The rest of the operation goes
smoothly. As the surgeons are getting ready to close the
abdomen, they ask the anesthesiologist to give the patient a
“good amount” of fentanyl so that he will be comfortable in
the postanesthesia care unit (PACU). The anesthesiologist is
concerned about systemic opioid analgesia for this morbidly
obese patient with OSA and a difficult airway. He suggests a
ketamine infusion instead to minimize postoperative opioid
requirements.

Question

Is opioid avoidance warranted for the OSA patient in the
postop period?

OSA is a common sleep-associated breathing disorder
that is caused by repetitive partial or complete obstruction of
the upper airway, resulting in episodes of apnea, hypercar-
bia, and oxygen desaturation during sleep. It is associated
with excessive daytime sleepiness, fatigue, and impaired
concentration. Obesity is the most important risk factor for
OSA [1, 2]. Patients with OSA also have an increased hazard
of developing perioperative cardiopulmonary complications
[2, 3]. Bariatric surgery and difficult intubation are known to
further increase the risk of postoperative events [2].

PRO: “The anesthetic and analgesic plan should be focused
on avoiding agents and techniques with known potential for
worsening hypoventilation and hypoxemia,” says the anes-
thesiologist. “Morbidly obese patients with sleep apnea are
at increased risk of developing apneic episodes and hyper-
carbia when opioids are used for pain relief. In the imme-
diate postoperative period, systemic opioids should be
carefully titrated. Pulse oximetry should be closely moni-
tored, and supplemental oxygen considered” [2, 3].

Furthermore, should these patients become apneic in the PACU,
airway management may be problematic. Our patient was
already difficult to ventilate and intubate in the operating room
despite having the appropriate team and necessary equipment.

Hence, the anesthesiologist suggests that a strategy to
minimize opioids, such as a ketamine infusion, should be
considered [2–6].

CON: The surgeon interjects, “In all my years of practice, I
have never used a ketamine infusion to treat postoperative
pain. I plan to place the patient on a fentanyl patient-
controlled analgesia (PCA), as I typically do for my
laparotomy patients. Also, my nurses and residents are not
familiar with ketamine dosing and side effects, therefore, the
risk of errors would be high.”

He refers to a prospective analysis by Leape et al. that
found that lack of knowledge of a drug to be the most com-
mon proximal cause of medication error in the hospital set-
ting. Incorrect dosage, frequency, and route of administration
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were among the frequent mistakes identified in that analysis
[7]. It is known that opioid and non-opioid analgesics are
among the “high-alert” or “high-risk” drugs often involved in
medication-related adverse events. Off-label use (such as the
administration of ketamine for postoperative analgesia) also
increases the possibility of a negative outcome [8].

The surgeon emphasizes, “I have been able to achieve
good pain control with fentanyl. Fentanyl’s pharmacody-
namics are well known and suitable for this specific post-
surgical pain. The analgesic effects are rapid. On a fentanyl
PCA, the patient can be transferred to a regular room where
SpO2 monitoring and supplemental oxygen can be provided.
In contrast, a ketamine infusion would require the patient to
be admitted to the intensive care unit, with additional cost
and possible personal financial burden.”

PRO: The anesthesiologist points out that every patient does
not fit into a “cookie-cutter” postoperative order list.
“Ketamine may be a suitable alternative or additive to opi-
oids in providing postoperative analgesia in selected patients
(elderly, opioid sensitive or resistant, those with OSA or
known difficult airway, etc.).

“Ketamine is an analgesic and dissociative anesthetic that
acts on various receptors, including the N-methyl-D-aspartate
(NMDA) receptor, opioid, and some monoaminergic recep-
tors. [9] Through non-competitive NMDA receptor antago-
nism, ketamine may decrease windup (progressive increase
in pain signals caused by repeated nociceptive stimuli) and
central sensitization (heightened sensitivity to pain), as well
as opioid-induced hyperalgesia. It is recognized to have an
opioid-sparing effect. Perioperative intravenous ketamine
decreases pain intensity and opioid consumption for up to
24–48 h postoperatively [5, 6, 10, 11].

A meta-analysis by Bell et al. concluded that “ketamine in
subanesthetic doses is effective in reducing morphine require-
ments in the first 24 h after surgery.” The review determined
that patients receiving a combination of ketamine and morphine
experience a significant reduction in postoperative nausea and
vomiting, possibly due to a morphine-sparing effect [6]. Small
doses of ketamine produce analgesia while preserving respira-
tory drive. Additionally, in low doses, it produces bronchodi-
latation and mild respiratory stimulation. Ketamine is also
advantageous in that it protects upper airway patency in patients
with OSA [5].

CON: The surgeon raises the concern that patients on
ketamine may have unpleasant psychotomimetic side effects
such as hallucinations, “out of body” experiences, disturbing
dreams, and irrational behavior.

“While premedication with benzodiazepines can provide
some protection against hallucinations, this may not always
be complete [10]. Midazolam and other benzodiazepines

may also cause respiratory depression, especially if admin-
istered in association with opioids,” he argues.

PRO: The anesthesiologist counters, “While it is certainly
possible to have unpleasant dreams and hallucinations from
ketamine, these side effects are more common after large
doses of ketamine rather than from low-dose infusions. The
side effects associated with subanesthetic doses of ketamine
are mild or absent [6, 11] and frequently are further reduced
by premedication with a low dose of midazolam [11].
Additionally, while postoperative pain control with fentanyl
is well established, its analgesic effects are often limited by
adverse effects such as drowsiness, respiratory depression,
nausea, vomiting, and constipation. Opioid-induced airway
obstruction is of special concern in morbidly obese patients
with OSA [5]. A multimodal opioid-sparing approach can
help minimize some of these unwanted effects.”

CON: “While it is possible that ketamine may decrease
postoperative pain scores and opioid requirements,” the
surgeon says, “I’m concerned that there is no reversal agent
for ketamine. My team is familiar with diagnosing and
treating opioid-induced respiratory depression and sedation.
Naloxone is available on the floor and can be immediately
administered to reverse the unwanted effects. Should the
patient receive too much ketamine in the absence of a
reversal agent, supportive care and time would be the only
treatment solution.”

Going further, both teams agreed that an in-depth dis-
cussion between the surgical and anesthesia teams is nec-
essary for optimal patient care and that every patient should
be evaluated on a case-by-case basis. After much debate,
they decided to treat this patient with acetaminophen,
ketorolac, and a fentanyl PCA. The team chose not to start
ketamine immediately in an attempt to avoid a costly ICU
admission, but they left the option of a ketamine infusion
open if the patient’s pain was not adequately controlled with
the above regimen.

Summary

The continuous advances made in perioperative medicine in
tandem with the evolution of surgical techniques have led to
increasingly complex patients undergoing surgery. This
diverse patient population poses a clinically challenging
environment for postoperative pain management. Elderly or
frail patients, patients sensitive or resistant to opioids, and
patients with OSA or a difficult airway represent only a few
categories in which the opioid-sparing effect of ketamine may
be considered. Each patient should be managed on a
case-specific basis. Multimodal analgesia with ketamine,
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non-steroidal anti-inflammatory drugs (NSAIDs), acet-
aminophen, or other adjuvant agents should be considered
whenever possible to reduce the amount of systemic opioids.
Careful discussion and effective communication among peri-
operative teams is necessary to achieve the safest level of care.
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89Is Spinal or Epidural Anesthesia
Contraindicated in a Patient with Multiple
Sclerosis?

Uchenna O. Umeh

Case

An obese 31-year-old female with relapsing-remitting mul-
tiple sclerosis (MS) since the age of 23 has multiple inactive
brain lesions on magnetic resonance imaging (MRI). She has
no current neurologic impairment or disability. She is
pregnant with twins and now presents to the labor and
delivery floor with contractions.

Her obstetrician has discussed the labor plan with you;
the likelihood of a cesarean delivery in her case is very high.
Her airway exam revealed a Mallampati class IV airway
with a thick neck. You spoke to the patient about a labor
plan that includes an epidural anesthetic during her attempt
at vaginal delivery. If there would be a need for an emergent
cesarean delivery, a spinal anesthetic was also discussed
with the patient.

She is agreeable to both options and says, “My sister is a
nurse. She tells me that general anesthesia in pregnant
patients is very risky and could lead to death. My sister also
says that if I have general anesthesia, my babies will be
exposed to all the medications that you give me. I really
don’t want that, Doctor.”

Multiple sclerosis is an autoimmune disorder affecting the
central nervous system. First described in 1868 by
Jean-Martin Charcot, MS develops from the formation of
lesions in the brain or the spinal cord along with inflam-
mation and destruction of the neuronal myelin sheath. These
plaques typically affect the white matter of the optic nerve,
brain stem, basal ganglia, and spinal cord. The peripheral
nervous system is rarely involved. The disease usually
begins between 20 and 50 years of age and is twice as

common in women as in men. Pregnancy is associated with
improvement of symptoms although relapse can occur in the
first 3 months following surgery [1]. Although pregnancy
does not seem to worsen or speed the course of MS, delivery
may be more challenging in these patients for several rea-
sons. Muscle weakness and nerve damage from MS may
affect the parturient’s ability to push when needed. This
makes cesarean delivery, or forceps or vacuum-assisted
delivery, more likely.

Your colleague, an experienced anesthesiologist, is also
covering the labor and delivery floor that afternoon. He heard
about your patient with MS, and he noticed you planned to
place a combined spinal/epidural for labor. He approaches
you and says, “Are you really going to do a spinal or an
epidural in this patient? She has multiple sclerosis, why
would you risk it? You are just waiting for a lawsuit!”

Question

Is spinal or epidural anesthesia safe in a patient with multiple
sclerosis?

PRO: “Epidural and/or spinal anesthesia are preferable in a
pregnant patient who may present with a possible difficult
airway,” you say. After regional anesthesia, the incidence of
worsening neuropathy in patients with a preexisting neu-
ropathy is 0.4 % [2]. The majority of cases is likely due to
the fact that injured nerves are more vulnerable to com-
pressive trauma [2]. Repeated attempts at intubation, espe-
cially in the obstetric population, may increase the risk of
hypoxia, laryngeal edema, airway trauma, and bleeding, as
well as pulmonary aspiration. A recent retrospective review
of cesarean delivery with general anesthesia was compared
with an age-matched group of female patients undergoing
non-obstetrical abdominal or gynecologic surgery. With
rapid-sequence induction, the rate of poor laryngoscopic
view in parturient women undergoing cesarean delivery was
14/851 compared to the 4/814 in the non-pregnant
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group. Failed intubation occurred in 3 patients undergoing
C-section and in only 1 non-obstetric patient [3]. The
potentially increased risk of maternal morbidity or mortality
during intubation of the pregnant patient is a great reason to
avoid general anesthesia.

CON: Your colleague responds, “I strongly disagree! After
the publication of the American Society of Anesthesiolo-
gists’ (ASA) practice guidelines for the management of the
difficult airway and the improvement in airway management
equipment, it is safer to intubate potentially difficult patients.
Airtraq, Glidescope, or awake fiberoptic intubation tech-
niques are safer methods of securing the patient’s airway.
Rescue devices such as the laryngeal mask airway and the
combitube are also helpful in an emergency situation when
necessary. Remember, patients with preexisting neurological
conditions such as multiple sclerosis may be at increased risk
of regional anesthesia-related nerve injury on the basis of the
‘double crush’ theory, which hypothesizes that nerves that
are already compromised are more vulnerable to injury at
another site. Specifically in MS, the demyelinated neurons
appear susceptible to local anesthetic toxicity, which can
increase the conduction blockade. The administration of
local anesthetics systemically or during neuraxial anesthesia
can unmask silent demyelinated plaques, resulting in exac-
erbation of the patient’s symptoms.”

PRO: “But these symptoms are usually transient and
reversible and do not imply deterioration of the underlying
condition. A study of the influence of pregnancy and
delivery on the clinical course of MS found that epidural
anesthesia was not predictive of relapse [1]. Despite the
increased risk of exacerbation in the first 3 months post-
partum, of the 227 women enrolled, 72 % did not experience
a relapse during this period. Overall, the relapse rate
post-delivery was similar to the pre-pregnancy year. The 3
factors associated with likelihood of postpartum relapse
were an increased relapse rate in the pre-pregnancy year, an
increased recurrence rate during pregnancy, and a higher
Kurtzke Disability Status Scale (DSS) [1]. Essentially, the
study showed that women with more severe MS and fre-
quent recurrences in the past were likely to have more
relapses during- and post-pregnancy regardless of epidural
placement. In my opinion, the risk of attempting intubation
in this potentially difficult patient outweighs the risk of
placing an epidural or spinal anesthetic in an obese patient
with a MP IV airway. Although developing temporary
neurologic deficits is not favorable, it is not as catastrophic
as losing the airway in a pregnant patient.”

CON: “Again, a spinal or epidural in this patient population
is not as innocuous as you make it seem. Patients with
preoperative neurologic injury undergo further nerve

damage more readily from needle and catheter placement,
local anesthetic systemic toxicity, and vasopressor-induced
ischemia if epinephrine is used in the local anesthetic solu-
tion. In an obese patient, the spinal or epidural presumably
will be more technically difficult, likely requiring multiple
attempts. This increases the chance of needle trauma to the
nerve roots as they exit from the spinal cord and travel
through the epidural space.”

PRO: “Another reason to avoid general anesthesia is to
minimize fetal drug exposure and the potential risk of
hypoxia and fetal distress if one is unable to secure the
patient’s airway. Under general anesthesia, the fetus is
exposed to intravenous anesthetics. Most induction agents,
with the exception of etomidate and ketamine, can cause
hypotension after bolus administration, increasing the risk of
uteroplacental insufficiency. Administration of opioids
increases the likelihood of respiratory depression and pos-
sible low Apgar scores post-delivery. With regional anes-
thesia, the overall risks to the mother and fetus are lower.
Although a spinal or epidural technique is usually associated
with hypotension, early hydration and treating low blood
pressure with ephedrine and/or phenylephrine as needed
may ameliorate this.”

Summary

Ultimately, the decision to place a spinal or epidural in
patients with multiple sclerosis should be made on a
case-by-case basis. There are limited studies on spinal and
epidural anesthesia in this patient population, and further
research is needed to help establish clear guidelines. If a
spinal or epidural is planned, the patient’s preoperative
neurologic examination must be documented and the patient
must be made aware of the risk of possible relapse and/or
exacerbation of MS symptoms. Concerns for MS exacer-
bation after spinal or epidural anesthesia should be addressed
by involving the patient in the decision-making process
about the choice of anesthetic.
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90The Scanner, the Twitcher, or Both: How Best
to Perform Peripheral Nerve Blocks?

Junping Chen

Case

I have a high comfort level with performing peripheral nerve
blocks using an ultrasound-guided technique. Recently,
I took care of a morbidly obese patient for an arthroscopic-
assisted revision of a rotator cuff repair. While discussing the
anesthetic plan, I started to prepare the ultrasound
equipment.

This quiet patient suddenly blurted, “For the nerve block,
I prefer a ‘twitch’ rather than a ‘scan’ technique. Are you a
scanner or a twitcher?” Before I even began to process his
question, he continued, “Seven years ago, when I came for
the same shoulder surgery, the anesthesiologist scanned my
neck with a machine and poked me with a so-called echo-
genic needle numerous times for more than half an hour. It
was painful. My neck and bed were soaked with bloody
jelly, yet he still could not find the right place. Eventually, a
second physician came with a small box and with a single
needle pass, he made my shoulder jerk. After that, my
shoulder and arm were numb for rest of the day.”

While I was trying to explain to the patient the benefits
and advantages of using an ultrasound, my supervising
anesthesiologist quickly set up the nerve stimulator and
performed the block. Apparently, my supervising anesthe-
siologist had been in this situation many times before,
especially during the beginning of the ultrasound-guided
nerve block era. The nerve stimulator has a 30-year history
of proficient use, but lately has fallen out of favor.

Question

Are ultrasound-guided peripheral nerve blocks more efficient
and successful than those placed utilizing nerve stimulators?

PRO: With ultrasound guidance, the precise location of a
nerve is identified, rather than using anatomical landmarks to
indirectly infer the point of needle insertion. The use of
ultrasound results in the use of smaller volumes of local
anesthetics, faster regional anesthetic onset times, and fewer
block failures. Ultrasound also allows the visualization of
adjacent anatomical structures, such as blood vessels and
pleura, thus reducing the complication rate [1].

CON: Peripheral nerve blocks always work, as long as you
deposit an appropriate dose of local anesthetic in the right
place. A peripheral nerve stimulator is inexpensive and easy
to transport, maintain, and store.

PRO: The case was started uneventfully, with the patient
requiring only light sedation for anxiolysis in addition to the
surgical anesthesia provided by the Interscalene Block.
I quietly asked my supervising anesthesiologist, “Sure, there
may have been difficulty scanning an obese patient seven
years ago when we were just starting to use ultrasound for
nerve blocks. Ultrasound technology has improved over the
years and now can produce high-quality images. We have
also gained experience in its use, developing specific ultra-
sound block techniques that result in more successful blocks,
such as, the transverse abdominus plant block, the adductor
canal block, and the pectoral block.” [2].

CON: “I agree with you,” my supervising anesthesiologist
said. “Better equipment could improve success. However,
we, the operators, are the ultimate key in achieving the best
outcome. That is what I always emphasize: operator, oper-
ator, and operator.”

PRO: Being somewhat skeptical of what my supervising
anesthesiologist said, I continued, “What about safety? Isn’t
it obviously safer with the direct visualization of anatomical
structures under real-time ultrasound imaging? As a patient,
would you really want a blind inference of the nerve’s
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whereabouts with nerve stimulation? Many clinicians
believe that ultrasound-guided nerve block can minimize
nerve injury.”

CON: “Evidence, evidence, and evidence.” My supervising
anesthesiologist increased his voice. “Where is the scientific
evidence that supports your claim?” He types the keywords
“ultrasound guided nerve block and associated complica-
tions” into the nearest computer search engine. Immediately,
a long list appears as follows: nerve injury, spinal cord
injury, intravascular and epidural space injection, pneu-
mothorax, carotid dissection, and local anesthetic systemic
toxicity, among others.

He continues, “Even prospective trials in current litera-
ture do not support the claim that the use of ultrasound
guidance decreases the incidence of neural injury associated
with peripheral nerve blocks. One example of many is A
Prospective, Randomized, Controlled Trial Comparing
Ultrasound Versus Nerve Stimulator Guidance for Inter-
scalene block for Ambulatory Shoulder Surgery for Post-
operative Neurological Symptoms [3]. In this carefully
designed prospective study, authors did not observe signif-
icant differences between these two techniques in block
failures, patient satisfaction or incidence, and severity of
postoperative neurological symptoms.”

PRO: “True, many reports show complications with
ultrasound-guided techniques. However, the scientific value
of a case report or a small observational study is limited.
This is because the incidence of significant nerve injury is
extremely low and the study’s sample size limits the capacity
to detect the difference. Furthermore, some nerve injuries
presumably due to nerve block are impossible to distinguish
from other causes of injury, such as positioning, the
tourniquet, secondary injury from tissue swelling, or from
the surgery itself. On the other hand, experience and
advances with the new technology result in better images
and improved needle visualization, certainly reducing the
complication rate. I personally believe that the advantages of
ultrasound will eventually lead to its implementation as the
standard of care. For example, an analogous case, the pulse
oximetry has been adopted as one of a few standard monitors
in modern anesthesia care because of its obvious function
despite a lack of adequate scientific evidence that it improves
perioperative mortality” [4].

“Historically, there is no sufficient evidence for a nerve
stimulator’s superiority to the paresthesia technique, which
involved finding the correct anatomic landmark and directly
contact the target nerve to elicit a paresthetic response.
However, this method was replaced by the nerve stimulation
technique, and trainees are no longer taught this older
method.” [5].

CON: At this point, my supervising anesthesiologist could
not restrain himself. “Why do we still encounter so many
complications when we have used ultrasound so extensively
in the last decade? Of my twenty years of clinical practice in
this institution, I have observed three cases of postoperative
nerve damage (one was a severe and permanent brachial
plexus palsy) under ultrasound guidance in the last five
years, while I do not recall any cases of permanent nerve
injury in the past when we used nerve stimulator (personal
observation in a single hospital). Although this may well
relate to the increasing numbers of regional anesthetics and
vigilant monitoring/reporting, one of the reasons, I believe,
is that we’ve moved from the immobile needle technique of
nerve stimulation to the mobile needle approach in ultra-
sound guidance.” “During peripheral nerve block with nerve
stimulation, one will keep the needle static for the injection
of anesthetic after eliciting an acceptable motor response.
During ultrasound guidance, people tend to move the needle
around the target to achieve the ‘ideal’ block. Common
wisdom says the more you manipulate and reposition the
needle, the greater the chance you might puncture these
vulnerable structures.”

PRO: “It is Murphy's Law. If there is a wrong way to do
thing, then someone will do it eventually. People believe that
most of the bad outcomes are operator's deficiency rather
than inherent defects of ultrasound-guidance techniques.” I
reply, “This is the reason that many experts advocate the
importance of appropriate training and the establishment of a
standard technique for block performance and monitoring
devices.”

CON: “Our institute is an excellent regional anesthesia
center. Did you know that we have purchased ten nerve
stimulators and only three ultrasound machines in the last
few years? Doesn’t this imply that the nerve stimulators still
play a role in peripheral nerve blocks in our institute?” my
supervising anesthesiologist pointed out.

PRO: “Ultrasound-guided nerve block will not preclude the
use of a nerve stimulator. Instead, they should be used
simultaneously. The nerve stimulator now should serve as a
warning monitor of needle-nerve contact rather than act as
the nerve locator itself. Nerve stimulating perhaps can pro-
vide some hints to indicate whether the needle is near the
nerve even if it cannot actually identify intraneural needle
placement. As you know, intraneural needle placement also
may not be realized during an ultrasound-guided technique
due to poor needle tracking skills and failure to observe the
needle tip. The nerve stimulating can also compensate for
the anatomical difficulties in scanning patients, for example,
the patient we just encountered. Additionally, ultrasound
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artifacts are real. Anisotropy, a slight change in the angle of
the ultrasound transducer or beam results in a dramatic
change in the structure of the image, is one example of
interpretation errors. Nerve stimulation may help to identify
the nerve in this situation.”

CON: “To prevent nerve damage, ultrasound images, to
some extent, help visualize the nerve-needle interaction,
avoid nerve punctures, and avoid intraneural injection.
Nerve stimulation, even at lower currents (<0.2 mA), is less
sensitive and more uncertain. The paresthesia method is the
least sensitive of all [6]. It makes sense that all three used
together must be equal or greater to one alone for detecting
needle-nerve contact.”

Summary

Our goal is to minimize the possibility for patient injury. At
the present time, while there is no “perfect” monitor for
avoiding nerve injury during peripheral nerve block, com-
bining nerve stimulation and ultrasound techniques, along
with having an awake patient who is able to identify a

paresthesia upon needle-nerve contact, is our best method
for avoiding adverse events.

References

1. Salinas FV, Hanson NA. Evidence-based medicine for
ultrasound-guided regional anesthesia. Anesthesiol Clin (1932–2275).
2014;32(4):771–87.

2. Cataldo R, Carassiti M, Costa F, Martuscelli M, Benedetto M,
Cancilleri F, et al. Starting with ultrasonography decreases popliteal
block performance time in experienced hands: a prospective
randomized study. BMC Anesthesiol. 2012;12:33.

3. Liu SS, Zayas VM, Gordon MA, Beathe JC, Maalouf DB, Paroli L,
et al. A prospective, randomized, controlled trial comparing
ultrasound versus nerve stimulator guidance for interscalene block
for ambulatory shoulder surgery for postoperative neurological
symptoms. Anesth Analg. 2009;109(1):265–71.

4. Pedersen T, Nicholson A, Hovhannisyan K, Møller AM, Smith AF,
Lewis SR. Pulse oximetry for perioperative monitoring. Cochrane
Database Syst Rev. 2014; 3:CD002013.

5. Liguori GA, Zayas VM, YaDeau JT, Kahn RL, Paroli L, Buschi-
azzo V, et al. Nerve localization techniques for interscalene brachial
plexus blockade: a prospective, randomized comparison of mechan-
ical paresthesia versus electrical stimulation. Anesth Analg.
2006;103(3):761–7.

6. Abdallah FW, Chan VW. Monitoring intraneural needle injection:
work in progress. Anesth Analg. 2014;118(3):504–6.

90 The Scanner, the Twitcher, or Both: How Best to Perform … 315



91Do We Know the Mechanism of Intravenous
Lipid Emulsion (ILE) Therapy for High Blood
Levels of Local Anesthetics?

Olga Ferreira Martins

Case

A 60-year-old man presented for arthroscopic shoulder
surgery for a torn rotator cuff. His medical history was
significant for coronary artery disease and hypertension. He
had a myocardial infarct 8 years prior to admission followed
by percutaneous transluminal coronary angioplasty. His
medications included metoprolol and aspirin. His preopera-
tive electrocardiogram (EKG) revealed a right bundle branch
block and changes associated with an old anterior wall
myocardial infarct. He agreed to regional anesthesia with
sedation, and an interscalene block was planned.

When he arrived in the operating room (OR), we applied
standard monitors and placed a 20-gauge IV in his right arm.
His vital signs were the following: blood pressure, 130/82;
heart rate, 72; respiratory rate, 12; and SpO2, 100 % on room
air. We administered midazolam, 2 mg IV, and placed a face
mask with 2L O2. He was properly positioned, and the area
draped and prepped. The brachial plexus was identified
using ultrasound, and 20 ml of local anesthetic solution
(0.5 % bupivacaine) was injected over 3 min in 5-ml boluses
after aspiration.

A few seconds after we completed the block, the patient
developed a tonic–clonic seizure. We immediately increased
the oxygen flow and administered another 5 mg midazolam
IV. The seizure stopped, but about 1 min later, he was
seizing again. I gave propofol, 100 mg IV. Suddenly, the
EKG showed asystole, the blood pressure was undetectable,
and we were unable to palpate a carotid or femoral pulse. We
started CPR immediately and intubated the patient. We
resuscitated the patient for 20 min, giving large doses of
epinephrine and vasopressin, while simultaneously making
plans to institute cardiopulmonary bypass. One of the
anesthesia residents, who had recently completed simulation

training in which a case of local anesthetic systemic toxicity
(LAST) was presented, proposed treating him with IntraLi-
pid (Fresenius Kabi, Uppsala, Sweden). We bolused 100 mg
through the peripheral IV and continued CPR. Within 15 s,
the sinus rhythm returned and the blood pressure and pulse
were again detectable. We started a continuous infusion of
IntraLipid at 18 ml/min and transferred him to the ICU for
further monitoring. The patient was extubated and did well
overnight. He was discharged home the following day.

The next day, I run into my attending. “I’m excited to
write up our successful use of IntraLipid to treat LAST.”

But he’s doubtful. “How can we know it was the Intra-
Lipid and not one of the numerous concurrent therapies we
tried? We don’t even know how IntraLipid works.”

Question

Do we know the mechanism of intravenous lipid emulsion
(ILE) therapy for high blood levels of local anesthetics?

PRO: Since the first report of successful use of ILE for acute
bupivacaine-induced cardiac arrest was published in 2006,
there have been dozens of case reports of successful treat-
ment of LAST with IntraLipid, currently the predominant
brand of lipid emulsion used. It has been successfully used
to treat a wide range of patients, including a 2-day-old
neonate and a 92-year-old woman. Patients like ours, with
underlying heart disease such as coronary artery disease and
baseline conduction defects, have been shown to be at
increased risk for local anesthetic-induced cardiotoxicity [1].

CON: But the level of evidence is case reports. It’s much
less rigorous than evidence from prospective, randomized
clinical trials. The evidence is fraught with a number of
biases, including underreporting of failed outcomes.
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PRO: There are also a number of animal and in vitro studies
that have been published investigating the mechanism of
ILE. In fact, animal models have shown benefit in treating a
variety of other drug overdoses, and ILE has been used to
successfully treat toxicity from a range of lipophilic drugs
with disparate pharmacologic profiles [1]. Tricyclic antide-
pressants and verapamil are the 2 most common drug classes
that emergency medicine providers have successfully treated
with ILE. These and other successes have led emergency
physicians to recommend stocking ILE near all resuscitation
rooms for toxicologic emergencies [2].

CON: Still, how can we explain that ILE can reverse toxicity
caused by an array of drugs that lack a common mechanism?

PRO: There are a number of mechanisms proposed for the
effects of lipid emulsion. Partitioning (the so-called lipid
sink phenomenon) is the predominant theory. It suggests that
ILE provides a lipid mass that binds the toxin and pulls the
drug from the target tissue, thus reversing the toxicity. Since
the brain doesn’t rely on fatty acid metabolism to an
appreciable degree, ILE’s successful treatment of neurotox-
icity in addition to cardiotoxicity provides indirect evidence
for this theory [1, 2].

CON: But doesn’t the list of drugs you mentioned also
include water-soluble drugs, such as beta-blockers and
lamotrigine? The “lipid sink” theory doesn’t explain those.

PRO: The effects of ILE may not be limited to 1 mechanism
alone, and studies have shown other plausible mechanisms
for the effects of lipid emulsion. The large lipid load has
been shown to offset the potent inhibition of fatty acid
metabolism by local anesthetics and to provide a sustained
fatty acid source to myocytes under toxic conditions. In
addition to enhancing fatty acid metabolism, ILE has been
shown to have cytoprotective effects, reducing mitochondrial
permeability and apoptosis, and direct membrane effects,
reducing the local anesthetic inhibition of cardiac sodium
channels [1].

Concession from CON: Significant research exists to pro-
vide plausible mechanisms for ILE therapy, and ongoing

work continues to explore the multifaceted ways in which
ILE therapy works to reverse diverse drug toxicities. While
we may not yet know fully how ILE works, the increasing
number of case reports makes it clear that ILE is a useful
therapy in the treatment of LAST as well as other toxic
overdoses.

Summary

Although the exact mechanism of intravenous lipid therapy
is yet to be fully elucidated, the 100-plus published case
reports provide valuable clinical insight. Clinician education
and awareness of this treatment are critically important to
patient outcomes.

It is important to recognize that pharmacologic treatment
of LAST is different from other cardiac arrest scenarios and
to be familiar with the established treatment guidelines
published by the American Society of Regional Anesthesia
and Pain Medicine (ASRA). Specifically, avoid propofol for
seizure suppression if the patient is showing signs of car-
diovascular instability. When managing cardiac arrhythmias,
avoid vasopressin, calcium channel blockers, b(beta)-
blockers, or local anesthetics and reduce individual epi-
nephrine doses to <1 mcg/kg [3].

Don’t forget to post any LAST event at www.lipidrescue.
org and to report the use of lipid to www.lipidresigstry.org
[3]. In the absence of prospective human clinical trials, these
data can help us further identify factors in treatment that
improve patient survival and outcomes.
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92Secrets Behind Keeping Your Block Catheter
Working

Minda L. Patt

Case

A 20-year-old man was brought to the emergency room after
being hit by an industrial garbage truck going 20–30 mph.
The driver of the truck was emergently braking, but hit the
patient as he was running and stumbling in unpredictable
directions while attempting to cross the street. The patient
admitted to having used cocaine and consuming several
drinks of alcohol prior to the event.

He suffered extensive soft-tissue injury of the right distal
lower extremity, including a degloving injury of the ankle
with tendon, muscle, and bone exposed. Prior to the oper-
ating room (OR), the patient had loss of sensation over the
right 4th and 5th toes and was unable to extend them. He
went to the OR emergently for irrigation and debridement.

On the third postoperative day, the plastic surgery team
performed a 9-h procedure for closure of the open wound
and soft-tissue reconstruction. This included further
debridement of nonviable tissue, a rectus abdominis muscle
free-flap reconstruction and revascularization, and split
thickness skin grafting. The patient remained in the
post-anesthesia care unit (PACU) for flap checks every
30 min overnight and then hourly checks starting on post-
operative day 1. Activity was restricted to bed rest, with leg
elevation to avoid pressure, and a forced-air warming device
on at all times. The patient suffered in bed with a hydro-
morphone IV patient-controlled analgesia (PCA), his pain
scores hovering around 8 out of 10, and from interrupted
sleep and severe constipation, while the plastic surgery team
worried about the viability of the graft. I am consulted by
plastic surgery for pain management, and ideally a contin-
uous peripheral nerve block (cPNB). A colleague tersely
replies to plastics that if they wanted a nerve block, they

should have consulted prior to surgery because “Now the
patient has a delicate graft and a known nerve injury!”

Questions

How do you place a catheter in a patient with such high
acuity of care and ensure that it functions effectively? Is it
worth the risk given known complications such as catheter
failure and infection? Once placed, how can it be maintained
to ensure prolonged efficacy of the continuous block
technique?

PRO: I pull my colleague aside and tell him, “The nerve
injury is well documented in the patient’s medical record as
having resulted from the initial injury. There’s literature to
support and refute the ‘double crush phenomenon’ (which
postulates that someone with a nerve injury is at a higher risk
of a second injury to the same nerve), but in his situation, I
believe the block will actually promote healing. Studies
show that because regional anesthesia diminishes the sys-
temic stress response, the resultant vasodilation improves
blood flow to the free flap and improves microvascular flow
distribution within the flap [1]. Complications of catheters
are minor, and when they occur, don’t result in long term
sequelae.”

I show my colleague a study on the safety of peripheral
nerve catheters in children. After more than 2000 catheters
were placed using varying techniques, in some cases without
ultrasound, there were no reports of persistent neurologic
problems [2]. It also stated that catheter problems were
common but minor in severity and that these findings were
in line with adult studies.

“More than the nerve injury, I’m concerned about this
graft viability when I position him to get to the back of his
thigh for a sciatic block. I’m going to need the plastic sur-
gery team at the bedside. They’ll assist in positioning and
monitoring to assure there’s no pressure on the graft, and
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that it remains adequately elevated to avoid engorgement.
Also, they can check pulses pre- and post-procedure.”

I contact the team and they agree that their presence
during the manipulation of the extremity is safest. I start
setting up for an ultrasound-guided popliteal block.

CON: “It sounds like you’re adding a lot of risk to this
tenuous graft. Why go through all the trouble? Especially
when everyone knows continuous nerve block catheters are
finicky—they leak, they disconnect, dressings come off, and
they frequently fail. He’s already missed out on preemptive
analgesia. You’re getting yourself into a mess. Like I said,
the block should have been placed prior to OR.”

PRO: “But he is in a lot of pain now! Any effort toward
sparing opioids and employing multimodal analgesia is
warranted. There’s evidence that intense analgesia immedi-
ately after surgery can decrease the incidence or severity of
chronic pain [3]. Because peripheral nerve blocks can
potently inhibit postsurgical nociceptive input over the
course of multiple postop days, they can prevent the ‘wind
up’ or central sensitization that results in primary and sec-
ondary hyperalgesia. Without a block, this guy will have
more opioid consumption, gain tolerance, possibly have
longer-term outpatient use or dependence, and may even
develop opioid-induced hyperalgesia. Plus, he’s incredibly
constipated! Yes, the sooner the better, but now is better than
no block at all.”

CON: “You just showed me that paper that said problems
with catheters were common. What if he gets an infection in
the injured extremity?”

PRO: “It said that the great majority of catheter problems
result from accidental dislodgement or dislocation. The next
most common complications are superficial infection and
vascular puncture. Both of these had incidences of <1 % in
this study, which validates the safety of their use [2].
Another study demonstrates that minor complications occur
with a frequency similar to single injection blocks” [4].

I give my colleague one concession, “You’re right about
one thing, though. They are finicky. The most common
adverse event is catheter malfunction, and it’s usually from
unintended dislodgment” [2]. I tell him that I have plenty of
tricks up my sleeve to prevent this.

I start listing my usual arsenal of tactics, “I always use a
sterile liquid adhesive like benzoin and Steri-Strips. 2-Octyl
cyanoacrylate glue (e.g., Dermabond) is great too, but it’s
expensive and hard to get your hands on. The catheter can be
looped and secured with these adhesives, and then covered
with a sterile transparent occlusive dressing like Tegaderm.
Ultrasound gel is your enemy here! I use it as sparingly as

possible when I do a catheter and really thoroughly wipe it
off. I also usually put a Tegaderm over each connection site
—catheter to hub and hub to infusion tubing—to prevent
disconnects and contamination on the wards. And I use the
catheter anchoring device in the kit.”

I show my colleague a review by Ilfeld and Enneking.
“When they examined investigations of perineural infusion
for home use, they found that using a combination of these
maneuvers led to a catheter retention rate of 95–100 % for
more than 60 h in ambulatory patients” [5].

My colleague is impressed, so I reveal a couple more of
my tricks to him, “I never layer or sandwich the catheter
between the multiple occlusive dressings because you’re
unable to separate them from one another, which can be a
problem if you need to change the dressing.”

CON: “You’re having a hard time getting it to stay in the
first place. Why would the catheter need to be redressed?”

PRO: “Well, for a couple of reasons.” I explain that some-
times when the block is placed prior to the procedure, per-
haps in a ‘block area,’ and the patient arrives to the OR, the
dressing overlaps with the surgical field. “In that case,
sometimes you have to redress it to optimize surgical
exposure. So if you apply Tegaderms in series, fine; they can
be peeled off the skin and even the catheter relatively easily.
If you’ve applied Tegaderm on top of the catheter, then loop
more catheter and Tegaderm on top of that, you’ve made the
task of catheter repositioning potentially very difficult.”

“If it suffices, though, I just place sterile towels or gauze
over my dressing and then allow the surgical team to place
their sterile drapes over the catheter. You can imagine a lot
of catheters can become dislodged when the drapes come
down. It only works if the catheter dressing is fully covered.
If I do it this way, I make sure whoever is in the room when
the drapes are removed is vigilant about retracting them
carefully and that the whole surgical team, scrub tech and all,
is well aware of the presence of a catheter.”

“Also remember that tunneling helps steer the catheter
and its dressing away from the surgical field, and it’s another
way to increase resistance to accidental dislodgement.”

CON: “Another reason you might have to redress the
catheter is because they leak all the time. When they leak on
the wards, they’re also predisposed to falling out. Then the
nurses and surgeons just want them out anyway because they
figure they aren’t working.”

PRO “That’s true and important for two reasons. Recent
studies have looked at whether a catheter-over-needle tech-
nique, rather than the Seldinger technique, can help prevent
this [6]. In most continuous peripheral nerve block kits, the
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catheter has a smaller diameter than the needle, so it leaves
space in the puncture wound for leakage and makes inad-
vertent dislodgment more likely. Unfortunately, this tech-
nology needs further investigation, but I’d love to use it.
Another way to potentially decrease leakage is to decrease
the basal rate while increasing the local anesthetic concen-
tration. Some studies have shown that effects of some nerve
blocks depend on the total local anesthetic dose rather than
the concentration or volume; so higher concentrations of
local anesthetic at lower infusion rates may be as effective as
lower concentrations” [7].

CON: “So the leakage issue seems relatively unresolved.
But that’s not the only thing that goes wrong on the floor.
Pumps malfunction or infusions run out causing unnecessary
pauses, patients are rarely as comfortable as when the initial
bolus was placed, or surgeons are dissatisfied with the
amount of motor block and abruptly stop the infusion.”

PRO: “Right. These problems are not infrequent. Catheters
do need oversight and management, but this is nothing that
can’t be handled by an acute pain service (APS). An APS
can set patient expectations, adjust infusions to optimal
levels, and bolus on rounds. They should perform a physical
exam and assure there are no signs of infection and dressings
are intact. They’re also an important liaison to the surgical
team. They should communicate expected exam findings
with a working block and determine the need for avoidance
of motor block based on the surgeon’s need for
neuromonitoring.”

CON: “But there are so many reports that cite an increase in
visual analog scale (VAS) pain scores at 24 h after place-
ment with catheters in place [8]. So why not just do a single
shot and use additives for duration?”

PRO: “The density of block attained on initial placement is
difficult to maintain. Rescue analgesia with clinician-
activated boluses (CABs) by PACU nurses have been
shown to optimize pain relief [8]. The CAB dose is often
forgotten once the patient reaches the floor. To prevent this, I
inform patients of the need for CABs and also tell the family
and friends that plan to be with them postoperatively. I also
consistently educate and encourage CABs by nurses on the
hospital floors during APS rounds. They have less regular
exposure to cPNBs and catheter management may be unfa-
miliar to them.

“Optimal infusion rates for different block types still need
to be elucidated, but there will always be some inter-patient
variability. Overall, there’s strong evidence that a continuous
peripheral nerve block improves postoperative analgesia and

patient satisfaction while decreasing supplemental analgesic
requirements and limiting opioid-related side effects. The
improved analgesia can afford patients better sleep quality,
ability to participate in rehabilitation, earlier functional
recovery, and less chronic pain. In our patient’s case, there’s
evidence to suggest it will promote healing.”

Summary

Continuous peripheral nerve blockade is a safe and effective
method that can result in potent analgesia formoderate-to-severe
postoperative pain. It has proven benefit in optimizing postop-
erative analgesia, and the benefitsmay outlast the duration of the
infusion. Perceived difficulty in placement, rate of catheter
failure, and potential complications can lead to reluctance to
employ this technique.Overall, it is a safe and effective approach
for high-quality postoperative analgesia when prolonged
blockade is desired. Optimal functioning of the catheter hinges
on adept placement and methods for securing the catheter, good
communication and coordination with the surgical team, patient
education, and daily management of the catheter, ideally by an
acute pain service.
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93Is an Indwelling Neuraxial or Peripheral Nerve
Catheter Safe in a Trauma Patient Who Needs
Twice-Daily Low Molecular Weight Heparin?

Brooke Albright-Trainer and Robert Trainer

Case

A US serviceman suffered severe injuries to the lower
extremities after stepping on a roadside bomb. He arrived at
the hospital via critical care air transport having received a
massive blood transfusion, a right traumatic above-the-knee
amputation, and a left below-the-knee traumatic amputation,
and other pelvic and abdominal injuries. Upon arrival, he
was scheduled for irrigation and debridement (I&D) in the
operating room (OR), followed by eventual extubation in the
intensive care unit (ICU), but pain control was expected to
limit his ability to wean from mechanical ventilation. The
surgeon states that because he is a trauma patient with high
risk of venous thromboembolism (VTE), he needs to be
maintained on twice-daily (BID) low molecular weight
heparin (LMWH), 30 mg subcutaneously (subq).

Considerations for this patient’s acute pain management
include the need for venous thromboprophylaxis,
non-opiate-based pain control to help him wean from the
ventilator and decrease the incidence of respiratory events,
expected multiple OR visits for I&D of the extremities and
need to limit repeated tracheal intubations, and pain control
during prolonged rehabilitation.

Question

Is an indwelling neuraxial or peripheral nerve regional
anesthesia catheter safe in a trauma patient who needs
twice-daily low molecular weight heparin?

PRO: Trauma patients have a much higher risk (40–80 %)
for developing a VTE than the general population [1].

Therefore, it is important that adequate chemoprophylaxis is
given. Neuraxial and regional anesthesia (RA) provide some
protection against VTE, but are not adequate prevention
alone [2]. Despite some controversy, it may be necessary to
maintain a neuraxial catheter in place, while the patient is on
certain anticoagulation regimens. Although not known pre-
cisely, the risk of a subdural or epidural hematoma in a
patient with an epidural on twice-daily LMWH maintenance
dosing is small. If you avoid the epidural or peripheral nerve
block catheters, you will need more opioids for sure. Trauma
patients, however, are especially at a high risk of
opioid-related complications, including death. A literature
review by Weinger suggests that up to 1/300 postoperative
patients require rescue doses of naloxone for respiratory
depression, accounting for nearly 20,000 patients annually,
of which 10 % suffer significant sequelae [3]. From the
anesthesia closed claims project database of 9799 claims,
three authors reviewed 357 acute pain claims between 1990
and 2009 and found that opioid-related respiratory depres-
sion likely contributed to severe brain damage or death in up
to 77 % of patients [4]. I’d rather avoid the real risk of
opioid-related respiratory depression than the theoretical risk
of hematoma.

CON: I say, “first do no harm.” An epidural or subdural
hematoma could lead to paralysis for life. And what about
the all-important Anesthesia Society for Regional Anesthesia
(ASRA) guidelines? The guidelines are very clear that
twice-daily dosing of LMWH is contraindicated in patients
with “deep” regional anesthesia catheters in place, regardless
of whether they are placed peripherally or in the neuraxial
space [1]. There are no recommendations on “superficial”
regional anesthesia catheters or blocks. The ASRA guideli-
nes state it is necessary to discontinue the catheter at least
2 h prior to giving the first dose. However, if the patient only
required once a day maintenance dosing of LMWH (i.e.,
40 mg subq daily), then according to the guidelines, the
catheter can safely be maintained. When the catheter needs
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to be placed or removed, the once-daily LMWH dose should
be held for 10–12 h prior and not restarted until 4 h after the
regional technique [1].

As my colleague mentioned, the use of regional anes-
thesia as a means to prevent VTE alone has not been shown
convincingly in large trials. And I think we ALL can agree
that pain control is of paramount importance.

PRO: OK, so what do you suggest then? Acetaminophen
and non-steroidal anti-inflammatory drugs (NSAIDs)?

CON: You have a point, the optimal way in which to deliver
optimal pain control is still in question. Many of the cited
studies did not specifically mention the benefits of adjuncts
such as ketamine, dexmedetomidine, gabapentin, COX-2
inhibitors, and intravenous local anesthetics. Recent evi-
dence suggests that even single-dose immediate preoperative
and intraoperative use of anti-epileptics (i.e., gabapentin,
pregabalin) and ketamine can provide lasting benefits, such
as decreased development of chronic pain syndromes, and in
the case of ketamine, less opioid use at 6 weeks [5–7]. The
timing of the use of these adjuvants can add provide
long-lasting relief and avoidance of opioids without violat-
ing the ASRA guidelines.

PRO: Fine, but we are not just talking about regional
anesthetic benefits in the immediate perioperative period.
Trauma patients are at high risk of developing chronic pain
syndromes (CPS). Continuous regional anesthetics have
been shown in many studies to reduce the development of
CPS. If placed early, and for an extended length of time
(>3 days), regional anesthesia is believed to diminish release
of pro-inflammatory cytokines, improve endogenous inhi-
bitory factors, decrease peripheral excitatory factors, and
reduce the lasting effect on neurocellular pathways for pain,
thereby preventing a phenomenon known as central sensi-
tization or “wind-up” [8–10]. By minimizing the perception
of repeated noxious stimuli, non-painful pathways are
strengthened over painful pathways and the development of
CPS can be prevented utilizing multimodal therapies,
including continuous regional anesthetic techniques.

CON: A patient with paraplegia from an epidural hematoma
will wish that his anesthesiologist had cared more about
safety than chronic pain.

PRO: I’m not the only one disagreeing with ASRA. Though
the ASRA guidelines recommend against maintaining deep
regional anesthesia catheters in patients receiving BID dos-
ing of LMWH [1], the American College of Chest Physi-
cians (ACCP) and the European Society of Anesthesiology

(ESRA) both state in their guidelines that this technique can
be safe and is permissible [11, 12]. They caution waiting
24 h, rather than 12 h, to place or remove catheters when the
twice-daily prophylactic dose is used.

CON: Yes, although it is true that ESRA and ACCP agree
that BID prophylactic LMWH is safe to use concomitantly
while catheters are in place, the reason ASRA disagrees is
because from 1993 to 1998 the USA saw a large increase in
the incidence of spinal hematomas compared to
European-reported incidences. This was thought to be rela-
ted to the US Food and Drug Administration (FDA)-
approved BID dosing of LMWH use in the USA. During
that time period, the FDA MedWatch system reported more
than 40 spinal hematomas, and this appeared related to the
increased dose scheduling of 30 mg every 12 h [13]. This
marked increase in the frequency of spinal hematomas in a
5-year span prompted reevaluation of the relative risks and
benefits of indwelling neuraxial catheters in patients on
twice-daily LMWH dosing. This is one reason the 1998
ASRA guidelines were created to discourage the use of
neuraxial catheters during BID LMWH dosing. The guide-
lines still conclude that only once-daily LMWH dosing is
safe in patients with catheters in place.

PRO: Furthermore, even if you do not want to place a
neuraxial catheter, a peripheral nerve catheter should be
strongly considered. There is scarce to no data that exist
showing that peripheral nerve catheters (PNCs) lead to
bleeding complications. Buckenmaier et al. [14] retrospec-
tively looked at 187 combat casualties from 2003 to 2005
receiving a median enoxaparin dose and timing of 30 mg
and 12 h after PNC placement, respectively, and showed no
catheter-related bleeding complications. To look at the
extreme scenario, the incidence of hemorrhagic complica-
tions during therapeutic anticoagulation with intravenous or
subcutaneous heparin is <3 %; the risk associated with
LMWH is even lower [11, 14]. In an extensive review of the
literature, the overall calculated incidence of hemorrhagic
complications associated with central neural blockade is
approximated to be <1 in 150,000 epidural and <1 in
220,000 spinal anesthetics [15].

CON: The 1998 ASRA guidelines were created to discour-
age the use of catheters, both peripherally and neuraxially,
during BID LMWH dosing. The guidelines still conclude
that only once-daily LMWH dosing is safe in patients with
catheters in place [1].

PRO: Before taking a “one-size fits all” approach to
accepting these guidelines as medical dogma, let us take a
closer look at those 40 cases of spinal hematomas, which
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spawned the concern regarding BID LMWH dosing with
indwelling catheters. It seems that patient factors, con-
comitant antiplatelet or anticoagulant medication adminis-
tration, or difficult neuraxial catheter placement contributed
more to the development of bleeding complications than the
BID-dosing regimen. Of the more than 40 reported cases of
spinal hematoma from 1993 to 1998, over 70 % of them
were in elderly (>77 years), female, low weight patients
(<62 kg), with multiple comorbidities. Some of them were
in patients with a history of ankylosing spondylitis or
renal/hepatic dysfunction. Four patients had
difficult/traumatic neuraxial placements resulting in a bloody
tap, and more than 36 % were given other concomitant
antiplatelet medications including warfarin, toradol,
naproxen, aspirin, and others [16]. In 2 of the 40 patients, the
dose of LMWH was greater than the recommended 30 mg
BID dose. One complication resulted when the catheter was
withdrawn at the peak of antiplatelet activity. Two separate
studies evaluating risk factors for spinal epidural hematoma
identified advanced age (>60 years) as an independent risk
factor [17, 18]. From those reported cases of spinal epidural
hematoma in the FDA MedWatch system, none were in
young, otherwise healthy, trauma patients. Further studies
should be done to examine the relationship between bleeding
complications in trauma patients with BID thromboprophy-
laxis dosing in those with and without a regional anesthesia
catheter in place. Perhaps it is true that the perceived
increased risk of bleeding complications in the elderly
population, or in those patients with decreased renal clear-
ance, is too high to safely maintain regional anesthesia
catheters with twice-daily LMWH dosing. In those patients
with severe renal insufficiency, anti-Xa activity reaches a
higher maximum level and the elimination half-life can
increase from 4–6 to 16 h or longer [11]. However, young,
otherwise healthy trauma patients have an extraordinarily
increased risk of VTE and in most cases have adequate renal
function. Based on this close examination of the evidence, it
is my opinion that in young, healthy trauma patients with
good renal function, I would maintain twice-daily LMWH
dosing with a catheter in place. In this situation, I think that
the risk of VTE complications is much higher than the risk
of bleeding complications.

Summary

Trauma patients are at a very high risk of developing VTE,
and morbidity and mortality from such events can be dev-
astating. RA has been shown to be a safe and effective
treatment modality and should be considered alongside other
adjuncts as a method to decrease acute pain, potentially
mitigate development of chronic pain, and limit the negative

impact of opiate-based modalities. ASRA has strict guide-
lines regarding placement and maintenance of indwelling
RA catheters [1], which should be considered in certain
populations. However, more research needs to be performed
in young, otherwise healthy trauma patients, to evaluate the
bleeding risk versus VTE risk of maintaining indwelling RA
catheters and receiving twice-daily dosing of LMWH. These
studies must be performed before a final conclusion is drawn
regarding safety and efficacy.
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94Awake or Asleep: Can Regional Nerve Blocks
Be Safely Performed in the Heavily Sedated
or Asleep Patient?

Shawna Dorman

Case

A 59-year-old Spanish-speaking man presents for repair of a
left torn rotator cuff. He has a history of coronary artery
disease, hypertension, hyperlipidemia, and mild gastroe-
sophageal reflux disease (GERD), which is diet controlled.
He has a previous surgical history of 2 stents placed in the
left anterior descending artery in 2009 and an appendectomy
that was complicated by severe postoperative nausea and
vomiting (PONV). He has no known allergies. His list of
medications is as follows: Plavix (last taken 7 days ago),
aspirin (taken the morning of surgery), Norvasc (taken the
morning of surgery), and Lipitor.

Upon examination, blood pressure (BP) = 145/72, heart
rate (HR) = 72, respiratory rate (RR) = 12, and oxygen
saturation = 100 %. His height is 70 inches, and weight is
165 lbs. The physical examination is without abnormalities.

His airway examination shows a Mallampati II with a
good range of motion of the neck and good mouth opening.
All laboratory test results are normal, including platelets,
prothrombin time/partial thromboplastin time (PT/PTT), and
international normalized ratio (INR). His echocardiogram
shows mild diastolic dysfunction, no valvular abnormalities,
and an ejection fraction = 60 %. The patient has not had a
repeat stress test since being re-vascularized; however, he
exercises >4 metabolic equivalents (METS) daily and is
asymptomatic.

The history and consent is taken via telephone translator.
The patient describes his previous experience with general
anesthesia as “miserable” due to severe postoperative nausea
and vomiting and requests a different option. He also states

he has a severe phobia of needles. Consent is obtained for an
interscalene block and sedation. However, the patient
requests to be asleep throughout.

The patient is taken to the operating room. Standard
American Society of Anesthesiologists (ASA) monitors are
placed. A 20-gauge intravenous line is placed with great
difficulty due to the patient’s fear of needles. The patient is
lightly sedated with midazolam, 2 mg, and the interscalene
block is started. However, the patient becomes extremely
agitated and uncooperative as the needle enters the skin. It is
very difficult to control the patient because of the language
barrier. The needle is removed, and he is deeply sedated with
a total of midazolam, 10 mg, and fentanyl, 100 µ(mu)g. The
patient is spontaneously breathing and comfortable. An
uneventful ultrasound-guided interscalene block is per-
formed. The rotator cuff repair is performed in the beach
chair position, and sedation is maintained with a propofol
infusion. Postoperatively, the patient is extremely satisfied
with his experience. He does not experience any postoper-
ative nausea, has excellent analgesia for more than 24 h, and
has no neurological abnormalities after the interscalene
block resolves.

Question

Awake or asleep… Can regional nerve blocks be performed
safely in the heavily sedated or asleep patient?

PRO: The placement of regional anesthetic blocks under
heavy sedation or general anesthesia is standard of care in
pediatric patients, as demonstrated in a large number of
patients by the Pediatric Regional Anesthesia Network [1, 2]
and should translate to adults as well. The current guidelines
are based largely on expert opinion and case reports, rather
than evidence-based medicine.

S. Dorman (&)
Department of Anesthesia, New York University Langone
Medical Center- Hospital for Joint Diseases, 301 East 17th Street,
New York, NY 10003, USA
e-mail: Shawna.Dorman@nyumc.org

© Springer International Publishing Switzerland 2017
C.S. Scher et al. (eds.), You’re Wrong, I’m Right, DOI 10.1007/978-3-319-43169-7_94

327



CON: While it is true that no prospective, randomized,
controlled studies have been performed to evaluate the
impact of anesthetic depth on the risk of complications from
regional anesthesia, it is unlikely this study will ever be
done: It would be extremely difficult to complete because
complications such as nerve injury are rare events. There-
fore, it behooves us to be conservative and performs regional
techniques only in the awake patient.

PRO: Performing blocks in a heavily sedated patient or
under general anesthesia actually makes it safer. It decreases
the chance the patient will suddenly move, directing your
needle into a dangerous/unwanted location.

CON: Heavy sedation removes the patient’s ability to alert
the anesthesiologist of early warning signs of local anes-
thetic systemic toxicity (LAST) and neurological injury.

PRO: Neither of these points has been proven in the litera-
ture. Seizures caused by local anesthetic toxicity can occur
from direct intravascular injection or systemic absorption.
While the patient may detect the typical central nervous
system (CNS) symptoms that precede a seizure (circumoral
numbness, dizziness, tinnitus, and visual/auditory changes)
if plasma concentrations rise slowly, it is more likely that a
direct intravascular injection will be the cause of the seizure.
In that case, the patient will seize without premonitory
symptoms. Seizures that result from systemic absorption will
likely occur after all of the local anesthetic has been injected
and the patient has been sedated for the surgery. Addition-
ally, sedation with benzodiazepines can increase the seizure
threshold and thus increase the safety margin of local
anesthetics [3].

CON: Benumof described 4 cases of permanent loss of
cervical spinal cord function after an interscalene block was
performed under general anesthesia [4]. Any opportunity to
avoid this terrible complication seems reasonable. Although
one cannot prove this would not have occurred if the patients
had been awake, an alert patient might have provided
invaluable information about a pending nerve injury by
telling the anesthesiologist of severe pain or paresthesia.

PRO: Misamore et al. published a prospective analysis that
found interscalene blocks done under general anesthesia to
have rates of success and adverse events similar to those of
previous studies in which the block was performed in awake
patients [5]. Also, paresthesias and pain have a very low
sensitivity as indicators of nerve injury. Perlas et al. found

only 30 of 104 patients reported a paresthesia as the needle
contacted the nerve, as proven by ultrasound [6]. Moreover,
it is likely that once a patient describes the typical excruci-
ating pain from nerve injury by the needle, the damage has
already occurred.

CON: While it is hard to prove that a patient complaint of
pain or paresthesias can lead to fewer neurological compli-
cations, Auroy et al. found that these symptoms during the
block indicated nerve injury in 100 % of cases [7]. The
numbers in this study were small, but it at least suggests that
paresthesias and/or pain during injection are at least asso-
ciated with nerve injury. An anesthetized patient can never
provide these potentially useful warning signs.

PRO: The majority of the studies evaluating complications
with regional anesthesia were done with either paresthesia or
nerve stimulator techniques. Ultrasound-guided blocks are
likely safer, as there is direct visualization of the nerve, the
needle, and the local anesthetic spread. Ultrasound also
permits the use of decreased local anesthetic volumes.

CON: There is no evidence that ultrasound decreases com-
plications. Most studies show similar complication rates to
traditional nerve localization techniques [8–10].

PRO: It is true that the available literature describes
intravascular injection to be the only complication decreased
with the utilization of ultrasound. However, the majority of
these studies were done when ultrasound for peripheral
nerve blocks was in its infancy. In skilled hands, the ultra-
sound is likely to make peripheral nerve blocks safer. With
the use of ultrasound, an anesthesiologist should feel com-
fortable about performing peripheral nerve blocks in the
anesthetized patient. This will improve acceptance, allowing
more patients to benefit from regional anesthesia.

CON: I agree that regional anesthesia may benefit many
patients. However, our goal as physicians is to “first do no
harm.” Regional anesthesia practices should aim to limit
potential complications. As summarized in the 2008 Ameri-
can Society of Regional Anesthesia (ASRA) advisory,
peripheral nerve blocks should not routinely be performed on
anesthetized patients [3]. However, I would agree that in
certain patients with whom communication is difficult (due to
language barrier, dementia, developmental delay, or abnormal
movements), the benefits may outweigh the risk of injury, and
a peripheral nerve block might be considered if it is carefully
performed under heavy sedation or general anesthesia.
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95Intraneural Injection: A Good Idea or not?

Jan Boublik

Case

A 65-year-old man is undergoing a total shoulder replace-
ment. The surgeon objects to a continuous peripheral nerve
block and your colleague taking care of the patient does not
feel comfortable about the idea of additives to local anes-
thetics but does want the block to “last as long as possible.”
Another colleague, Dr. Pro, suggests an “intraneural”
injection as it would “make the nerve block work quicker
and last longer.”

Question

What is an “intraneural” injection? Is it a good idea or not?

PRO: “As you know, Dr. Con, intraneural injection speeds
up the onset of your block and also increases its duration. So
you really get the ‘best of both worlds’ here. Besides,
Bigeleisen et al. [1] showed that it is safe and does not lead
to any neurological sequelae. And not even you with your
fancy new ultrasound machine can really differentiate the
boundaries of the brachial plexus reliably,” Dr. Pro says with
a smirk. “Further, Orebaugh et al. [2] observed that injecting
into the nerve might occur more often than people realize.”

CON: “You bring up several points. First, what constitutes
an ‘intraneural’ injection? Every peripheral nerve, as you
know, has 3 connective tissue sheaths that surround it:
endoneurium, perineurium, and epineurium. The endoneur-
ium surrounds the individual nerve fibers and Schwann cells.
Meanwhile, the perineurium is a thin, multilayered

connective tissue sheath that envelops groups of fascicles.
The perineurium and the ‘inner’, interfascicular connective
tissue are surrounded by the ‘outer’ or epifascicular epi-
neurium, which delineates the nerve trunk and acts as pro-
tection against mechanical stress for the peripheral nerve.
The epineurium itself is bound by another sheath of loose
extraneural connective tissue, the paraneurium, which gives
the nerve mobility within the surrounding tissue.

“As Franco adds [3], in the case of a plexus, the para-
neurium is surrounded by fascia—for the brachial plexus,
the prevertebral fascia. So as you see, you really want to
inject sub-paraneural, as Choquet describes [4], to achieve
circumferential or perivascular spread.”

PRO: “That was certainly a fine description of the anatomy
but, as you can clearly see in Biegleisen’s paper, there was
no incidence of paresthesias or dysesthesia during or after
surgery, while dys- and paresthesias were commonly
observed during injection. Furthermore, quantitative motor
and sensory testing showed an absence of measurable neu-
rologic injury (qualitative sensory and qualitative and
quantitative motor testing) in any of the patients at 6-month
follow-up, although transient neuropathies might have been
missed between the 3-week and 6-month visits at the sur-
geon’s office.”

CON: “But the described swelling and interfascicular sep-
aration are clear signs of intraneural injection that have been
time after time shown to lead to histological injury and
clinical neuropathy. Selander et al. [5] showed in 1979 that
direct needle trauma and the toxic or ischemic effects of
local anesthetics are deleterious when they are injected
intraneurally. Further, the fact that the brachial plexus con-
tains a smaller ratio of connective tissue to neural structures
makes it relatively more susceptible to neural damage.
Moreover, the current level of resolution with ultrasound
machines does not allow us to distinguish between
intrafascicular and interfascicular injection.”
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PRO: “You are absolutely right that current ultrasound
technology does not have the resolution to differentiate
between injection into the stroma or a fascicle of the nerve.
But intra-fascicular injection may be only 1 cause of nerve
damage. For example, needle gauge and bevel type may also
influence the incidence of nerve injury, and conduction
deficits can occur after individual axon impalement even by
microelectrodes. High injection pressures or volumes alone
or in conjunction with intraneural injection [6] may be
another cause of neural injury, so you cannot simply say that
location alone is the culprit.

“Finally, the type and location of the nerve may influence
the way ultrasound-guided injections proceed. A needle that
pierces a nerve may be unlikely to puncture a fascicle,
depending on the size of the nerve and the relationship of
neural structures and connective tissue. Moreover, small
nerves are freer to swell because they are not constrained by
dense fascia. Finally, the cross-section of a peripheral nerve
is comprised of approximately 50 % neurons and 50 % fat
and connective tissue. Thus, there is a significant likelihood
of puncturing a peripheral nerve without contacting a fas-
cicle or damaging neurons.”

CON: “That is all fine and well in a case of a peripheral
nerve. For example, for an axillary block or a block of the
sciatic nerve at the popliteal level, an injection into the
common perineural sheath (an INTER-neural injection) can
lead to quicker onset and higher success rates. However,
blockade of the brachial plexus at the interscalene level, as in
this case, is a very different animal. Nerve roots and trunks
have larger fascicles with virtually no intraneural stroma and
are much more heavily invested with fascia. Injection into
these structures, even with small doses of local anesthetic,
may produce high pressures and permanent injury. Fur-
thermore, even a painless injection does not protect you from
possible injury, so I would recommend being more cautious.

PRO: “I am very cautious but you are overcautious. Prior to
the emergence of ultrasound, we used to safely place needles
close to and probably into nerves with a nerve stimulator and
rarely did we have parasthesias. When parasthesias did
occur, most cases quickly resolved either immediately or
within a day. If anything, ultrasound guidance while per-
forming nerve blocks has revealed that ‘intraneural’ injec-
tions don’t result in long-term injury and have potential
benefits. Be progressive!”

CON: “The truth is we do not know how often intraneural
injection leads to nerve injury. It is an unnecessary risk to
take. Swelling of nerve elements in the interscalene groove
is impossible to discern with the current technology and

resolution of ultrasound machines whether you have an
endoneural, epineural, or paraneural injection. And does it
make any difference clinically? Spence et al. [7] showed that
a less invasive peri-plexus injection results in sensory and
motor blocks that are just as effective as injection within the
brachial plexus sheath. Even if there were no consequences,
the safe volume or concentration of local anesthetic remains
unknown.

Piercing and injecting nerves is not progressive or therapeutic in
any way. Why not just stop doing it instead of trying to convince
ourselves that nerve injection and needle trauma are not so bad?

Summary

We need to balance the need and desire to inject close to the
nerve with avoidance of purposeful intraneural/subepineural
injection when too little is known about safety. Thus, routine
“intraneural” injection cannot be recommended for periph-
eral nerve blockade when safe and efficacious techniques
such as paraneural injections are available. At this point, if
faced with swelling of the nerve and increase in pressure, it
is prudent to withdraw and redirect the needle. Perivascular
injection in the infraclavicular and axillary spaces, injections
in a common nerve sheath (popliteal, sciatic), and
“stay-away” procedures (interscalene) provide safe and
effective alternatives.
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96Is a Transversus Abdominis Plane (TAP) Block
Better Than Surgical Field Infiltration?

Beamy Sharma, Uchenna O. Umeh, and Shruthima Thangada

Case

A 19-year-old male presents for repair of a right inguinal
hernia. After discussing the primary anesthetic technique
with the patient, he expresses concern about postoperative
pain. The anesthesia team, which includes an anesthesia
attending and a resident, informs the patient of the risks and
benefits of a transversus abdominis plane (TAP) block for
intraoperative and postoperative pain relief.

The TAP block was first described by A.N. Rafi in a letter
to Anaesthesia in 2001 [1]. Using a landmark technique, he
identified the lumbar triangle of petit in order to inject local
anesthetic into the space between the internal oblique and
transversus abdominis muscles, which blocked the lower
intercostal nerves, the iliohypogastric nerve, and the ilioin-
guinal nerve. This covers the distribution of spinal nerves T6

to L1; therefore, it is often useful for lower abdominal sur-
gery such as large intestinal resection, cesarean delivery, or
inguinal hernia repair. Skin sensation and muscle and
abdominal peritoneal pain are blocked. The risks include

systemic toxicity from the local anesthetic and peritoneal
injury. The femoral nerve may be involved by tracking of
the local anesthetic deep to the fascia iliaca. Lastly, if it is
performed prior to the surgery, the injection of local anes-
thetic may distort the abdominal anatomy. Relative con-
traindications include anticoagulation, a history of bleeding
disorders, and the presence of an abdominal wall hernia,
while absolute contraindications include patient refusal and
localized infection [2].

The patient was interested in receiving the block. When
the anesthesia team spoke to the surgeon regarding the
anesthetic plan, he stated, “You can do the block for this first
case for your own learning, but it does not add any benefit
because I will infiltrate the wound with bupivacaine at the
end of surgery.”

Question

Is a transversus abdominis plane (TAP) block better than
surgical field infiltration?

PRO: The TAP block decreases narcotic requirement
postoperatively.

A recent study looked at 59 patients who underwent
laparoscopic colorectal surgery [3]. Infiltration of the wound
was performed by the surgeon in 29 patients with 25 mL of
0.25 % ropivacaine injected into the subcutaneous tissue and
muscles at the mini-laparotomy incision and 5 cc at each
port site. Another 30 patients underwent bilateral
ultrasound-guided TAP blocks by the anesthesiologist;
10 mL of 0.25 % ropivacaine was injected at each side.
Morphine patient-controlled analgesia (PCA) was used for
postoperative pain control. For the first 24 and 48 h, mor-
phine use was significantly less in the TAP block group than
the surgical infiltration group: 16.6 versus 24.0 mg and 23.6
versus 31.8 mg, respectively.
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CON: The TAP block does not decrease narcotic use when
combined with multimodal pain relief.

Another study compared pain scores and morphine use in
patients who underwent open radical prostatectomy and
received a TAP block, surgical infiltration, or placebo [4].
However, in this study, all patients received oral gabapentin,
paracetamol, and ibuprofen preoperatively, and continued to
receive paracetamol and ibuprofen regularly postoperatively.
Pain scores and morphine use did not differ among any of
the 3 groups at 24 h. This indicates that multimodal therapy
provides similar pain relief to invasive methods using blocks
or wound infiltration.

CON: The decreased narcotic use is not clinically significant
and does not compensate for the increased operating room
time.

In the earlier study [3], it took 14.7 min on average to
perform a TAP block, while only 4.0 min were needed to
perform surgical infiltration. That is an extra 10 min spent in
the operating room, usually with the patient still under
general anesthesia. Furthermore, there were no significant
differences in length of hospital stay, incidence of nausea or
vomiting, or ileus.

PRO: Larger studies need to be performed to demonstrate
clinical significance.

I believe decreased morphine use correlates with
improved pain control, which can translate to improved
patient satisfaction. The TAP block is operator-dependent; as
it is used with increased frequency and becomes more rou-
tine in lower abdominal procedures, the speed of performing
the block should increase and the time difference minimized.
Lastly, while there was no significant decrease in incidence
of nausea, vomiting or ileus, fewer patients suffered from
these effects. A larger study may actually show a significant
reduction, which then will clearly have a direct financial
benefit from decreased length of stay in the hospital or
recovery room.

In terms of the time spent in performing the block, while
it is significantly longer than performing surgical field
infiltration, the additional time is not really significant. The
few extra minutes will not permit scheduling an additional
case in the same block time. Furthermore, as anesthesiolo-
gists become more familiar with performing the block and it
is incorporated as an intrinsic part of the procedure, the
entire process will become more efficient.

CON: Patients are put at an unnecessarily increased risk for
at most a minimal decrease in postoperative pain.

The greatest risk of surgical infiltration is systemic toxi-
city from the local anesthetic; however, this is more theo-
retical than clinical as there have been no complications
cited in the literature. However, complications have been
described with TAP blocks. A more common risk, accidental

motor block of the femoral nerve, will actually prolong the
hospital length of stay. Furthermore, block failure is also
common, especially among obese patients—a growing per-
centage of the surgical population. Thus, these patients will
have undergone a procedure that carries risk and does not
provide any additional benefit. Although narcotics carry a
risk of respiratory depression, there is an antidote, naloxone,
that is easily available and its administration is familiar to
most physicians.

PRO: A TAP block provides a relatively safe alternative for
patients in whom alternative methods of pain control are
contraindicated.

In the literature, few complications have actually been
associated with TAP blocks. Three cases were reported of
systemic toxicity and 3 had a motor femoral nerve block
associated with an ilioinguinal/iliohypogastric block. Addi-
tionally, the use of ultrasound has increased the success of
TAP blocks. Infiltration of the local anesthetic can be
directly visualized, increasing the precision of its spread.
Consequently, the incidence of associated risks is also
decreased.

Furthermore, a TAP block is a safer alternative for
patients at risk from alternative forms of pain control. For
example, patients who are taking anticoagulants and thus
cannot receive a neuraxial block, patients who have a history
of narcotic abuse or increased narcotic requirements, patients
with acute or chronic kidney disease, or patients at risk of
hypoxia (e.g., from obstructive sleep apnea) would benefit
greatly from decreased use of or avoiding narcotics
altogether.

CON: Narcotics and other forms of intravenous oral anal-
gesics can provide more prolonged relief than a single TAP
block.

A TAP, if effective, provides only a few hours of post-
operative pain relief and even less if it is performed preop-
eratively. Furthermore, the pain relief is not titratable.
Narcotics and other adjuvant analgesics provide hours of
relief. Shorter-acting medications, such as fentanyl, are
easily titratable based on patient comfort and respiratory
rate.

PRO: The use of liposomal bupivacaine can provide pain
relief for up to 72 h.

Liposomal bupivacaine (Exparel®) has recently been
approved for use in TAP blocks. It is administered in the
same way as other local anesthetics. It has been shown to
provide pain relief for up to 72 h. The expansion of its use
can significantly reduce narcotic consumption and have
potentially greater long-term benefits such as quicker return
of bowel function and decreased length of stay.

Also, with a well-functioning acute pain team, TAP
blocks can be repeated once patients are out of the operating
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room. The performance of the block is by no means confined
to the operating room, as the only equipment needed is an
ultrasound in addition to the block supplies.

Summary

The TAP block provides an alternative in analgesia for lower
abdominal surgeries. This block is not the best alternative for
all patient populations, such as in patients with difficult
abdominal anatomy or coagulopathy. However, it has a
significant role in patients in whom one would want to avoid
narcotic use, including patients with heavy narcotic
requirements or those prone to the respiratory depressive
effects of narcotics. (i.e., elderly, obese, OSA patients).

At this time, clinical studies showing the benefits of a
TAP block have mixed results, and the positive results do
not extend to relevant clinical benefit. However, larger
studies need to be performed to get a consensus on outcomes
such as decreased length of stay in the recovery room or
hospital, decreased incidence of nausea and vomiting, and
quicker return of bowel function. Furthermore, as the TAP
block is performed more frequently, the benefits should also
become more evident. There should be decreased rates of

block failure, decreased rates of complications, and
improved efficiency in performing the block.

Lastly, the advent of liposomal bupivacaine in TAP
blocks has a great deal of potential benefit. There are no
additional risks associated with it. Its efficacy up to 72 h can
strengthen the possible clinical benefits. Again, larger stud-
ies still need to be performed to objectively outline its
outcomes.
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97Is Point-of-Care (POC) Coagulation Testing
Worthwhile Before Regional or Neuraxial
Anesthesia?

Paul Shekane

Case

A 58-year-old man is brought into the trauma center with a
crush injury of his bilateral lower extremities after a steel
beam fell on him at a construction site. After responding to
the page reporting the level-1 trauma, you evaluate whether
the patient will need to go to the operating room
(OR) emergently. Arriving at the trauma unit, you get a
report from the emergency medical services (EMS) stating
that this man has a history of coronary artery disease
(CAD) with a drug-eluting stent (DES) placed 8 months ago
and that he is on both aspirin and clopidogrel. He also has
obstructive sleep apnea (OSA) and sleeps with continuous
positive airway pressure (CPAP) at night. He just quit
smoking last year after smoking 2 packs per day for
35 years. On the stretcher, you see a man that is at least
120 kg with a thick neck and a Mallampati IV airway.

The surgery team tells you that there is no way to salvage
his right foot and that he needs an urgent below-knee
right-side amputation and open reduction and internal fixa-
tion of his left first through third metatarsals.

You call the anesthesia technician to get ready for an
awake fiberoptic intubation, and you call your attending to
go over the anesthetic plan. You then proceed to explain to
the patient what an awake fiberoptic intubation is and why it
has to be done in this situation. Once the patient hears the
words “awake” and “breathing tube,” he becomes very
anxious. He states, “I had a hernia surgery once and they just
gave me a back injection to make me numb. Can’t you do
that again?”

Your attending arrives and you recount the patient’s
history. Your attending states, “A neuraxial technique would

be ideal in this case, however, he has been taking aspirin and
clopidogrel and there may be an increased risk of epidural
hematoma.”

Question

Is point-of-care coagulation testing worthwhile before
regional and neuraxial anesthesia?

CON: You cite recent American Society of Regional
Anesthesia (ASRA) 2010 guidelines, “Clopidogrel should be
discontinued for 7 days prior to neuraxial blockade and if a
neuraxial block is indicated between 5 and 7 days, normal-
ization of platelet function should be documented [1]. Point
of care (POC) coagulation testing is not standard of care yet
and even if normal POC coagulation is documented, we
would still be technically going against the current ASRA
guidelines.”

PRO: Your attending states, “Those guidelines are recom-
mendations based on the collective experience of experts in
neuraxial anesthesia and anticoagulation and are based on
case reports and clinical series mostly. The decision to
perform regional or neuraxial anesthesia should be made on
an individual basis and after weighing the small risk of
spinal hematoma (1 in 150,000 for epidural and less than 1
in 220,000 for spinal anesthetics for non anticoagulated
patients) with the benefits of the regional anesthetic for that
patient. I came across a case report in which a patient who,
despite stopping clopidogrel 7 days prior to a combined
spinal-epidural anesthetic for a knee arthroplasty, still
developed an epidural hematoma [2]. We need a fast POC
test that can tell us how well the patient’s coagulation system
works that can help us decide if it would be safe to perform a
regional or neuraxial anesthetic.”

CON: You ask your attending, “Why can’t we just transfuse
platelets and then perform neuraxial anesthesia?”
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PRO: Your attending then counters by saying, “How many
units do you need to reverse dual antiplatelet therapy?”

CON: After thinking for a few seconds you can’t recall any
in vivo studies addressing this issue. Also patients will have
a normal platelet count on laboratory analysis.

PRO: “With each unit of platelets you transfuse you expose
the patient to unnecessary risks of platelet transfusion
including transfusion-related acute lung injury, bacterial
contamination, transfusion reaction, administrative errors,
and cost.”

“What if there was a way to determine if platelet trans-
fusion was even necessary with a quick POC test to deter-
mine platelet function and guide preoperative and even
intraoperative transfusion? An example of this is rapid
thromboelastography (r-TEG), in which a small sample of
blood is taken from the selected person and rotated gently to
imitate sluggish venous flow and activate coagulation while
a thin wire probe is used to measure, which the clot forms
around. Another option is Sonoclot®, a device that uses a
small vibrating probe in a coagulating blood sample and
measures the changing opposition to movement to determine
platelet function.”

CON: “For most patients that need neuraxial or regional
anesthesia a simple history and physical can trump the need
for any coagulation tests. Are they even worth the cost and
hassle?” you wonder. “The charge for rapid TEG ($317) was
similar to the combined costs of getting a prothrombin time
(PT), patrial thromboplastin time (PTT), international nor-
malized ratio (INR), platelet count, and fibrinogen ($286).
However, this does not take into consideration the cost of
stat laboratory technicians who are needed to be able to run
the POC coagulation test in the trauma slot or emergency
department or the expense of every 8-h quality control that is
recommended by the manufacturer [3].”

PRO: “An important advantage of whole blood clotting
analysis is that standard laboratory coagulation tests (PT,
PTT, INR, fibrinogen) each give you information about
specific aspects of the clotting cascade while whole blood
clotting analysis provides a picture of the entire clotting
process and how each aspect interacts with another to form a
clot. Doesn’t that information seem more important?”

CON: The original TEG was initially used for coagulation
monitoring during liver transplantation and has grown to
provide valuable information in the trauma/critical care,

cardiovascular surgery, and obstetric anesthesia settings.
You remember your hematology module from second year
of medical school and remember that the TEG tracing gives
you information about fibrin formation (R time), acceleration
of fibrin buildup and cross-linking (a[alpha] angle), platelet–
fibrin interactions (maximum amplitude, MA), and fibri-
nolysis [3].

PRO: “It turns out the original TEG is limited in its ability to
detect impairment in platelet function induced by
anti-platelet agents [4],” your attending explains. “This
limitation was addressed with the development of the Pla-
telet Mapping Assay, but that takes longer and costs more.”

Summary

“Since we do not have an evidence-based answer to this
question, the risks and benefits of each approach have to be
weighed and presented to the patient. We can increase the
odds of a favorable outcome by performing a POC coagu-
lation test.”

You present both options to the patient, and he is satis-
fied with the risk of combined spinal-epidural (CSE) anes-
thesia for this surgery. You perform a rapid thrombo-
elastography, which does not indicate a clinically significant
coagulopathy. The CSE is performed without complication,
and the patient tolerates the procedure without any anes-
thetic or surgical complications. The patient was continued
on his dual antiplatelet therapy and monitored in the
step-down unit until it came time to remove the epidural
catheter, when another TEG was performed, which enabled
safe catheter removal.
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98Should a Peripheral Nerve Block Be Placed
in an Anticoagulated Patient?

Kiwon Song and Katherine Chuy

Case

A 38-year-old female, G2P0010, 12 weeks pregnant, pre-
sents with an open right radial fracture after falling on a
muddy sidewalk. She has a history of left lower extremity
deep venous thrombosis (DVT) after taking oral contracep-
tives. Because of this, she was placed on subcutaneous
enoxaparin sodium (a low molecular weight heparin), which
she has injected every 12 h for the last 3 months. She took
her last dose 5 h prior to her arrival at the hospital and
reported her last meal as 6 h before her admission. She
received morphine in the emergency room to alleviate her
pain.

Due to the high risk of infection secondary to the con-
taminated injury, the orthopedics team determines emergent
surgery is necessary. The patient is worried that general
anesthesia may negatively affect her pregnancy. She suffered
a spontaneous abortion 3 years ago, and it took many con-
sultations with her infertility specialist for her to become
pregnant again. She says she would do anything to avoid
general anesthesia and the risk of losing her baby or
exposing it to potential long-term detrimental effects.

Questions

Should a peripheral nerve block be performed in an anti-
coagulated patient?

CON: Many would favor a general anesthetic in patients
scheduled for emergency surgery. This patient has several
factors that increase her risk for pulmonary aspiration,
including the fact that she is not NPO by guidelines. Pain
and discomfort from trauma, pregnancy, and recent narcotic
administration can further delay gastric emptying [1]. The
safest option would be a general anesthetic that isolates the
lungs from the stomach with an endotracheal tube and
excludes the use of potentially teratogenic medications. At
this point, the priority is with the adult patient and ensuring
that she gets through the surgery with minimal risk. Fur-
thermore, this patient is on an anticoagulant. Performing a
regional nerve block places her at risk for bleeding if a vessel
is punctured.

PRO: On the other hand, one can argue that a carefully
performed regional nerve block eliminates the need to
manipulate the airway or sedate the patient if she can
otherwise stay awake and still for this procedure. The nerve
block will render her arm insensate, providing adequate
surgical anesthesia. In an awake, cooperative patient, airway
reflexes remain intact. Furthermore, avoiding general anes-
thesia reduces potential risk to the growing fetus, especially
in the first trimester [2]. N-Methyl-D-aspartate (NMDA)-type
glutamate and c(gamma)-aminobutyric (GABA) receptors
are located throughout the central nervous system. Anes-
thetic agents interact with these receptors, which play an
integral role in neuronal synaptogenesis, differentiation, and
survival during development. Animal studies showed
accelerated neuronal apoptosis in immature rodent brains
exposed to anesthetic agents [2]. While these results should
not be extrapolated to humans, and no drug has been directly
correlated with danger to the growing human fetus, limiting
fetal exposure to anesthetic medications might optimize fetal
outcome.

If performed under ultrasound guidance, a nerve block
can offer optimal surgical anesthesia for a cooperative
patient who does not require sedation. It is particularly
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helpful in cases in which multiple factors may place patients
at risk for aspiration or other complications of general
anesthesia. Ultrasound allows visualization of the block
needle, blood vessels, target nerves, and surrounding struc-
tures. It also provides useful information regarding possi-
ble anatomical variations. The needle tip can be precisely
guided close to the targeted nerve or plexus without coming
into direct contact with it, thereby limiting intraneural injury.
This aids in achieving the optimal position for local anes-
thetic deposition while minimizing the risk of accidental
vascular puncture. Important steps to ensure correct and safe
positioning of the needle include aspiration to confirm the
absence of blood, constant observation of needle tip
advancement, local anesthetic spread around the nerves, and
avoidance of pressing too hard on the ultrasound, which may
lead to a false absence of the veins [3].

Studies have shown ultrasound guidance correlates with
fewer vascular punctures, fewer needle passes to achieve a
successful block, and a reduced dose of local anesthetic
without compromising the quality or duration of anesthesia
[3]. Case reports also describe successful ultrasound-guided
peripheral nerve blocks without hemorrhagic complications
in patients receiving anticoagulants or those with coagu-
lopathies [4].

CON: It is important to note, however, that the success of
the block depends on the professional’s experience and
comfort level [4]. Reports of intravascular injection appear
to be associated with inexperience and imperfect technique
[5].

A patient who is anticoagulated has a high risk of
bleeding and hematoma formation. This may lead to nerve
compression and ischemia, thereby resulting in sensory or
motor deficits or possible blood transfusion, which carries its
own risks. There are technical issues with ultrasound, such
as limited resolution, and suboptimal technique such as the
needle tip not being fully visualized. This can lead to
complications and is not worth the risk [3]. In a patient who
has a good airway by examination, it is more comfortable to
provide a protected airway rather than risk unnecessary
bleeding.

Question

Does being on anticoagulants really increase the risk of
hematoma formation in peripheral nerve blocks? Isn’t this
mainly a concern for neuraxial blocks?

CON: The patient is at risk of hemorrhagic complications if a
vessel is punctured. If a block is performed in an anatomical
area that is noncompressible, it can cause compression of
nearby structures and other complications. A recent study

reported a 3.2 % rate of vascular puncture when residents
used the ultrasound in conjunction with a nerve stimulator
[6].

PRO: If a peripheral nerve block is performed carefully with
strict ultrasound guidance, the risk of vascular injury is low,
even for an anticoagulated patient. The previously men-
tioned study that described blood vessel puncture involved
residents, and thus, inexperience may have played a role [6].
In contrast, another study in which specialist anesthesiolo-
gists or senior residents with experience in regional anes-
thesia performed blocks with ultrasound guidance found that
the procedures resulted in no vascular puncture [7].

Currently, there are no investigations that examine the
frequency and severity of neurovascular complications in
anticoagulated patients following peripheral blocks under
ultrasound guidance. However, according to a few published
case reports, these blocks can be safely and effectively
administered without complications in these patients, with
direct visualization of vascular and neural structures under
ultrasound [4, 8, 9]. It is also notable that although several
cases of vascular injury with or without resultant nerve
dysfunction have been reported following peripheral blocks,
neurologic recovery was complete within 6–12 months in all
patients [10, 11]. Furthermore, the largest study performed
to assess the risk of major bleeding after peripheral nerve
block found that this occurred after psoas compartment or
lumbar sympathetic blocks, not superficial nerve blocks
[10, 11].

Question

If a supraclavicular or infraclavicular nerve block is con-
sidered to be in a noncompressible location, then an axillary
block could be an option. However, this involves more
needle passes. Would this increase the risk of vessel
puncture?

PRO: Supraclavicular and infraclavicular blocks both have
the advantage of easy accessibility to the brachial plexus.
However, the subclavian vasculature is very difficult to
effectively compress in the event of accidental vascular
puncture. Therefore, an ideal ultrasound-guided block in an
anticoagulated patient should be performed in a location
where compression is possible. Furthermore, when per-
forming a supraclavicular or infraclavicular block, the pleura
is very close to the nerve, making pneumothorax another
possible risk [7]. Although axillary blocks require more
needle passes than a supra- or infraclavicular nerve block,
the axillary vessels are easy to compress and there is no
pleura to avoid, thus decreasing the risk of pneumothorax or
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hemothorax [8]. This rationale was reported in a case study
of a patient with a left-ventricular assist device who was
anticoagulated with warfarin sodium and required a wrist
arthroscopy for a septic joint [8].

CON: One may argue that an anticoagulated patient can still
bleed significantly even if compression of the source is
possible. Close postoperative monitoring following any
kinds of peripheral nerve blocks in these patients can allow
early evaluation of neurologic deficits and early intervention
[10, 11]. New onset or increasing pain or tenderness at the
site, a drop in hemoglobin or blood pressure, or a new
sensory or motor deficit may indicate underlying hematoma
[9]. While computed tomography (CT) provides a definite
diagnosis of bleeding, ultrasound can also aid to rule out
superficial expanding hematomas [9].

Question

In the Third Consensus Conference on Regional Anesthesia
and Anticoagulation, the American Society of Regional
Anesthesia and Pain Medicine (ASRA) Practice Guidelines
recommended that peripheral nerve blocks should follow the
same guidelines as neuraxial injections. For someone on a
therapeutic dose of low molecular weight heparin, this
means waiting 24 h after the last dose to perform a block.
Doesn’t performing a peripheral nerve block in this case go
against these recommendations?

CON: ASRA consensus statements are determined by a group
of recognized experts in the field of regional anesthesia. Their
guidelines are determined by evidence-based reviews, as well
as the group’s evaluation of case reports, clinical series,
pharmacology, hematology, and risk factors for surgical
bleeding [10, 11]. If ASRA recommends that peripheral nerve
blocks should not be performed in anticoagulated patients,
many practicing anesthesiologists would follow this recom-
mendation. Again, there have been case reports of hematoma
formation in patientswho have been anticoagulated, leading to
complications mentioned earlier [12].

PRO: Note, however, that ASRA states that the low number
of case reports of hemorrhagic complications from periph-
eral nerve blocks is insufficient to make definitive state-
ments. It is a Grade IC recommendation, meaning that, while
there is general agreement, the recommendations stem from
case reports and expert opinion because data about safety
and/or risk of antithrombotic agents are sparse [12]. Some
may find this advice to be very restrictive, applying only to
deep plexus blocks in noncompressible regions, such as the

lumbar plexus [12]. If the same guidelines are applied to
all peripheral nerve blocks, the restrictions may become
excessive.

Due to the current lack of good data, there is no consensus
about the indications for ultrasound-guided peripheral nerve
blocks in patients with coagulopathies or who are on antico-
agulants [4]. In contrast to ASRA, the Austrian and Brazilian
Societies currently recommend that the use of superficial
peripheral nerve blocks guided by ultrasound in anticoagulated
patients is relatively safe [13]. Complex cases arise, and the
decision to perform a nerve block on a patient receiving
antithrombotic therapy should bemade individually.Anumber
of case reports of ultrasound-guided peripheral nerve blocks in
the presence of antithrombotic treatments or coagulopathies
have been published and their rationale in decision making
described [4, 8, 9]. In discussions with the patient and surgeon,
one should weigh the low but potential risk of bleeding against
the benefits of regional anesthesia, considering issues such as
the experience of the professional performing the block, patient
comorbidities, risks and benefits of other anesthesia options,
and the urgency of surgery [4, 10, 11].

Summary

The development of ultrasound has greatly impacted the
field of regional anesthesia. The ability to directly confirm
anatomical structures and needle placement aids in the safety
of peripheral nerve blocks, improving success and reducing
complications [3]. Ultimately, good image acquisition relies
on the capabilities of the monitor, operator skill, interpreta-
tion of images, and performance of the block with good
needle visibility and hand/eye coordination [3]. In complex
cases in which regional anesthesia can offer a significant
benefit, it still has to be carefully planned. Risks and benefits
of anesthetic options should be analyzed and discussed with
the patient and the surgeon. Currently, there are no published
prospective randomized controlled trials studying peripheral
nerve blocks on patients on antithrombotic therapy that aid
in setting definitive guidelines. Because the rate of hemor-
rhagic complications remains extremely low, large sample
sizes would be required to determine the safety of per-
forming blocks in these patients. In the future, development
of more echogenic needles and of ultrasound monitors with
better resolution or 3-dimensional imaging may further help
in precise application of regional nerve blocks. Until further
studies can determine definitive guidelines, certain
ultrasound-guided superficial peripheral nerve blocks may
be considered in patients on antithrombotic therapy and
should be performed by an experienced specialist.
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99Are the Benefits of Stimulating Peripheral
Nerve Block Catheters Worth the Risks?

Agathe Streiff and Junping Chen

Case

You and a colleague are called to the emergency room
(ER) to assess a patient, who was sent by her surgeon
because of a stuck nerve block catheter. The patient had a
total shoulder replacement surgery five days ago and was
discharged with a home infusion pump system connected to
an interscalene catheter for pain control. In the ER, the
patient is found to be calm but worried. Her left arm is
neurologically intact. She tells you that her husband and her
surgeon had attempted to pull out the catheter as instructed,
but there was a lot of resistance. Her surgeon told her that the
retained catheter may need to be removed by surgical
exploration in order to avoid nerve injury, but that she
should first be evaluated by the anesthesiology team. You
examine and tug the catheter, which does not budge.

Under ultrasound, you see a hyperechoic catheter and its
coiled wire tip, which is lodged in the neuromuscular
structures between the scalene muscles. It is clear that the
catheter is a stimulating type, and that its exposed tip has
reacted with and adhered to the tissue. Your colleague asks
you why the patient’s anesthesia team had opted for a
stimulating peripheral nerve catheter, as opposed to the more
common non-stimulating catheter.

Question

Are the benefits of stimulating peripheral nerve block
catheters worth the risks?

PRO: You reply that stimulating catheters consist of a
wire-reinforced catheter body, including a metal coil tip. The
rationale for using stimulating catheters is that in order to
achieve an optimal motor response, the tip of the catheter
must lie very close to the nerve. Injection of local anesthetic
in this location should, therefore, produce an effective nerve
block. Compared to non-stimulating catheters, which are
advanced blindly after locating the desired area, a stimu-
lating catheter allows clinicians to confirm using nerve
stimulation that the tip of the catheter is in close proximity to
the target nerves. When we place peripheral nerve catheters,
we advance the catheter blindly past the needle tip in the
hopes that the catheter remains close to the nerve root after
retracting the needle. It is challenging to keep the tip in the
desired location during the removal of the needle. The
optimal length that a catheter should be advanced past the
needle remains unknown. Intuitively, however, increasing
the insertion distance increases the chance of the catheter
coiling, knotting, and ultimately failing. A stimulating nerve
catheter, on the other hand, allows the practitioner to adjust
the catheter tip using a nerve stimulator, ensuring that it
stays near the nerves of interest. Furthermore, stimulating
catheters can be visualized with ultrasound, providing the
practitioner additional feedback on its location.

CON: Everything you mention is true, especially for prac-
titioners who still use nerve stimulators only to place nerve
catheters. However, in current regional anesthesia practice,
ultrasound guidance for nerve blocks has become main-
stream. You might have heard about the “hydrodissection”
and “hyperechoic flash” techniques. One can detect the
catheter tip in real time within a fluid collection while
injecting fluid through the catheter, or watching for a
hyperechoic flash when injecting air. These techniques allow
practitioners to locate non-stimulating catheter tips that
otherwise would be invisible, and allow adjustment of the
catheter near the nerves. Non-stimulating catheters are
inexpensive and cause less tissue irritation and fibrogenesis
compared to the metal tip of stimulating catheters.
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PRO: To most well-trained regional anesthesiologists, nerve
localization is not a problem. However, threading the
catheter may pose a challenge. In my experience, difficulty
threading a catheter occurs 10–20 % of the time. If you have
used both stimulating and non-stimulating catheters, you
may have experienced that threading the stimulating catheter
is easier and more successful. This is because the
wire-reinforced catheter contains an internal stylet that
extends to 5 cm from the end of the catheter tip and is
relatively rigid compared to the non-stimulating one. Being
able to locate the nerve with a needle past the catheter
without struggling may correlate to more successful blocks
and less possibility of nerve injury due to manipulation of
the needle in close proximity to the nerves. In this regard, the
stiffness afforded by the wire could be another major
advantage of the stimulating catheter. This characteristic is
especially useful in placing the catheter in deep structures
such as the lumbar plexus and for adductor canal blocks [1].

CON: I agree. However, every positive feature can result in an
opposite effect. The stiffness of stimulating catheters may help
for insertion, but it also increases the potential to penetrate
important and vulnerable structures such as blood vessels or
nerve tissue. In addition, should the wire-reinforced catheter
kink, it may result in obstruction to theflowof local anesthetic.
In this regard, non-stimulating catheters are more resistant to
this type of failure.

PRO: While these theoretical concerns may exist, clinical
evidence argues in favor of stimulating catheters. In a ran-
domized controlled trial of 58 patients, stimulating catheters
achieved a complete lumbar plexus block with a reduced
volume of local anesthetic compared to non-stimulating
catheters [1]. Stimulating catheters have also demonstrated
reduced time to onset of surgical block and decreased
postoperative pain medication requirement in hallux surg-
eries [2]. It is worth the expense, in my opinion.

CON: You know, one recent prospective blinded cohort
study looked at stimulating catheters that were placed after
interscalene nerve blocks without confirming twitches prior
to securing the catheter. When they checked twitches after
securing the catheter, the authors found that there was a wide
range of power at which twitches were obtained, which you
are saying correlates to distance from the nerve. This did not
correlate with 24 h morphine consumption, which reflects
the patient’s pain sensitivity [3].

PRO: I also read that study; I agree it must have captured a
time before any catheter tip migration could have occurred,
but the final sample size was only 34 patients, and using
morphine patient-controlled analgesia (PCA) to determine

the intensity of surgical pain may be flawed since hetero-
geneous populations may consume morphine for reasons
other than surgical site pain. Additionally, the duration of the
loading dose of their local anesthetic, ropivacaine, could be
as long as 20 h postoperatively, so I am not sure how well
24 h morphine PCA consumption correlates with postoper-
ative pain. There are more studies, including a semiquanti-
tative systematic review, that demonstrate that stimulating
catheters provide better postoperative analgesia than con-
ventional catheters [4].

CON: While I agree that it was a strong study, they could
not assess other clinically important parameters, such as
functional recovery and patient satisfaction. In another
prospective randomized trial, stimulating catheters were no
different from non-stimulating catheters when used without
ultrasound guidance in infraclavicular blocks [5], so how can
we say these catheters are better than the already existing
catheters?

PRO: The study you cited followed patients for a shorter
period of time, with telephone follow-ups concluding after
ten days unless a complication arose. A prospective, ran-
domized, double-blinded trial of interscalene blocks using
landmark and nerve stimulation technique did show the
superiority of stimulating catheters—but not the way you
would think. While there was no difference in postoperative
pain, stimulating catheters enabled a faster onset of motor
block, and a much improved functional outcome six weeks
after shoulder surgery [6]. I think that makes them consid-
erably more advantageous.

CON: I think the literature so far is pretty divided when it
comes to the superiority of stimulating versus conventional
peripheral nerve catheters, especially when looking at the
different types of blocks. Alright, let us suppose there is an
advantage to stimulating catheters in interscalene blocks. In
this case, our patient has returned to the emergency room
and will now retain a bad experience from her surgery.

One institution reported five cases of patients with
ambulatory stimulating catheters, which were “stuck” and
not able to be removed at home, similar to our patient. In
their experience, which consisted of 2,500 prior patients who
had received non-stimulating catheters, they had not expe-
rienced any of these complications. They were luckily all
removed using steady, continuous traction, and sometimes
dilation using the reverse Seldinger technique, but in many,
the wire had sheared through the catheter. The patients did
not suffer any neurologic deficits and avoided surgical
extraction of the catheters, but they point out that when such
a return visit to the hospital is needed, much of the benefit of
facilitating these ambulatory procedures is lost [7].
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Another study reports a case of perineural entrapment of
an interscalene stimulating catheter, which required surgical
extraction under general anesthesia once the block had worn
off. They suggest that the exposed metal tip of the catheter
makes it especially liable to adhere to the surrounding
fibrous tissue, compared to non-stimulating catheters, and
they mention animal and clinical studies that support this
hypothesis [8].

Summary

You both agree that these are worrying findings, and further
studies to quantify the risks should be undertaken, as well as
to obtain more consensus on the superiority of stimulating
catheters in various blocks. You both agree that given the
current known risks and case reports with stimulating
catheters, you would want to exercise caution when using
them in an ambulatory setting in the future, as these patients
will have less supervision than those who are admitted and
watched in the hospital.

You discuss these findings with the patient, as well as
your plan, which is to rule out catheter-nerve entanglement
and carefully detect the point of attachment under ultra-
sound. She understands the situation and would like to
proceed. Under ultrasound guidance, you inject five mL of
saline and apply gentle but firm traction, slowly increasing
the force of traction while monitoring her response. After a
few minutes, the fibrous tissue attached to the catheter is
disrupted and the catheter comes out smoothly with the tip
intact. Your patient did not experience any pain, neurologic
symptoms, or changes during this time. Her physical exam

remains unchanged. She thanks you and your colleague for
your efforts and is discharged from the emergency room.

References

1. Cappelleri G, Ghisi D, Ceravola E, Guzzetti L, Ambrosoli AL,
Gemma M, et al. A randomized controlled comparison between
stimulating and standard catheters for lumbar plexus block. Anaes-
thesia. 2015;70:948–55.

2. Casati A, Fanelli G, Koscielniak-Nielsen Z, Cappelleri G,
Aldegheri G, Danelli G, et al. Using stimulating catheters for
continuous sciatic nerve block shortens onset time of surgical block
and minimizes postoperative consumption of pain medication after
hallux valgus repair as compared with conventional nonstimulating
catheters. Anesth Analg. 2005;101:1192–7.

3. Schoenmakers K, Heesterbeek P, Jack N, Stienstra R. No correlation
between minimal electrical charge at the tip of the stimulating
catheter and the efficacy of the peripheral nerve block catheter for
brachial plexus block: a prospective blinded cohort study. BMC
Anesthesiol. 2014;14:26.

4. Morin A, Kranke P, Wulf H, Stienstra R, Eberhart LH. The effect of
stimulating versus nonstimulating catheter techniques for continuous
regional anesthesia: a semiquantitative systematic review. Reg
Anesth Pain Med. 2010;35:194–9.

5. Dhir S, Ganapathy S. Comparative evaluation of ultrasound-guided
continuous infraclavicular brachial plexus block with stimulating
catheter and traditional technique: a prospective-randomized trial.
Acta Anaesthesiol Scand. 2008;52:1158–66.

6. Stevens MF, Werdehausen R, Golla E, Braun S, Hermanns H, Ilg A,
et al. Does interscalene catheter placement with stimulating catheters
improve postoperative pain or functional outcome after shoulder
surgery? A prospective, randomized and double-blinded trial. Anesth
Analg. 2007;104:442–7.

7. Clendenen SR, Robards CB, Greengrass RA, Brull SJ. Complications
of peripheral nerve catheter removal at home: case series of five
ambulatory interscalene blocks. Can J Anesth. 2011;58:62–7.

8. Adhikary SD, Armstrong K, Chin KJ. Perineural entrapment of an
interscalene stimulating catheter. Anaesth Intensive Care. 2012;40:3.

99 Are the Benefits of Stimulating Peripheral Nerve Block … 345



Part XII

Chronic Pain



100Epidural Steroid Injection or Physical Therapy
for Lumbosacral Radiculopathy Due to Disc
Herniation?

Ryan T. Gualtier

Case

A 58-year-old male presents to his physician with
complaints of low back pain for the past 4 months. The pain
is sharp and burning and radiates down the back of his left
leg to the bottom of the foot. There is a tingling and
occasional numbness on the sole of his foot. He has tried
taking nonsteroidal anti-inflammatory agents (NSAIDs) with
minimal benefit, and finally decided it was time to get the
pain checked as golf season was around the corner, and he
did not want it to impact his game. A magnetic resonance
imaging (MRI) scan is performed and reveals a small central
left paracentral disc herniation at L5-S1, which partially
effaces the ventral thecal sac.

At this point, the physician recommends conservative
management, including pharmacological treatment, along
with physical therapy (PT) and exercises and instructs the
patient to follow-up in 4–6 weeks.

However, the patient is not very happy with this news as
he would like more rapid results in order to be able to
compete in the inaugural golf outing. He mentions that his
friend experienced similar pain symptoms, which dramati-
cally improved after 2 epidural steroid injections (ESI). The
patient insists to have an ESI performed.

The majority of patients who are seen in the primary care
setting with low back pain and mild intermittent radicular
symptoms generally exhibit rapid improvement over the
course of the first month, with further gradual improvement
for up to 3 months [1]. In those who have ongoing pain,
such as the patient in question, a more in-depth history and
physical examination are necessary, along with imaging

tests, which may reveal different types of lumbar spine
pathology, with disc herniation being frequently diagnosed.

The intervertebral disc sits between the vertebral bodies
and is responsible for providing flexibility and acting as an
absorber of spinal column loads. It is composed of 4 con-
centric layers, ranging from the nucleus pulposus in the
center, to the outermost layer of the annulus fibrosus. In a
healthy disc, the nucleus acts to distribute forces equally
throughout the annulus. With normal ageing, the discs
change volume, shape, and composition. Disc herniation is
multifactorial, with degenerative and mechanical processes
making up the majority of causes. Degeneration of the
annulus is believed to be the most common inciting cause of
lumbar disc herniation. However, mechanical events such as
bending and stretching of the spine, as well as spinal rotation
exercises or abrupt postural changes work synergistically
with the degenerative changes [2]. The type of pain and
associated symptoms depend largely on the site and degree
of herniation, with the herniation occurring most frequently
at L4-L5 and L5-S1 [3].

Both physical therapy and epidural steroid injections have
been known to have an acceptable role in the management of
low back pain with radicular symptoms.

Question

Epidural steroid injection or physical therapy for lum-
bosacral radiculopathy due to disc herniation?

PRO Physical Therapy: Multiple treatment options for
subacute and chronic low back pain are available. They are
typically divided into pharmacologic, noninterventional,
nonsurgical interventional therapy, and surgery. For our
patient with radicular pain, there is often no clear guideline
as to when nonsurgical interventional therapy should be
considered, but most physicians would agree that exhausting
pharmacological and physical therapy modalities first would
be a good approach.
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An interesting observation from Cohen et al. is that more
than 70 % of patients with radiculopathy will recover within
6 months, while a similar proportion will resorb their her-
niated discs within 1 year of presentation [4]. This may have
important implications, as those who have received an ESI
will be able to heal naturally while their acute discomfort is
treated. Whether or not physical therapy plays a role in this
process is debatable, but it sure cannot hurt.

A number of types of exercises are commonly utilized
with chronic low back pain. The most common PT programs
that are emphasized in literature include: core strengthening,
flexion/extension movement, aerobic exercise, meditation,
and functional restoration programs. In general, exercise
therapy is safe, and patients should be advised to remain as
active as possible.

PRO Epidural Steroid Injection: Yes, it “cannot hurt”, but
studies regarding physical therapy as a treatment for lum-
bosacral radicular pain commonly lack the structure and detail
that is seen with interventional pain procedures and surgery.
There also tends to be an inconsistent follow-through with PT
regimens prescribed, and the patient education can widely
vary depending on the patient’s understanding. One of the
major limitations of systemic reviews of exercise therapy is
the inability to compare the innumerable types of activities
that can be classified as exercise.

The PT is structured on multiple sessions and requires
significant patient compliance and time. The results are not
immediate and may even cause an initial worsening in pain.

The ESI requires fewer encounters, less time out of the
patient’s schedule, and results in a faster onset of symptom
relief. These are endpoints that our patient is looking for and
would benefit from in order to be ready for the golf season.

PRO Physical Therapy: Exercise has been shown to have
some benefit in patients with subacute and chronic low back
pain [5]. It improves short-term pain relief and function, with
results that may last upwards of 1–3 years. The maximum
benefit seems to be achieved when the exercise plan includes
the following elements: individualized regimens, supervi-
sion, stretching, and strengthening.

With this in mind, there is a general consensus that PT is
a relatively safe modality for the treatment of lumbosacral
radicular pain and does have several advantages. Patient’s
that participate in PT are able to utilize less opioids, which
are associated with their own set of negatives, including
nausea, vomiting, respiratory depression, sedation,
and constipation to name a few. In addition, PT allows
patients to avoid invasive interventional pain procedures and
surgery. Interventions generally require the patient to
undergo diagnostic MRI, which can be very costly, in
addition to exposure to fluoroscopic radiation. There is a risk

for bleeding, infection, nerve damage, and possibility of
making the pain worse. In addition, the US Food and Drug
Administration (FDA) has brought attention to the rare but
serious side effects associated with ESI (stroke, paralysis,
death, etc.) [6]. When taking these side effects into account,
PT is an excellent first choice in many patients as the ben-
efits far outweigh the risks.

PRO Epidural Steroid Injection: As part of a compre-
hensive nonsurgical approach, epidural steroids should be
considered in the management of back pain with radicular
symptoms. ESI is among the most frequently performed
procedures in pain clinics throughout the United States [7]. It
is widely acknowledged to work best for radicular pain,
although it has historically been used for all types of neu-
raxial pain. Manchikanti et al. [7] found high-quality evi-
dence in a Cochrane review, demonstrating that epidural
steroid injections have short-term benefits in terms of alle-
viating radicular pain and disability from disc herniation.

There have been few studies that compare ESI to other
treatments, and only one in which blinded controls were
used. In an underpowered 6-month study by Koc et al. [8],
29 patients were randomized to receive high-volume ESI or
2 weeks of physical therapy, and a control group was
untreated. At follow-up, all of the groups improved in most
measures, however, the only statistically significant differ-
ences in pain and function were noted at 2 weeks in which
ESIs were superior to the non-injection groups [8]. Overall,
the findings seem to be consistent with systemic reviews that
found moderate evidence for short-term but inconsistent
evidence for long-term benefit with ESI.

Regardless of the fact that there are few studies com-
paring ESI to other nonsurgical treatments, what we do
know is that there have been more reviews and randomized
controlled studies (greater than 45) that have evaluated
epidural steroid injections for radicular pain than for any
other treatment [4]. It seems to be a general consensus across
all specialties that ESI provides at least short-term relief in
properly selected patients. This short-term relief may be all
that is necessary for some patients to get back on their feet
and decrease the disability and health care costs associated
with conservative treatment modalities.

Summary

The clinical course of low back pain with radicular symp-
toms is considered favorable for most patients. At this time,
the indication for a specific treatment as a first-line therapy
(physical therapy and/or epidural steroid injections) has only
limited or inconclusive evidence, suggesting that more
structured and specific studies are needed to effectively
guide decision-making. Currently available conservative
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treatments such as PT may decrease pain without modifying
the long-term clinical course of the disc herniation. On the
other hand, numerous recent studies investigating the effects
of epidural steroid injections for disc herniation suggest
there are beneficial effects on pain and disability in the short
term (3–6 weeks), but no long-term effect, including return
to work and use of surgery [9]. Ultimately, it comes down to
the patient and their doctor weighing the risks versus ben-
efits of choosing one treatment plan over the other. As more
standardized trials are performed, the hope is for both
patients and physicians to be well informed about up to date
evidence and expected outcomes in all the treatment options.
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101Should a Trial of Epidural Steroid Injections Be
Done Before Considering Spine Surgery?

Lori Russo

Case

Thanksgiving dinner each year consists of a house full of
family members picking on cheese and crackers while
anxiously awaiting the good news: The turkey is done
cooking! Every year my Uncle Ricky would move briskly to
his chair at the head of the dinner table and promptly reach
for the serving fork to assure that he had first access to the
best looking pieces of turkey. This year, however, was dif-
ferent. Uncle Ricky didn’t get there first. I questioned him
regarding his slow pace over to the feast.

He replied, “Oh you know, I’m getting old, everything
hurts, mostly my back, and things just don’t work the way
they used to. I had an MRI done, which showed a bulging
disc in my lumbar spine”.

As a curious anesthesiologist, I then questioned him
about his plans to rectify the situation. He informed me that
his doctor had recommended a trial of epidural steroid
injections (ESIs). Uncle Ricky had never been the type to
speak much of his health conditions but he figured now that
it was public information, he would go ahead and ask several
questions. I stopped him from saying more as I recalled a
discussion between 2 colleagues of mine: a pain manage-
ment physician and a neurosurgeon. It seemed that the utility
of epidural steroid injections has been a topic of hot debate.
I asked my Uncle Ricky to write his questions down on a
piece of paper and the next day I contacted my 2 colleagues.
I requested that they review the literature on epidural steroid
injections and to meet with me the following week to discuss
my Uncle’s questions.

Question #1 from Uncle Ricky

Is this a normal part of aging? Is it normal to feel like this?

Pain Management Physician: While chronic pain is
typically not normal per se, unfortunately, it seems to be an
epidemic. As per the Medical Expenditure Survey, approx-
imately 100 million Americans are suffering from chronic
pain. It is believed that the prevalence of chronic pain lies
between 2 and 40 % and the median is 15 % [1].

Neurosurgeon: I agree that it’s become an epidemic.
However, let’s not focus on just the prevalence but how it is
affecting our country. This is a matter of lost quality of life,
lost productivity from disability, and the effects that it has on
health care dollars is monumental. As per Gaskin et al.,
productivity lost to chronic pain in 2010 was estimated to
fall between 299 and 335 billion dollars, which is more than
that of diabetes, cancer, or heart disease. The study also
showed that the average health care expenditure of a patient
without pain was $4475 while the expenditure for a patient
with moderate pain was approximately $4500 higher. In the
severe pain population, the expenditure was approximately
$3200 higher than the moderate group [1].

Question #2 from Uncle Ricky

Are these epidural injections safe? What side effects and risk
do they have?

Pain Management Physician: In a retrospective study by
McGrath et al., 4265 injections from a 7-year period were
assessed and of those there were zero “major” complications.
Worsened pain, pain at the site of epidural injection, and
numbness were the most frequent complications and, in my
opinion, these are relatively minor issues and usually tem-
porary. Epidural steroid injections are safe and I’m glad that
your Uncle Ricky’s physician recommended them! [2].

Neurosurgeon: ESIs are not entirely without risk. Both
major and minor complications have been noted in the lit-
erature. For example, let’s dig into the ASA Closed Claims
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Project, which includes the review of cases from 1970
through 1999. Forty percent of claims related to manage-
ment of chronic pain were related to ESIs. The most com-
mon complaints were related to injury to nerves, headache,
and infection. There are 6 cases of paraplegia, 1 case of
quadriplegia, 12 cases of meningitis, 7 cases of abscess in
the epidural space, 3 cases of osteomyelitis, and 9 cases of
death/brain damage all from epidural steroid injections.
These are devastating complications and it’s not correct to
say that these are entirely safe procedures [3].

Question

At this point, I jumped in as I had a question of my own for
my colleagues:

Nerve roots can become inflamed when injured disks or
narrowing of foramen occur leading to radicular pain. For this
reason, steroid injections near the site of inflammation have
been helpful in controlling the inflammation. Historically, the
popular belief has been superiority of TFESI (transforaminal
epidural steroid injections) over ILESI (interlaminar epidural
steroid injections) as the transforminal approach allows for
more anterior spread of the injectate. In fact, because of this
hypothesis, the Center for Medicare and Medicaid Services
has reported an increase in TFESI by 20.4 % per year while
only 2 % for ILESI [4]. What is your take on it?

Pain Management Physician: In 2006, Schaufele et al.
published an analysis of patients receiving TFESI vs. ILESI
and their pain control immediately after the injection and 2–
3 weeks out (follow-up) by using the verbal numerical rating
scale (VNRS) (0–10) pain scale [5]. Pre-injection pain scores
were 5.9 for the TFESI group and 7.3 for the ILESI. For the
TFESI group, immediately after injection pain reduced to 2.9
and at follow-up was at 3.2. For the ILESI group, immedi-
ately after injection pain was reduced to 3.1; however, at
follow-up it was 5.9. Therefore, the mean change from
pre-injection to follow-up was 2.7 for the TFESI while it was
only 1.4 for the ILESI group. Only 10 % of the TFESI from
this study went on to require surgery while 25 % went on to
require it in the ILESI group [5]. The literature supports the
long-standing hypothesis that the transforaminal approach is
superior to the interlaminar approach.

Neurosurgeon: In a literature search by Chang-Chien, the
primary outcome of relief of pain after TFESI vs. ILESI was
studied as well as a secondary outcome of improvement of
functional status [4]. Ultimately, they found that TFESI had
improved control of pain at 2-week follow-upwhen compared
to ILESI. However, they failed to show improvement at 1 or
6 months. The literature search showed that patients that had
undergone ILESI had greater improvement in functionality

than the TFESI. Additionally, Chang Chien feels that the risks
associated with the transforaminal approach are considerably
more devastating than the interlaminar approach. This
includes intravascular injections, which can ultimately lead to
paralysis from infarction of the spinal cord. Additionally, the
transforminal approach does not decrease the likelihood of the
known complications that can occur with ILESI including
puncture dural/subdural puncture, cauda equina, or spinal cord
hematoma. In my opinion, epidural steroid injections are a
poor choice for chronic back pain management regardless of
the approach! [4].

Question #3 from Uncle Ricky

These steroid injections should save me from having to have
surgery?

Pain Management Physician: Yes! That’s why we do
them. Riew et al. performed the only prospective, randomized,
controlled, double-blinded study that addresses whether ESI
prevent progression to surgery.While surgerymay be curative
in some cases, it does carry risk ofmorbidity andmortality that
I believe is higher than ESI. Additionally, it is costly and can
likely be avoided by the less invasive ESI. Riew’s study
compares bupivacaine epidural injection versus bupivacaine
with steroid injection. Of the patients that received only
bupivacaine, approximately 67 % went on to require surgery,
while of the patients who received the steroid in their epidural
injection approximately 29 % went on to require surgery.
I believe this literature proves that ESIs are the way to go! [6].

Neurosurgeon: I recall that study. They only had 55
patients. That’s hardly enough to show significance! Bicket
et al. put together a lovely, compact meta-analysis and sys-
tematic review of randomized controlled trials. The primary
outcome was avoiding surgery. The literature here shows that
there may be a slight decrease in need for surgery in the ESI
population but only when considering the short term, which
they have defined as less than 12 months. Long term, or
greater than 12 months, however, there appears to be no sig-
nificant difference between the rate of progression to surgery
between the ESI and control groups. It sounds like your Uncle
Ricky shouldn’t wait around and hope that these silly injec-
tions work. He needs surgery and I know just the guy! [7].

Summary

After listening to the compelling arguments from both of my
colleagues, I promptly head over to my Uncle Ricky’s to
discuss the meeting. He asks one final question, “What do
you think I should do?”
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Feeling as though this is the million dollar question, I
responded to my uncle that while I am considerably more
knowledgeable on the subject after the meeting, it remains
controversial. It seems that ESI may be more cost-effective
and less invasive than surgery. However, exposing a patient
to these risks would be a tough decision as it is unclear if
they prevent the need for more invasive measures such as
surgery in the long run.
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102Epidural Steroid Injection for Unilateral
Radicular Pain: Is the Transforaminal Approach
Superior to Interlaminar Injection?

Lucia Daiana Voiculescu, Tomas J. Kucera, and Angela Zangara

Case

A 35-year-old male patient with new onset left buttock pain
radiating to the left lower extremity comes for evaluation
and treatment. The pain started 4 weeks ago when the
patient was walking his dog and slipped on ice. His pain was
not severe at first; he was able to get up and walk home with
only mild soreness in the left lower back. Over the next few
days, however, the symptoms became increasingly severe,
limiting his daily activities. The pain began radiating down
the left lateral aspect of the leg to the top of the foot with
associated burning and numbness. The patient presented to
his local hospital emergency department and was given a
prescription for ibuprofen, 600 mg every 6 h as needed, and
cyclobenzaprine, 10 mg 3 times daily.

A lumbar magnetic resonance imaging (MRI) scan
demonstrates the following: disc extrusion at the L4/L5 level
in the left paracentral region, producing stenosis of the left
lateral recess, impinging the downgoing left L5 nerve root.
The disc material migrates inferiorly by about 3 mm. No
evidence for neural foraminal narrowing was observed.
Facet joints are preserved with no apparent arthropathy.

On physical examination, the patient is in significant
discomfort, ambulating with difficulty, grimacing, and
changing position frequently. A straight leg test is positive
on the left side. There is no allodynia, and no sensory or
motor deficit. Reflexes are normal.

The patient states he is interested in epidural steroid
injection (ESI) for pain management because a friend who
fell skiing had one and it really helped his pain. The
attending agrees that epidural steroid injection would be
beneficial at this point and recommends a two-level trans-
foraminal approach, left L4 and L5, as being more effective
for the patient’s unilateral radicular symptoms. The fellow,
however, having recently attended a workshop where the
efficacy and safety of the transforaminal approach was dis-
cussed, poses the following question:

Question

Epidural steroid injection for unilateral radicular pain: Is the
transforaminal approach superior to interlaminar injection?

FELLOW: I am very concerned about the rare but devas-
tating complications potentially associated with transforam-
inal steroid injection. The presence of the radicular artery in
proximity to the nerve root in the neural foramen makes it
vulnerable to unintentional needle penetration.

Events such as cord infarction followed by paralysis,
permanent neurologic deficit, and even death can result from
embolization of inadvertently injected steroid particles or
from direct vascular injury, arterial spasm, or thrombosis
[1, 2].

There are multiple case reports of transforaminal epidural
steroid injections, mainly in the cervical region, that resulted
in devastating neurologic complications including stroke,
paralysis, and death. Cases have been reported in the lumbar
region as well; however, at this level, they are very rare
[2–7]. However, it is known that there is a high incidence of
intravascular (arterial and venous) needle placement during
lumbosacral transforaminal procedures [1, 8].
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The transforaminal steroid injection is performed very
close to the nerve root and the spinal segmental artery,
increasing the risk for intra-arterial injection or needle-
induced vascular or radicular injury. The artery of Adam-
kiewicz (arteria radicularis magna) originates at variable
levels, in 85 % of the cases entering the spinal canal on the
left side, between T9 and L2. An abnormally low-lying
artery of Adamkiewicz (even as low as S1) has been docu-
mented, thus increasing the risk for associated complications
at this level [4].

Avoiding proximity to these structures, the interlaminar
approach reduces the risk of neurologic damage due to arte-
rial injury or embolization and subsequent cord infarction.

ATTENDING: These are isolated, very rare events described
only in case reports and reviews of malpractice claims [9].
The exact incidence is unknown. So far, only 16 thora-
columbar spinal cord infarctions have been reported fol-
lowing lumbosacral transforaminal epidural steroid
injections [10]. Millions of epidural injections are performed
annually. Between 2000 and 2011, the number of these
increased 130 % in Medicare patients, with the highest
increase (665 %) being recorded for lumbosacral trans-
foraminal epidural injections [11, 12].

Transforaminal injections are safely performed under
digital subtraction angiography (DSA) with contrast [6, 8].
A non-particulate steroid formula [9] and/or alternative
approaches to the traditional technique for transforaminal
injection [1] can be used to further decrease the risk of
complications.

FELLOW: According to Chang-Chien et al. [13], who pub-
lished a systemic review of studies comparing transforami-
nal to the interlaminar technique, there is no statistically
significant difference in pain or functional improvement
between the 2 approaches. While there are a few studies that
report that the transforaminal approach may produce better
results [14–16], no study has proven that the transforaminal
is better than an interlaminar approach.

ATTENDING: Yes, this is true. Unfortunately, these studies
suffer from a low number of subjects and low power.
However, it is also worth noting that none of the recent
studies show that transforaminal injections are less effective.
Some studies have suggested the superiority of the trans-
foraminal approach in reducing radicular pain over both
short and long terms [14–16].

A prospective, randomized, blinded study by Gharibo
et al., comparing the clinical effectiveness of interlaminar
and transforaminal epidural steroid injection in subacute low

back pain with radiculopathy, concluded that “patients may
experience greater subjective relief, at least initially, from
transforaminal epidural steroid injections over interlaminar”
[15].

I believe that given the degree of acuity and intensity of
his pain, this patient would benefit from a transforaminal
injection targeting the specific level of pathology in the
anterior epidural space and in close proximity to the dorsal
root ganglion. While there is a paucity of data to support
this, from clinical experience, I believe this is the best
approach for him.

FELLOW: The interlaminar approach is typically faster and
thus will expose you and the patient to less radiation.
According to Manchikanti et al. [17], exposure to radiation
is *3 times as much with the transforaminal approach.
A multitude of biological effects, both stochastic and
deterministic, has been described as a result of radiation
exposure. While the occasional exposure to low-dose med-
ical radiation does not produce significant effects on patients,
interventional pain physicians and operating room personnel
are subject to its cumulative effects [18].

ATTENDING: Yes, this is true. But the overall exposure to
radiation is minimal, less than that of an average two-view
chest X-ray [17]. A skilled practitioner, abiding by safety
radiation protocols, is able to perform a transforaminal
epidural injection with minimal exposure, making it as safe
as an interlaminar epidural [17, 18].

Summary

Despite a continuous and significant increase in the number
of epidural steroid injections performed for radicular
symptoms associated with disc pathology [11], there is no
consensus regarding the compared efficacy and safety of the
two most frequently used approaches. Interlaminar injections
have the advantage of being fast, well tolerated, and asso-
ciated with less potential for cord infarction. Transforaminal
injections can be performed safely as well by experienced
practitioners. There is no evidence that this approach is less
effective than the interlaminar approach. The transforaminal
approach targets the nerve root at the level and laterality of
the pathology, which may contribute to better short-term
analgesia, as demonstrated by multiple studies [15, 16]. As
with many aspects of medicine, the final decision on treat-
ment of a patient relies on a careful and complex evaluation
that is unique to each patient’s symptoms and pathology.
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A practitioner’s training, expertise, and knowledge of the
risks and benefits associated with the two techniques should
guide his or her decisions.
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103Is a Tricyclic Antidepressant the Best First-Line
Agent in Treating Neuropathic Pain?

Dalia H. Elmofty

Case

A 72-year-old man with a 7-year history of type 2 diabetes
presented with persistent burning pain in his lower and upper
extremities that made daily activities challenging. He
admitted that he had not felt as well as usual and that
walking was becoming more difficult. His family also noted
that he seemed to be stumbling more frequently. His primary
care physician referred him to the pain clinic for treatment of
diabetic peripheral neuropathy.

He is obese [body mass index (BMI) 33 kg/m2] with a
blood pressure of 138/85 mm Hg and a resting pulse of
80 beats/minute. An examination of the lower extremities
shows normal skin pigmentation, hyperesthesia of the feet,
easily palpable dorsalis pedis pulses, but decreased position
sense and sensation to monofilament testing. He states that
his glycemic control has never been optimal despite multiple
insulin dose adjustments. Hemoglobin A1C levels have
typically been in the 8–9 % range for the past year. He takes
gabapentin 100 mg three times daily, for neuropathic pain
with minimal relief, and recently, his primary care physician
added amitriptyline 50 mg to improve pain control. You
recommend that the patient be sent for diabetes education
and be given a diet and exercise program to help him lose
weight and normalize his blood glucose levels. You also
recommend discontinuing amitriptyline because of the
adverse effects of tricyclic antidepressants (TCAs) in older
patients. You suggest gradually increasing the dose of
gabapentin and trying topical agents such as capsaicin cream
or a lidocaine 5 % patch.

Question

Should TCAs be administered for the management of neu-
ropathic pain in older patients?

PRO: In the Western world, diabetes is the leading cause of
peripheral neuropathy. Most of the diabetic population has
some form of neuropathy, ranging from barely detectable to
a severe, disabling, and painful disease, which can be dis-
tressing and difficult to treat. Neuropathic pain is defined by
the International Association for the Study of Pain as pain
“caused by a lesion of the somatosensory nervous system.”
Neuropathic pain has a negative impact on mental and
physical health as well as the quality of life. I agree that we
must take better measures to prevent neuropathic pain from
developing. The Diabetes Control and Complication Trial
and epidemiologic studies suggest that controlling blood
sugar can prevent diabetic peripheral neuropathy. A diet and
exercise program is a good idea to help the patient lose
weight and improve glycemic control. But I disagree with
discontinuing amitriptyline. TCAs were initially introduced
in the 1950s as antipsychotics but have been found to be
effective in numerous randomized, blinded, placebo-
controlled trials for the treatment of neuropathic pain [1].
The exact mechanism of action of the analgesic effect is still
unclear. TCAs inhibit reuptake of norepinephrine and sero-
tonin and enhance descending antinociception in the central
nervous system. They are also antagonistic at the
N-methyl-D-aspartate receptor and may block sodium
channels. These pharmacological properties make TCAs
beneficial in the treatment of neuropathic pain.

CON: TCAs can help in treating neuropathic pain such as
diabetic peripheral neuropathy in certain patient populations.
Amitriptyline is a tertiary amine. These agents tend to cause
considerable side effects in the elderly. The major effects are
anticholinergic (altered mental status, dry mouth, and
mydriasis); they also act on the central nervous system
(myoclonus, syncope), heart (tachycardia, orthostatic
hypotension), and gastrointestinal system (decreased bowel
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motility). Caution is necessary when TCAs are prescribed
for the elderly or patients with cardiovascular comorbidities.
An electrocardiogram is recommended before initiating
therapy for any patient older than 40 years. TCAs can be
dangerous in older patients if they provoke or exacerbate
cognitive impairment or disturb gait and increase the risk of
falling. Maybe we can consider nortriptyline or desipramine,
secondary amines that have less dangerous side effects. But
keep in mind that the secondary amines can cause irritability
and disturbed sleep.

PRO: Should we consider starting at a lower dose and
gradually titrating upwards? I can schedule the patient for
frequent follow-up visits to assess therapeutic effect and
monitor for adverse reactions. TCAs have been recom-
mended for the treatment of neuropathic pain. Several
medical groups (the Neuropathic Pain Special Interest Group
of the International Association for the Study of Pain, the
Canadian Pain Society, and the European Federation of
Neurological Societies) have published evidence-based
clinical guidelines for the pharmacological treatment of
neuropathic pain, which include TCAs as a first-line treat-
ment option [2–4].

CON: Treatment of neuropathic pain in the elderly poses
several challenges. Most of the current guidelines for the
management of neuropathic pain were developed based on
evidence generated from younger cohorts. The use of
evidence-based medicine in combination with individualiz-
ing treatment options is recommended. “One size does not fit
all” especially when it comes to TCAs and elderly patients.
Aging is associated with a host of changes that affect drug
metabolism, along with physiological alterations to the liver,
kidneys, blood, and fat. Clinicians must be aware of
potential drug–drug interactions and the central nervous
system side effects associated with TCAs. Adverse drug
reactions are a major public health problem in elderly
patients, resulting in hospital admissions and additional
health care costs.

The American Geriatric Society recommends against
prescribing TCAs to patients older than 60 years because of
the side effect burden. The pharmacological management of
neuropathic pain in older patients has been described [5].
Gabapentinoids may be better suited to older patients
because of fewer drug–drug interactions. Other agents such
as capsaicin cream and lidocaine 5 % have minimal systemic
side effects or drug–drug interactions and are a good option
for elderly patients.

Summary

The management of neuropathic pain in the elderly is chal-
lenging for physicians because of the physiological changes
and associated comorbidities inmany patients. Understanding
the pharmacology and patient-specific factors and monitoring
for adverse effects can help to optimize outcomes. Age-
targeted trials to develop clinical guidelines are needed to
facilitate safe and effective pain control in this population.
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104What are the Risks and Benefits of Spinal Cord
Stimulators and Intrathecal Pumps?

Magdalena Anitescu and Nirali Shah-Doshi

Case

A 56-year-old male is evaluated during a scheduled
follow-up appointment in the pain clinic for back and
radicular pain that persists after an L3-5 laminectomy
2 years ago. His analgesic regimen is oxycodone controlled
release, 60 mg BID (twice a day), with oxycodone imme-
diate release, 15 mg TID (3 times a day), as needed, along
with gabapentin, amitriptyline, and lidocaine patches. The
patient is not satisfied with this regimen, because his pain
prevents him from returning to work. He asks to have the
dose of controlled release oxycodone increased because its
efficacy has decreased over time. Lumbar epidural steroid
injections and medial branch nerve blocks have not helped.
Physical therapy offers only minimal pain relief. The patient
consults with a psychiatrist for mild depression. After a
recent consultation, he was offered a revision procedure by
an orthopedic spine surgeon, but the patient is reluctant to
accept, given the poor outcome from the first surgical
intervention. The resident evaluating the patient is unsure of
the next step: increase opioids? Repeat surgery? Other
treatment options?

Question

Should this patient be considered for an implantable device?

PRO: Because other interventions have had limited results,
an implantable device trial should be the next step. Increas-
ing opioid dosage will not give him lasting pain relief but

will increase side effects. Failed back surgery syndrome
(FBSS) is the most common indication for either a spinal
cord stimulator (SCS) or an intrathecal drug delivery system
(IDDS). Because the success rate decreases with every
subsequent back surgery, reoperation should be avoided.
Conservative treatment with medication, physical therapy,
and epidural steroid injections has failed, a clear indication
that a trial with an implantable device, either SCS or
intrathecal pump, is appropriate.

CON: I am not completely sold on the idea of implantable
devices. Studies that compare patients with SCS to those
who have had reoperation show that fewer narcotics are
required for pain relief, but there is no change in functional
status, work status, or activities of daily living.

PRO: Even if functional status is not affected, pain scores
are significantly lower in patients with implantable devices
for post-laminectomy syndromes. Outcomes were better
with SCS placement than after reoperation in a small cohort
of 50 patients followed up to 3 years after the intervention
[1]. Of SCS patients, 9 of 19 compared to 3 out of 26
patients with reoperation had more than 50 % pain relief.
There was less of a crossover rate to the other treatment from
the SCS group compared to the reoperation group (5 of 24
vs. 14 of 26).

CON: In general, FBSS has been the main indication for
placement of an SCS, but careful patient selection is the only
measure that ensures success. SCS is more effective for
radicular pain than musculoskeletal or discogenic back pain.
This patient also shows signs of depression, and psychiatric
disease decreases the efficacy of SCS. Patients with little
relief from an SCS trial (less than 50 % pain reduction) have
higher scores on the Minnesota Multiphasic Personality
Inventory (MMPI) Depression and Mania subscales. Those
with successful trials have better scores and higher energy
levels.

PRO: The presence of back pain should not limit the use of
implantable devices. Although SCS may be better to treat the
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neuropathic pain of radiculopathy, an intrathecal drug
delivery system may be a good option for nociceptive back
pain. Depression levels can improve remarkably with pain
relief following SCS implantation. A thorough psychiatric
evaluation is still indicated, but it should be considered as
part of a comprehensive evaluation of a candidate for SCS
implantation.

CON: I agree that a complete evaluation is needed before
proceeding with a trial for either SCS or IDDS for
non-cancer pain. However, there are risks with a device
beyond conservative management or reoperation. A sys-
temic review of SCS revealed an average overall adverse
event rate of 36 % [2]. The most frequent complications
were lead migration or breakage, comprising 22 % of
complications. The infection rate was 3–4 %, unwanted
stimulation was 2 %, and pain at the site was 8 %. There is
also the potential for neurologic injury after implantation of
leads in the epidural space [2].

Not only are there risks from the procedure and the
device, but the patient also is signing on for future surgeries
to replace batteries if the SCS fails or if a non-rechargeable
internal pulse generator is chosen. The patient is excluded
from evaluation with magnetic resonance imaging (MRI).
Given these risks, I wonder if a surgical revision before an
SCS trial may avoid some of the potential complications.

PRO: Many manufacturers have been working on equip-
ment designs to reduce adverse events from implantable
systems. New pliable leads decrease migration and limit
breakage. With MRI safe technology at 1.5T, diagnostic
images are possible with an implantable device in place.
When infections occur, the system is removed and the
infection is treated with antibiotics. Neurologic injuries
associated with lead implantation are rare. They may be
prevented with imaging studies to identify correctable spine
pathology before lead placement. Patients also fare better if
the SCS is implanted within 2 years of pain onset; the suc-
cess rate in this group can be up to 85 % compared with only
9 % SCS effectiveness in pain reduction if the pain is
long-standing (15 years or more) [3].

CON: We have not touched upon narcotic requirement.
Given the patient’s high doses and the combination of
nociceptive and neuropathic pain, maybe we should discuss
other management options. Larger doses of oxycodone have
failed to provide adequate pain relief. Does this patient have
side effects from narcotics? One option before implanting a
device is opioid rotation or even an opioid holiday. This
strategy may decrease his pain to a tolerable level, pre-
venting the need for repeat surgery or device implantation.

PRO: The patient’s opioid requirement is indeed concerning.
However, an IDDS would likely solve the problem since it

will minimize opioid side effects by acting on the primary site
of analgesia, opioid receptors in the substantia gelatinosa.

An opioid holiday would also be of benefit in this case.
Patients who were weaned off oral opioids weeks before
intrathecal therapy experienced better results. Even weaning
off half the opioids before intrathecal trial followed by
complete discontinuation before a permanent implant has
shown benefit.

CON: It is unclear whether discontinuing opioids and
starting at a low intrathecal dose would have lasting benefits
on the side effects. Patients with permanent IDDS also use
oral opioids. At 6 months, compared to baseline, 65 % of
the patients in one study had decreased or discontinued
systemic opioids, but at 12 months, the percentage was only
43 %, meaning that almost half of the patients still took oral
opioids despite the implantable device [4]. Most likely, if
patients do not restart systemic opioids, they will need
greater intrathecal doses. There is an average 2.6-fold to
7.4-fold increase from the initial dose at 24 months [4].
These data suggest that IDDSs decline in efficacy as time
progresses. With SCS or IDDS, there is no significant
increase in the number of patients returning to work.

Like SCS, implants can result in complications from the
procedure and the device itself. Potential complications of an
IDDS are urinary retention requiring catheterization, pain at
the injection site, and postural (spinal) headache. With a
permanent IDDS, complications include wound infection,
meningitis, pump malposition, nausea/vomiting, urinary
retention, and pruritus. There are also catheter-related com-
plications, such as migration and granuloma formation.
Battery revision is needed usually every 4–7 years. Several
deaths have been reported from massive intrathecal mor-
phine overdoses mistakenly injected into an access port
connected directly to the cerebrospinal fluid. During fre-
quent pump refills (every 2–3 months), subcutaneous mor-
phine injection also is possible. The physiologic side effects
of intrathecal opioids include hypogonadism, amenorrhea,
decreased libido, and erectile dysfunction [5].

Summary

Implantable devices are useful therapeutic options for the
right medical indication. Careful patient selection is essential
in ensuring the success of these devices, whether SCS or
IDDS such as pumps. SCS may be more effective in residual
radicular neuropathic pain, and the IDDS, in nociceptive
pain. Since these devices are considered “permanent,” every
patient considered for an implantable device should undergo
a comprehensive evaluation: detailed medical history,
physical examination, imaging studies, and psychiatric
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testing. Pain reduction of greater than 50 % is considered a
successful trial for both devices. Implantation of either an
SCS or IDDS carries risks of complications; therefore,
patients should be well informed before making a commit-
ment to the therapy.
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105How Do You Determine If a Patient
has Opioid-Induced Hyperalgesia?

Dalia H. Elmofty

Case

A 40-year-old Caucasian female with metastatic rectal can-
cer underwent an abdominoperineal resection with posterior
vaginectomy and flap reconstruction. She had undergone
several rounds of chemotherapy and radiation before the
procedure. The patient complains of severe, constant, rectal
pain, worse with bowel movements and sitting. She is taking
morphine sulfate extended release 200 mg twice daily.
Because of sudden, severe onset of pelvic pain and right foot
drop, she has been hospitalized. Computed tomographic
scan revealed extensive spread of cancer in the abdominal
and pelvic cavity with tumor compressing the lumbosacral
plexus. Surgery, chemotherapy, and radiation were no longer
options. Efforts to control her pain with escalating doses of
oral and intravenous opioids were unsuccessful. Because of
this lack of efficacy, a decision was made to begin a trial of
intrathecal infusion with morphine, which was titrated over
several days without pain relief. Additional oral and intra-
venous hydromorphone was administered for breakthrough
pain. Over the next 24 h, her pain continued to escalate. At
this point, she was receiving 30 mg per day of intrathecal
morphine. Her pain and suffering were extreme. She com-
plained of whole body pain, accompanied by episodes of
agitation and confusion. You suspect that the patient may be
suffering from opioid-induced hyperalgesia. You recom-
mend reducing the opioid dosage and starting a
sub-anesthetic, low-dose ketamine infusion because, as an
N-methyl-D-aspartate (NMDA) receptor antagonist, it may
offset the hyperalgesia. Your hospice/palliative care col-
league believes this is a case of opioid-induced tolerance and
prefers to continue to escalate the dose of intrathecal mor-
phine. He states that there is insufficient evidence to support
the existence of opioid-induced hyperalgesia in humans.

Question

Does opioid-induced hyperalgesia exist or is it a hypothetical
phenomenon?

PRO: The history of medicine considers the existence of
opioid-induced hyperalgesia. In the 1870s, Sir Thomas
Clifford Allbutt, an English physician, questioned the ben-
efits of intravenous morphine for pain control. He said,
“Does morphia tend to encourage the very pain it pretends to
relieve?” Opioid-induced hyperalgesia has become an area
of interest, and more research is being conducted to under-
stand the disorder. In this paradoxical phenomenon, the
intensity of pain is increased rather than decreased in
response to opioid administration. Hyperalgesia is defined
by the International Association for the Study of Pain as
increased pain from a normally painful stimulus. Allodynia
is pain from a stimulus that does not normally provoke pain.
Both hyperalgesia and allodynia indicate a hypersensitized
state in patients with opioid-induced hyperalgesia. Studies
have shown the existence of hyperalgesia in postoperative
pain, cancer pain, chronic nonmalignant pain, and in
experiments on healthy subjects [1].

CON: Evidence to support opioid-induced hyperalgesia
in humans is insufficient. In the studies of postoperative pain
and experiments in healthy subjects, a short-acting opioid
was administered, and testing for opioid-induced hyperal-
gesia was conducted after the opioid was discontinued [1].
The increase in pain could have been from opioid with-
drawal or even acute tolerance. There are multiple factors to
explain why the patient is experiencing a deterioration in
pain control even with escalation of her dose. In general,
cancer patients suffer severe and intensifying pain from
progression of the disease. Imaging has revealed extensive
progression of the patient’s cancer. She also has been taking
long-acting opioids for several months. She could be
developing tolerance and may require larger quantities of
drug to achieve an acceptable level of analgesia.
Opioid-induced tolerance is a physiological process in which
a progressive lack of response to opioids requires an increase
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in dose to produce the same effect. There is a shift to the
right of the dose-response curve. During pharmacokinetic
changes, up-regulation of the metabolic process is respon-
sible for increased elimination of the drug. Pharmacody-
namic changes result in down-regulation of the opioid
receptor or desensitization. The opioid receptor is linked to a
G-protein, which, when activated, produces a decrease in
cyclic adenosine 3’, 5’-monophosphate and inhibits Na+ and
Ca++ influx. Over time, changes in G-protein function can
lead to desensitization and development of opioid tolerance.
The increase in pain associated with opioid administration
may therefore simply be attributed to reduced efficacy of the
opioid because of pharmacological or even genetic effects.
We should increase the dose or administer a different opioid.

PRO: Although chronic opioid exposure can lead to
opioid-induced tolerance, it also can cause opioid-induced
hyperalgesia. Clinical differentiation between them can be
challenging. The patient continues to suffer exacerbation of
pain, which has now become widespread, despite an increase
in the dose of intrathecal morphine. If this were a case of
opioid-induced tolerance, her pain should have improved in
response to dose escalation and remained localized to its
original site. With opioid-induced hyperalgesia, patients
experience an increase of pain despite rapid opioid escala-
tion. This paradoxical effect is a state of hypersensitivity that
appears as hyperalgesia and allodynia—an abnormal sensa-
tion that is quantitatively different from normal pain sensa-
tion and differently localized from the site of the original
complaint. She clearly has opioid-induced hyperalgesia
because her pain is no longer located in the pelvic area, but
rather is “whole body pain.”

CON: I am not completely convinced. A structured
evidence-based review showed that there is insufficient
evidence to support the existence of opioid-induced hyper-
algesia in humans [2]. The mechanism of opioid-induced
hyperalgesia is not even fully understood. And if the
mechanism is not fully understood, then how would you
justify the treatment?

PRO: You are correct. The exact mechanism of
opioid-induced hyperalgesia is unknown, just as are the
mechanisms of many other painful disease states. But there
is a growing body of evidence from basic science supporting
the proposed pathophysiological mechanisms that contribute
to opioid-induced hyperalgesia: involvement of the central
glutaminergic system, spinal dynorphins, descending

facilitation, genetic influence, and enhanced response to
nociceptive neurotransmitters [3]. The central excitatory
neurotransmitter glutamate activates the NMDA receptor.
Prolonged exposure to morphine was shown to cause neu-
rotoxicity by inducing NMDA receptor-mediated cell death
in the dorsal horn. Prolonged exposure to l(mu)-receptor
agonists increased levels of spinal dynorphins, which
increase the release of excitatory neuropeptides [3]. Acti-
vation of descending facilitation from the rostral ventrome-
dial medulla can activate spinal nociceptive processing and
increase excitatory neuropeptides [3]. The genetic variability
of catechol-O-methyltransferase may also affect central pain
processing [3]. Opioid-induced hyperalgesia and opioid
tolerance are two distinct phenomena resulting in pain that is
difficult to control. The initial response by most practitioners
is to escalate the opioid dose. If no response is observed,
opioid-induced hyperalgesia should be considered. Pain can
be reduced by discontinuing or lowering opioid dosage.
Opioid rotation also has been recommended; an agent such
as methadone has unique properties that might mitigate
opioid-induced hyperalgesia. NMDA receptor antagonists
such as ketamine also have been suggested.

Summary

Opioid-induced hyperalgesia may be a cause of
non-responsiveness to opioid dose escalation. Evidence to
support this clinical phenomenon in humans is still lacking.
The few studies that have been published could not be
reproduced. This lack of reproducibility may be attributed to
the absence of a clear set of clinical criteria for diagnosing
opioid-induced hyperalgesia. Diagnostic criteria must thus
be specified before clinical trials can be undertaken.
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106Can Acute and Chronic Postsurgical Pain Be
Decreased with Perioperative Neuropathic
Agents?

Omar Rashid Qureshi and Sheetal Patil

Case

A 55-year-old nurse presents for a bilateral mastectomy with
reconstruction for breast cancer. She failed treatment with
chemoradiation and is now here for surgery. After devel-
oping chronic tenderness from her radiation therapy, she did
some research on PubMed. In her hands is a printout of a
recent article from the journal Pain Medicine stating that up
to 60 % of women will develop chronic pain after a mas-
tectomy [1].

Minimizing acute and chronic postsurgical pain is a
challenging task that is the responsibility of both anesthe-
siologists and surgeons. Your (obviously well-informed)
patient asks you, “Can my acute and chronic postsurgical
pain be reduced with the perioperative administration of
gabapentin?”

You aren’t sure, so you approach 2 colleagues, Dr.
Hypnos and Dr. Narkos, who are collegially arguing in the
hall (a frequent occurrence), both experts in pain manage-
ment, but whose views frequently differ.

Question

Does gabapentin reduce postoperative opioid consumption?

PRO: Dr. Hypnos jumps up to answer first, “Neural changes
that are seen in both neuropathic and postsurgical pain may
be prevented by gabapentin administration. Gabapentin
binding to the a(alpha)-2 d(delta) subunit of voltage-gated

calcium channels decreases the release of nociceptive neu-
rotransmitters such as glutamate, substance P, and nore-
pinephrine. Anything that helps to cut down on the use of
opioids is going to help your patient. As you know, opioids
can lead to hypopnea, nausea, vomiting, and constipation,
which limits their use. Additionally, opioid-induced hyper-
algesia from chronic use has further deterred clinicians from
relying too heavily on them. Clearly, opioids are a
double-edged sword.

“A study in Istanbul analyzed 60 patients undergoing an
abdominal hysterectomy, randomized into 3 groups: pla-
cebo, 1200 mg of gabapentin preoperatively, and ketamine
intraoperatively as an infusion. The end point was
patient-controlled analgesic (PCA) consumption of mor-
phine. The patients who had received preoperative gaba-
pentin used 42 % less morphine than the placebo group and
also experienced fewer opioid-related adverse effects such as
nausea, vomiting, pruritus, and constipation [2].”

CON: Dr. Narkos retorts, “That study only contained 60
patients [2]. You should not change your practice based on a
study with such a small sample size. And those results were
refuted when gabapentin was studied in patients undergoing
total hip arthroplasty! Clarke et al., in Toronto, analyzed 126
patients randomized to 3 groups in a double-blind study:
placebo only, gabapentin preoperatively, or gabapentin
postoperatively. Everyone received acetaminophen, cele-
coxib, and dexamethasone. Patients were given a morphine
PCA on the floor. Neither group that received 600 mg
gabapentin had a decrease in the consumption of morphine
or in pain scores [3].

“Paul et al. asked whether continuing gabapentin post-
operatively would reduce opioid consumption. A group of
102 patients undergoing a total hip arthroplasty were ran-
domized to receive a dose of gabapentin 600 mg preopera-
tively followed by 200 mg 3 times daily for 2 days or a
placebo. They found no significant difference in the 72-h
morphine consumption in both groups; in fact, they found a
higher satisfaction rate in the placebo group [4]! Obviously,
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these are small sample sizes as well. The definitive large
study has yet to be done!”

Question

You then ask, “Well, does gabapentin really reduce the
incidence of chronic postsurgical pain (CPSP)?”

PRO: Dr Hypnos quickly responds, “Absolutely.
When CPSP occurs, it can have a detrimental impact on a
patient’s entire quality of life. Thus, it is our job to make
every effort to prevent CPSP. It is now thought that the same
neural mechanisms implicated in neuropathic pain are
responsible for the development of chronic postsurgical pain
[5]. So gabapentin, which has been repeatedly shown to
effectively treat neuropathic pain, has been used to prevent
and treat CPSP as well.

“Even a single dose of gabapentin preoperatively can
reduce its incidence, as shown in multiple studies! Sen et al.,
also published in Pain Medicine, analyzed the incidence of
postsurgical pain at the 1-, 3-, and 6-month marks after an
abdominal hysterectomy. They found that a 1200 mg dose
of gabapentin prior to surgery led to a significant reduction
in chronic postsurgical incision pain [2]. We see CPSP
incisional pain patients in clinic all the time. So trust me,
prevention is far easier than treating this condition after it
occurs. Brogly et al. studied the incidence of CPSP in 50
patients undergoing a total thyroidectomy. Patients who
received a single dose of gabapentin were significantly less
likely to develop chronic pain issues at 6 months than
patients in the placebo group (4 vs. 30 %) [6]!

“In fact, I even recall a study where gabapentin was
effective for CPSP in breast surgery patients. Fassoulaki
et al. demonstrated that patients who received 1200 mg of
gabapentin for 8 days after breast cancer surgery were less
likely to develop chronic pain 3 months after surgery (82 vs.
45 %) [7].”

CON: You see Dr. Narkos rolling his eyes. “I am not con-
vinced,” he firmly states. “While gabapentin is effective in
treating neuropathic pain, its role in chronic postsurgical
pain is not well established. Many of the studies validating
its use in preventing CPSP are flawed because they combine
gabapentin with other analgesic modalities such as nerve
blocks or non-steroidal anti-inflammatory agents (NSAIDs).
So you cannot just assume it is the gabapentin that helped.
And again, that study by Sen et al. had 60 patients. These are
hardly large randomized controlled trials we are looking at
here! Ucak et al. analyzed the development of CPSP in
patients undergoing coronary artery bypass graft surgery

with median sternotomy and found no difference in the
incidence of chronic pain at the 1- and 3-month marks in
patients who received gabapentin [8]. I had a referral the
other day for a patient that was on 3 times daily dosing of
gabapentin before and after surgery and still developed
severe post-sternotomy chronic pain. A similar result was
found in another study that analyzed the effect of a single
1200 mg dose of gabapentin on the development of chronic
pain in patients undergoing a total hip arthroplasty. The
study found no difference in the incidence of chronic post-
surgical pain or anxiety and depression scores after the
administration of gabapentin [3].”

PRO: Dr. Hypnos responds, “Well I’m not throwing the
baby out with the bathwater! Just because gabapentin didn’t
help for bone pain doesn’t mean that it won’t work for
surgeries involving soft tissue. Although we don’t have the
science to prove this yet, perhaps slightly different receptors
or pathways are involved in these two types of pain.”

Question

Does gabapentin administration reduce the incidence of
opioid-induced adverse effects after surgery?

PRO: Dr Hypnos quickly responds, “Well remember that
the alternative would be using opioids to control her pain. In
comparison, gabapentin has a more favorable, generally less
dangerous side effect profile. A study analyzing the use of
gabapentin for patients undergoing coronary artery bypass
surgery found that gabapentin was very well-tolerated in the
postoperative time period, with the most common complaint
being mild nausea and vomiting that was easily treated [8].
Turan et al. found that a single dose of preoperative gaba-
pentin actually reduced some of the side effects associated
with morphine, such as urinary retention and vomiting [9].”

CON: Dr Narkos chimes in, “But you are failing to mention
that gabapentin does have significant dose-limiting side
effects, which often prevents the development of therapeutic
levels. I see this in the pain clinic all the time. The most
commonly reported adverse effects are somnolence and
dizziness, which can not only impact quality of life but can
also be particularly dangerous in elderly patients. This fear
has discouraged many clinicians from using gabapentin in
the perioperative time period [10].

“Let’s look at a large meta-analysis, which, second to huge
database studies, is the best form of evidence we have. Clivatti
et al. looked at 26 randomized controlled trials and evaluated
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the effects of gabapentin in patients who received it preop-
eratively only versus both preoperatively and postoperatively.
With only a preoperative dose, some studies demonstrated an
increase in nausea, vomiting, and sedation. In patients
receiving gabapentin both preoperatively and postopera-
tively, there were higher rates of sedation and dizziness [11].
Looking at gabapentin versus placebo, Compton et al. found
that the incidence of nausea and dizziness was significantly
higher in the gabapentin group [12].

“And don’t forget the withdrawal syndrome that occurs
after abrupt discontinuation [13]. The symptoms often
mimic those seen with benzodiazepine and alcohol with-
drawal: agitation, anxiety, and seizures [14]. Therefore, it is
recommended to taper the dose in patients who receive
long-term gabapentin [15].”

Summary

I ponder all this information as I wander back toward my
patient. I know gabapentin has had a long-standing role in
the treatment and prevention of neuropathic pain. It appears
that it may also have a role in prevention of chronic post-
surgical pain. While the exact mechanisms of how it
reduces CPSP still remain unclear, numerous studies have
validated its efficacy in reducing opioid consumption and
opioid-related side effects, as well as reducing pain scores
several months after the operation. Its use is limited by
some noteworthy adverse effects, although many of these
are well tolerated and I could inform my patient of these
risks.

The data supporting gabapentin’s use for both acute and
chronic postsurgical pain are still in the early stages, and
further research is warranted. It is important to keep in
mind that many of these results will be potentially con-
founded by the use of additional analgesics in addition to
gabapentin. Despite this, I believe perioperative adminis-
tration of gabapentin may play an important role in
reducing both acute and chronic postoperative pain and
may be worth trialing for my patient today. I confidently
approach her bedside, now equipped with more answers to
her questions.
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107Is Urine Drug Testing a Good Idea for Patients
on Chronic Opioid Therapy?

Chirag D. Shah, M. Fahad Khan, and David S. Cheng

Case

Mr. Anderson is a 46-year-old gentleman who presents to
your pain clinic for an initial evaluation. He has had chronic
low back pain for the past 10 years but is now complaining
of new, electric, or “shooting pains” down his leg. He tells
you that he underwent several epidural steroid injections
years ago. They provided momentary relief initially, but now
he is in constant discomfort. His primary care physician
(PCP) has been providing him with Percocet (oxycodone
and acetaminophen), which helps to abate these symptoms.
He recently moved close to your hospital and is hoping to
establish care with you instead.

You are a newly minted pain physician, first year out of
fellowship, in a very busy practice. You learned that Mr.
Anderson works for a high-end private equity firm and travels
frequently. Both the stress of his job and the travel appear to
exacerbate his symptoms.He is not particularly keen on seeing
his current PCP given the long commute. He is also in the
process of finding a new PCP, but asks that you prescribe his
Percocet in the interim. While reviewing his intake sheet, you
notice that he has tried many pain medications in the past such
as ibuprofen, tramadol, and acetaminophen with codeine. He
found these medications to be ineffective or intolerable. He

insists that oxycodone/acetaminophen is the “only thing that
works.”

You decide to discuss your concerns with your colleague
Dr. Brown, who also happens to be the managing partner. In
particular, you ask about the logistics of obtaining a urine
drug screen, knowing that this is not a standard practice
within the group. Dr. Brown discourages you from ordering
this test, stating that it is unnecessary. He reassures you that
the office clientele is trustworthy and reliable. Moreover,
ordering urine drug tests routinely would be too
time-consuming. He contends that it would be bad for
business as some patients may find this off-putting and
potentially insulting.

Question

Should a urine drug screen be done prior to the prescribing
of opioid medications for chronic pain patients?

PRO: Any time a new patient is seen to establish outpatient
care for any specialty service, it is simply good practice to
obtain as much information about the patient and his pre-
senting condition. Sometimes, this can be as simple as
talking to the patient and asking him about his symptoms or
the reason he has been referred. Other times this fact-finding
mission can involve reading through operative reports,
reviewing radiographic tests, or interpreting complex elec-
trodiagnostic studies. The reason for such thoroughness is to
provide the best care possible.

Prescribing opioid medications to a patient should not be
considered lightly. It should be done with thoughtful con-
sideration and deliberation as these medications can be
potentially harmful to the patient and others around him.
Therefore, before prescribing this class of drug, I want to be
as thorough as possible. Obtaining a urine drug screen would
be an important tool for my practice.

CON: I do not disagree that urine drug screens can provide
helpful information. However, stating that obtaining as much

C.D. Shah (&)
Department of Physical Medicine and Rehabilitation, Rush
University Medical Center, 1725 West Harrison Street, Suite 118,
Chicago, IL 60612, USA
e-mail: Cdshah3@gmail.com

M. Fahad Khan
Department of Anesthesiology, Perioperative Care and Pain
Medicine, New York University School of Medicine, 240 East
38th Street, 14th Floor, New York, NY 10016, USA
e-mail: fahad.khan@nyumc.org

D.S. Cheng
Department of Orthopedic Surgery/Physical Medicine and
Rehabilitation, Rush University, 1611 West Harrison Street, Suite
300, Chicago, IL 60612, USA
e-mail: David.cheng@rushortho.com

© Springer International Publishing Switzerland 2017
C.S. Scher et al. (eds.), You’re Wrong, I’m Right, DOI 10.1007/978-3-319-43169-7_107

373



information as possible is good practice may be reaching. Is
a lumbar magnetic resonance imaging (MRI) scan ordered
for every patient with uncomplicated low back pain? Are
electrodiagnostic studies performed for everyone with leg
numbness or tingling? No one will argue that these tests are
valuable in the right setting; however, routine tests are
excessive, time-consuming, and cost-prohibitive. With my
patients, I would only order a test if it might change my
medical management.

Logistical issues aside, urine drug test interpretation is not
always straightforward. False-positive (and negative) find-
ings are frequently seen. As such, changing management
based on these findings is challenging. I have also found that
it places a strain on the physician–patient relationship, which
is especially critical in pain medicine.

Going back to Mr. Anderson, clearly there are many
yellow flags in his case. A state-sponsored prescription
monitoring program can be a useful resource to track his
recent medications. If you feel uncomfortable with pre-
scribing Percocet to him now, I don’t think a “clean” urine
drug screen would necessarily help you.

PRO: Among the guiding principles of prescribing opioid
medications, are the “4 A’s” of opioid prescribing. Specifi-
cally, this refers to: (1) analgesia, (2) adverse drug effects,
(3) ability to perform activities of daily living (ADL), and
(4) aberrant behavior.

While there are many tools to screen for aberrant
behavior, urine drug screens are a relatively easy and
objective measure. Alternatively, one can administer a
patient-specific screening questionnaire, such as a Screener
and Opioid Assessment for Patients with Pain (SOAPP) or
an Opioid Risk Tool (ORT).

While obtaining a urine drug screen does indeed increase
the overall cost of care, I think this needs to be balanced with
protection for the patient and the prescriber. With law
enforcement and other regulatory agencies pursuing pre-
scribers as well as perpetrators in drug diversion, I think
urine drug screens are a good way to avoid unnecessary risk.

CON: Those are all good and valid points. I know that times
are different and there are probably new evidence and rec-
ommendations since I finished my fellowship. I know you
are just trying to help. It’s going to take a lot to convince our
other partners to change their practice. Can you take some
time to look at the current literature on this?

Follow-Up

After doing some reading at the medical library, you return
the next day to share your findings.

PRO: I did some research last night and found that physi-
cians often fall victim to what is known as the “truth bias.”
Physicians feel they have no reason not to believe their
patients. This view has been scrutinized in numerous
peer-reviewed studies. Interestingly, pain patient reports of
illicit and non-prescribed controlled substances are often
unreliable [1]. Taking patients at their word makes us liable.
Clinicians instead are advised to use objective data in
addition to subjective observations before initiating chronic
opioid therapy (COT). These data include pill counting,
prescription monitoring programs, watching for aberrant
behavior (e.g., frequently losing medications), psychological
evaluation, and baseline/random urine drug screens (UDS).
A retrospective study was conducted to analyze the corre-
lation of positive urine drug screens for illicit drugs or
non-prescribed medications and behavioral red flags: 21 %
of patients with no behavioral issues were found to have an
inconsistent UDS. Conversely, of those with consistent UDS
for medications prescribed, 14 % were found to have
behavioral issues [2]. Thus, using all of these methods
together provides the physician with the information to make
the best clinical decisions [1].

CON: Thanks for looking this up. Hope it didn’t take up
your entire evening, but how much time can we spend on
each patient? Shouldn’t implementing some of these tests
alone be enough to determine if a patient is going to abuse
opioids?

PRO: There are lots of different psychological tests out
there, but the best studied psychological test is the SOAP-R.
This has been able to correctly identify 70–77 % of patients
who would eventually be discharged. Unfortunately, it was
unable to identify the other 23–30 % [1]. However, when
used with UDS as well as other objective data, this per-
centage can be lowered. In this manner, UDS can help to
narrow the gap on potential or eventual patient discharges
from the practice.

CON: Is UDS implementation truly necessary for every
patient? Is this cost-effective?

PRO: The cost of opioid abuse in the USA was recorded at
$9.5 billion in 2005 [1]. After looking at different pain clinic
models across the country, we can use the aforementioned
tests to stratify patients into low-risk, moderate-risk, and
high-risk groups. These groups can be assigned to varying
frequencies of random UDS regimens. The high-risk patients
would obviously be screened more frequently than the
low-risk group. Based on these test results, patient groupings
can be adjusted over time [3]. By stratifying patients, you are
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effectively spending healthcare costs specifically on patients
who require closer supervision. Also, structured algorithms
for chronic opioid therapy can help to identify abusers and
decrease the complications of medications. This ultimately
helps to decrease healthcare costs overall. Unfortunately, no
data on cost-effectiveness are available.

CON: Another concern of mine is that abruptly adding UDS
to our practice may jeopardize the patient–physician rela-
tionship and established trust. Wouldn’t asking patients to
take random UDS make them feel like drug addicts?

PRO: I agree that UDS can be off-putting, but if introduced
in the appropriate fashion, this can be overcome. If we
outline the rules of the practice early and clearly and explain
that they are a part of our opioid agreement, then there
should be no surprises [3]. This has been shown to reduce
aggression, violence, and nightly calls. Once UDS was
implemented, patient satisfaction also dramatically improved
[4]. Additionally, patients may feel a stronger bond to
their physicians if they perform well and stay true to the
treatment plan. On the other hand, if the patient refuses to
undergo a UDS, then this may constitute suspicious
behavior [1].

CON: Can you tell me about the validity of UDS? What do
we do about false positives?

PRO: There are several ways that we can try to avoid false
positives. Prior to initiating a baseline UDS, we ask the patient
which prescribed medications were taken last and what other
medications were taken that week. If the UDS results are
inconsistent, we can take steps to figure out why. It is
important to be aware of the laboratory used for UDS as well
as the type of test ordered. It is true that enzyme immunoassay
(EIA), a commonly ordered UDS, is less accurate. However,
EIA is cheap and fast. Its major limitation is that it cannot
distinguish between drugs in the same class [1].

The gold standards for UDS are either gas
chromatography/mass spectroscopy (GC/MS) or liquid
chromatography (LC), which are generally reserved for
confirmation [3]. In this model, we can order an EIA first
then proceed to GC/MS only if necessary. That way, we are
allocating expenses more efficiently. Physicians should
develop a good understanding of metabolites and cutoff
values, as well as creatinine concentration analysis [5]. This
will prevent unnecessary testing. UDS can be expensive,
ranging from $300 to $2,500 for an EIA test followed by
confirmatory tests [6].

CON: Is gathering all of this information really necessary? I
just don’t see this changing my medical management all that

much. What is the standard of care in our community? If we
don’t do this, is it a legal liability?

PRO: If we use UDS consistently and systematically, it can
provide us with useful and accurate information that can
potentially alter medical management. Additionally, if
medications are prescribed to high-risk patients who are
misusing them, then you may have to justify your medical
management to the legal system. If clinicians are following a
standardized approach that meets the community standard,
this helps to mitigate legal scrutiny.

Summary

Medicolegal litigation in this area is still in the process of
developing precedents. Physician negligence is often the crux
of medical malpractice suits. In order to prove negligence, the
prosecution needs to establish several elements. These include
the existence of a duty between the physician and the patient,
that the physician deviated from the standard of care owed the
patient, that said deviation led to the patient’s injury, and that
there truly was an injury to the patient. Defenses to these
claims and caveats to the burden of proof vary by state. Inmost
cases, the legal system will not prosecute a physician who
follows guidelines set out by the medical society or what is
considered the standard of care. Although the number of
studies and evidence supporting the use of UDS testing is
scant, it is endorsed by pain and addiction experts, profes-
sional societies, and regulatory agencies as the standard of care
for patients undergoing COT for greater than threemonths [7].
It may be argued that since there is little evidence to support
these guidelines, they do not need to be followed. This will,
however, be a difficult defense to stand onwhen it goes against
the current “standard” of care. Moreover, there are still
instances where physicians may be held liable when the
benefit of a test outweighs the cost, regardless of the guide-
lines. For example, if a test is cheap and easy to do, like UDS,
and can provide information to prevent abuse, medication
complications, and overdose potentially leading to death, then
a physician may still be held liable for not ordering the test.
Thus, it appears that ordering UDS is a more legally sound
medical decision as well. There only needs to be one bad
outcome for a physician to lose his license and livelihood.

The question of obtaining a urine drug screen prior to
prescribing opioid medications to a chronic pain patient can
be a tricky one. It is not completely straightforward as there
is a lack of consensus or practice mandate. When consid-
ering this screening test, physicians must seek to be thorough
without being wasteful or indiscriminate.

Urine drug screening tests can be a useful tool to assess for
some of the “4 A’s” when prescribing opioid medications.
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Furthermore, if these tests are presented to the patient in an
appropriate, meaningful, and conscientious manner, they can
actually serve to solidify rather than undermine the patient–
physician relationship.

Finally, as long as the prescriber remains cognizant of the
issues that may complicate the interpretation of urine drug
screening tests (i.e., false positives and negatives), these
tools will enhance the safety of opioid prescribing for the
patient. They can also provide medicolegal protection for the
prescriber.
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108Dexamethasone: To Use or Not To Use—That
is the Question

Lucia Daiana Voiculescu and Rahul Pathak

Case

Recently, during a busy office day, I received a phone call
from Dr. P, one of my former colleagues who is now
practicing pain management in Canada. Dr. P was concerned
about his father-in-law, a 76-year-old successful lawyer in
New York, who recently injured his back after playing 9
holes of “terrible golf”. He has type 2 diabetes, borderline
hypertension, and a remote history of L4–L5 disk disease
that was treated 15 years ago with laminectomy and dis-
cectomy. He is very active and was symptom-free until the
bad golf day. Now he experiences severe lumbosacral pain
that radiates to the lateral aspect of his right leg. It is
accompanied by electric shock sensations, tingling, and
numbness of the dorsum of his foot. The lumbar magnetic
resonance imaging (MRI) demonstrates L4–L5 grade 1
anterolisthesis with prior posterior decompression and a new
free disk fragment extending inferiorly and compressing the
right L5 nerve root.

He is very reluctant to consider another spine surgery.
After discussing different therapeutic options, we decided to
proceed with right L4 and L5 transforaminal epidural steroid
injection (TFESI).

I called my colleague to let him know that the injection
was planned for the same day.

Dr. P agreed and asked what steroid formula will be used.
“Methylprednisolone acetate” I answered. As one of the 5
injectable corticosteroids (along with hydrocortisone, dex-
amethasone, betamethasone, and triamcinolone) methyl-
prednisolone in particulate formula has been used

extensively for decades in epidural injections. However, at
the other end of the phone my colleague’s voice did not
sound happy. He suggested that the non-particulate dexam-
ethasone is safer for transforaminal injections, and should
replace the particulate steroids.

Question

Dexamethasone: To use or not to use, that is the question.

PRO (Dr. P): As you know, there is increased concern about
the use of particulate corticosteroids in the epidural space,
especially with the transforaminal technique. Stroke, cord
ischemia, quadriplegia, and other severe neurologic com-
plications, including death, were reported subsequent to the
epidural injection of steroids. Most of these catastrophic
neurologic events followed the administration of different
particulate corticosteroid formulas.

Particulate steroids are poorly soluble in water. If inad-
vertently injected into radicular or radiculomedullary arter-
ies, the particles or aggregates have the potential to embolize
and occlude small arterial and capillary vessels, resulting in
cord ischemia. In a study on pigs, methylprednisolone
acetate, a particulate steroid, injected into the vertebral artery
produced irreversible neurologic injuries and death. The
animals receiving a non-particulate formula (prednisolone
sodium succinate or dexamethasone sodium phosphate)
survived without sequelae [1]. The severity of some rare
complications reported in humans after using suspension
steroids for epidural injections prompted a recent consensus
reaction from experts, who recommended the use of dex-
amethasone as a “first-line” agent for transforaminal injec-
tions at all lumbar levels [2].

CON (Dr. V): Indeed, these are devastating but also very
uncommon events. Since 2002, only 16 cases of lumbosacral
TFESIs complicated with cord ischemia have been described
[3]. These reports should be analyzed in the context of
millions of epidural steroid injections performed every year.
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It is very important to remember that direct causality
between the use of particulate steroids and cord infarction
has not been categorically demonstrated. Embolic ischemia
is only one of the suggested mechanisms. Arterial spasm,
thrombosis, or dissection by direct needle injury, neurotox-
icity, or vasospasm due to chemical irritation and prolonged
vascular compression by the injected volume are other
possible mechanisms, unrelated to the steroid particles and
their size, and inferred by the variable timeline of compli-
cation onset.

Dexamethasone may be safer if injected intra-arterially.
However, there is an increasing body of data regarding
dexamethasone’s neurotoxicity and possibly limited clinical
efficacy [4–7].

Dr. Williams’ research demonstrated a time- and
concentration-dependent neurotoxicity when ropivacaine
was combined with dexamethasone [4]. Applied perineu-
rally, dexamethasone alone was shown to reduce the blood
flow in normal nerves and in normal dorsal root ganglia at
the threshold for ischemic changes [7]. This vasoconstrictive
effect may become important in certain clinical circum-
stances, patients with diabetes (such as your father-in-law)
representing one susceptible category. Experts agree that the
lowest dose of dexamethasone should be used in order to
avoid neurotoxicity. Further studies need to be done to
define epidural dexamethasone’s therapeutic and safety
profile.

PRO (Dr. P): It is true that dexamethasone’s efficacy has not
been shown to be superior to other steroids. However, a
non-inferiority profile has been outlined by multiple studies.
A recent double-blind randomized controlled trial
(RCT) compared outcomes (pain, function, and complica-
tions) after transforaminal injections with dexamethasone
and betamethasone. It demonstrated similar pain relief and
functional improvement after both particulate and
non-particulate injections [3]. Although this study was
underpowered, its conclusions parallel the results obtained
earlier by other authors. In 2013, a retrospective observa-
tional study on a cohort of 2634 patients by El-Yahchouchi
et al. concluded that there is “no evidence that dexametha-
sone is less effective than particulate steroids in lumbar
TFESIs performed for radicular pain with or without
radiculopathy” [8].

CON (Dr. V): As you know, methodological inconsistencies
have raised questions regarding some of these
“non-inferiority” studies [9]. It is really important for your
father-in-law, as for most patients with his condition, to
minimize the number of injections and avoid surgery. Spine
surgery in general and failed back surgery in particular can
be associated with a multitude of complications [10, 11].

Post-surgical complication rates vary greatly, for some types
of spine surgery ranging from 10 % to more than 80 % [11].
Each subsequent reoperation for failed back syndrome has a
lower probability of success. I totally understand your
father-in-law’s desire to avoid further interventions and
maximize nonoperative alternatives.

In small studies, particulate steroids have been shown to
be more effective than dexamethasone for lumbar radicu-
lopathy [12], producing longer-term pain relief with fewer
injections and referrals for surgery [13, 14]. These clinical
results may be explained by the differences in the corticos-
teroids’ pharmacokinetics. Being poorly soluble in water,
suspension steroids are released slowly in the surrounding
tissues. The ester must be hydrolyzed to the active form by
an endogenous esterase, thus increasing their presence in the
epidural space, and perhaps prolonging their effects.
Methylprednisolone acetate is a depot suspension, with
extended release and prolonged action. Therefore, Dr. P, is
not the slightly higher risk of complications from a single
TFESI with particulate steroid outweighed by the larger risk
of an operation or repeated injections with non-particulate
steroid?

Concession from PRO In the end, we all agreed that
methylprednisolone may be a better choice for Dr. P’s
father-in-law. The decision was based on the lack of solid
evidence in favor of dexamethasone’s therapeutic and safety
superiority, and the patient’s desire to maximize nonsurgical,
non-opioid options. The procedure was performed in the
radiology suite, using real-time fluoroscopy and contrast for
injectate localization.

Summary

Devastating cord infarction is still a rare risk associated in
most cases with the transforaminal injection of steroids.
Particulate steroids have been used in all of the reported
cases, but no absolute causality has been established so far.
Although the routine use of non-particulate formulations for
TFESIs has been suggested [15], the evidence that dexam-
ethasone has a superior safety and therapeutic profile is yet
to be presented.

In 2014, the US Food and Drug Administration
(FDA) warned that “the safety and effectiveness of epidural
administration of corticosteroids have not been established,
and corticosteroids are not approved for this use” [16]. The
advisory applies to all injectable steroids, dexamethasone
included.

The practitioner’s experience, use of contrast under
real-time fluoroscopy, and the particularities of each case
should be decisive in selecting a specific corticosteroid.
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109Should Opioid Analgesics Be Used
for Managing Pain in a Patient with a Drug
Addiction?

Tiffany Sou

Case

A 45-year-old man presents for his initial appointment to your
pain clinic with chronic hip pain. The pain started after a total
hip arthroplasty about 2 years ago for a right femoral neck
fracture. Oxycodone for painwas prescribed by his orthopedic
surgeon. All subsequent evaluations have been negative.

A couple of months ago, his surgeon abruptly stopped
prescribing oxycodone and switched him to non-steroidal
anti-inflammatories (NSAIDs). When he told his surgeon
that they were not helping and asked for something stronger,
he was told that an opioid prescription could only come from
a pain specialist.

The patient is visibly in distress. He states he has been to
many doctors and no one believes he is in pain. As you
conduct the initial interview, you ask him about his history
of substance abuse. He hesitates but admits that he has a
remote history of intravenous drug abuse; however, he has
been clean for the last 10 years. When you finish the inter-
view, you tell the patient that you generally do not prescribe
narcotics on the first visit as you need more information first.
You ask him to have his orthopedist fax any and all workup
to your office and to schedule a follow-up appointment after
this is done.

After the patient leaves, you are typing up the visit note
when your colleague peeks his head into your office and
says, “Wow, with his history of drug abuse, he sounds like a
drug seeker to me!”

Questions

Do patients with a history of substance abuse have an
increased risk of opioid misuse? Do the benefits of effective
pain management outweigh the morbidity and mortality risk

if the patient were to take more than prescribed? How can
adequate pain relief be provided to the patient while mini-
mizing risk of drug abuse?

CON Your colleague continues on to say, “I really don’t
think this patient should be prescribed opioids. Two recent
reviews of the literature supports the conclusion that people
with preexisting substance use disorders and/or
substance-related legal problems may be at higher risk for
opioid misuse” [1, 2].

PRO “Both of these reviews admit that the evidence is
limited and more research is needed. Oftentimes it’s hard to
say whether the patient’s substance abuse disorder devel-
oped as a result of undertreated pain or whether his sub-
stance abuse preceded his chronic pain and increased his risk
of opioid abuse. Also, just because someone has a positive
risk factor doesn’t mean he will definitely misuse the
prescription.”

CON “I think the potential for harm is significant in these
patients. Consequences of opioid abuse could be devastat-
ing, including overdose and death. Didn’t we take an oath as
physicians to do no harm?”

PRO “Yes and I agree that we must deliver care in the
patient’s best interest. On that same note I think that every
patient has a right to effective treatment of pain and people
with a history of substance abuse should not be treated any
differently. Morasco et al. found that ‘chronic non-cancer
pain patients with history of substance use disorder report
poorer pain-related functioning and are less likely to expe-
rience clinically significant improvements from usual pain
treatment’ [3]. It seems that these patients need more
intensive treatment for their pain and yet they rarely receive
it. Pain is debilitating and destructive and opioids are very
effective for relief of pain and suffering. It would be
unethical to withhold adequate treatment for any patient
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complaining of severe pain and if this means incorporating
opioids into the treatment plan for this patient, then so be it!”

CON “What you are saying is to apply the beneficence
principle. Based on this principle you would have to pre-
scribe opioids in a safe way to minimize abuse. I recently
read a systematic review by Starrels et al. who found ‘rel-
atively weak evidence supporting the effectiveness of opioid
treatment agreements and urine drug testing in reducing
opioid misuse by patients with chronic pain’ [4]”

PRO “Actually, small studies showed that interventions
such as structured checklists, motivational interviewing and
randomized drug tests can reduce aberrancy in high-risk pain
patients [5]. For the patient with a substance use disorder, on
top of the precautions you mentioned, I would also adopt an
interdisciplinary approach to his care, which reduces misuse
of opioids in many patients over time [6]. Goulay et al.
affirmed that ‘if an addictive disorder dominates, aggressive
treatment of an underlying pain problem will likely fail if not
coordinated with treatment for the concurrent addictive
disorder’ [7]”.

Summary

There are limited data on the risk of abuse of medically
prescribed opioids in the substance abuse patient. More
research is needed, which will ideally support the develop-
ment of better guidelines for opioid prescribers.
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110Is Sympathetic Blockade Useful in Complex
Regional Pain Syndrome (CRPS)?

Tomas Kucera and Floria Chae

Case

A 22-year-old soccer player presents to the pain clinic with
right ankle pain. He was kicked in the right ankle during a
soccer match 6 weeks prior. Since the injury, he has had
increasing pain, swelling, abnormal perspiration, color
changes and has been unable to bear weight due to pain. He
went to see an orthopedic sports medicine physician for
evaluation. Magnetic resonance imaging (MRI) and X-ray of
the foot were negative for fracture or any other soft tissue
injury. Infection was ruled out, and no surgical intervention
was indicated. He tried physical therapy but was unable to
tolerate it due to pain. Gabapentin and nortriptyline only
provided minimal improvement. The sports medicine
physician diagnosed him with complex regional pain syn-
drome (CRPS) Type I and referred him to the pain clinic for
consideration of lumbar sympathetic nerve block. Today’s
pain is 8/10 in the right ankle. He describes the pain as
burning, sharp, and gnawing. Aggravating factors include
movement, socks. Relieving factors include gabapentin.

On examination, there is edema, hyperalgesia, and allo-
dynia of the right ankle. Compared to the left ankle, the skin
on the right ankle appears to be mottled and clammy. There
is decreased range of motion of right plantar and dorsiflexion
due to pain. Strength is otherwise 5/5 in all other extremities.

Question

Is sympathetic blockade useful in complex regional pain
syndrome (CRPS)?

PRO CRPS is a chronic disorder characterized by debili-
tating pain, vasomotor, sudomotor, and motor disturbances.
The pathophysiology of CRPS is multifactorial. The mech-
anism can vary from patient to patient and can even change
in the same patient over time [1]. Accepted mechanisms
include autonomic nervous system dysfunction, neurogenic
inflammation, central sensitization, glial activation, and
alterations in the somatosensory cortex [2]. Local anesthetic
sympathetic blockade has been traditionally recognized as an
important procedure that has both diagnostic and therapeutic
utility. It allows the diagnosis of sympathetically mediated
pain as there is increasing evidence to the importance of the
sympathetic nervous system in CRPS [3].

CON That being said, you don’t need to perform a sympa-
thetic block to diagnosis CRPS. According to the revised
Budapest criteria, which have been accepted by the Inter-
national Association for the Study of Pain, there is no
diagnostic laboratory test for CRPS. Instead, it is based on
history, symptoms, physical examination, and the exclusion
of other causes [4]. Furthermore, CRPS can be sympatheti-
cally independent pain or sympathetically mediated pain.
The evidence and latest Cochrane review by Stanton in 2013
states that “from the existing evidence, it is not possible to
draw firm conclusions regarding the efficacy or safety of this
intervention but the limited data available does not suggest
that local anesthetic sympathetic block is effective for
reducing pain in CRPS.” [5].

PRO Yes, this is true. However, it is important to note that the
Cochrane review included 12 studies (combined n = 386).
Only 2 trials (n = 23) compared placebo to sympathetic nerve
block [5]. That is severely underpowered, and there is not
enough evidence to definitively say it does not work. This
patient has tried and failedmultiple modalities. It’s worth a try.
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CON Why would you expose this patient to these risks if
there is no evidence of benefit? Sympathetic nerve blocks
carry risk of arterial injection, organ injury, bleeding, infec-
tion, hypotension, and local anesthetic toxicity to name a few.

PRO A skilled physician using ultrasound or fluoroscopic
guidance can minimize the likelihood of adverse effects.
According to the Cochrane review, only five studies reported
minor adverse effects and there was no permanent injury [5].
Again, this patient has tried and failed multiple modalities.
This could possibly benefit the patient, aid in diagnosis of
sympathetically mediated pain, and enable him to participate
in physical therapy.

CON OK, fine. Let’s say you do the sympathetic nerve block
with bupivacaine. How do you know if the block is suc-
cessful? There are no guidelines or definition of a successful
block. Schurmann et al. demonstrated the clinical difficulty in
the correlation of temperature elevation, Horner’s syndrome,
and complete sympathetic block [6]. Malmqvist et al. defined
success as 4 out the 5 following criteria: Horner’s syndrome
increased skin temp, increased skin blood flow, and abolished
response to ulnar and radial; only 15 out of 54 blocks suc-
cessfully met his criteria, which indicates the relatively high
rate of partial or incomplete block [7].

PRO True, there is no agreement on what is determined as a
clinically successful block. This makes studies and the lack of
evidence difficult to interpret as the block being efficacious or
not. However, that being said, do you need a complete sym-
pathetic block for it to work? Can a partial block be effica-
cious? Price et al. demonstrated that lidocaine/bupivacaine
sympathetic blockade had a mean of 3 days 18 h of analgesia
versus 19 h in saline (placebo) group [8]. Price monitored for
signs of autonomic block, which were variable.

CON The sympatholysis will be short lived and temporary.
How does this help the patient and what will you do next?

PRO Yes, it is short lived. However, if the block provides
good analgesia, then repeat blocks in conjunction with
physiotherapy have been advocated by consensus expert
recommendations to be beneficial [9].

CON Well it seems to me that the evidence is scare. With
new modalities such as neuromodulation and spinal cord
stimulation (SCS), why perform a sympathetic nerve block
at all?

PRO Yes, the patient should have a multimodal approach,
but interventions such as SCS have risks as well. The current
guidelines advocate for a comprehensive and individualized
plan for each patient. Sympathetic nerve block still remains
a part of the multimodal approach for the difficult treatment
of CRPS.

Summary

While there is very limited high-quality evidence, lack of
standardization of what constitutes a successful block, and
lack of good studies comparing to placebo, a local anesthetic
sympathetic block remains clinically important as it can
facilitate pain relief, improve function, and allow the patient
to better tolerate rehabilitation techniques. Therefore, local
anesthetic sympathetic blockade remains in most CRPS
treatment algorithms in order to differentiate between sym-
pathetically mediated pain and sympathetically independent
pain [5]. A promising trial compared bupivacaine plus
botulinum toxin versus bupivacaine alone in nine patients
undergoing lumbar sympathetic block for CRPS. The trial
found that botulinum toxin prolonged the duration of anal-
gesia from a mean of 10–71 days. [10].
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Trauma



111Is Pulse Pressure Variation More Accurate Than
Central Venous Pressure (CVP) or Pulmonary
Artery Pressure (PAP) for Volume
Resuscitation?

Corey S. Scher

Case

A 48-year-old man on postoperative day 2 is recovering in
the surgical intensive care unit (SICU) from an extensive
retroperitoneal sarcoma resection. The case was complicated
by transfusion of 12 U of packed red blood cells (PRBCs),
6 U of fresh frozen plasma (FFP), and two packs of platelets.
Due to the nature of his operation and the likely stormy
postoperative course, it is decided to keep the patient seda-
ted, intubated, and mechanically ventilated.

From the beginning of his stay in the SICU, the
retroperitoneal drain puts out an abundance of serosan-
guinous fluid. The surgeon orders equivolemic replacement
with intravenous Normosol-R. The output on the day of
surgery is 1500 mL. Postoperative day 1 output is 1200 mL.
Toward evening, the patient becomes unstable with a blood
pressure of 70/40, a pulse of 120, and a distended abdomen.
Likely, more fluid is trapped inside the retroperitoneal cav-
ity. The critical care team is clearly behind on fluid
resuscitation.

Question

Is pulse pressure variation more accurate than central venous
pressure (CVP) or pulmonary artery pressure (PAP) for
volume resuscitation?

CON: The mL for mL replacement is ridiculous. The actual
fluid loss can be much higher, as the raw surgical surface
from the resection is generating retroperitoneal fluid that
simply may not be near the drain. I would start out by giving
a liter of a balanced salt solution and replacing the Foley
catheter that was removed yesterday. I would also get blood
drawn for electrolytes. Assuming that the labs were OK, I

would hang a second liter of a balanced salt solution. While I
was administering these fluids, I would support the circula-
tion with phenylephrine to keep the pressure up until the
intravascular space was filled—as evidenced by a stable
blood pressure.

PRO: I would prefer to place an arterial line to guide
resuscitation.

CON: What for? We do this kind of resuscitation all the time
without an arterial line. We give some “neo” (phenyle-
phrine) and just fill the patient up with intravenous fluids.

PRO: The ultimate goal of fluid resuscitation is to restore a
normal stroke volume. Since he is intubated, we could put in
a trans-esophageal echocardiogram (TEE) probe to measure
stroke volume and titrate fluid administration to optimal
cardiac hemodynamics. However, no hospital has the
resources to have a TEE in every operating room (OR).
Pulse pressure variation is a decent surrogate for stroke
volume [1]. Pulse pressure is the difference between the
systolic and diastolic pressures. The pulse pressure is con-
sidered to be “low” or “narrow” when it is <25 % of the
systolic pressure. The most common cause of a narrow pulse
pressure is a decrease in stroke volume.

CON: I cannot imagine where you are going with this. At
the end of the day, is your management any different than
mine?

PRO: My style cannot differ more. When you look at the
arterial trace, you will notice that the peak of the systolic
wave will vary with the ventilation cycle. When a positive
pressure breath is given, the entire arterial line tracing will
move up. This is even more visible if you change the sweep
speed on your monitor to the lowest level possible (from 25
to 6.5 mm/s). This will make the respiratory variation of the
arterial line more obvious. On many monitors, there is a
button that says “activate the cursor.” With this cursor,
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measure from the height of the highest arterial line trace
during a breath to the lowest height at end-expiration. Cal-
culate the percentage difference between the two. If the
difference is >13 %, you are on the steep portion of the
Starling curve and therefore very amenable to hydration or,
better stated, your stroke volume is down. Give intravenous
fluids until this number reaches 13 %, and at that point, you
are close to a normal stroke volume. This technique, looking
at pulse pressure variation, correlates well with direct stroke
volume measurements utilizing a TEE. If you give too much
intravenous fluid, and the pulse pressure variation sinks
below 13 %, there is a risk of pulmonary edema and con-
gestive heart failure [2].

CON: I think the CVP is much more useful for volume
assessment. A CVP of 2 tells me to give fluid while a CVP
of 12 means the patient is well hydrated.

PRO: CVP is deceptive because it depends on vein disten-
sibility. If a vein is very distensible, with a lot of elastin in
the walls, hydration will distend the vein but not necessarily
increase the CVP. If a vein is not distensible, even small and
inadequate volumes of fluid will increase the pressure in the
vein and the CVP will still not reflect volume status. And
how do you interpret a number that is in-between, such as a
CVP of 6? The days of CVP have already passed. There are
many clinicians who like to use it for trending. I think that is
ridiculous. Pulse pressure variation is better because it does
not rely on a trend. Pulse pressure variation tells you when to
give fluid and when to stop.

CON: The pulmonary artery (PA) catheter is my go-to when
I need an assessment of volume status. I can get a cardiac
output, systemic vascular resistance, pulmonary vascular
resistance, and above all, pulmonary capillary wedge pres-
sure, which reflects pressure in the left heart. You may have
heard that left heart pressure is what most of the world calls
volume status.

PRO: The pulmonary artery catheter only measures the
pressure in the pulmonary artery; the wedge pressure is
subject to the same controversies as the CVP [3].

CON: The big issue I have with pulse pressure variation is
that you need to be (1) intubated and (2) you must have an
arterial line.

PRO: Pulse oximetry tracings also can be used to measure
pulse pressure variation, although more research needs to be
done. Besides, the way I look at it, if fluid therapy is clearly
needed, as it is in blunt trauma, organ transplantation, car-
diac surgery, major vascular surgery or any case where

hemorrhage is expected, you will have an arterial line and an
intubated patient anyway.

CON: Why don’t you just follow the 4–2–1 formula that we
all memorize on the first day of residency?

PRO: The true origin of fluid replacement goes back to the
1800s. Shires, through his laboratory, perpetuated the con-
cept that hydration should include the intravascular space,
the extravascular space, and the “third space” [4]. There is
not a soul on the planet who knows where the third space is,
but the myth has been somehow passed down from gener-
ation to generation. The 4–2–1 guidelines have no relevance
to the modern day practice of anesthesia; the studies sup-
posedly validating this guideline had a very small number of
patients [5]. For some reason, the 4–2–1 rule went viral and
became the basis of anesthesia practice.

CON: In practice, we end up giving fluid based on the heart
rate and blood pressure for patients with significant blood
loss. In non-blood loss surgery, we just toss in a liter or 2.

PRO: I would agree. Your comment is essentially what we
do when pulse pressure variation cannot be used.

CON: I still hear from very experienced clinicians that they
would use some colloid in order to expand the intravascular
space without making the patient completely edematous. Do
you do that? [6].

PRO: In multiple trials compared in the Cochrane Database
[6], there is no evidence in severely ill patients that colloids
are better than crystalloids, and the recommendations indi-
cate that because crystalloids are cheaper they should be the
go-to fluid. Despite the overwhelming evidence of parity
between the two, I do ignore these findings and use colloid,
because I still find in my own practice that this leads to less
fluid given and less edema. I clearly do not follow every
study or guideline.

Summary

In hyperacute cases, fluid resuscitation should be guided by
TEE findings or pulse pressure variation. If the case is not
acute, I would give fluids based on clinical judgment. In a
case with no excitement, such as a sleeve gastrectomy or a
hip fracture, it does make sense to replace fluids from fasting
and insensible losses by giving a liter or 2. For blunt trauma,
use the arterial line tracing to measure pulse pressure vari-
ation and guide fluid administration, with or without TEE
backup.
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112What Is the Best Management Strategy
for Venous Air Embolism?

Amit Prabhakar and James Riopelle

Case

A tall, slender 24-year-old male sustained a single gunshot
wound to the upper abdomen while attempting to wrestle his
bicycle from a thief. On arrival to the emergency depart-
ment, he was pale, unconscious, and flaccid with a heart rate
on telemetry of 160 beats per minute and barely palpable
carotid pulses. He was rushed to the operating room,
moved to the operating table in a supine position, ventilated
with 100 % oxygen, and tracheally intubated. Breath
sounds were equal and clear. The patient was placed on
volume-control mechanical ventilation with 600 ml tidal
volumes and peak inspiratory pressures of 23 mm Hg.
Scopolamine 0.6 mg and pancuronium 8 mg were the only
drugs administered.

Despite the presence of a scaphoid abdomen, intraperi-
toneal and retroperitoneal bleeding was quickly ruled out
during an emergency exploratory laparotomy. A left thora-
cotomy revealed tense pericardial tamponade. The peri-
cardium was incised, and the pumping hole in the
anteroinferior right ventricle was closed with a purse string
suture. Circulatory function immediately returned permitting
administration of normal doses of intravenous and inhala-
tional anesthetic agents (fentanyl, isoflurane). An arterial line
was inserted with the first blood gas showing normal oxy-
genation and a 12 mEq base deficit. The latter was treated
with 200 mEq sodium bicarbonate.

The head surgeon breathed a sigh of relief and quickly
moved on to the surgical exploration for bleeding vessels

prior to chest closure. Less than 10 min later, the
normal-appearing, vigorously contracting heart suddenly
began to dilate and lose all efficacy at pumping blood.
End-tidal carbon dioxide (CO2) dropped precipitously from
36 to 5 mm Hg. Inhalation anesthesia was discontinued.
Equal bilateral breath sounds were auscultation, and normal
inspiratory pressures were confirmed. No new surgical
bleeding was identified.

Although the telemetry monitor showed normal sinus
rhythm, the arterial pressure waveform was flat at 25 mm Hg
and no carotid pulses could be palpated. Open chest cardiac
massage was begun and epinephrine 1 mg administered
intravenously. Despite vigorous manual squeezing of the
heart, arterial systolic pressure remained below 40 mm Hg.
Additional doses of epinephrine were not effective in elevating
the arterial pressure, and carotid pulsations remained absent.

The anesthesiology resident said. “Let’s use the Advanced
Cardiovascular Life Support (ACLS) algorithm for causes of
cardiac arrest, the ‘5 Hs and 4 Ts’: Hypoxia, Hyperkalemia,
Hypothermia, Hypoglycemia, H+ (acidosis), Trauma, Ten-
sion pneumothorax, and Thrombus (cardiac or air)’ [1]. We
haven’t yet addressed the possibility of air embolism.”

Saying “It’s worth a try,” the surgeon picked up a sterile
30-ml syringe with an 18-gauge needle attached. The needle
was inserted into the right ventricle with subsequent evac-
uation of 60 cc of air, followed by aspiration of blood. The
arterial pressure waveform immediately returned to normal.
No source for air entrainment was identified.

Chest closure, chest tube placement, and patient transfer
to the intensive care unit (ICU) were uneventful. The patient
was stable overnight. The patient was later transferred to a
neighboring private facility for continued rehabilitation and
was thought to be lost to follow-up. However, 6 months
later, he walked into the ICU to thank all those who had
cared for him. He apologized for not coming sooner, his
excuse being that he needed to first successfully pass all his
examinations for engineering graduate school.
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Question

What is the best management strategy for venous air
embolism?

PRO If you want to know the best management strategy for
venous air embolism, it is imperative to first know what
situations you can expect to see it in. VAE is classically
associated with neurosurgical procedures performed in the
sitting position, and occurs secondary to a gravitational
gradient in 76 % [2].

CON That’s great but just like anything in medicine, it is
not always so cut and dry. Venous air embolism is not
always associated with these common high-risk surgeries.
Laparoscopic and minimally invasive procedures use gas
for insufflation and exposure of the surgical field, leading
to a risk for injection or entrainment of this gas into the
venous system [1]. As an anesthesiologist, you have to be
prepared for uncommon occurrences in common situa-
tions. This case is a prime example of that. Here, there was
no clear source for introduction of air into the venous
system. But, as is common in trauma cases such as this
one, you may not have the time to fully identify the extent
of the patient’s injuries prior to the operating room.
Especially in life-threatening hemorrhagic trauma, every
second matters.

PRO One good thing about VAE is that it seldom results in
clinically significant hemodynamic compromise; however, it
naturally follows that many episodes occur without clinician
awareness. While the majority of research has been done
using animal models, the consensus is that clinically sig-
nificant VAE in humans occurs between 3–5 ml/kg and
200–300 ml of air [2]. The rate of air accumulation is a key
determinant in clinical significance [2]. Prompt identification
of VAE is key. Currently, transesophageal echocardiography
is the most sensitive monitoring device available with the
ability to detect as little as 0.02 ml/kg of air [3]. Precordial
Doppler has been shown to be the most sensitive noninva-
sive monitor for VAE detection [4].

CON The odds of you actually having the time or accessi-
bility to use those methods in a situation in which venous air
embolism is not suspected are slim to none. You can’t lean
on technologies that will waste time and delay proper
treatment. The importance of the time from the onset of
hemodynamic compromise to treatment can’t be overstated.
In this situation, the clinician successfully used clinical signs
such as a drop in ETCO2 and loss of arterial waveform to
successfully identify the problem. A drop of 2 mmHg of
ETCO2 can signify VAE [2].

PRO Treatment of VAE is best accomplished by lowering
the operative site below the level of the heart, flooding the
operative field to prevent further air entry, and positioning
the patient left side down and in Trendelenburg [5]. This
helps to prevent further air entrainment into the venous
system. The patient should also be placed on 100 % oxygen.
Other rescue maneuvers include the initiation of cardiopul-
monary resuscitation and chest compressions.

CON Actually, recent studies have refuted this conventional
method of thinking [6]. Animal studies failed to show that
repositioning to the left lateral position improved hemody-
namic performance [6]. Keeping the patient in the supine
position may actually be better for the patient because it
allows for better access to perform chest compressions and
other rescue maneuvers [6]. This case shows that the
life-saving treatment is not always the one that is written
about or studied the most in textbooks and papers. The quick
actions of the anesthesiologist and surgeon allowed for rapid
evacuation of the air embolus from the right ventricle and
saved the young man’s life.

Summary

Venous air embolism is an under-recognized and often
insignificant event. However, when VAE leads to hemody-
namic compromise, the clinician often only has seconds to
identify the source (Table 112.1) and formulate a plan for
treatment. More research needs to be done in order to
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Table 112.1 Gremlids: anesthetic catastrophes, often assumed to be simple accidents, are actually the work of gremlids (anesthesia goblins)

Gremlids

Oxygen insufficiency (hypoxic mixture of inhaled gases)

Absolute versus relative to an individual patient’s needs

Obstruction of the breathing system or the patient’s airway

Anesthesia machine or circuit (peep valve, soda lime, HME, exhaust tubing, draeger muffler)

Upper airway (teeth, tongue, nasal turbinates, redundant pharyngeal tissue)

Larynx: epiglottis pushed down by oral airway or LMA tip; laryngospasm

Tracheal tube or LMA (mucus, blood, clot)

Trachea or major bronchus (mucus, blood, clot, tumor of airway or anterior mediastinum)

Distal airways: bronchospasm, air trapping

Overdosage or other drug administration error

Wrong inhalational or intravenous agent; exaggerated drug reaction; more concentrated drug (ketamine, lidocaine); look-alike drug

Intolerance (including allergic reaction) to drugs given by anesthesia, surgeon, perfusionist (including irrigation, methyl methacrylate, etc.)

Hypoventilation

Ventilator turned off

Major disconnection or breathing circuit leak

Tracheal extubation

Disconnection or major leak at corrugated circuit connection to machine or tracheal tube

Pop-off (APL) valve wide open during mechanical ventilation (older machines)

Soda lime canister seals not correctly mated

Gastric tube (Salem sump) in trachea, especially if connected to suction

Shock

Hypovolemic

Dehydration

Hemorrhage (especially concealed hemorrhage)

Cardiogenic

Myocardial infarction

Cardiac tamponade

Pharmacologic/toxicologic (local or general anesthetic overdose, beta blocker, methyl methacrylate, acidosis)

Arrhythmia (V-Tach—sux, ischemia, lK+, SVT or rapid atrial fib, bradycardia, heart block)

Obstructive (physical obstruction to circulation)

Cardiac tamponade (blood, effusion, air; e.g., from jet ventilation in presence of upper airway closure)

Inferior vena cava compression (pregnant uterus) or portal compression (surgeon)

Tension pneumothorax or air trapping from inadequate exhalation time

Embolism [air/other gas, (venous) thromboembolism]

Distributive/cytotoxic

Septic

Anaphylactic (drugs, blood product, latex)

Neurogenic (high spinal/epidural anesthesia, spinal cord injury, brainstem herniation)

Endocrine/metabolic (Addisonian crisis, thyroid storm, hypothyroidism/myxedema, carcinoid), # ionized [Ca ++]—e.g., due to blood product
administration, especially in patients with liver hypofunction: cirrhosis/thoracic aortic crossclamp)

Amniotic fluid embolism

Pharmacologic/toxicologic (IV or inhaled anesthetic agent, vasodilator, methyl methacrylate, acidosis)

Hyperthermia/hypothermia

Malignant hyperthermia

(continued)
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validate a definitive treatment for clinically significant
venous air embolism.
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Table 112.1 (continued)

Passive hyperthermia/hypothermia (e.g., massive transfusion with cold blood, especially with blood warmer off)

Hyperthyroid/hypothyroid

Intubation catastrophe

Esophageal intubation

Submucosal placement of nasal tube

Mediastinal intubation via perforation of pyriform sinus or airway tumor

Pre-tracheal misplacement of tracheostomy tube

Tension pneumothorax or other pulmonary catastrophe

Pneumothorax from disease, surgery, airway instrumentation, ventilator barotrauma/jet ventilation, subclavian puncture

Atelectasis (secretions, bronchial intubation, microatelectasis)

Aspiration (e.g., of gastric contents)

Asthma/bronchospasm/air trapping

Pulmonary edema (fluid overload, cardiogenic, non-cardiogenic; e.g., negative pressure)

The presence of a gremlid in the operating room can be deduced when, during the administration of a general anesthetic, the patient suddenly and
unexpectedly becomes cyanotic, hypotensive, or difficult to ventilate
HME heat and moisture exchanger, LMA laryngeal mask airway, APL adjustable pressure limiting, V-Tach ventricular tachycardia, K potassium,
SVT supraventricular tachycardia, Ca calcium, IV intravenous
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113Does Cerebral Oximetry Have an Important
Role in Trauma?

Corey S. Scher

Case

A 29-year-old man decided to slide down the newly placed
bannister in Grand Central Station. During his ride down, he
lost his balance and fell. Observing commuters commented
to emergency medical services (EMS) that he landed on his
head. He was unconscious, and his Glasgow coma score was
5–6. There were no obvious fractures, and his abdomen was
soft to palpation. Cardiopulmonary auscultation at the train
station was normal. He appeared to only have a closed head
injury or traumatic brain injury (TBI). He was transported to
the nearest hospital, and his low Glasgow coma score led to
an endotracheal intubation without incident.

An immediate computed tomography (CT) scan was done
and demonstrated diffuse axonal injury (DAI). The criteria
for DAI include CT findings of the following: (1) single or
multiple small intraparenchymal hemorrhages in the cerebral
hemispheres (<2 cm in diameter); (2) intraventricular hem-
orrhage; (3) hemorrhage in the corpus callosum; (4) small
focal areas of hemorrhage adjacent to the third ventricle
(<2 cm in diameter); and (5) brain stem hemorrhage.

When he arrives at your hospital, one of the medical
students asks you, “I’ve seen cerebral oximetry used intra-
operatively in patients at risk for stroke, could it be useful
here as well?”

Question

Does cerebral oximetry have an important role in trauma?

PRO This diagnosis carries a high mortality, and every
monitor and treatment available should be used.

CON Cerebral oximetry won’t help you in a patient with
diffuse axonal injury. There are three stages of axonal
degeneration, all of which are determined microscopically.
Stage 1 is defined as the “occurrence of diffuse damage to
axons in the cerebral hemispheres, the corpus callosum, the
brain stem and sometimes the cerebellum resulting from
head injury” [1]. Stage 2 requires corpus callosum damage,
and Stage 3 includes all of the above plus brain stem injury.
Other than serial scanning or magnetic resonance imaging
(MRI) studies, there are no monitors for this dreaded diag-
nosis. Essentially, it is a deceleration injury where the white
matter is sheared off the gray matter. There is no use for any
treatment other than time.

PRO I do agree that in the case presented, cerebral oximetry
gives very little information as blood flow disturbance is
spotty and the oximeter cannot measure oxygenation in
deeper brain structures. I agree that this monitor is more
useful in detecting perioperative neurologic injury, which
may be related to an imbalance in regional to cerebral
microcirculation, which can be monitored by the cerebral
oximeter [2].

CON I am very familiar with the oximeter. It is very dif-
ferent from pulse oximetry. The leads or stickers are placed
symmetrically on the frontal lobe. The frontal lobe cortex is
quite vulnerable to changes in oxygen supply and demand.
Cerebral oximetry differs from the pulse oximeter by using
two photodetectors allowing sampling at a specified depth.
Near-field (scalp and skull) is subtracted from far-field
(scalp, skull, and brain) reading to provide a measurement of
brain oxygenation beyond a predefined depth [2]. It is
essential to know that the blood monitored is 75 % venous
and 25 % arterial. Therefore, the normal cerebral oximeter
saturation is around 70 %. When the readings from one side
of the frontal lobe are different from the other side, there is
almost nothing that an anesthesiologist can do to get the
lower reading back to normal [2].
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PRO A cerebral oxygen saturation below 50 % is a call for
clinical action by increasing cerebral circulation with
appropriate vasopressors or increasing oxygen-carrying
capacity with a blood transfusion.

CON Let’s say the cerebral oxygen saturation is 70 % on
one side of the frontal lobe and 60 % on the other side. Do I
ignore that? There are very few guidelines or clinical algo-
rithms that describe when to intervene or if the interventions
that you describe have any value. The surgeons want the
mean arterial pressure (MAP) low to decrease blood loss,
especially in situations in which the patient may be coagu-
lopathic. You want the MAP high to improve any difference
in the venous saturation. An argument will break out. In a
severe blunt trauma with a head injury and a hemorrhaging
patient, it is difficult problem. If we did not put on the
cerebral oximetry stickers, we would not know the differ-
ence. I think dealing with the massively bleeding patient
takes priority.

PRO There are some very distinct clinical settings where the
oximeter is helpful. For years, in the cardiac anesthesia
world, the oximeter has detected patients suffering from an
intraoperative stroke. In carotid endarterectomy procedures,
if the cerebral oxygen saturation decreases while the carotid
is clamped, the team can take steps such as raising the blood
pressure or limiting clamp time in order to decrease the
possibility of a stroke. The cerebral oximeter can also be
useful in cases that require unusual positioning that leads to
the possibility of altered cerebral perfusion, such as the
beach chair for posterior fossa tumors or deep reverse
Trendelenburg for laproscopic bariatric cases.

CON Really: Do you use the cerebral oximeter in laparo-
scopic bariatric cases where the operating room table is
placed in severe reverse Trendelenburg? There are subsets of
patients undergoing this procedure who have decreased
venous return with resultant intracranial hypoperfusion. If
you believe in the cerebral oximeter, why don’t you use it in
these cases? Do these patients have any neurocognitive loss?

PRO I have never used the oximeter in the bariatric arena
and am unaware of neurocognitive changes when I see these
patients on postoperative day 1.

CON How could you possibly know if these patients have
neurocognitive changes, as most patients on post-op day 1
on narcotics develop a low-grade systemic inflammatory
response or simply are exhausted from the whole event of

surgery? Neurocognitive changes are diagnosed with com-
plex examinations that are validated and reliable.

PRO I think that during a cardiac arrest, if you apply cere-
bral oximetry and are able to maintain oxygen saturation
around 50 %, this may predict return of spontaneous circu-
lation and better neurologic outcomes.

CON What you think is not true as this has been looked at in
several studies. Adequate cerebral saturations during a car-
diac arrest do not predict return of circulation or better
neurologic outcomes. This was studied prospectively in
Japan only a year ago [3]. The oximeter is not helpful for
advanced cardiac life support (ACLS).

PRO While I know that you think that is a monitor looking
for a place, I can think of one clinical scenario where it is
essential. We have a large bariatric service as Medicaid now
reimburses well for these cases. The patient population
presenting for these cases differs widely with respect to
geography. Patients in states such as Mississippi and
Louisiana are significantly larger than those in New York. At
our public hospital, women weigh around 220 lb, but from
my experience in the Deep South, 400 and 500 lb patients
were not unusual. In all laparoscopic gastric sleeve and
gastric bypass cases, the operating room bed is put in the
deepest reverse Trendlenburg possible. In very obese
patients, blood pools in their lower extremities and systemic
blood pressure drops precipitously. I have done a small pilot
study that is now turning into a real institutional review
board (IRB) investigation where cerebral oximetry measures
venous saturations supine and then in steep reverse
Trendlenburg. Seven of the 10 patients who became
hypotensive had cerebral oximetry changes from a baseline
of 70 % to around 50 %. This is an incredible finding.
I wonder if there are any cognitive changes with prolonged
venous saturations at 50 % or below.

CON While I believe the venous saturations you are
describing are real, finding cognitive changes with all of the
variables that affect a patient in the perioperative period will
be almost impossible.

PRO The “Beach Chair Study” was reported in Anesthesia
and Analgesia in January of 2015 by Laflam et al. Patients in
this position for surgery had an impairment in autoregulation
of the brain without changes in cognition or biomarkers of
brain injury [4]. Low blood pressure did occur in the beach
chair position, which was treated with vasopressors, which
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restored the cerebral oxygen saturation to its original values
[4]. What I take away from these studies is that if you do not
specifically measure cerebral oximetry but you do treat the
hypotension, the venous saturation is restored. The bottom
line is that at least according to this study, the beach chair
position did not really have an impact on patient care. The
bariatric patient is entirely different, and I do expect a clin-
ically significant desaturation rate.

Summary

Other than the obvious use for the cerebral oximeter in
carotid endarterectomies, there is very little evidence that the
cerebral oximeter improves outcomes. Yet, I believe that it is
a monitor that is slowly increasing in utility to make our
patients safe. There is so much room for further clinical
investigation to determine when the cerebral oximeter
improves patient safety and well-being.

References

1. de Lanerolle NC, Kim JH, Bandak FA. Neuropathology of traumatic
brain injury: comparison of penetrating, nonpenetrating direct impact
and explosive blast etiologies. Semin Neurol. 2015;35(1):12–9.

2. Scher C. Chapter 5: general principles of intraoperative management
of the severe blunt or polytrauma patient: the resuscitative phase. In:
Scher C, editor. Anesthesia for Trauma. New York: Springer; 2014.
p. 95–6.

3. Fukuda T, Ohashi N, Nishida M, Gunshin M, Doi K, Matsubara T,
et al. Application of cerebral oxygen saturation to prediction of the
futility of resuscitation for out-of-hospital cardiopulmonary arrest
patients: a single-center, prospective, observational study: can
cerebral regional oxygen saturation predict the futility of CPR?
Am J Emerg Med. 2014;32(7):747–51.

4. Laflam A, Joshi B, Brady K, Yenokyan G, Brown C, Everett A, et al.
Shoulder surgery in the beach chair position is associated with
diminished cerebral autoregulation but no differences in postoper-
ative cognition or brain injury biomarker levels compared with
supine positioning: the anesthesia patient safety foundation beach
chair study. Anesth Analg. 2015;120(1):176–85.

113 Does Cerebral Oximetry Have an Important Role in Trauma? 399



114Should New Trauma Paradigms Be Used
in the Care of the Severe Trauma Patient?

Corey S. Scher

Case

A 32-year-old male who works for the United Parcel Service
is leaving a building in Manhattan after dropping off a
package. A few steps past the revolving door, a car, clearly
out of control, pins the UPS worker against the outside wall
of the building. He is now bleeding from an open pelvic
fracture, and there is no evidence of head injury.

Someone calls 911 and within moments 2 fire trucks
arrive. One team of paramedics is designated to take care of
the driver and the other to care for the UPS delivery man.
The driver appears on initial examination to be uninjured.
The smell of alcohol on his breath is more than noticeable.
Within 3 min, the car is pulled off the delivery man by the
firefighters. A cervical collar is placed on both the driver and
the victim.

A team of paramedics places the UPS worker on a spine
board, inserts an IV, places a non-rebreathing oxygen mask,
and calls the nearest Level I trauma center to report. Initial
vital signs are a blood pressure (BP) of 75/40, pulse at 120
beats per minute (bpm), and temperature of 34.9 °C. Oxygen
saturation is 88 %.

In the emergency room (ER), the trauma team does a
complete initial assessment of the UPS delivery man.
The FAST (Focused Assessment with Sonography in
Trauma) examination is positive for blood in the abdomen.
Due to his hemodynamic instability and likely full stomach,
a rapid sequence induction with etomidate and succinyl-
choline, and intubation with manual in-line stabilization, is
performed before transport to the operating room (OR). The
cervical collar is re-applied. Vital signs are now BP 60/40
with a pulse of 140 bpm. An initial arterial blood gas

(ABG) sample reveals combined metabolic and respiratory
acidosis. The lactate is 8.

The trauma anesthesia team consists of 4 residents and 2
attendings.

Questions

Should new trauma paradigms be used in the care of the
severe trauma patient? Are blood products and hypertonic
saline better than vasopressors for treating hypotension in
trauma patients?

CON: The first attending says, “Give me a syringe of
phenylephrine stat!”

PRO: The second attending shouts back, “No! The pressure
is not only fine but that is what we want. Just give him blood
if you have it or 5 % saline if you don’t. Activate the
massive transfusion protocol!”

CON: “I have been involved with trauma care for 30 years
and this is ridiculous. I am giving 200 micrograms of
phenylephrine. He is, until proven otherwise, a closed head
injury and hypotension could result in a poor neurological
outcome!”

PRO: “You must be kidding me. Phenylephrine is a terrible
vasopressor for critically ill patients. Sure, in most cases
there is not a big difference among pressors, but here it
matters! If you have to use a pressor, choose vasopressin.
There are no vasopressin receptors in the lung so the nec-
essary low pulmonary vascular resistance is maintained
while the systemic pressure goes up. I have never seen a
patient in a surgical intensive care unit (SICU) on a
phenylephrine infusion. Never! Even better would be to
allow for deliberate hypotension until the blood products or
5 % saline arrives. The average age of a trauma patient is 29
and he fits right into the evidence that deliberate hypotension
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corrects coagulopathy, acidosis, and hemorrhage [1]. Let the
pressure be corrected with the appropriate blood products.
His cerebral oximeter reading is 70 on both sides of the
brain.”

CON: “What? Since when did you become a threat to the
patient? When did the cerebral oximeter become the gold
standard for the entire brain?”

PRO: “I guess you are right about the oximeter. Let’s look
at overall outcomes, though. Research shows that permissive
hypotension during initial resuscitation may improve trauma
outcomes [1]. I believe that future studies will show that
permissive hypotension may save lives.”

CON: “What does the word ‘may’ mean? How is it that I
have never heard of this? I will read the paper critically.
What other center does this?”

PRO: “In the sentinel Morrison paper [1], utilizing deliber-
ate hypotension works, particularly in our patient popula-
tion, which is usually young and healthy. Patients
undergoing laparotomy or thoracotomy for trauma that was
either blunt or penetrating were enrolled if they had 1 or
more episodes of low blood pressure (SBP < 90 mm Hg).
The two groups were a goal mean arterial pressure (MAP) of
50 mm Hg (study group) versus a MAP of 65 mm Hg
(control group). This project took place at Ben Taub, Bay-
lor’s trauma hospital. Ninety patients were enrolled. The
data on transfusion requirements, correction of coagulopa-
thy, and survival are impressive [1].”

CON: “Do you believe everything in a citable journal?
Without reading the paper, the sample size is ridiculously
low at 90. The institutional review board (IRB) must have
been drunk to approve this study. You cannot compare any
single trauma to any other trauma and therefore how are the
cohorts made? How do you define blood loss in cases where
our booties squish and squash when we walk in the room? A
multivariate analysis to control all the variables in this study,
while well done, may simply not be enough to convince the
clinician. It is a very interesting idea but I am not changing
my practice until I read the paper for myself.”

PRO: “Even things that are far out have been proposed. In a
planned project at the University of Pittsburgh, surgeons will
drain a severe trauma patient’s blood and replace it with
freezing saltwater. With deep hypothermic circulatory arrest,
the heart and brain will be put in suspended animation—the
patients will be clinically dead. Then they will fix whatever
they can. They have based this technique on animal models
where there was no neurocognitive change. However, sci-
entists have never tried anything like this in humans, and

unconscious patients will not be able to consent to the pro-
cedure. Therefore, free bracelets are being given to any
Pittsburgh citizens who do not want to be included in the
study if they are in a trauma. The Department of Defense is
providing the funding. The study will involve 20 subjects
with ‘catastrophic penetrating trauma’ and cardiac arrest
secondary to hemorrhage. There are no data yet, but some-
thing has to be done, as the prognosis in severe blunt trauma
is not good.”

“Only 1 in 10 survives with your approach to these patients.
I think the permissive hypotension study [1] is an attempt to
quickly turn things around, and has more of a chance of
changing practice than the Frankenstein attempt at Pittsburgh.
Permissive hypotension didn’t get a fair trial.”

CON: “There is no way in just 20 patients this Pittsburgh
study can account for the variables, and this study will take
so long that other approaches may prevail.”

PRO: “I read with great anticipation about a new initiative
that should improve the 1 in 10 survival rate for severe
trauma. The military has a project called the Prehosptial Air
Medical Plasma (PAMPer) trial [2]. Severe hemorrhage and
coagulopathy are the main players in early preventable death
in both military and civilian trauma. Trauma centers advo-
cate early plasma transfusion as it has consistently been
shown to improve outcomes. Having plasma in the field
shortly after the time of injury has demonstrated both fea-
sibility and improved short-term outcomes. The PAMPer
trial will look at both coagulation and immunological
response to early plasma as well as 30-day mortality. The
trial is ongoing and the original paper claims a very positive
outcome in all areas being examined while at the same time
referring to flaws in the trial’s design, which are not very
different from the usual trauma trials (Cannot be
double-blind, examiner bias, etc.). Because universal donor
plasma is blood type AB, the benefits of transfusion in the
field outweighs the costs.”

CON: “Great idea, but it seems way too complicated for the
civilian population. Are first responders going to have
thawed fresh frozen plasma (FFP) on their emergency
vehicles and if they do, how long can each unit survive at
room temperature? There could be a few vehicles specifi-
cally designed to go to every trauma with the exclusive goal
of preparation and transfusion of FFP and any other proco-
agulants. Simply stated, I just do not see in happening and
adopted so readily.”

PRO: “Another very practical concept is having interven-
tional radiology (IR) next to the trauma OR or, better, to
have the radiology suite as part of the trauma operating
room. Ideally, the computed tomography (CT) scan would
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be close by as well. Clinical logistics often influence care,
and these arrangements would remove the difficulties of
patient transport and lead clinicians down the best pathway:
either damage control surgery with the risks of coagulopa-
thy, acidosis, hypothermia and possible bleeding; or simple
embolization of non-essential vessels that are responsible for
hemorrhage [3]. Including whole body CT (WBCT) in the
initial work-up of trauma patients leads to a higher radiation
dose, during a shorter scan, as well as fewer add-on CT
scans. WBCT takes 12 min, which might be too long if the
aforementioned arrangement is not assembled. Traveling
from CT to IR to OR could be more than the ‘Golden Hour’
would allow.”

Summary

All of the new trauma approaches are actually used today.
They may or may not work in the culture of the level 1
trauma center. Use of low blood pressure to minimize
coagulopathy and to control bleeding has been adopted by
many well-known centers. The administration of FFP in the
field is a great idea if the logistics and investigations pan out.

Having the OR, IR, and CT scan in the same suite is a
fantastic idea, but is used only in newer or planned hospitals.
A universal algorithm for choosing IR over surgery or sur-
gery over IR needs further investigation. The pro-con dis-
cussion here brings out the fact that an ongoing diversity of
practice is not going to change significantly in the near
future.
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115Do Herbal Supplements Create Unnecessary
Risk for Patients?

Mark R. Jones, Francisco Calixto, and Alan David Kaye

Case

As the resident anesthesiologist preparing for a scheduled
total thyroidectomy on a Friday morning, I hurried into the
preoperative ward to assess my patient. We were already
behind on the day, and a palpable angst hung thick in the
operating room (OR) as we headed into a holiday weekend.
I ran through the patient’s medications with her at the bed-
side. Her past medical history included coronary artery
disease with a bare metal stent (BMS) placed a little over a
year ago. She assured me that, as instructed, she hadn’t taken
her aspirin or clopidogrel for 7 days. When she reached into
her purse for the slip of paper with her medication timetable,
I noticed a green prescription bottle with what appeared to
be tables of indications, adverse reactions and the like listed
upon it.

“What’s in that bottle?” I asked her.
“Oh, that’s garlic,” she replied. “My sister said it’s good

for your heart.”
Concerned, I dug for some more information. I learned

that she had been taking 1000 mg of powdered garlic cap-
sules daily for the past 2½ weeks, with her last dose just this
morning. The patient’s preoperative assessment form, com-
pleted 3 weeks ago in the preoperative clinic, did not indi-
cate any supplement use. I asked why she had failed to
mention her usage of herbal supplements, to which she
simply stated, “No one had ever asked me about it. It’s not a
drug. It’s natural.”

I knew that garlic can act synergistically with other
medications such as warfarin, heparin, and aspirin to
increase bleeding time, but I wasn’t sure how much of a risk
it posed for this potentially bloody procedure [1]. To confuse
matters further, she admitted to taking 600 mg of ginseng a
day as well to increase her physical stamina. I recalled that
ginseng has antiplatelet properties as well [2]. Once more,
she nonchalantly brushed off the gap in her medication
record, repeating that the supplements are “natural and
harmless.” I hurried off to find the staff anesthesiologist who
planned on starting the case with me.

We nearly collided as he careened around the corner. He
was running 2 rooms that day—1 with a critically ill patient
undergoing a coronary artery bypass graft. He cut me off
midway through my question.

No. It’s fine. Garlic and ginseng are perfectly fine. Go
ahead with the case.

Question

I remained concerned. Did these herbal supplements create
unnecessary risk for the patient?

After the staff gave me the OK, I finished prepping the
room for the case. My phone rang shortly after; my attending
informed me he was caught up in the heart case and had
paged one of his colleagues to come start the thyroidectomy
with me.

The new staff anesthesiologist met us as we were rolling
the patient back. I greeted her and handed over the preop-
erative evaluation.

“Everything looks good,” she remarked. “Anything else I
need to know?”

CON: I told her about the herbal medications, and that the
original anesthesiologist scheduled for the case had said not
to worry about it. In his experience, garlic and ginseng did
not present an issue. The antiplatelet effects of both herbs are
modest at most [3].
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“Yes, that’s true. They can increase bleeding. But,
judging by her normal coagulation panel, there’s no cause
for concern about overt bleeding,” said the new staff
anesthesiologist.

“Those coags were run 3 weeks ago,” I said.
At this point we had reached the room. The nurses, scrub

tech, and surgery resident were finishing up their prepara-
tions. The staff anesthesiologist had a nervous look about
her, and asked me to go through the patient’s history with
her once more. I told her that the patient had a bare metal
stent placed roughly a year ago, hence the clopidogrel and
aspirin. While she had stopped those 7 days prior to surgery,
we now had new information: the herbal medications that
she had begun after her preop labs were run.

PRO: “This is inappropriate,” my staff exclaimed. “We have
a non-emergent surgery without an accurate assessment of
this patient’s bleeding risk. This new information renders the
coags we have on her irrelevant. We haven’t properly
measured her platelet function as it stands right now.”

She explained that, while not common, she had seen
thyroidectomies bleed extensively. She went on, “Garlic
leads to antiplatelet activity via inhibition of thromboxane
synthesis by direct non-competitive inhibition with the COX
enzyme [4]. In 1 study, after 26 weeks of consuming a clove
of fresh garlic a day, thromboxane A2 levels went down by
80 % [4].”

This was no trivial matter, and we needed to postpone the
case.

While she ran off to find the surgeon and deliver the
news, I decided to look up the American Society of Anes-
thesiologists (ASA) guidelines on herbal medications [5].
Sure enough, the ASA recommends that all herbal medica-
tions be discontinued at least 2 weeks before an elective
procedure. I also took a look at the literature, and found
recent information on a second mechanism leading to
bleeding: Garlic leads to a decrease in the number of func-
tional GPIIb/IIIa receptors on platelets, decreasing the
binding of fibrinogen and vWF, and inhibiting platelet
aggregation [1].

I could hear the case being discussed outside the room.

CON: Naturally, the surgeon was upset. “I’ve performed
hundreds of these cases, and you know what? Sometimes the
patient is taking an herbal supplement. There’s never going
to be a perfect scenario, and there will always be risk
involved in surgery.” He motioned to the operating room, all
ready to go. “You want to waste all this time and money?
That’s a big expense to write off, don’t you think?”

PRO: “The bottom line,” the staff anesthesiologist
explained, “is that we had no way of immediately assessing
this patient’s risk. Compounding the risk was the fact that
this patient has also been taking ginger, which exhibits

significant antiplatelet action via inhibition of the arachi-
donic acid pathway and by decreasing thromboxane syn-
thetase, thereby prolonging bleeding time [6, 7].”

With this procedure we had to consider not only the
intraoperative bleeding involved, but also the increased risk
of airway collapse with postoperative hematoma formation.
On top of it all, this elderly patient had multiple risk factors
and comorbidities, which further increased her risk status [8,
9]. I gave her the ASA guidelines on my phone, which
supported what I told her. She showed these recommenda-
tions to the surgeon and referenced the literature that
enforced the risk of increased bleeding time associated with
these supplements [1–4, 6–8, 10, 11].

While we were all disappointed to cancel the case, we
could not allow our eagerness to overwhelm what was the
correct course of action. In all likelihood, we would have
been able to perform this case and get away with it. But
shooting from the hip in the face of the unknown is not
proper medicine, and we knew that. The surgeon begrudg-
ingly accepted, and agreed to postpone the case for a later
date.

Summary

The dietary supplement industry has seen a vast proliferation
in recent years, propelled largely by unsubstantiated pro-
mises of health benefits and “natural” cures for many
ubiquitous medical conditions. Whether they be herbals,
vitamins, minerals, amino acids, or enzymes, these seem-
ingly benign supplements do, in fact, have important phar-
macokinetic and pharmacodynamic implications. Given the
right setting, they can easily and ultimately provoke serious
perioperative complications. To further exacerbate the situ-
ation, while it is estimated that more than 55 million US
adults report using supplements in their lifetime, as many as
70 % of these patients do not disclose their use of these
supplements if they are not specifically asked [9, 12]. Thus,
it is imperative for the anesthesiologist to be thorough during
the preoperative evaluation, and to explicitly inquire about
all potential dietary supplements consumed by the patient.
This will help to eliminate the confusion often encountered
by patients who misconstrue what is necessary to disclose
medication-wise. Likewise, it is essential for the practitioner
to understand the multifaceted implications of each supple-
ment listed, particularly the potential effect on the patient’s
perioperative hemodynamics, coagulation status, central
nervous system function and endocrine system. The Amer-
ican Society of Anesthesiologists currently recommends that
all dietary supplements be discontinued 2 weeks prior to an
elective surgical procedure.

The anesthesiologist must be vigilant regarding some of
the more common supplements that may affect blood loss,
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such as: bilberry, bromelain, dong quoi, feverfew, fish oil,
flax seed oil, garlic, ginger, gingko biloba, grade seed
extract, saw palmetto, chamomile, dandelion root, horse
chestnut, vitamin K, and vitamin E [5].
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116How Much Evaluation of the Airway Is
Essential Prior to Anesthesia?

Levon M. Capan, Sanford M. Miller, and Corey S. Scher

Case

A 60-year-old man, 165 cm tall and weighing 90 kg, is
scheduled for sigmoid colectomy. He has no history of
cardiac, respiratory, or other vital organ disease, allergies, or
licit or illicit drug use. He complains of pain in his joints.
Four years ago he underwent an inguinal herniorrhaphy with
general anesthesia, apparently, as he states, without any
anesthetic problem.

The preoperative anesthetic evaluation is performed by
the CA1 anesthesia resident scheduled to administer the
anesthetic under the supervision of an anesthesiologist the
next day. His airway evaluation consists of the patient’s
Mallampati score, which reveals a visible uvula, and mea-
suring a thyromental distance, which is 4 cm. Upon the
resident’s presentation of the case, his supervising attending
asks for additional airway evaluation findings.

Question

Should your airway evaluation be limited to the Mallampati
score and the thyromental distance?

PRO: Yes. I do not think we need any further airway
evaluation with our current airway algorithms and tech-
nologies. In the past 30 years, we have seen the widespread

use of intubating supraglottic airways (SGAs), such as the
laryngeal mask airway (LMA), flexible fiber-optic bron-
choscopes, videolaryngoscopes, bougies, and sophisticated
stylets. Obviously, it is important to look at and examine the
patient, but I am not totally convinced that extensive eval-
uation beyond the Mallampati score and thyromental dis-
tance measurement, and even those two tests, specifically
provide us with clinically useful information.

CON: I disagree and will try to explain the reason for my
disagreement, but can you first tell me about the evidence
behind your statements?

PRO: Numerous existing studies show that the tests
designed to predict difficult intubation may predict easy
intubation (specificity) better than difficult intubation (sen-
sitivity), but they are not 100 % sensitive or specific. The
reason was succinctly explained by Yentis [1] in a 2002
editorial: Because of the overlap in features between the easy
and difficult intubation populations, there is no existing test
capable of separating these patients with absolute accuracy.
The best these tests can do is to separate them into discrete
groups, but there is enough overlap to result in a much less
than absolute sensitivity, specificity, and positive and neg-
ative predictive values for the difficulty of intubation. Then,
the clinician has 2 choices: either to consider subjecting
some of the predicted but not actually difficult patients to
special airway management maneuvers, or to do the opposite
by applying conventional management techniques to some
of the predicted easy but actually difficult patients, which
may result in disastrous complications.

When airway management techniques were limited to
Macintosh or Miller blades and flexible fiber-optic bron-
choscopes, airway evaluation was very important. Failing to
secure the airway with conventional blades meant that your
only other options were fiber-optic bronchoscopic guidance
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either asleep or awake, or a surgical airway. Converting to
an awake fiber-optic intubation, however, involves signifi-
cant additional preparation, time loss, and risk in the pres-
ence of edematous airway structures after multiple
laryngoscopy attempts. Now, failed intubation with con-
ventional direct laryngoscopy can in some cases be rescued
without a long preparation—with a videolaryngoscope or a
supraglottic airway with the endotracheal tube then suc-
cessfully directed under direct vision with the videolaryn-
goscope or blindly through the supraglottic airway. So I
believe that a detailed airway evaluation in a patient with
normal-looking facial anatomy, and without a history of
disease that would contribute to difficult intubation, will not
necessarily improve outcomes, given the current advances in
airway management.

CON: I believe this matter is not that simple. Obtaining an
adequate airway history and examination is essential. For
example, aspiration, obstructive sleep apnea (OSA), and
morbid obesity are 3 common causes of morbidity and
mortality irrespective of the technique used. Regurgitation or
vomiting resulting in aspiration of gastric contents, and the
potential for aspiration pneumonitis, is more likely in
patients with a history of gastroesophageal reflux disease
(GERD) and factors that delay gastric emptying such as
opioid use, pregnancy, or diabetes. Obviously, recent food
intake increases the likelihood of aspiration as well. Ultra-
sonographic evaluation of gastric contents by examining the
diameter of the gastric antrum may be able to determine the
presence of a full stomach [2]; however, further studies are
needed to establish diagnostic reliability. Patients with
obstructive sleep apnea (OSA) will likely have symptoms of
frequent awakening and gasping for air during sleep or
snoring loud enough to be heard through a door. Also, a
short questionnaire, the STOP-Bang algorithm can be used
[3]. Although some patients with OSA are not obese, those
with obesity may be more likely to be difficult to ventilate by
mask or supraglottic airway (SGA), or to be difficult to
intubate by conventional laryngoscopy. A history of easy
airway management during a previous surgery does not
necessarily eliminate the possibility of a difficult intubation.
A patient may have gained weight, or underlying disease
such as jaw arthritis or a tumor impinging on the airway may
have worsened, or head and neck radiation may have dis-
torted the airway anatomy.

Determining the inter-incisor gap provides definitive
information, if it is less than 2 cm, it will be impossible to
introduce either a conventional or a videolaryngoscope, and
an awake fiber-optic intubation will be required. I agree that
the conventional airway evaluation measures such as thy-
romental distance, Mallampati score, chin protrusion,

compliance of mandibular space, length and thickness of the
neck, and neck range of movement are less useful in pro-
viding information about the ease or difficulty of intubation
with videolaryngoscopy [4]. Nevertheless, a thorough air-
way examination should be performed in case conventional
laryngoscopy will be used. It should be added that even in
patients with a normal airway examination and unremark-
able history, laryngoscopy may be impossible. This is often
due to the presence of lingual tonsillar hypertrophy blocking
the glottis opening, which cannot typically be determined on
history or physical.

PRO: As you mentioned, with the exception of mouth
opening, the rest of the airway examination does not apply to
videolaryngoscopy. Also, airway evaluation measures for
laryngoscopy with conventional blades are not highly pre-
dictive. Why not use a videolaryngoscope routinely then to
improve the success rate and also to eliminate the need for a
pre-intubation examination?

CON: Although the available evidence suggests that intu-
bation with a videolaryngoscope results in greater success
than with conventional blades, the videolaryngoscope is by
no means an absolute guarantee of successful intubation [5].
In fact, there are instances when intubation fails with vide-
olaryngoscopy but is successful using conventional blades
[6, 7]. Similarly, a supraglottic airway is an outstanding
rescue device, and can often be used as a guide to facilitate
fiber-optic intubation, but also will fail in some cases. If
there is any question that a case could become a “can’t
intubate, can’t ventilate” situation, an awake intubation, or
non-general anesthetic technique when possible (regional or
local anesthesia) should be used.

True, the sensitivities and specificities of individual air-
way assessment tests may be low, but their usefulness
increases when they are combined. For example, multifac-
torial risk assessment for difficult intubation using conven-
tional airway evaluation tests have sensitivities of 60–95 %
and specificities of 65–92 %, which, given a 2–3 % difficult
intubation rate, results in a low positive predictive value
(18 %) but a high negative predictive value (99 %) [8].
Thus, by performing a thorough evaluation we can improve
our prediction of easy intubation with conventional laryn-
goscopy. Preoperative airway evaluation is performed to
plan for airway management. The preoperative evaluation
not only is used to guide our evaluation of intubation diffi-
culty, but also to determine whether mask ventilation will be
feasible, and if a supraglottic airway is appropriate. Risks
increase in patients with a full stomach or in circumstances
when the head of the patient will be away from the anes-
thesiologist. Additionally, in patients with a potential
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difficult airway, it may be appropriate to have an additional
fully trained anesthesiologist in the room for induction and
extubation. In the Fourth National Audit Project of the
United Kingdom (NAP4) performed by the Royal College of
Anaesthetists, one of the causes of undesirable airway out-
comes in critical care and emergency department units
(although not in elective operating room patients) was
inadequate airway evaluation and planning [9]. Thus I
believe proper airway evaluation is essential prior to
attempting any airway management.

PRO: I am still somewhat surprised that videolaryngoscopy
is not considered a default intubation technique in most
institutions. Most of the currently available videolaryngo-
scopes have a lens or video chip attached to the distal end of
the blade and are capable of transmitting the magnified
images to a display screen. Thus, they permit a direct view
of the glottic opening by the operator and also by others in
the room. They are easy to use in the operating room and
also in remote locations, including the prehospital setting,
and require minimal setup time. Appropriately sized video-
laryngoscopes can rescue failed direct laryngoscopy in both
adults and children, they can be used in sedated awake
patients when the airway is anesthetized with topical anes-
thetics, they provide a better view with less vertebral
movement in immobilized patients with cervical spine dis-
ease, and they allow more successful intubation by indi-
viduals less trained in airway management [10]. Unlike
conventional laryngoscopy, which requires establishment of
a straight line between the operator’s eye and the glottis,
videolaryngoscopes, can look “around the corner,” and do
not require force on the soft tissues or unusual head and neck
positioning. Thus, trauma to the supraglottic structures is
probably less likely and less severe [10].

CON: Most of the advantages you mentioned for video-
laryngoscopy are true. Indeed, the success rate of intubation
is close to 100 % (98 %) and the rescue rate by these scopes
after failed direct laryngoscopy is about 94 % [5]. However,
directing the endotracheal tube into the larynx may be diffi-
cult for several reasons. The path of the tube requires a much
sharper curve than the conventional “hockey stick” tip
deflection. Thus, unless a stylet with almost the same curve as
the videolaryngoscope blade is used, directing the tube to the
larynx may become difficult. Also, the bulk of the video-
laryngoscope blade leaves little room to manipulate the tube
toward the larynx, especially if there is a space-occupying
lesion, such as a malignancy, extensive infection, or fixation
of the oropharyngeal soft tissue as occurs in patients with
prior radiotherapy to the head and neck [5]. Additionally,
blood or secretions in the oropharynx, even in small quanti-
ties, may obstruct the view by smudging the lens of the

videolaryngoscope. It is not possible to remove such secre-
tions with a flexible suction catheter as the catheter often does
not follow the curve of the blade and thus cannot be directed
accurately [10]. Intraoral blood and secretions do not cause
obstruction of the view as easily during conventional laryn-
goscopy, and due to the direct line between the anesthesiol-
ogist’s eye and the vocal cords, can often be suctioned out
with a standard suction catheter.

Summary

Traditional airway assessment performed for conventional
laryngoscopy, and intubation is the standard of care and
must be performed routinely irrespective of the type of air-
way management device or technique used. Although airway
assessment methods used for conventional laryngoscopy are
little help for videolaryngoscopic or supraglottic airway
facilitated intubation, they should be performed routinely; in
case, there is a need to rescue a failed videolaryngoscopic
intubation with conventional laryngoscopy. If ventilation or
intubation may be impossible, an alternate anesthetic tech-
nique (local or regional) should be used when possible. If
general anesthesia is needed, an awake intubation should be
performed. Routine use of the videolaryngoscope for airway
management is a controversial issue, and there is a need for
further scientifically rigorous study results to embark on
such decisions.
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117Are There Concerns with Using Droperidol
for Sedation for an Awake Fiberoptic
Intubation?

Corey S. Scher

Case

A 60-year-old patient with a history of squamous cell car-
cinoma on the floor of his mouth presents for esophageal
dilation, which is needed after his radiation, chemotherapy,
and surgery. The tumor was completely resected and he has
a flap to his face and neck to cover an extensive wound. Of
late, he has had a problem eating solid food as a result of a
narrowed esophageal lumen. It is hoped that the dilation will
allow him to eat and maintain his current weight. From the
airway examination and history, it is obvious that an awake
fiberoptic intubation is the safest course of action. Due to
what appears to be a treacherous airway, a second attending
anesthesiologist is asked to join the resident and assigned
anesthesiologist.

Attending 1 explains, “There are 3 components to the
awake fiberoptic intubation that are essential for success:
excellent nerve blockade, outstanding sedation that does not
compromise respiration, and a detailed preprocedure dis-
cussion that makes each step crystal clear so the patient
never panics.”

“So, what is your sedation plan?” the resident asks.
“I start with 10–15 mg of droperidol, an infusion of 0.7

mcg/kg/h of dexmedetomidine with a small dose of keta-
mine (10–20 mg). With dexmedetomidine alone, patients
arouse very easily. I do not give fentanyl ever or any other
drug that is a respiratory depressant as once he becomes
apneic we could easily lose the airway.”

Question

Is droperidol a good choice for sedation during an awake
fiberoptic intubation?

CON (Attending 2): Ten to 15 mg of droperidol! You must
be crazy. He will sleep forever. Also, the drug has a black
box warning, because it could prolong the Q–T interval and
make the patient at risk for torsades de pointes. Should you
not get an electrocardiogram (EKG), to obtain a baseline Q–
T interval before giving a drug that could increase the QT
interval further?

PRO: If I said haldol and not droperidol, would that make a
difference? We give haldol to disruptive patients in similar
doses and keep going until the patient is calm. We do not
seem to care, yet it does not impact the Q–T interval any
differently than droperidol. Psychiatrists prescribe both
atypical and classic antipsychotics all the time without an
EKG or concern for the Q–T interval. I am not sure that this
is even an issue. In a study by Calver et al. [1], more than
1000 patients in the emergency room were given high-dose
droperidol for sedation. Many of these patients were taking
medications known to increase the Q–T interval, yet none
experienced torsades. That study was published in 2015.

CON: The black box warning did not come from outer
space, and despite your claim or personal feelings, droperi-
dol is still on the list. There is no indication that it is going to
be taken off. I have been successful with midazolam and
fentanyl and have never had a patient go apneic. I also use
the spray-as-you-go technique as I move down the airway
with a syringe of 2 % lidocaine attached to the port on the
fiberoptic scope.

PRO: Several recent studies from the past 3 years strongly
declare that what I do with droperidol is safe in regard to the
Q–T interval and avoiding torsades [2–4]. Macht et al. [2]

C.S. Scher (&)
Department of Anesthesiology, Perioperative Care and Pain
Medicine, New York University School of Medicine, New York,
NY 10016, USA
e-mail: coreyscher@gmail.com

© Springer International Publishing Switzerland 2017
C.S. Scher et al. (eds.), You’re Wrong, I’m Right, DOI 10.1007/978-3-319-43169-7_117

415



found that in 532 agitated patients given haloperidol or
droperidol outside of the hospital, no significant difference
existed in QTc prolongation, adverse events, or need for
repeat sedation between the groups who were given
haloperidol and those administered droperidol. The mean
droperidol dose in this study was 7.9 mg [2]. Nuttall et al.
[3] found that low-dose droperidol does not increase the
incidence of polymorphic VT or death when used in a dose
of 0.625 mg to treat postoperative nausea and vomiting in
the surgical population, in a large population study of 20,122
patients who received 35,000 doses of droperidol.

Torsades is triggered by a prolongation of cardiac repo-
larization [4]. The contribution of many anesthetic drugs to
“torsadogenicity” has been studied and detailed in a review
article by Staikou et al. (Table 117.1) [4].

As you can see, most of what we use each day might
induce torsades. Droperidol is just one of many drugs on the
list. We don’t worry about torsades every time we turn on
the desflurane.

CON: Why would you use 10–15 mg though?! The patient
will sleep forever.

PRO: Full effect could take 30 min with a lower dose.
Anesthesiologists do not like to wait. When the full effect is
achieved, the patient becomes “chemically handcuffed” and
will do whatever is asked of him or her. This translates into
opening his mouth and taking a deep breath, which results in
open vocal cords. The patient will hold his breath for long
enough that you can do the fiberoptic intubation. The only
downside is that maximum sedation may occur after a short
case is over.

CON: I get great sedation with my technique. I can reverse
the fentanyl and the midazolam. You cannot reverse the
droperidol if the case is short and you may wait over an hour
for the patient to wake up. I am not changing my technique;
or better stated, I am not making any changes when I teach a
student fiberoptic intubation.

Table 117.1 Anesthetic drugs
and electrocardiogram
(ECG) signs of torsadogenicity

Drug QT
interval

QT corrected for
HR (Qtc)

Transmural
dispersion of
repolarization

Isoflurane ++

Desflurane ++

Sevoflurane + ∅

Propofol Min or − Min

Fentanyl ∅

Alfentanil ∅

Remifentanil ∅

Sufentanil + at
high
doses

Succinylcholine +, lessened by
opioids, b(beta)-
blockers

Non-depolarizing neuromuscular blockers ∅

Anticholinesterase–anticholinergic agents
together (neuromuscular blockade reversal)

++

Sugammadex ∅ in low or high
doses

Local anesthetics ∅

Subarachnoid sympathetic block + if extensive

Thoracic epidural anesthesia – –

Midazolam ∅ ∅

Droperidol, domperidone, 5-HT3
antagonists

++

Based on information from [4]
+ = prolongs that interval
++ = “significantly” prolongs that interval
∅ = No effect
Min = minimal effect
– = decreases that interval
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PRO: The next time I do a fiberoptic intubation, I will grab
you to show you how smooth the procedure is with
droperidol.

CON: I still maintain it is a muddled topic. I do agree that
anti-emetic doses of droperidol are safe, but I am not con-
vinced that a larger dose is OK.

PRO: The paper where droperidol was given in a mean dose
of 8 mg in the emergency room says it all [2]. Any sensible
literature on the topic will look at QT corrected for heart rate
(QTc). Obviously, the QT interval increases when the heart
rate slows, making any study that looks only at the QT
interval worthless.

CON: If I was taking the oral boards, I would never bring up
the topic of droperidol at the doses you suggest. Perhaps
high doses are safe, but since I have been fortunate to use my
midazolam/fentanyl combination with great success, I have
no reason to get into this muddled zone. I have looked at
PubMed, and I see that you are citing only the prodroperidol
paper and ignoring the countless papers that conclude there
remains a significant danger with those drugs that increase
the QT interval.

PRO: Once you turn on your inhaled anesthetics and give
ondansetron, you are back in the muddled zone. Why are
you OK with sevoflurane and ondansetron when the QT
prolongation is more than significant? When have you seen
or heard of a psych patient given haldol go into torsades? It
is ridiculous.

CON: Again, you may be right but I have no place in my
practice for large doses of droperidol.

Summary

With the current ongoing drug shortages, many hospitals no
longer have first-line drugs for fiberoptic intubation such as
dexmedetomidine and ketamine, and clinicians have become
experts with other drugs that do not depress ventilation such
as droperidol. While I am certain that high-dose droperidol is
safe, as demonstrated in the old days with the use of Innovar
(combination of droperidol and fentanyl), I no longer use it.
It is not available in our practice and may never be back in
our anesthesia carts. I have moved on for practical reasons to
other medications for sedation for the awake fiberoptic. I am
no longer in mourning for droperidol.

References

1. Calver L, Page CB, Downes MA, Chan B, Kinnear F, Wheatley L,
et al. The safety and effectiveness of droperidol for sedation of acute
behavioral disturbance in the emergency department. Ann Emerg
Med. 2015;66(3):230.e1–238.e1.

2. Macht M, Mull AC, McVaney KE, Caruso EH, Johnston JB,
Gaither JB, et al. Comparison of droperidol and haloperidol for use
by paramedics: assessment of safety and effectiveness. Prehosp
Emerg Care. 2014;18(3):375–8.

3. Nuttall GA, Malone AM, Michels CA, Trudell LC, Renk TD,
Marienau ME, et al. Does low-dose droperidol increase the risk of
polymorphic ventricular tachycardia or death in the surgical patient?
Anesthesiology. 2013;118(2):382–6.

4. Staikou C, Stamelos M, Stavroulakis E. Impact of anesthetic drugs
and adjuvants on ECG markers of torsadogenicity. Br J Anaesth.
2014;112(2):217–30.

117 Are There Concerns with Using Droperidol … 417



118Do Special Measures—Such as Postoperative
CPAP, a Prolonged PACU Stay, and PACU
EtCO2 Monitoring—Improve the Outcome
in a Patient with Obstructive Sleep Apnea?

Brent J. Luria

Case

As the anesthesiologist in charge, I was kept informed of all
complications in the post-anesthesia care unit (PACU).
Most, when investigated, were isolated incidents and not
systemic PACU deficiencies. However, over a few weeks
last January, a man was found with an oxygen saturation of
89 % requiring opioid reversal, and then a woman had a full
respiratory arrest resulting in reintubation. Three similar
cases in February set all of us on edge. With some detective
work and analysis, one commonality was discovered: All
carried a preoperative diagnosis of obstructive sleep apnea
(OSA). Was this coincidence or connection? The department
chairman wisely asked me to look into the issue and to
suggest solutions. My mission was to decide whether
patients with OSA should be treated differently in the PACU
and to implement new policies to improve patient safety (and
not unduly utilize resources).

As a faculty member at a teaching hospital, I, of course,
turned this into a teaching opportunity. I found two eager
residents, each to investigate and debate one side of the
topic. A few days later, we sat down together:

Question

Do special measures such as postoperative continuous pos-
itive airway pressure (CPAP), a prolonged PACU stay, and
PACU end-tidal carbon dioxide (EtCO2) monitoring
improve outcomes in patients with OSA?

PRO: Dr. Luria, I reviewed the literature and considered this
topic and one thing is abundantly clear to me: The only safe
option to minimize respiratory complications is to imple-
ment new measures for all patients with OSA in the PACU.
Specifically, continuous positive airway pressure (CPAP),
end-tidal carbon dioxide (EtCO2) monitoring, and a pro-
longed stay in the PACU or other fully monitored setting.
Every patient who walks in the door should be screened for
sleep apnea, and a positive result should trigger these mea-
sures even if they haven’t received a formal diagnosis.

CON: I too have reviewed the literature, and I believe that
my fellow resident goes too far. Sure, these precautions are
reasonable in patients with known severe sleep apnea. But it
is drastic and a misallocation of hospital resources to take
these measures on ALL patients with known or suspected
sleep apnea without taking into account that the patient
could have only a minor degree of OSA, and the procedure
could be just a nevus excision with local and a squirt of
midazolam. Clinical judgment is required, not another
imposed policy.

PRO: I understand that you are more concerned with saving
the hospital money than with providing the safest care for
our patients, but let me explain where I’m coming from.

First, we can relatively easily identify patients that are at
risk of sleep apnea in the preoperative setting with the
STOP-Bang survey, which takes 30 s for eight questions
(Table 118.1) [1]. Answering yes to three or more questions
means likely OSA, and yes to 6 is suspicious for severe
OSA [1].

Second, postoperative respiratory complications and
likely associated cardiac complications are more common in
OSA patients [2].

Third, not only is the percentage of the population with
documented OSA rising, but there is a higher prevalence of
OSA among patients presenting for surgery than in the
general population [2].
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Increasing patient safety regarding OSA is achievable!
We can take various preemptive measures with these
patients and significantly cut down on the number of post-
operative complications.

CON: It’s not clear that OSA patients have a much higher
risk of respiratory complications in the postoperative period.
Most of the studies showing increased risk were small,
single-institution, retrospective studies [2]. A meta-analysis
used to create the Society for Ambulatory Anesthesia’s
consensus statement on OSA patients in outpatient settings
found absolutely no increased risk of ventilatory assistance,
reintubation, or death in patients with OSA [3].

PRO: Perhaps you have fallen behind in your reading.
A newer large meta-analysis published in 2014 extracted
data from more than 530,000 patients undergoing total hip or
total knee arthroplasty at 400 institutions [3]. After con-
trolling for confounding factors, the authors concluded that
patients with documented sleep apnea had a higher risk of
respiratory complications and a much higher risk of emer-
gent reintubation in the immediate postoperative period.

CON: OK, I will concede that patients with significant,
documented obstructive sleep apnea are at an increased risk
of a small number of postoperative complications for these
two specific surgical procedures. I would like to see studies
like this expanded to other surgical procedures before we
decide to generalize the findings to all the surgical services.
And where’s the proof that implementing these extreme new
measures in the PACU will decrease complications? Are
there any prospective, randomized controlled trials showing
that CPAP, EtCO2 monitoring, and prolonged recovery
room admissions will cut down on these complications? Just
because we have identified a problem does not mean that the

measures being proposed here are the perfect or even the
best solution.

PRO: Well, you make a valid point. I admit that the data are
limited right now. However, given the problems we are
having at this institution and the data that are out there, I think
that it is a reasonable step to institute these measures. So far
we have been pretty lucky. While there have been a few small
complications, we have not seen death or permanent dis-
ability. But do we really want to wait until something terrible
happens before we take preventative measures?

CON: Of course I don’t want to see anyone suffer terrible
complications as a result of their OSA. But medicine is all
about evaluating the risks and benefits of a given test or
intervention. In this case, I agree that the interventions you
proposed are fairly low risk. But you cannot necessarily
predict the poor outcomes that would result from unneces-
sary utilization of these limited resources. Furthermore,
CPAP is not well tolerated by many patients. In fact, it is
probably one of the least adhered-to therapies in all of
medicine! [4] I can envision patients who are already dis-
combobulated from their surgical procedure, and anesthetic
becoming quite agitated if they are forced to wear a CPAP
mask while still recovering from anesthesia in the postop-
erative setting.

PRO: That doesn’t mean we shouldn’t still try it. Some
patients would be willing to endure short-term discomfort for
their long-term health. Certainly, I think most patients would
prefer wearing a CPAP mask for a few hours to being rein-
tubated in the PACU! Also important to consider is that sleep
apnea is underdiagnosed. So many patients in the “no OSA”
group in these studies actually do have some symptoms of
OSA, are at an increased risk of postoperative complications,

Table 118.1 STOP-Bang
questionnaire [1, 7]

1. Snoring
Do you snore loudly (louder than talking or loud enough to be heard through closed doors)?

2. Tired
Do you often feel tired, fatigued, or sleepy during daytime?

3. Observed
Has anyone observed you stop breathing during your sleep?

4. Blood Pressure
Do you have or are you being treated for high blood pressure?

5. Body mass index: more than 35 kg/m2

6. Age over 50 years old?

7. Neck circumference greater than 40 cm? (measured by staff)

8. Gender male?

High risk of OSA answering yes to 3 or more items
Low risk of OSA answering yes to fewer than 3 items

420 B.J. Luria



and therefore bias the data. If you put the patients with
diagnosed and undiagnosed OSA into one group, and those
patients exhibiting none of the symptoms of OSA into the
other group, I believe that you would see an even bigger
difference in the postoperative complication rate.

CON: Given the expense and lack of evidence, let’s start
with less extreme measures. For example, the Society for
Ambulatory Anesthesia consensus statement advises limit-
ing the patients, procedures, and anesthetic techniques in
ambulatory settings. Specifically, they advise avoidance of
very painful procedures (necessitating a heavy opioid-based
anesthetic) or airway procedures on OSA patients as out-
patients. Also, patients with OSA whose medical comor-
bidities are not well-managed are not optimal candidates for
ambulatory centers [5]. Instituting these measures at our
ambulatory facilities would allow us to meet the standards
set by our national organizations without imposing excessive
and unnecessary restraints on our patients and overworking
our PACU staff.

PRO: I agree that those would be prudent, easily imple-
mented measures. Encouraging opioid-sparing anesthetic
techniques is beneficial in both the ambulatory and
non-ambulatory settings. However, I don’t think that this is
sufficient. Is there a set of interventions that would protect
our OSA patients from avoidable perioperative complica-
tions yet not deplete our resources for little or no benefit?

CON: There are definitely some less labor-intensive inter-
ventions we could employ. Let’s ask patients who use CPAP
at home to bring their equipment or mask for PACU use if
they show signs of respiratory insufficiency. Not all OSA
patients will need this, but isn’t CPAP preferable to reintu-
bation? [6]. I also think that it would be reasonable to
institute EtCO2 monitoring in patients requiring oxygen via
nasal cannula or face mask in the recovery room. As you
know, many of our patients, even those with OSA, are able
to maintain their arterial hemoglobin saturation at or near
100 % without supplemental oxygen. I really don’t think it
is necessary to monitor EtCO2 if the patient is not requiring
additional opioid doses and has maintained a high arterial
oxygen saturation (SaO2) for >30 min. However, in OSA
patients requiring supplemental oxygen in the PACU,
monitoring EtCO2 as a method to identify airway obstruc-
tion seems to be a simple measure to implement. Obviously,
we still need more evidence that these interventions will
actually decrease our complication rate, but cost is low and
potential is high to improve outcomes without unduly bur-
dening the PACU staff.

PRO: Well, I’m glad that we have been able to reach a
compromise on these issues. I would like to do a better job

of identifying patients with undiagnosed OSA and apply
some of these changes in those patients as well, but I
understand that the literature does not yet support this broad
of a policy change. What do you think of extending the
mandatory PACU length of stay for patients with OSA?

CON: I disagree with writing a policy mandating a longer
PACU stay for patients with OSA. We know that some OSA
patients are going to recover from anesthesia just as quickly
as patients without OSA. What I propose is to do a better job
of educating our perioperative staff about OSA. Specifically,
I would like to organize a lecture about perioperative man-
agement of patients with OSA for our anesthesiologists, the
NPs staffing the recovery room, and the PACU nurses. Once
we know what signs and symptoms to look for in patients
with OSA in the PACU, we can avoid utilizing a
“one-size-fits-all” approach.

PRO: I definitely agree. Let’s take the next step in research
as well.

Summary

Recent literature suggests that obstructive sleep apnea puts
patients at an increased risk of postoperative problems,
especially respiratory. There are now well-validated tools to
identify patients at risk of sleep apnea who have not yet
received a formal diagnosis. These tools should be utilized in
the preoperative period so that anesthesiologists can use the
information to help guide intraoperative and postoperative
management. Ensuring that patients with suspected or con-
firmed OSA are anesthetized in a non-ambulatory setting and
utilizing opioid-sparing anesthetic techniques are both
low-cost interventions that could be implemented quickly.
More resource intensive are the use of postoperative CPAP,
EtCO2, and prolonged PACU stays, but these options should
at least be available, and consideration should be given to
utilizing these for every OSA patient. Further research is
needed to determine how to maximize safety while not
unnecessarily increasing costs. As an anesthesiologist, vol-
unteering your time to teach educational sessions for all
clinicians caring for OSA patients perioperatively should be
a priority.
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119Do not Resuscitate: What Does that Mean
Perioperatively?

Elizabeth A.M. Frost

Case

You are running a little late this morning. That could be a
problem as today’s surgeon is not known for his patience.
Glancing at the schedule you see it is a “redo” heart. You
meet your patient in the holding area and review his chart,
and the preanesthetic assessment completed by a colleague a
few days ago. He is a 69-year-old man who has undergone
several stent placements over the past 5 years, an aortic
valve replacement 3 years ago, and a coronary artery bypass
2 years ago. He still has severe angina and is very limited in
his daily activities. He has several comorbidities including
diabetes, retinopathy, and end-stage renal disease, requiring
dialysis.

As you are explaining your anesthetic plan to the patient,
he hands you a completed advance directive and says he
wants it followed.

You approach the surgeon and telling him that this doc-
ument must be reviewed. He replies, “You may not realize it
but it is already 7:30 and I have 2 more cases to do today, so
let’s just forget about it and get on with things.”

Question

Do the consequences of anesthesia and surgery allow auto-
matic suspension of do not resuscitate (DNR) orders
perioperatively?

PRO: Look, I am a surgeon. When I was training we had
none of this nonsense. DNR stuff was simply suspended
when the patient signed consent, which means that he has
agreed to surgery and all that goes with it. Sure there is a

risk. There is a risk in every minute that you breathe. The
only hope this guy has is if I can improve the blood flow to
his myocardium. Then, his angina will go away and he will
be fine.

CON: True, back in the 1990s we did suspend orders. For
witnessed intraoperative arrests, closed chest massage was
applied to any patient in cardiopulmonary arrest. In fact,
dying in the hospital meant cardiopulmonary resuscitation
(CPR) for everyone, no matter their wishes. But, you know,
as long ago as the mid-1970s decisions not to resuscitate
were formalized by the American Heart Association
(AHA) [1]. Some 20 years later, it was more officially rec-
ognized that patients’ autonomy and self-determination were
compromised in order to qualify for surgery. The American
Society of Anesthesiologists (ASA) drew up a policy of
“required reconsideration” that has been updated several
times [2]. And what’s more, even with your brilliant surgery,
he still has lots of other comorbidities that will not improve.

PRO: You don’t know when this thing was written, if it has
been updated, and what his condition was at that point. With
whom did he discuss it? Who wrote it? Was he given
accurate prognostic information? He never discussed any of
this with me so I don’t think he knows what he is talking
about.

CON: It is dated as of last week. I guess he talked to his
primary care physician and cardiologist. There are lots of
notes about his condition in the chart from those two. They
note he is “optimized” but even at that he is pretty sick. But,
given this “clearance” I imagine his doctors expect him to
survive. I would make him an ASA 4. I do think we must
talk to him together to find out exactly what he wants.

PRO: Yes, well you better. After all you are the one who is
going to take him to the brink of death, paralyze him, breathe
for him, probably drop his blood pressure to almost nothing,
or make it so high that he bleeds, leave him in severe pain
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afterward and vomiting his head off…unless you overdose
him and he stays on a ventilator forever and gets pneumonia.
Or maybe you are scared and don’t give him enough anes-
thesia so he remembers everything. Any way around, you
are the one he should be most scared of.

CON: Anesthesia is a controlled state of unconsciousness.
With all the monitors I intend to use, I can ensure that he will
be adequately and appropriately anesthetized. But what if his
disease is such that you cannot get him off bypass and his
myocardial function is insufficient for spontaneous return?
You must explain the risks and see what he understands and
how much resuscitation beyond the routine reversal of drug
action, mine and yours, he wants, including a period of
vasopressor infusions.

PRO: As you just outlined, operating room (OR) manage-
ment is very different from ward care. We have all the drugs
and means and training to keep the patient alive, or at least
his heart going. Have you even considered what it is like to
have a death in the OR? As Ewanchuk and Brindley pointed
out, death in the OR means huge time delays, long
debriefing of the staff, no time for the relatives to see the
patient to say good-bye, no religious rights can be observed
[1]. It is absolutely clear… just keep him going no matter
what and take him to the intensive care unit (ICU) where
they can take him off life support in a controlled manner.
That way, he died because the drugs didn’t work anymore. It
was not a surgical death. Anyway, you don’t know that he
won’t miraculously wake up and do fine.

CON: The ICU staff doesn’t appreciate having a patient who
is dying or brain dead dumped on them. It is even more
traumatic for them as they feel they are being used. We must
talk to the patient’s relatives after we find out what he wants
and make sure they are also on the same page and under-
stand and are prepared for what might happen. He can see a
religious leader in the holding area if he wishes…they are all
on call and available.

PRO: I don’t believe that this hospital has a policy for
allowing DNR orders to stay in place… I know that the other
place where I work never gives me a hard time like this.

CON: This hospital does have a policy, drawn up by the
ethics committee, which has representation from the
departments of anesthesia and surgery and was approved
several years ago by the hospital board. But I know what you
are saying. Sadly, Hardin and Yusufaly did a study and
found that 68 % of physicians made decisions inconsistent
with advanced directives [3]. And these findings were con-
firmed more recently by Byrne and others when they rec-
ognized that many health care providers do not recognize the

complexity and significance of the DNR order [4]. More-
over, Maxwell and others showed that DNR status is asso-
ciated with worse outcomes in just the type of surgery you
are planning today [5].

PRO: But all orders are not the same are they? Can we still
ignore this one?

CON: True and not true. An advance directive is written or
verbal instructions from the patient before his illness or
surgery. It may include a health care proxy, DNR order, and
a living will, and it must be followed intraoperatively. As
long as the patient is conscious, the decision rests with him.
A DNR order instructs the medical staff not to try to revive a
patient in cardiopulmonary arrest. It may be requested by all
adults if 2 witnesses are present and may be applicable to
minors in some cases. It may also be ordered by a health care
proxy who has been appointed as a health care agent and
gives him or her signatory rights. The health care proxy must
be identified by signature on the applicable form. A written
will specifies instructions about medical care and is evidence
of the patient’s wishes if he is too ill to communicate. It does
not require a health care proxy but must be adhered to
perioperatively.

Concession from PRO: Communication with the patient
and his family followed. The patient was well aware of the
effects of anesthesia and the necessary steps it entailed. He
told the surgeon that if he could not be removed successfully
from bypass after 3 attempts, nothing further should be done.
Regarding anesthesia and continued intubation, he reiterated
that if he required assisted ventilation after 36 h, the endo-
tracheal tube was to be removed. It could be replaced only
once for a further 36 h and then he was to be extubated.
These instructions were spelled out in the advanced direc-
tive. The patient did not want any part of the document to be
rescinded. The family was in agreement. Complete docu-
mentation was made in the chart and signed by the surgeon,
anesthesiologist, and the nurse witness.

Summary

Although guidelines have been presented, policies imple-
mented, and laws passed acknowledging the rights of
patients to decision making and autonomy, physicians still
have difficulty adhering to them and essentially “doing
nothing.” While the surgical team may agree in principle to
withholding treatment, putting theory into practice is diffi-
cult. For the anesthesiologist, it is especially hard to define
where anesthesia ends and resuscitation begins. But only the
patient alone can gauge his quality of life and what is sus-
tainable for him.
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120Should a Trainee Be Allowed to Return
to Anesthesiology After Narcotic Diversion
and Presumed Addiction?

Corey S. Scher

Case

Strong rumors quickly solidified when a resident who was
suspected of diverting narcotics was caught in the men’s
locker room by his co-residents, injecting a drug in a “hep
lock” intravenous line that was placed in his left saphenous
vein. The resident confessed that he was injecting fentanyl
and begged the residents not to “rat him out.” Although the
residents agreed to his face, 2 went to the Chair’s office to
report this issue immediately. The Chair grabbed a senior
attending to serve as a witness in confronting the resident.
Apparently, the Chair had experience with this ongoing
issue. I was also asked to witness the event. Although I had
been a program director for many years in the Deep South,
this issue had never come up before in my career.

When we all arrived in the locker room, the resident in
question was making an attempt to plea with his classmates
to not disclose what he had done. He had tears in his eyes
and was quietly sobbing with each sentence. The Chair
arrived and simply stated, “You have a choice. You can go
straight to Rehab or go to the police station to confess these
activities as a felon.”

Hospital security was called in case the present atmo-
sphere degenerated.

There was an open drug rehabilitation bed in Pennsyl-
vania, and the resident went straight from the Chair’s office
to wait for the hospital vehicle for the 2-h drive. The other
senior attending asked what the long-term plan was for the
resident. The Chair said he would be inpatient for a year and
then be transitioned to outpatient treatment, before being
slowly reintroduced into the residency program. Was the
Chair’s plan the right thing to do?

Question

Should a trainee be allowed to return to anesthesiology after
narcotic diversion and presumed addiction?

PRO: The Chair pointed out that it was possible for a
resident to return to anesthesiology consistent with the
school of medicine bylaws and the rules of the Accreditation
Council for Graduate Medical Education (ACGME) with
American Board of Anesthesiologist’s guidance.

CON: I tried not to show the incredible disbelief that the
plan included a return to anesthesia.

I spoke out, “This seems parallel to placing an alcoholic
in a bar.”

There are several unique features to anesthesiology that
made me lash out at this plan. “No other specialty has easier
access to needles and syringes than anesthesiologists. No
other specialty has the highest grade of proficiency at putting
in an intravenous line. No other specialty has access to
potent opioids and other controlled substances related to
severe addiction. This sounds like a disaster in the making. If
your kid were an anesthesia resident, would you want him to
return from rehab when this often results in a return to drug
use and death? Small doses of opioid lead to large doses and
finally to an overdose. Addiction is a chronic disease, with
multiple relapses. It is rarely cured, and requires a lifetime of
treatment.”

This plan made no sense. “There must be data on this
issue and we should examine it before a professional life
plan is offered to the resident.”

PRO: The Chair spoke out, “Each drug abuser is treated on
a case-by-case basis instead of having a global policy for
all.”
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CON: I could not restrain myself. “Why don’t we offer him
a spot in another field that has a much lower rate of sub-
stance abuse, like pediatrics, or a medicine subspecialty like
neurology? He will have dignity and a meaningful profes-
sional life with less temptation to return to drug use.”

I made my way over to my office and signed into
PubMed. According to Collins et al. [1], relapse is common
with a rate of 46 % upon reentry into an anesthesia training
program. Death from overdose is not uncommonly the first
sign of diversion [1]. This dismal outcome reinforced my
logic on this sensitive issue. My search in the literature,
however, was frustrating as it addressed mostly residents,
and was contradictory and inconclusive. Even the classic
notion that “white male anesthesia residents” are the number
one offenders was disputed.

Regrettably, attendings that abuse anesthetic drugs can
easily return to the operating room with few consequences.
After a period of rehab, an attending physician could
potentially move elsewhere in the country without a new
employer having knowledge of previous substance abuse.
The field of anesthesia itself could be a factor in making
susceptible individuals into drug addicts. Research into this
area is difficult, especially for attendings that choose rehab,
because there is no way to track the long-term outcomes of
these individuals. The bottom line is that we do not know
what happens to what I would say is the majority of anes-
thesiologists in training or after training after they have
succumbed to addiction. I had a colleague in our department
years ago who was addicted to meperidine. He was found in
the locker room with a needle in his arm. With stimulation,
he woke up and ran to the parking lot. Five years passed
until he was found practicing in the state of Washington. We
have no idea whether he went to rehab or whether he ran into
legal problems. Simply stated, he vanished in a way that I do
not think is that uncommon.

While the Chair felt that reentry into anesthesiology must
be viewed as a case-by-case basis, why bother? If relapse is
common, why increase the odds of trouble by allowing these
individuals to return? The temptation must be brutal.

PRO: The Chair stepped into my office. He conceded that
half of the risk of addiction is not modifiable because it is
due to genetics [2] and that the literature on actual outcomes
is, as I thought, weak. He said that his approach, however,
was based on the evidence that the other half of the risk of
addiction was due to causes that could be treated, such as
depression, anxiety, and poor coping skills [2]. He went
through the list of names, over the last 10 years of residents

and attendings who were addicted to fentanyl. All 10 of the
people he named were back in the department and were
successful in their anesthesia careers. Since relapse com-
monly occurs in the first year after intensive recovery, he
assimilates residents into the anesthesia training program by
having them work in the hospital (teaching through simu-
lation, giving lectures) for a year before immersion back into
anesthesia. Every day since their “crash” is a day further
away from relapse.

CON: While this is a great outcome, it is a small sample. If
the next 2 addicts relapse, there will be a 1/6 failure rate,
which would be awful.

Concession from CON: Although anecdotal, the
Chair’s comments reflect a unique and admirable approach.

Summary

Although this remains a heated topic that has an enormous
impact on our field, guidance by data may not be possible.
As the specialty of anesthesia changes, there will be a con-
tinued evolution in the ways in which the stress from our
profession impacts the individual who is genetically sus-
ceptible to a chronic disease-like addiction.

Although there have been significant improvements in the
utilization of surveys in medical research, there remain
numerous obstacles to obtaining significant data from
addicts who are thought to represent some of the most
unreliable patients in medicine. My Chair did not agree at all
with my bias and chose to treat every addict on a
case-by-case basis. We will rarely agree on this issue. Pro-
viders who are addicts and have “recovered” are at an
increased risk for return to drug use if they return to spe-
cialties where access is easy. We can only hope that a valid
and reliable means to collect a robust number of cases is
developed to give a true answer to what appears to be an
unanswerable question.
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121Should Anesthesia Personnel Be Subject
to Mandatory Drug Testing?

Thor Lidasan and Judy Chang

Case

Dr. A, a CA-2 resident, was considered outstanding. He
belonged to the top echelon of his medical school class,
passed his examinations with high scores, and worked well
with his co-residents and attendings. He was concerned
about his patients and vigilantly watched over them while
they were in his care. He was known as a very meticulous
and hardworking resident. However, he also lived a double
life. He was an addict.

His fascination with drugs started when he was a college
student. Ritalin and coffee kept him awake for those long
nights preparing for his examinations. After the examina-
tions, prescription Ambien helped him to recover from the
effects of stimulants and rested his weary mind and body. In
medical school, he honed his understanding of the pharma-
cology of stimulants and benzodiazepines. Anatomy, phys-
iology, and pharmacology were his favorite courses as a
medical student. He decided that anesthesiology was the
career he wanted to pursue, thinking it was a natural pro-
gression of his interests.

As an anesthesiology resident, he felt he was in the most
demanding but rewarding stage of his life. The hours were
long but he loved what he was doing. However, the stress of
learning new things, taking care of patients, and working
every day under the direct supervision of his attendings
slowly took its toll on his psyche. At first, alcohol helped
him during the weekends and Ambien to recover from the
long calls of his resident life. But he could only take so much
alcohol. In fact, he never liked being drunk. What he wanted

was being able to go to sleep and wake up as if nothing had
happened.

Every time he saw his patients drift off to sleep during
induction, it reminded him of how benzodiazepines also
helped him in the past. The benzodiazepine recall kept
coming back. He kept brushing off those thoughts and coped
with his resident life the best he could.

One day, as he was emptying the pockets of his scrubs, he
found a vial of fentanyl. Next thing he knew, he was
euphoric. He discovered how powerful opiates are, much
more powerful than what he dabbled in before. That night
began his descent into the world of addiction. Six months
later, he was found dead in the on-call room of his hospital
with a syringe and an empty vial of sufentanil at his bedside.
His colleagues were shocked when they heard the news.
They never suspected that Dr. A was using opiates. They
had worked with him every day and never saw any signs that
he might be using.

Questions

How prevalent is drug use among anesthesia residents?
When does the highest risk of drug-related death occur
among anesthesia providers? How effective are the current
measures to detect and prevent drug use among anesthesia
providers in training? Should anesthesia personnel be subject
to mandatory drug testing?

PRO: A survey of 111 anesthesia programs revealed that
80 % of programs have had anesthesia residents abusing
opioids [1]. Nineteen percent of those programs reported at
least 1 death from drug overdose or suicide [1]. It is esti-
mated that the incidence of substance use is 1.6 % among
anesthesia residents [2]. That is a concerning statistic.
Imagine airline pilot schools reporting that 80 % of their
programs have pilot trainees using drugs while learning to
fly and that 1.6 % of their trainees who later become pilots
abuse drugs. How would you react? Pilots, military
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personnel, and postal workers are randomly tested for drug
abuse, shouldn’t anesthesia providers in training be tested
too?

CON: I agree that compared to residency programs in other
specialties, anesthesiology residents are overrepresented in
rehabilitation programs by a factor of 7; in fact, 35 % of
impaired residents in one state that monitored physicians are
anesthesia residents [3]. However, some programs have
strong substance abuse prevention protocols in place to
detect and identify trainees who might be diverting drugs.
For example, there are automated drug dispensing systems
currently available that are able to analyze atypically high
usage of drugs dispensed to specific providers, raising the
suspicion of diversion. No research has shown that random,
suspicion-less drug testing prevents drug use. Drug testing
“for cause” is relevant and more effective. Are you advo-
cating drug testing as a deterrent or as a solution in pre-
venting drug use? Why residents only? Why not randomly
drug test all anesthesia providers and all medical providers?

PRO: Why specifically anesthesia trainees? Let’s look at the
studies. The types of drugs that are typically abused are
potent agents. Fentanyl and sufentanil have short half-lives
and produce earlier functional deterioration in the disease
process of addiction. There is also a study showing that the
highest cause-specific risk for drug-related death of an
anesthesia resident occurs in the first 5 years after graduation
from medical school [4]. What I propose is adding random
drug screening to the current strict medication controls and
analysis of administration of controlled agents. The pre-
cautions currently in place are not enough. An impaired
anesthesia provider can go through months of diversion
before any discrepancy is noticed. It has been shown
repeatedly that anesthesia providers are uncovered at the
downward spiral of their impairment and that they have been
diverting for weeks or months before discovery. Random
drug screening should be part of an active approach to detect
diversion at the stage of the highest risk for drug use among
residents, along with the current protocols. It is a shift from
“for cause” drug testing that is currently done in the majority
of academic institutions. In addition, a survey among anes-
thesia department chairmen showed that 61 % favor random
drug screens for their trainees [5].

CON: I do agree that strong measures have to be in place to
detect diversion and impairment. However, you also have to
protect the privacy, dignity, and work ethic of the 99 % of
the residents who are unlikely to divert and abuse sub-
stances. Drug screens are for that 1 % of the resident pop-
ulation who are at a higher risk for substance use and
impairment [6]. Random drug screens work when used in a

setting where 100 % of the population tested are known
substance abusers, like a treatment monitoring program.
However, in a population where 99 % are unlikely to be
substance abusers, it would be difficult to implement such a
protocol [6]. There are also issues we have to deal with that
are specific to the clinical environment of anesthesiologists.
For example, we cannot just pull out an anesthesia provider
in a middle of a case to provide a sample. How much time
does the resident have to give a sample when notified to do
so? An immediate response will create logistical problems in
implementation. Meanwhile, if you extend the window for
submitting the sample to 24–36 h, this would allow enough
time for someone who wants to invalidate the test to do so.
An individual can acquire a sample from someone else, an
adulterant can be added, or even just diluting the urine can
invalidate a test [6]. A successful drug testing program
depends on compliance of the tested population and the
integrity of the drug testing methodology.

PRO: Programs that have initiated random drug screening as
part of their substance abuse prevention protocol have dealt
specifically with those issues and managed to implement
random drug testing in their institutions [7]. Random testing
is not utilized simply to identify positive drug screens. It is
more valuable as a tool to increase resident and patient
safety. Earlier detection of anesthesia providers who might
be using and abusing drugs increases both patient and resi-
dent safety. Drug treatment will also be instituted earlier for
the impaired provider. Approximately 20 % of individuals
with known drug dependence escape discovery if using
behavioral detection alone [6]. With random drug screens,
individuals who do not exhibit behavioral signs of drug
dependence may be identified much earlier.

CON: There are already systems in place that allow early
detection of drug diversion and use. Computerized records
are readily available and can provide real-time evidence of
high wastage, high use, and transactions recorded on can-
celed cases. A responsive anesthesia information manage-
ment system can be configured to analyze patterns of drug
diversion and providers who exhibit suspicious record
keeping can be easily identified and asked to explain their
documentation. A monthly report of their transactions can
also be generated and examined for drug diversion. “For
cause” drug testing can then be done if their records cannot
be explained adequately. This is the opposite of random drug
testing where individuals are pulled out of operating rooms
to submit urine samples. The approach should be a calibrated
response to an event or a series of events, not randomly
selecting providers for drug screening just because their
number is up. We also have to take into account the possi-
bility of a false-positive test on an innocent provider [8]. The
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effect of a false positive on an individual is devastating.
There is a potential loss of employment, loss of licensure,
and public humiliation.

PRO: It is impossible to eliminate human and technical
errors in mandatory random drug testing. A program that
includes random drug testing as part of its drug use pre-
vention protocol should have in place support systems for
the possibilities of false-positive and false-negative results.
Collection and testing of specimens should follow the
strictest standards. The result of the drug test must also stand
the scrutiny of a court challenge, since it can be used as
evidence in case a provider challenges a positive result. The
program should provide safeguards for the participating
providers against loss of employment, loss of licensure, and
assurances that their privacy is protected while an initial
positive screen is undergoing validation.

CON: The practice of anesthesiology is unique among all
medical specialties in the sense that we deal with potent,
highly addictive, readily available lethal agents. A momen-
tary lapse of judgment in the form of self-medication can
have profound and devastating results. Hence, anesthesiol-
ogists, regardless of whether in training or after residency,
should always maintain a high level of awareness regarding
addiction issues. This level of awareness should be instituted
at the earliest stage of the anesthesiologist’s career in the
form of teaching during residency, stringent record keeping,
monitoring of usage/wastage of drugs, and constant rein-
forcement of the inherent danger of drug use in our specialty.

Summary

Substance abuse is more frequent among anesthesia provi-
ders than those in other specialties, as shown by data from
rehabilitation centers and various state physician health
committees. Addiction as a disease may be devastating not
only to the afflicted physicians but also to the unsuspecting
patients that impaired physicians take care of. It is still a
major issue in the anesthesia workplace, and despite
advances in pharmacy information systems and strict mon-
itoring of controlled substances, there are still physicians
who die from drug abuse [4]. This is not surprising.

Anesthesiologists have access to highly addictive drugs. An
impaired physician can easily divert small quantities of
controlled drugs for personal use. The high-stress environ-
ment in which anesthesiologists work predisposes individ-
uals with underlying comorbidities and poor personal stress
management mechanisms to start medicating themselves
with substances that are easily available to them. Recent
clinical investigations also posited that exposure in the
workplace sensitizes the reward pathways in the brain and
thus promotes substance abuse [3].

Substance abuse is the most serious occupational safety
issue in the field of anesthesiology. The effectiveness of
random drug screening as part of an active strategy to pre-
vent the problem still remains to be proven. However, what
is more important is that a program to prevent and detect
substance abuse should always be a priority for any anes-
thesia department in caring for the safety of its own provi-
ders and in ensuring the safety and best possible care of its
patients.
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122Does Returning a Recovered Addicted
Physician to Active Anesthesiology Practice
Do More Harm Than Good?

Judy Chang and Thor Lidasan

Case

Dr. Edwards was a gifted anesthesiologist. He graduated top
of his medical school, and after completing his residency at a
major academic center, he stayed on in the department as a
junior attending. He was well liked at work; often taking on
extra-shifts and offering to give breaks. However, unbe-
knownst to others, he had become addicted to fentanyl. He
started to have mood swings and explosive episodes of
anger. Over time, Dr. Edwards would go to increasingly
incredulous lengths to obtain his drug of choice. Occasion-
ally, a colleague might become suspicious after Dr.
Edward’s patient reported a large amount of pain in the
recovery room despite liberal narcotic use documented on
the patient’s chart. Finally, during one shift, Dr. Edwards
was discovered rummaging through a sharps container for
unused narcotic. He admitted to other troubling behaviors
such as replacing narcotics intended for patients with saline
or esmolol and to using up to 1000 lg of fentanyl in a single
injection to relieve his withdrawal symptoms.

The young physician appeared relieved to have been
discovered and voluntarily agreed to immediately enter a
drug treatment facility. After he completed the 8-week
program where he was “cooperative and compliant,” a
long-term extended care program was instituted, which
involved group therapy sessions and urine monitoring.

After a year, Dr. Edwards approached his former chair-
man about returning to clinical anesthesia practice. Although
the state allows physicians to return to work after inpatient
treatment, his chairman and several other colleagues in the
department expressed conflicted opinions.

Question

Does returning a recovered addicted physician to active
anesthesiology practice do more harm than good?

PRO: Reentry of highly motivated individuals can be
effective. During my time as chairman over the past
10 years, I have seen multiple residents and attendings that
were addicted to narcotics, underwent rehabilitation, and
went on to be successful in their anesthesia careers. In fact,
the possibility of a resident returning to anesthesiology is
consistent with our school of medicine bylaws and the rules
of the Accreditation Council for Graduate Medical Educa-
tion (ACGME) with American Board of Anesthesiologist’s
guidance. Nonetheless, the decision to allow reentry to
clinical anesthesia practice remains a controversial topic.
A 2007 survey of program directors of ACGME accredited
residencies showed that 43 % believed that residents in
recovery should be allowed to return and 30 % disagreed
[1]. Program directors who had a history of successful
rehabilitation of residents were more likely to answer posi-
tively, whereas the opposite was true for the latter.

Despite the debate, very few studies out there examine
the prognosis for a recovering drug-addicted anesthesiologist
[2, 3]. Historically, the consensus was that most anesthesi-
ologists who completed therapy were allowed to return to
work. This is also frequently the recommendation of
addiction medicine and psychiatry.

CON: The reentry of a former addict into anesthesia practice
has an unacceptably high risk of relapse and death. Anes-
thesiologists make up 5 % of the total number of physicians,
but disproportionately make up 13–15 % of persons
receiving management and monitoring for drug addiction
[4]. Also, anesthesiologists are more likely to use major
opioids (fentanyl, sufentanil, morphine, and other injectable
narcotics) whereas other physicians had an inclination for
alcohol abuse [4]. There are several factors proposed to
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explain the high incidence of drug abuse in anesthesiolo-
gists: proximity to large quantities of addictive drugs, rela-
tive ease of diverting, high-stress work environment, and a
chronic low level exposure in the workplace that sensitizes
reward pathways in the brain [5].

While it is true that it has not been shown that anesthesia
providers who return to clinical practice after successful
treatment are at greater risk for relapse than the general pop-
ulation, it is very alarming that they are at increased risk of
death in the event of relapse [6, 7]. Due to these high stakes,
Berge et al. argue that the “one strike, you’re out” approach
should be implemented throughout our specialty [8].

PRO: Has it actually been proven that there is increase in
risk of death?

CON: A widely quoted report from 2009 by Menk et al.
followed anesthesia residents who abused opioids [7]. The
study showed a high rate of relapse (66 %) and 16 % mor-
tality in the subgroup that was allowed to reenter residency.
Unfortunately, death was the first sign of relapse in that
subgroup. Again, very similar results were seen in a 2005
report by Collins et al. that showed 46 % successful resi-
dency completion among reentry, but a 9 % mortality rate
[6]. If your kid were an anesthesia resident, would you want
him to return to such a work environment when this often
results in a return to drug use and death?

PRO: That is a good point, but not all rehabilitated physi-
cians will relapse. In your hypothetical scenario, my kid
could be one of the successful ones.

CON: There is some belief that physicians who fall victim to
drug abuse have a genetic or biochemical predisposition to
addiction. There has been considerable amount of research
done in mice that suggests a genetic basis for addiction.
Many genes have been postulated to have a role, but only a
few have their mechanisms identified.

PRO: No, addiction cannot be blamed entirely on genetics,
you have to also take into account other environmental
factors as well. Several coexisting factors have been noted
by the Washington Physicians Health Program (PHP) when
they reviewed their data from working with physicians over
a 10-year period [9]. Rate of relapse is significantly
increased in the setting of major opioid use, a family history
of substance abuse, or a coexisting psychiatric disorder.
A patient with all 3 risk factors was found to have a
13.25-fold increase in relapse risk [9]. Perhaps each indi-
vidual should be evaluated on a case-by-case basis instead of
having a global policy for all. If an individual has other risk
factors making them at higher likelihood of relapse, we can

be more hesitant about the possibility of reentry into anes-
thesia practice.

CON: What kind of treatments are out there? Are some
more effective than others?

PRO: Treatment for the drug-addicted physician involves
admission to an inpatient facility specializing in treatment of
physicians, followed by long-term abstinence monitoring,
receptor antagonists, self-help groups, professional behav-
ioral observation, and individual and group psychotherapy.
The physician is regularly tested by a variety of methods
including urine analysis, hair analysis, and naltrexone testing
(to verify compliance with receptor antagonist treatment).

A subset of Physicians Health Programs (PHP) that
incorporate aggressive monitoring have significantly
decreased relapse rates. Remarkably, these results describe
similar outcomes for anesthesiologist and other types of
physicians [10].

CON: But despite the various treatments available, the
assessment of their long-term effectiveness is very difficult
because these physicians are often lost to follow-up. An
attending physician could potentially move elsewhere in the
country without a new employer having knowledge of pre-
vious substance abuse. We could offer Dr. Edwards a spot in
another field that has a much lower risk of substance abuse,
for example, pediatrics or internal medicine. He could still
maintain dignity and a meaningful professional life with less
temptation to return to drug use. And yet, one finds the same
issue of a lack of data. No one knows whether anesthesia
providers who go on to other specialties are less likely to
relapse since they are almost always lost to follow-up.

PRO: Well that is true, but also keep in mind that there are
federal laws (such as the Americans with Disabilities Act)
and state civil right laws that offer protection to physicians
who are actively involved in chemical dependency treatment
programs as well as recovering addicts. These laws require
“reasonable accommodation” be made for the physician and
job protection during a medical leave for addiction treat-
ment. If an addiction psychiatrist recommends reentry into
anesthesia, the Americans with Disabilities Act places the
burden of responsibility on the employer to prove the patient
is unable to perform responsibilities. Generally, employers
can impose restrictions on employment in a work reentry
contract.

CON: I see all the points that you are making, but I think
that ultimately there is the legal and ethical issue of allowing
a potentially disabled physician to have responsibility over
patient care. Dire consequences can occur with any lapse of
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judgment. There is also the issue of informed consent.
Certainly, all of us would want to know whether our anes-
thesia provider had a history of drug addiction.

Summary

Although this remains a heated topic that has an enormous
impact on our field, guidance by data may not be possible.
There have been significant improvements in the utilization
of surveys in medical research; however, there remain
numerous obstacles to obtaining significant data from
addicts who are thought to represent some of the most
unreliable patients in medicine.

Additionally, as the specialty of anesthesia changes, there
will be a continued evolution in the ways in which the stress
from our profession impact the individual who is genetically
susceptible to a chronic disease like addiction.

This anesthesia department will have to decide if they
will go with the “case-by-case basis” approach or the “one
strike, you’re out” approach. We will rarely come to a
consensus on this highly emotional issue. Providers who are
addicts and have “recovered” may be at increased risk for
relapse to drug use and death if they return to specialties
where access is easy. We can only hope that a valid and
reliable means to collect a robust number of cases is
developed to guide us to an answer to what appears to be an
unanswerable question.
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123Does Disruptive Behavior Among Anesthesia
Care Providers Decrease Patient Safety?

Sergey Pisklakov

Case

Over the last few years, Andrew, an anesthesiology faculty
member, has been doing primarily high-profile case assign-
ments and taking a significant amount of overnight call. He
has been extremely helpful and attentive to his colleagues,
patients, needs of the department, and requests of the sur-
geons. Andrew’s demeanor is jovial and friendly with
members of the department and operating room (OR) staff.
Over the last 2 months, however, he has called out sick
several times and he has stopped teaching residents. As a
director of the OR, you learn that one of your fellow anes-
thesiologists, Nicholas, often makes derogative and humili-
ating comments to Andrew in regard to his clinical abilities
and rapport with surgeons. The situation has been made
worse as others appear entertained by Andrew’s ordeal.

Question

What is happening to Andrew? Why does he look depres-
sed? Do you see symptoms of burnout or substance abuse,
depression, or personality disorder? Is he simply reacting to
the hostile disruptive environment at his workplace?

PRO: Stress, family issues, separation from a significant
other, and lack of a supportive community can lead to
depersonalization, exhaustion, inefficacy, and poor clinical
and academic performance [1, 2]. The American Psycho-
logical Association defines disruptive behavior as an
aggressive demeanor intended to cause distress. There is a
disparity of power or strength between the aggressor and the
victim. The individual at the receiving end has difficulty in
defending himself or herself against these actions [3].

CON: Burnout can be easily mistaken for substance abuse,
depression, or personality disorder. Key features of depres-
sion and substance abuse can include persistent sadness,
anxious mood, hopelessness, quietness, aloofness, restless
irritability, feelings of guilt and worthlessness, disinterest in
work-related activities, sleep problems, and medical errors.
However, in the case of burnout the symptoms are job-site
related and more about dissatisfaction, rather than hope-
lessness and withdrawal, as is in cases of substance abuse
and/or depression.

Question

Is there a reliable and professional way to approach a bul-
lying problem among adults, especially physicians?

PRO: Aggressive and disruptive behavior in the workplace
is fueling a nationwide legislative effort to draft and enforce
policies aimed at stopping it [4]. Disruptive behavior is
blamed for creating high cost, turnover, insurance claim, and
thwarting productivity [5]. It is a patient safety issue.
Preventive methods include providing educational materials
and communication skills training for residents, staff, and
educators [6]. These initiatives should promote inclusive
language and a culture of collegiality and respect for all
faculty, staff, and trainees [7]. Other preventive measures
should rely in part on clear reporting mechanisms, so that
any occasion of abusive or discriminatory language or
behavior can be addressed as soon as it arises. Disruptive
behavior needs both decisive intervention and help [8].
Approaches should be educational and organizational. Psy-
chotherapy may be indicated for the perpetrator, to help
them realize their internal motives and causes behind their
antagonistic actions and inappropriate bullying. This therapy
should also comprise work on self-awareness and interper-
sonal skills so that the perpetrator can explore and adopt
alternative ways of behaving [9].
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CON: In the meantime, and until further data confirm or
deny the concerns identified here, we should be duly vigi-
lant. The recent and universal focus on professionalism in
medical education and professional behavior of physicians in
practice will also help us to eradicate this unacceptable
behavior [5].

Question

Should the department intervene? What is the role of the
department, chief, or colleagues?

PRO: Aggression underlies disruptive behavior. Children
show this with physical violence. Adults are more practiced,
and their bullying is often not obvious to a supervisor, due to
their often indirect and sophisticated methods. Violations are
unchecked and bad behavior occurs at the expense of others
[9, 10]. Disruptive behavior during training is also a part of
the experience of many early career doctors, medical stu-
dents, and residents [11].

Approaches should be both educational and organiza-
tional. Work with the individual accused may include psy-
chotherapy to explore the reasons for bullying or aggressive
behavior. Work on interpersonal and self-awareness skills
also needs to be done so that the bully can explore and adopt
alternative ways of behaving [9]. The organizational culture
needs to change as well. Many commercial companies have
put in place clearly defined written policies to prevent bul-
lying and harassment at work [10], and these policies should
be given a higher profile. Continuous vigilance is needed,
however, to make sure that these policies are not under-
handedly used to perpetuate more bullying [12]. For exam-
ple, “incident reports,” intended to improve quality by letting
leadership know about problems, at some hospitals are used
as weapons against other personnel. Strong leadership, with
good judgment when these policies are implemented, is
necessary to truly prevent bullying. A combination of good
policies and outstanding implementation by strong leaders
should encourage victims to come forward so that individual
bullies can be identified [13].

CON: Disruptive behavior needs both decisive intervention
and help [8, 14]. Often victims do not report these events
because they do not recognize that how they are being
treated is disruptive behavior. Poor self-esteem can result in
a person accepting bullying treatment as normal, although
the person may still suffer the negative consequences such as
depression and worsened work performance [13, 15, 16].
Hospitals, departments, and individual personnel need to
develop a higher level of awareness. Victims should

approach their line manager or the human resources
department. They could also approach their professional
association for advice and support [9].

We know little about how disruptive behavior and bul-
lying is triggered and how it might be prevented [17]. In the
meantime, and until further data confirm or deny the con-
cerns identified here, we should be duly vigilant. The recent
and universal focus on professionalism in medical education
and professional behavior of physicians in practice will also
help us to eradicate this unacceptable behavior.

Summary

Physicians experiencing disruptive behavior often do not see
any hope of positive change in their situations. A new
standard from The Joint Commission [formerly the Joint
Commission on Accreditation of Healthcare Organizations
(JCAHO)] was implemented in January 2009. Mandatory for
hospitals is “a code of conduct that defines acceptable, dis-
ruptive, and inappropriate staff behaviors” and for “leaders
[to] create and implement a process for managing disruptive
and inappropriate staff behaviors. Leaders must address
disruptive behavior of individuals working at all levels of the
[organization], including management, clinical and admin-
istrative staff, licensed independent practitioners, and gov-
erning body members.” Included as problematic are
“uncooperative attitudes” and “condescending language or
voice intonation and impatience with questions.”

A solution may be a better detection system, more
responsiveness to patient complaints, or more training for
employees on how to respond professionally yet compas-
sionately to difficult patient or staff situations [18, 19]. The
lack of action against disruptive and aggressive behavior can
lead to serious liabilities since these incidents usually con-
stitute not only bullying, but also sometime sexual harass-
ment and discrimination [20]. Intimidating, condescending,
off-putting, or discouraging behavior by the physician inhi-
bits positive teamwork. Disruptive behavior by any member
of the team, including the physician, nurse, or supervisor,
will impair the quality of care, endangering patient safety.
Hospitals need to create a workplace conduct policy for-
bidding disruptive and aggressive behavior, bullying or
harassment. In addition to comprehensive training courses
for all physicians [21], smart and strong leaders must exist,
who will evaluate each issue individually, and make deci-
sions based on the overall picture of what is best for the
patients and employees.

Disruptive behavior occurs across many types of provi-
ders. Physician behavior, however, may have the greatest
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impact because of the position of authority that doctors hold
as members of the healthcare team [11, 20]. A team member
may, from fear of intimidation, hesitate to speak up when
they see a potentially dangerous situation [5].
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124Is Burnout Among Anesthesiologists
a Humbug or a Real Entity?

Sergey Pisklakov

Case

Nicholas is a member of your anesthesiology faculty. Over
the last 2 months, he called out sick a few times. His passion
for mountain skiing and spending time outdoors is well
known to the department, but he has almost stopped talking
about these activities over the past 6 months. He has stopped
teaching residents, and there has been no further develop-
ment with his research project. It was noted by several
members of the operating room (OR) team that Nicholas has
become overly argumentative with surgeons and nurses. He
even expressed that he is dissatisfied with his career choice
and that he is “considering quitting this once and for all and
looking for a place in healthcare administration,” com-
plaining that sometimes he feels that his patients treat him
like an impersonal object and only remember their surgeons.

The chairman, Dr. D, asks you to look into Nicholas’
problem. You find that Nicholas’ narcotic record keeping is
excellent with patient narcotic usage not out of the ordinary.
You meet with Nicholas to ask him about his problems and
offer your help. Nicholas tells you that he has no specific
stressors in his life. Mountain skiing had become boring for
him over the last couple of years so he lost interest. He says
he is extremely tired, and despite his insistence that he still
has a passion for anesthesiology and critical care, he com-
plains that work has become a routine and he is “desperate
for a change.”

Question

What happened to Nicholas? What went wrong with his
professional practice? Is he simply tired and burned out? Or

are his problems due to substance abuse, depression, or even
a psychiatric issue?

PRO: Burnout occurs when one feels overwhelmed and
unable to meet constant demands. As the stress continues,
you begin to lose interest or motivation [1]. Burnout is a
known concern for many large companies and corporations,
leading to staff rotation and decreased retention. The epi-
demic of burnout has spread and has not left health care
untouched—especially critical care specialties. Significant
burnout rates have been found among emergency medicine
physicians, anesthesiologists, and obstetricians. A high
incidence of burnout was recently reported among anesthe-
siology residents and academic chairpersons [2–6]. Indi-
vidual factors, stress, family issues, separation from a
significant other, and lack of supportive community are all
reported, which can lead to depersonalization, exhaustion,
and finally to inefficacy and poor clinical and academic
performance [4, 6].

CON: Burnout can be mistaken for substance abuse,
depression, or a personality disorder. Key features of
depression and substance abuse can include persistent sad-
ness, anxious mood, hopelessness, quietness, aloofness,
restless irritability, feelings of guilt and worthlessness, dis-
interest in work-related activities, sleep problems, and med-
ical errors. The same signs and symptoms may be present in
cases of burnout [7]. However, in burnout, the symptoms are
job-site related and more about dissatisfaction, rather than the
hopelessness and withdrawal that occur in substance abuse
and/or depression. Being burned out means feeling empty
and devoid of motivation, and beyond caring. Physicians
experiencing burnout often do not see any hope of positive
change in their situations. If excessive stress is like drowning
in responsibilities, burnout is like being all dried up. There is
one other difference between stress and burnout: While you
are usually aware of being under a lot of stress, you do not
always notice burnout when it happens [8, 9].

S. Pisklakov (&)
Department of Anesthesiology, Montefiore Medical Center, Albert
Einstein College of Medicine, 111 East 210th Street, Bronx, NY
10467, USA
e-mail: SPISKLAK@montefiore.org; spisklakov@hotmail.com

© Springer International Publishing Switzerland 2017
C.S. Scher et al. (eds.), You’re Wrong, I’m Right, DOI 10.1007/978-3-319-43169-7_124

443



Question

Can we help him? What is the role of the department, either
the chief, colleagues, or both?

PRO: A meeting with a burned out colleague can begin with
an informal one-on-one assessment of his/her needs, while
also taking the needs of the department into account. The
individual’s goals can be achieved through a carefully for-
mulated series of questions to fully understand any issues
that he or she is experiencing. Only then can an initial
assessment be made as to what form the stress management
help will take. Burned out physicians can be taught the
essentials of stress management, such as getting social
support, developing positive self-talk, and demanding less
perfection for yourself, as well as be shown techniques that
will enable them to deal with stress, making it manageable
and thereby increasing performance and value to the
department [10].

CON: Prevention of emotional exhaustion is probably the
best way to prevent burnout. Utilizing recommendations
initially developed for commercial pilots and flight atten-
dants [1] and modified for emergency room physicians, we
can make recommendations for Nicholas. Simple things
such as exercise, a hobby, and availability of significant
others would be the best advisable preventers of burnout
[11]. The department’s role is to enforce a respectful, safe,
and fair environment at the work place and to shield mem-
bers of the department from those who are unfair and abu-
sive. Every time there is a destructive force interfering with
job performance, satisfaction, and personal safety, it is in the
department’s best interest and responsibility to intervene and
protect its members.

Question

Can we do anything to prevent burnout?

PRO: To alleviate and to prevent further burnout we can
advise Nicholas to:

1. Balance stress and recovery to achieve best performance:
When feeling emotionally exhausted, push yourself
beyond your usual maximums and then allow yourself
adequate means to recover. In this way, your limits will
expand. Just like physical exercise, if you push a bit more
each time, your capacity will grow [11].

2. Create a ritual of disconnecting: Technologies such as
smart phones and social networking sites make it easy for
us to never truly disconnect. It is not unusual for many

people to bring work phones and laptops on vacation and
check e-mails and take phone calls the entire time. This is
socially sanctioned, but the logic of “living life as a long
distance runner” is faulty [11].

3. Create healthy breathing, eating, sleeping, and exercising
habits.

Breathing is an easy way to relax and prevent burnout
throughout the day. Make a habit of inhaling to a count of 3
and exhaling to a count of 6 for several minutes.

Eat small meals at regular intervals (5–6 times a day), in
amounts that are satisfying but not overfilling or
under-filling [11].

Sleep for at least 7–8 h per night (some individuals may
need more sleep).

Exercise regularly and add or keep some form of sports or
training in your routine.

“Simple things such as exercise, a hobby, and availability
of significant others are the best advisable preventers of
burnout” [11].

CON: Many large corporations have established special
programs to prevent burnout and to provide help to those
who have fallen victim to it. This approach seems to be
missing in the field of anesthesiology. In some departments,
a Clinical Practice Committee takes the lead.

The importance of bullying and abuse as contributors to
burnout cannot be understated. Abuse is characterized by
lack of respect for coworkers. It is sometimes obvious, but
can be disguised. Subtle forms of bullying often cause the
most damage and can be responsible for increased absen-
teeism, more individuals who quit, unsatisfied workers,
unmotivated employees, no trust, and no teamwork. It is the
department’s duty to listen, to interfere, and to be proactive
in such cases [12].

The most obvious tangible benefit of the department’s,
chairperson’s, and/or colleague’s interference is an
enhancement of the anesthesiologist’s personal productivity,
since he can then focus his attention on patient care.

Summary

Too much stress over a long period of time leads to burnout,
which is defined as exhaustion—mentally, emotionally, and
physically. For many years, employers and entrepreneurs
have realized that on-the-job factors significantly affect
workers’ ability to perform their duties appropriately and to
be productive and successful. Prevention is the best way to
prevent burnout. The department needs to assume a certain
responsibility for its members and can help by establishing a
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fair system for case assignments, on-call schedules, and
vacation distribution and by enforcing mutual respect and a
collegial environment.
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125The Tumor Is Inoperable: Tell the Patient
or Punt to the Surgeon?

Elizabeth A.M. Frost

Case

You were somewhat acquainted with the lady. After all you
had met her several times at the nail salon. She was probably
in her early 40s and she had children about the same age as
yours. You talked about them. They were only a couple of
grades apart in the same school. In fact, after you told her you
were an anesthesiologist and sometimes your cases ran late,
she offered to pick up your children and bring them to her
house until you got home. So perhaps it was not surprising
that she asked you about the indigestion she was getting, and
the bloating feelings, and the vague pains. You suggested that
she should try some antacids and some nonsteroidal
anti-inflammatories. When that did not work, you gave her
the name of a gastroenterologist friend of yours.

You met her again some 3 weeks later and she said that
the doctor did not find anything but thought she should see a
general surgeon and perhaps have a laparoscopic procedure
just to look around and check things out. She really trusted
you and wanted to come to your hospital where you could
take care of her. Again, you gave her the name of a general
surgeon that you liked. He saw her, agreed that laparoscopy
was reasonable, and told her it should be an ambulatory case.

The following week you met her in the holding area. She
was nervous but felt reassured because you were there. After
an uneventful induction, the surgeon remarked that he sus-
pected a tumor of some sort. Because he really had no idea
what was wrong he had opted to be very positive as she was
so young. So he had reassured her she would probably go
home that evening. You continued the case with sevoflurane
and remifentanil.

As soon as the surgeon inserted the ports, it became clear
that there was a major disease. To get a better understanding
of the problem, the case was converted to an open procedure.
Considerable ascites was encountered. The diagnosis
appeared to be ovarian carcinoma with lesions throughout
the peritoneal cavity and in the liver. The surgeon tried to
page a gynecologist without success. Given the extent of the
pathology, he decided to take several biopsies and close the
abdomen.

Your patient awoke quickly and was transferred to the
postoperative care unit (PACU). The surgeon still had a long
list of cases to complete at another hospital. He had written
his postoperative orders, reassured her that she was stable,
and left. The patient was happy to see that you were still
with her and asked immediately, “So, what did they find?”

The nurse was still with you and she quickly said to the
patient, “Take it easy, you are just waking up… your sur-
geon will be right in to talk to you.”

The patient turned to you, “My tummy hurts… what did
they do? I can see the clock… I was asleep for more than 3 h
—that is too long for just a little look.”

Again the nurse told her that the case was not nearly that
long; she was just sleeping and as soon as she was fully
awake, the surgeon would be in to see her.

You excused yourself and went off to order some mor-
phine and patient-controlled analgesia (a PCA) for her. You
attempted to call the surgeon but he was already scrubbed in
at another hospital some distance away. Through the circu-
lating nurse, he advised you to be vague and that he would
work it out later that evening. You asked if he had arranged
for a bed for her. He admitted that that item had escaped his
memory and asked you to call admitting for him and tell the
patient she would be staying overnight. You suggested that
was a task for his physician assistant but that person had
gone home with a bad cold.

You returned to the patient’s bedside. The nurse had left
and the PACU nurse told you that the patient was really
asking for a diagnosis. “You can’t tell her, of course,” she
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said, “that is not your job. It is for the surgeon to say what
the problem is!”

Again the patient reached for your hand. “Tell me what is
going on. Don’t you know? Were you not in the operating
room as you promised? And when can I go home?”

As a medical student, and long before that, you had
learned that honesty was the best policy. You had also been
taught to “first do no harm.” Would you harm your
patient/friend if you told her the truth [1]? What if you were
wrong and it was not inoperable cancer? But you had seen the
operative field; you had heard the surgeon’s expressions of
despair and his attempts to get a more qualified surgeon. You
had read his operative note, describing a surgically hopeless
situation, amenable to nothing more than tissue biopsies.

And she is your friend and she trusted you. Have you
somehow let her down because you cannot help her now? Or
can you? Is it guilt? Sadness? Her 3 young girls: one in
middle school and two just started high school?

But do you really know what she wants to hear? Is she still
under the effects of anesthesia although you did not give her
any benzodiazepines? Should you speak to her family first or
ask them to join you? But would that infringe on patient
confidentiality? Does she want her family there at this time?
What would you want to hear under the circumstances?

Would it be an alternative to sit with your friend, hold her
hand, and say, “We found that surgery is not the answer for
you right now. The surgeon took several specimens and sent
them to other specialists so we can work out what is the best
treatment for you…and there are several options. We think it
is best that you stay in the hospital tonight because we hope

to have more information for you tomorrow. Would you like
me to get your family?”

Question

What do you say?

PRO: Telling the truth and honesty should be a hallmark of
the doctor/patient relationship. That the patient is a friend
further demands a degree of trust. Promises were made. The
team is well aware of the diagnosis and the procedures that
were done. The operative report is in the chart and the
patient has a right to see it.

CON: It is easier to make the relaying of unpleasant infor-
mation someone else’s responsibility. Traditionally, sur-
geons have been the ones to convey findings after surgery.
Often they are not in the postoperative care unit. The patient
may still be under the effects of anesthesia and will not
understand or misunderstand what is said. Histology may
prove the suspected diagnosis wrong. Patients’ understand-
ing and reaction to unwanted news are unpredictable.

Searching for a solution is difficult.
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126What Is the Role of Pain Physicians
in the Opioid Epidemic?

Nicholas J. Bremer

Case

A 35-year-old male construction worker presents to his
family physician a week after “tweaking” his back while on
the job. He has some lumbar back pain bilaterally, but what
really concerns him is the pain that goes down his right
thigh, crosses his knee, and goes down to his toes. He denies
any bowel or bladder dysfunction, saddle anesthesia, or new
focal neurologic deficits.

On the right, he has a positive straight leg raise sign, but
normal lower extremity reflexes and motor strength. A lum-
bar magnetic resonance imaging (MRI) is ordered, and after
checking the state’s opioid prescription monitoring Web site,
the patient is placed on ibuprofen and combined oxycodone/
acetaminophen pills.

Follow-up on the MRI reveals a right-sided L4-5 nucleus
pulposus herniation. The family physician tells the patient
that the pain will likely resolve on its own within a few
months, and his medication regimen is changed to
long-acting oxycodone 10 mg twice daily for basal dosing,
with short-acting oxycodone 5 mg every 4 h for break-
through pain, in addition to a referral to physical therapy. At
the 2-week follow-up appointment, the patient states that the
“only thing that helps the pain is the oxycodone” and
requests dose escalation, which the family physician views
as reasonable and prescribes. After all, the patient is moti-
vated to get well, attending every physical therapy
appointment and focusing on an expeditious return to work
to support his family.

A similar conversation occurs at every 2-week visit for
the next 2 months until the patient is on long-acting oxy-
codone 40 mg twice daily and short-acting oxycodone

20 mg every 4 h. The family physician does not access the
state’s opioid prescription monitoring Web site every visit,
since he now knows the patient well.

A week later, the family physician receives a call from an
emergency department (ED) because his patient presented
with respiratory depression and was admitted for manage-
ment of an opioid overdose. He quickly checks the state’s
opioid monitoring program Web site and sees that his trusted
patient was obtaining opioids from 2 other physicians in the
state. He calls the newly opened interventional pain group in
town to establish a relationship and to ask for guidance on
how to manage this situation and for guidance on appro-
priate opioid prescribing.

Question

Where is the role of pain physicians in the opioid epidemic?

PRO: In discussing the case, the family physician points out
that the patient had “real” pain, likely from a structural
defect caused by an injury at work, and that opioids were
appropriate in his view. He states that he trusted the patient
and did not feel compelled to check at every visit. He states
that there is an “unlimited opioid ceiling” and dose escala-
tion is appropriate until pain is controlled. He states that pain
is the “fifth vital sign” and he can be sued for not addressing
pain as such.

CON (Pain Specialist): I am happy that the family physi-
cian reached out to me, but I realize I have my work cut out
for me. I took this opportunity to briefly educate the family
physician on the current state of affairs in pain medicine.
I agree that this patient’s pain would have probably ame-
liorated with a tincture of time and physical therapy. Even
massive disk herniations can be treated conservatively, with
the expectation of complete and sustained recovery in
upward of 87 % of patients at 2 years [1].
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“Avoiding opioids altogether in this case is possible and
desirable,” I tell the family physician. “I would have man-
aged this patient by performing epidural steroid injections
(ESIs), which can decrease pain to the extent that the patient
can participate meaningfully in physical therapy. A major
trial even showed that ESIs reduce the need for spine surgery
[2]. Sometimes this type of pain completely resolves with a
single or several injections, especially in a young, healthy,
motivated patient. In my practice, I rarely prescribe opioids
for any reason.”

PRO: The family physician says, “What type of PAIN
doctor doesn’t prescribe opioids!? I was hoping you were
going to take over all the patients I started and have main-
tained on opioids!”

CON: I realize I have a long way to go with this particular
physician. I respectfully articulate that family physicians are
the single largest source of all opioid prescriptions and fur-
thermore are associated with the greatest incidence of fatal-
ities due to overdose [3]. I explain how the field of pain
medicine evolved away from the “unlimited opioid ceiling”
model, as dangers became clear over time.

“From 1999 to 2007, the prime years that model was
touted, death rates from legitimate opioid prescriptions rose
127 % [4],” I tell the family physician. “Recent data also
suggest that many of these deaths are dose-dependent and
occur secondary to prescriptions given legitimately to
patients with chronic pain [5]. At the current time, standard
practice is to limit outpatient opioids to 100 mg of morphine
(or equivalent) daily. Modern pain medicine focuses more
on functional status than the numerical pain rating scale
(‘pain score’) as a ‘fifth vital sign.’ The American Pain
Society (1996) [6] and the Joint Commission (2000) [7]
sought to achieve better inpatient pain control and advocated
the ‘fifth vital sign’ in the inpatient setting; this inadvertently
led to unintended increased opioid use in outpatient settings.
Also important to note is that the numerical ‘pain score’ was
never validated for chronic pain.”

PRO: He says, “What about the risks of ESIs? Infection and
nerve damage? Do they even work?”

CON: “While all pain medicine interventions certainly carry
risks, they are small. With ESI, I quote patients that they
have a 1/100 risk of headache—due to post-dural puncture
(which I can typically relieve with an epidural blood patch,
although after at least 24 h), and a greater than 1/100,000 of
bleeding, infection, or nerve damage [8].

“In 2011, the Centers for Disease Control (CDC) cited
16,917 deaths from opioids [9]. In comparison, deaths from

all interventional pain techniques over 20 years were 131
patients (excluding the multistate fungal outbreak). The
multistate fungal meningitis outbreak that led to more than
130 deaths was the result of the negligence of a single
pharmaceutical compounding company. ESI is endorsed by
the North American Spine Society [10]. Cervical/thoracic/
lumbar interlaminar ESIs are low risk and effective; lumbar
transforaminal ESI is moderate risk and effective, and cer-
vical transforaminal ESI is high risk and not effective [11].”

PRO: “While all this is interesting, what about my patients
whose pain does not get better? Like the patients I have on
standing opioids for 10 years? Most of the patients I send to
the spine surgeon end up with open diskectomies and mul-
tilevel fusions. They have long recovery times, and in the
end return the same or worse than before, with the spine
surgeons offering more surgery to provide additional relief.
I started referring to a different spine surgeon who often says
he cannot offer any surgical remedy. I am out of options and
frustrated by the lack of options for my patients. What can
you offer them?”

CON: “One well-established therapy is spinal cord neu-
rostimulation, which, according to the neurosurgery litera-
ture in multiple high-quality trials, achieves much better
results than a second surgery, thereby obviating the need for
more and more surgery [12–14]. In fact, when the odds of a
successful surgical outcome are uncertain (at an overall cost
of $89,000), spinal cord neurostimulation could even be
considered as a primary treatment option [15]. Our percu-
taneous leads can be inserted and implanted in an outpatient
setting, with no hospital stay, and are removable if the
patient does not achieve the desired result. This procedure
may make sense to some patients who want to avoid an
operation that carries significant surgical and anesthetic risk,
with an associated inpatient hospital stay, pain, and an
extended outpatient recovery period. Research in pain
management is ongoing.”

Summary

A multidisciplinary approach using multimodal and multi-
mechanistic methods and techniques can achieve the end
result of pain relief. Pain physicians often reduce or elimi-
nate opioids prescribed by other physicians. While pain
physicians are certainly knowledgeable—arguably the most
knowledgeable physicians on the topic of opioids—pain
physicians use opioids discretely, judiciously, and appro-
priately. Thus, it is clear that pain physicians are part of the
solution to the opioid epidemic problem.
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