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Preface

&pi- [from the Greek. éxi “above, in, more”]
peri- [from the Greek. mepi, nept- “around’]
extra- [from the Latin. extra “outside”]

The terms “epidural,” “peridural,” and “extradural” are basically
synonyms.

To be anatomically precise, peridural should be the most correct term,
because it implies that the space is around the dura and therefore it envelops
the entire dural sac, while epidural refers to a space that is upon or on the
dural sac.

Peridural is most used in countries whose language comes from Latin,
extradural is the term currently used in British English-speaking countries,
and epidural is currently used in Standard English-speaking countries.

The term “space” is used to indicate the region lying between the dura and
the bony walls of the spinal canal. However, the term space is not completely
exact, because it is not an empty space, but a place that is filled mainly with
fat and with other anatomical structures, and therefore should be called
“region” rather than “space.” As we will discuss in the chapter devoted to the
anatomy, the most recent anatomical findings support the idea that the epi-
dural region is in part real and in part virtual.

In this text, I will use the most commonly used term: epidural space.

Epidural block is a form of peripheral nerve block accomplished by intro-
ducing local anesthetic agents into the epidural space. In this way, the local
anesthetic affects the nerve fibers beyond their arachnoid-dural coverings as
they lie in the intervertebral foramen, paravertebral space, or sacral canal.

Our masters J. J. Bonica and P. Bromage wrote everything that could be
said on the subject, for which I will necessarily refer to their teachings; how-
ever, more or less 70 years have passed from their cornerstone publications,
and some new things have been discovered, some others have been confirmed
with modern methods, and new techniques face the horizon. Clinical practice
has also slightly changed. For this reason, I wanted to write this book, to
transmit their knowledge and experience to the new generations, adding a
little of my updated practical experience.

This book is intended for all colleague anesthetists, but in particular those
who want to practice or who already practice analgesia in obstetrics, and
therefore it will exclusively describe the lumbar approach to the epidural
space which is the one used in obstetrics.
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Preface

The epidural block has been known universally for a long time; however,
its specific teaching is beginning to be lost, as this practice is mainly confined
within the scope of obstetric analgesia. For this reason, I hope this book will
help my young colleagues to learn and appreciate a fundamental technique
for the anesthesiologist and my older colleagues to review their technique to
better teach it to future generations.

Rome, Italy Giorgio Capogna
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History of Lumbar Epidural Block

Whether Corning in 1884 had obtained true spi-
nal anesthesia in his first human experiment or
had merely produced an epidural block remains
a debated question. After the introduction of the
lumbar puncture by Quincke (1891) only 2 years
after Bier’s spinal anesthesia (1898), in 1900,
Kreis pioneered the use of spinal anesthesia in
six parturients for labor pain relief. The very fre-
quent and severe complications related to spinal
anesthesia motivated the physicians to investigate
other approaches to the spinal cord and nerves,
and the most logical was the epidural. Historically,
the first approach to the epidural space was that
of the caudal, preceding the lumbar, thoracic, and
cervical ones. Nine years after the experience
with the sacral approach described by Sicard and
Chatelin in 1901, Stoeckel introduced the caudal
epidural for labor pain relief and until the 1920s,
caudal anesthesia was considered the safest route
to the epidural space. Sicard and Forestier in
1921 described a technique to reach the lumbar
epidural space for neuroradiological purposes
and Pagés in the same year sensed that the needle
should be stopped in the epidural space to pro-
duce a metameric anesthesia. In the early 1930s
Dogliotti developed and disseminated the loss of
resistance technique and Gutierrez discovered
the hanging-drop technique. Graffagnino was the
first to use the lumbar approach for labor analge-
sia while the continuous lumbar technique was
introduced by Aburel in 1931, improving the
practice of labor pain relief. He also started the

© Springer Nature Switzerland AG 2020
G. Capogna, Epidural Technique In Obstetric Anesthesia,
https://doi.org/10.1007/978-3-030-45332-9_1

systematic investigation of the afferent innerva-
tion of the uterus completed by Cleland in 1933
and by Bonica in the 1950s. Finally, Bonica and
Bromage (1954) took the practice of epidural
anesthesia into the modern era. In their books
the epidural block technique is described in an
exhaustive way based on their great personal
experience and they remain today the major ref-
erence for every obstetric anesthesiologist.

1.1 Was the Very First a Spinal or

an Epidural Anesthesia?

The beginning of modern local anesthesia may
be traced to the late nineteenth century with the
availability of the three elements necessary for its
administration: a syringe, a needle, and a local
anesthetic drug. The year 1885 may be consid-
ered the founding year of neuraxial anesthesia
with the publication by Corning of the historical
article entitled “Spinal anesthesia and local med-
ication of the cord (1885)” [1], followed, only
1 year later, by the first textbook on local anesthe-
sia, Local Anesthesia in General Medicine and
Surgery (New York, 1886) [2].

James Leonard Corning (1855-1923), a
New York neurologist, was born in Connecticut
but received his medical education in Germany,
graduating from the University of Wurzburg
in 1878. The introduction of the hollow nee-
dle and the glass syringe by Alexander Wood


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-45332-9_1&domain=pdf

(1817-1884) in 1853 and the clinical demon-
stration of the local anesthetic properties of
cocaine by Karl Koller (1858—-1944) in 1884
were the preliminary steps leading to Corning’s
research that he conducted using hydrochlorate
of cocaine on both the peripheral and central
nervous systems. He observed that subcutane-
ous injection of cocaine was associated with
both vasoconstriction and local anesthesia and
thus hypothesized that injecting cocaine solu-
tion into the subcutaneous tissues between two
contiguous spinal processes would result in its
uptake by veins afferent to the cord. He wrote:
“I hoped to produce artificially a temporary
condition of things analogous in its physiologi-
cal consequences to the effects observed in
transverse myelitis or after total section of the
cord” [1].

At that time the aim of any injection was to
deposit the drug as near as possible to the site
on which it was desired to act. For example for
many years physicians continued to consider
morphine effective only if injected close to the
painful lesions. In tune with this theory of the
time, Corning aimed to deposit the cocaine in
close contact with the cord, but at the same time
was also searching for a method to avoid the risk
of injuring it by puncture.

Fig. 1.1 The method
Corning used to deposit
the drug as near as
possible to the desired
site

—_—
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His first experiment involved injecting 20
minims (1.3 mL) of a 2% cocaine solution into
the space between two inferior dorsal vertebrae
of a young dog. Within 5 min he noted first inco-
ordination and later weakness and anesthesia of
the animal’s hind legs which resolved completely
in approximately 4 h. The effect did not spread
to the forelegs and he attributed this fact “to the
lethargy of the circulation at this point.”

After this animal experience, he carried out
his well-known experiment on man.

He had previously observed that in the lower
thoracic region, the vertebral transverse processes
lie at the same depth as the laminae which form
the posterior boundary of the vertebral canal. He
therefore first inserted the needle lateral to the
midline until the point of the needle touched the
transverse process, and then adjusted a marker
located on the shaft of the needle to the skin level.
The needle was then reinserted, this time in the
midline between the two spines, not quite up to
the marker to prevent a too deep an insertion and
therefore a possible cord injury (Fig. 1.1).

In a man who suffered “spinal weakness” and
“seminal incontinence,” he injected 30 minims
(2 mL) of 3% cocaine into the T11/12 interspi-
nous space. No effect was noted within 6-8 min
and he repeated the injection. Ten minutes later
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1.1 Was the Very First a Spinal or an Epidural Anesthesia?

the subject remarked that his legs felt “sleepy” and
Corning could demonstrate “greatly impaired”
sensitivity to pinprick in the legs, genitalia, and
lumbar region which lasted over 15-20 min. No
motor weakness or gait disturbance was noted.

Corning did not mention the ligamentum
flavum nor the dura mater. In addition he intro-
duced the needle with a charged syringe already
attached to the needle, and injected the solution
without any previous aspiration, so preventing
him from noticing the possible appearance of
cerebrospinal fluid in the syringe.

The man made a full recovery but, interest-
ingly, Corning recorded that he complained of
headache and vertigo the next morning.

Whether in his first human experiment
Corning had obtained, however unknowingly,
true spinal anesthesia or merely had produced
epidural anesthesia remains a debated question.
It seems plausible that Corning’s early experi-
mentation resulted in effects more similar to an
epidural anesthetic although with signs of some
inadvertent dural puncture. Corning’s dose of
local anesthetic was eight times higher than the
doses of the same drug successfully used by
Gustav Bier 14 years later for his spinal anesthe-
sia [3]. Yet, the onset of analgesia in Corning’s
patient was slower and the ultimate sensory level
lower. In addition it is certain that Corning’s
experiment was based on faulty physiological
and anatomical premises, since he believed that
cocaine injected into the region between two spi-
nous processes would be absorbed by the circula-
tion and transferred to the substance of the cord.

Even in his later experiences, Corning appears
to have regarded his intentional intrathecal injec-
tions only as a tool to alleviate the existing pain
while overlooking its possibilities in surgery.

In his Pain in its neuropathical relations
(Philadelphia, 1884) [4] under the heading “The
irrigation of the cauda equina with medicinal
fluids,” he wrote: “I became impressed with the
desirability of introducing remedies directly into
spinal canal with a view to producing still more
powerful impressions on the cord, and more
especially on its lower segment.” He introduced
a needle through a small introducer between the
L2 and L3 interspace deliberately to perform a

GALERIE HERVORRAGENDER ARZTE UND NATURFORSCHER.

—— -

j’;ucus-r Bier,

W

Beilage ewr Minchener wedistuirchen Wockonsclirifr, ate 188,

Verlag von J. F. LEHMANN bn Minchen,

Fig. 1.2 August Karl Gustav Bier (1861-1949) (from
Biblioteque Interuniversitaire de Santé, Paris. Open
Licence)

lumbar puncture to medicate the cord because of
“spinal irritation,” but this was 3 years after the
technique of lumbar puncture had been described
in detail by Heinrich Irenaeus Quincke (1842—-
1922) in 1891 [5].

Unfortunately the work of Corning on clinical
local analgesia attracted little attention and had
no influence on clinical practice, but his inves-
tigations on cocainization of the cord antedated
Bier’s classic and highly influential experiments
by 18 years.

In fact it was 14 years after Corning’s first publi-
cation that August Karl Gustav Bier (1861-1949)
(Fig. 1.2), a German surgeon, published the first
reports of successful spinal anesthesia in surgery:
“Versuche uber Cocainisirung des Ruckenmarks”
(Experiments with cocainization of the spinal cord)
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[3]. On August 16, 1898, Bier injected 15 mg of
intrathecal cocaine in a 34-year-old worker under-
going resection of a tuberculous ankle joint. His
description is remarkable for its similarity to the
modern process: he described positioning the
patient in the lateral position, infiltrating the skin
and subcutaneous tissues with the cocaine solu-
tion, and observing the flow of cerebrospinal fluid
from a long hollow needle before injection of the
anesthetic solution into the dural sac. He went on
to perform five more spinal anesthetics in the same
month. Complete anesthesia was achieved only in
one patient; five patients could still sense touch or
pressure, but not pain. Furthermore in four of these
patients, Bier reported complications including
back and leg pain, vomiting, and headache. Even
at this early stage, he had associated the loss of
cerebrospinal fluid with headache, and discussed
the risks of toxicity. Within the same publication
Bier describes the attempts of himself and his
assistant, Dr. Otto Hildebrandt, to deliver cocaine
spinal anesthetics to one another. Sensation in Dr.
Hildebrandt was tested in various ways including a
needle pushed down to the femur, burning cigars,
avulsion of pubic hairs, and strong blows to the
tibia with an iron hammer, none of which resulted
in pain. In spite of promising results, complications
were recorded including paresthesia in a lower
limb and the loss of “much” cerebrospinal fluid.
Bier reported that subsequently he experienced a
severe headache, associated with dizziness which
was relieved completely by lying flat for a total of
9 days [3].

Only 2 years after Bier’s spinal anesthesia, in
1900, Oskar Kreis (1872-1958), a gynecologist
and obstetrician from Basel, pioneered the use
of spinal anesthesia in six parturients for labor
pain relief. He used cocaine as a local anesthetic,
and all but one patient had nausea, vomiting, and
severe postpartum headache.

1.2  TheFirst Epidural Approach:

The Caudal

The very frequent and severe complications
related to spinal anesthesia such as hypotension,
nausea, vomiting, postdural puncture headache,

and meningeal irritation motivated physicians
in Europe and the Americas to investigate other
approaches to the spinal cord and nerves, and the
most logical being the epidural.

Historically, the first approach to the epidural
space was the caudal, preceding the lumbar, tho-
racic, and cervical approaches.

In 1901, two French physicians, working
independently of one another in Paris, Jean-
Athanase Sicard (1872-1929), neurologist and
radiologist, and Fernard Cathelin (1873-1945)
claimed the birthright of discovering epidural
analgesia.

Sicard had released the first publication on
epidural injections. In an article entitled “Les
injections meédicamenteuses extra durales par
voie sacro-coccygienne” (sacro-coccygeal extra-
dural drug injection) [6], on 20 April 1901, he
discussed spinal anesthesia with cocaine and
commented on the severe headaches, nausea, and
vomiting that were produced postoperatively.
He then went on to describe his caudal epidural
technique in the dog, a human cadaver, and nine
patients with pain who had all obtained immedi-
ate analgesia. He stated that this technique should
replace spinal anesthesia.

One week later, Cathelin presented his work to
the Society of Biology in Paris and stressed that
he had been working and experimenting with this
new method since 5 February 1901. Evidence was
given by his chief, Professor Lejars, as to the truth
of this statement. His address was entitled “Une
novelle voie d’injection rachidienne. Methode
des injections epidurales par le procede du canal
sacre. Applications a ’homme” (A new spinal
injection route. Method of epidural injection by
the sacral canal method. Applications to man)
[7]. He described the caudal injection of cocaine
1% into dogs, and he demonstrated with Indian
ink that his injections were limited to the extra-
dural space. In February 1901 he performed cau-
dal block on four patients who were undergoing
surgery for hernia repair, but with imperfect
results. He stated that further study was needed
but he thought that the technique would be useful
for surgical operations, to produce analgesia for
painful deliveries, inoperable rectal carcinoma,
and hemorrhoidal fissures. Controversy ensued,



1.2 The First Epidural Approach: The Caudal

but in the final analysis Sicard relinquished the
discovery to the young Cathelin. It subsequently
became apparent that Cathelin was worthy of this
generous gesture, since he produced 22 publica-
tions and notes about this new method. In 1902
he published his thesis on epidural injections
and submitted it for the Doctorate in Medicine.
This work was obviously the basis for further
research. He refuted Corning’s priority in using
the epidural space and 20 years after the discov-
ery which he had claimed, he described spinal
anesthesia as the “poor relation of my method.”
It must be remembered that cocaine was the only
local anesthetic available initially and was some-
times too toxic in the concentrations required to
produce analgesia similar to spinal anesthesia.

In the year 1905 the German chemist Alfred
Einhorn (1856-1917) synthesized procaine, and
gave it the trade name of Novocaine, from the
Latin nov- (new) and -caine, the common ending
for alkaloids used as anesthetic. The new drug
was promptly used for caudal anesthesia since it
was less toxic, more effective, and more stable
than the previously used cocaine.

Walter Stoeckel (1871-1961), professor of
gynecology in Marburg, with a special interest in
gynecological urology, injected cocaine solutions
into the epidural space, through the sacral hiatus.
Stoeckel described a series of 141 cases of obstet-
ric caudal epidural analgesia in an article entitled
Uber Sakrale Anasthesie in 1909 [8]. According
to the English translation of this original paper,
edited by one of the pioneers of epidural anesthe-
sia, Andrew Doughty [9], he wrote: “In 18 cases
there was no noticeable beneficial effect and in a
further 12 the relief of pain was minimal. Positive
relief was obtained in the remaining 111 cases
but to varying degrees. It became apparent that
labour pain is not a single entity but is made up
of two distinct components which became recog-
nizable by our experience with sacral anaesthesia
[...] After an effective sacral block the pain of
uterine contraction disappears or at least dimin-
ishes and becomes quite tolerable [...] We have
obtained complete relief or reduction to a toler-
able degree of the back pain in 72 cases and of
both back and hypogastric pain in 39 cases. The
considerable degree of relief was evidenced by

the behavior of the mothers in whom the pains
were no longer accompanied by loud crying and
rolling about in bed; the contractions could then
only be perceived by abdominal palpation [...]
Pain sensitivity in the perineum was mostly, but
not always, obtunded when tested with a needle.
Thus the passage of the head through the vulva
was painless in nine cases and only very slightly
painful in 16. Three women were delivered by
forceps and two had perineal tears sutured quite
painlessly. In two other cases, sacral anaesthesia
was insufficient for the application of forceps and
these patients had to be helped with a few drops
of chloroform. In many cases there was a marked
relaxation of the pelvic floor musculature. [...]
In 23 cases the contractions became weaker
and less frequent and this depressive effect was
especially noticeable if the injection had been
given too early in labour; in one case the con-
tractions ceased with the pain and did not return
for 4 days. [...] However, if labour had been well
established, neither the uterine contractions nor
the expulsive forces were affected as a general
rule.”

In the early 1900s through to the 1920s, cau-
dal anesthesia was considered the safest route to
the epidural space. Operations utilizing epidural
anesthesia were usually limited to the region of
the body supplied by the cauda equina. Attempts
to push the block higher by using larger volumes
of anesthetic or changing the patient’s position
were not always successful.

However, Robert Emmett Farr (1875-1932),
surgeon in Minneapolis, was able to produce
anesthesia to the level of the nipples injecting
volumes up to 120 mL of local anesthetic intro-
duced through the caudal space. In his paper,
“Sacral Anesthesia,” published in 1926 [10],
Farr described his cadaveric experiments. Using
contrast dye and X-rays, he showed dissemina-
tion of contrast from the epidural space via the
epidural foramina. He also described the spread
of contrast to the level of the cervical vertebrae
when volumes greater than 80 ml were intro-
duced through the caudal canal.

Caudal sacral analgesia became popular in obstet-
ric analgesia in the first 2040 years of the twentieth
century. However it had at the very least a discrete
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failure rate even in the best hands, due to both the
variations in the anatomy of the caudal canal and the
difficulty, often the impossibility, of identifying the
caudal hiatus in the parturient at term. In addition
while caudal analgesia was able to produce success-
ful perineal and second-stage analgesia, it could not
provide pain relief from uterine contraction unless
large doses were used, with the risk of toxicity and a
slowing down of the labor process.

1.3 Lumbar Epidural
As early as 1921, two French radiologists, Jean
Sicard (1872-1929) and Jacques Forestier
(1890-1978), described a “loss of resistance” to
syringe injection as a spinal needle was advanced
through the lumbar ligaments. They were inject-
ing radiographic contrast (lipiodol) to treat
chronic lumbar and sciatic pain while studying
spinal canal abnormalities and described this
“loss of resistance” as the entry of the needle
tip into the epidural space. In the course of this
procedure they accidentally injected a few mil-
limeters of lipiodol in the subarachnoid space,
producing a myelography with no arachnoideal
adverse reaction [11]. However, both were of the
opinion that lumbar and thoracic epidural space
was not suitable for the diffusion of the injected
solutions, due to the presumed presence of tough
septa and for the easy diffusion of the liquid itself
through the vertebral foramina. In the same year,
Fidel Pagés Miravé (1886-1923) (Fig. 1.3), a
Spanish military surgeon, was the first person to
perform epidural anesthesia by the lumbar route.
In his paper Anestesia Metamérica (Metameric
Anesthesia) which was published in March
1921 simultaneously in the Revista Espaniola
de Cirugia [12] and in the Revista de Sanidad
Militar [13], he described his original idea: “En
el mes de noviembre del pasado ario, al practi-
car una raquianestesia, tuve la idea de detener
la cdanula en pleno conducto raquideo, antes de
atravesar la duramadre, y me propuse bloquear
las raices fuera del espacio meningeo, y antes de
atravesar los agujeros de conjuncion, puesto que
la punta de la aguja habia atravesado el liga-
mento amarillo correspondiente.”

Fig. 1.3 Fidel Pagés Miravé (1886-1923) (from Lange JJ
et al. (2007) Anaesthesia 49: 429431, with permission)

This is the English translation of his origi-
nal description of epidural anesthesia which
relied on his feeling for the “snap” as the nee-
dle passed through the ligamentum flavum and
entered the epidural space: “In November of
last year, while I was carrying out spinal anes-
thesia, I had the idea of detaining the cannula
with the spinal canal, before it penetrated the
dura mater, and then blocking the roots outside
the meningeal space before the needle traversed
the corresponding foramina, since the point of
the needle had traversed the corresponding yel-
low ligament. I abandoned the Stovaine that I
had prepared, and in a sterilized capsule dis-
solved three tablets of Suprarenin Novocaine
of series A (375 mg of Novocaine) in 25 mL
of physiologic serum, and proceeded to inject
it immediately through the cannula which was
placed between the second and third lumbar
vertebrae. Hypoesthesia became accentuated
progressively, and within 20 min after injec-
tion we decided that it was permissible to start
the operation. We carried out radical repair of a
right inguinal hernia without the least discom-
fort to the patient.”

After this, he described his experience with
this technique in 43 patients (including upper
abdominal operations) (Fig. 1.4).
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Fig. 1.4 First page of the paper “Anestesia Metamerica”
published by Fidel Pagés in 1921 (from Lange JJ et al.
(2007) Anaesthesia 49: 429-431, with permission)

Unfortunately his work did not circulate in the
scientific world at that time, since he published
only in Spanish and he did not present his work
at any congress. In addition his premature and
unexpected death certainly contributed to the
lack of dissemination of his work.

Independently of Pagés, an Italian surgeon,
Achille Mario Dogliotti who did not previously
know about Pagés’ work described epidural
anesthesia through the lumbar route in 1931. A
controversy as to who was the first to discover
lumbar epidural anesthesia consequently arose.
Dogliotti, as president of the International College
of Surgeons, attended numerous conferences and
published in the English language, facilitating the
diffusion of his technique. Dogliotti learnt later
of the work of Pagés and acknowledged him as
the first to develop and describe the lumbar epi-
dural approach [14].

However, whereas Pagés used a tactile
approach to identify the epidural space, Dogliotti

x

Fig. 1.5 Achille Mario Dogliotti (1897-1966)

was the first to identify it by using the loss of
resistance technique.

Achille Mario Dogliotti (1897-1966) (Fig. 1.5),
professor of surgery in Modena, Catania, and Turin,
was an innovator of Italian surgery, having devel-
oped one of the first heart-lung machines. He was
also a pioneer in the X-ray techniques of the bili-
ary tract and responsible for the organization of the
first blood bank in Italy. He may be considered the
“father” of modern epidural anesthesia since he first
described the modern loss of resistance technique
that overcame the main obstacle to the advancement
of lumbar and thoracic epidural anesthesia due to
the inability to reproducibly identify the epidural
space at those levels.

We can consider the “birth certificate” of
lumbar epidural anesthesia the lecture Dogliotti
gave on April 18, 1931, at the meeting of the
Societa Piemontese di Chirurgia (Piemontese
Society of Surgery) which was entitled “Un
promettente metodo di anestesia tronculare
in studio: la rachianestesia peridurale seg-
mentaria” (A study on a promising method of
troncular anesthesia: segmental peridural rachi-
anesthesia) [15].

As he explained during his lecture at the
XIth Annual Congress of Anesthesiologists, in
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New York City in October 1932 [16], Dogliotti
was looking for an alternative to spinal anesthe-
sia, since “inconveniences always complained
about in spinal anesthesia, besides the decrease
of blood pressure, are nausea and vomiting dur-
ing the operation (about 30% of the cases), and
postoperative headaches (about 10-20%)” and
defined his epidural approach as “a regional
anesthesia covering a large region which permits
the obtaining for the upper and lower abdomen,
for the extremities and for the thorax what the
Cathelin epidural sacral anesthesia obtains for
the perineum and pelvis.”

After having recognized the relative difficulty
of the lumbar epidural technique encountered in
the past, Dogliotti explained how he had made
it simple and reliable: “The technique has been
made easy and simple by introducing the needle,
connected with a syringe filled with physiological
solution, slowly and exercising at the same time
as the needle penetrates the yellow ligaments a
constant and considerable pressure on the piston.
While the needle is penetrating the yellow liga-
ments, a strong resistance to the injection of the
liquid is felt. As soon as the needle pierces the
ligaments and arrives in the peridural space, all
resistance is at once removed and the liquid enters
with every facility separating the dura mater from
the peridural adipose tissue. The needle is thus in
place and after having ascertained that there is no
flow of either blood or cerebro-spinal fluid, the
next procedure is the injection of the anesthetic
which will diffuse itself in the peridural space”
(Fig. 1.6).

Fig. 1.6 Original
Dogliotti’s description
of his loss of resistance
technique: the syringe is
held in one hand, the
thumb of which applies
a continued and uniform
pressure to the piston
(from [16] with
permission)

Dogliotti’s method of identification of the
epidural space was a very important innovation
that launched this valuable technique in the mod-
ern practice of anesthesiology. The previously
described methods, such as that described by
Pagés, were primarily tactile methods of identi-
fying the epidural space, noting the “feel” of the
needle tip as it passed through the ligamentum
flavum, and this limited these techniques to the
manually clever. Instead Dogliotti’s technique
was reproducible and easily learned. Dogliotti’s
Anesthesia Textbook was published in 1935
[17], was translated into English in 1939 [18],
and contained an extensive and detailed chapter
on epidural analgesia which also included all
his exhaustive studies performed on this matter.
Textbooks by American authors several years
later contained only a short description of the
technique, treating it as a novelty practiced only
by those with special expertise.

Initial acceptance of epidural analgesia was
therefore slow to develop in North America,
although it gained early and wide acceptance in
Europe and South America.

In the 1930s, Alberto Guiterrez (1892-1945)
(Fig. 1.7), professor of surgery in Buenos Aires,
used the epidural anesthesia technique from
Pagés and Dogliotti and applied it for thousands
of different operations. Concerned about general
anesthesia accidents, Gutierrez turned to other
alternatives. He first used spinal anesthesia, and
then epidural anesthesia in an approach called at
that time the “direct method” (loss of resistance).
Occasionally, he used what was indicated as the




1.3 Lumbar Epidural

Fig. 1.7 Alberto Gutierrez (1892-1945) (from [19] with
permission)

“indirect method,” in which the needle was inten-
tionally introduced into the dural sac, and then
gradually withdrawn a few millimeters until the
cerebrospinal fluid stopped dripping, assuming
that at that moment, the bevel was as in the epi-
dural space. Antonio Aldrete [19] describes the
history of the Gutierrez discovery as follows:
“One day in February 1933, Alberto Gutierrez
was searching for the epidural space by use of the
loss- of-resistance method with fluid. Apparently,
while introducing the tip of the needle through
the interspinous ligament and approaching the
ligamentum flavum, he felt undue resistance,
so he disconnected the syringe and noted that a
drop of the fluid was left hanging from the hub.
He did not reattach the syringe but continued to
advance the needle, without touching the drop.
As he continued to insert the needle very slowly,
he suddenly noticed that the drop disappeared.
He then reconnected the syringe and aspirated
without obtaining fluid.” After fractionated doses
of 1% procaine without feeling resistance up to

15 mm, he was able to perform a painless saphe-
nectomy. This observation was reported in an
informal way in the periodical e/ Dia Medico on
March 27, 1933 [20], and followed by a formal
paper in the Revista de Cirugia [21]. Gutierrez
reported that sometimes the drop did not hang,
but rather a meniscus of fluid could be observed
within the hub, in which case the needle must be
advanced very slowly and injected only when the
fluid could no longer be seen.

In 1938 Gutierrez published in his book
Extradural Anesthesia [22] the updated experi-
ence of everyone he knew that was practicing
epidural anesthesia, including Dogliotti who, at
the time, had performed over 4000 cases.

Of interest were his attempts to find out about
the negative pressure in the epidural space.

Gutierrez’s way of using the negative epidural
pressure as a marker of finding the epidural space
by placing a drop of saline on the hub of the
advancing needle became known as the sign of
the hanging drop.

In 1936 Charles Odom (1909-1988), direc-
tor of surgical services at the Charity Hospital
of New Orleans, substituted a capillary tube for
the hanging drop as follows [23]: “I cut a small
glass adapter commonly used to connect a rub-
ber infusion hose to an infusion needle, in half
and connected it to the spinal needle after it had
been engaged in the interspinous ligament. The
ground glass tip of the adapter made the connec-
tion air-tight. The lumen of the adapter was then
filled with sterile solution. This small glass cylin-
der with the enclosed fluid made a very delicate
indicator. The smaller the bore of the cylinder the
more delicate it becomes. This indicator is very
easily sterilized and is far less cumbersome to use
than the spinal manometers or U tubes used in
some of the European clinics.” Odom performed
a large number of surgeries with this technique
including two cesarean sections in women with
tuberculosis.

Odom suggested that the epidural space is a
potential space in the erect posture and that it only
comes into existence when the spine is flexed and
the two layers of the dura mater separate. As the
anterior wall of the vertebral column does not
flex as much as the posterior wall, a space is cre-
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ated between them and as this space is formed
from no space at all, a vacuum will be created.
This vacuum will slowly dissipate owing to an
influx of venous blood until atmospheric pressure
is achieved.

In the same hospital Peter Graffagnino, a
gynecologist, “attempted to add to the anesthetic
armamentarium of the obstetrician another proce-
dure, epidural anesthesia, which we have thus far
administered to 76 patients” with this publication
of February 1939 [24], in which he became the
first to report the use of lumbar epidural block for
labor analgesia, performed according to Odom’s
technique. In his conclusions he stated: “The
anesthetic can be administered to all patients in
the childbearing age. All major operative obstet-
rical procedures can be performed under this
form of anesthesia safely and with the conscious
cooperation of the patient.”

The era of epidural indicators had started, and
a number of visual and mechanical devices were
developed to help the physician to identify the
epidural space.

Massey Dawkins (1905-1975), consultant
anesthetist at the University College, London,
pioneer of epidurals, the first to administer it
in the UK in 1942, in 1963 wrote an extensive
review of the main devices in use at that time
[25] (Figs. 1.8 and 1.9): “(1) In the Ikle syringe
the pressure of the thumb is replaced by a spring
which drives the piston forward as soon as the
epidural space is entered. (2) In 1935 Macintosh
modified this spring loading on the piston by
applying spring pressure to a blunt trocar inside
the epidural needle. This trocar will not normally
pierce the dura. While the needle is travers-
ing the interspinous ligaments, the distal end of
the trocar projects from the hub of the needle.
When the point of the needle enters the space,
a hidden spring in the hub of the needle drives
the trocar forward and the distal end of the tro-
car disappears into the hub. This is an excellent
device as the weight of the needle is unaltered
and there are two wings protruding on either side
of the hub which make for ease in handling ...
No data concerning the efficiency of this device
have been recorded in the literature. (3) A simpler
device, also introduced by Macintosh, consists of

a balloon distended by air which is plugged into
the hub of the needle ... Directly the advancing
needle enters the space, the balloon will deflate.
It is advisable to use a fresh balloon for each case
in order to avoid leaks. Although the balloon is
widely used, no details of its efficiency have been
published, but enquiries among colleagues who
use it have established that in 506 cases there
was a dural puncture rate of 6.7%. (4) In 1956
Zelenka suggested that the tactile and visual tech-
niques could be combined in one device. He took
a U shaped manometer containing bubbles of air
in sterile water and fitted a tap at the distal end
into which a distended balloon could be plugged.
When the needle was in the interspinous ligament
the device was attached and the tap opened. Now
as soon as the space was entered the meniscus
received an impulse of positive pressure from
behind which helped to overcome the 19% fail-
ure rate of the visual technique alone. There are
however no recorded details of the efficiency of
this device. (5) In 1958 the above device was
simplified by Brooks who took an Odom’s indi-
cator, heated the distal end, sealed it and then
blew a small bulb in it. If a bubble of air in saline
is placed in the capillary tube and the indicator is
plugged into the hub of the epidural needle and
the bulb is then heated, the air within it expands
and provides a positive pressure behind the
meniscus. This exceedingly simple device works
well in practice and in my own experience con-
verts a success rate with Odom’s indicator alone
of 73% to one of 90%.”

1.4  Continuous Lumbar Epidural
Clinicians realized that to provide continuous
anesthesia for long-lasting surgical procedures,
there had to be a way to repeatedly inject local
anesthetics.

As with the epidural single-shot technique,
the continuous method also used this technique
first starting from the caudal and spinal route, the
lumbar approach only being considered a few
years later on.

Eugen Bogdan Aburel (1899-1975)
(Fig. 1.10), Romanian professor in obstetrics and
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Fig. 1.8 Various types

of epidural indicators —
(1935-1958) (from [25] \ “} -
with permission)

Macintosh

gynecology, and a pioneer in obstetric analgesia,
in 1931 presented his technique of “anesthésie
locale continue (prolonguee) en obstetrique”
(continuous local anesthesia in obstetrics)
[26]. His technique for insertion of the catheter
through the needle withdrawing the needle over
it and positioning the catheter is very similar to
what is in use today. Curelaru [27] describes
Aburel’s description of his technique as follows:
“Firstly, introduce the needle at the selected

level (epidural, lumbo-aortic): inject 30 mL of
cinchocaine (Percaine) 0.5%; introduce through
the needle a soft catheter (similar to ureteric
catheters); remove the needle with the catheter
left in situ: finally, apply a dressing above the
catheter. If repeated injections are required, they
could be performed with a fine needle through
the catheter left in situ ... Through ... the nee-
dle-catheter approach, it becomes possible to
obtain prolonged local anaesthesia in obstetrics.
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Fig. 1.9 Various types
of epidural indicators

(1935-1958) (from [25]
with permission)
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This approach should no longer be considered
experimental but as an everyday procedure.” The
catheter used by Aburel was made of flexible
silk and resembled a ureteric catheter. Aburel
also began a systematic investigation of the
afferent innervation of the uterus by meticulous
anatomical dissection and sharp clinical obser-
vation in parallel with the analogue researches
(1927-1933) of Cleland on this subject in the
USA. However, since his publications were writ-
ten in French [28, 29], they went unnoticed by
overseas colleagues.

John Cleland (1898-1980), from the
University of Oregon, used paravertebral block
and low caudal analgesia to “present experimental
proof via visceromotor reflexes of the location of
these paths in the dog, to correlate these findings
in man, to explain the error of conclusions hith-
erto accepted, and to demonstrate that the pain
of uterine contraction may be abolished without
affecting the contractions by paravertebral block
of only two adjacent nerves” [30]. Cleland con-
cluded in his paper of 1933 [30] that the sensory
afferents from the uterus and cervix that transmit
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Fig. 1.10 Eugen Bogdan Aburel (1899-1975) (from [26]
with permission)

pain during the first stage of labor enter the spi-
nal cord T11 and T12 and that the second stage
of labor is primarily somatic in nature and it is
transmitted through the sacral nerves.

William Lemmon (1896-1974) published
preliminarily in 1940 [31] and more extensively in
1944 [32] the description of a 17G or 18G nickel-
silver alloy malleable needle (Fig. 1.11). The
needle was placed in the subarachnoid space, was
bent at the skin surface, and was attached to rub-
ber tubing through which local anesthetic solution
was injected when required. The patient lay on a
mattress and table that had a hole placed so as to
accommodate the protruding needle (Fig. 1.12).

Robert Hingson (1913-1996), Chief of
Anesthesia of the Marine Hospital at Staten
Island, USA, after trying malleable needles
inserted caudally, used continuous epidural
anesthesia by the caudal route, injecting local
anesthetics through ureteral catheters. With his
Chief Obstetrician colleague, Waldo Edwards

13

(1905-1981), they decided to combine the
advantages of continuous spinal analgesia with
the safety, simplicity, and effectiveness of sacral
epidural block. Securing the hub of the malleable
needle to rigid rubber tubing, the analgesic agent
could be introduced with the patient in her hos-
pital room, uninterrupted during transfer to the
delivery site, and easily maneuvered for prepara-
tion, delivery, and, if necessary, episiotomy. Of
course the needle was left in the caudal canal and
the patient labored in the decubitus position. In
their paper published in JAMA in 1942 [33] they
wrote: “since that time we have managed the
entire course of six hundred labors and deliveries
with this method without restoring to any other
form of anesthesia. We believe that continuous
caudal analgesia has opened a new medical hori-
zon to the profession comparable to that devel-
oped ... with continuous spinal anesthesia ... We
would emphasize that with our method the drug
producing the analgesia is continuously bathing
the nerve trunks of the sacral and lumbar plex-
uses within the peridural space. Consequently the
patient is still able to move the lower extremities
throughout labor, and uterine contractions con-
tinue without impediment.”

Edward B. Tuohy (1908-1959), in the 1940s,
was aware of the early clinical work by Pagés
and Dogliotti on epidural blocks, but he was par-
ticularly interested in continuous spinal anesthe-
sia [34]. He replaced the sharp previously used
needle with a needle that had been designed by
Ralph L. Huber (1890-1953), a Seattle den-
tist. Huber’s needle had a directional tip, which
allowed the direction of the catheter as it exited
the needle tip.

Although Huber intended this needle for
intravenous and tissue injections, Tuohy recog-
nized that the directional point might facilitate
the placement of spinal catheters. In addition, he
added a stylet hoping to further decrease the risk
of skin plugging.

But it was Pio Manuel Martinez Curbelo
(1905-1962), not Tuohy, who realized how the
directional needle might facilitate the placement
of epidural catheters and who may be considered
the initiator of continuous lumbar epidural anes-
thesia. Curbelo visited Tuohy at the Mayo Clinic
in November 1946. He observed Tuohy using his
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Fig. 1.11 Tray for continuous spinal anesthesia (1944) (from [32] with permission)

recently developed needle to allow for the inser-
tion of ureteral catheters intrathecally and noted
that by injecting small, fractionated doses of local
anesthetics repeatedly, long-term analgesia could
be achieved. On January 1947, at the Hospital
Municipal de la Havana, he inserted a catheter
into the lumbar epidural space in a 40-year-old
woman about to have a laparotomy for removal of
a giant ovarian cyst. He found the epidural space
by the “loss of resistance” method, then passed
a ureteral catheter through the needle, and then
injected 1% procaine, followed by a supplemen-
tal dose 40 min later. He announced his success
in a meeting of the Surgical Society of La Habana
[35]. Alderete [36] reports his description made
at the joint IARS and ICA International Congress
in New York in September 1947: “The guide is
introduced up to one cm from the tip of the cathe-
ter, which is inserted into the needle 9.5 cm, then
placing the index finger of the left hand at the
entry point of the needle into the skin and holding
its hub with the left thumb and middle fingers,

the catheter is advanced with the right hand one
more cm and the guide was removed one cm at
a time, alternating this move with the advancing
of the catheter, the same distance, until 12.5 cm
indicating that the catheter is 3 cm in the epidural
space. Slowly, the guide is removed and the 23
gauge needle, connected to a syringe is adapted
to the catheter ... A wide strip of sterile adhesive
tape is applied over the entire length of catheter
fixing it to the skin of the back making it acces-
sible for ulterior supplementary doses; thereafter,
the patient is placed in the supine position.”
Curbelo used the ‘“Pages-Dogliotti method
of the loss of resistance” to identify the epidural
space utilizing the 2 cc syringe containing 1.5 cc
of normal saline. Occasionally he lubricated the
outside wall of the needle with sterile Vaseline
and advanced it millimeter by millimeter. In addi-
tion, he was known to place a drop of chloroform
on the plunger of the syringe to obtain optimal
seal while allowing free movement. Interestingly
he recommended to always “feel the three open-
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Fig.1.12 Special mattress for continuous spinal anesthe-
sia (1944) (from [32] with permission). (a) position of
patient on special mattress for spinal puncture. (b) patient
lying on back, with opening in mattress for adjusting nee-
dle. (c) patient in position for operation, showing syringe
in sterile towel. Syringe and towel are fastened to mattress
by towel clip. Strap on side of mattress is buckled during

ing steps, when the needle approached it, when
it contacted it and finally when it penetrated” the
ligamentum flavum, perceiving then a sudden
disappearance of the resistance.

Charles Flowers (1920-1999) of the J
Hopkins University in Baltimore was convinced
that the work of Dogliotti evidenced that the lum-
bar peridural space could be used for the relief
of obstetric pain. He published in August 1949
“Continuous peridural anesthesia and analgesia
for labor, delivery and cesarean section” [37]. In
this paper Flowers described his lumbar epidural
loss of resistance technique using air, as follows:
“When the dense ligamentum flavum has been
entered, one pauses and tests the ease with which
two cubic centimeters of air can be introduced
into the ligament with a small syringe. When an
attempt is made to inject air into the ligamen-
tum flavum, the plunger of the syringe rebounds
quickly. However, when air is injected into the
peridural space, the plunger of the syringe literally
falls into place. As the needle is advanced through

operation. (d) patient in perineal position. Lower half of
mattress is detached. (e) patient in prone position for oper-
ations on back, anal region or posterior surface of extremi-
ties. (f) patient in Sim’s position. Needle is bent at skin
and fastened with adhesive. No special mattress is needed
for the last two positions

the ligamentum flavum, frequent minute air tests
are made with a small syringe to determine when
the area of negative pressure in the peridural
space is entered. Often this entrance is evident
by the release of resistance that is felt when the
blunt 16-gage Tuohy needle passes through the
dense ligamentum flavum and enters the peridural
space. When the Tuohy needle has been properly
placed and there is no aspiration of spinal fluid, a
plastic tube is introduced through the needle into
the peridural space. The tubing is passed cephalad
to the twelfth thoracic interspace for patients in
early labor or about to undergo cesarean section.
It is introduced caudal ward to the fourth lumbar
space for patients in well-established labor.”

In this paper Flowers reported 37 cases of cesar-
ean section and 72 cases of labor analgesia con-
ducted under continuous lumbar anesthesia and
interestingly he noted that “whether peridural anes-
thesia is used for labor or cesarean section, one must
always realize that the exact dose and time interval
depends upon the somatic level of each patient.”



16

1.5 Modern Epidural Analgesia
In the 1950s, Philip Raikes Bromage (1920-
2013) (Fig. 1.13) took the practice of epidural
anesthesia into the modern era. Born and edu-
cated in London, he became professor in anes-
thesia in Canada, the USA, and Saudi Arabia.
He published two major single-author text-
books on epidural anesthesia: Spinal Epidural
Analgesia (1954) [38] and Epidural Analgesia
(1978) [39]. The latter text covered all aspects of
epidural anesthesia at the time of publication and
it remains the reference book and a very valu-
able resource even today. It promoted safety and
scientific basis for the practice of regional anes-
thesia. It played a pivotal role in the widespread
acceptance and utilization of epidural analgesia
for surgery, obstetrics, and pain management.
But the birth of modern obstetric analgesia
can easily be traced back to John Joseph Bonica
(1917-1994) (Fig. 1.14), an Italian-American phy-
sician, the father of the field of pain control, who
devoted his career to the study of pain, establishing
it as a multidisciplinary field. He created residency
programs, chaired departments, wrote standard texts
in the field, and had his work published in numer-

Fig. 1.13 Philip Raikes Bromage (1920-2013) (from
Douglas (2013) IJOA 22:272, with permission)

1 History of Lumbar Epidural Block

ous languages. Among his huge number of publica-
tions, his masterpiece is The Management of Pain
published for the first time in 1953 [40] and fol-
lowed by numerous editions. His paper “Peridural
Block: analysis of 3637 cases and review,” pub-
lished in 1957 [41], is still today one of the most
beautiful, in-depth, exhaustive descriptions of the
epidural technique in all its practical aspects.
Bonica traced the path for a rational, repro-
ducible, and effective approach for the abolition
of pain in labor and delivery. He used a series
of nerve blocks of various nociceptive pathways,
including paracervical, segmental epidural, cau-
dal, and trans-sacral blocks, to further refine the
knowledge—due to Cleland’s previous work—of
the nerve pathways that transmit labor pain to the
central nervous system. He demonstrated that the
upper part of the cervix and lower uterine seg-
ment are supplied by afferents that accompany
the sympathetic nerve through the uterine and
cervical plexus; the inferior, middle, and superior
hypogastric plexuses; and the aortic plexuses.

Fig. 1.14 John Joseph Bonica (1917-1994)
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In his Principles and Practice of Obstetric
Analgesia and Anesthesia (1967 and 1995) [42,
43] the epidural block technique, as it may be used
for labor analgesia, is described in a thorough
and exhaustive way in accordance with his great
personal experience and remains today the major
reference for every obstetric anesthesiologist.
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Anatomy of the Lumbar Epidural

Region

Vertebral lumbar column anatomy and its attach-
ments must be well known in order to have a
mental picture of the course the needle should
take during lumbar puncture.

The ligamentum flavum is one of the most
important structures involved in epidural anes-
thesia. Its identification is essential to the loss of
resistance technique (LORT) which relies on the
distinctive resistance to needle advancement and
fluid injection elicited by the ligamentum flavum.
The very first small resistance encountered when
the epidural needle is advanced in the lumbar
region with a median approach is due to the den-
sity of the supraspinous ligament, followed by
the feeling of no resistance when the needle is
eventually advanced through the loose interspi-
nous ligament. The knowledge of these two liga-
ments is therefore also crucial to performing the
epidural technique.

The anatomy of the intervertebral foramen is
important to understand the diffusion of the local
anesthetic solutions in the epidural space, since it
represents the doorway between the spinal canal
and the periphery. Epidural fat distribution and
epidural vein locations complete the essential
basic background necessary to successfully carry
out every epidural technique. The microscopic
architecture of different tissue layers can help
to better understand the mechanism of technical
failures and complications.

© Springer Nature Switzerland AG 2020
G. Capogna, Epidural Technique In Obstetric Anesthesia,
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2.1 Vertebral Column

The vertebral column is a curved linkage of indi-
vidual bones or vertebrae. Its function is to support
the trunk, to protect the spinal cord and nerves, and
to provide attachments for the muscles.

A continuous series of vertebral foramina
runs through the articulated vertebrae posterior
to their bodies and constitutes the vertebral canal,
inside which there is the dural sac containing the
spinal cord and nerve roots, their coverings, and
vasculature. A series of paired lateral interverte-
bral foramina permits communication between
the lumen of the vertebral canal and the paraver-
tebral soft tissues and accesses the passage of the
spinal nerves and their associate vessels between
adjacent vertebrae.

The adult vertebral column consists of 33
vertebral segments, each (except the first two
cervical) separated from its neighbor by a fibro-
cartilaginous intervertebral disc. The usual num-
ber of the vertebrae is 7 cervical, 12 thoracic,
5 lumbar, 5 sacral, and 4 coccygeal for a total
length of approximately 70 (male)-60 (female)
cm. The fact that the vertebrae are separate units
gives flexibility to the vertebral column. The joint
between the bodies of two vertebrae is fibro-
cartilaginous, the union between the arches is
ligamentous, and the joint between the articular
processes is synovial in type.
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2 Anatomy of the Lumbar Epidural Region

In adults, the vertebral column has four cur-
vatures that change the cross-sectional profile of
the trunk. The cervical curve is a lordosis (con-
vex forward) and is the less marked. The thoracic
curve is a kyphosis (convex dorsally) that extends
from the second to the 11th—12th thoracic ver-
tebrae; the lumbar curve is also a lordosis and
has a greater magnitude in females and in preg-
nancy, and extends from the 12th thoracic to the
lumbosacral angle. The pelvic curve is concave
anteroinferiorly and involves the sacrum and the
coccygeal vertebrae.

2.2  LumbarVertebra
The lumbar vertebra anatomy and its attachments
should be well known in order to have a mental
picture of the course the needle should take dur-
ing lumbar puncture.

A typical vertebra is made up of a body, which
bears weight and forms the base for the arch,
composed of pedicles and laminae, which sur-
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Fig. 2.1 (a, b) Anatomy of lumbar vertebra
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round and protect the cord laterally and posteri-
orly (Fig. 2.1). There are seven projections from
these vertebral arches. There are three processes,
two transverse and one spinous, for the attach-
ment of muscles and ligaments, and four articular
processes, two upper and two lower, to articulate
with processes of the arches of the two neighbor-
ing vertebrae.

The five lumbar vertebrae are distinguished by
their large size and absence of costal facets and
transverse foramina. Their body is kidney shaped,
wider transversally and deeper in front. The flat
articular surface of the vertebral body is covered
with hyaline cartilage which is very firmly united
to the fibrocartilaginous intervertebral disc, this
union being reinforced by anterior and posterior
longitudinal ligamentous bands, which run the
whole length of the vertebral column.

The pedicles are short and together with artic-
ular processes constitute the boundaries of the
intervertebral foramen. The spinous process is
almost horizontal, quadrangular, and thickened
along its posterior and inferior borders. The trans-
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Notch
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2.3 Ligamentum Flavum

verse processes are thin and long. The articular
facets are reciprocally concave (superior) and
convex (inferior) which allow flexion, extension,
lateral bending, and some degree of rotation.

The interlaminar foramen is small and tri-
angular in shape when the vertebral column is
extended. The base is formed of the upper border
of the laminae of the lower vertebra, and the sides
of the medial aspects of the inferior articular pro-
cesses of the vertebra above. During flexion the
inferior articular process slides upwards and the
interlaminar foramen enlarges and becomes dia-
mond shaped, since the medial borders of the
upper articular processes of the vertebra below
now form the lower lateral boundaries of the
aperture (Fig. 2.2). The interlaminar foramen is
closed by the ligamenta flava.

Fig. 2.2 Dimension and
shape of the interlaminar
foramen when the
vertebral column is
extended or flexed
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23 Ligamentum Flavum

The ligamentum flavum is an important structure
involved in epidural anesthesia. Its identification
is essential to the loss of resistance technique
(LORT) which relies on the distinctive resistance
to needle advancement and fluid injection elic-
ited by the ligamentum flavum.

It is rectangular/trapezoidal in shape, and is
13-20 mm high and 12-22 mm wide, and its
thickness may vary from 3 to 5 mm [1] (Fig. 2.3).

The ligamentum flavum embryologically con-
sists of a left and a right portion which usually
fuse in the midline in the adult. The degree of
midline fusion varies between individuals and
across vertebral heights and midline gaps are
more frequent in the cervical and high thoracic

Flexion

Fig. 2.3 3D reconstruction of human lumbar ligamentum flavum (LF). (a) Posterior-lateral view; (b) posterior view;
(c, d) lateral view (sagittal section); (e) anterior lateral view; (f) anterior view (from [3] with permission)
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regions. However ligamentum flavum midline
gaps may also be present in approximately 20%
of cases in the lumbar region too, especially
between the L1 and L2 level [2] (Fig. 2.4).

Ligamenta flava connect laminae of adjacent
vertebrae in the vertebral canal. They run from
the anterior and inferior aspects of one lamina to
the posterior and superior aspects of the lamina
below. It laterally extends as far as the interlami-
nar foramen where it blends with the capsule of
the articular processes. Here small foramina give
passage to veins. Posteriorly they are bordered
by the spinous muscles (multifidus) and in the
midline the two ligamenta flava meet to become
continuous with the deep fibers of the interspinous
ligament. Anteriorly they are bordered by a mix-
ture of fatty or loose connective tissue (“‘epidural
space”). The upper border of the ligamenta flava
of the same intervertebral space joins medially in
an angle of more than 90° opening upwards. The
internal surfaces form an angle of less than 90°
opening towards the epidural space and a vertex
merging with the interspinous ligament.

Fig. 2.4 Anatomy of
the paired ligamentum
flavum spanning out
between adjacent
laminae (from Reina

et al. (2015) Atlas of
functional anatomy for
regional anesthesia and
pain medicine. Springer,
with permission)

Ligamentum
flavum

The topographical relationship of the liga-
menta flava with the spinous, transverse, and
articular processes and dural sac has recently
been reviewed by using postmortem samples and
magnetic resonance imaging in living humans
[3]. In a 3D reconstruction, the ligamenta flava
span from the external facet of the superior bor-
der of the caudal vertebrae to the inner facet of
the inferior border of the cranial vertebrae. The
inferior and lateral portion of the ligamentum
makes contact with the paravertebral muscles.
The medial border reaches the spinous process
and the lateral border extends towards the inter-
vertebral foramen and merges with the joint
capsule of the articular facets. At the most lateral
parts of the epidural space, where there is no epi-
dural fat, the ligamenta flava directly contact the
dural sac (Fig. 2.5a, b).

The predominant tissue is yellow elastic tissue
(“flavus” is Latin for “yellow”), whose almost
perpendicular fibers descend from the lower ante-
rior surface of one lamina to the posterior sur-
face and upper margin of the lamina below. This
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Fig. 2.5 (a) Transverse section of human lumbar spine at
L1 vertebral level. LF ligamentum flavum (from [3] with
permission). (B) Transverse section of human lumbar
spine at L3 vertebral level (a, b). LF ligamentum flavum
(from [3] with permission)

high content of elastic and elaunin fibers and the
favorable proportion of elastic to collagen fibers
(2:1) give this ligament elastic properties [4, 5].

The ligaments are thickest and strongest in the
lumbar region since their role is to arrest separa-
tion of the laminae in spinal flexion, preventing
abrupt limitation, and also to assist restoration to
an erect posture after flexion, protecting the discs
from injury. When the spine is flexed the liga-
mentum flavum is stretched and stores mechani-
cal energy, which is regained upon extension of
the spinal column. Fine free fiber nerve endings
innervate the outermost layer of this ligament,
most likely related to positional control.

The thickness of the ligamentum may vary
with vertebral level, body mass index, disc hernia-
tion, and age [6]. In addition it is not uniform even
within the single intervertebral space, and most
likely its thickness may also decrease if the back
is well flexed and the ligament very stretched.
Finally the method of assessment of its thickness
(cadaveric studies, magnetic resonance, computed
tomography, or ultrasound studies in living sub-
jects) may also affect the precise measurement [7].

24 Interspinous

and Supraspinous Ligaments

The very first small resistance encountered when
the epidural needle is advanced in the lumbar
region with a median approach is due to the den-
sity of the supraspinous ligament, followed by
the feeling of no resistance when the needle is
eventually advanced through the loose interspi-
nous ligament.

Interspinous ligaments are thin, almost mem-
branous and connect adjoining spines, since their
attachments extend from the root to the apex
of each. They meet the ligamenta flava in front
and the supraspinous ligament behind. These
ligaments are thick and quadrilateral at lumbar
levels. Their ventral part may be regarded as a
posterior extension of the ligamentum flavum
and contains a few elastic fibers. The middle part
is the main component and is purely collagenous.
The dorsal part is also collagenous and its fibers
continue with the supraspinous ligament and the
medial tendons of the multifidus muscle.
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The supraspinous ligament is commonly
described as a strong fibrous cord which con-
nects the tips of the spinous process from C7 to
the sacrum, and it is thicker and broader at lum-
bar levels (Fig. 2.6).

However, there is evidence to support the defi-
nition of supraspinous and interspinous ligaments
as structures formed of a combination of muscle
tendons and aponeuroses along the length of the
thoracic and lumbar spine, with regional differ-

Fig. 2.6 Posterior ligaments of interest in lumbar epi-
dural block. Supraspinous ligament (ssl), spinous process
(sp), interspinous ligament (isl), ligamentum flavum (If),
dural sac (ds). 3D models built from axial (a—d) and sagit-

tal (a—c) T2-weighted reference images (from Reina et al.

(2015) Atlas of functional anatomy for regional anesthe-
sia and pain medicine. Springer, with permission)
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Fig. 2.7 (a) Formation
of the lumbar
supraspinous ligament
by trapezius (trap-
double arrows) and the
posterior layer of
thoracolumbar fascia
(single arrowheads)
orientated in the rostral
(r) to caudal (c)
direction. (b) Horizontal
slice at L3 level.
Formation of the
supraspinous ligament
by the posterior layer of
the thoracolumbar
fascia. Longissimus
thoracis (It) and
multifidus (m) attached
to the spinous process
(sp) laterally. (c)
Horizontal slice at L1—
L2 level. The
contribution of the
posterior layer of the
thoracolumbar fascia,
multifidus, and
longissimus thoracis to
the interspinous
ligament. The
interspinous ligament
merges with the
ligamentum flavum (If)
and capsule of the
zygapophyseal joint (za)
(bar scales = 4 mm)
(from [8] with
permission)

ences in their connective structure [8] (Figs. 2.7
and 2.8).

The midline attachments of the posterior layer
of the thoracolumbar fascia and the longissimus
thoracis with the contribution of the fascia of the
muscle multifidus form the main dense connec-
tive tissue component of both the supraspinous
and interspinous ligaments at the lumbar level.

While in the thoracic area no interspinous
ligament is detectable, at lumbar level, where the
posterior layer of the thoracolumbar fascia joins
the other tendinous insertion, the interspinous
ligament becomes recognizable as a separate
anatomical entity.

Wide variation in fiber direction in the con-
nective tissue architecture within both the inter-
spinous and supraspinous ligaments can be
explained together with their biomechanical
function to limit flexion. The multiple directions
of connective tissue fibers within the ligaments
indicate that they are capable of transmitting
loads in more than one direction.

Since they both originate from the same con-
nective tissues (thoracolumbar fascia, longis-
simus thoracis, and multifidus fascia) it may
be considered difficult, at the lumbar level, to
consider the supraspinous and interspinous liga-
ments as a separate entity. The average depth of
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Fig. 2.8 (a) Horizontal
slice at L3 level.
Connective tissue fiber
orientation within the
supraspinous ligament
and attachments to the
spinous process (sp).
Anteriorly (single-
dashed arrow), obliquely
(double-dashed arrows),
and horizontally
(triple-dashed arrows)
directed fibers are
evident. The posterior
layer of the
thoracolumbar fascia
(single arrowheads) and
shared attachment
(single arrow) from
longissimus thoracis (It)
and multifidus (m). (b)
Horizontal slice at L5
level. Decussation of
connective tissue fibers
(double arrowheads)
from the posterior layer
of the thoracolumbar
fascia is visible
superficial to the erector
spinae aponeuroses.
Multifidus merges with
the interspinous
ligament to attach onto
the spinous process (bar
scales =4 mm) (from
[8] with permission)

the supraspinous-interspinous complex ranges, in
the young female, between 24 and 30 mm [9].

2.5 Muscles

In the case of the epidural paramedian approach
technique, the needle avoids the supraspinous and
interspinous ligaments, and reaches the ligamen-
tum flavum penetrating the paraspinous muscles:
erector spinae and multifidus.

The erector spinae (sacrospinalis) lies on
either side of the vertebral column. It forms a
large musculotendinous mass which varies in
size and composition at different levels. At the
lumbar and sacral levels it narrows and becomes
tendinous as it approaches its attachments. In the
upper lumbar region it expands to form three col-
umns (iliocostalis, longissimus, and spinalis). It
arises from the anterior surface of a large aponeu-
rosis which is attached to the median and lateral
sacral crest and the spines of the lumbar and the
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11th and 12th thoracic vertebrae with their supra-
spinous ligaments. This muscle has numerous
functions, such as back extension, lateral back
flexion, and rotation.

The multifidus muscle is a multipennate
muscle and is the most medial paraspinal mus-
cle lying lateral to the spinous process [10]. Its
fibers are continuous with the erector spinae
and its aponeurosis contributes to the formation
of the interspinous and supraspinous ligaments
(Fig. 2.8). Its function is to stabilize the lumbar
spine in the transverse plane.

2.6 Intervertebral Foramen

and Its Ligaments

Knowledge of the anatomy of the intervertebral
foramen is important to understand the diffusion
of the local anesthetic solutions in the epidural
space, since it represents the doorway between
the spinal canal and the periphery. The bound-
aries of this foramen consist of two movable
joints, the ventral intervertebral joint and the
dorsal zygapophysial joint, and it is essentially a
large osseous hole though which structures pass.
The intervertebral foramen transmits the spinal
nerves, spinal arteries and veins, recurrent men-
ingeal nerves, and lymphatics. The intervertebral
foramen has ligaments crossing its openings
and their morphology may vary from L1 to L5.
They serve a protective and organizational role
for the neurovascular structures of the foramen
[11, 12]. They may be designated into internal,
intraforaminal, and external ligaments and their
arrangement causes the intervertebral foramen
to be partitioned into smaller compartments for
the passage of the spinal artery, for the ventral
ramus of the spinal nerve, for the recurrent men-
ingeal nerve and the segmental artery, and for the
passage of the dorsal ramus of the spinal nerve
and its accompanying vessels, and a compart-
ment for the veins (Fig. 2.9).

Epidural fat surrounds each nerve root
throughout their course to the intervertebral fora-

Fig. 2.9 The main transforaminal ligaments (a group of
collagen condensations that compartmentalize the inter-
vertebral foramen). (a) Deep and middle layers: (1)
oblique superior, (2) mid-transforaminal, and (3) oblique
inferior. (b) Superficial layers: (4) superior corporo-
transverse and (5) inferior corporo-transverse (from Reina
et al. (2015) Atlas of functional anatomy for regional
anesthesia and pain medicine. Springer, with permission)
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men. The nerve roots, once located in the inter-
vertebral foramen, commonly combine to form
the spinal nerve. Just prior to the formation of
the spinal nerve a small enlargement of the dor-
sal root is noted. This enlargement is called the
dorsal root ganglion (DRG) which contains the
cell bodies of sensory neurons. At lumbar level
the DRG is located within the anatomic boundar-
ies of the intervertebral foramen, usually directly
beneath the foramen.

2.7 Epidural Space

Immediately outside the epidural mater there is
the epidural space which extends from the fora-
men magnum to the sacral hiatus. The epidural
space is in part real, filled with adipose tissue,
nerve roots, veins, arteries, and lymphatics, and
in part virtual, with the dural sac resting on the

Fig.2.10 3D
reconstruction of human
epidural fat. Posterior
(a) and lateral (b) view
(from Reina et al. (2015)
Atlas of functional
anatomy for regional
anesthesia and pain
medicine. Springer, with
permission)

vertebral bodies, pedicles, laminae, and ligamen-
tum flavum [13, 14].

2,7.1 Epidural Fat
Epidural fat is the main component of the epidural
space, contributes to its shape, has a metameric
and a discontinuous topography, and is mainly
located in the posterior and in the lateral region,
around the nerve cuffs (Fig. 2.10). Nerve cuffs are
lateral prolongations of the dura mater, arachnoid
lamina, and pia mater that enclose nerve roots in
their way across the epidural space towards the
intervertebral foramen, and the dorsal root gan-
glion, located within the intervertebral foramen.
Epidural fat is relatively metabolically inac-
tive and it is not a simple space-filling tissue.
Fascicles of connective tissue are less numer-
ous and thinner than in subcutaneous fat with

Foraminal
fat
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organized sliding spaces (Fig. 2.11). These slits
are unique to epidural fat [15]. This histological
feature, together with the fact that rarely adheres
to the bony structures, suggests that posterior
epidural fat plays the role of a sliding structure
between the posterior surface of the dural sac and
the anterior surface of the vertebral arch, protect-
ing the dural sac and its components against the
effects of lashing, deceleration, and rotational
forces due to vertebral column movements.
Therefore, posterior epidural fat appears to be a
functional part of the spinal unit. Epidural fat is
also commonly believed to act as a storage place
for lipophilic drugs injected into the epidural
space, but little is known as to how it can influ-
ence the kinetics of injected solutions.

Epidural fat has different distributions in the
cervical, thoracic, lumbar, and sacral levels and
this distribution remains constant along each
vertebral level. At the cervical level it is almost
absent; in the thoracic region it forms a broad
posterior band thicker near the intervertebral
disc. At lumbar levels the epidural fat forms two
separate, unconnected structures anteriorly and
laterally (lateral and foraminal fat). At the sacral
level posterior epidural fat gets its greatest vol-
ume (Fig. 2.12).

The epidural fat extends cranio-caudally from
the inferior aspect of one vertebral lamina to the

Fig.2.11 Axial section
of posterior epidural fat
(x680). Adipocytes are
homogeneous in size
and shape and
connective tissue is
scarce. In subcutaneous
fat instead, size and
shape of adipocytes are
variable and connective
tissue is sizeable. A
anterior side close to the
dural sac, P posterior
side, R right side close
to the right ligamenta
flava, L left side close to
the left ligamenta flava
(from [15] with
permission)

superior aspect of the lamina of the sub-adjacent
vertebra and in the lateral direction towards the
point where the articular facets and ligamentum
flavum intersect (posterior epidural space). It also
fills the space between the vertebral arches and
intervertebral foramina wrapping the nerve root
cuffs (lateral epidural space).

At the lumbar level the volume of posterior
epidural fat increases caudally from L1-2 to
L4-5. The average height of this fat is 16-25 mm
and the width increases cranio-caudally from 6 to
13 mm [16].

The anterior epidural space may be considered
as a separate compartment, defined by fibrous
connective bands (ligaments of Hofmann) which
are firmly connected to the posterior longitudinal
ligament and that anchor it anteriorly to the pos-
terior surface of the vertebral body. The arrange-
ment of such ligaments suggests their supportive
and protective role in stabilizing and anchoring
the dural sac and by that, the spinal cord and spi-
nal nerves, to the bony vertebral canal [17].

The presence of such a ligament defines
two medial cavities which enclose anterior and
medial venous plexuses (which together receive
the basivertebral veins) and two lateral cavities
which receive the anterior longitudinal veins.
Contents of the medial and lateral cavities pass
freely between the two. The lateral cavity con-
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Fig.2.12 3D
reconstruction of human
epidural fat. Lateral (a),
anterior (b), and oblique
(c) view of epidural fat
among vertebrae.
Anterior (d) complete
view of epidural fat
without vertebrae (from
Reina et al. (2015) Atlas
of functional anatomy
for regional anesthesia
and pain medicine.
Springer, with
permission)
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fat

nects to the intervertebral canal and dorsally into
the posterior epidural space [18].

The satisfactoriness of epidural anesthesia
may not be affected by the anatomical arrange-
ment of the dorsal epidural ligaments since the
primary target of the anesthetic agents in the epi-
dural space is the nerve cuffs.

Structures which are contained in the epi-
dural space and that pass through the spinal
foramina include the nerve root cuffs, lymphatic

2 Anatomy of the Lumbar Epidural Region
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vessels, spinal branch of the segmental artery,
and communicating veins between the inter-
nal and external vertebral venous plexuses. All
these structures are surrounded by adipose tis-
sue and fibrous ligaments attaching nerve root
cuffs to the bones. At the lumbar levels the cra-
niocaudal diameter of the intervertebral foramen
is between 19-21 mm and the anteroposterior
diameter varies from 9-11 mm (superiorly) to
7-9 mm (inferiorly).
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At this level the spinal nerve is located in the
upper third of the foramen and size of the nerve
root within the nerve root cuffs has a diameter of
5-6 mm up to 10—12 mm around the ganglion [19].

2.7.2 Nerve Roots and Nerve Root Cuff

Nerve rootlets leave the spinal cord at the antero-
lateral and posterolateral sulci. They are most
numerous at lumbar level, and join to form the ante-
rior roots (from the 6-8 anterior rootlets) and the
posterior roots (from the 8—10 posterior rootlets).
Anterior (ventral) roots contain mostly efferent
fibers from anterior and lateral spinal gray columns.
At thoracic and lumbar levels they also carry pre-

o Nerve roots

Fig. 2.13 Spinal nerve root cuff. (a) Complete view of a
nerve root cuff (transversal cut). (b, ¢) Dural laminas and
adipocytes. (d) Sample shows adipocytes cut in halves.

ganglionic sympathetic fibers from the lateral horn.
Posterior (dorsal) roots contain centripetal processes
of neurons sited in the dorsal root ganglia. Inside the
epidural space, spinal nerve roots are enclosed by
lateral prolongation of dura mater and arachnoideal
lamina: the dural cuff. Spinal nerve cuff micro-
scopic morphology resembles that of the spinal sub-
dural compartment in the dural sac, suggesting the
possibility of a transitional leptomeningeal cellular
structure shared also with neurothelial cells from
the subdural compartment, arachnoid, and pia cells.
Not only the lateral epidural fat around the spinal
nerve cuff, but also the fat (adipocytes) located
inside the cuff, next to the axons, could influence
the absorption and distribution of drugs injected in
the epidural space [20] (Fig. 2.13).

Scanning electron microscopy (x12-x400) (from [20]
with permission)
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Internal Vertebral Venous
Plexus, Epidural Arteries,
and Lymphatics

2.7.3

Intervertebral veins accompany the spinal nerves
through the intervertebral foramen and drain blood
from the internal vertebral plexus which is located
inside the epidural space (Fig. 2.14). The internal
vertebral venous plexus, also known as the epidural
venous plexus or as Batson’s plexus, is located
mainly in the anterior aspect of the epidural space.
This venous plexus, which drains blood not
only from the cord but also from the vertebral
bodies via large basivertebral veins, consists of
several anterior and posterior longitudinal and
interconnecting vessels.
At the lumbar level the posterior vertebral veins
seem to be rudimentary or poorly developed [21].
The veins of the internal vertebral venous
plexus contain no valves; therefore the direction
of drainage is posture and respiration dependent.
The internal vertebral venous plexus provides
an alternate route of venous return when the jug-

Fig.2.14 Vertebral and
epidural venous system

Lateral
Transverse
Branches

Intervertebral
Vein

Anterior
Internal
Plexus

Lumbar
Segmental
Vein

Inferior
Vena Cava

ular veins of the neck are compressed, when the
flow through the inferior vena cava is obstructed,
and when intrathoracic or intra-abdominal pres-
sures are increased.

Obstruction of the inferior vena cava such as
in pregnancy diverts a proportion of the venous
return from the legs and pelvic structure into
the vertebral venous system, which is composed
of three freely communicating valveless net-
works: intraosseous vertebral veins, paraverte-
bral veins, and epidural venous plexus. Of these,
the engorged epidural venous plexus is expected
to decrease the effective capacity of the epi-
dural and subarachnoid spaces. These decreased
spaces are considered to be one of the reasons for
the pregnancy-induced enhancement of regional
anesthesia.

The epidural arteries located in the lumbar
region of the vertebral column are branches of
the iliolumbar arteries. These arteries are found
in the lateral region of the space and therefore are
not usually threatened by an advancing epidural
needle.

Posterior
External Plexus

Posterior
Internal Plexus

Radicular Vein
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Lumbar Vein

Basivertebral
Vein

Lumbar
Segmental Vein
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The lymphatics of the epidural space are con-
centrated in the region of the dural roots where they
remove foreign materials including microorgan-
isms from the subarachnoid and epidural spaces.

2.8 Dural Sac

The dural sac surrounds the spinal cord inside the
vertebral column. It separates the epidural space
from the subarachnoid space, ending at the second
sacral vertebra (Fig. 2.15). The dura mater is the
most external layer of the dural sac and is respon-
sible for 90% of its total thickness. This fibrous
structure provides mechanical protection to the
spinal cord and its neural elements. The internal
10% of the dural sac is formed by the arachnoid
layer, which is a cellular lamina that adds little
extra mechanical resistance. In the lumbar region,
the dural sac is, on the average, 0.3 mm thick.

2.8.1 Dura Mater

The spinal dura mater is the outermost menin-
geal membrane enclosing the spinal cord. It is
attached to the circumference of the foramen

Fig.2.15 Human dural
sac and nerve root cuffs.
Posterior surface at
lumbar level (from
Reina et al. (2015) Atlas
of functional anatomy
for regional anesthesia
and pain medicine.
Springer, with
permission)

magnum, and the posterior surface of the bod-
ies of the second and third cervical vertebrae. At
the level of the second sacral vertebra it invests
the filum terminale and descends to the posterior
aspect of the coccyx, where it blends with the
periosteum.

At the spinal level the dura mater is composed
of collagen fibers, 0.1 pm thick, oriented in dif-
ferent directions and of approximately 80 con-
centric laminas, each approximately 5 pm thick,
formed of thinner laminas (subunits) containing
mostly collagen fibers (Fig. 2.16). The collagen
fibers do not traverse different dural lamina. The
collagen fibers are oriented in different directions
but always within the concentric plane of the
dural lamina. The elastic fibers are fewer, mea-
suring 2 pm in diameter, and have a rougher sur-
face than that of the collagen fibers [22].

2.8.2 Arachnoid Layer

In the past the arachnoid membrane was defined
as a fine layer in contact but not adhering to the
internal surface of the dura mater separated by
the so-called subdural space. This concept has
now been modified [23]. The arachnoid layer
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Fig.2.16 Human dura
mater. (a) Full thickness
(magnification x300).
(b) Detail of thickness
of four dural laminas
(magnification x4000)
(from Reina et al. (2015)
Atlas of functional
anatomy for regional
anesthesia and pain
medicine. Springer, with
permission)

(Fig. 2.17) is a semipermeable membrane which
exerts a barrier against the substances across it.
It is about 30—40 pm thick and is composed by
cells strongly bonded by a specific membrane
junction. Four well-differentiated structures can
be observed from the outer towards the inner
aspect of the membrane: (a) the outermost area
constituted by neurothelial cells (dural border or
subdural compartment); (b) collagen fibers which
occupy approximately 40—50% of the total thick-
ness; (c) the arachnoid cell layer, constituted
by four or five cellular planes joined together
by tight junctions and limited by a basal mem-
brane, which limits the passage of substances;

and (d) the innermost area which lies in direct
contact with the cerebrospinal fluid and which is
formed of reticular or trabecular arachnoid. This
layer gives shape to tubular structures (arachnoid
sheaths) for each nerve root and for the spinal cord
(Fig. 2.18). This arachnoid network limits nerve
root movement to a certain extent, holding each
root in its position within the dural sac. These
sheaths may be responsible for the partial or total
failure of spinal anesthesia should the spinal nee-
dle inadvertently enters the sheaths and deposits
the local anesthetic solution inside them. In this
case the local anesthetic solution can diffuse in an
anomalous or incomplete way, following a single
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Fig. 2.17 Dissection of
dural sac at the level of
cauda equina. The
arachnoid membrane
appears as a translucent
membrane (from [24]
with permission)

Fig.2.18 Trabecular
arachnoid. Detail of four
spinal nerve roots with
their arachnoid sheaths.
Scanning electron
microscopy.
Magnification x100
(from Reina et al. (2015)
Atlas of functional
anatomy for regional
anesthesia and pain
medicine. Springer, with
permission)

Arachnoid
sheath .9

Spinal
nerve root

nerve root rather than spreading uniformly to all
the roots contained in the dural sac.

2.8.3 Subdural and Intradural Space

Ultrastructural studies have demonstrated that
there is no space between the dura and the
arachnoid [24]. Between the last dural lamina
and the arachnoid layer there is a tissue com-

INTERNAL
SURFACE
| OF DURA

HEMATOMA

LAMINAR
ARACHNOID

Spinal
nerve root

posed of neurothelial cells surrounded by an
amorphous substance (Fig. 2.19). This thin
layer is susceptible to tearing and the low cohe-
sion forces between neurothelial cells may
facilitate the widening of a minimal fissure to
yield a subdural space. Therefore the so-called
subdural space is not a potential space as previ-
ously thought, but is only produced as a result of
trauma and tissue damage creating a cleft within
the meninges.
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Fig.2.19 Dura-
arachnoid interface seen
below the dural lamina
(most internal aspect of
the dura). The dura-
arachnoid interface is
filled with neurothelial
cells and amorphous
material. Transmission
electron microscopy,
magnification x5000
(from [24] with
permission)
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The intradural space is also an artifactual
space [25], concentric and parallel to the dural
layers, that may be produced, accidentally and in
certain conditions, by needle or catheter insertion
and may be formed by dural delamination rather
than by its tearing.
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Distribution of a Solution
in the Epidural Space

“A number of variables determine how far neural
blockade will spread after injection of an anal-
gesic solution into the epidural space. Some of
these are intrinsic to the patient, and some are
extrinsic, depending on variations of technique
and the drugs employed”: with these words Philip
Bromage opened his cornerstone paper “Spread
of analgesic solutions in the epidural space and
their site of action” in 1962 [1]. In this classical
work he postulated that the spread from an epi-
dural injection could have two components: (1)
spread within the epidural space itself, depend-
ing on the volume, speed of injection, posture,
age, height, etc., and (2) subdural and subpial
spread, which could have been proportional to
the diffusion coefficient, the area of contact, the
concentration gradient, and the time of contact.
He observed that ultimately the segmental spread
was dependent on the mass of analgesic solute
available for transneuronal diffusion in the epi-
dural space. He also observed that the “appropri-
ate mass of solute can be presented in the form of
a large volume of weak solution, in which case it
will travel widely in the epidural space and dif-
fuse relatively poorly or as a very small volume
of concentrated material ... where presumably
epidural spread was limited by the small volumes
used, but where the neuraxial spread was exten-
sive owing to the high concentration gradient.”
The final conclusions of Prof Bromage are still
valid today: “The outcome of an epidural injec-
tion is the resultant of many different forces. If

© Springer Nature Switzerland AG 2020
G. Capogna, Epidural Technique In Obstetric Anesthesia,
https://doi.org/10.1007/978-3-030-45332-9_3

any of these is unusually weak, or another partic-
ularly strong, we may expect that clinical results
will deviate from normal, and the accuracy of our
results will depend on our ability to choose the
appropriate dose with intelligent anticipation.”

3.1 Sites of Action, Dynamics
of Nerve Block, and
Physicochemical Properties

of Local Anesthetics

The spinal nerve roots are suggested to be the pri-
mary sites of action of epidural anesthesia [2, 3]
although epidurally administered drugs may also
eventually reach the spinal cord, crossing through
the meninges and the spinal nerve root sleeves and
diffusing into radicular arteries with subsequent
transport to the spinal cord (even if the latter two
mechanisms have been questioned) [4].

The spinal meninges are the main barrier to
drug diffusion, the arachnoid mater account-
ing for nearly 90% of the resistance to diffusion
through the meninges. The pia mater, with its
tight cellular junctions, also presents an obstacle.

The earliest and widest local anesthetic con-
tact with the nerve fibers is exactly where the spi-
nal roots traverse the epidural space, extending to
as far as the interlaminar foramina.

Along this tract the membranes covering the
newly emergent nerve are least robust and may
favor the local anesthetic penetration.
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The spinal nerve root size may also contrib-
ute to determine the degree of local anesthetic
penetration and thus influence the anesthetic effi-
cacy. Dorsal nerve roots are larger than the ven-
tral roots [3]. Although a larger dorsal nerve root
would seem more impenetrable to local anesthet-
ics, the separation of the dorsal root into compo-
nent bundles creates a much larger surface area
for local anesthetic penetration than the single
smaller ventral nerve root (Fig. 3.1). This ana-
tomical finding may help to explain the relative
ease of sensory versus motor block observed with
the epidural block.

Once inside the nerve cuff, the local anesthetic
must diffuse and penetrate through a multitude of
tissue barriers. The perineurium, including fas-
ciculi of hundreds of closely packed individual
axons, is the greatest local anesthetic diffusion
obstacle, because of tight cellular junctions in its
innermost perilemma. Once through the nerve
sheath, the intraneural local anesthetic solution
front advances inwards radially from the exterior
mantle to the core of the nerve. Motor efferent
fibers, because of their longer internodal interval,
are blocked later and their block lasts less than
that of the pain conduction afferents.

The extraneural local anesthetic pool even-
tually decreases by dispersion, dilution, tissue

Fig. 3.1 Dorsal and
ventral nerve roots
(courtesy of Prof Miguel
Angel Reina)

binding, and absorption, and therefore, follow-
ing a steady-state period, the diffusion gradient
reverses outwards from the core to the mantle of
the axon.

The physicochemical properties of local anes-
thetics, such as the degree of ionization and lipid
solubility, may influence the extent of drug distri-
bution in the axonal membrane, and may explain
the differences in potency, onset time, and dura-
tion of anesthesia among local anesthetics [5, 6].

Potency has been shown to be related to lipid
solubility [7] but this relationship may be com-
plex, because high lipid solubility enhances the
diffusion of the drug into membranes, but may
become rate limited when a large fraction of the
local anesthetic is in the ionized state. Moreover,
the faster diffusion rate of the lipid-soluble drug
can be counteracted by the capacity of the mem-
brane to contain the drug in its lipophilic environ-
ment [8]. In addition to a greater lipid solubility,
the longer acting local anesthetics show extensive
protein binding. Both factors can contribute to a
slower final nerve penetration rate. An increase in
the degree of protein binding is thought to increase
the duration of local anesthetic activity. Therefore,
agents that penetrate the axolemma and attach
more firmly to membrane proteins have a pro-
longed duration of anesthetic activity [9].
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3.2  LocalTissue Distribution

From the epidural space drugs may go four ways:
(1) exit the intervertebral foramina to reach the
paravertebral area, (2) diffuse into ligaments,
(3) diffuse across the spinal meninges and into
the cerebrospinal fluid (CSF), and (4) distribute
into epidural fat. The last two ways are the most
important for the pharmacological effect.

Local anesthetics reach the spinal roots and
the spinal cord from the cerebrospinal fluid
(CSF) by passive diffusion [10].

Arachnoid villi, considered in the past as
potential regions for drug transfer from the epi-
dural space to the CSF and finally to the spinal
cord, have been demonstrated to not contribute
to opioid and local anesthetic diffusion across the
meninges [11].

The nerve blocking effects of local anesthet-
ics are counteracted by the uptake of the local

Site of
injection

Epidural
space

anesthetics in epidural fat and vascular structures
[12], especially the spinal radicular arteries that
enhance their vascular removal [13]. Uptake in
the epidural fat lowers the perineural concentra-
tion and thus reduces the clinical potency of the
local anesthetic injected (Fig. 3.2). Additionally,
it may prolong the duration of block, by provid-
ing a depot from which the local anesthetic disso-
ciates slowly, maintaining a clinically significant
perineural concentration [8, 14]. The area of the
intervertebral foramina and the connective tissue
surrounding the dural sleeves contain substantial
amounts of fat. Drugs contained in the fat around
the dural sleeves may have a greater influence
on the nerve roots than drugs from the epidural
fat, because of the higher concentrations and the
shorter distance between the fat and the nerve
roots [14]. However, this area is also found to be
highly vascularized [15] favoring the systemic
uptake of local anesthetic.

Lumbar
epidural space

- Spinal roots

Site of - Spinal cord

action

- (Paravertebral Spaces)

Vascular

Epidural

fat structures

Fig. 3.2 Nerve blocking effects and uptake of local anesthetics in the epidural space
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In conclusion, according to experimental stud-
ies [10, 12], there is a local anesthetic uptake into
the CSF after diffusion through the meninges as
well as an uptake into the systemic circulation
after diffusion through the capillary vessel wall
and a distribution into epidural and dural sleeve
fat. Bioavailability in the CSF of epidurally
administrated local anesthetics is low (<20%).
Therefore, elimination from the epidural space
is predominantly by uptake in the epidural blood
flow.

3.3  Absorption and Elimination
After epidural administration, at least 95% of
local anesthetics are taken up in the epidural
veins and finally reach the systemic circulation
[16]. Because local anesthetics are relatively
lipid soluble, the diffusion through the endothe-
lium seems not to be rate limiting and the absorp-
tion rate is mostly dependent on the local blood
flow [17], which in turn may be influenced by the
vasoactive properties of local anesthetics or by
the sympathetic block that results from neuraxial
blockade.

A biphasic absorption profile has been con-
firmed by many studies investigating the absorp-
tion kinetics after epidurally administered local
anesthetics [18-21].

A rapid initial phase probably caused by the
high initial concentration gradient is followed by
a slower second phase. After systemic absorption
local anesthetics are rapidly distributed to the
highly perfused organs (lung, kidney, etc.) and
more slowly to the less perfused tissues, such as
skeletal muscle and fat [9]. The amide local anes-
thetics are relatively lipophilic compounds; there-
fore, their tissue distribution is highly dependent
upon tissue perfusion.

Biotransformation and clearance of amide-
type local anesthetics can be attributed almost
entirely to the liver [22]. Renal excretion of an
unchanged drug accounts only for less than 1-5%
of the total clearance [23].

There is no or negligible metabolism of
amide-type local anesthetics in the epidural and
subarachnoid space, nor evidence for an extra-

hepatic site of metabolism, except for prilocaine
and lidocaine.

The hepatic clearance of amide-type local
anesthetics is influenced in turn by liver blood
flow, intrinsic enzymatic activity of liver tissue,
and protein binding. Elimination of local anes-
thetics with a high extraction ratio such as eti-
docaine, lidocaine, and mepivacaine depends
largely on the liver blood flow, whereas those
with a low extraction ratio, such as bupivacaine
and ropivacaine, depend on protein binding and
enzyme activity. Clearance of an unbound drug
is flow and binding dependent for high-extrac-
tion and dependent on enzyme activity for low-
extraction local anesthetics [17].

Anatomical and physiological changes, asso-
ciated with increasing age, may affect the phar-
macokinetics of epidurally administered local
anesthetics. Changes in body composition, drug
binding, hepatic blood flow, and hepatic mass
that occur with normal aging may have an impact
on the rate and extent of the systemic absorption,
distribution, metabolism, and excretion of local
anesthetics.

3.4 Spread of a Solution
in the Epidural Space
3.4.1 Patient Characteristics

3.4.1.1 Age

It is commonly believed that there is a positive
correlation between age and spread of injected
solutions into the epidural space.

This correlation could be explained by
decreased leakage of local anesthetic solutions
through the intervertebral foramina in older
patients, even if this has been questioned [24-27].

One additional explanation is that the com-
pliance of the epidural space increases with age,
and positively correlates with the spread of the
sensory block. There is a significant correlation
between the epidural pressure immediately after
completion of the injection, spread of analgesia,
and age: the lower the epidural pressure asso-
ciated with higher age, the wider the spread of
analgesia [28].
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Indeed the epidural space becomes more
widely patent after the injection of a given amount
of air during epiduroscopy, and the fatty tissue
in the epidural space diminishes with increasing
age, which may favor the longitudinal spread of
local anesthetic solutions in the elderly [29].

Morphologic studies have reported a loss of
myelinated and unmyelinated nerve fibers in
elderly subjects, and several abnormalities involv-
ing myelinated fibers, such as demyelination,
remyelination, and myelin balloon figures. The
deterioration of myelin sheaths during aging may
be due to a decrease in the expression of the major
myelin proteins and may affect the functional
and electrophysiological properties of the periph-
eral nervous system, including a decline in nerve
conduction velocity, muscle strength, sensory
discrimination, autonomic responses, and endo-
neurial blood flow [30]. These abnormalities may
allow local anesthetics to more easily penetrate
nerve roots in older patients. However, from the
clinical point of view, when considering lumbar
epidural block, conflicting results have been pub-
lished and sometimes the results were statistically
significant but not clinically relevant [28, 31, 32].
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3.4.1.2 Height, Weight, and Body Mass
Index
The effects of patient height and weight on
the spread of epidural block remain unclear.
Although it seems intuitive to assume that taller
patients require more local anesthetic to estab-
lish a certain level of block than shorter subjects,
when investigated in lumbar epidural anesthesia,
only a weak correlation was found [24, 31, 33].
In lumbar epidural anesthesia, there is no
correlation between weight and spread of the
sensory block [31, 34]; however, the cepha-
lad spread is positively correlated to the body
mass index in the obese pregnant women [35].
Weight, BMI, and obesity are unrelated to epi-
dural fat content [36].

3.4.1.3 Pregnancy

Pregnancy-induced changes in the epidural
structures are the following: the epidural space
becomes narrow, vascular network becomes
dense, blood vessels become engorged, and
water content in the connective tissue increases,
when compared with nonpregnant women [37]
(Fig. 3.3).

Fig. 3.3 Photographs (top) and schematic drawings (bot-
tom) of the epidural spaces in a 32-year-old pregnant
woman (a), in a 29-year-old woman at 12 weeks’ gesta-
tion (b), and in a 30-year-old woman at 37 weeks’ gesta-
tion (¢). Dura mater (d), fatty tissue (f), epidural space

(S), and blood vessels (V) can be observed. Engorged
blood vessels appeared in the first trimester. The pneu-
matic space became narrow and the vascular networks
became dense in the third trimester (from [37] with
permission)
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As pregnancy progresses, gravid uterine growth
may partially obstruct the inferior vena cava in the
supine position, and the epidural venous flow, col-
lateral to the inferior vena cava, further increases.
The engorged venous plexus is observed only in
the anterior and lateral epidural space, and not in
the posterior epidural space [37-39].

Because the engorged venous plexus in the
lateral epidural space induces narrowing of the
bilateral foramina at the disc level, leakage of
solution injected into the epidural space from
the foramen may be directly obstructed [38]. In
addition, the inward pressure from the increase
in the pressure in the retroperitoneal area due to
pregnancy contributes to a decrease of epidural
solution leakage from the foramina. Similarly,
the increased inward pressure might limit dural
sac coating, even in the anterior epidural space,
a closed compartment that is crowded with the
engorged veins, which are not rigid and easily
compressive. This restricted distribution of solu-
tions injected epidurally may explain the facili-
tated longitudinal spread of epidural analgesia in
pregnant women [40].

However the facilitated spread of epidural
analgesia occurs even during early pregnancy,
at a time when mechanical factors are unlikely
to play a major role [41]; therefore the hormonal
changes of pregnancy should also be considered,
particularly the increase in progesterone levels,
that may alter the susceptibility of the nerve
membrane to local anesthetics [42].

In general, for all these reasons, less local
anesthetic is required to produce a given level of
epidural anesthesia in pregnant patients.

3.4.2 Technical Factors

3.4.2.1 Needle Insertion Site, Bevel
Orientation and Injection
Through Needle or Through
Catheter, Needle Bevel
Direction, and Catheter
Position
Differences in the pattern of epidural spread of
contrast media solutions in relation to the site
of injection (cervical, thoracic, or lumbar) have

been noted, it being easier for the epidural solu-
tion injected into the lumbar region to spread
cranially rather than caudally, but no differences
were found among different regions in the total
number of segments blocked [43]. The length
of the lumbar section of the vertebral column is
relatively short and the dimensions of the lumbar
epidural space are fairly constant and only small
differences in the cranial spread of the blockade
have been demonstrated after the injection of
local anesthetic solutions at three different lum-
bar interspaces [44].

The small distance between the upside and
downside of the needle (usually approximately
1.2 mm in an [8-gauge Tuohy needle) may
hardly influence the spread of the epidural solu-
tion when injected directly through the needle.

Whether differences may exist when the epi-
dural solutions are injected through the catheter
rather than through the needle is controversial.

Lumbar epidural bolus injection via either a
Tuohy needle or a catheter did not result in differ-
ences in the epidural spread of the local anesthetic
solution or the contrast medium in one study [45],
whereas, in another study [46], injection through
a lumbar epidural catheter resulted in a spread
of sensory block four segments greater when
compared to injection at the same rate through
the Tuohy needle. Furthermore, a better quality
of anesthesia for cesarean section was observed
when the local anesthetic was injected via an epi-
dural catheter [47].

In pregnant women, insertion of an epidural
catheter with the bevel of the Tuohy needle ori-
ented laterally may result in greater difficulty
passing the catheter and, more frequently, pares-
thesia, but with no differences in the incidence of
asymmetric block [48].

It is commonly believed that by orient-
ing the beveled edge of the epidural needle the
epidural catheter may most likely follow the
intended, cephalad or caudad, direction. Indeed
less than 50% of the epidural catheters that had
been advanced 5 cm into the lumbar epidural
space through a cephalad-directed Tuohy needle
reached the intended spinal level cranial to the
puncture site, most likely because many struc-
tures within the epidural space may dislodge and
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divert the catheters during their advancement
[49].

The optimal distance to advance a (multi-
orifice) catheter into the lumbar epidural space
is 4-6 cm since threading shorter or longer dis-
tances may result in inadequate analgesia most
likely because some segments remain unblocked
due to the failure of an adequate spread of local
anesthetic within the epidural space [50, 51].

Initial insertion of excessive amounts of cath-
eter may, in addition, lead to deviations in direc-
tion, coiling, curling, kinking, or doubling back;
therefore lumbar epidural catheters should not
usually be threaded more than 5 cm into the epi-
dural space [52].

Fortunately, computed tomography imaging
and clinical experience demonstrate that a large
variety of lumbar epidural catheter tip positions
and solution distribution result in equally satis-
factory epidural anesthesia [53].

3.4.2.2 Patient Position

There are no differences in maximal cranial
spread if equal amounts of epidural local anes-
thetic solutions for labor analgesia are injected in
the sitting or supine position [54].

Lumbar epidural injection of local anesthetic
with the patient in the lateral position produces
sensory block levels approximately 0-3 seg-
ments greater on the dependent side compared to
injection with the patient in the supine position
[55-61].

The head down (Trendelenburg) position of
15° may improve cephalad sensory block lev-
els with faster onset times after lumbar epidural
injection of the local anesthetic solution for
cesarean section [62].

3.4.2.3 Epidural Catheter Design

In general, epidural catheters may be categorized
as either single-orifice or multiorifice designs. In
vitro, differential flow has been observed from
multiorifice epidural catheters in as much as the
flow appears first at the proximal, then the mid-
dle, and finally the distal orifices [63]. With low
injection pressures, such as those generated by a
continuous infusion pump, flow is largest from
the proximal orifice, and no flow was observed

from the distal orifice, rendering a multiori-
fice catheter effectively a single-orifice variant.
Comparisons between these two catheter designs
are commonly presented as differences in the
quality of analgesia, rather than differences in the
spread of sensory block. In this regard, multiori-
fice catheters have been shown to be superior to
single-orifice catheters in obstetric lumbar epi-
dural anesthesia [64-66].

From the clinical point of view, it is controver-
sial whether unilateral analgesia and unblocked
segments occur more frequently when a single-
orifice catheter is used, even with the newer wire-
reinforced flexible catheters [66—69].

The relationship between the catheter position
and the patterns of circumferential distribution of
solution injected during routine epidural anesthe-
sia has been studied through computed tomogra-
phy imaging [53].

Most of the catheter tips are located in the
anterior or lateral epidural space, and there is a
great variability of solution distribution, which
has, however, a more uniform spread with larger
volume injection. The solutions injected into the
complex anatomy of the epidural space travel
in patterns most likely determined by the subtle
pressures that force the various opposing surfaces
together. In clinical practice, however, so differ-
ent sites of catheter tips and spread of injected
solutions are anyway compatible with adequate
anesthetic effect.

Epidural catheter design may affect the peak
pressure generated by epidural infusion pumps
(higher with the multiorifice catheter compared
to the single-orifice catheter at any delivery
speeds) but whether these differences in the
delivery speed of the anesthetic solution into the
epidural space may correlate with differences in
the duration and quality of analgesia during pro-
grammed intermittent epidural bolus delivery is
still not clear [70].

3.4.2.4 Mode of Administration

of the Solution
Solutions usually spread freely, although not nec-
essarily uniformly, through the epidural space.
Patterns of distribution differ greatly between
patients, including uniform coating of the dural sac
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or preferential accumulation in the anterior or pos-
terolateral areas, as well as variable amounts of pas-
sage out of the foramina. Injection of an additional
solution after the initial single bolus improves the
uniformity of distribution [53]. After a single epi-
dural bolus the injectate solution disperses widely
throughout the epidural space in both caudal and
rostral directions, with a predominantly rostral
spread [71]. When the bolus has been injected at a
flow rate that mimics that used for the injection of
local anesthetics in clinical practice, there is a rapid
spread of the epidural solution from the epidural
space into the paravertebral tissues. This relatively
high-flow-rate bolus may produce sufficiently high
local pressures to permit the leakage of fluid along
nerve roots passing through the spinal foramina
into the paravertebral tissues [53]. Administration
of a fixed-volume, single manual bolus produces
a greater longitudinal extent of circumferential
spread, compared to the delivery of the same vol-
ume via a mechanical infusion [72]. Bolus injec-
tion rates via mechanical pumps are generally
slower and injection pressures generally lower than
manual boluses; however the same results, in terms

Fig. 3.4 Axial
cryomicrotome image at
the level of the fourth
lumbar vertebra and
spinal nerve. Green ink
passes through the
intervertebral foramina
as multiple channels
between lobules of fat,
limited by the
ligamentum flavum (LF)
and fascia or the
posterior longitudinal
ligament (black arrows),
which guides solution to
the segmental nerve and
dorsal root ganglion
(DRG) (from [75] with
permission)

of diffusion of the epidural solutions, have been
obtained using pumps instead of manual adminis-
tration in order to better control the bolus flow rate.

When an intermittent bolus technique is used,
the spread of the infuscate from a multiorifice
catheter is better, resulting in a wider and more
uniform spread of contrast medium, while the
continuous infusion results in a smaller spread
that is exclusively through the proximal port of
the epidural catheter [73-76]. Studies of cadav-
eric and pregnant women support the theory
that a more uniform spread of the solution in the
epidural space could be achieved as a result of
the higher injectate pressure generated during a
bolus injection. Indeed, in cadaveric studies, the
spread of fluids in the epidural space is highly
nonuniform in multiple small channels and it
is more uniform in large volumes given in high
injectate pressure near the site of injection which
will result in engagement of most of the channels
[75] (Figs. 3.4 and 3.5).

When an automated intermittent bolus is asso-
ciated with combined epidural spinal anesthesia
(CSE) the intrathecal space could directly receive
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Fig. 3.5 Axial cryomicrotome image at the level of the
third and fourth lumbar vertebra. Orange ink is seen as an
accumulation circumferentially around the dura, with
laminar extensions into the intervertebral foramina along
the posterior aspect of the fascia of the posterior longitu-

the local anesthetic solution through the dural
rent, owing to the high driving pressure created
when the bolus is administered, so leading to a
more efficacious analgesia [77].

In vitro, the pressure generated by an infu-
sion pump is consistently higher when it is set to
give the same volume of an epidural solution as
a bolus rather than as a continuous infusion, and
this may suggest that the mode of delivery of a
solution plays an important role in determining
its distribution in the epidural space [78]. This
has been confirmed by the in vivo measurements
of the epidural pressures in pregnant patients,
which clearly demonstrate the greater pressures
generated in the epidural space by an automated
bolus technique when compared to a continuous
infusion [76].

In general, higher programmed intermittent
epidural bolus infusion delivery speeds result
in higher peak pressure generation; however
whether differences in the infusion delivery
speed correlate with differences in the epidural
spread is not clear [70].

The way of delivering analgesia by single
bolus or by continuous infusion may subse-

dinal ligament (black arrows). The injectate also tracks
with the segmental nerve, shown here at the level of the
dorsal root ganglia (DRG). More cephalad components of
the lumbar plexus are evident in the substance of the psoas
muscle (white arrows) (from [75] with permission)

quently influence the dynamics of nerve block.
As stated in pharmacodynamics, the movement
of local anesthetic into the nerve according to
diffusion gradients can determine the production
and reversal of analgesia and motor block [79].
Analgesia and motor block are produced by the
movement of local anesthetic from the extraneu-
ral space into the nerve along a diffusion gradient.
After a single bolus administration, the concen-
tration is initially greater outside of the nerve
fiber but over time the extraneural concentration
equals the intraneural one, establishing a steady
state. Nerve blockade is eventually overcome
when the intraneural concentration exceeds the
extraneural concentration and the diffusion gra-
dient is reversed. If a local anesthetic at very low
concentration is used in intermittent boluses, the
amount of local anesthetic inside the nerve fiber
is sufficient to block the sensory fibers, which are
small and with a short internodal distance, but the
blockade of motor fibers, which are greater and
with a long internodal distance, is unlikely, as the
total amount of local anesthetic inside the nerve
is insufficient to block them. In the case of con-
tinuous infusion, the extraneural concentration
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Fig. 3.6 Dynamics after a single bolus administration.
(a) Initially the concentration is greater outside of the
nerve fiber. (b) Over time the extraneural concentration
equals the intraneural one, establishing a steady state. (c)
Nerve blockade is eventually overcome when the intra-
neural concentration exceeds the extraneural concentra-

of local anesthetic is generally constantly higher
than in the intraneural space, and the total con-
centration inside the nerve is therefore increased
over time and may reach the threshold for motor
fiber block even if we are using a local anesthetic
solution at very low concentration (Fig. 3.6).

This may explain the frequent occurrence and
intensification of motor block during prolonged
continuous infusions like those used for labor
analgesia.

3.4.2.5 Speed of Injection

The spread of injection correlates with the peak
epidural pressure generated by the injection,
being higher with faster injections, but does
not correlate with the extent and regression of
the sensory block [80]. This is also observed in
animal studies where the peak of the epidural

tion and the diffusion gradient is reversed. Dynamics after
continuous infusion. (d) The extraneural concentration of
local anesthetic is generally constantly higher than in the
intraneural space. (e, f) The total concentration inside the
nerve is increased with time and may reach the threshold
for motor fiber block

pressure is directly correlated with the injec-
tion speed of the epidural solution but not with
the epidural distribution and extent of sensory
block [81].

In vitro studies also confirm this finding.
Using a pump designed for programmed intermit-
tent infusion boluses, the delivery speed of saline
solution through epidural catheters is directly
related to the peak pressures. However it is not
known whether differences in the delivery speed
of anesthetic solution into the epidural space cor-
relate with differences in the duration and qual-
ity of analgesia during programmed intermittent
epidural bolus delivery [70].

It seems that the only feature that can be
obtained by a fast speed of injection of the epi-
dural solution is the earlier establishment of the
block [46, 82].
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3.4.3 Epidural Pressure and
Adjacent Pressures

There was a debate in the earlier studies as to
whether epidural pressure was positive or negative
(with regard to atmosphere) or if it was an artifact
caused by devices used to explore the space [83—85].

It is now clear that there is no naturally occur-
ring negative pressure in the lumbar epidural space
and that the negative pressure, sometimes recorded,
is an artifact resulting from bulging of the ligamen-
tum flavum in advance of the needle with its rapid
return to the resting position once perforated [86].

In pregnancy, during labor and during the
postpartum period the epidural space pressure is
above atmospheric and its actual values may vary
from 4 up to 30 mmHg, depending on the mea-
surement techniques used and other variables,
such as patient position and whether she is in
labor or not [76, 87, 88].

The epidural pressure is higher in the supine
position than in the lateral position with the
patient horizontal. This difference may be due
to the fact that in the supine position the right
atrium lies on average 8 cm higher than the inter-
nal vertebral plexus, but the most important fac-
tor is the degree of inferior vena cava occlusion.
During labor there is a significant rise in epidural
pressure synchronous with the intrauterine pres-
sure wave of contractions and this increase is
even most significant in the supine position or in
the case of twin pregnancy.

However this increase of pressure synchro-
nous with the uterine contractions is dependent
upon the parturient’s awareness of contraction
and upon her muscular response to it. When the
parturient is in pain she contracts her abdominal
muscles, causing an increase in intra-abdom-
inal pressure, which in turn results in a further
impediment to the flow in the inferior vena cava
and a consequent rise in the epidural pressure.
When the mother is under epidural analgesia and
unaware of the uterine contractions, this sequence
of events does not occur, and the synchronous
increase in epidural pressure is of a lower extent.
If in addition to abolition of awareness of con-
traction (anesthesia) there is also an abdominal
muscle paralysis (extensive motor block), there

is a fall in the epidural pressure synchronous with
uterine contraction when the parturient is in the
lateral position. This drop of pressure is most
likely due to the absence of resistance offered
by the paralyzed abdominal muscles to the con-
tracting uterus, permitting the latter to fall away
from the spine, thereby improving the blood flow
in the inferior vena cava. Also the “tenting” of
the abdominal wall by the contracting uterus
will cause the intra-abdominal pressure to drop
and engorgement of the epidural veins will be
reduced. The resulting increase in the epidural
space capacity will cause its pressure to drop.

During the contractions the epidural pressure
remains approximately sustained throughout labor.
During the second stage of labor with the patient
bearing down in the semi-sitting position the epi-
dural pressure increases. At the end of the third
stage, the obstruction of the inferior vena cava is
alleviated; venous blood that was diverted to the
epidural veins before and during labor is redirected
back into its normal path; and the capacity of epi-
dural space increases and its pressure decreases.
The magnitude of this drop is related to the length
of labor and the mode of delivery.

Pressure gradients within the epidural space,
and between this space and adjacent body cavities,
may also play a role in the distribution of local
anesthetic solutions injected in the epidural space.

The increase in pressure in the retroperitoneal
area due to pregnancy generates an inward pres-
sure on the fat around the intervertebral foramina,
limiting the epidural solution leakage from the
foramina themselves. This restricted distribution
of solutions injected epidurally may contribute to
explain the facilitated longitudinal spread of epi-
dural analgesia in pregnant women [40].

3.4.4 Composition of the Solution
Injected: Dose, Volume,
and Concentration—Adjuvant
Drugs

Generally speaking, the primary qualities of epi-
dural anesthesia such as onset, depth, and dura-
tion of the block are related to the mass of drug
administered.
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As the dose of the local anesthetic increases,
the frequency of satisfactory anesthesia and the
duration of anesthesia increase and the time for
onset of anesthesia decreases. In general, the
dose of local anesthetic given may be increased
by administering a larger volume of a less con-
centrated solution or a smaller volume of a more
concentrated solution. In clinical practice, how-
ever, an increase in dosage is usually achieved by
using a more concentrated solution of a specific
local anesthetic agent.

Administration of the same mass of local
anesthetics in larger volumes results in a greater
spread of the solution [89, 90]; however, the
intensity of block decreases as the volume of the
solution increases (and the concentration of local
anesthetic decreases).

Although the volume of the anesthetic solu-
tion administered into the epidural space may
influence the cephalic spread of anesthesia, the
relationship between spread and volume of the
anesthetic solution is neither lineal nor predict-
able [1].

An increase in pH by adding bicarbonate to a
solution of local anesthetic results in an increase
in the nonionized fraction of the local anesthetic
and improves the nerve penetration.

Alkalization of the solution may increase the
pain threshold in blocked dermatomes, and the
depth of motor block, and reduce the time to
onset of blockade of the first sacral segment, but
does not affect the spread of the block [91].

Adding opioids to epidural local anesthetic
may also hasten the onset, but does not affect the
spread of the anesthetic solution and therefore
the spread of sensory block [92].

References

1. Bromage PR. Spread of analgesic solutions in the epi-
dural space and their site of action: a statistical study.
Br J Anaesth. 1962;34:161-78.

2. Bromage PR. Mechanisms of action. In: Bromage PR,
editor. Epidural analgesia. Philadelphia: W.B. Saunders;
1978.

3. Hogan Q, Toth J. Anatomy of soft tissues of the spinal
canal. Reg Anesth Pain Med. 1999;24:303-10.

12.

13.

14.

15.

16.

17.

18.

. Strichartz GR, Sanchez V, Arthur GR,

. Bernards CM, Hill HF. The spinal nerve root sleeve is

not a preferred route for redistribution of drugs from
the epidural space to spinal cord. Anesthesiology.
1991,75:827-32.

. Covino BG. Pharmacology of local anaesthetic

agents. Br J Anaesth. 1986;58:701-16.

. Tucker GT, Mather LE. Pharmacology of local anaes-

thetic agents. Pharmacokinetics of local anaesthetic
agents. Br J Anaesth Suppl. 1975;47:213-24.

et al
Fundamental properties of local anaesthetics.
II. Measured octanol: buffer partition coefficients and
pKa values of clinically used drugs. Anesth Analg.
1990;71:158-70.

. Tucker GT, Mather LE. Properties, absorption, and

disposition of local anesthetic agents. In: Cousins
MJ, Bridenbaugh PO, editors. Neural blockade in
clinical anesthesia and management of pain. 3rd ed.
Philadelphia: Lippincott-Raven Publishers; 1998.
p. 55-95.

. Veering BT. Clinical pharmacology of local anaes-

thetics. In: Rosenberg P, editor. Fundamentals of
anaesthesia and acute medicine: local and regional
anaesthesia. London: BMJ Publishing Group; 2000.
p- 1-2.

. Clement R, Malinovsky JM, Hildgen P, et al. Spinal

disposition and meningeal permeability of local
anaesthetics. Pharm Res. 2004;21:706-16.

. Bernards CM, Hill HF. Physical and chemical

properties of drug molecules governing their diffu-
sion through the spinal meninges. Anesthesiology.
1992;77:750-6.

Clement R, Malinovsky JM, Le Corre P, et al.
Cerebrospinal fluid bioavailability and pharmacoki-
netics of bupivacaine and lidocaine after intrathecal
and epidural administrations in rabbits using micro
dialysis. J Pharmacol Exp Ther. 1999;289:1015-21.
Bernards CM. Sophistry in medicine: lessons from the
epidural space. Reg Anesth Pain Med. 2005;30:56—66.
Reina MA, Franco CD, Lépez A, et al. Clinical impli-
cations of epidural fat in the spinal canal. A scan-
ning electron microscopic study. Acta Anaesth Belg.
2009;60:7-17.

Zenker W, Bankoul S, Braun JS. Morphological indi-
cations for considerable diffuse reabsorption of cere-
brospinal fluid in spinal meninges particularly in the
areas of meningeal funnels. An electron microscopi-
cal study including tracing experiments in rats. Anat
Embryol. 1994;189:243-58.

Burm AGL. Clinical pharmacokinetics of epi-
dural and spinal anaesthesia. Clin Pharmacokinet.
1989;16:283-311.

Tucker GT. Pharmacokinetics of local anaesthetics.
Br J Anaesth. 1986:;58:717-31.

Burm AGL, Vermeulen NP, van Kleef JW, et al.
Pharmacokinetics of lignocaine and bupivacaine
in surgical patients following epidural adminis-
tration. Simultaneous investigation of absorption



References

51

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

and disposition kinetics using stable isotopes. Clin
Pharmacokinet. 1987;13:191-203.

Veering BT, Burm AGL, Vletter AA, et al. The effect
of age on the systemic absorption, disposition and
pharmacodynamics of bupivacaine after epidural
administration. Clin Pharmacokinet. 1992;22:75-84.
Simon MIJG, Veering BT, Stienstra R, et al. The
systemic absorption and disposition of levobupiva-
caine 0.5% after epidural administration in surgical
patients: a stable-isotope study. Eur J Anaesthesiol.
2004;21:460-70.

Simon MIJG, Veering BT, Stienstra R, et al. Effect of
age on the clinical profile and systemic absorption and
disposition of levobupivacaine after epidural adminis-
tration. Br J Anaesth. 2004;93:512-20.

Veering BT, Burm AGL. Pharmacokinetics and phar-
macodynamics of medullar agents. 3a. Local anaes-
thetics. Baillieres Clin Anaesthesiol. 1993;7:557-77.
Tucker GT, Mather LE. Clinical pharmacokinet-
ics of local anaesthetics. Clin Pharmacokinet.
1979;4:241-78.

Park WY, Massengale MD, Kim SI, et al. Age and
the spread of local anesthetic solutions in the epidural
space. Anesth Analg. 1980;59:768-71.
Ferrer-Brechner T. Spinal and epidural anesthesia in
the elderly. Semin Anesth. 1986;5:54-61.

Shanta TR, Evans JA. The relationship of epidural
anesthesia to neural membranes and arachnoid villi.
Anesthesiology. 1972;37:543-57.

Saitoh K, Hirabayashi Y, Shimizu R, et al. Extensive
extradural spread in the elderly may not relate to
decreased leakage through intervertebral foramina. Br
J Anaesth. 1995;75:688-91.

Hirabayashi Y, Matsuda I, Sohzaburoh I, et al. Spread
of epidural analgesia following a constant pressure
injection-an investigation of relationships between
locus of injection, epidural pressure and spread of
analgesia. J Anesth. 1987;1:44-50.

Igarashi T, Hirabayashi Y, Shimizu R, et al. The lum-
bar extradural structure changes with increasing age.
Br J Anaesth. 1997;78:149-52.

Verdu E, Ceballos D, Vilches JJ, et al. Influence of
aging on peripheral nerve function and regeneration. J
Peripher Nerv Syst. 2000;5:191-208.

Duggan J, Bowler GM, McClure JH, et al. Extradural
block with bupivacaine: influence of dose, vol-
ume, concentration and patient characteristics. Br J
Anaesth. 1988;61:324-31.

Andersen S, Cold GE. Dose response studies in
elderly patients subjected to epidural analgesia. Acta
Anaesthesiol Scand. 1981;25:279-81.

Grundy EM, Ramamurthy S, Patel KP, et al.
Extradural analgesia revisited: a statistical study. Br J
Anaesth. 1978;50:805-9.

Whalley DG, D’Amico JA, Rybicki LA, et al. The
effect of posture on the induction of epidural anes-
thesia for peripheral vascular surgery. Reg Anesth.
1995;20:407-11.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Hodkinson R, Husain FJ. Obesity and the cephalad
spread of analgesia following epidural administration
of bupivacaine for cesarean section. Anesth Analg.
1980;59:89-92.

Alicioglu B, Sarac A, Tokuc B. Does abdominal obe-
sity cause increase in the amount of epidural fat? Eur
Spine J. 2008;17:1324-8.

Igarashi T, Hirabayashi Y, Shimizu R, et al. The
fiberscopic findings of the epidural space in pregnant
women. Anesthesiology. 2000;92:1631-6.

Takiguchi T, Yamaguchi S, Tezuka M, et al
Compression of the subarachnoid space by the
engorged epidural venous plexus in pregnant women.
Anesthesiology. 2006;105:848-51.

Onuki E, Higuchi H, Takagi S, et al. Gestation-
related reduction in lumbar cerebrospinal fluid
volume and dural sac surface area. Anesth Analg.
2010;110:148-53.

Higuchi H, Takagi S, Onuki E, et al. Distribution
of epidural saline upon injection and the epidural
volume effect in pregnant women. Anesthesiology.
2011;114:1155-61.

Fagraeus L, Urban BJ, Bromage PR. Spread of epi-
dural analgesia in early pregnancy. Anesthesiology.
1983;58:184-7.

Datta S, Hurley RJ, Naulty IS, et al. Plasma and
cerebrospinal fluid progesterone concentrations in
pregnant and nonpregnant women. Anesth Analg.
1986;65:950-4.

Visser WA, Liem TH, van Egmond J, et al. Extension
of sensory blockade after thoracic administration of a
test dose of lidocaine at three different levels. Anesth
Analg. 1998;86:332-5.

Curatolo M, Orlando A, Zbinden AM, et al. A multi-
factorial analysis of the spread of epidural analgesia.
Acta Anesthesiol Scand. 1994;38:646-52.

Yun MJ, Kim YC, Lim YJ, et al. The differential flow
of epidural local anaesthetic via needle or catheter: a
prospective randomized double-blind study. Anaesth
Intensive Care. 2004;32:377-82.

Omote K, Namiki A, Iwasaki H. Epidural administra-
tion and analgesic spread: comparison of injection
with catheters and needles. J Anesth. 1992;6:289-93.
Crochetiere CT, Trepanier CA, Cote JJ. Epidural
anaesthesia for caesarean section: comparison of two
injection techniques. Can J Anaesth. 1989;36:133-6.
Richardson MG, Wissler RN. The effects of needle
bevel orientation during epidural catheter insertion in
laboring parturients. Anesth Analg. 1999;88:352-6.
Beck H. The effect of the Tuohy cannula on the posi-
tioning of an epidural catheter. A radiologic analy-
sis of the location of 175 peridural catheters. Reg
Anaesth. 1990;13:42-5.

Beilin Y, Bernstein HH, Zucker-Pinchoff B. The
optimal distance that a multiorifice epidural catheter
should be threaded into the epidural space. Anesth
Analg. 1995;81:301-4.



52

3 Distribution of a Solution in the Epidural Space

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

D’Angelo R, Berkebile B, Gerancher JC. Prospective
examination of epidural catheter insertion.
Anesthesiology. 1996;84:88-93.

Muneyuki M, Shirai K, Inamoto A. Roentgenographic
analysis of the positions of catheters in the epidural
space. Anesthesiology. 1970;33:19-24.

Hogan Q. Epidural catheter tip position and distribu-
tion of injectate evaluated by computed tomography.
Anesthesiology. 1999;90:964-70.

Redick LF. The effect of patient position and obe-
sity on the spread of epidural analgesia. Int J Obstet
Anesth. 1993;3:134-6.

Grundy EM, Rao LN, Winnie AP. Epidural anesthesia
and the lateral position. Anesth Analg. 1978;57:95-7.
Apostolou GA, Zarmakoupis PK, Mastrokostopoulos
GT. Spread of epidural anesthesia and the lateral posi-
tion. Anesth Analg. 1981;60:584-6.

Husemeyer RP, White DC. Lumbar extradural injec-
tion pressures in pregnant women: an investigation
of relationships between rate of injection, injection
pressures, and extent of analgesia. Br J Anaesth.
1980;52:55-60.

Park WY, Hagins FM, Macnamara TE. Lateral posi-
tion and epidural anesthetic spread. Anesth Analg.
1983;62:278-9.

Preston R, Crosby ET, Kotarba D, et al. Maternal
positioning affects fetal heart rate changes after
epidural analgesia for labour. Can J Anaesth.
1993;40:1136-41.

Soetens FM, Meeuwis HC, van der Donck AG, et al.
Influence of maternal position during epidural labor
analgesia. Int J Obstet Anesth. 2003;12:98-101.
Shapiro A, Fredman B, Zohar E, et al. Alternating
patient position following the induction of obstetric
epidural analgesia does not affect local anaesthetic
spread. Int J Obstet Anesth. 1998;7:153-6.

Setayesh AR, Kholdebarin AR, Saber Moghadam M,
et al. The Trendelenburg position increases the spread
and accelerates the onset of epidural anesthesia for
cesarean section. Can J Anaesth. 2001;48:890-3.
Power I, Thorburn J. Differential flow from multihole
epidural catheters. Anaesthesia. 1988;43:876-8.
Segal S, Eappen S, Datta S. Superiority of multi-
orifice over single-orifice epidural catheters for
labor analgesia and cesarean section. J Clin Anesth.
1997;9:109-12.

D’Angelo R, Foss ML, Livesay CH. A comparison
of multiport and uniport epidural catheters in laboring
patients. Anesth Analg. 1997;84:1276-9.

Michael S, Richmond MN, Livesay CH. A compari-
son between open end (single hole) and closed end
(three lateral holes) epidural catheters. Anaesthesia.
1988;44:78-80.

Morrison LM, Buchan AS. Comparison of complica-
tions associated with single-holed and multi-holed
extradural catheters. Br J Anaesth. 1990;64:183-5.
Magides AD, Sprigg A, Richmond MN. Lumbar epi-
durography with multi-orifice and single-orifice cath-
eters. Anaesthesia. 1996;51:757-63.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

PhilipJ, Sharma SK, Sparks TJ, et al. Multiple ports do
not appear to improve the analgesic efficacy of wire-
reinforced flexible catheters used for LEA. Anesth
Analg. 2018;126:537-44.

Klumpner TT, Lange EM, Ahmed HS, et al. An in vitro
evaluation of the pressure generated during programmed
intermittent epidural bolus injection at varying infusion
delivery speeds. J Clin Anesth. 2016;34:632-7.

Paisley K, Jeffries J, Monroe M, et al. Dispersal
pattern of injectate after lumbar interlaminar epi-
dural spinal injection. Evaluation with computerized
tomography. Global Spine J. 2012;2:27-32.

Mowatt I, Tang R, Vaghadia H at al. Epidural distribu-
tion of dye administered via an epidural catheter in a
porcine model. Br J Anaesth. 2016;116:277-81.
Fettes PDW, Moore CS, Whiteside JB, et al.
Intermittent vs continuous administration of epidural
ropivacaine with fentanyl for analgesia during labour.
Br J Anaesth. 2006;97:359-64.

Kaynar AM, Shankar KB. Epidural infusion: continu-
ous or bolus? Anesth Analg. 1999;89:534.

Hogan Q. Distribution of solution in the epidural
space: examination by cryomicrotome section. Reg
Anesth Pain Med. 2002;27:150-66.

Gibiino G, Distefano R, Camorcia M, et al. Maternal
epidural pressure changes after programmed intermit-
tent epidural bolus (PIEB) versus continuous epidural
infusion (CEI). Eur J Anaesth. 2014;31:11AP35.
Chua SM, Sia AT. Automated intermittent epidural
boluses improve analgesia induced by intrathecal fen-
tanyl during labour. Can J Anaesth. 2004;51:581-5.
Stirparo S, Fortini S, Espa S, et al. An in vitro evalu-
ation of pressure generated by programmed intermit-
tent epidural bolus (PIEB) or continuous epidural
infusion (CEI). Open J Anesthesiol. 2013;3:214-7.
De Jong RH. Dynamics of nerve block. In: De Jong
RH, editor. Local anesthetics. St Louis: Mosby; 1994.
p. 230-45.

Cardoso M, Carvalho JCA. Epidural pressures and
spread of 2% lidocaine in the epidural space: influ-
ence of volume and spread of injection of the local
anesthetic solution. RAPM. 1998;23:14-9.

Son W, Jang M, Yoon J, et al. The effect of epidural
injection speed on epidural pressure and distribution
of solution in anesthetized dogs. Vet Anesth Analg.
2016;41:526-33.

Griffiths RB, Horton WA, Jones IG, et al. Spread of
injection and spread of bupivacaine in the epidural
space. Anaesthesia. 1987;42:160-3.

Heldt HJ, Moloney JC. Negative pressure in the epi-
dural space. Am J Med Sci. 1928;175:371-6.
Usubiaga JE, Moya F, Usubiaga LE. Effect of thoracic
and abdominal pressure changes on the epidural space
pressure. Br J Anaesth. 1967;39:612-8.

Bromage PR. Epidural pressure. In: Bromage PR,
editor. Epidural analgesia. Saunders Co: Philadelphia;
1978. p. 160-75.

Zarzur E. Genesis of the ‘true’ negative pressure in the
lumbar epidural space. Anaesthesia. 1984;39:1101-4.



References

53

87. Galbert MW, Marx GF. Extradural pressures in the
parturient patient. Anesthesiology. 1974;40:499-502.

88. Messih MNA. Epidural space pressures during preg-
nancy. Anaesthesia. 1981;36:775-82.

89. Okutomi T, Minakawa M, Hoka S. Saline volume and
local anesthetic concentration modify the spread of
epidural anesthesia. Can J Anaesth. 1999;46:930—4.

90. Burn JM, Guyer PB, Langdon L. The spread of solu-
tions injected into the epidural space. Br J Anaesth.
1973;54:338-45.

91.

92.

Arakawa M, Aoyama Y, Ohe Y. Epidural bolus injec-
tion with alkalinized lidocaine improves blockade of
the first sacral segment—a brief report. Can J Anaesth.
2002:49:566-70.

Cherng CH, Yang CP, Wong CS. Epidural fentanyl
speeds the onset of sensory and motor blocks dur-
ing epidural ropivacaine anesthesia. Anesth Analg.
2005;101:1834-7.



®

Check for
updates

Fundamentals

Early pioneers used spinal needles to perform the
epidural block. Achille Dogliotti (1897—-1966), pro-
fessor of surgery in Turin, for example, suggested
the use of a 0.8—1 mm diameter needle, slightly
larger than those used for the subarachnoid punc-
ture, with a short, blunt tip to reduce the danger of
puncturing the dura mater [1] (Fig. 1.6).

In 1931, in order to prolong the single-shot
epidural procedure, Eugen Aburel (1899-1975)
[2], professor of obstetrics in Romania, intro-
duced a continuous lumboaortic block with a silk
ureteral catheter for labor analgesia.

In the 1940s, William Lemmon (1896-1974)
[3] developed a malleable needle to provide con-
tinuous spinal anesthesia by inserting a small
rubber tube in it.

In the same period of time, a Seattle dentist,
Ralph Huber (1890-1953) [4], designed a long,
sharp, curved-tip hypodermic needle to lessen
the pain of the injection and decrease the risk of
depositing plugs of skin into underlying tissues.

Edward Tuohy (1908-1959) [5], anesthesiolo-
gist at the Mayo Clinic, recognized that the Huber
needle’s directional point might facilitate the place-
ment of spinal catheters and, in addition, he added
a stylet to further decrease the risk of skin plugging.
Tuohy described it as a needle with a Huber point.
Since then, any epidural needle with a Huber tip
became known as a “Tuohy needle.” After visiting
the Mayo Clinic, Manuel Curbelo (1906-1962) [6],
a Cuban anesthesiologist, adapted the Tuohy spinal
continuous technique for the epidural space using

© Springer Nature Switzerland AG 2020
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ureteral catheters, and his technique was popular-
ized to the obstetric population by Charles Flowers
(1920-1999) [7] in Baltimore.

Approximately 10 years later, Robert Hustead
(1928-2008) [8] made his own modifications to
the Tuohy—Huber needle by hand, changing the
angle of the bevel. The result was a needle open-
ing that did not exceed 2.7 mm in length, with an
angle of the needle bevel of 12°—15°.

In the 1950s Oral Crawford (1921-2008) in
Springfield, USA, developed a Quincke-type epi-
dural needle with an extremely short, blunt, flat
bevel that he used for cervical and thoracic epi-
dural blocks using the “hanging-drop” method to
identify the epidural space [9].

The addition of “wings” to the epidural needle
is attributed to Jess Weiss (1917-2007), who felt
that the addition of wings was essential to allow
the slow advance of the needle with both hands
while observing the fluid drop disappearing as
the tip of the needle entered the epidural space.

By the second half of the twentieth century the
practice of epidural analgesia gained popularity
worldwide and a number of innovations in design
and manufacture of epidural needles, catheters,
and syringes were made.

The needles currently on the market under
the name of “Tuohy needle” can, however, have
significantly different physical characteristics:
even with the same size, the needle length, width,
angulation, and bevel length may vary between
manufacturers.
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The silk- or elastic gum-made ureteral catheters
adapted in the past for continuous spinal and epi-
dural techniques have now been substituted with
catheters made from different materials such as
nylon, polyethylene, and Teflon which have dra-
matically improved flexibility and textile strength.

Also syringes have undergone noticeable
changes over time. From the reusable, all-glass
syringes commonly employed in the 1940s,
polypropylene-made, single-use, low-friction
syringes are now currently available on the mar-
ket, specifically designed to facilitate the suc-
cessful location of the epidural space.

Differences between manufacturers of these
pieces of equipment may require readjustment in
tactile perception, force, and angulation entry in
the epidural space by physicians.

4.1 Epidural Equipment

4.1.1 Epidural Needles

Epidural needles commonly used for the obstet-
ric patients, and therefore for the lumbar epidural
block, are very often referred to as Tuohy needles,
even though variations in their tip configuration
make them sometimes much closer to a Hustead
needle design. In addition, bevel variations may
be noted between manufacturers (Fig. 4.1).

In all cases the bevel on the needle is usually
blunted to maximize the tactile feeling of the
operator and slightly curved superiorly (Huber
point), to direct the catheter cephalad. The length

Fig. 4.1 Tuohy needles:
bevel variations may be
noted between
manufacturers

"
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of the bevel may range from 2.32 to 3.26 mm
and the width from 1.20 to 1.34 mm. The needle
angulation may range approximately between
12° and 16° and the minimum length of the bevel
required for the catheter to exit the bevel may
also vary from 1.0 to 1.63 mm [10].

Short-blunted, flat-beveled, Crawford-type
needles, specifically designed for thoracic epi-
dural block and for hanging-drop technique, are
rarely used in obstetrics (Fig. 4.2).

The length of epidural needles available on the
market may vary between 8 and 15 cm from the
hub to the tip. The barrel of the needle is usually

Fig. 4.2 Crawford (on the left) and Tuohy (on the right)

L,

:

f.




4.1 Epidural Equipment

57

marked in graduations of 1 cm with alternating
light and dark bands, so that the length of the
needle already inserted may be deduced.

The thickness of the most frequently used epi-
dural needles ranges between 16 and 19 gauge
(G). The higher the gauge, the thinner the needle.

Gauges were old measures of thickness origi-
nated during the nineteenth century in the British
iron wire industry at a time when there was no
universal unit of thickness. At that time the gauge
was a range of sizes specific to one manufacturer
or branch of industry. Now it is described in frac-
tions of an inch, but the sequence of the sizes is not
linear [11]. Manufacturer differences may be noted
in the inner and outer diameter of the needle, being
different even within the same gauge range [12].

Some manufacturers include separate wings
in their packs, and these may be connected to the
needle in case the hanging-drop technique for a
thoracic epidural is required [13, 14].

Others, however, provide pre-attached wings,
some of which cannot be removed.

The needle has an obturator or stylet (made
of stainless steel or polypropylene) which offset

Fig. 4.3 Epidural loss
of resistance (LOR)
syringes

tip sits flush with the tip of the needle to prevent
cores of dermal tissue from being introduced into
underlying tissues.

Hubs and/or stylet hubs are usually color
coded, for easy identification of the size of the
needle.

Significant variations between different manu-
facturers in needle stiffness and malleability, as
assessed by buckling force and displacement,
may be observed [12].

4.1.2 Epidural Syringes

Specifically designed syringes to facilitate the
loss of resistance technique (LORT) are now
commonly used, and many products are currently
available (Fig. 4.3).

Syringes have three major uses: aspiration,
identification of epidural space with LORT, and
injection of the solution.

The plunger should be inserted fully into the bar-
rel and the needle’s female Luer is securely attached
to the male Luer on the syringe barrel. Fluid is then
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drawn up through the needle into the barrel when
the plunger handle is pulled back. If the needle tip
remains completely in the fluid when pulling back
on the plunger handle, no air should enter the barrel.
The quantity of fluid can be identified using gradua-
tion marks on the barrel, or if no marks are present,
the total volume of the barrel matches the size of the
LOR syringe originally identified. Pushing back on
the plunger handle, the solution will be evacuated.

The standardized system of fittings which
make a leak-free connection between syringe and
needle is called Luer connection, after Hermann
Wiilfing Luer, a nineteenth-century medical
instrument maker. There are two types of Luer
taper connections: Luer Lock and Luer Slip. The
Luer Lock holds the female Luer needle to the
syringe’s male Luer using threads to lock the nee-
dle to the syringe. The Luer Slip is held together
by friction between the female hub taper and the
male Luer taper on the syringe barrel only.

Syringes may be made of glass or of a plastic
material such as polypropylene.

A modern glass loss-of-resistance syringe
features a smoothly moving plunger designed to
facilitate the location of the epidural space.

The plastic, single-use, loss-of-resistance syringe
is a low-friction syringe specifically designed to
facilitate successful location of the epidural space
providing excellent sensitivity for epidural space
detection. It usually features a double-ribbed stop-
per designed to prevent leakage during aspiration.

4.1.3 Epidural Devices
Some automated mechanical devices are avail-

able on the market in the attempt to reduce the
failure rate of the epidural technique [15-17].

Unfortunately their use is reported only in a
few papers, and the extent of their routine use in
worldwide clinical obstetric practice is unknown,
although a survey from the UK reported their use
in approximately 1% of cases [18].

The automatic detection of the epidural space
may be obtained by the continuous positive
pressure applied to the loss of resistance syringe
piston by an elastic strip (Oxford Detector,
Epimatic®) (Fig. 4.4) or by an internal compres-
sion spring that applies constant pressure on the
plunger (Episure™ AutoDetect™ syringe, Epi-
Jet®) which automatically depresses when the
needle enters the epidural space (Fig. 4.5).

When the Tuohy needle enters the epidural
space, the loss of resistance is therefore made
visible by the sudden inward movement of the
syringe piston. The manufacturers report that
with these syringes the physician can have a hand
free which can be used to better control the inser-
tion of the Tuohy needle or hold an ultrasound
probe.

Epidural balloons are also available: they
consist of an inflatable balloon with a capac-
ity of 5 mL which is plugged into one end of
the device, and a free end which attaches to
the Tuohy needle. The balloon may be inflated
through its thick rubber neck (Macintosh), or
through a one-way valve (Epidural Balloon-
Vygon®) (Fig. 4.6). After having advanced the
Tuohy needle from the skin to the supraspinous
ligament, the epidural balloon is attached to the
hub of the epidural needle and the balloon is
inflated with 2 mL of air. The epidural needle
is eventually advanced deeper and, as the nee-
dle passes through the ligamentum flavum and
enters the epidural space, the balloon becomes
deflated.

Fig. 4.4 The Epimatic® syringe: the automatic detection of the epidural space is obtained by the continuous positive
pressure applied to the loss of resistance syringe piston by an elastic strip
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Fig. 4.5 The Episure™
AutoDetect™ syringe
and the Epi-Jet®
syringes: an internal
compression spring
applies constant pressure
on the plunger which
automatically depresses
when the needle enters
the epidural space

Fig. 4.6 Epidural
Balloon-Vygon®: as the
needle passes through
the ligamentum flavum
and enters the epidural
space, the balloon
becomes deflated

A modified balloon system is the Epidrum®
(Fig. 4.7), which is a device consisting of a cylin-
drical tube with sealed ends, which creates a cham-
ber [19]. The seal on the top end of the tube is an
expandable membrane (the diaphragm), which
deflates when the epidural needle enters the epi-
dural space. There are two ports, placed opposite
each other in the walls of the cylinder. The inlet
port (a female Luer), containing a nonreturn valve,
connects with a syringe and the outlet port (a male
Luer) connects with an epidural needle. After
inserting the epidural needle through the skin and
into tissue, air is drawn into a pre-connected 5 mL

.T“k——.-. 4.—-—
- — i —

Luer syringe, and 1 mL of air is injected into the
cylinder, thereby inflating the diaphragm. The
nonreturn valve ensures that air remains inside the
device. When the epidural needle tip enters the
epidural space the diaphragm deflates, signaling
to the user that the needle is in the epidural space.
The clinician will decide on the amount of air to
be injected into the chamber, which can be topped
up to a maximum of 3 mL, depending on the size
and weight of the person having the epidural, and
whether any air leakage into the tissues occurs.
Another modified balloon system is the LOR
Indicator Syringe™ [20] (Fig. 4.8). In this case
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Fig.4.7 Epidrum®:
when the epidural needle
tip enters the epidural
space the diaphragm
deflates, signaling that
the needle is in the

4 Fundamentals

epidural space

Fig. 4.8 LOR Indicator
Syringe™: at the
moment the needle
reaches the epidural
space, the bladder
automatically releases
the saline into the
epidural space, and it is
promptly shriveled,
indicating a successful
lumbar epidural
puncture

the balloon, connected to the epidural syringe, is
filled with 3—5 mL of saline. Once the epidural
needle is in the ligamentum flavum, the syringe is
connected to the needle and the piston is pushed
forward: doing so, the membrane is expanded
owing to the resistance of ligament-induced
pressure within the syringe, and forms a blad-
der which remains engorged. The needle is now
slowly pushed forward (the needle retropulsion is
forbidden) and at the moment the needle reaches
the epidural space, and the bladder automatically

releases the saline into the epidural space and it is
promptly shriveled, indicating a successful lum-
bar epidural puncture.

Other devices based on the loss of resistance
principle are the EpiLong® Visual Pressure Control
(VPC) syringe and the EpiFaith® syringe.

The EpiLong® VPC (Fig. 4.9) uses the Boyle-
Mariotte law, according to which the product of
gas volume and pressure is constant. Therefore,
a capillary with a magnifying glass is integrated
in the piston of the VPC. A pressure column, vis-
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Fig. 4.9 The EpiLong®
VPC: A capillary with a
magnifying glass is

integrated in the piston
of the VPC. A pressure
column, visible in the
magnifying glass, is
built up under pressure.
If the VPC is connected
to the epidural needle
after skin puncture and
pressurized by pushing
the plunger forward, the
pressure column in the
capillary increases.
When the epidural space
is reached, the loss of
resistance becomes
visible by a drop of the
pressure column in the
magnifying glass of the

capillary

Fig.4.10 The
EpiFaith® syringe: the
loss of the closed-system
pressure triggers a
warning signal, which is
the movement of the
rubber shaft

ible in the magnifying glass, is built up under
pressure. If the VPC is connected to the epidural
needle after skin puncture and pressurized by
pushing the plunger forward, the pressure col-
umn in the capillary increases. This remains vis-
ible as long as there is tissue pressure (resistance)
at the tip of the cannula. When the epidural space
is reached, the characteristic loss of resistance

becomes visible by a clearly recognizable drop
of the pressure column in the magnifying glass
of the capillary.

In the EpiFaith® syringe, the loss of closed-
system pressure triggers a warning signal, which
is the movement of the rubber shaft (Fig. 4.10).
The signal indicates that the needle tip has
entered a body cavity or that the system is oth-
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erwise open. The function of this device should
be tested prior to use by filling it with air occlud-
ing the exit port and then pushing the plunger
until the color ring is covered: releasing the exit
port the rubber should move forward rapidly.
The EpiFaith® syringe can be used with liquid
or air. After having filled the syringe, the epi-
dural needle is inserted through the tissue until it
reaches the ligamentum flavum. The stylet is then
removed and the filled syringe is attached to the
needle. Pushing the plunger slowly the pressure
sensing (color ring) is activated. When the rub-
ber moves forward or the color ring appears, this
implies that the loss of resistance has occurred
and the epidural needle advancement must be
stopped.

4.1.4 Epidural Catheters

The materials used to manufacture the epidural
catheter may vary from nylon to Teflon and are
designed in the attempt to facilitate the ease of
threading and to reduce the incidence of paresthe-
sia and of intravascular cannulation (Fig. 4.11a).
Material and design of an epidural catheter may
also influence the catheter breakage, occlusion,
kinking, or knotting.

In order to facilitate threading and increase
the chance of successful insertion, many com-

mercially available catheters are made of nylon
blends with intermediate bending stiffness. Some
nylon and polyurethane catheters have an inner
stainless steel wire coil to increase rigidity, with
fewer coils in the distal tip to impart flexibility.

A more recent advance in epidural catheter
design is the development of wire-reinforced
flexible catheters. Wire-reinforced flexible cath-
eters have a thin outer wall and are reinforced
with an inner wire spring that is loosely coiled
in the distal tip, which altogether makes for a
more flexible catheter compared to the non-wire-
reinforced conventional catheters.

The rigidity of catheter materials may influ-
ence the incidence of paresthesia.

Soft-tipped, flexible catheters are commonly
believed to result in fewer paresthesia because
they may more easily change course as they
encounter a nerve root or other obstacles in the
epidural space. The paresthesia rate may also be
reduced with catheters made from materials that
soften at body temperature, such as polyurethane
[21], or with the spring-wound polyurethane
catheters [22, 23].

Catheter materials can also influence the inci-
dence of intravascular cannulation. In general,
softer, and in particular flexible, wire-reinforced
polyurethane catheters are associated to a lower
incidence of intravascular cannulation compared
to conventional catheters [24].

Fig.4.11 (a) Epidural catheters. (b) Multiorifice, closed-tipped, and single end-hole epidural catheters
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Catheter breakage also seems to be related
to the mechanical properties of materials used.
The materials with the lowest tensile strength are
polyethylene and Teflon [25]. Polyurethane cath-
eters may stretch more than 300% of their origi-
nal length without breaking, whereas all other
catheters broke before the elongation limit of the
tensile testing machine [26].

The spring-wound polyurethane catheters
stretch significantly more than the conventional
non-wire-reinforced nylon catheters [27].

Catheter occlusion, kinking, and/or knot-
ting may be associated with a number of fac-
tors, including the materials used to manufacture
the catheter, the port configuration, and, in the
case of wire-reinforced catheters, the method of
attaching the inner wire coil to the surrounding
coating. However other factors such as depth of
insertion and method of catheter fixation to the
skin may also play an important role.

Wire-reinforced catheters have better kink resis-
tance, better flow characteristics, and improved
patency when compared to non-wire-reinforced
versions [28]. However, flexible catheters may be
more difficult to remove and may be severely dam-
aged during the removing procedure [29-31].

These features may be related to the type
of catheter material (nylon, polyurethane, or a
nylon-polyurethane blend) and to the technique
used to attach the inner wire spring to the outer
wall (integration of just the proximal and distal
ends versus the entire length of the inner wire coil
into the outer wall).

The position and number of catheter ports
may affect the spread of analgesia, the inci-
dence of paresthesia and intravascular cannula-
tion, and the potential for a multicompartmental
block (Fig. 4.11b). Multiorifice, closed-tipped
catheters, when compared with single end-hole
catheters, facilitate and improve the distribution
of the solution in the epidural space and are sig-
nificantly associated to better analgesia and sat-
isfactory block [32-34]. They have the greater
likelihood that aspiration of cerebrospinal fluid
or blood can occur from one of the orifices in the
event of a misplaced catheter, and diminished
likelihood of orifice blockage by a clot or adja-
cent tissue [35].

In addition, the blunt-tipped multiport cath-
eter is potentially less traumatic, reducing the
likelihood of intravascular cannulation. However,
a multiport catheter can result in a multicompart-
ment block [36] and preferential efflux from a
single or all ports based on the rate and pressure
of the injected solution [37].

The incidence of paresthesia, venous cannu-
lation, and reinsertion related to venipuncture
seems to be less with the newer open-end, uni-
port spring-wound polyurethane catheters [38].
Multiple ports do not appear to improve the
analgesic efficacy of the wire-reinforced flexible
catheters [39].

An epidural catheter which is claimed to
combine the benefits of the two different types
of catheters is the so-called combined end-mul-
tiple lateral hole epidural catheter (CEMLH)
[40] which has seven holes: one at the tip,
and the others arranged circumferentially. The
claimed advantages are that the end hole can
recognize an inadvertent intravascular or sub-
arachnoid insertion, the six lateral holes may
allow the injection in the case that the end hole
or one of the lateral holes are obstructed, and
it may also provide a better distribution of the
anesthetic solution.

Usually the epidural catheters have a length of
8-9 cm and are provided with markings to guide
anesthetists as to the length left in the epidural
space. However, depending on the manufac-
turer, the positions of these markings may vary,
because the centimeter markings begin at differ-
ent distances along the catheters. Many epidural
catheters are transparent with a radiopaque line
for ease of location in case of rupture.

4.1.5 Epidural Filters

Although may be unlikely especially in the very-
short-term epidural catheterization in healthy
patients, such as that for labor analgesia, micro-
bial colonization of the epidural catheter may
be a source of epidural infection. Microbial
colonization could result from contamination of
the infused fluid or the delivery system or from
hematogenous seeding at the catheter tip, but the
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Fig.4.12 Flat filter
(fibrillary structure
1000x magnification)
(from [46] with
permission)

Fig.4.13 Flat filter
(granular structure
5000x magnification)
(from [46] with
permission)

most important factor is the invasion of organ-
isms present at the insertion site along the cath-
eter track [41].

Bacterial filters have been deemed not to be
needed in continuous epidural analgesia for
healthy obstetric patients [42—-44], but it seems
reasonable to use them also in this low-risk set-
ting, since positive epidural catheter tip cultures
may occur despite the use of full aseptic and anti-

septic precautions when the epidural filters have
not been used [45].

However it should be remembered that adher-
ing strictly to aseptic techniques is the most
important factor in lowering the incidence of
contamination.

Filters may have basically two kinds of struc-
ture, fibrillary and granular (Figs. 4.12 and 4.13),
and can be made of polyvinyl chloride or cellu-
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lose acetate. In long-term epidural catheteriza-
tion granular filters are more successful in the
adhesion of dense bacteria suspension than the
ones with fibria [46].

Epidural filters may be used to prevent for-
eign material from gaining access to the epidural
space, although using epidural filters does not
guarantee against the access of foreign materials
that may be introduced before the interposition
of the filter.

Some filters are made from hydrophilic sup-
ported membrane that allows two-way filtration
and the ability to test the aspirate.

4.1.6 Connectors

Misconnections, such as between the intrathecal
and intravenous lines, may be possible because
the design of the devices is such that it is pos-
sible to inadvertently connect the wrong syringes
and tubing and then deliver medication or flu-
ids through an unintended and therefore wrong
route. This is due to the multiple devices used
for different routes of administration being
able to connect to each other. The International
Standards Organization (ISO) committee (ISO
TC210 JWG4) has promoted the establishment
and the implementation of a universal design

Fig.4.14 From top to
bottom: the ISO
80369-6, NRFit
connector for epidural
regional anesthesia, the

specification for a non-Luer neuraxial connec-
tor (Figs. 4.14 and 4.15). The Joint Commission
issued Sentinel Event Alert 53, in which they
gave indications regarding managing the risk
during the transition to new ISO tubing connec-
tor standards [47]. The new ISO 80369-6, NRFit
connector for epidural regional anesthesia and
other neuraxial application connectors, will no
longer fit into ports other than the type for which
they are intended, reducing the risk of miscon-
nections between unrelated systems.

Changes to neuraxial connectors (NRFit) will
follow the ISO standard 80369-6 design.

All medical devices which connect to the
neuraxial route will eventually use the 80369-6
connector. Examples of devices affected include
spinal needles, neuraxial/epidural syringes and
syringe caps, manometers, Tuohy needles, epi-
dural catheters, epidural filters, CSE kits (com-
bined anesthesia), drawing-up filter needles,
and drawing-up kwills, taps (two- or three-way
taps) to be used with manometers. The market
will produce, therefore, safer epidural connec-
tors that will not connect epidural equipment
(needles, epidural catheters, filters, and syringes)
with intravenous Luer connectors or intravenous
infusion spikes to reduce the risk of misconnec-
tion and the chance of injecting medication not
intended for the epidural space.

standard Luer-Lock, and
the standard Luer-Slip
syringes
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Fig. 4.15 From top to bottom: the ISO 80369-6, NRFit
connector for epidural regional anesthesia, the standard
Luer-Lock, and the standard Luer-Slip syringes (viewed
from above)

4.2  Patient Position
Epidural block may be performed either in a lat-
eral or in a sitting position (Fig. 4.16).

The patient position used for the insertion of
epidural catheters for labor analgesia is generally
related to the personal preference of the anesthe-
siologist and fetal condition or maternal factors
rarely influence his/her choice. The preference of

the physician is likely to be the position in which
he (she) was taught to perform epidurals.

The favorite, routine position of the author of
this book is the lateral one, and his choice is due
to scientific and clinical evidence rather than how
he learned the technique.

In the lateral position aortocaval compres-
sion is minimized and uteroplacental blood flow
is optimized, since direct measurements of the
uterine blood flow in the lateral position are asso-
ciated with improved placental blood flow when
compared to the sitting one [48]. In addition,
continuous fetal heart rate monitoring is better
obtained and maternal orthostatic hypotension is
less likely in the lateral position.

With pregnancy, the obstruction of the inferior
vena cava by the gravid uterus diverts blood into
the vertebral venous system, which, when cou-
pled with the expansion of intravascular volume,
further engorges the epidural venous plexus.

These alterations in the epidural plexus can be
minimized with changes in position. Changing
from the supine recumbent position to the lateral
position during pregnancy causes the engorged
epidural venous plexus to return to nonpregnant
size [49].

By contrast, in the upright and sitting posi-
tions, hydrostatic pressure within the lumbar epi-
dural plexus increases.

For these reasons there is a lower incidence
of epidural vein cannulation when the epidural
block is performed in the lateral position as com-
pared to the sitting position [50].

The effect of position on the hydrostatic pres-
sure is not limited to the epidural plexus, but also
affects the cerebrospinal fluid as well: in the sit-
ting position there is an increased cerebrospinal
fluid pressure which leads to dural bulging which
may increase the chance of inadvertent dural
puncture [51, 52].

Hence, the lateral position may decrease the
possibility of inadvertent dural puncture.

However it is commonly believed that pos-
sible advantages of the sitting position are ease
of maintenance of position, central position of
the lumbar spines, and reduced distance from the
skin to the epidural space [53, 54].
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Fig. 4.16 Patient’s position. Lateral position: the patient
is placed in the lateral position with her back at the edge
of the bed, legs drawn up to her abdomen, upper arm lying
across her chest, and lower arm lying tight on the bed,
with the head, resting on a pillow, flexed on the abdomen.

For these reasons the sitting position may be
particularly preferred for obese women [55].

However obese parturients have a higher inci-
dence of catheter displacement and this may be
minimized by starting the block in the lateral
position [53].

Although complications and maternal com-
fort during epidural insertion are not significantly
affected by posture, the anesthesiologist should
practice and be comfortable with neuraxial place-
ment in the lateral position, as there are situa-
tions in which the sitting position cannot be used
(fetal head entrapment, cord prolapse, presenting
fetal limbs, or need to administer a blood patch).
Furthermore, and most importantly, those practiced
in using the lateral position can readily adapt to the
sitting position, but the reverse does not apply [56].

4.2.1 Positioning the Patient

The parturient is placed in the lateral position with
her back at the edge of the bed, legs drawn up to
her abdomen, upper arm lying across her chest,
and the lower arm lying tight on the bed, with the
head, resting on a pillow, flexed on the abdomen.

Sitting position: the patient is placed with her legs hang-
ing over the side of the bed, her back towards the operator.
The patient’s arm is crossed or abandoned on the bent
knees so as to retract the medial border of the scapulae
away from the vertebral column

Every effort is made to keep the spinous process of
the vertebral column parallel to the table and the
patient well flexed, so as to open the interspaces.
In order to do that the shoulders and the iliac crest
should be perpendicular to the table plane.

However, parturients may not flex their back
very well, due to the gravid uterus.

Repeated or inappropriate efforts to improve
dorsal flexion may result in bringing the upper
shoulder forward towards the abdomen which
rotates the spinous process of the vertebral col-
umn out of the parallel alignment with the bed
surface and thus favoring the contact of the epi-
dural needle on the vertebral bony arch during
the attempt to reach the epidural space.

With regard to the sitting position, this is
best assumed by placing the patient with her
legs hanging over the side of the bed, her back
towards the operator. The patient’s arm is crossed
or abandoned on the bent knees so as to retract
the medial border of the scapulae away from the
vertebral column. The assistant may allow the
patient’s forehead to rest on his/her chest.

For both the positions it is most important that
the patient forcefully flexes the vertebral column
to make the spinous processes more prominent
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and the intervertebral spaces wider. Flexion of
the thighs on the spine does not necessarily cause
flexion of the lumbar vertebrae. It is not sufficient
to tell the patient when sitting to “bend well for-
wards”, or when lying down, to “draw your knees
up to your chin.” A better position results from
instructions such as “try to arch your back like
a cat” or with a fingertip on the lumbar area, “I
want you to push this part of your back.”

Independently of the patient’s chosen position,
the epidural anesthesia tray and all the materials
necessary for the procedure must be previously
placed on a cart at the disposal of the operator.
The cart is placed conveniently close to the back
of the patient and to the right side of the operator
(unless he/she is left-handed, and in this case it
will be placed on the left side).

4.3 Landmarks Identification

4.3.1 Manual Palpation

Before scrubbing, the physician should survey the
back and select the most appropriate interspinous
space. The midline should be identified by palpating
the vertebral spines transversely. On palpating the
spinous processes through the skin it is determined

Fig.4.17 Tuffier’s line
(the imaginary
transverse line
connecting the tops of
the iliac crests)
intersects the spine
anywhere between the
inferior end plate of the
L4 to the superior
endplate of the L5, but
in term parturients this
line may cross the
vertebral column at the
L3-L4 interspace (red
line)

\/

that they are separated by a semisolid depression
approximately 1 cm in length, called interspace,
which can be easily palpated when the parturient is
in the flexed position. However in pregnancy there
is less space between the adjacent lumbar spinous
process and several spinous processes and inter-
spaces should be palpated to determine the widest
interspace and the possible presence of scoliosis or
vertebral column deviations.

The palpation via the iliac crests is the most
frequently used technique to identify the level of
the lumbar segments.

The intercristal line is a horizontal line drawn
across the highest points of both the iliac crests
in an anteroposterior lumbar radiography that
was proposed by the French surgeon Theodore
Tuffier in 1901 as the landmark for the purpose
of performing lumbar subarachnoid injection. In
the general population, Tuffier’s line (the imagi-
nary transverse line connecting the tops of the iliac
crests) intersects the spine anywhere between the
inferior end plate of the L4 to the superior end-
plate of the L5 [57]. However full-term parturients
undergo physical changes such as overlordosis,
pelvis rotation to the long axis of the spinal col-
umn, and body weight increase and Tuffier’s line
may cross the vertebral column at the L3-L4 inter-
space rather than the L4-L5 interspace (Fig. 4.17).
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Vertebral levels are therefore more cephalad in
parturient women as compared to non-parturient
women, and this should be taken into account
when performing an epidural block in term preg-
nant women [58].

Since the epidural space is widest at L2-L3
and the spinal cord usually ends at L1 but may
extend to L2, mid-lumbar interspaces are usually
selected for the puncture.

Unfortunately the accuracy of manual palpa-
tion is poor when it is eventually confirmed by
ultrasounds [59, 60].

Theoretically the sitting position should
improve the accuracy. In the sitting position, it is
easier to eliminate the effect of lumbar lordosis
and easy to determine the intercristal line as it
gives a good grip by palpating both iliac crests.
The distribution of body weight is even in the sit-
ting position as compared to the lateral position
where the patient is lying on an uneven surface.
In the lateral position, the axis of the pelvic brim
is deviated from the spine resulting in the varia-
tion in the position of Tuffier’s line while the
sitting position helps better to widen the lumbar
interspaces and thus pushes Tuffier’s line cau-
dally to cross the L4-L5 space.

However, accuracy of the palpation is not
improved by the use of the sitting position and is
worsened by obesity [59, 61].

Fortunately, the precise level of puncture is a
matter of indifference provided that it is below
L2 (in the case of spinal or CSE anesthesia).

4.3.2 Ultrasound Identification

The first who used ultrasound (US) for facilitat-
ing lumbar puncture were Bogin and Stulin in
1971 [62]. Ten years after, Cork [63] described
the use of US to localize the lumbar epidural
space, and in 1992 Wallace [64] used indirect
ultrasonographic guidance for epidural anesthe-
sia in obese pregnant patients. US are now rec-
ommended for obstetric analgesia and anesthesia
by the National Institute of Health and Clinical
Excellence (NICE) [65].

A detailed description of the technique is
beyond the scope of this book but a systematic

approach to performing a lumbar ultrasound scan
to aid neuraxial blocks has been described else-
where [66].

Ultrasound can be used in two different ways
to make the performance of an epidural block
easier: one method is to use real-time ultrasound
imaging, under sterile conditions, to observe the
passage of the needle on the way to the epidural
space, and this will be discussed in Chap. 7. In
the second method (pre-procedure ultrasound)
an initial ultrasound scan of the patient’s lum-
bar area is performed to find the midline and the
interspinous space in order to mark the position
of each on the skin.

Advantages of the use of pre-procedure US
for epidural placement include the help in visual-
izing the anatomy, selecting the correct interver-
tebral space, measuring the depth from the skin
to the epidural space, and planning the angle of
insertion for the epidural needle (Figs. 4.18 and
4.19). These advantages are even more helpful in
morbidly obese parturients and with patients with
altered anatomy, such as in the cases of previous
lumbar spine surgery and kyphoscoliosis [67].

Nevertheless, it should be remembered that
should the patient move after the external identi-
fication of the landmarks, the ultrasound suffers
from the same problems of imprecision of mark-
ing/identification of the lumbar interspace as the
manual palpation method.

Among the disadvantages, it should be said
that lumbar spine ultrasound is not easy to learn,
requires advanced training and instruction, and
has a long learning curve, and the teaching meth-
ods are not standardized and may vary greatly
from institution to institution and between coun-
tries [68]. Additional time is required before per-
forming the block and this is an important issue
in the obstetric analgesia setting.

The increased cost is also a factor that prevents
the diffusion of this technique: to buy dedicated
ultrasound machines may lead to a considerable
increase of costs (for the machine itself and for
training the physician staff), and may also be
impractical for a busy unit [68].

An alternative to the standard US, the
SpineNav3DTM technology has been recently
developed to facilitate image interpretation of
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Fig.4.18 Pre-
procedure ultrasound
scan of the patient’s
lumbar area: paramedian
sagittal oblique view of
the L5-L3 junction. The
sacrum is recognizable
as a horizontal
hyperechoic curvilinear
structure, and the L5
lamina has the typical
“sawtooth” appearance.
The structures of the
vertebral canal are
visible through the
intervening gap
(courtesy of Dr. S
Baglioni)
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Fig.4.19 Pre-
procedure ultrasound
scan of the patient’s
lumbar area:
interspinous space
transverse orientation
(L3-L4) (courtesy of Dr.
S Baglioni)
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individual 2D lumbar spine scans by automating
spinal bone landmark detection and depth mea-
surements and providing a real-time assessment
of scan plane orientation in 3D in a pocket-sized,
battery-operated ultrasound instrument. This
technology is able to provide some basic infor-
mation such as detecting the bone landmarks and
measuring the depth of the epidural space and is
able to accurately predict the Tuohy needle depth
to the epidural space [69] (Figs. 4.20 and 4.21).
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Although pre-procedural US may be very
useful and is suggested in difficult cases, at the
present time, the ultrasound-guided technique
to identify the landmarks for epidural and spinal
blocks for obstetric patients should not routinely
replace the traditional landmark and palpation
technique, since large-scale studies are needed
before advocating its widespread use. In fact,
to date, there are no large randomized, blinded
studies comparing epidural insertion with ultra-
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Fig. 4.20 Detecting the bone landmarks and measuring
the depth of the epidural space with the SpineNav3DTM
technology: midline indicator (white dotted line) along
with a view of the 3D spine model. The blue number is the
depth to the spinous process tip (in centimeter) (courtesy
of Dr. S Baglioni)

sound to epidural insertion without ultrasound
by an experienced anesthesiologist, in terms of
speed of procedure, success rates, and compli-
cation rate. Indeed it is difficult to double-blind
ultrasound studies, and this increases the risk of
bias and limits the relevance and the impact of
published results.

It should also be taken into account that the
relationship with industry could influence the
recommendations supported by studies promot-
ing the widespread use of this technique.

In addition, although lumbar US does not directly
scan the fetus, it is applied adjacent to the posterior
aspect of the gravid uterus and prolonged scans have
some potential to affect the fetus itself [70].

The traditional surface landmark-based
technique is simple, safe, and effective in most
patients. Instead, the utility of the ultrasound-
guided approach is most evident in patients in
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Fig. 4.21 Detecting the bone landmarks and measuring
the depth of the epidural space with the SpineNav3DTM
technology: midline indicator (red dotted line) along with
a view of the 3D spine model. The orange number is the
depth to the epidural space (in centimeter) (courtesy of Dr.
S Baglioni)

whom technical difficulty is expected because
of poor surface anatomic landmarks or distorted
spinal anatomy.

4.4  Skin Disinfection

Handwashing remains the most crucial compo-
nent of asepsis and gloves should not be regarded
as a replacement for it [71].

The anesthesiologist wearing cap, facial mask,
and sterile gloves applies the antiseptic solution
over a wide area, including the iliac crest region
down to the surface of the bed.

Surgical masks are advisable because of the
increasing number of cases of postspinal menin-
gitis, many of which result from contamination
of the epidural or intrathecal space with patho-
gens from the operator’s buccal mucosa [72].
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While the applied antiseptic solution is drying,
the anesthesia tray is checked for proper materi-
als. Repeated application is unnecessary [73].

The ideal antiseptic agent should be effective
against a wide range of microorganisms, have
immediate onset of action, exert a long-term
effect, not be inactivated by organic material such
as blood, and have minimal adverse effects on the
skin.

There is a wide range of practice among the
anesthesiologists [74] and the commonly used
antiseptic agents for epidural block include
povidone-iodine and chlorhexidine gluconate.
Both of these antiseptics are available as aqueous
and alcoholic solutions.

Povidone-iodine is effective against a wide
range of gram-positive and gram-negative bacte-
ria, but one of the arguments against its use is
the fact that its antibacterial activity is inhibited
by blood and other organic materials. However
this disadvantage should not be a very important
issue for neuraxial techniques.

Compared to povidone-iodine, chlorhexidine
has a more rapid, long-lasting, and superior bac-
tericidal effect and it is effective against nearly
all bacteria and yeasts. In addition, epidural cath-
eters inserted following the use of chlorhexidine
are six times less likely to be colonized than when
povidone-iodine had been used [75-78].

The alcoholic solutions are the most effective
and the recommended concentration is that of 2%
chlorhexidine in 70% alcohol [79].

Although chlorhexidine is clearly superior to
povidone iodine, adhesive arachnoiditis has been
reported in obstetric patients after chlorhexidine
in alcohol was mistakenly injected into the epi-
dural space [80-82].

It has been suggested that alcohol, which
constitutes the main component of chlorhexi-
dine solutions, might be the causative neurotoxic
agent [80], but there is some experimental evi-
dence of neurotoxic effects of the simple aque-
ous chlorhexidine solutions too [83]. Some
guidelines suggest that this remote potential for
neurotoxicity is outweighed by the superiority
in reducing surgical site infection [84-86], but
it seems logical to advise the use of methods of
skin application that minimize the risk of con-

tamination of the equipment and the gloves used
by the physician, keeping the chlorhexidine solu-
tion separate from the block preparation trolley
and, in all cases, to allow alcoholic solutions to
dry following their application before starting the
procedure, even if such a contamination may be
more important when performing a spinal rather
than an epidural block.

In addition to these considerations, it should
also be noted that breastfed infants whose moth-
ers had iodine overload applied for epidural
anesthesia may have a risk for having postpar-
tum elevated thyrotropin levels and requiring
recall for retesting [87], while this feature is not
observed when chlorhexidine 0.5% in 70% iso-
propanol has been used [88].

The most appropriate and safe antiseptic solu-
tion to use on the skin before epidural block
unfortunately remains controversial [89].

Inadvertent injection of chlorhexidine into the
epidural space is an anecdotical event; nevertheless
it might occur, since chlorhexidine is a transparent
liquid and may be mistakenly confused with other
fluids present on the epidural tray.

Manufacturers of chlorhexidine still warn
that this agent should not come into contact with
meningeal/neural tissue; however both chlorhex-
idine and povidone-iodine have been shown to
be cytotoxic to neuronal and Schwann cells, but
chlorhexidine appears to be more toxic and to
date no cases of arachnoiditis have been linked to
the use of povidone-iodine [90].

4.5 Superficial Tissues’ Local

Anesthesia

Pain during the epidural procedure is very dis-
tressing to the parturient and fear of this may
result in maternal reluctance to receive regional
analgesia. Unfortunately also local anesthetic
infiltration of the skin is described as painful.

A good strategy to minimize pain during
injection is to perform the infiltration after hav-
ing raised a superficial skin wheal, advancing the
needle within the tissues very slowly, and also
slowly injecting the anesthetic solution as the
needle progresses.
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Ideally the trajectory of the needle used for the
infiltration of the superficial tissues should be the
same as that which will subsequently make the
Tuohy needle.

It is also important to allow an adequate length
of time after skin infiltration and epidural proce-
dure. For example, the minimum onset time after
infiltration with 1% lidocaine is from 33 to 85 s
in 95% of patients [91].

Some authors suggest that the wuse of
epinephrine-containing lidocaine with the addi-
tion of bicarbonate may reduce superficial bleed-
ing and pain on local anesthetic infiltration [92].

Recently needle-free injection systems have
been introduced and used for local anesthesia
prior to the neuraxial block for cesarean section
(INJEX™ technology) [93]. These advanced sys-
tems work by forcing the liquid medication at an
elevated speed through a small orifice without
piercing the skin: the high-pressure fluid stream
powers its way through the tissue resulting in a
wider distribution of the medication especially in
the least resistant tissues.

The advantages of using the needleless sys-
tems for delivery of local anesthetics are easy,
with higher patient acceptance especially in cases
of needle phobia. The main disadvantages are
higher cost, the potential to frighten the patients
due to the sudden noise produced, and the intense
pressure sensations that occur upon delivery of
the anesthetic.

Fig. 4.22 Superficial tissues’ local anesthesia: the index
finger and the middle finger of the nondominant hand are
placed parallel to the spine, indicating the interspace chosen

4.5.1 Technique

The index finger and the middle finger of the non-
dominant hand are placed parallel to the spine,
indicating the interspace chosen (“landmark fin-
gers”). They facilitate the proper placement of
the needle in the center of the interspinous space,
will indicate the landmark for the Tuohy needle
insertion, and should be kept in place until the
Tuohy needle reaches the next landmark, which
is the ligamentum flavum (Fig. 4.22).

After having warned the patient of a pinprick, a
small-gauge needle attached to a 5 mL disposable
syringe containing the local anesthetic solution
(such as 1 or 2% lidocaine) is inserted through the
skin to make a wheal over the selected interspace
and eventually gently inserted into the underlying
tissues until the interspinous ligament, while the
local anesthetic solution is slowly injected.

The angle of penetration should be the same
as planned for the epidural needle.

Without moving the “landmark fingers,” the
epidural Tuohy needle will be inserted through
the skin wheal previously made exactly in the
middle of the interspace.

Aspiration is not necessary. It is very unlikely
that a 22G or 25G needle may penetrate and stay
in a very small, thin dermal blood vessels espe-
cially if the needle is advanced constantly, and, in
all cases, the total amount of the local anesthetic
to be used is far away from any toxicity.

—
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(“landmark fingers”). They facilitate the proper placement
of the needle in the center of the interspinous space and will
indicate the landmark for the Tuohy needle insertion
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Other authors prefer to mark the identified

site of puncture with a mark using the thumbnail
pressure or a dermographic pencil, to be used
either for local anesthesia or for introduction of
the Tuohy needle. However, in my personal opin-
ion, any mark on the skin may not necessarily
correspond to the previously identified landmark
at the time the physician performs the epidural
puncture if the patient moves, and this happens
very often in laboring women.
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Epidural Technique

These are the words used by Dogliotti [1] to
describe his own loss-of-resistance technique to
identify the epidural space: “When the needle
has penetrated the ligamentum interspinous for a
certain distance and before it has gone through
the ligamenta subflava into the spinal canal one
removes the trocar and attaches a syringe filled
with physiological saline. When an attempt is
made to inject this fluid a very great resistance is
met with since the interspinous Ligamentum and
the Ligamenta subflava are so dense. If they can
be injected at all, it will be only after the employ-
ment of considerable force. This resistance is
most certain evidence that the needle is still in
the posterior fibers of these tissues. The follow-
ing maneuvers are then carried out: the syringe
is held in one hand the thumb of which applies
a continued and uniform pressure to the piston.
The other hand slowly advances the needle into
the tissues and when it has traversed a few milli-
meters the hand which is holding it will suddenly
note a diminution in the resistance to its passage
which has previously been due to the tissues of
the ligamenta subflava. At the same instant the
injection fluid enters freely. This is certain, practi-
cal and unequivocal evidence that the point of the

Electronic Supplementary Material The online version
of this chapter (https://doi.org/10.1007/978-3-030-45332-
9_5) contains supplementary material, which is available
to authorized users.

© Springer Nature Switzerland AG 2020
G. Capogna, Epidural Technique In Obstetric Anesthesia,
https://doi.org/10.1007/978-3-030-45332-9_5

needle has pierced the Ligamenta subflava and is
in the peridural space which offers no resistance
to the flow of the injected fluid. As soon as this
position has been recognized the needle should
be left in the position which it now occupies for
its point is in the peridural space; any attempt to
advance it farther would entail the risk of pen-
etrating the dura.”

Loss-of-Resistance-to-Saline
Technique

5.1

After having positioned the parturient, selected
the interspace, and disinfected the skin accurate
local anesthesia is made as discussed in Chap. 4.

The index finger and the middle finger of the
nondominant hand are placed parallel to the spine,
indicating the interspace chosen (“landmark fin-
gers”). They facilitate the proper placement of the
needle in the center of the interspinous space, will
indicate the landmark for the Tuohy needle inser-
tion, and should be kept in place until the Tuohy
needle reaches the next landmark, which is the lig-
amentum flavum. Without moving the “landmark
fingers,” the epidural Tuohy needle is inserted
through the skin wheal previously made exactly in
the middle of the interspace (Fig. 5.1). The epi-
dural needle is held with the palm of the hand rest-
ing on the hub, and the shaft of the needle between
the fingers of the dominant hand (Fig. 5.2).
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Fig. 5.1 Without
moving the “landmark
fingers,” the epidural
Tuohy needle is inserted
through the skin wheal
previously made exactly
in the middle of the
interspace

—

\

Fig.5.2 The epidural needle is held with the palm of the hand resting on the hub, and the shaft of the needle between
the fingers of the dominant hand

Once inserted into the skin, the epidural nee-
dle should be advanced with the bevel directed
cephalad, taking care to remain in the midline
(Fig. 5.3). The needle must be advanced very
slowly but constantly, without any interruption,
in order to be able to recognize the different den-
sities of the underlying tissues (subcutaneous
tissue, supraspinous and interspinous ligaments)
during its advancement. As soon as it reaches the
supraspinous ligament, a resistance is encoun-
tered due to the nature of the bevel, and the den-
sity of the ligament. The needle is then advanced
through the loose interspinous ligament which
offers much less resistance than the supraspinous
ligament (often felt as a “no resistance feeling”

in the obstetric patient), until the point of the nee-
dle is felt to meet the third, and greater, point of
resistance, the ligamentum flavum. This feeling
of a greater increase of resistance is often asso-
ciated with a “crunch” that indicates the initial
penetration of the needle in the rear wall of the
ligamentum flavum. Instead, if the resistance is
absolute the bevel of the needle may be against
the bony vertebral arch and any attempt to force
the needle may result in pain for the patient due
to periosteum stimulation. In this case the nee-
dle should be withdrawn, its angle of inclination
checked, and the direction changed accordingly.
As soon as the point of the needle has engaged
the ligamentum flavum, the advancement of the
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Fig. 5.3 Once inserted
into the skin, the
epidural needle should
be advanced taking care
to remain in the midline

Fig.5.4 As soon as the
point of the needle has
engaged the ligamentum
flavum, the advancement
of the needle is
immediately stopped.
The back of the left hand
rests firmly against the
patient’s back to prevent
advancement as the
needle enters the
epidural space with the
hub of the needle
grasped between the
thumb and index fingers

needle is immediately stopped, and the hands
of the operator must change their initial posi-
tion (Fig. 5.4). The back of the nondominant
hand (usually the left hand) rests firmly against
the patient’s back to prevent advancement as the
needle enters the epidural space with the hub of
the needle grasped between the thumb and index
fingers. The dominant hand (usually the right
hand) removes the stylet (Fig. 5.5) and gently
attaches to the needle a disposable 10 mL loss-of-
resistance syringe containing no more than 5 mL
of sterile saline solution.

Constant, unremitting, pressure is now exerted
on the plunger of the syringe by the thumb of
the dominant hand and since the content of the
syringe (saline) is incompressible, the syringe
and needle advance together solely by means
of the pressure exerted by the operator on the
plunger of the syringe (Fig. 5.6).

The physician should be totally concerned
with pushing the piston, supporting the syringe,
and interpreting the significance of changes in
resistance to injection as the needle advances.
Never advance the needle without simultaneous
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Fig.5.5 The right hand
removes the stylet

Fig.5.6 The needle
advances solely by
means of the pressure
exerted by the operator
on the plunger of the
syringe

A\,

pressure on the plunger to tell you where you are:
the needle is moved forward exclusively by the
force exerted by the physician on the plunger of
the syringe.

As long as the needle point is in the ligamen-
tum flavum there is a great resistance to injec-
tion and the pressure exerted by the thumb on the
plunger causes the advancement of the needle.
The importance of moving the needle through the
ligamentum flavum very slowly cannot be over-
emphasized. Several seconds should be allowed

to advance the needle through the 3—5 mm thick-
ness of the ligamentum.

As the point of the needle emerges from the lig-
amentum flavum into the epidural space, the resis-
tance suddenly disappears and the advancement
of the needle immediately stops, since the driving
force exerted on the piston is discharged by the
sudden entering of the liquid in the epidural space
(Fig. 5.7). When practiced in this way, the loss-of-
resistance technique is a “self-blocking system”
and inadvertent dural puncture is unlikely.
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Fig.5.7 The point of
the needle emerges from
the ligamentum flavum
into the epidural space.
The resistance suddenly
disappears and the
advancement of the
needle immediately
stops, since the driving
force exerted on the
piston is discharged by
the sudden entering of
the liquid in the epidural
space

Fig. 5.8 When the
epidural needle is
positioned in the
epidural space, the
syringe is removed

When the bevel is wholly within the epidural
space, it is possible to inject saline with no resis-
tance; therefore, if the operator experiences the
sudden marked decrease in resistance, indicating
the passage of the point of the needle through the
ligament, but still feels that the injection is not
completely free, the point of the needle may not
be entirely within the epidural space and the nee-
dle should be advanced very slowly a few milli-
meters and the injection attempted again.

When the epidural needle is positioned in the
epidural space, the syringe is removed (Fig. 5.8)

and the needle observed (Fig. 5.9) for the appear-
ance of spinal fluid (sometimes a few drops of
syringe solution may leak from the needle due to
dural tenting) or blood.

False or Pseudo-Loss
of Resistance

5.2

According to the original technique the needle
should be entered until the dorsal aspect of the
ligamentum flavum: in this way the very first
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Fig.5.9 The needle is
observed for the
appearance of spinal
fluid or blood

loss of resistance is, most likely, the right one.
In clinical practice, however, the epidural needle
is frequently introduced into the lumbar area to
a depth of approximately 2-3 cm or somewhere
between the soft tissues, due to the fear of acci-
dental dural puncture.

In this case the needle is advanced slowly
with only slight constant, unremitting pressure
on the plunger of the syringe which allows the
injection of a small amount of saline during the
needle advancement within the tissues. Marked
resistance to injection, allowing for greater pres-
sure on the plunger, should be encountered when
the needle point reaches the ligamentum flavum.

With this technique, difficulties in proper
placement of the epidural needle may be noted
especially initially, when there is little or no
resistance to plunger pressure.

Most frequently, the false loss of resistance
may occur superficial to the epidural space if the
needle deviates from the midline, being of the
side of the interspinous ligament, and enters the
paravertebral muscles. In this case the relative
loss of resistance may be mistaken for the more
marked loss of resistance to the epidural space.
Sometimes the injected solution may be pock-
eted under pressure between tissue planes and
may drip back from there if the stylet is removed
from the epidural needle. In addition if the needle

enters the interspinous ligament at an oblique
angle the needle tip will exit the ligament into
the soft tissue on the opposite side with a loss of
resistance-like feel.

When a doubtful increase in resistance is felt,
the introduction of the needle must be stopped. If
the needle has been inserted correctly into the liga-
mentum flavum, a slight pressure on the piston of
the syringe will not determine any advancement of
the piston itself. A further greater pressure on the
piston will not again determine any advancement
of the piston itself but will cause the advancement
of the needle within the tissues corresponding to
its progression into the ligamentum flavum.

If instead a modest pressure on the piston
causes the advancement of the piston itself (cor-
responding to the leakage of a few drops of liquid
from the needle) it is necessary to suspect that the
resistance that was previously perceived was not
that of the ligamentum flavum. To confirm this,
it can be noted that the needle does not advance
under the pressure of the piston operated by the
physician. In this case it is most likely a false
resistance, and the needle should be carefully and
very slowly further advanced by a few millime-
ters and the maneuver repeated until a resistance
to moderate pressure on the piston is obtained,
suggesting that the needle could be in the liga-
mentum flavum.
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5.3 Bone Contact

Although having an apparently correct insertion
angle, the epidural needle may inadvertently hit a
bone during its way in.

If the depth at which the needle is inserted
is within the range of the vertebral arch and the
physician has previously perceived the typical
sensation of a “crunch” due to the initial inser-
tion of the epidural needle within the ligamen-
tum flavum, it can be assumed that the needle has
encountered the vertebral lamina somewhere in
the area where the ligamenta flava are inserted
on the lamina (Fig. 5.10). In this case the needle
is assumed to be very close to the full thickness
of ligamentum flavum which can be reached by
withdrawing the needle a few millimeters, and by
redirecting and advancing it again by a few milli-
meters in the four directions (cranially, caudally,
medially, and laterally, but usually and most fre-
quently medially and cranially) until an increase
of resistance (indicating that the bevel of the
needle is in the ligamentum flavum) is perceived.
The forward movement must be gentle, gradual,
and continuous. Every advancement in any direc-
tion must be accompanied by a slight pressure
applied to the syringe plunger to verify if there is
any loss (false loss) or any increase (needle in the
ligamentum flavum) in resistance.

Fig.5.10 The needle
has encountered the
vertebral lamina
somewhere in the area
where the ligamenta
flava are inserted on the
lamina
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If, instead, the depth at which the needle is
inserted is not within the range of the vertebral
arch, or if no increase in resistance (or “crunch’)
has been perceived before encountering the bone
(Fig. 5.11), it should be remembered that the
posterior surface of the lamina of a lumbar ver-
tebra slopes downwards and backwards. If there-
fore the needle, slightly out of the median place,
encounters bone at a shallow depth (Fig. 5.12),
it is hitting the lower border of the lamina on
which it impinges, whereas if the obstruction is
deep, it is against the upper border. In these cases
the position of the patient should be checked
again and the needle must be reinserted with a
different angle of inclination. In fact the parturi-
ent may not flex her back very well due to her
protuberant abdomen, and with repeated efforts
to improve flexion or with her inadvertent, invol-
untary movements during the procedure she
may succeed only in bringing the upper shoul-
der forward towards the abdomen which rotates
the spinal process of the vertebral column out of
parallel alignment with the midline (and the bed
surface): in this way the vertebral arch rotates on
the midline and almost unavoidably the needle,
introduced in the midline, hits it. For this reason
in the case of bone contact the first thing to do is
to check once again the correct position of the
patient.
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Fig.5.11 The needle
encounters the bone
deeply (border of the
lamina)

Fig.5.12 The needle
encounters the bone
superficially (spinous
process)

5.4 Observation and Aspiration

of the Needle

Immediately after entering the epidural space
the styled is removed (Fig. 5.9) and the needle
observed for any leakage of fluid. Aspiration is
then performed possibly with a small syringe
since suction is greater with a small rather than
a large one and therefore cerebrospinal fluid or
blood are more easily detected if the dura or a
vein has been inadvertently punctured.

If blood is aspirated it is best to abandon and
repeat the procedure.

It is very easy to identify a significant free
flow of warm fluid from the Tuohy needle as the
cerebrospinal fluid. However, it is not uncommon
to observe a small amount of clear fluid dripping
from the Tuohy needle (or the epidural catheter)
during uncomplicated insertion using a saline
loss-of-resistance technique. Usually a few drops
of liquid from the Tuohy needle are due to dural
tenting that may cause a fluid reflux through the
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needle, especially if a large quantity of saline
has been previously injected too rapidly and the
back of the patient is extremely flexed. Following
a large volume of saline into the epidural space,
there is a temporary buildup of local epidural
pressure, causing the solution to reflux briskly
through the hub of the needle. Usually dripping
due to fluid reflux ceases within 30-60 s; never-
theless, sometimes it may be difficult to distin-
guish between inadvertent dural puncture with
leakage of cerebrospinal fluid (CSF) and dripping
of saline from the epidural needle (or catheter).

Several techniques to distinguish between
CSF and saline have been proposed, includ-
ing testing for the presence of protein or glu-
cose, temperature, pH, and changes in turbidity
when mixed with thiopental. Glucose and pH
tests are the most sensitive (<95%) [2]. Bedside
glucometers and urine pH test strips or pH test
papers (the pH value of CSF is between 7.317
and 7.324, and the pH value of saline is 7.0) are
generally available on wards where obstetric epi-
durals are performed. Measurement of glucose or
pH represents a sufficiently reliable, quick, and
simple method to determine unintentional dural
puncture if uncertainty exists. The difference in
glucose concentration between epidural needle
leakage (effectively zero) and CSF (significantly
>zero; cerebrospinal fluid has a glucose content
of >0.45 g.I) suggests that semiquantitative or
even qualitative detection is adequate [3, 4].

However no single test is 100% reliable, so the
physician should be familiar with various physi-
cochemical tests since sometimes more than one
test may be necessary to correctly identify the
nature of the liquid [5]. If serious doubt exists
about the correct placement of the needle it is
best to restart the procedure and choose a new
puncture site.

5.5 Rebound Test and Partially
Inserted Bevel of the Needle

in the Epidural Space

After negative aspiration for blood or cerebro-
spinal fluid, proper placement of the needle may
be further checked with the air or rebound test.

A very small amount of air (1-1.5 mL) is drawn
into the loss-of-resistance syringe and attached
to the needle and the plunger of the syringe is
tapped sharply. A positive test results when the
syringe collapses and does not refill at all, or only
refills 0.1-0.2 mL.

This rapid injection of a very few millimeters
of air, mixed with the previously injected liquid
already in the epidural space, may occasionally
result in small air-water bubbles escaping from
the hub of the needle. If this occurs, it may be
considered another indirect sign of confirmation
that the epidural needle is in the right place.

When the plunger rebounds, a partially
inserted bevel of the needle in the epidural space
could be suspected. The epidural needle should
be cautiously advanced another millimeter,
checked by pushing on the barrel of the reattached
syringe filled with saline, and, after the complete
and clear collapse of the piston (indicating the
complete entry into the epidural space), the test
should be repeated.

When the test is performed during a uterine
contraction, a false-negative test may result.

A partially inserted bevel of the needle in the
epidural space may also be the cause of a difficult
or impossible insertion of the epidural catheter.

5.6  Loss of Resistance to Air

Fluid is incompressible and consequently the
transition from complete resistance to loss of
resistance is immediate and convincing. Air is
compressible, so it is a less ideal physical agent
than fluid, but it was introduced and deemed a
good alternative to the loss of resistance to saline
in the past, when the only syringes available
were the reusable syringes made of glass, and the
occurrence of the “sticky syringe” phenomenon
was high enough to let physicians think about an
alternative.

This occurred when the fluid dried from inside
the syringe and left behind sticky residue, which
basically “glued” the plunger to the barrel. Even
though the syringe was usually rinsed with clean-
ing solvent after a sample injection, if the sample
contained “sticky” material, not all of it may have
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got rinsed out. If this happened, and the liquid
dried, the remaining residue bound the plunger
to the barrel.

The adoption of an air-filled system appeared
at that time a reasonable compromise.

Until the 1970s syringes were made of glass
and were non-disposable, but nowadays with the
widespread usage of the specifically designed
plastic low-resistance syringes, the initial reason
to use air is less convincing, and there is a trend
towards a switch from air to saline [6].

The procedure and position of the hands are
exactly the same as for a fluid-filled system. The
only difference lies in the way the plunger of the
syringe is compressed by the thumb of the domi-
nant hand of the operator. Instead of continuous,
unremitting pressure on the plunger, pressure is
intermittent, alternating very rapid compressions
and releases of the plunger, allowing the cushion
of air to confer a series of rebounding oscilla-
tions to the plunger (Fig. 5.13). Never advance
the needle without simultaneously applying these
compressions to the plunger of the syringe. As
soon as the needle passes the ligamentum flavum
into the epidural space the plunger snaps forward
as the cushion of air empties itself into the epi-
dural space.

The proponents of using air claim that the use
of saline may cause “confusion” with cerebrospi-
nal fluid in the case of inadvertent dural puncture

Fig.5.13 Loss of
resistance to air. The
pressure on the plunger
is intermittent, allowing
the cushion of air to
confer a series of
rebounding oscillations

or reflux of cerebrospinal fluid due to dural tent-
ing. This may be even more important with the
needle-through-needle combined epidural spinal
(CSE) technique (see Chap. 7). However there is
no difference in the failure rate of spinal analge-
sia or efficacy of the epidural catheter function
when using either air or saline in the loss-of-
resistance technique for CSE labor analgesia [7].

In addition, in the case of dural tenting only a
few drops of liquid are observed and aspiration is
negative. Temperature, glucose, protein, and pH
may be useful identifiers at the time of identifying
the nature of a liquid coming from the needle [8].

The potential disadvantages of using air
include partial block, increased incidence of
accidental dural puncture, greater difficulty of
epidural catheter insertion, higher rate of intra-
vascular catheter insertion paresthesia, and risk
of pneumocephalus [9, 10]. However, of these
potential disadvantages only an increased risk
of unblocked segments but no differences in the
ability to locate the epidural space were reported
in the meta-analysis [11, 12].

No consensus exists as to which technique
is superior, and individual physicians currently
use the technique with which they are most
comfortable or that they were taught. There are,
however, numerous case reports of severe com-
plications associated with the use of air, which
include pneumocephalus, spinal cord and nerve
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root compression, retroperitoneal air, subcutane-
ous emphysema, and venous air embolism [13].
These very rare but important potential complica-
tions associated with the use of air may outweigh
the claimed benefits of its use.

However, it should be realized that the loss-
of-resistance techniques to air and saline are two
different techniques which every anesthesiolo-
gist should be familiar with, as early as possible,
because any switch will signify a new learning
curve.

5.7 Techniques Based
on Epidural Negative

Pressure

The “hanging-drop” technique is the main
method based on the epidural negative pres-
sure. This technique involves placing a drop of
fluid into the hub of a winged epidural needle
that has been inserted into the ligamentum fla-
vum. The wings of the needle are grasped with
the thumbs and index fingers and the operator’s
hands are steadied by the midline, ring, and little
fingers resting on the patient’s back as shown in
Fig. 5.14. While the drop is watched constantly,
the needle is slowly and continuously advanced.
As soon as the ligamentum flavum is pierced and
the bevel enters the epidural space, the drop is

Fig.5.14 The
“hanging-drop”
technique. This
technique uses the
negative epidural
pressure as a marker of
finding the epidural
space by placing a drop
of saline on the hub of
the advancing needle

suddenly sucked into the needle as if by a nega-
tive pressure in the epidural space.

This technique, therefore, relies on the aspi-
ration of a small volume of fluid from the hub
of the needle as the pressure at the tip decreases
below atmospheric level upon entry into the epi-
dural space. For this reason it is used for cervical
and thoracic epidural blocks, where a negative
pressure in the epidural space may be present,
especially in the sitting patient and during inspi-
ration, since inspiratory movements transmit a
further increment in negative pressure to the epi-
dural space [14].

In the lumbar epidural space there is no natu-
rally occurring negative pressure and the nega-
tive pressure, occasionally recorded, is an artifact
resulting from bulging of the ligamentum flavum
in advance of the needle with its rapid return to
the resting position once perforated [15]. In addi-
tion, in pregnancy and during labor the epidural
space pressure is well above the atmospheric val-
ues, ranging from 4 up to 30 mmHg [16, 17].

I therefore perfectly agree with Prof.
Bromage’s words that “it is illogical to use the
hanging drop test in the lumbar region and the
technique should be confined to thoracic and cer-
vicothoracic punctures” [18]. I would also like to
say that this applies not only to the hanging-drop
technique, but also to any other technique based
on epidural negative pressure, such as epidural
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balloons or similar devices (see Chap. 4), since
there is no rationale to use them in the obstetric
patient and for lumbar epidural block.

5.8 Paramedian Approach

This approach has been specifically thought of
for the middle thoracic region, where the oblig-
uity of the spinous process is extreme. Although
the paramedian approach is not commonly used
in the obstetric patient, it may be used as an alter-
native to the midline approach when the intro-
duction of the needle through the interspace is
deemed difficult, or in the case of patients who
are difficult to position.

The different angle of penetration of the
needle in the epidural space may be the reason
for the technical advantages advocated for this
approach, which include a small risk of acciden-
tal perforation of the dura mater, no tenting of the
dura by the tip of the catheter, and the promotion
of a straight course cephalad in the near midline
for the epidural catheter [19].

Typical features of this approach include
a larger target through the interlaminar space
as well as the avoidance of the puncture of the
supraspinous and interspinous ligaments.

Local anesthesia is obtained by making a
2 cm wheal lateral to the midline, and infiltrat-
ing the subcutaneous tissues, including the para-
spinal muscles and periosteum of the laminae.
This injection not only aims to produce analge-
sia, but it also serves to make a path for the epi-
dural needle. The latter is inserted into the skin
and directed towards the medial extremity of the
lamina. As soon as this structure is contacted,
the needle is gently maneuvered so that its bevel
reaches the superior surface of the lamina and
therefore engages the tough ligamentum fla-
vum. The stylet is then removed and the syringe
filled with saline is connected to the hub of the
needle. The needle is then advanced slowly and
constantly in the way previously described in
the paragraph on midline approach, until sud-
den lack of resistance indicates that the epidural
space has been entered.

5.9 ForcesInvolved During

Needle Insertion

A complete description of forces involved during
needle insertion is complex. In particular, there
is interplay between the reaction forces from the
needle shaft in tissue versus the reaction forces
from the plunger of the syringe. The complex
needle insertion forces include tip/cutting forces,
shaft friction, and non-axial forces and torques.
The plunger force includes the needle orifice/tis-
sue interface, syringe friction, syringe leakage,
and saline compression. It is extremely difficult
to accurately quantify these minute forces and
therefore the measured resultant insertion pres-
sure may represent a good surrogate.

Pressure increases as the needle passes skin,
subcutaneous fat, and muscle.

The average maximal pressure observed when
the needle perforates the ligamentum flavum
ranges from 370 to 500 mmHg, corresponding to
4.9-6.6 Newton cm? (N), and is scarcely influ-
enced by the parturient’s body mass index [20,
21] (Fig. 5.15).

When the needle enters the epidural space,
an exponential decrease in pressure is observed.
The pressure present in the lumbar epidural space
when no fluid is injected is approximately or
slightly above the atmospheric pressure, but in
the pregnant patient it is higher, ranging from 14
to 30 mmHg [22]. After a bolus of 10 mL of local
anesthetic solution, the epidural space pressure
increases transiently from 208 to 300 mmHg to
return to the baseline values in 10 min [23]. In
pregnant patients, when using a continuous pres-
sure technique to measure the force pressure at
the tip of the epidural needle and the pressure on
the syringe plunger, the flow rate at the interspi-
nous ligament is 60 = 30 mm?/s which is signifi-
cantly larger than the flow rate in the ligamentum
flavum at 12 = 13 mm?s. The average force is
also significantly larger in the ligamentum fla-
vum (5.0 £ 3.0 N) than in the interspinous liga-
ment (2.0 = 1.4 N) despite the lower flow. The
maximum force applied is 6.0 + 3.0 N in the liga-
mentum flavum, significantly larger than in the
interspinous ligament at 4.6 + 1.3 N [24].
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Fig.5.15 Variations of pressure at the tip of the needle as
it passes through the different tissues: the skin (a), the
subcutaneous fat and muscle tissues (b), the ligamentum
flavum (c), and finally the epidural space (e). Point (d)

Fig.5.16 The epidural
catheter is advanced
through the needle

5.10 Catheter Insertion, Needle
Removal, and Catheter

Fixation

Once the needle is in place, the epidural catheter
is advanced through the needle by the domi-
nant hand while the back of the nondominant
hand (usually the left hand) keeps resting firmly
against the patient’s back with the hub of the nee-
dle grasped between the thumb and index fingers
(Fig. 5.16).

indicates the entrance to the epidural space. Arrow (e)
indicates the end-residual pressures after 5 s of point (d”)
(from [20] with permission)

To increase the likelihood of cranial progres-
sion of the epidural catheter the beveled edge of
the epidural needle may be oriented cranially,
even if approximately only half of epidural cath-
eters advanced into the lumbar epidural space
through a cephalad-directed Tuohy needle reach
the intended cranial level [25]. The parturient
should be warned that sometimes she might feel
an “intense tingle” in her hip or leg when the
catheter is advanced a few centimeters beyond
the bevel. Such paresthesia may occur when the
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epidural catheter contacts a spinal nerve root,
depending on the type and on the material of the
catheter, on the needle position (midline, parame-
dian), and on the epidural anatomy of the patient.
To reduce the likelihood of paresthesias and inad-
vertent vascular puncture the patient should be
asked to take a deep breath, in order to expand
the epidural space, just immediately before and
during the initial insertion of the epidural cath-
eter [26]. The risk of intravascular placement of
a lumbar epidural catheter in pregnancy may be
reduced with the lateral patient position, fluid
predistension (injection of 5 mL of saline in the
epidural space before introducing the catheter),
use of single-orifice and/or wire-embedded poly-
urethane epidural catheters, and limiting the
depth of catheter insertion to 6 cm or less [27].

Sometimes difficulty is encountered in pass-
ing the catheter beyond the tip of the needle. This
may be due to partial rather than complete entry
of the bevel of the needle into the epidural space,
or may indicate that the needle is not in the epi-
dural space, having been inserted superficially
into the ligamentum flavum. In the first case
the needle should be very carefully and slowly
advanced for 1-2 mm, and in the second case
repositioned.

Occasionally after having advanced the cath-
eter for 1-2 cm an obstruction is met. In this case
its tip may have impinged on a fat pad or ves-
sel, or the pedicle of vertebra above the injection
site. In such cases, gently twisting the catheter
on its axis will often change the position of its
point so that it can be further advanced without
difficulty. Withdrawing the catheter through the
needle once its tip has passed into the epidural
space may lead to the catheter shearing off, even
if today most Tuohy needles are made with a
rounded blunt bevel, and therefore this maneu-
ver is not advisable or in any case should be per-
formed very cautiously.

Before and after removing the needle, the
catheter should be aspirated with a 2 or 5 mL
empty syringe in order to detect blood and cere-
brospinal fluid which are, respectively, signs of
accidental intravascular and subarachnoid place-
ment of the catheter (Fig. 5.17).

Fig. 5.17 Aspiration of the epidural catheter

If blood or blood-tinged fluid is aspirated,
the catheter should be withdrawn an additional
1 cm and aspiration repeated. If no blood or CSF
can be aspirated the syringe is disconnected and
1 mL of air or saline is injected to dislodge any
tissue that may be against the tip of the catheter.
Then, another attempt is made at aspiration. If
again nothing is aspirated, a further precaution is
taken: the syringe is detached and the end of the
catheter is placed below the level of the spinal
column: if it is in the subarachnoid space, fluid
will drip out.
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In all cases, even after a negative aspiration
test, it is advisable to routinely make the addi-
tional maneuver to place the end of the epidural
catheter below the plane of the bed of the patient
and observe for the passive return of blood or
cerebrospinal fluid.

After a negative aspiration test, the needle is
removed. This is an important maneuver since
the catheter may be dislodged from the epidural
space while removing the needle. The catheter is
grasped 1-2 cm distal to the hub of the needle
by the thumb and the index finger of the domi-
nant hand while the thumb and the index finger
of the other hand pull the needle out of the back
of the patient. The dominant hand should attempt
to advance the catheter while the nondominant
is pulling out the catheter (Fig. 5.18). At the end
of the procedure, the catheter distance marks are
checked and the catheter is properly positioned
and aspirated again. Placement of the catheter
more than 5 cm in the lumbar epidural space may
be associated with a higher incidence of catheter

deviation into the intervertebral foramen caus-
ing unilateral block, and a greater likelihood of
the tip entering an epidural blood vessel, while
too little catheter length insertion predisposes the
catheter to falling out [28].

When a catheter is pushed into the foramen
against resistance, the catheter penetrates the are-
olar tissue and may deviate in the paravertebral
area [29] and such a deviation is more likely with
stiff catheters and less likely with soft, spiral-type
catheters with an internal coil [30].

Epidurography and anatomical studies sug-
gest that the most appropriate length that an epi-
dural catheter should be left in the epidural space
should lie between 2 and 5 cm [31, 32].

The catheter is then secured with tape and
adhesive dressings, and used for the intended pur-
pose. The ideal method of fixing catheters would
encompass the optimal security of the catheter,
ease of inspection, and maintenance of sterility at
the site of insertion. Not only must an application
function in dry conditions, but it must retain this

v

Fig. 5.18 Epidural catheter removal: the right hand should attempt to advance the catheter while the left is pulling out

the catheter
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Fig. 5.19 Epidural catheter fixation

efficacy after exposure to blood, perspiration, and
epidural solution (Fig. 5.19).

An adequate fixing of the epidural catheter
should not be underestimated, because the per-
centage of epidural catheter dislodgment under
adhesive dressing may be up to 16% [33] and
unfortunately, despite the availability of a variety
of catheter fixation devices, the problem of cath-
eter displacement still persists.

The causes of the epidural catheters falling out
include dragging on the epidural catheters when
the patients are sitting or moving while the cath-
eters are fixed to the shoulders, sweating, skin
reaction to the dressing used causing itching or
blister formation, inattentive movement during
nursing, parturients’ movements during labor and
delivery, and so on.

The catheter can exit the epidural space via
an intervertebral foramen giving rise to a patchy
or unilateral block. Alternatively, it may retract
into the soft tissues of the back, resulting in fail-
ure of analgesia. Fortunately, the movement of
the catheter at the skin surface does not neces-
sarily translate to migration of the catheter tip,
but suggests that it may have become displaced.
Notable migration of the epidural catheter at the
skin surface may occur in more than 40% of par-
turients [34].

If the epidural catheter is firmly taped to the
skin while the patient is still in the sitting posi-
tion, the epidural catheter may be pulled out of
the epidural space towards the skin equal to the
increased distance to the epidural space in the
lateral position, most likely because the catheter

may be fixed by the adhesive tape at the skin and
by the thick ligamentum flavum external to the
epidural space. Therefore it may be much bet-
ter to tape the epidural catheter to the skin in the
position in which the distance to the epidural
space is greatest (lateral position) especially in
obese patients [35].

5.11 Catheter Aspiration and Test

Dose

The epidural catheter should be aspirated with a
2 or 5 mL empty syringe in order to detect blood
and cerebrospinal fluid which are, respectively,
signs of accidental intravascular and subarach-
noid placement (Fig. 5.17). The aspiration test
should be performed before attaching the filter to
the catheter since the filter may make aspiration
unreliable [36].

The aspiration of a relatively large amount
of blood is an obvious sign of inadvertent epi-
dural vein cannulation. In this case, an attempt to
remove the catheter from the vein can be made
by connecting the catheter to an empty 5 mL
syringe and slowly withdrawing the catheter
while aspirating with the syringe until the blood
disappears within the catheter, indicating that the
catheter has come out of the vein. Then, after
having rinsed the catheter with a few millimeters
of saline, the aspiration test is repeated.

It is also easy to identify a significant free flow
of warm fluid from the epidural catheter as the
cerebrospinal fluid.
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Unfortunately a negative aspiration test cannot
always rule out the inadvertent subarachnoid or
intravascular positioning of an epidural catheter.

Aspiration tests may be negative due to low
pressure within the epidural veins and their ten-
dency to collapse when a negative pressure is
applied, more frequently when single-lumen
epidural catheters are used [37, 38]. Injection of
a small amount (5 mL) of saline may dilate the
collapsed vein and allows the subsequent aspira-
tion to correctly identify the inadvertent vascular
cannulation.

The aspiration of a very small amount of fluid
from the epidural catheter may be due to the
aspiration of a relatively large amount of saline
previously injected for the loss-of-resistance
technique. Techniques to distinguish between
cerebrospinal fluid and saline have been described
in the previous paragraph of this chapter dealing
with epidural needle observation.

At least in theory, the multihole catheter can
come to lie with its eyes in different anatomical
spaces producing, if not recognized, combina-
tions of intravascular, subarachnoid, and subdu-
ral injections [39].

For these reasons a test dose should follow the
aspiration, to increase the chance of assessing the
correct location of the epidural catheter.

The aim of the epidural test dose is to detect
the inadvertent intravenous or subarachnoid
placement of the epidural catheter in order to
avoid, respectively, a too high or a total spinal
block or local anesthetic toxicity. The test dose
must be formulated to produce a rapid, reliable,
and easily detected result when in one of these
two situations, without compromising the safety
of the mother and of the fetus.

Subarachnoid placement is relatively easy
to detect. For practical reasons, the same local
anesthetic that is used to produce the anesthetic
block is usually chosen. Lidocaine 20-60 mg or
bupivacaine (or levobupivacaine or ropivacaine)
7.5-12.5 mg is commonly used. Signs of sensory
block in the lower lumbar segments and, most
importantly, motor block of the legs should be
sought after 3—5 min and this is considered to be
specific and sensitive in almost 100% of cases.
When the test dose is performed with a relatively

“high dose” of local anesthetic, such as 40-60 mg
of lidocaine or 12 mg of bupivacaine, in the case
of accidental intrathecal injection, a safe but
complete sensory and motor block accompanied
by maternal hypotension may be observed [40].

Inadvertent intravascular placement of the
epidural catheter usually relies on the use of a
dose of epinephrine (15 pg) capable of producing
detectable changes in heart rate and blood pres-
sure but unfortunately, in obstetrics, the intrave-
nous injection of epinephrine has been shown to
have a low positive predictive value and may be
associated with side effects [41].

The ideal epidural test dose would have both
high sensitivity and specificity. As sensitivity
increases, more intravascular catheters would be
detected. A high false-positive rate (low specific-
ity) would lead to unnecessary manipulations or
replacements of correctly positioned epidural cath-
eters. In general, the epidural test dose has high
(>90%) sensitivity but poor specificity (around
50%). Therefore, a negative test dose does not
guarantee (it only decreases the probability) that
the catheter is not in the intravascular or intrathe-
cal space. Also a negative test dose does not ensure
proper placement in the epidural space.

Therefore, detection of intravascular epidural
catheter placement relies on repeated catheter
aspiration, observation of gravity-induced fluid
efflux within the catheter, failure of local anes-
thetic to produce the anticipated effect, and
detection of early signs of toxicity by means of
slow and incremental injection.

Motor response to electrical stimulation has
been claimed to be a useful tool in confirming
the epidural catheter location but its use has been
confined to some published papers [42].

There is no single optimal way of testing epi-
dural catheters. Direct methods, such as aspi-
ration, should be practiced routinely. Indirect
methods (local anesthetic and adrenaline) may
also be considered, but can yield a false-positive
result, subjecting a patient to additional unneces-
sary risks. No single method is 100% sensitive
and there is always the possibility that catheters
may migrate from the epidural space.

Even after accidental dural puncture cerebro-
spinal fluid may not always be aspirated.
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Therefore, there is always no substitute for
continued vigilance, aspirating the catheter
before giving each dose, and fractionating the
whole anesthetic dose in small boluses given
intermittently.

5.12 Confirmation of Catheter
Location in the Epidural
Space

The position of the epidural catheter tip is an
important factor in determining whether satisfac-
tory epidural analgesia will be achieved, and the
best confirmation of the correct positioning of an
epidural catheter is the evidence of satisfactory
analgesia (or anesthesia) and/or the evidence of
sensory block after an adequate dose and volume
of the anesthetic solution.

However, ideally, one should detect improper
catheter placement at the time of epidural inser-
tion because failure to do so adds to the duration
of patient discomfort.

In addition, in spite of accurate localization of
the epidural space, there is no guarantee that the
catheter threaded through that needle will remain
in the right place. Subsequent failure of a well-
functioning epidural catheter could result from its
migration out through an intervertebral foramen
or from the catheter being pulled out of the epi-
dural space, since an epidural catheter may move
from its initial position with patient movement.

5.12.1 Epidural Stimulation Test

The epidural stimulation test (EST) involves
electrical stimulation of nerves passing through
the epidural space using a saline column in the
epidural catheter.

The test is performed by connecting a nerve
stimulator through an adapter to the epidural
catheter connector. The epidural catheter and
adapter are primed with 0.2—1 mL sterile normal
saline, the negative lead of the nerve stimulator
is attached to the metal hub of the adapter, and
the positive lead is connected to an electrode

placed over the nondependent deltoid muscle.
The frequency of the nerve stimulator is set at
1 Hz with a pulse width of 200 ms. Motor or
sensory response to a stimulation of 1-10 mA
indicates the epidural location of the catheter
tip [42]. The sensitivity of this technique, con-
firmed by effective epidural analgesia follow-
ing local anesthetic injection, in the obstetric
patient is 100% [42] while in the surgical setting
it is comparable to that of the epidural pressure
waveform analysis (80-100%) [43]. The epi-
dural stimulation test (bilateral stimulation with
stimulating current <1 mA) may also be useful
in detecting inadvertent subarachnoid, subdural,
or intravascular placement of the epidural cath-
eter [44, 45].

However, the test may be technically diffi-
cult and cumbersome to perform in a periopera-
tive or obstetric setting [46] and it is ineffective
once local anesthetics are administered through
the epidural catheter or after the patient receives
neuromuscular blocking agents. Furthermore,
the test cannot be relied upon in patients with
preexisting neuromuscular disease. This test has
not been adopted widely most likely due to these
drawbacks and, in all cases, after a few promis-
ing initial studies, there are no other published
reports on its routine use in obstetrics.

5.12.2 Epidural Pressure Waveform
Analysis

Transducing and plotting the pressure measured
in the epidural space produce a unique and repro-
ducible waveform, which reflects heart rate and
peripheral pulse waves. These waveforms are
thought to originate from the spinal cord and
are transmitted through the dura to the epidural
space. Thus, the presence of these pulsatile wave-
forms in synchrony with heart rate, obtained on
transducing the epidural catheter, would confirm
the epidural location of the catheter. Easy avail-
ability of pressure transducers in perioperative
settings could, in theory, make this an attractive
method to confirm epidural location of a catheter
immediately after placement or later on [47].
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Fig.5.20 Epidural
pressure waveform
detected by the
CompuFlo Epidural
Cath-Checker System:
(a) Rhythmic pulsations
indicating the correct
position of the catheter
into the epidural space.
(b) Absence of rhythmic
pulsations indicating the
dislodgement of the
catheter outside the
epidural space

The epidural catheter is connected to a pres-
sure transducer positioned at the midaxillary
level of the patient and the test is considered
positive for epidural catheter placement in the
epidural space when positive pressure waveform
deflections are seen on the monitor screen in
synchrony with cardiac contractions (either by
electrocardiogram or by pulse oximetry) after
priming the epidural catheter with 5 mL saline
[48].

In a preliminary report of labor epidural anal-
gesia, the pressure waveform analysis through
the epidural catheter has a sensitivity of 91%, a
positive predictive value of 95%, a specificity of
83%, and a negative predictive value of 73.8%
[49]. This method is not routinely and widely
used, and further confirmatory studies are most
welcome before its implementation in clinical
practice.

Recently the CompuFlo Epidural Cath-
Checker System (CCS) has been introduced.

This apparatus combines both objective pres-
sure measurements to detect the epidural space
(Sect. 6.2.2) and detection of a pulsatile pressure
waveform in a single system. Utilizing a high-
resolution-pressure in-line sensor the system is
capable of detecting both the pressure in situ and

the presence of a pulsatile waveform when pres-
ent. The pulsatile waveform is representative of
the detection of pressures produced by the car-
diovascular system wither directly or indirectly.
This in turn can be used to identify the location of
a needle or a catheter within an anatomic struc-
ture such as the epidural space. This same system
can also be used to determine the patency of a
catheter to ensure that an obstruction or blockage
of the catheter is not present. Currently, there is
no other integrated device capable of determining
the identification of the epidural space and the
patency of a catheter. Although the preliminary
data not yet published are very encouraging and
promising (Fig. 5.20), this instrument, soon to be
released on the market, is currently still undergo-
ing clinical studies.

Appendix 1: Epidural Technique
in Five Steps

1. Insertion of the needle
Without moving the “landmark fingers,”
the epidural Tuohy needle is inserted through
the skin wheal previously made exactly in the
middle of the interspace.
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2. Advancement of the needle

The needle must be advanced very slowly
but constantly, without any interruption, in
order to be able to recognize the different den-
sities of the underlying tissues.

3. Identification of the increase of resistance
(ligamentum flavum)

As soon as the point of the needle has
engaged the ligamentum flavum, a feeling of a
greater increase of resistance, often associated
with a “crunch,” is perceived. The advance-
ment of the needle is immediately stopped.

4. Attachment of the syringe to the needle (the
“self-blocking system”)

Attach a disposable 10 mL loss-of-
resistance syringe containing no more than
5 mL of sterile saline solution to the needle.

5. Identification of the loss of resistance (epi-
dural space)

Exert constant, unremitting, pressure on
the plunger of the syringe by the thumb of the
dominant hand and advance the needle solely
by means of the pressure exerted on the
plunger of the syringe. As long as the needle
point is in the ligamentum flavum there is a
great resistance to injection and the pressure
exerted by the thumb on the plunger causes
the advancement of the needle. As the point of
the needle emerges from the ligamentum fla-
vum into the epidural space, the resistance
suddenly disappears and the advancement of
the needle immediately stops, since the driv-
ing force exerted on the piston is discharged
by the sudden entry of the liquid into the epi-
dural space

Appendix 2: Epidural Technique—
The Three Immediate Safety Checks

1. Needle observation
For the appearance of spinal fluid or blood.
2. Needle aspiration
To detect cerebrospinal fluid or blood.
3. Rebound test
1-1.5 mL of air is briskly injected. The
syringe must collapse

Appendix 3: Epidural
Technique—Problem-Solving

Doubtful Increase in Resistance/False
Loss of Resistance

1. Stop the advancement of the needle.
2. Make a slight pressure on the piston of the
syringe:

(a) If it does not determine any advancement

of the piston itself and a further greater
pressure on the piston causes the advance-
ment of the needle within the tissues: the
needle was correctly inserted into the lig-
amentum flavum.
If it causes the advancement of the piston
itself and the needle does not advance
under the pressure of the piston, the resis-
tance perceived was not that of the liga-
mentum flavum.

(b)

In this case a false resistance may be suspected:

e Advance the needle very slowly by a few mil-
limeters and repeat the maneuver until a resis-
tance to moderate pressure on the piston is
obtained.

Bone Contact
If:

(a) The depth at which the needle is inserted is
within the range of the vertebral arch.

(b) The physician has previously perceived the
typical sensation of a “crunch’ due to the ini-
tial insertion of the epidural needle within
the ligamentum flavum.

This means that the needle has encountered
the vertebral lamina somewhere in the area where
the ligamenta flava are inserted on it.

In this case:

e Redirect and advance the needle by a few mil-
limeters (most frequently medially and crani-
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ally) until an increase of resistance 1is
perceived.

If:

(a) The depth at which the needle is inserted is

not within the range of the vertebral arch.

(b) No increase in resistance (or “crunch”) has

been perceived before encountering the bone:

e Check the position of the patient.

» Reinsert the needle with a different angle
of inclination.
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New Techniques and Emerging
Technologies to Identify
the Epidural Space

Over the course of the last decade, newer tech-
niques and emerging technologies for locating
and confirming entry into the epidural space
have been explored to decrease failures and
complications.

At the present time most of these techniques
cannot be used in clinical practice since they are
still experimental, not yet on the market, or not
applicable in the obstetric setting. Only a few of
them have been experienced in clinical studies,
but their diffusion and current clinical use are
unknown [1].

However, knowledge of these newer technolo-
gies is essential to guide future research in this area.

These new technologies are designed (1) to
guide the needle in the epidural space through
the tissues, (2) to confirm the entry of the needle
into the epidural space, and (3) to confirm the
epidural catheter location in the epidural space.

6.1 Guiding the Needle

in the Epidural Space

Currently, the physician guides the epidural nee-
dle to the epidural space in a blind fashion, and
success is dependent on the expertise of the oper-
ator. The point of needle insertion is largely iden-
tified by palpation of surface landmarks, which
can be difficult in patients who are obese or who
have an abnormal vertebral anatomy. The subse-
quent angle of insertion, speed of advancement,

© Springer Nature Switzerland AG 2020
G. Capogna, Epidural Technique In Obstetric Anesthesia,
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degree of change in needle angle on encountering
bone, etc. vary widely with the experience of the
operator and the unanticipated variability in ver-
tebral anatomy potentially leads to failure.

To overcome the blinded introduction of the
needle, needle-tracking systems have been pro-
posed and developed.

Ultrasound-Guided
Techniques

6.1.1

Unlike pre-procedural scanning (Chap. 4), real-
time two-dimensional (2D) ultrasonography is
designed to guide the needle towards the epi-
dural space. Unfortunately most of the experi-
ence comes exclusively from a small number of
centers where it is performed by a few experi-
enced operators. From the clinical point of view,
real-time ultrasound-guided epidural insertion is
technically difficult, usually requires two opera-
tors, and potentially adds the risk of introducing
ultrasound gel into the epidural space.

In addition, one of its main limitations is the
difficulty in visualizing the needle, or its tip, and
the targeted tissue plane in the same image.

For this reason, needle-tracking navigation
tools have been introduced to circumvent this
limitation by improving real-time visualization
of the needle.

The guidance-positioning system (Sonix GPS)
[2, 3] (Fig. 6.1) uses an electromagnetic motion-
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Fig. 6.1 SonixGPS™
electromagnetic sensor
arm (a) with SonixGPS
needle with sensor
filament (b) (from [2]
with permission)

tracking system, consisting of a transmitter and
one or more sensors. These sensors determine the
position of the needle with respect to the ultra-
sound image. The position sensors located on the
needle hub and the ultrasound transducer track
their position with respect to the transmitter,
allowing the user to have a virtual image of the
needle’s trajectory and the anticipated position of
its tip, superimposed on the ultrasound image.
This device could be used for pre-procedural
scanning as well as for real-time ultrasound-
guided epidural space localization. Once the
tip of the needle is at the desired point of skin
entry, the GPS navigation system can be used to
orient the needle such that the projected needle
trajectory reaches the posterior complex. This
pre-procedural scan would give information on
the point of entry, direction of entry, and also the
estimated depth, utilizing the on-screen calcula-
tion. Preliminary results suggest that procedural
time, image quality, number of skin punctures,
and number of needle redirections for success-
ful spinal puncture are comparable with those
reported with other ultrasound techniques (pre-
procedural and real time) [2]. This technology

requires a proprietary needle, which is currently
not suitable for epidural insertion.

The high computational speed of modern
machines has made it possible to obtain three-
dimensional (3D) ultrasound images and to
display those in real-time four-dimensional
(4D) [4, 5]. As the 4D ultrasound simultaneously
acquires multiple planes of view without probe
repositioning, it could potentially improve the spa-
tial orientation of the operator. A preliminary report
on the cadaver [4] highlighted the challenges associ-
ated with obtaining good-quality 3D/4D ultrasound
images of the spine due to the complex anatomy
and strong spatially varying bony shadows and
artifacts encountered. In addition, there are issues
of poor resolution, reduced frame rate, and poor
needle visibility with 4D images. Other important
limitations are complexity and the cost involved.
It is difficult to transfer the experimental cadaver
experience to the clinical setting. The operator is
required to concurrently interpret two ultrasound
images rather than one. One single operator should
hold the ultrasound probe, direct the needle, and
use a reliable loss-of-resistance-to-saline technique
at the same time. Current commercially available
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4D ultrasound technology may offer an incremental
advantage in ultrasound-guided epidural insertion
by improving the spatial orientation of the operator
but this comes at the price of a decreased resolution,
frame rate, and needle visibility.

Due to the drawbacks of real-time 3D/4D ultra-
sound using current technology, investigators have
tried to reconstruct the 3D vertebral anatomy of a
patient. Pre-procedure off-line reconstruction can
produce detailed high-resolution 3D images which
can then serve as a 3D template, which can be
subsequently utilized for real-time epidural space
localization [6]. Pre-acquisition of these high-
resolution images is however complex, expensive,
and time consuming. Changes in patient position
between image acquisition and procedure can
alter the accuracy of the pre-acquired 3D con-
text. Although incorporation into routine practice,

especially the obstetric one, seems very unlikely, it
might have utility in patients with known difficult
vertebral anatomy. Further research will evaluate
its cost-effectiveness and benefit.

With advances in ultrasound technology and
probe design, very small ultrasound transducers
have become available and experimental (por-
cine) models of ultrasound through needle and
needle through ultrasound have been reported.

A very-small-diameter, 40 MHz ultrasound
transducer was placed in an 18-gauge Tuohy nee-
dle and used to obtain A-scan images, from the
tip of the needle, from both the dura and ligamen-
tum flavum [7]. The disappearance of the signals
coming from the ligamentum flavum indicates
needle entry in the epidural space (Fig. 6.2).

Alternatively, a 10 mm small-sized cylindri-
cal ultrasound probe with a hole in the center has

¥ Transducer tip

~~~~~~ ligamentum flavum

Fig. 6.2 Epidural needle with embedded high-frequency
ultrasound transducer. The backscattered A-mode ultra-
sound signals received during the advancement of the
embedded needle ultrasound transducer towards the epi-
dural space. The top two traces show the ligamentum fla-
vum (LF) (approximately 1.4 mm and 0.9 mm,
respectively, in front of the needle transducer), and the

6.0 7.5

mm

+<— Epidural space

Dura mater

third trace indicates that the near-field noise is overlapped
with the LF signal when the LF is approximately 0.5 mm
away from the needle transducer. The fourth trace indi-
cates that the tip of the needle is about to pass through the
LF and enter the epidural space. The epidural space is
marked as region A. The subarachnoid space is marked as
region B (from [7] with permission)
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been used for the insertion of the epidural needle
and the specific lumbar interspaces were accu-
rately identified [8].

Both these techniques have the advantage of
providing real-time guidance and can be per-
formed by a single operator, but they need spe-
cial specific equipment. Though promising, the
absence of any human studies makes the future
of this technology uncertain.

6.1.2 Augmented Reality System
for Epidural Anesthesia

A prototype of an augmented reality system
has been developed to help the identification
of the lumbar vertebral levels (augmented real-
ity system for epidural anesthesia, AREA) [9].
The system consists of an ultrasound transducer
tracked in real time by a trinocular camera sys-
tem, an automatic ultrasound panorama genera-
tion module that provides an extended view of
the lumbar vertebrae, an image-processing tech-
nique that automatically identifies the vertebral
levels in the panorama image, and a graphical
interface that overlays the identified levels on a
live camera view of the patient’s back. This pro-
totype has been validated by a comparison with
standard ultrasound in volunteers but it has never
been used in clinical practice. In addition, the
ability of these systems to identify structures in
the presence of uncommon or distorted anatomy
is unknown.

6.1.3 Acoustic Radiation Force
Impulse Imaging

An important drawback of ultrasounds is the dif-
ficulty in obtaining a clear image of the needle
and clear differentiation of the nerves from the
surrounding soft tissues, which have similar
acoustic impedances. Acoustic radiation force
imaging (ARFI) differentiates tissues based on
their elasticity, unlike traditional ultrasonogra-
phy which differentiates tissue based on acoustic
impedances [10] (Fig. 6.3). ARFI image con-
trast is derived from differences in the mechani-

cal properties of tissue, rather than the acoustic
properties. ARFI images are generated using a
diagnostic ultrasound system and therefore co-
registered B-mode and ARFI images are acquired
concurrently. The needle visualization in ARFI
images is independent of the needle-insertion
angle and also extends needle visibility out of
plane.

While ARFI images provide enhanced needle
contrast due to the much larger stiffness and fixed
nature of the needle as compared to the surround-
ing tissue, they do not show the same vascular
and nerve landmarks that clinicians look for
when performing regional anesthesia. Combining
the improved needle contrast from ARFI imag-
ing and surrounding tissue information from
B-mode could aid visualization within the com-
plex vertebral sonoanatomy [11]. Unfortunately
this technology requires considerable research
and development before it could be available
commercially.

6.2 Identifying the Entry into

the Epidural Space

None of the automated epidural devices described
in Chap. 4 have currently replaced the traditional
loss-of-resistance technique. However, in the
attempt to eliminate the subjective nature of loss
of resistance, novel markers to identify entry into
the epidural space have been introduced.

Some [12] have proposed connecting the
Tuohy needle to a regular intravenous set (IV)
with a normal saline bag and pressurizing the
fluid bag to 50 mmHg using a pressure bag. The
entry into the epidural space would be deter-
mined by resulting in flow of fluid into the epi-
dural space, seen as fluid dripping in the fluid
chamber of the IV set.

A similar, but more sophisticated, system is
the acoustic puncture assist device (APAD) [13]
which quantifies the pressure at the epidural
needle tip and provides real-time auditory and
visual displays of the pressure waveforms, dur-
ing epidural space localization. Once the needle
tip is advanced through the skin, the APAD is
connected to the needle hub, which maintains
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Fig.6.3 Acoustic a
radiation force impulse
(ARFI) imaging-based
needle visualization.
B-mode images of an
angled 18G needle in a
200-bloom graphite
phantom at different
angles with respect to
the horizontal without
(top row) and with
(bottom row) needle
visualization algorithm
applied. Column 1 [(a)
and (d)] shows a 10°
angle above the
horizontal, column 2 d
[(b) and (e)] shows a 16°
angle, and column 3 [(c)
and ()] shows a 32°
angle. The green X in
each image of the
bottom row shows the
location of the needle tip
as determined by
bisecting the phantom in
the needle-imaging
plane (from [11] with
permission)
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a pressurized fluid column through the epidural
needle. As the epidural needle is advanced, the
pressure from the column is measured and trans-
mitted as auditory signals and visually displayed
as pressure tracings. Entry into the epidural space
results in a sudden drop in pressure on the visual
display as well as a distinct fall in the tone of the
audio output. The lack of demonstrable superior-
ity to the traditional loss-of-resistance technique
has limited the use of such a device in routine
clinical practice.

6.2.1 Epidural Pressure Checker

The concept underlying the design of this device
is that a specific area of the human body exists as
a vacuum with no pressure shift such that the dig-
ital sensor recognizes the pressure shift between
the ligamentum flavum and the epidural space.

:
3
b

-10 -5 0 5 10
Lateral Position [mm]

-10 -5 0 5 10
Lateral Position [mm]

The epidural pressure checker (Epi-
Detection®) is designed to detect the epidural
space by perceiving the pressure shift to a nega-
tive value [14].

This device is composed of a printed
circuit board (PCB) containing a micro-
electromechanical system (MEM) pressure sen-
sor and polycarbonate spouting that connects to a
Tuohy needle. The epidural pressure checker per-
ceives the negative pressure with a preset pres-
sure threshold and alarms with sound and light.
The pressure changes are displayed by the LED
as green (ready) and blue (detection) (Fig. 6.4) so
that the operator can identify the puncture needle
in order to reach the exact position of the epidural
space. When a Tuohy needle connected to the epi-
dural pressure checker penetrates the ligamentum
flavam and encounters the epidural space, the
negative pressure of the epidural space is trans-
ferred to the epidural pressure checker via the
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inner cannula of the needle. The allowable error
of the device ranges from —0.5 to +0.5 mbar.

One possible limitation is that the epidural
pressure checker might not detect a pressure
change in patients with a weak or absent liga-
mentum flavum, or above or below its detection
range, and in this case it can result in false nega-
tives or false positives. The device has been used
in non-obstetric patients and further clinical trials
are currently underway.

6.2.2 Continuous Real-Time
Pressure-Sensing Technology

The CompuFlo® Epidural Instrument is a
computer-controlled drug delivery system capable
of distinguishing different tissue types by provid-
ing continuously real-time “exit-pressure” data at
the needle tip and that has been validated as a use-
ful tool in detecting the epidural space [15-17].

This instrument uses the continuous real-time
pressure-sensing technology, an algorithm to
determine the pressure at the tip of the needle via
a continuous fluid path. The pressure is a feedback
loop and controller to the system, thus regulating
the electromechanical motor which controls the
flow rate and the fluid dispensed by the system.
An audible feedback and a visual graphic of exit
pressure are provided to the healthcare practitioner
enabling the operator to focus on the injection site
(Fig. 6.5).

This way the physician has an objective, quan-
titative method to identify the epidural space
since the entry of the needle into the epidural
space may be seen through the graphic display
which shows a typical and reliable pattern, and,
at the same time, it may also be confirmed by the
clear changes of the audible tone.

Using the CompuFlo® the entry of the needle
into the ligamentum flavum is indicated by a great
increase in pressure on the visual display with a

Fig. 6.4 The epidural pressure checker (Epi-Detection®). The pressure changes are displayed by the LED as green
(ready) and blue (detection)



6.2 Identifying the Entry into the Epidural Space

105

Fig. 6.5 Continuous
real-time pressure-
sensing technology: the

CompuFlo® epidural
instrument
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Fig.6.6 Typical pressure and volume display observed on
the CompuFlo® epidural computer-controlled anesthesia
system during epidural space identification. The entry of
the needle into the ligamentum flavum is indicated by a

simultaneous increase of the pitch of the audible
tone, while the entry of the needle into the epidural
space results in a brisk drop in pressure and a dis-
tinct fall in the tone of the audio output. A drop in
pressure sustained for more than 5 s is deemed to
be consistent with entry into the epidural space.
Typical curves can be obtained (Fig. 6.6).

great increase in pressure, while a sudden drop in pressure
followed by formation of a low-pressure plateau indicates
that the epidural space has been reached. Injection of saline
halts when the preset pressure limit (130 mmHg) is reached

CompuFlo® may also help the physician to
differentiate the false loss of resistance due to the
location of the epidural needle within the epidural
region tissues and the true loss of resistance due
to the penetration of the needle in the epidural
space with a sensitivity of 0.83 and a specificity
of 0.81 [18] (Fig. 6.7).
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Fig. 6.7 Typical pressure and volume display observed
on the CompuFlo® epidural computer-controlled anesthe-
sia system during epidural space identification showing
false losses of resistance (false LOR) during needle
advancement. A false LOR is defined as an increase of
pressure followed by a small drop in pressure (typically

6.2.3 Bioimpedance

Bioimpedance is a measure of the opposition
to the flow of alternating current. This property
can be used to differentiate several tissue types
including muscle and fat [19]. The epidural space
has a higher fat content than its adjoining struc-
tures such as the ligamentum flavum and sub-
arachnoid or intrathecal compartments, aiding in
its identification using bioimpedance. Change in
bioimpedance measured with an epidural needle
may identify the epidural space and the ligamen-
tum flavum. The bioimpedance measurement just
prior to loss of resistance is assumed to be the lig-
amentum flavum. While there is variation in abso-
lute values between patients, the delta in value
between the ligamentum flavum and the epidural
space is quite stable [20]. Bioimpedance has been
used in association with loss of resistance and
confirmed with fluoroscopic dye; therefore its
role as a sole method for localization needs to be
further investigated. At present it could serve, in
theory, as a complementary tool during epidural
localization when the position of the needle tip

less than 50% of the maximum pressure) that is either not
sustained or inconclusive of representing a “low and sta-
ble pressure plateau.” If the pressure rapidly increased
after a drop of pressure this is identified as a false loss of
resistance and the operator elects to continue to advance
the epidural needle

is in question. The potential advantages of this
technique are that it can be performed by a single
operator and requires inexpensive equipment.

6.2.4 Optical Reflectance
Spectroscopy

The intensity of light reflected or absorbed by a
particular tissue varies and depends on the tissue
composition. Optical reflectance spectroscopy
(ORS) uses this property to differentiate various
tissues based on their optical absorption. The
optical spectra may be measured at the needle tip
using a specialized stylet introduced through the
epidural needle [21] or by using used optical fibers
embedded within the needle [22]. Optical spectra
are significantly different between epidural space
and ligamentum flavum (Fig. 6.8) and thus could
serve as a tool to identify the epidural location
of the needle tip. Epidural placements in porcine
models have 95% success confirmed by epidurog-
raphy but these results were obtained by operators
with sufficient expertise in interpreting ORS [23].
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Fig. 6.8 Fiber-optic-guided insertion using two wave-
lengths. The reflective signals at 650 and 532 nm are shown
while the stylet reaches the ligamentum flavum and epidural
space. The y-axis is the magnitude of light reflected from
the tissues (the peaks represent the 650 nm wavelength
whereas the troughs indicate the 532 nm wavelength). The
x-axis indicates the time course of the modulation for 650

Although it appears to be a promising tech-
nique, it has not yet been tried in humans.

6.2.5 Optical Coherence
Tomography

Optical coherence tomography (OCT) is the
optical analogue of B-mode ultrasonography,
but measures time delay and magnitude of light,
instead of sound. The light reflected back from
tissue is used to determine the depth of penetra-
tion and then to create 2D and 3D images of the
imaged tissue. Though the depth of imaging is
limited to approximately 2 mm, it is adequate for
the identification of structures immediately at the
tip of the needle [24].

This technique has been used in animal studies
to prevent inadvertent intraneural injection while
performing transforaminal nerve root injections

and 532 nm during the insertion of the needle into the tissue.
(Dotted line) The reflected light when the needle is located
in the ligamentum flavum and (solid line) the light reflected
from the epidural space. The two lines illustrate the reflec-
tance that is obtained at different times (i.e., when the nee-
dle is in two different locations) but are superimposed to
provide a visual comparison (from [23] with permission)

[25] but its use in epidural space localization has
only been speculated and never been explored.

6.3  Confirming the Catheter

Location in Epidural Space

In spite of the accurate localization of the epidural
space, there is no guarantee that the catheter threaded
through that needle would remain in it. Failure could
result from migration of the epidural catheter out
through an intervertebral foramen or from the cath-
eter being pulled out of the epidural space.

The position of the epidural catheter tip is an
important factor in determining whether satisfac-
tory epidural analgesia will be achieved. New
techniques for identifying the location of the epi-
dural catheter tip during epidural placement or
subsequently to investigate the secondary failure
have been proposed.
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6.3.1 Near-Infrared Tracking System

The near-infrared tracking system consists of a
fiber-optic wire, placed in an epidural catheter,
which emits an infrared signal allowing its visu-
alization with an infrared camera. It has been suc-
cessfully used in cadavers to facilitate the threading
of an epidural catheter to a desired vertebral level;
however, the signal decreases in obese patients,
and when the catheter passes under lamina or
diverges from the midline. Its role in confirming
the epidural position of a catheter is uncertain [26].

6.3.2 Ultrasound

Ultrasonography has been used to accurately
locate the epidural catheter position within the
epidural space in infants, by identifying the
movement of dura, from expansion of epidural
space during local anesthetic injection through
the epidural catheter [27].

The use of these methods has not been reported
in adults or in obstetric patients, but would likely
be hampered by poor image quality from ossified
vertebrae.

6.3.3 Optical Fiber Technology
for Epidural Needle (OFTEN)

This system is based on a customized optical fiber
sensor, the so-called fiber Bragg grating (FBG).
FBG detects in real time the density of the tissues
encountered by the needle during its advance-
ment. FBG is integrated inside a conventional
epidural catheter which is, in turn, inserted into

the epidural needle. Through real-time measure-
ments, the fiber Bragg grating integrated inside
the needle lumen is able to effectively perceive
the typical force drop occurring when the needle
enters the epidural space.

Animal tests hypothesize that this device
could be able to assist clinicians not only in the
performance of the epidural block, but also in the
assessment of the correct positioning of the epi-
dural catheter into the epidural space by monitor-
ing the intensity of the FBG back-reflected signal
[28] (Fig. 6.9).

6.4  Conclusion

None of the newer techniques have currently
replaced the traditional loss-of-resistance tech-
nique. Pre-procedural ultrasound is increasingly
being used as a routine or rescue method when
a patient with difficult anatomy is encountered.
Among the new techniques, continuous real-
time pressure-sensing technology is the only
one that has been successfully validated and
used in an adequate number of patients and that
therefore may be considered as a new, promis-
ing tool.

Several of the newer technologies need further
characterization of safety profile and proof of a
favorable cost-benefit profile. Demonstration of
a lower complication rate would require larger
studies, especially since the traditional technique
itself is associated with a low complication rate.
The majority of the newer technologies are in the
early stages of development and, at the present
time, it is difficult to have an accurate insight into
their potential.
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Combined Spinal-Epidural

Technique

The combined spinal-epidural block (CSE)
has the potential ability to combine the rapid-
ity, density, and reliability of the subarachnoid
block with the flexibility of the continuous epi-
dural block to titrate a desired sensory level,
vary the intensity of the block, control the dura-
tion of anesthesia, and deliver postoperative
analgesia.

7.1 History
“By combining the two methods many of the
disadvantages of both methods are eliminated
and their advantages are enhanced to an almost
incredible degree.” With these words Angelo
Luigi Soresi (1877-1951) described in 1937
his “epi-subdural technique” [1], obtained by
first injecting a dose of local anesthetic epidur-
ally and, after advancing the needle inside the
subarachnoid space, injecting the spinal dose.
“Epi-subdural anesthesia” did not involve the
placement of an epidural catheter, and Soresi
concluded his paper stating that “the hanging
drop method renders epi-subdural anesthesia the
safest procedure giving perfect surgical anesthe-
sia, ideal relaxation, and eliminating practically
all postoperative pain and distress.”

Forty years later, loan Curelaru was the first
to publish a study on CSE anesthesia in 1979
[2]. In his study CSE anesthesia was performed
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in two different interspaces: first, the epidural
catheter was placed and then a subarachnoid
injection was carried out two levels below the
level of the epidural catheter insertion. Curelaru
discussed in his paper that CSE anesthesia con-
fers several advantages, including high-quality
conduction anesthesia that could be extended
as needed, prolonged postoperative analgesia,
analgesia covering a satisfactory number of
dermatomes, minimal local anesthetic toxic-
ity, and absence of pulmonary complications.
In addition, he also discussed the drawbacks of
the technique, including the need for two lum-
bar punctures, prolonged procedural time for
the double procedure, and difficulty locating the
subarachnoid space after inserting a catheter in
the epidural space.

A few years later, Brownridge, from Australia,
in 1981 [3] in order to increase intraoperative
maternal comfort, proposed using a combination
of epidural and subarachnoid block for elective
cesarean section by introducing an epidural cath-
eter in the lateral position and, after having given
a test dose, performing a subarachnoid block at a
lower lumbar level with a 26-gauge spinal needle.

In 1982 Coates, from the UK [4], first reported
a technical innovation that he called ‘“single-
space technique” by inserting a spinal needle
through the epidural needle and injecting the
local anesthetic in the subarachnoid space first,
and then placing an epidural catheter, in this way

m
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introducing the so-called needle-through-needle
technique.

In 1986, Rawal, in Sweden [5], described the
“sequential CSE technique” for cesarean deliv-
ery. With this technique, after the spinal block
was “fixed” (about 15 min) and the extent of
analgesia noted, the block was extended to the
T4 dermatome by injecting fractionated doses of
bupivacaine in the epidural catheter.

CSE for labor analgesia was first introduced in
the early 1990s by Barbara Morgan in London [6].

Since then, over the years, a variety of special-
ized combined spinal-epidural needles have been
devised and a number of techniques described to
refine this procedure.

7.2  Classification
There may be a number of different approaches, dif-
ferently classified according to the type of the nee-
dle and the approach used (Fig. 7.1). The possible
approaches are basically two: the single-interspace
technique, if the epidural and the spinal punctures
are performed in the same interspace, usually with
a single needle (needle-through-needle) or, very
rarely, with two different needles, and the double-
interspace technique when the epidural and spinal
punctures are accomplished by using two separate
interspaces, with two different needles.
Performing both the epidural and spinal
injection at the same interspace with the needle-

Fig. 7.1 CSE: possible approaches. (a) Single-interspace
technique with two different needles. (b) Double-interspace
technique (two separate interspaces, with two different

needles). (¢) Single-interspace technique with a single nee-
dle (needle-through-needle). (d) Single-interspace tech-
nique with a single needle (needle-beside-needle)
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through-needle technique requires infiltration
with local anesthetic only once. When using this
technique, the epidural needle is placed first, to
serve as introducer for the spinal needle at the
same interspace. Then, after the epidural catheter
is advanced, the spinal needle is advanced in order
to puncture the dura and allow the subarachnoid
injection. With this technique, epidural catheter
damage caused with the spinal needle during dural
puncture is a theoretical possible complication.
The technique using two different interspaces
requires two local anesthetic infiltrations, and
does not require specialized, more expensive nee-
dles, but confers the advantage that it allows the
use of an epidural test dose to confirm the appro-
priate placement of the epidural catheter before
the spinal injection and avoids potential puncture
of the epidural catheter by the spinal needle.
However, despite these presumed advantages,
there is no robust evidence in favor of one of them.

7.3  Single-Interspace Technique

Two Needles in the Same
Interspace

7.3.1

In theory, the epidural as well as the spinal nee-
dles may be separately placed in the same inter-
space to perform the epidural puncture first and
subarachnoid puncture thereafter or vice versa,
offering the physician different choices of posi-
tioning the epidural catheter and performing the
spinal block (Fig. 7.1). This technique is however
rarely performed.

7.3.2 Needle-Through-Needle
(Single Channel)

This is the most commonly used technique. After
the epidural space is identified using an epidural
needle, the epidural needle serves as introducer,
and a fine spinal needle is advanced through the
epidural needle, beyond its tip, until it punctures
the dura (Fig. 7.2). Medications are first injected
in the subarachnoid space, and then the epidural
catheter is inserted.

Fig.7.2 Single-interspace technique with a single needle
(needle-through-needle). After the epidural space is iden-
tified using an epidural needle, the epidural needle serves
as the introducer, and a fine spinal needle is advanced
through the epidural needle, beyond its tip, until it punc-
tures the dura

Although it is possible to combine a plain
Tuohy needle with a longer, thinner spinal needle
to perform the procedure, special commercial “all-
in-one” kits have become available. Lockable CSE
sets provide safe and stable conditions and a good
success rate of subarachnoid block [7] (Fig. 7.3).
CSEcure® locking needle sets enable the spinal
and epidural needle relationship to be stabilized
during injection of the spinal anesthetic to prevent



14

7 Combined Spinal-Epidural Technique

Fig. 7.3 Lockable CSE
sets. They provide safe
and stable conditions
and a good success rate
of subarachnoid block

Fig. 7.4 An epidural needle with an additional aperture
(“back eye”) in the heel of its bevel, to allow the sleeved
spinal needle to pass through

movement of the spinal needle. A scale indicates
spinal needle extension beyond the epidural nee-
dle tip. Once the hubs are locked, the spinal needle
is free to rotate 360°, providing the physician with
the flexibility to inject spinal medication in any
direction. The clear spinal needle hub provides
easy and rapid identification of CSF flashback,
helping to confirm correct needle placement.

With the needle-through-needle technique, there
is a theoretical concern about the tip of the spinal
needle scraping the bevel of the Tuohy needle and
the inner wall of the epidural needle and thereby
leading to deposition of metal particles in the epi-
dural and/or subarachnoid spaces with possible sub-
sequent neurological sequelae [8]. Even if there is
no evidence of additional metal particles produced
by the needle-through-needle technique [9], in order
to avoid this theoretical risk, new types of needles
have been introduced (Hanaoka needles) (Fig. 7.4).

The Espocan® combined spinal epidural
needle is an epidural needle with an additional

aperture (“back eye”) in the heel of its bevel, to
allow the sleeved spinal needle to pass through.
The spinal needle is introduced through the
proximal port of the epidural needle to exit at
the “back eye” and after dural puncture and drug
administration the spinal needle is withdrawn,
and the catheter inserted. The larger diameter of
the catheter causes it to pass through the usual
bevel opening. To accomplish proper passage
through the “back eye,” however, the distal end of
the spinal needle must face the same way as the
bevel opening of the epidural needle. To facilitate
this proper passage a plastic sleeve for the spi-
nal needle has been introduced by the Espocan®
system, where the plastic sleeve keeps the spinal
needle centrally in the epidural needle and guides
it through the back eye. As the spinal needle is
advanced through the Tuohy needle its centering
sleeve aligns the spinal needle with the back-eye
lumen to help prevent an over-the-curve place-
ment. The epidural catheter is eventually directed
through the Tuohy curve, away from the dura
puncture site to lessen the chance of intrathecal
catheter placement.

Lockable CSE sets are commercially available
also with “back-eye” needles (Fig. 7.3).

7.3.3 Needle-Beside-Needle
(Double Channel)

To avoid friction between the spinal and the epi-
dural needles and to ensure that dural puncture
is separated from epidural catheter placement
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double-barrel, parallel epidural-spinal needles
have been designed (Fig. 7.1).

The first to be introduced onto the market in
the 1990s were the Eldor needle (an epidural
needle with a spinal conduit alongside) [10]
(Fig. 7.5) and the Coombs epidural-spinal needle
(a multilumen construction) [11].

Both are specialized needles for combined
spinal-epidural anesthesia. The epidural catheter
can be inserted before the spinal anesthetic injec-
tion. Their use avoids the theoretical risks of the
needle-through-needle technique such as the dan-
ger of epidural catheter protrusion through the
dural hole made by the spinal needle and metallic
microparticle production while the spinal needle
passes through the bent epidural needle tip. First,
the spinal needle is introduced into the guide
needle as far as the distal end of the latter. Then,
the epidural specialized needle is introduced into

the selected intervertebral space and the epidural
space is located using the well-known indicator
methods. After that the epidural catheter is intro-
duced into the epidural space, confirming its posi-
tion by the test dose technique. Then, the spinal
needle is slowly pushed in to puncture the dura
and cerebrospinal fluid is obtained. The anes-
thetic solution is injected through the spinal nee-
dle into the subarachnoid space. Subsequently,
the spinal needle is slowly withdrawn from the
guide needle, and the epidural specialized needle
is withdrawn, leaving the epidural catheter in
position in the epidural space.

Other specialized needles have been intro-
duced over time, such as the Rusch Epistar CSE
needle®, which is a Tuohy needle with a shape
that prevents the catheter from being damaged by
the spinal needle and assures stable insertion of
both components [12].

Fig. 7.5 Double-barrel, parallel epidural-spinal needle
(Eldor needle). First, the spinal needle is introduced into
the guide needle. Then, the epidural needle is introduced
into the selected intervertebral space and the epidural
space is located. After that, the epidural catheter is intro-

duced into the epidural space, confirming its position by
the test dose technique. Then, the spinal needle is slowly
pushed in to puncture the dura, cerebrospinal fluid is
obtained, and the spinal anesthetic solution is injected
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These kinds of specialized needles may be
however uncomfortably large, and have not
gained widespread popularity.

7.4 Double-Interspace

Technique

In this technique, the two components of CSE
(spinal and epidural injection) are performed
using two separate needles, at different interver-
tebral spaces (Fig. 7.1). This allows the epidural
catheter to be placed and tested before subarach-
noid block is initiated, which is not possible with
needle-through-needle CSE. However, there is a
theoretical risk that the spinal needle may strike
the epidural catheter during placement, damag-
ing the needle or the catheter. To prevent this
unlikely complication, an alternative, but slightly
complicated, technique has been proposed: a
spinal needle is placed as low as possible in the
selected interspace and the CSF identified. The
spinal needle stylet is replaced, and an epidural
needle is placed cephalad and the epidural cath-
eter is then placed. The spinal needle stylet is
removed and subarachnoid blockade performed.
The technique allows placement of the epidural
catheter before subarachnoid injection but does
not require placing the spinal needle with an epi-
dural catheter in situ [13].

The double-interspace technique may allow
an epidural catheter placement in both the tho-
racic and the lumbar area, depending on the loca-
tion of the pain, while the subarachnoid injection
is still done in the lumbar area.

By using two different interspaces, one in the
epidural space and one in the subarachnoid space,
also two catheters may be positioned on the same
patient. Having both an epidural and a subarach-
noid catheter confers certain advantages, in that
both spinal anesthesia and epidural analgesia can
be extended or prolonged, as needed for surgery
and postoperative analgesia. Another potential
advantage is the possibility of titrating the intra-
thecal dose of the local anesthetic to the desired
dermatomal level and testing the correct position
of the epidural catheter before injecting the drugs.
However, due to concerns about the severe risk of

inadvertent epidural injection of local anesthetic
through the subarachnoid, rather than through the
epidural catheter, the dual-catheter technique is
rarely used [14, 15].

7.5 Optimal Length of the Spinal
Needle Beyond the Epidural

Needle Tip

The distance from the tip of the epidural needle
to the posterior wall of the dural sac in the mid-
line varies considerably among patients (0.3—
1.03 cm) [16, 17].

In addition, the anteroposterior diameter of
the dural sac varies considerably during flexion
and extension of the spinal column. For example,
at the L3-L4 level, the diameter increases from
a range of 9-20 mm in extension to a range of
11-25 mm in flexion [18]. Therefore, a minimum
of 13—15 mm length of the spinal needle protru-
sion beyond the epidural needle tip is recom-
mended for the CSE sets for a reasonably high
success rate [19, 20].

Also, because of the needle design, the length
of protrusion for needles with side orifice should
be greater than that for end-orifice needles [21].
However, these considerations are only valid
when the epidural puncture is performed in the
midline.

7.6  Risk of Epidural Catheter

Subarachnoid Migration

The risk of the epidural catheter penetrating
the dura mater through the hole made by the
spinal needle could be a major concern with
CSE. Separate-needle CSE where the epidural
catheter is placed first or distant from dural punc-
ture can avoid this problem but needle-through-
needle CSE cannot. An epidural catheter may
enter the subarachnoid space during CSE by
passing through the known hole made by the spi-
nal needle or through an unrecognized hole made
by the epidural needle. Rotation of the Tuohy
needle after spinal placement to redirect the
epidural catheter away from the dural hole may
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increase the ease of dural puncture and, therefore,
is not advisable [22].

However, a cadaveric study demonstrated that
it was impossible to force an 18-gauge epidural
catheter through the dural hole after a single dural
puncture made by a 25-gauge spinal needle. After
multiple dural punctures with the spinal needle,
the epidural catheter penetrates the perforated
dura in 5% of cases. The epidural catheter pen-
etrates the dural hole made by the Tuohy needle
in 45% of cases [23].

Subarachnoid catheter passage is unlikely in
the presence of intact dura or after an uncompli-
cated combined spinal epidural with a 25-gauge
Whitacre needle. Rather, unintentional subarach-
noid catheter passage suggests the presence of
dural damage with the epidural needle [24].

7.7 Subarachnoid Spread

of Epidurally Administered
Drugs and the Dural
Puncture Technique (DPE)

Occasionally extensive block and hypotension
may occur after inadvertent dural puncture and
the subsequent epidural injection of local anes-
thetics and the subarachnoid spread of solution
from the epidural space may be confirmed radio-
logically [25].

Fig.7.6 A short spinal
needle may not protrude
far enough beyond the
tip of the Tuohy needle
to puncture the dura.
Deviation from the
midline will also
increase the epidural-
dural distance and may
result in the spinal
needle missing the
subarachnoid space
laterally (adapted from
Fig. 3.5 with
permission)

A bolus solution of drug injected via the epi-
dural catheter has the potential to leak through
the dural puncture into the subarachnoid space,
but this has been demonstrated only for relatively
large-bore needles, and, in addition, this is not
usually a clinically significant problem [26-28].

The possible passage of epidural medica-
tions through a dural puncture is the basis of the
dural puncture epidural (DPE) technique: after
performing CSE via the needle-through-needle
technique, the spinal needle is withdrawn with-
out any subarachnoid drug administration. Then,
an epidural catheter is placed to administer anal-
gesic solutions through it. However, whether this
method may improve the quality of epidural labor
analgesia is still to be substantiated [29-31].

Failure/Problems
with the Spinal Component

7.8

Failure of the spinal component of CSE is more
common with the needle-through-needle tech-
nique than with the separate needle technique.
In the case of the needle-through-needle tech-
nique, failure of the spinal component can occur
for a number of reasons (Fig. 7.6). A short spi-
nal needle may not protrude far enough beyond
the tip of the Tuohy needle to puncture the dura.
On the other hand, a long needle may be more
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difficult to handle. Deviation from the midline
will also increase the epidural-dural distance and
may result in the spinal needle missing the sub-
arachnoid space laterally. If “loss of resistance
to saline” has been used to identify the epidural
space, backflow of saline through the spinal
needle may be mistaken for cerebrospinal fluid,
which may contribute to the failure of the spinal
component.

If problems are encountered with inserting
an epidural catheter when the spinal dose has
already been given, this may favor an uncon-
trolled sensory block spread before the anesthe-
tist has had a chance to position the patient. For
example, if the CSE is performed in the sitting

7 Combined Spinal-Epidural Technique

position and the epidural catheter placement
is delayed, there may be the risk of producing
a saddle block. Furthermore, significant side
effects of the subarachnoid block, such as hypo-
tension, may occur at a time when the anesthe-
tist’s attention is centered on attempting to insert
the epidural catheter.

To overcome these failure problems and to
make more accurate identification of the epi-
dural space, real-time ultrasonic scanning of the
lumbar spine has been reported [32]. It provides
an accurate reading of the location of the needle
tip and facilitates the performance of combined
spinal-epidural anesthesia (Fig. 7.7). Limitations
of this technique have been discussed in Chap. 6.
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Fig. 7.7 Real-time ultrasound image with the Tuohy needle placed epidurally and the CSE spinal needle placed intra-
thecally. Localization of the needles and structures (from [32] with permission)
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7.9  Epidural Volume Extension

Technique

A low subarachnoid block can be extended sig-
nificantly in a cephalad direction by an epidural
“top-up” of 10 mL of normal saline given within
5 min of the subarachnoid block. This effect is
known as epidural volume extension (EVE). The
mechanism of this effect is probably related to
compression of the subarachnoid space by the
saline in the epidural space, which compresses
the theca “squeezing” the cerebrospinal fluid,
and resulting in more cephalad extensive spread
of the subarachnoid block [33].

EVE allows CSE to be performed with small
initial intrathecal doses of local anesthetic and, as
saline is used for the epidural “top-ups,” the total
dose of local anesthetic used is reduced. EVE
has been successfully used to provide anesthesia
for elective cesarean section and may be associ-
ated with faster recovery of motor function in
the postoperative period compared to single-shot
spinal anesthesia [34]. EVE-induced sensory
block augmentation has adequate documentation
[35]; however, since EVE uses reduced intrathe-
cal doses, it may be associated with a higher risk
of inadequate anesthesia and an increased use of
intraoperative analgesic supplementation [36].

Indeed it should be remembered that increas-
ing the cephalad level of a sensory block does not
necessarily mean providing an adequate, dense
surgical block.

In addition one may speculate that a proce-
dure such as EVE, which causes dural compres-
sion, may increase the pregnancy-induced dural
compression. Active labor, by causing uterine
contractions, may further increase epidural space
pressure and enhance the effect of EVE.

7.10 Test Dose After CSE

When subarachnoid block is established before
placing an epidural catheter, a conventional epi-
dural “test dose” cannot be correctly interpreted
and may be potentially dangerous by extending
subarachnoid block [37].

In theory, the test dose could be delayed until
subarachnoid block is regressing, but this inter-
rupts analgesia and correct interpretation remains
difficult if residual block persists. In alternative,
the problem could be solved if separate-needle
CSE is used and the epidural catheter is placed
and tested before subarachnoid block, but this
may be impractical.

For labor analgesia a test dose is deemed to
be unnecessary if dilute solutions are used [6]
and since 30 years ago there has been a general
consensus that each labor analgesia bolus should
be regarded as a test dose [38]. It is also impor-
tant to consider that when therapeutic analgesic
doses are used as a test dose, the total dose may
be equivalent to the one used for subarachnoid
anesthesia. Therefore, if the catheter is acciden-
tally placed intrathecally, the mother will present
sensory motor block and hemodynamic compro-
mise similar to what may be observed after spinal
anesthesia for cesarean section.

However, using an untested epidural catheter
to extend an epidural block for an unplanned
cesarean section, in a preexisting CSE labor anal-
gesia, iS a major issue in obstetric anesthesia.
Problems with the test dose may lead to a greater
reliance on negative aspiration tests to confirm
epidural catheter placement.

However, when performing needle-through-
needle CSE, fluid has been noted at the hub of
the epidural needle or, very often, even within the
correctly positioned epidural catheter [39]; there-
fore, all boluses injected into an epidural catheter
after CSE should be of such a nature that unin-
tentional subarachnoid administration will not be
dangerous and neural block must be monitored
rigorously after boluses.
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Contraindications

The traditional contraindications to epidural
block are skin infections at the site of puncture,
coagulopathy, and sepsis, although these are not
the only risk factors for spinal hematoma and
abscess, and uncorrected maternal hypovolemia
(hemorrhage). Particular precautions should
be taken with patients with intracranial lesions
and spinal malformations. Inadequate training
and experience and patient refusal or inability
to cooperate may be added to the list, but such a
constraint applies to any treatment that is offered.

8.1 Skin and Soft-Tissue Alterations
at the Site of the Puncture
8.1.1 Bacterial Infection

Localized skin infection at lumbar level, at the site
of the puncture, is commonly included in the risk
factors for epidural abscess and, therefore, it is
usually considered to be an absolute contraindica-
tion to neuraxial anesthesia. However, there are no
recommendations regarding the minimum distance
between the puncture site and the site of infection.

8.1.2 Fungal Infection

8.1.2.1 Tinea (Pityriasis) Versicolor
Tinea (pityriasis) versicolor is a fungal infection
caused by the dimorphic yeast Malassezia furfur
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and Malassezia globosa. This yeast is part of the
normal skin flora and is largely considered to be
of low pathogenicity. The organism resides in the
stratum corneum and hair follicles. Incidence is
greatest during adolescence and young adult-
hood. Manifestation of the rash only occurs when
the yeast converts from the budding to the hyphal
form. Heat and humidity play a significant role in
this conversion. Other risk factors for conversion
to the hyphal form include pregnancy, oral con-
traceptive usage, immunosuppression, malnu-
trition, burns, corticosteroid therapy, depressed
cellular immunity, and genetic predisposition.

The typical presentation of tinea versicolor is
that of multiple hypo- and hyperpigmented mac-
ulopapular lesions most commonly found over
the chest, abdomen, and back. The rash is usually
asymptomatic although it may be associated with
pruritus.

In all cases it should be taken into account
that (1) the absence of rash over a particular loca-
tion in the affected patient does not ensure the
organism’s absence at the needle insertion site,
(2) all patients have commensal organisms nor-
mally found on the skin, and (3) the presence of
microorganisms is necessary, but not sufficient,
to cause neuraxial infections.

Skin antisepsis is important: 2% chlorhexidine
gluconate in 70% isopropyl alcohol penetrates
five layers of dermis and has antifungal proper-
ties. Local anesthetics have antimicrobial activity
against both bacteria and fungi as well. The anti-
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fungal properties of both the skin preparation and
local anesthetic solution as well as the patient’s
intrinsic immunologic defenses likely contribute
to a very low risk of neuraxial infections in partu-
rients with tinea versicolor.

Keeping in mind that fungal infections affect
only the superficial layers of the epidermis, after
appropriate aseptic treatment, a skin incision at
the puncture site may be used to advance the
needle directly through the dermis, avoiding con-
tamination of the deeper layers by the epidermis-
infected cells.

8.1.3 Viral Infections

8.1.3.1 Pityriasis Rosea (Beta-
Herpesvirus Infection)
Pityriasis rosea is an acute, self-healing, disease
of the skin that begins with the appearance of a
singular oval-shaped pink lesion followed by the
eruption of numerous thin papules that spread
symmetrically over the trunk in a distribution
often referred to as a “Christmas tree” pattern
(Fig. 8.1). It is commonly associated to gen-
eral malaise, fever, headache, nausea, pruritus,
arthralgias, and loss of appetite. On average, it
has a median duration of 45 days and has a pre-
dominancy for the feminine gender and it may
be seen in the obstetric population. Pityriasis
rosea is a beta-herpesvirus infection and there-
fore potential treatments include topical steroids,
oral antihistamines, acyclovir, and, when the dis-
ease is severe, phototherapy. The skin lesions of
pityriasis rosea are not due to direct infection of
skin cells, but rather occur as a reactive response
to systemic viral replication [1] and therefore the
risk for seeding the central nervous system (CNS)
with virions from the skin may be less than that of
patients with the active alpha-herpesvirus infec-
tion (such as the rare form of disseminate herpes
zoster infection, in which the cutaneous lesions
may be extended also to the dorsum), which rep-
licate in epithelial cells during active infection.
Pityriasis rosea should be, however, consid-
ered a contraindication to regional anesthesia
since there is no sufficient evidence of the risk
of meningitis or encephalitis from blood to CNS

Fig. 8.1 The characteristic “Christmas tree” distribution
of pityriasis rosea papules with herald patch

transmission when these patients are with active
infection.

8.1.4 Tattoos

Increasingly women of child-bearing age have
tattoos, frequently in the lumbar and sacral
areas. Many pigments are not intended for use in
humans and the tattoo artists are not regulated by
national agencies. Some anesthesiologists avoid
inserting an epidural needle through a tattoo on
the lower back because of the fear of complica-
tions related to tattoo pigment debris introduced
in the epidural space by the epidural needle.

Anonymous surveys of anesthesiologists
reported no agreement about the provision of epi-
dural analgesia for pregnant women with lower
back tattoos; in one, 40% of respondents indi-
cated that they would not perform the procedure,
and 70% reported no agreed departmental policy
for their management [2, 3].
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Although the literature review reports no
evidence of serious complications [4], a needle
passed through a tattoo can entrap pigmented
tissue fragments (cores) into the epidural or sub-
arachnoid space. It is not clear if this may induce
a risk of late neurological complications, related
to an inflammatory or granulomatous response
caused by metallic salts in tattoo pigment debris
introduced in these spaces. The data regard-
ing tissue coring and epidermoid tumor forma-
tion are reassuring, and it appears that the risk
of their development after neuraxial procedures
is likely to be extremely low, albeit currently
unquantifiable.

To avoid this theoretical risk, the physician
should try to avoid puncturing through the tattoo,
either by selecting a different vertebral interspace
or by using a paramedian approach or by find-
ing a pigment-free skin spot within the area of
the tattoo. When these options cannot be imple-
mented, a superficial skin incision prior to needle
insertion should prevent from coring tattoo pig-
ment when entering the skin. Whatever the final
choice, the technique to be implemented should
be determined as early as the antenatal visit, after
informed consent.

8.2  Systemic Infection: Febrile

Patient

The risk of CNS infection may theoretically
occur in any bacteremic patient. Metastatic infec-
tion from sources elsewhere may find a favorable
growing place in an area predisposed to infection
by mild trauma or irritation from an epidural nee-
dle or indwelling epidural catheter, and for this
reason epidural analgesia or anesthesia is often
considered contraindicated in the presence of
systemic infection.

It is a common concern among anesthesiolo-
gists that administration of regional anesthesia
to a febrile parturient may spread the infectious
agent to the central nervous system and lead to
neurological sequelae. However, to date no epi-
demiologic study has documented a causal rela-
tionship between dural puncture in the presence
of bacteremia and the subsequent development

of complications such as meningitis and epidural
abscess [5].

Provided that the infection is well under con-
trol with appropriate antibiotic therapy, the risk
of an epidural nidus would seem to be remote and
acceptable if epidural analgesia is indicated.

Administration of epidural anesthesia and
short-term epidural catheterization is most likely
safe in the parturient with chorioamnionitis with-
out bacteremia or sepsis signs and treated with
antibiotics [6, 7].

However, neuraxial blocks are generally con-
traindicated in obstetric sepsis, due to poor hemo-
dynamic tolerance, probability of coagulopathy
or thrombocytopenia, and risk of meningitis or
epidural abscesses [8].

8.2.1 Systemic Viral Infections: HIV,
Herpes Simplex, Herpes
Zoster (Alpha Herpesvirus,

HHV1, -2, and -3)

Concerns regarding the safety of epidural block
in patients with HIV infection due to the fear of
causing neurological sequelae through the needle
trauma are balanced by the absence of a definite
contraindication in a “relatively healthy” partu-
rient [9]. Neuraxial anesthesia may be the anes-
thetic method of choice in pregnant women when
compared with general anesthesia [10].

This is because it does not accelerate the neu-
rological disease progression and because of
the inherent risks of general anesthesia in these
patients (esophageal and oropharyngeal disor-
ders predisposing to regurgitation and aspiration,
opportunistic lung infections, drug interactions,
impact of general anesthesia on organs, liver or
renal dysfunction, history of drug abuse). The
indication of a blood patch with autologous
blood after dural tap is considered to be safe, and
it does not predispose the patient to neurologi-
cal disease progression with a follow-up period
of 2 years [11].

Viremia due to any virus from the herpesvirus
family (herpes simplex virus 1 and 2, and her-
pes virus varicella-zoster) usually occurs during
primary infection, followed by a neuronal per-
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sistence with ulterior virus reactivation. For this
reason a safe distance between the puncture site
and active lesions needs to be considered.

There are no maternal or neonatal infectious
complications following neuraxial anesthetic
techniques in pregnant women with active her-
petic lesions, with the exception of an increased
risk of herpes labialis (oral herpes) reactivation
after the administration of epidural morphine
[12].

8.3  Patients Receiving

Anticoagulants

Guidelines for regional anesthesia management
in the anticoagulated patient have been devel-
oped, well established, and regularly updated
[13-17].

These guidelines are, however, based on case
reports or cohort surveys and therefore the deci-
sion to perform spinal or epidural analgesia in
an anticoagulated parturient is individually tai-
lored according to the hematoma risk and the
benefits of regional analgesia. Epidural block is
usually contraindicated in the high-thrombotic-
risk patients (mechanical heart valves, lupus,
combined or antithrombin deficiency, arterial
thrombosis, recent (<3 months) deep vein throm-
bosis, and a history of pregnancy or postpartum
thrombosis). In these patients if antithrombotic
drugs cannot be discontinued alternative analge-
sia should be chosen and explained to the par-
turient. In low-thrombotic-risk patients receiving
anticoagulants to prevent placental vascular dis-
ease, anticoagulants should be stopped at the end
of pregnancy and labor epidural analgesia can be
performed after the anticoagulation period. For
intermediate-risk patients, the coagulation sta-
tus should be optimized and monitored to ensure
normal hemostasis recovery at the time of epi-
dural catheter placement and removal [15, 18].

Both the ASRA and the ESA [15, 16] rec-
ommend that with regard to UFH, if the dose
is <5000 units twice a day no further testing is
required before neuraxial anesthesia. Doses of
>5000 units twice a day require documentation
of a normal PTT before epidural placement. A

platelet count should also be checked to rule out
heparin-induced thrombocytopenia if the patient
has been receiving heparin for >4 days.

With LMWH no testing is required, but neur-
axial anesthesia should be delayed by either 12 h
or 24 h from the last injection of LMWH depend-
ing on whether the patient is receiving prophylac-
tic or therapeutic doses of LMWH, respectively.
If the patient has an epidural catheter placed,
LMWH administration should be delayed for 4 h
after catheter removal.

At the end of pregnancy, the cervical matu-
ration and obstetrical conditions for inducing
labor are the most important parameters guid-
ing LMWH discontinuation and allowing labor
analgesia. These obstetrical conditions must be
strictly and frequently monitored to optimize the
therapeutic strategy.

Although it is rare for a pregnant woman to
be taking the newer oral anticoagulants, such
as dabigatran or rivaroxaban, if a patient taking
these medications is encountered, neuraxial block
should be delayed by 5 and 3 days, respectively.

8.4 Disorders of Coagulation

8.4.1 Inherited Coagulation
Disorders

Due to the low prevalence of inherited coagu-
lation disorders, routine screening for inherited
coagulation disorders is not recommended except
in the case of a personal or immediate family his-
tory of bleeding. However, parturients who pres-
ent with known disorders or bleeding history
(mucocutaneous bleeding or menorrhagia) are at
an increased risk of bleeding complications dur-
ing pregnancy and childbirth [19].

There are no current recommendations on the
mode of delivery for these patients and the pres-
ence of a bleeding disorder does not necessarily
preclude normal spontaneous vaginal delivery
with neuraxial analgesia.

Von Willebrand disease (VWD) is the most
common inherited bleeding disorder in the gen-
eral population. Spinal, epidural, and combined
spinal-epidural anesthesia may be safely used
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in the type 1 disease [20-22]; however there is
a general consensus that patients with normal-
ized VWF:RCo, factor VIII, and VWF antigen
concentrations are the best candidates for neur-
axial anesthesia. The epidural catheter should
be removed as soon after delivery as possible
because factor concentrations decrease rapidly
after delivery. If the catheter is maintained in
situ after delivery, documentation of normal fac-
tor concentrations should be obtained before its
removal.

Although hemophilia A and B (severe fac-
tor VIII and IX deficiency, respectively) are
extremely rare in females, carrier status is much
more common. The safe placement of neuraxial
anesthesia in hemophilia carriers is well docu-
mented, both in pregnant and in nonpregnant
patients [20], but where the patient is a known
carrier, the factor concentrations of VIII/IX
should be normalized before epidural placement.

8.4.2 Platelet Disorders

Among acquired disorders, platelet disorders
are the most common hematological disorders
during pregnancy. Almost all thrombocytopenia
during pregnancy are related to one of the three
causes: gestational thrombocytopenia, hyperten-
sive disorders such as preeclampsia, or idiopathic
thrombocytopenic purpura (ITP).

During gestational thrombocytopenia or ITP,
the platelet count is usually stable while during
preeclampsia the platelet count can rapidly change
and therefore it is important to obtain serial plate-
let counts. In addition, the platelet function is typi-
cally normal in gestational thrombocytopenia and
ITP, whereas it may be abnormal in severe pre-
eclampsia and in this latter case it may be further
complicated by hemolysis, elevated liver enzymes,
and low platelet syndrome with coagulopathy. To
my knowledge, there is only one case report in the
literature of a parturient with preeclampsia with
thrombocytopenia who developed an epidural
hematoma, and in this case, she underwent a lami-
nectomy and fully recovered [23].

At the present time there is no definition of the
minimal platelet count below which it is unsafe

to perform epidural anesthesia. Indeed, each
patient must be individualized, and the physi-
cian must weigh the risks and benefits. A routine
platelet count is not necessary in the otherwise-
healthy parturient and should be done based on
patient history, physical examination, and clini-
cal signs. If the platelet count is found to be low it
is important to confirm this finding because auto-
mated counters can be unreliable, especially at
lower platelet counts. A manual count should be
undertaken, because it is not uncommon to find
that the platelets are clumping, and the count is
really greater than calculated. Patient history and
physical examination are key components when
deciding whether to proceed with an epidural
block in the parturient with thrombocytopenia. I
will place an epidural catheter in a woman with
a stable platelet count of 70,000-75,000 mm~3.
Generally speaking if there is any history of easy
bruising or if the patient has evidence of pete-
chiae or ecchymosis, epidural block should not
be offered. If the patient has no bleeding history,
then my general practice is to obtain at least one
additional platelet count as close in time to epi-
dural catheter placement as possible to ensure
that it is not decreasing. This is especially impor-
tant for disease processes that are dynamic, such
as preeclampsia.

The etiology of thrombocytopenia and deter-
mining whether platelets are functioning ade-
quately are the most important factors and a
consultation with a hematologist may sometimes
be needed. The risks of epidural placement vs.
general anesthesia have to be individualized, and
informed consent must be obtained.

If the decision is made to place an epi-
dural catheter with a platelet count lower than
70,0003, soft-tipped catheters should be used
to minimize trauma to epidural vessels, and the
lowest concentration of local anesthetics should
be used, in order to preserve motor function. The
patient should be frequently examined (every
1-2 h) to assess the extent of the motor block,
and these examinations should continue until
after the anesthesia or analgesia has worn off and
the catheter has been removed. In this way, if the
patient develops a motor block out of proportion
to what one would expect, the development of
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an epidural hematoma may be suspected and the
patient must be assessed immediately with mag-
netic resonance imaging.

8.5 Intracranial Lesions

Parturients with intracranial lesions are often
assumed to have increased intracranial pressure
(ICP) and for this reason this condition is usu-
ally considered as a contraindication to neuraxial
anesthesia due to the risk of herniation after an
inadvertent dural puncture.

In order to understand the association between
ICP and brain herniation, it is important to define
intracranial compliance which is the relationship
between the ICP and the volume of brain, cerebro-
spinal fluid (CSF), and blood within the cranium.

8.5.1 Fundamental Considerations
The brain (approximately 1400 mL of volume) is
a relatively non-compressible structure.

The intracranial volume of CSF is approxi-
mately 150 mL and is contained in the cerebral
ventricles and freely communicates back and
forth within the extracranial subarachnoid space.
CSF is reabsorbed in the arachnoid granulations,
which then empty into the intracranial venous
sinuses (which are non-compressible since they
are located in the skull). The CSF system acts
like a compressible cushion within and around
the brain. Approximately 400-500 mL of new
CSF is produced daily. Each of the intracranial
and spinal compartments of the CSF system typi-
cally contains 150 mL of CSF, and the remainder
is continuously reabsorbed. Normal CSF pres-
sure ranges from 13 to 20 cm H,O.

If the flow of CSF is impeded within or
between the ventricles, “non-communicating” or
“obstructive” hydrocephalus occurs. However an
increased ventricular volume is not always asso-
ciated with increased ICP (such as in the case
of cerebral atrophy which causes dilation of the
ventricles without an increase in ICP).

Hydrocephalus associated with increased ICP
may be due to the impaired absorption of CSF

(communicating hydrocephalus) or obstruction
of the CSF flow (obstructive hydrocephalus).
Parturients with non-communicating hydroceph-
alus are typically at greater relative risk of acute
neurological deterioration after intentional or
inadvertent dural puncture, than those with com-
municating hydrocephalus.

The normal cerebral blood volume is approxi-
mately 150 mL and is influenced by a variety of
factors, including the degree of vasoconstriction.

Within the noncompliant bony skull, the total
intracranial volume remains a constant, such that
an increase in the volume of any one component
causes a compensatory decrease in the volume of
another (Monro—Kellie doctrine).

In normal subjects, magnetic resonance imag-
ing of the brain shows that CSF shifts from the
intracranial to the spinal subarachnoid space dur-
ing cardiac systole. This phenomenon is a physi-
ologic response to the corresponding increased
brain-blood volume that occurs with each systolic
contraction (homeostasis based on the Monro—
Kellie doctrine). During diastole, CSF returns to
the intracranial compartment. Therefore, physi-
ologic alterations in cerebral blood volume result
in a transient, well-tolerated increase in ICP fol-
lowed by rapid re-equilibration, which does not
compromise neurologic function [24-26].

The respiratory cycle also produces small, well-
tolerated, oscillations of CSF pressure [27, 28].

Obesity and external abdominal compression
result in decreased lumbar CSF volume [29],
most likely due to the compression of the dural
sac at the sites of intervertebral foramen in the
abdomen.

During labor CSF pressure increases with
contractions (mean rise 2.5 mmHg) [28] and this
rise corresponds to an increase in central venous
pressure, which persists even during sleep or total
sensory block.

Injection of solutions into the lumbar epidural
space compresses the dural sac, alters the compli-
ance of the spinal subarachnoid space, and dis-
places CSF upward towards the cranium [30, 31].

Pregnancy and labor gradually increase base-
line lumbar epidural pressure due to the space-
occupying effect of the increased blood volume
in distended epidural veins [32, 33].
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Subjects with baseline-elevated ICP have
more pronounced transient increases in ICP after
epidural injection, than subjects with normal
ICP. Significant (90%) but transient reduction in
cerebral blood flow has been observed in an ani-
mal model with elevated ICP [30, 31].

Under normal conditions, the total intracranial
volume is low enough so that, despite the rou-
tine physiologic perturbations associated with the
cardiac and respiratory cycles, as well as those in
pregnancy and vaginal delivery, the ICP fluctu-
ates within the normal range and no neurologic
consequences Occur.

In the case of malignant tumors or conditions
such as eclampsia, disruption of the blood-brain
barrier frequently leads to vasogenic edema,
which increases the extracellular water content,
and subsequently the tissue volume, within the
skull [34-37].

Abnormalities in intracranial blood vessels
can also impact intracranial volume in a variety
of ways. When vessel rupture occurs, it produces
intracranial hemorrhage (subdural, intracerebral,
or subarachnoid hemorrhage). Venous occlusion
can also lead to secondary intracerebral hemor-
rhage. Any intracranial hemorrhage or other sud-
den increase in intracerebral blood volume has
the potential to increase ICP by impeding the
free flow of CSF either by exerting mass effect on
the ventricular system or by causing thrombosis
within the ventricles. Any of these circumstances
can increase the risk of neurologic deterioration
after neuraxial anesthesia.

8.5.2 The Impact of a Space-
Occupying Lesion with or
Without ICP

Of the intracranial tumors discovered during
pregnancy due to detection of neurologic symp-
toms, gliomas represent the majority, followed
by meningioma, and acoustic neuroma. Tumors
such as meningiomas and pituitary adenomas
can be hormone responsive and therefore may
enlarge during pregnancy.

The effect of any space-occupying lesion on
intracranial compliance is the most important

factor to be evaluated in predicting the poten-
tial for neurologic deterioration from neuraxial
anesthesia. The most relevant lesion character-
istics are its location and size, the rapidity with
which the overall brain tissue and volume have
increased, and the presence of imaging evidence
of preexisting fluid or tissue shifts or obstruction
to CSF pathways.

To safely perform any dural puncture, there
should be preservation of continuous flow of CSF
and absence of a significant differential pressure
between the intracranial and the intraspinal com-
partments. If a pressure differential exists, then
loss of sufficient CSF volume throughout the
dural puncture could force brain tissue to shift
from one compartment to another. In addition,
because there will most likely be some loss of
lumbar CSF after a lumbar dural puncture, there
should be sufficient remaining intracranial CSF
so that CSF will shift to equalize the pressure
rather than brain tissue.

However, a space-occupying lesion is not
always associated with an increased ICP.

For example, if a primary brain tumor is
located in a region which is remote from CSF
pathways, and is of small-to-moderate size or
grows slowly over time, it may cause little or no
ventricular compression, and, therefore, have no
impact on CSF flow. A sudden loss of lumbar
CSF volume at the time of dural puncture will
cause a transient pressure gradient across the
foramen magnum. In this case, CSF rather than
brain tissue will be displaced from the intracra-
nial to the lumbar CSF compartment and there
should be no herniation of brain tissue. Similarly,
one would expect that in this patient with normal
pre-procedure ICP, the transient increase in ICP
associated with epidural injection would also be
well tolerated [38—41].

Typically, these patients lack signs of
increased ICP such as headache, nausea, vom-
iting, decreased alertness, recent seizure, hemi-
paresis, or pupillary abnormalities, or imaging
evidence suggestive of increased ICP.

In contrast, if the intracranial lesion partially
or completely obstructs the free flow of CSF,
then the risk of brain herniation after intentional
or accidental dural puncture is increased [42].
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Lesions located at an anatomically narrowed
segment of the ventricular system (near the third
ventricle or cerebral aqueduct) or at the foramen
magnum can place the parturient at significant
risk of herniation. As the lesion grows, it dis-
places intracranial CSF caudally, or in the case of
an obstruction to CSF outflow, it causes increased
ventricular volume and hydrocephalus.

If the intracranial CSF has been exhausted and
the lumbar CSF pressure suddenly drops from a
dural puncture, then brain tissue itself will be dis-
placed into the neighboring intracranial compart-
ment or into the spinal canal (tonsillar herniation)
and significant neurological deterioration typi-
cally ensues [43-46].

8.5.3 Arnold-Chiari Malformation

By definition, Arnold-Chiari malformations are
structural defects in the cerebellum characterized
by the downward displacement of the cerebellar
tonsils at least 5 mm through the foramen magnum,
sometimes leading to non-communicating hydro-
cephalus as a result of obstruction of CSF flow.

The most common form of this congenital dis-
ease is the type I, which is characterized by the
above-described downward displacement of the
cerebellar tonsils and which may be associated
with cervical syringomyelia. Parturients with the
most common form, type I, may be asymptom-
atic or may display symptoms, including head-
ache, ataxia, and/ or sensorimotor impairments of
the extremities.

Type II is associated with myelomeningo-
celes and both the cerebellar and brain stem tis-
sue extend into the foramen magnum, resulting
in episodic apnea, cranial nerve dysfunction, and
upper extremity weakness. Type II is associated
with hydrocephalus, syringomyelia, and spinal
lumbar myelomeningocele. In type III there is
further protrusion of the cerebellum and the brain
stem into the foramen magnum and the spinal
cord, resulting in severe neurologic dysfunc-
tion. Type III is associated with syringomyelia,
tethered cord, and hydrocephalus. Type IV dis-
ease involves cerebellar hypoplasia. Successful
surgical correction removes the obstruction but

some of the associated anomalies, such as a teth-
ered spinal cord, may persist and may represent
important contraindications to neuraxial anes-
thesia. It may be possible to carefully proceed
with a spinal or epidural analgesia or anesthe-
sia in a parturient with an asymptomatic type I
Chiari malformation since there are many reports
documenting successful and uneventful spinal
and epidural analgesia and anesthesia in these
patients [47-49].

However, if the patient has an inadvertent
large-gauge needle dural puncture and/or devel-
ops a persistent headache or other neurologic
symptoms, an early epidural blood patch is rec-
ommended because a decrease in CSF pressure
can cause further herniation of the cerebellar ton-
sils [50].

8.5.4 Pseudotumor Cerebri

Idiopathic or benign intracranial hypertension,
also known as pseudotumor cerebri, is a common
condition, in which increased ICP does not imply
herniation risk after dural puncture. This disor-
der, usually occurring in obese women of child-
bearing age, is defined by increased ICP (>20 cm
H,0) with normal CSF composition and absence
of a known underlying cause.

In these women there is no obstruction to
CSF flow and no baseline differential pressure
between the intracranial and spinal CSF com-
partments. Therefore, a sudden drop in CSF vol-
ume during lumbar dural puncture will be rapidly
accommodated by caudal flow of CSF and should
not result in brain shift or herniation.

Indeed the therapy for this disease includes
serial lumbar punctures for deliberate removal of
large volumes of CSF, coupled with weight con-
trol, diuretics, and steroids. Neuraxial anesthe-
sia may be used effectively for parturients with
benign intracranial hypertension with or without
shunts. However the use of 5 mL incremental,
slow, boluses of epidural solution is suggested
which may be better tolerated in symptomatic
patients who might otherwise experience exacer-
bation of their symptoms due to the predelivery
increase in ICP [51-57].
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8.5.5 Individual Patient Assessment
As with all high-risk parturients, ensuring ante-
partum anesthesia consultation and multidis-
ciplinary planning is extremely important in
pregnant patients with intracranial pathology.
The decisional algorithm to assess the risks of
neuraxial anesthesia in parturients with space-
occupying lesions is reported in Fig. 8.2, and
helps to provide the framework for informed con-
sultative questions [58].

There is no evidence of danger to fetal safety
owing to the performance of maternal brain
magnetic resonance imaging and therefore this
exam should not be withheld during pregnancy
if needed [59].

Parturients at high risk of herniation from a
dural puncture are those with lesions that com-
press normal brain tissue and cause it to shift
across the midline or downward, with or without
obstruction to the flow of CSF. Parturients with
space-occupying lesions that have no mass effect,
hydrocephalus, or clinical or imaging findings
suggestive of increased ICP are likely to have
minimal to no increased risk of herniation from
a dural puncture. A careful and multidisciplinary
evaluation of this type of parturients not only per-
mits appropriate low-risk candidates to benefit
from the advantages of neuraxial anesthesia, but
also allows proper preparation for general anes-
thesia for high-risk parturients when needed.

Does patient have known
intracranial pathology?

Are there new neurologic symptoms (e.g.
worsening headache, visual changes, seizure, or
decreased level of consciousness) or a known
lesion that is likely to grow or change

during pregnancy? or inracranial cyst)?

Is there recent imaging?

Repeat neuroimaging, DO NOT PROCEED
preferably magnetic

resonance imaging (MRI)

Is there imaging evidence of
an intracranial space-occupying lesion
(e.g. tumor, hematoma, edema,

Is there imaging evidence
of significant mass effect
with or without midline shift?

Patient is likely at high risk of
herniation from dural puncture

8.6 Spina Bifida

Spina bifida describes a variety of congenital
abnormalities that arise as a result of failed clo-
sure of the neural tube. It is categorized as spina
bifida cystica, which may include meningocele,
myelomeningocele, rachischisis, and anenceph-
aly and spina bifida occulta, which includes a
wide range of minor defects. Although the spina
bifida cystica is a very rare condition, the spina
bifida occulta ranges from 10 to 50% of the
adult population if its frequency is based on the
presence of defects observed in the vertebral spi-
nous processes and lamina [60, 61].

In addition, early repair of meningoceles and
myelomeningoceles and advance in treatment
of complications have resulted in an increas-
ing number of patients with spina bifida cystica
reaching childbearing age.

8.6.1 Spina Bifida Occulta

This is a relatively frequent condition, mostly
at low lumbar and sacral level, which in most
cases consists of isolated bony arch abnormali-
ties often associated with posterior disc hernia-
tion. Epidural anesthesia is not contraindicated;
the only recommendation is to perform the block
at a site remote from the level of the anomaly.
Supporting ligaments, specifically the interspi-

Do the clinical or imaging
findings suggest increased
intracranial pressure?

Is there imaging
evidence of hydrocephalus?

Is there obstruction to
CSF flow at or above
the foramen magnum?

Is there minimal or
subtle mass effect?

DO NOT PROCEED WITHOUT
NEUROLOGICAL CONSULTATION
Patient is likely at
mild-to-moderate risk of
herniation from dural puncture

MAY BE REASONABLE TO
PROCEED WITH NEURAXIAL
ANESTHESIA
Patient is likely at minimal risk
of herniation from dural puncture

Fig. 8.2 The decisional algorithm to assess the risks of neuraxial anesthesia in parturients with space-occupying

lesions (modified from [58])
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nous ligament and the ligamentum flavum, may
be abnormal at the level of the lesion, resulting in
an increased potential for accidental dural punc-
ture. The epidural space may also be discontinu-
ous across the lesion, and inadequate or failed
block may result.

Dimpling of the skin or a hairy patch at the
base of the spine may be present in up to 70 %
of the patients with cord abnormalities, of which
only 30 % are symptomatic [38].

In these cases magnetic resonance imaging is
recommended to exclude the presence of a teth-
ered spinal cord or other possible cord abnor-
malities, after which it is acceptable to perform
regional anesthesia at a level not affected by the
abnormality.

8.6.2 Spina Bifida Cystica

The majority of spina bifida cystica patients
are operated on in the first 24 h of life and
improved surgical techniques allow the closure
of large defects. Most patients develop hydro-
cephalus but not all require shunts to be placed.
Associated abnormalities of the gastrointestinal,
skeletal, cardiac, and renal systems may affect
development. Progressive spinal deformities are
observed in up to 90% of patients, with findings
of scoliosis, kyphosis, and lordosis. Regional
anesthesia is not contraindicated in patients with
fixed neurologic deficits or previous spinal sur-
gery, but it may be technically more difficult to
perform. In these patients there is an increased
risk of accidental dural puncture and incomplete
blocks.

Spina bifida may be associated with another
very rare condition, the tethered cord syndrome
(Fig. 8.3). Clinically, the importance of this syn-
drome lies in the greater potential for direct spinal
cord trauma while performing regional anesthe-
sia, due to the low-lying conus medullaris. The
syndrome may not be symptomatic until the pre-
cipitating event, such as childbirth, occurs and
regional anesthesia may be implicated. Epidural
may be safer than spinal anesthesia because of
the low fixed cord, but the risk of epidural anes-
thesia in this group of patients is unknown.

8 Contraindications

Fig. 8.3 T2-weighted sagittal image showing hydrosy-
ringomyelia of the distal cord at the level of L1 (yellow
arrow) and cord tethering at S1 (white arrow) (from [62]
with permission)

There is still no consensus whether all patients
with spina bifida should have an MRI scan when
regional analgesia/anesthesia is planned. In theory
any patient with spina bifida including spina bifida
occulta may have a tethered cord even where no
neurological symptoms are elicited [62, 63].

However, considering spina bifida as a relative
or absolute contraindication to regional anesthe-
sia and to use general anesthesia instead, it must
be remembered that it is not without risk as sev-
eral cases of difficult and failed intubations have
been described [64].
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Complications

Only the complications due to the epidural tech-
nique will be described in this chapter.

Please refer to the standard textbooks for the
complications due to the solutions injected, such
as local anesthetic toxicity, total spinal anesthe-
sia, etc.

Accidental Dural Puncture
and Dural Puncture
Headache

9.1

“I had a feeling of very strong pressure on my
skull and became rather dizzy when I stood up
rapidly from my chair. All these symptoms van-
ished at once when I lay down flat, but returned
when I stood up. ... I was forced to take to bed
and remained there for nine days, because all the
manifestations recurred as soon as I got up. ...
The symptoms finally resolved nine days after
the lumbar puncture.” This is the first descrip-
tion of consequences of dural puncture, made in
1898 by August Bier and his assistant, Dr. August
Hildebrandt, who performed experiments with
cocainization of the spinal cord on themselves.

Accidental dural puncture is of greatest con-
cern in the obstetric anesthesia setting, since
more than half of all parturients who experience
an inadvertent dural puncture with an epidural
needle will eventually develop headache symp-
toms, which may be associated with chronic
headache and back pain [1, 2].

© Springer Nature Switzerland AG 2020
G. Capogna, Epidural Technique In Obstetric Anesthesia,
https://doi.org/10.1007/978-3-030-45332-9_9

9.1.1 Pathophysiology

It is commonly agreed that PDPH is due to the
loss of cerebrospinal fluid (CSF) through a per-
sistent leak in the dura. However, the cellular
arachnoid mater (containing frequent tight junc-
tions and occluding junctions) is perhaps more
important than the more permeable and acellular
dura mater in the generation of symptoms.

The arachnoid membrane may exhibit tissue
closure in relation to the dura because its main func-
tion is to act as a barrier; therefore, it may lack the
elastic properties of the dural layer. The arachnoid
layer limits the escape of fluid, so the amount of
CSF lost through the punctured orifice is likely to
be related to the speed of closure of the arachnoid
lesion rather than to the dural one [3-7] (Fig. 9.1).

The term meningeal puncture headache
(MPH) has therefore been proposed as an alter-
native to postdural puncture headache (PDPH),
and this calls into question the interpretation of
studies published in the past which examined iso-
lated dura mater in vitro.

The actual mechanism by which CSF hypoten-
sion generates headache is currently attributed to a
bimodal mechanism involving both loss of intra-
cranial support and compensatory cerebral vasodi-
lation. Reduced support due to CSF loss is thought
to allow the brain to drop into the upright position,
resulting in traction and pressure on pain-sensitive
structures within the cranium (dura, cranial nerves,
bridging veins, and venous sinuses). Adenosine-
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“Dural

laminas -

Fig.9.1 (a) Dura-arachnoid lesion produced by 17G Tuohy
needle. Internal surface of human dural sac (arachnoid
layer). Scanning electron microscopy. Magnification: (a)
x50; (b) x50 (from Reina M.A., Lopez A., van Zundert
A.AlJ., De Andrés J.A. (2015) Ultrastructure of Dural
Lesions Produced in Lumbar Punctures. In: Reina M., De
Andrés J., Hadzic A., Prats-Galino A., Sala-Blanch X., van
Zundert A. (eds) Atlas of Functional Anatomy for Regional

mediated vasodilation may occur secondary to
diminished intracranial CSF (in accordance with
the Monro-Kellie hypothesis, which states that
intracranial volume must remain constant) and
reflexively secondary to traction on intracranial
vessels. Multiple neural pathways are involved in
generating the symptoms of PDPH. These include
the ophthalmic branch of the trigeminal nerve in
frontal head pain, cranial nerves IX and X in occip-
ital pain, and cervical nerves in neck and shoulder
pain. Nausea is attributed to vagal stimulation.
Auditory and vestibular symptoms are secondary
to the direct communication between the CSF and
the perilymph via the cochlear aqueduct, which
results in decreased perilymphatic pressures in the
inner ear and an imbalance between the endolymph
and perilymph. Significant visual disturbances are
thought to represent a transient palsy of the nerves
supplying the extraocular muscles of the eye.

9.1.2 Clinical Presentation
and Characteristics

Onset of symptoms is generally delayed, with head-
ache usually beginning 12-48 h and rarely more
than 5 days following meningeal puncture [8].

Anesthesia and Pain Medicine. Springer, Cham with permis-
sion). (b) Dura-arachnoid lesion produced by 17G Tuohy
needle. External surface of human dural sac (external dural
laminas). Scanning electron microscopy. Magnification: (a)
x50; (b) X400 (from Reina MA, Castedo J, Lépez A. Cefalea
pospuncion dural. Ultraestructura de las lesiones durales y
agujas espinales usadas en las punciones lumbares. Rev. Arg
Anestesiol. 2008; 66:6-26 with permission by Elsevier)

The essential feature of PDPH is its postural
nature, with headache symptoms worsening in the
upright position and relieved, or at least improved,
with recumbency. The International Headache
Society (IHS) diagnostic criteria [9] further describe
this positional quality as worsening within 15 min
of sitting or standing and improving within 15 min
after lying. Headache, whose severity varies con-
siderably among patients, is always bilateral, with
a distribution that is frontal (25%), occipital (27%),
or both (45%). There is no standardized severity
scale, but Lybecker proposed evaluating the head-
ache intensity using a 10-point analog scale, with
1-3 classified as mild, 4-6 as moderate, and 7-10
as severe, also according to restriction in physical
activity, degree of confinement to bed, and pres-
ence of associated symptoms [9].

The IHS criteria for PDPH require that head-
ache be accompanied by at least one of the fol-
lowing symptoms [9]: neck stiffness, tinnitus,
hypoacusia, photophobia, and nausea. However,
these criteria cannot be considered as absolute, as
many patients suffer from PDPH in the absence
of any symptoms apart from the headache itself.
Usually, the more severe the headache, the more
likely it is to be accompanied by associated
symptoms.
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The most common associated symptoms are
nausea, pain, and stiffness in the neck and shoul-
ders. Uncommonly, patients may experience
auditory or visual symptoms that can be unilat-
eral, and the risk for either appears to be directly
related to the needle size.

9.1.3 Risk Factors

The patient characteristic having the greatest
impact on the risk of PDPH is age, the incidence
declining over time. Gender is also a significant
risk factor, females having approximately twice
the risk when compared with males. Pregnancy
has traditionally been regarded as a risk factor but
this may be simply due to the fact that the preg-
nant population is a young female cohort with
a relatively high incidence of inadvertent dural
puncture with a large needle. Pushing during the
second stage of labor may promote the loss of
CSF through the hole in the meninges, and may
increase the risk of PDPH following inadvertent
dural puncture [10].

As described for spinal needles, meningeal
puncture with larger epidural needles is associ-
ated with a higher incidence of PDPH, more
severe headaches, more associated symptoms, a
longer duration of symptoms, and a greater need
for definitive treatment measures [11].

Very important factors in the development of
PDPH are also the experience, the comfort, and
the skill of the operator. Repeated number of
punctures, inexperience, and fatigue play a major
role in determining the incidence of accidental
dural puncture during an epidural procedure [12].

9.1.4 Prevention and Prophylaxis

Unfortunately the overall quality of evidence for
preventive measures is generally weak.
Ultrasound can decrease the number of needle
passes required for epidural procedures but its
potential to reduce the incidence of inadvertent
dural puncture and therefore PDPH is still not
defined. Bed rest and aggressive oral and intrave-
nous hydration continue to be believed as one of

the major prophylactic measures even if there is
no evidence to support this common practice [13].

The risk of PDPH following ADP can be
reduced by using the smallest feasible epidural
needle [11].

Subarachnoid saline, intravenous cosyntropin,
intrathecal epidural catheters, epidural saline,
epidural opiates, and prophylactic epidural blood
patch are sometimes used as prophylactic mea-
sures but none of these maneuvers are supported
by strong scientific evidence [14, 15].

Among the most important preventive mea-
sures I should like to emphasize is a good knowl-
edge of lumbar anatomy together with a carefully
performed technique. It is well known that the
inner surface of the ligamentum flavum is sepa-
rated from the external surface of the dural sac by
the epidural fat occupying the posterior epidural
space. However, at the most lateral parts of the
epidural space, where there is no epidural fat, the
ligamentum flavum directly contacts the dural sac
and this area is particularly at risk for inadvertent
dural puncture [16]. If by chance the epidural
needle is inserted in this area, the anesthesiolo-
gist should have the ability and the expertise to
place the needle in the epidural space with a
minimum extension without puncturing the dura
(Fig. 9.2). Extension is defined as the distance the
needle tip goes beyond the ligamentum flavum
into the epidural space: the less the extension, the
less likely the dural puncture will be, especially
in that lateral area where the ligamentum flavum
directly contacts the dural sac.

9.1.5 Diagnostic Evaluation

While numerous clinical variations have been
reported, most cases of PDPH have a history of
known or possible meningeal puncture, delayed
onset of symptoms (but within 48 h), and bilat-
eral postural headache (possibly accompanied
by associated symptoms if moderate or severe).
Fortunately, a careful history with a brief con-
sideration of other possible diagnoses is usually
all that is necessary to differentiate PDPH from
other causes of headache. Although headache
following dural puncture will naturally be sus-
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Fig.9.2 Transverse section of human lumbar spine at L1
vertebral level (LF ligamentum flavum). At the most lat-
eral parts of the epidural space, where there is no epidural
fat, the ligamentum flavum directly contacts the dural sac
and this area is particularly at risk for accidental dural
puncture. Especially in this area, if the bevel of a Tuohy

pected to be PDPH, it remains critical to rule out
other causes.

A number of other benign etiologies are possi-
ble: nonspecific headache, tension-type headache,
exacerbation of chronic headache, hypertensive
headache, pneumoencephalus, sinusitis, drug-
related side effects (such as caffeine withdrawal),
and spontaneous intracranial hypotension. Serious
causes of headache are rare but must be excluded:
meningitis, subdural hematoma, subarachnoid
hemorrhage, preeclampsia and eclampsia, and
intracranial venous thrombosis.

A high index of suspicion should be main-
tained especially when typical PDPH progresses
but loses its postural component.

9.1.6 Treatment

Once a diagnosis of PDPH has been made,
patients should be provided with a straightfor-
ward explanation of the presumed etiology, told

epidural needle is no longer than a few millimeters, the
sooner the physician stops the advancement of the needle
once it has entered the epidural space (and therefore less
epidural needle coming out of the ligamentum flavum),
the less likely an accidental dural puncture is to occur
(modified from [16] with permission)

the anticipated natural course, and given a realis-
tic assessment of treatment options.

Unfortunately there isn’t any high-quality evi-
dence supporting many commonly used forms
of conservative and pharmacological methods
of treatment of obstetric PDPH. As a possible
example, this is the treatment suggested by the
Obstetric Anaesthetists’ Association (UK) who
set up a working group to review the litera-
ture and produce evidence-based guidelines for
management of obstetric postdural puncture
headache [17]:

— Bed rest may reduce the intensity of symp-
toms, but prolonged bed rest is not recom-
mended as it may increase the risk of
thromboembolic complications.

— Thromboprophylaxis should be considered for
women whose mobility is reduced due to
PDPH.

— Encourage fluid intake to maintain adequate
hydration.
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— Offer simple oral analgesia such as
paracetamol, weak opioids, and NSAIDs if
not contraindicated.

— Stronger opioids such as morphine or oxyco-
done may be offered but treatment should usu-
ally be limited to <72-h duration.

— Caffeine may be offered but limited to 24-h
duration, with a maximum dose of 900 mg
(200 mg maximum in breastfeeding women).

— Offer an epidural blood patch (EBP) when
symptoms affect daily living and care of the
baby.

Although considered by many anesthesiolo-
gists as the gold standard for the treatment of
obstetric PDPH, high-quality evidence on the
management of an epidural blood patch (EBP) is
limited [18].

The procedure itself has been well described
and consists of the sterile injection of fresh autol-
ogous blood near the previous dural puncture.

The mechanism of action of the EBP, while not
entirely elucidated, appears to be related to the
ability to stop further CSF loss by the formation
of a clot over the defect in the meninges as well
as a tamponade effect with cephalad displace-
ment of CSF (the “epidural pressure patch”). The
appropriate role of the EBP in individual situa-
tions will depend on multiple factors, including
the duration and severity of headache and associ-
ated symptoms, type and gauge of original needle
used, and patient wishes.

Unfortunately, various aspects of the proce-
dure, such as its efficacy, optimum timing, and
duration of the supine position following the
patch, are still not well defined. The balance of
the risks of an EBP versus the potential conse-
quences of non-interventional management is not
fully understood [18].

Early reports of the EBP frequently cited high
success rates but often did not include a strict defi-
nition of “success,” had little or no follow-up, and
failed to consider the influence of such confound-
ing factors as needle size and tip design, severity
of symptoms, or natural history of PDPH. The
true efficacy of the EBP procedure is now known
to be significantly lower than once thought [19].

Before hospital discharge, women who have
experienced dural puncture with an epidural
needle or PDPH should be given information on
symptoms that require further medical assess-
ment and information about who they should
contact and what arrangements should be made
for appropriate follow-up after discharge from
hospital.

9.2 Accidental Subdural

and Intradural Puncture

Significant uncertainty exists regarding the issue
of an accidental injection of local anesthetic into
the region commonly referred to as “subdural
space” during attempted epidural block, par-
ticularly in obstetric patients. As most cases are
suspected but not investigated, the real incidence
is unknown since anatomical diagnosis is rarely
made.

Most of the reported cases of accidental subdu-
ral block have been in obstetric patients receiving
neuraxial analgesia for labor with a reported inci-
dence varying from 0.8 to 0.02% depending on the
criteria used to make the diagnosis due, in turn, to
the large variability of presentation [20, 21].

9.2.1 Anatomical Basis

This wide interpatient variability seen with a sub-
dural block may be explained by its anatomical
basis. Ultrastructural studies have demonstrated
that there is no space between the dura and the
arachnoid but the so-called subdural space is
not a potential space as previously thought, but
is only produced as a result of trauma and tissue
damage creating a cleft within the meninges [22]
(Fig. 2.19).

The arachnoid mater has an outer compact
laminar portion attached to the inside of the
dural sac and a separate inner trabeculated por-
tion. Between the laminar arachnoid portion
and the dura there is a compartment termed the
dura-arachnoid interface. This dura-arachnoid
interface is composed of neurothelial cells hav-
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ing relatively few intercellular joints and large
intercellular lacunae filled with an amorphous
material. This suggests that iatrogenic dissec-
tion of this cellular plane can occur if neurothe-
lial cells break up on application of pressure by
mechanical forces such as air or fluid injection
(Fig. 9.3). Thus fissures can be created within
the dura-arachnoid interface, with considerable
variability in form. While some fissures remain
incomplete, some expand towards weaker areas
creating a subdural space. These fissures may
combine to form the so-called primary subdural
space which may be short or may, sometimes,
extend to almost the whole length of the vertebral
column and occasionally into the cranial cavity.
Injection of a sufficient amount of local anes-
thetic into this primary subdural space may result
in sign and symptoms of an extensive block, with
apnea and unconsciousness in the most severe
cases. Parallel to this primary space a number
of secondary subdural spaces encroaching into
the dura may also create the so-called intradu-
ral space which is radiologically distinguishable
from the “subdural space.” Also the intradural
space is artifactual and is formed by dural delam-
ination produced by needle or catheter insertion
into the dural lamina thickness (Fig. 9.4).

Fig. 9.3 Subdural
placement of an epidural
catheter (scanning
electron microscopy
%x25) (from Reina et al.
(2015) Atlas of
functional anatomy for
regional anesthesia and
pain medicine. Springer,
with permission)

The mechanism underlying intradural catheter
placement may be considered as a “tenting effect”
during advancement of the epidural needle once
the dura is reached. If enough pressure is exerted,
the tip of the needle may partially pierce some of
the dural layers, allowing the passage of the cath-
eter between these layers, creating an intradural
space. Injection of air, saline, contrast, or other
solutions would encourage laminar detachment,
thus expanding this space within the thickness of
the dura [23].

9.2.2 Subdural Block

A subdural block can have a variable presentation
depending upon the extent of the spread of local
anesthetic, which in turn is dictated by the highly
variable anatomical features of the created space
itself. The onset of the block is somewhat interme-
diate between that of a subarachnoid and epidural
block. The block is thus often characterized by a
slow onset (approximately 15-20 min after drug
injection) and usually lasts for up to 2 h, followed
by a full recovery. The sensory block produced
by subdural injection is usually high and dispro-
portionate to the volume of drug injected, as the

Acquired
subdural
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Fig. 9.4 Scanning
electron microscopy
image of an epidural
catheter within the
intradural space
(scanning electron
microcopy x25 (a) and
%20 (b)) (from Reina
et al. (2015) Atlas of
functional anatomy for
regional anesthesia and
pain medicine. Springer,
with permission, and
from [23] with
permission)

limited capacity of the space results in extensive
spread. On the other hand, the sensory block may
be inadequate or completely absent. There is usu-
ally sparing of or minimal effect on sympathetic
and motor functions due to the relative sparing
of the ventral nerve roots. Thus, hypotension is
likely to be only moderate. Development of motor
weakness is slow and less profound, with, in the
most severe cases, progressive respiratory incoor-
dination rather than sudden apnea.

However, unusual presentations of subdural
block are not uncommon: significant motor weak-
ness in the intercostal muscles and upper extremi-
ties, a faster rather than a slower onset of block,
delayed onset, significant hypotension, and unilat-

eral block. In addition, because the subdural space
extends intracranially unconsciousness and apnea
may be produced which may last several hours.

Rarely, permanent neural damage can occur as
a result of the compression of nerve roots or the
radicular arteries traversing the space, causing
ischemia of neural tissues [24].

9.2.3 Intradural Block

Whereas accidental injection of local anesthetic
into the subdural space may produce an extensive
block that may occasionally be life threatening,
local anesthetic injected into the intradural space
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Epidural

catheter

Fig.9.5 Scanning electron microscopy image of an epidural
catheter within the intradural space. The arrow indicates an
area of breakage of dural laminae, caused by the catheter
migrating towards the subarachnoid space (scanning electron
microcopy x50) (from Reina et al. (2015) Atlas of functional
anatomy for regional anesthesia and pain medicine. Springer,
with permission, and from [23] with permission)

appears to form a localized and swelling collec-
tion within the distal layers of the dura, producing
arestricted, inadequate neuraxial block. Sometimes
patients with an intradural block may develop pain
during the epidural catheter insertion or with the
injection of the anesthetic solution. This pain may
be explained by the anterior swelling of the intradu-
ral mass coming into contact with the nerve roots.

Repeated doses of local anesthetic may escape
from the intradural space, most likely around the
outside of the epidural catheter, and eventually pro-
duce a clinically acceptable block. However, at least
in theory, the anesthetic solution may also escape
from the intradural space to the subdural space, fol-
lowing the rupture of the enclosing layers of dura or
to the subarachnoid space, following the rupture of
the surrounding dura and arachnoid (Fig. 9.5).

9.3  Neurologic Injuries After

Epidural Block

The majority of neurologic injuries are not
directly attributable to anesthetic interventions
but rather are intrinsic to labor and delivery or

may even occur spontaneously. Neuraxial com-
plications from anesthetic techniques include
direct trauma due to pressure exerted by a needle
or catheter on spinal nerve roots, epidural hema-
toma, and epidural abscess. Fortunately, these are
very rare but they can be neurologically devastat-
ing if unrecognized. In the obstetric population
the calculated incidence of neurologic injuries
after an epidural block is 1/25,000 [25] and the
incidence of permanent nerve damage is between
0.2 and 1.2/100,000 [26] or 4 per million [27].

With all neuraxial complications, the longer it
takes to diagnose and treat, the worse the prog-
nosis is. Infections such as epidural abscess and
meningitis are very rare and may be a manifes-
tation of systemic sepsis. Epidural hematoma
usually occurs in association with coagulation
defects; however, it may also occur spontane-
ously, unrelated to epidural block.

Most neurologic complications following
childbirth are intrinsic obstetric palsies which may
be more, as frequent as 0.9% of deliveries [28].

Peripheral nerve injury after labor and deliv-
ery may result from operative delivery, lithotomy
position, or compression by the fetal head and
may occur even in the absence of neuraxial tech-
nique. In the past obstetric practice allowed pro-
tracted labor and frequent use of forceps, which
contributed to lumbosacral plexus injury. The
fetal head may also compress and injure the lum-
bosacral plexus as it crosses the ala of the sacrum
or the posterior brim of the pelvis. This injury
is more common in nulliparous women with
platypelloid pelvis, large babies, cephalopelvic
disproportion, vertex presentation, and forceps
delivery. Compressive nerve injuries of this type
may involve multiple root levels and appear as
injuries to the femoral or obturator nerves with
sensory impairment in the fourth and fifth lum-
bar dermatomes. Femoral nerve injury decreases
sensation over the anterior thigh and medial calf
and impairs quadriceps strength, hip flexion, and
patellar reflex. Proximal lesions at the level of
the lumbosacral plexus may also decrease hip
flexion due to iliopsoas weakness. The obtura-
tor nerve can be compressed against the lateral
pelvic wall or during its course in the obturator
canal. This results in decreased sensation over the
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medial thigh, weakness of the hip adductors, and
decreased ability to internally rotate.

9.3.1 Needle/Catheter Trauma
Single-root neuropathies due to direct trauma to
the nerve root with an epidural needle are very
rare (0.75/10,000) [29].

A combination of intraneural intrafascicular
needle placement and high injection pressures
may lead to severe fascicular injury and persis-
tent neurologic deficits [30].

Transient paresthesias are not uncommon
when threading an epidural catheter and are
unlikely to cause nerve damage.

However, painful or persistent paresthesias
are much more concerning for nerve injury. The
needle or catheter must be removed or reposi-
tioned immediately and the patient followed
closely postpartum. Likewise, any paresthesia
or pain elicited by injection of local anesthetic
down a needle or catheter should result in cessa-
tion of injection and close follow-up. Two-thirds
of anesthesia-related neurological complications
are associated with either paresthesia (direct
nerve trauma) or pain during injection (intraneu-
ronal location) [31].

Paresthesia, loss of sensation, and muscu-
lar weakness in the distribution of the nerve are
commonly observed.

Flexible catheters are less traumatizing than
the more rigid variety, but can still wrap around
nerve roots or become stuck in intervertebral
foramina. Damage to the underlying spinal cord
can occur, either as a consequence of incautious
advancement of the epidural needle or as second-
ary to abnormal anatomy, such as a tethered cord
in patients with spina bifida.

All paresthesias should be documented and
followed up postpartum. The absence of any
paresthesia or pain during a neuraxial proce-
dure makes any nerve injury much more likely
to be obstetric in origin; in addition most obstet-
ric neuropathies are not painful, and symptoms
are either unchanged or improving by the time
patients complain of them. Neuropathies related
to neuraxial anesthesia are frequently painful

with worsening symptoms. Severe back pain
and generalized lower extremity numbness and
weakness with or without sphincter dysfunction
are highly suggestive of a central lesion compro-
mising the spinal cord.

Most intrinsic obstetric peripheral nerve
injuries are temporary and will spontaneously
resolve within 6-8 weeks. Some may take longer.
Treatment is supportive with physical therapy
playing a major role to avoid muscle atrophy.

Recovery of nerve injury secondary to neur-
axial procedures depends on the site and sever-
ity of the injury. Mild injuries will resolve in a
similar time course to obstetric neuropathies, but
severe injuries may have complete or partial loss
of function.

9.3.2 Epidural Hematoma

Epidural hematoma is a feared, but rarely seen,
complication of regional anesthesia in 1 in
168,000 women, or 6 per million [27].

Most epidural hematomas following regional
anesthesia occur in patients with hemostatic
abnormalities, particularly those on anticoagu-
lants or in patients with severe preeclampsia
[32-34].

The symptoms of epidural hematoma are bilat-
eral leg weakness, urinary incontinence, and loss
of rectal sphincter tone. These severe neurologic
deficits may be preceded by sharp pain in the
back or legs with progression over a few hours.
Prolonged motor paralysis without regression
of block should raise suspicion. Symptomatic
epidural hematoma must be decompressed sur-
gically within 6 h for the best chance of a full
recovery.

Spontaneous epidural hematoma may occur
very rarely in pregnancy. Pregnancy is character-
ized by a relatively hypercoagulable state, effec-
tively reducing the risk of epidural hematoma.
However, the epidural space houses an extensive
venous system containing tributaries from the
spinal cord and vertebral bodies that drain into
the external vertebral venous plexus and become
more engorged during pregnancy. Because this
venous system does not contain valves, and exists
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within a low-pressure environment, any pressure
exerted proximally because of a Valsalva maneu-
ver, vomiting, or mechanical compression of the
vena cava can dramatically increase the transmu-
ral venous pressure, leaving the veins vulnerable
to injury. It has been postulated that spontaneous
epidural hematoma may occur from preexisting
faults in the venous wall exacerbated by well-
described mechanical and hyperdynamic condi-
tions existing in the peripartum period [35].

9.3.3 Epidural Abscess

Only 3.9% of all epidural abscesses are associ-
ated with anesthetic interventions [36] and, in
addition, they are even more infrequent among
obstetric patients [37].

This is not surprising, since the major risk fac-
tors for epidural abscess are compromised immu-
nity, disruption of spinal column, and long-term
epidural catheterization, all factors rarely occur-
ring in pregnant women.

Symptoms include fever, malaise, headache,
and back pain at the level of the infection. There
may be evidence of superficial infection at the
needle/catheter insertion site, and pain is found
on deep palpation over the site. The white blood
cell count is elevated. Progression of symp-
toms to nerve root pain usually takes 1-3 days.
Neurologic deficits will progress as the spinal
cord is compressed including lower extremity
pain, weakness, bowel and bladder dysfunction,
and paraplegia. Surgical treatment is necessary.

9.4  Epidural Catheter Breakage
Epidural catheter breakage is very rare and anec-
dotic and, except for a few instances, is a benign
issue.

Actions that may favor the breakage of an epi-
dural catheter during its insertion may be insert-
ing an excessive length of the catheter; exerting
excessive force to advance the catheter against
resistance; withdrawing the catheter without at
the same time withdrawing the Tuohy needle;
and advancing the Tuohy needle over the cath-

eter. In addition the catheter may be damaged if
pinched between the tip of the needle and a bony
surface. In theory, when CSE is performed at dif-
ferent interspaces, the catheter may get sheared
off the by spinal needle.

Most frequently the breakage of the catheter
occurs during its removal especially if excessive
force is applied to remove a knotted, kinked, or
entrapped catheter or when the catheter has taken
a circuitous course around any tissue such as
bone, fascia, ligament, or nerve and an excessive
pulling force is applied. Catheters may also get
broken due to manufacturing defect.

Suggested maneuvers to prevent epidural
catheter fracture during its insertion are the fol-
lowing: excessive insertion should be avoided to
prevent coiling, knotting, and entrapment of the
catheter [38, 39].

On encountering resistance, the catheter
should never be withdrawn through the needle
and both the needle and the catheter should be
removed as a single unit. A catheter should be
checked for manufacturing defects and a sharp
bevel tip should be ruled out.

Suggested maneuvers to prevent epidural cath-
eter fracture during its removal are the following:
if resistance or stretching of the catheter occurs
while attempting withdrawal, it is recommended
to place patients in the same position as they
were at the time of insertion [40]. A flexed lateral
decubitus position is reported to be more effec-
tive than the sitting position, with withdrawal
forces being as much as 2.5 times greater in the
sitting position [41].

In the case of a difficult catheter removal
the efforts at removal should be discontinued
for 15-30 min allowing tissue relaxation [40].
Injection of saline solution through the catheter
with simultaneous slow but firm traction can also
be performed [42].

In a difficult removal situation, one can
choose between incision under local anesthesia
with sedation and general anesthesia with muscle
relaxants.

All patients with a retained epidural catheter
fragment should undergo proper imaging stud-
ies to know its exact location. It is also necessary
for documentation purposes and to encourage
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asymptomatic patients to have a timely follow-
up so that an earliest possible diagnosis of symp-
toms can be made. Radiographies, computed
tomography, magnetic resonance imaging, and
ultrasonography have all been used with variable
results.

Surgical removal is indicated only in compli-
cated cases such as leaking CSF through the cath-
eter whose tip is either placed or has migrated to
the intrathecal space and is now acting as a wick,
or when either the patient develops infection or
radicular pain due to nerve entrapment, or when
the broken end of the catheter is emerging out of
the skin, acting as a portal of entry for infection.
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Teaching the Epidural Block

Epidural block is a complex procedure and
requires cognitive skills such as the knowledge
of the anatomy and of the procedure along with
psychomotor skills such as the skills required to
perform the technique.

In the past, the beginner typically prepared
himself/herself by appropriate introductory read-
ing and then apprentice and master approached
the task together in the clinical setting, with live
patients as the learning model. Inevitably this
model determined a certain number of inadver-
tent dural punctures which had to be accepted as
part of a necessary teaching system committed to
develop the future care of patients.

In some hospitals novice anesthesiologists
still undergo training directly on patients, while
in others they can use simulation and simulators
before going to the patient.

10.1 Teaching the Epidural Block

An ideal sequence to be used during the training
might be as follows: firstly the residents under-
take basic formal training to gain knowledge and
skills including lectures, video, and audiovisual
aids and practice the procedure on simulators;
secondly the residents may observe the experts
carrying out the procedure on the patient and
thereafter perform the procedure under the super-
vision of the experienced anesthesiologist; and
finally they perform the procedure alone. Direct
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observation, checklists, rating scales, and learn-
ing curves may eventually be used to determine
whether the trainee has reached the adequate level
of competence. Videotaping and video review of
trainees may also help in acquiring epidural skills
and it is a promising, valuable tool in training
and motivating anesthesiology residents initiat-
ing epidural analgesia on the labor and delivery
ward [1].

In practice, there is no universally accepted,
comprehensive, or standard systematic way to
teach the epidural block.

However, undoubtedly the transition from
a situation where trainees are taught epidural
block on patients directly and deemed competent
mainly on the discretion of a supervising anes-
thesiologist to a more structured epidural train-
ing program which also includes simulation and
a designed supervising and teaching model may
improve the teaching and greatly decrease the
accidental dural puncture rate during the period
of training [2].

There are three stages in the acquisition of
procedural skills: cognition, integration, and
automation. Cognition includes developing an
understanding of the task, and perceptual aware-
ness. It is assisted by a clear description and dem-
onstrations of the task. In the integration stage,
the knowledge from the cognition phase is incor-
porated into the learning of the motor skills for
that task. Ultimately, the task becomes automatic
and even subconscious. For an expert, and thus
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for a teacher, it may not be easy to break a task
down into component parts in order to teach a
novice. It may also be hard to understand what
the most frequent difficult steps are for a novice
to overcome.

The major basic difficulties encountered by
beginners in the epidural procedure include:

(a) The ability to identify the interspace and give
the needle the orientation at the desired angle
so that no bone contacts result

(b) The ability to identify false or pseudo losses
of resistance: In some institutions, when the
epidural block is taught the needle is intro-
duced a few centimeters into the soft tissues
and not to the dorsal aspect of the ligamen-
tum flavum because of the fear of puncturing
the dura and in order to make the trainee
more comfortable. In this way the needle
may be located somewhere between the soft
tissues, well before the epidural space, and if
the LORT with syringe procedure is initiated
at this stage it may give rise to a false loss of
resistance.

(c) The ability to recognize bone contact and
correctly redirect the needle on the right path
in accordance with the angle of inclination of
the needle, its depth, the position of the ver-
tebrae, and the tactile sensations returned by
the needle itself.

(d) The ability to place the needle in the epi-
dural space with a reasonable extension
without puncturing the dura: Extension is
defined as the distance the needle tip goes
beyond the ligamentum flavum into the
epidural space: the less the overshoot the
less likely the dural puncture will be. The
extension of the needle depends on vari-
ous factors, such as human perception, tis-
sue parameters (peak force in ligamentum
flavum, the drop force), and human factors
such as the hand position holding the nee-
dle, muscle co-contraction (making the
wrist and finger joints of both hands stiff),
and needle velocity. Experts are able to
control the extension by regulating the
pressure exerted on the needle-syringe-
piston system, controlling needle velocity,

and perceiving the force changes while
novices do not have this ability.

10.2 Teaching Tools
10.2.1 Epidural Simulators

Manikin epidural simulators are task trainers
based upon physical manikin or dummy models
made from plastic or rubber. They are not com-
puter driven and generally contain no mechanical
or electronic parts or technology. They are por-
table, easy to set up and use, and may have physi-
cally palpable anatomical landmarks. Several
simulators based on plastic human-shaped mod-
els have been developed. These often contain
solid structures to represent the lumbar vertebrae.
The surface is covered with an artificial synthetic
skin, which is often replaceable with various den-
sities to represent patient variation. There is often
a composite rubber spinal canal, filled with a
liquid to mimic CSF. If punctured with a needle,
CSF leak occurs in vivo. A few manikin simu-
lators are amenable to ultrasound (US) scanning
allowing the internal structures to be viewed pre-
puncture and an estimate made as to the depth
and location of the epidural space.

Manikin simulators have the advantage of
looking similar to a patient. They are easy to
setup, portable, and usually cheaper. The main
advantage is that manikins are physical rather
than virtual, and since a clinician uses his/her
hands to perform the epidural insertion a physical
simulator may be a closer analogy. For example,
the manikins often contain a saline-filled dural
sac which can leak if the dura is punctured and
the operator can remove the skin and look inside
at the physical parts, which helps to envisage the
spinal anatomy. One disadvantage of manikin
simulators is that the accuracy of tissues is hard
to reproduce with artificial rubber or plastics. The
majority of insertion forces have been designed
using the opinions of expert clinicians trying an
insertion and giving feedback, but they are not
based on actual recorded data. Moreover, it is
difficult for manikins to contain and reproduce
all of the precise anatomical layers such as skin,
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subcutaneous fat, various ligaments, meningeal
layers, and bone.

Recent developments in the area of haptics
and virtual reality technologies have led to the
development of virtual reality-based epidural
simulators with haptic feedback.

Haptic technology can better mimic the forces
needed to cross the tissues during the epidural
block and real-time 3D visualization allows the
needle to be seen from all angles and its location
in relation to internal spinal anatomy.

Commercially available simulators are very
expensive and still have some limitations asso-
ciated with the use of a commercially available
haptic device, such as reduced needle insertion
mobility, limited force range, and performance in
orienting the needle.

New and more sophisticated types of simula-
tors are currently in their early stages of devel-
opment (prototype level). Realistic simulation
is possible, the trainee’s task can be recorded,
and varying patient anatomy can be simulated.
In these simulators, the computer displays a
3D patient model with a vertebral column and
a polygon model of the needle. The 3D patient
model data came from magnetic resonance image
(MRI) scans of actual patients. Haptic forces are
based on data obtained during epidural inser-
tions from a variety of tissues including canine,
porcine, and postmortem human and live human
volunteers, combined with expert opinion. This
force data describes the forces encountered on
the Tuohy needle as it is inserted.

Software and haptics replicate the conditions
of giving an epidural to a real-life patient, allow-
ing adjustments for different heights, BMIs,
angles, and rotations of the spine [3].

The virtual patient can adjust to various body
shapes, sizes, weights, and heights. Since body
size considerably affects the insertion force, the
haptic device can recreate forces for each body
size. The spine in this 3D model can bend and
flex in real time, to allow simulation of vari-
ous patient positions including sitting, lying on
the side, lateral decubitus, and flexing, which
increases the spacing between vertebrae. A 3D
immersive monitor is incorporated with reflective
polarized images allowing for 3D visualization

of the complete procedure from various viewing
angles.

In the future for obstetric anesthesia training
mannequins with anatomy similar to a parturient
are needed, which can simulate the movements of
women during labor contractions. Such a manne-
quin (for obstetric anesthesia simulation training)
would ideally also need to be kept in an environ-
ment where the sound of the cardiotocography is
audible, and the setting is as stressful as a deliv-
ery room with paramedical staff and attendants.
Robotic mannequins with artificial intelligence
or, better, hybrid simulators with human actors
could be the next-generation tools for obstetric
anesthesia training.

10.2.2 Continuous Real-Time
Pressure-Sensing Technology

The Dynamic Pressure Sensing® (DPS) technol-
ogy (CompuFlo Epidural Trainer®) (see Chap. 6)
(Fig. 10.1) can differentiate tissue types by pres-
sure signatures that are imperceptible to touch.
This allows the trainee to accurately identify the
needle location and discriminate between false
and true loss of resistance. By connecting tactile
feel with real-time and objective visual and audi-
ble confirmation of all pressure changes, trainees
can verify that they have accessed the ligamen-
tum flavum and/or the epidural space, building
confidence and speeding the procedure’s learning
curve. The instrument may be used with patients
[4] and with epidural simulators as well [5, 6].

An additional novel and an important fea-
ture of this instrument is that it allows to have a
documented data set and graph correlating to the
performing procedure and this enables trainers/
trainees to review the procedure after it is com-
pleted and critique the procedure. Documentation
of a technique and/or procedure can lead to best
practices of a technique and allows for objective
research to be conducted as well. Having dis-
played, recorded, and printed a graph illustrating
the procedure may also lead to a greater apprecia-
tion of the anatomy and the structures an opera-
tor must contend with thus lead to a more rapid
mastery of the technique.
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Fig. 10.1 The
CompuFlo Epidural
Trainer® uses the
Dynamic Pressure
Sensing® (DPS)
technology and allows
the trainee to accurately
identify the epidural
needle location

10.3 Learning Assessment

Direct observation by an expert instructor is tra-
ditionally used to assess procedural skills and
this is nicely feasible in anesthesia because of the
high degree of supervision in cases performed
by trainees. Despite being feasible, assessments
without specific criteria result in poor reliability
and validity. Determining the point at which a
trainee is deemed capable of working indepen-
dently on the labor ward is challenging, and a
robust method of evaluating competence would
be highly desirable.

10.3.1 Direct Observation
with Checklists and Rating
Scales

To overcome these problems, direct observation
with specific criteria has been developed.

Structured direct observation of procedural
skills (DOPS) is a method designed to provide
feedback on procedural skills essential to the pro-
vision of good clinical care.

The assessment involves an assessor observ-
ing the trainee perform a practical procedure
within the workplace and a structured checklist is
designed to give guidance for the assessors.

" po=2 | =

Binary content checklists can be used as a way
of grading performance during direct observa-
tion. Checklists break a task down into its com-
ponent parts and assign a dichotomous pass/fail
outcome to each point. A new checklist needs to
be designed and validated for each procedural
skill that is to be assessed. Checklists can be
constructed by surveying experts, although a dif-
ferent group of experts may not agree on each
point of the checklist. Checklists have been found
to have excellent reliability in the assessment
of epidural anesthesia even if published check-
lists for epidural anesthesia may greatly differ
between them, having so many different items on
their lists [7-10] (Fig. 10.2).

Checklists have also been designed with out-
comes of “not performed,” “performed poorly,”
and “performed well” rather than a binary pass/
fail outcome to allow them to become more
qualitative at the cost of a loss in objectivity. A
potential problem with checklists is that if all
stages are weighted equally regardless of clinical
importance, then a trainee may be able to obtain
a high score, despite omitting important stages.

Global rating scales (GRSs) [7] (Fig. 10.3)
differ from checklists, in that they use a Likert
scale rather than a dichotomous outcome. As the
GRS has a gradation of response in each cate-
gory, it is less objective than a checklist, although
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Fig. 10.2 Task-specific
checklist for epidural
anesthesia (adapted from
[7] with permission)

surface

a sterile fashion

and aseptically

in a sterile fashion

positioning of bevel

EEO®OH®OOB

controlled

Ensures patient is positioned
comfortably and safely in the middle
of the bed

Carefully prepares a sterile work

Washes hands and puts on gloves in

Prepares the skin at the back widely

Neatly lays out and prepares all
necessary equipment
(needles, syringes, local anesthetic)

Places drape over patient’s back

Warns patient of needle insertion

Places epidural needle with correct

Attaches air/saline filled syringe to
the needle hub with needle well

Adjusts height of bed appropriately

Pours antiseptic solution (or has
nurse pour it) without
contaminating the epidural set

Optimally positions him/herself for
the procedure

Allows solution to dry

Asks patient to arch her back

Landmarks site of injection after
palpating iliac crests

Infiltrates subcutaneous layers with
local anesthetic

Inserts epidural needle through skin,
subcutaneous tissue, and into
ligament before attaching the syringe

Braces hand/s holding the needle
against patient’s back in complete
control of the needle

ONONEGEONONONONONO

Slowly advances needle through
supraspinous and interspinous

ligaments and into ligamentum
flavum while applying pressure on

Identifies LOR and immediately
releases pressure on the plunger

the plunger (continuous or

intermittent)

N
-—h

®®6 6

Notes depth of needle insertion
before threading catheter

Detaches the syringe and threads the
catheter to a depth of 4-5 cm

Carefully aspirates from catheter

Warns patient about possible
paresthesia during catheter threading

Pulls the needle out while maintaining
correct catheter placement

Injects test dose through flushed
filter

®® 6

Fixes the epidural catheter securely

this allows the assessment to be more qualita-
tive. GRS can be used to assess many different
skills and they are the most objective way that
aspects of performance such as professionalism
and interpersonal skills can be assessed. When
used to assess procedural skill, either a GRS may
describe an overall impression of the quality of
performance or there may be a Likert scale for

a number of different domains within an overall
performance. GRS can be used prospectively or
retrospectively, although, as in other forms of
assessment, there is evidence that reliability is
poor if used retrospectively. Potential pitfalls with
GRS include the “halo effect,” when good or bad
performance in one domain unduly influences the
grading of performance in other domains.
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Preparation
for procedure

Respect for
tissue

Time and
motion

Instrument
handling

Flow of
procedure

Knowledge
of procedure

Overall

Did not organize equipment well.
Has to stop procedure frequently
to prepare equipment

Frequently used unnecessary
force on tissue or caused
damage

Many unnecessary moves

Repeated makes tentative or
awkward moves with
instruments

Frequently stopped procedure
and seemed unsure of next
move

Deficient knowledge

Very poor

Equipment generally organized.
Occasionally has to stop and
prepare items.

Careful handing of tissue but
occasionally caused indadvertent
damage

Efficient time/motion but some
unnecessary moves

Competent use of instruments
but occasionally appeared stiff
or awkward

Demontrated some forward
planning with resonable
progression of procedure

Knew all important steps of
procedure

Competent

All equipment neatlly organized,
prepared and ready for use

Consistently handled tissues
appropriately with minimal
damage

Clear economy of movement
and maximum efficiency

Fluid moves with instruments
and no awkwardness

Obviously planned course of
procedure with effortless flow
from one move to the next

Demonstrated familiarity with
all aspects of procedure

Clearly superior

performance

Fig. 10.3 The Global Rating Scale (GRS) (adapted from [7] with permission)

The main advantages of the structured direct
observation of procedural skills as an assessment
tool are the following: (a) the trainee is assessed
performing procedures on real patients during
everyday work; (b) not only the technical abil-
ity is observed, but also interaction with patients,
colleagues, and professional behavior can be
assessed; (c) a wide range of skills, from simple
to very complex procedures, can be assessed; (d)
many trainees will “need further development,”
so after receiving feedback, the strengths and
weaknesses can be highlighted and the trainee
can work on them and be assessed at a later date.

Another additional method for evaluating
trainees is videotaping and video reviewing
which may result in greater improvement in over-
all and selected performance criteria. With this
method, one or more independent observers may
review the videos by using previously established
criteria [1] (Fig. 10.4).

10.3.2 Learning Curves
In 1936, Wright, an aeronautical engineer, pub-

lished the first description of a learning curve
[11]. He hypothesized that speed or efficiency

of airplane component production increased, and
costs decreased, as the experience and skill of
the workforce increased. In industry measures of
performance are often obvious, but in medicine
it is more difficult to assess a clinicians’ perfor-
mance. Measures of learning related to a medical
(anesthetic) technique fall into two categories:
measures of anesthetic process and measures of
patient outcome. Process outcomes are generally
easier to analyze and therefore more commonly
used, though they are only indirectly related to
patient outcomes.

The need for appropriate indices of outcomes
has been recognized and multidimensional plots
taking into account all significant variables are
most likely to give the most accurate representa-
tion of a specific operation’s learning curve.

A hypothetical plot is illustrated in Fig. 10.5
which has four main phases. The starting coor-
dinate A represents start of training. Secondly,
the curve ascends. The gradient of this ascent
indicates how quickly the individuals’ perfor-
mance improves; this part of the curve may be a
stepwise ascent as individuals learn and master
stages of a complex procedure. Improvements
in performance tend to be most rapid at first
and then tail off, as the degree of improvement
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CRITERIA FOR ASSESSING

TRAINEE’S COMPETENCE

Proper positioning
Was the patient seated evenly (i.e., not on an angle) on the bed?
Was the patient asked to “round” her back?
Was the resident’s position optimal for placement of the epidural?
Was the bed height appropriate?
After completion of the epidural, was uterine displacement attained?

No spillage

Was the providone iodine solution poured without contaminating
the epidural kit?

Draping
Was the drape placed without contaminating the block site, gloves,
or epidural kit?

Midline location

Was the needle placed at the correct interspace (i.e., below the L2-L3
interspace) and in the midline position?

Air amount

| Was an excessive amount (5 ml) of air injected into the epidural needle?

Needle withdrawal

Was the needle withdrawn carefully and steadily without displacing the catheter?
| If the catheter could not be threaded, was the needle and catheter withdrawn
together?

Gentle treatment
Was the patient told that the disinfectant solution was about to be applied?
Was the patient told of the impending needle stick prior to administration
of local anesthetic?
Was local anesthetic administered in an appropriate manner?
Was the patient informed of the possibility of paresthesia at the time of
catheter insertion?
After taping, was the patient placed in a comfortable, non-injurious position?

Adhering to aseptic technique
Where gloves put on sterilely?
Was the sterile field contaminated at any point?
Was the kit opened aseptically?
Was the patent’s balc circumferentially prepared?
Where three seperate sponge sticks applied?
Was sterile technique maintained during catheter insertion and taping?

Povidone iodine

Was povidone iodine solution allowed to dry?
Was adequate time allowed between sponge stick applications?

Needle control

| Was the needle advanced carefully and steadily?

Cephalad direction

| Was the needle incorrectly inserted in a cauded direction?

Catheter insertion
Was the catheter advanced carefully?
Was the length of catheter approoriate (i.e., approximately 5 cm into the
epidural space)?
Was the catheter withdrawn to the proper length, if necessary?

Catheter securing
Was the catheter taped appropriately?
Did the resident avoid the patient’s hair during taping?
Was the catheter aspirated?
Was the epidural catheter secured without kinking or dispalcement?

Fig. 10.4 Ceriteria to evaluate epidural anesthesia video-taped performance skills (adapted from [1] with permission)

Fig.10.5 A
hypothetical learning B
curve. (a) Start of
training; (b) the
procedure can be
performed
independently and
competently; (c)
additional experience
improves outcomes by
small amounts; (d)
plateau is reached; (e)
fall in the level of
performance (advancing
age, deterioration of
manual dexterity,
eyesight, memory, and
cognition)

Acceptable

standard

Measured outcome

C
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—— Primary learning curve
Secondary learning curve
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attained with each case reduces as the technique
is refined. Thirdly, assuming adequate aptitude,
a point is reached when the procedure can be
performed independently and competently (coor-

Case number

dinate B). Additional experience improves out-
comes by small amounts (coordinate C), until a
plateau, or asymptote, is reached (coordinate D).
Fourthly, with advancing age, manual dexter-
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ity, eyesight, memory, and cognition may dete-
riorate, outweighing any advantage derived from
long experience, leading to a fall in the level of
performance (coordinate E). An alternative curve
may also be drawn (dotted line), which exhibits
temporary performance deterioration after tech-
nical competence has been achieved. The reasons
postulated are case mix effect (undertaking more
difficult cases), or overconfidence resulting in
lapses in technique or judgement.

The learning curve is one of the most com-
mon tools to assess how the physician in train-
ing is progressing at a skill, and it is defined as a
curve generated by plotting the success or failure
against the number of attempts. With this method,
approximately 20-25 procedures are necessary
before improvement in the techniques of spinal
and epidural anesthesia by residents in training,
but if a 90% success rate is desired, 60 attempts
at epidural anesthesia may be necessary [12].

More complex learning curves using an
acceptable and unacceptable failure rate can be
constructed. To perform these more complex
learning curves a statistical tool such as the

cumulative sum technique (CUSUM) may be
used [13] (Fig. 10.6). In this technique an accept-
able and unacceptable failure rate is defined by
discussion with experts. An acceptable success
rate is defined, and the trainee gets a score for
success or failure.

A CUSUM chart is basically a graphical
representation of the trend in the outcomes of a
series of consecutive procedures performed over
time. It is designed to rapidly detect change in
performance associated with an unacceptable
rate of adverse outcome. At an acceptable level of
performance, the CUSUM curve runs randomly
at or above a horizontal line (no slope). However,
when an individual is performing at an unaccept-
able level, the CUSUM curve slopes upward and
will eventually cross a decision interval (horizon-
tal lines drawn across a CUSUM chart), showing
unsatisfactory performance. A skilled physi-
cian is expected to have a level CUSUM curve
indicating ongoing maintenance of competence
whereas a physician in training is expected to
have a rising learning CUSUM curve. The degree
of the slope is a measure of the progress in learn-
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Fig. 10.6 The hypothetical upward CUSUM charts of
three trainees, labeled as doctors A, B, and C. They per-
formed 49, 26, and 26 procedures, respectively. The three
trainees clearly demonstrated varying learning curves.
Doctor C had no learning curve at all; his upward CUSUM
curve was flat from the first procedure he attempted. Both
doctor A and doctor B had a learning phase. However,

doctor B took only 11 procedures before his upward
CUSUM curve began to level, while doctor A required 23
procedures to achieve the same proficiency (adapted from
Lim TO et al. (2002) Assessing Doctors’ Competence:
application of CUSUM technique in monitoring doctors’
performance. Int J Quality Health Care 14: 251-258, with
permission)
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ing the new skill: the greater the slope, the slower
the progress. When the curve eventually flattens
(no slope), this indicates that the new skill has
been learnt.

However, CUSUM analysis is a statistical
method that investigates the outcome rather than
the process of performing a procedural skill.
The CUSUM chart allows the observer to decide
whether a production process is in control (i.e.,
learning epidural technique) or it has become
out of control, at which point the process needs
to be halted, as the quality has decreased below
acceptable limits. Using the CUSUM graphs the
average number of obstetric epidurals needed to
reach competence for inexperienced novices may
greatly vary from 46 to 77, depending on the defi-
nition used for “success” [14].

The limitation of the learning curves is that the
crude success rate ignores the context in which
the epidurals were placed, such as, just to make
some examples, the stage of labor, the anatomy of
the patients, and the extent with which they were
able to cooperate with attempts at their epidurals
by novices. In addition, the success rate of train-
ees might be adversely affected if they were con-
fronted with several difficult clinical situations
in their first epidurals. Moreover, the successful
placement of an epidural needle does not guar-
antee the successful placement of the epidural
catheter nor its successful eventual management.

Learning curves provide only a snapshot of
the trainee’s performance. In the case of perfor-
mance of a labor epidural, full competence is
not necessarily achieved after a number of suc-
cessful, directly observed attempts, but when the
trainee is able to place and manage epidural labor
analgesia consistently and successfully in mul-
tiple and different clinical situations.

10.3.3 Standardized Assessment
After Simulation

Advances in simulation technology have enabled
the evaluation of procedural skills to be taken
out of the clinical context and into the simula-
tion laboratory. This has created the possibility
of standardized assessment of procedural skills.

Although simulation will never be exactly the
same as a clinical experience, there are a num-
ber of advantages in assessing procedural skills
in a simulated rather than in a clinical environ-
ment. Assessing procedural skills using a simula-
tor answers to the ethical imperative to not harm
patients. There is good evidence that simulation-
based learning with task trainers, such as an
epidural simulator, is effective for teaching pro-
cedural skills [15].

The haptic epidural simulator improves the
performance of anesthesia trainees by reducing
the number of bone contacts and the number of
attempts, and by decreasing the procedure time [16].

However, even a simple model can be as use-
ful for learning how to place an epidural catheter
as an expensive anatomically correct simulator. A
comparison between the efficacy of a high-fidelity
epidural injection simulator (which includes a
virtual reality display of the needle progression)
with a “greengrocer’s” model (inserting the epi-
dural needle into a banana) showed no differ-
ences in trainees’ epidural block performance on
real patients [17].

In addition, it must be remembered that simu-
lation is not only simulators. There is no differ-
ence between mental imagery and low-fidelity
simulation training for epidural anesthesia skill
acquisition. Both are capable of improvements in
performance when allowed to practice and with
the provision of immediate feedback. This sup-
ports the importance of effective scaffolding, a
learning theory concept that describes the process
of the basic support of a learner through interac-
tions with an expert or another skilled peer, and
the gradual adjustment and attenuation of this
relationship as the learner progresses towards
independence [18].

A reliable measure of technical skill is the
“objective structured assessment of techni-
cal skills (OSATSs)” introduced to objectively
assess procedural surgical skills outside the oper-
ating theatre [19]. Candidates perform a series
of standardized surgical skills on bench mod-
els. At each time-limited station, candidates are
examined by the direct observation of experts
and technical skills are assessed using both a
generic GRS and a task-specific checklist [20].
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An OSATS examination format has not yet been
used in anesthesia but simulation and multista-
tion assessments similar to OSATS may become
a key part of the future of procedural skill assess-
ment in anesthesia if suitable part-task simulators
can be validated. However, at the present time,
there is not enough evidence to recommend that
anesthesia trainees are evaluated in procedural
skills using only simulators, especially when
these skills can be reliably assessed by direct
observation of performance on patients.

10.3.4 Role of Eye-Tracking
Technology

Eye tracking is the process of measuring either
the point of gaze or the motion of an eye rela-
tive to the head. Eye trackers are used in research
on the visual system, in psychology, in psycho-
linguistics, in marketing, as an input device for
human-computer interaction, and in product
design. Eye-tracking technology has been used
on a limited basis in some fields of medicine and
nursing, for both training and assessment [21].

For procedural and visual-based tasks, eye
tracking holds great promise as a tool for moni-
toring training progress towards the development
of expertise. By recording the direction of a user’s
gaze and relationship to an area of interest (AOI),
eye-tracking technology provides an objective
tool for measuring visual patterns. Although gaze
patterns captured by eye tracking are not equiva-
lent to cognition, it may bring educators one step
closer to making the thought processes of an
expert explicit and therefore provide insight into
how to guide learners.

This method has been successfully used for
proficiency assessment. For example experi-
enced physicians spend more time concentrating
on target location while novices split their atten-
tion between tracking their tools, the operative
site, the sterile field, and the target location [22].
There is recent evidence that novices who were
gaze-trained demonstrate target-looking fixation
patterns similar to those expressed by experts and
gain a performance advantage over trainees left
to discover their own strategies for task comple-

tion [23]. This may have interesting implications
for the creation of assessment programs, which
distinguish skill level through the use of gaze
behavior (Fig. 10.7).

10.4 My Teaching Module

In this section I describe my method of teaching
epidural as I practice it and have practiced it since
the 1980s, including the latest updates I have
recently introduced. It does not claim either to
be exhaustive or to represent the working model,
but I hope that it can be a good starting point for
fellow readers who want to undertake or perfect
their teaching activity at their institutions.

10.4.1 Anatomy Laboratory

“The real voyage of discovery is not seeing new
worlds but changing eyes” (Proust).

Usually trainees have already received a
standard front lecture on anatomy and tech-
nique during their curriculum. The first mod-
ule of my teaching method aims to change the
trainee’s knowledge from a two-dimensional
to a three-dimensional vision of the epidural
region anatomy. The first step is the assessment
of the novice’s personal knowledge of what he/
she already knows. Students are invited to write
down on a sheet the tissues that the needle must
pass through to reach the epidural space, both
median and paramedian. After that, each student
must write on a visual analogue scale how much
anxiety this task causes and how satisfied he/
she is with the description made. After this first
self-awareness of their knowledge, I begin to
explain the basics of three-dimensional anatomy
using plastic vertebral models that are distributed
to each of the students. This “anatomy labora-
tory” consists of the teacher’s explanation with
the lumbar vertebral model followed by the con-
struction of an epidural model by learners with
various plastic materials representing ligaments.
After the construction of the epidural model,
more detailed information and comparison with
the information contained in the anatomy texts
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Fig. 10.7 Eye tracking for epidural technique proficiency assessment. Gaze behavior is used to distinguish skill level.
Typical novice’s (a) and expert’s (b) gaze plots and novice’s (¢) and expert’s (d) heatmap

and the micro- and macroscopic anatomy of
the anatomical structure involved in the lumbar
epidural block is provided. Students are then
invited to recap, summarize, and describe again

the layers that the needle must pass through to
reach the epidural space by median and parame-
dian approach. The typical questions at this stage
are as follows: What have you consolidated?
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(Confirmation of what I already knew.) What did
you learn? What didn’t you understand? What do
you want to learn more about? (I would like to
study it better at home.) Students are also invited
to try to draw what they have learned. The most
frequent discoveries of my trainees at this stage
of their learning are the existence of a supra-
interspinous ligament complex and the belonging
of these ligaments to the thoracolumbar fascia;
the key elements for the success of the block:
the vertebral arch and the yellow ligament; the
existence of two ligamenta flava and their median
hiatus; the function and the real distribution of
epidural fat; the dimensions of the ligaments and
epidural space; the three-dimensional structure
and distribution of the meninges, in particular the
disposition of the arachnoid membranes around
the spinal roots; and the topographic anatomy of
the spinal roots.

10.4.2 General Principles

“Everything must be learned not to exhibit it, but
to use it” (Lichtenberg).

In this module I introduce the materials
needed to perform an epidural block. Each stu-
dent has a Touhy needle, a LOR syringe, an epi-
dural catheter, a filter, a connector, a syringe,
and a vial of saline. Trainees are encouraged to
familiarize themselves with the materials pro-
vided, observing their details, connections, and
measurements. The teacher will then present the
various models of needles and catheters on the
market, highlighting the common parts, similari-
ties, and differences.

The second part of this module is the familiar-
ization with the general principles of the loss of
resistance technique. The background idea is the
following: “You cannot lose what you have not
yet acquired.” This phase focuses exclusively on
the recognition of the increase of resistance (liga-
mentum flavum) and the loss of resistance (epi-
dural space). The teacher explains the reasons
for the use of LOR in the lumbar epidural block,
mentioning the existence of other techniques for
the thoracic and cervical epidural. Using a Tuohy
needle, a LOR syringe filled with saline, and a

cube of silicone material, the teacher demon-
strates the general principles of the increase and
the loss of resistance. A specifically designed
video is usually employed at this stage. After the
video the trainees perform a practical exercise of
increase and loss of resistance with the needle,
syringe, and silicone cube. Discussion and clarifi-
cation with the students on the general principles
end this section. Once again, before ending the
section the teacher asks the trainees: What have
you consolidated? (Confirmation of what you
already knew.) What did you learn? What didn’t
you understand? What do you want to learn more
about? (I would like to study it better at home.)
How much anxiety did this section cause? How
satisfied are you with your learning so far?

10.4.3 Fundamentals
with the Epidural Simulator

This section is what I named “The epidural in
four steps.” Students are in small groups and
everyone must try several times. In this phase,
the simulator is used exclusively as a task trainer
through which the Tuohy needle is passed in
order to appreciate and recognize the differences
in resistance offered by the fabrics encountered.
It is very important to have a simulator which
adequately reproduces the different layers the
epidural needle must pass to reach the epidural
space and for this reason I have modified a com-
mercially available simulator to make it reliable
and more similar to human tissues [5] (Fig. 10.8).
These are the four basic steps:

1. Recognizing the increase of resistance (liga-
mentum flavum): If the needle is inserted in
the ligamentum flavum, this is confirmed by a
slight pressure on the piston: if the piston does
not move forward this means that the tip of the
needle is sealed by the dense ligamentum fla-
vum. By continuously and steadily but deci-
sively increasing the pressure on the plunger,
the needle progresses in the ligamentum
against resistance. The trainee must carefully
observe that the needle slowly penetrates the
tissues while the piston remains stationary.
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[
Fig. 10.8 The validated, custom-made epidural simula-

tor, created by modifying the inner structure of a commer-
cially available one, and using some materials of our own

2. Recognizing the loss of resistance (epidural
space): By pushing progressively and steadily
on the piston when the needle is in the liga-
mentum flavum, as soon as the tip of the nee-
dle has reached the epidural space, the piston
is suddenly and unequivocally pushed forward
and the saline solution is suddenly discharged
into the epidural space. At the same time, the
progression of the needle stops automatically.

3. Recognizing the false loss of resistance: If the
needle is not inserted in the ligamentum fla-
vum, this is confirmed by making a slight
pressure on the piston: if the piston moves for-
ward its tip is not in the inextensible, dense
ligamentum flavum, but somewhere in the soft
tissues, which are easily infiltrated by water.

4. Recognizing the false increase in resistance
(bone contact): Resistance may be lost even
when the tip of the needle is against a bone
(usually the vertebral lamina). However, by
increasing the pressure on the plunger contin-

design to make it adequately realistic. For detailed infor-
mation in [5]

uously and steadily but decisively, the needle
does NOT progress into the tissues against
resistance.

10.4.4 Teaching by Using Dynamic
Pressure Sensing Technology
(CompuFlo Trainer®)

I named this section: “See and listen to what you
feel.”

Students are divided into small groups and
everyone must try several times. In this module
the epidural simulator is still used exclusively as
a task trainer through which the Tuohy needle is
passed. The aim is to let trainees appreciate and
know how to recognize the differences in resis-
tance offered by the fabrics encountered by hav-
ing an objective feedback.

For this section I use the CompuFlo Epidural
Trainer® which is based on Dynamic Pressure
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Sensing® technology (see Chap. 6). This instru-
ment is able to detect pressure changes imper-
ceptible by touch and presents visual and audible
feedback allowing the trainee to accurately con-
firm the location of the needle and consistently
discriminate between false and true loss of resis-
tance encountered during the procedure.

After having explained the general principles
of operation, the analysis of the graph, and the
acoustics of the instrument, the exercises of the
previous module are repeated with the help of the
CompuFlo Epidural Trainer®.

The epidural Tuohy needle, attached to an
anti-reflux valve, is connected to a three-way
stopcock, a LOR syringe, and the CompuFlo®
tubing extension (Fig. 10.9). The epidural Tuohy
needle is slowly advanced with open communi-
cation to all three connections.

If at any point in the process there is uncertainty,
confusion, or an inconclusive interpretation, the
trainee must stop the advancement of the needle
and use the instrument to verify the needle posi-
tion by using the four typical patterns displayed by
the CompuFlo Epidural Trainer®: “false increase
or decrease of resistance,” “bony contact,” “needle
in the ligamentum flavum,” and “needle in the epi-
dural space” (Fig. 10.10). By using the CompuFlo
Epidural Trainer® instrument the instructor, who
previously depended on the student feedback of
tactile feel during the epidural procedure, is, with

Fig. 10.9 The
connections between the
epidural needle, the
LOR syringe, and the
CompuFlo Epidural
Trainer® used for
teaching purposes

this instrument, empowered to monitor needle
movement on the screen. Procedure documenta-
tion is also generated to enhance educational dis-
cussion and monitor skill development.

10.4.5 Problem Setting: Introducing
the Epidural Checklist

In this educational module it is tough to know
how to reduce the complexity of the epidural tech-
nique. At this stage the teacher should perform
a masterful execution of the technique in front
of the students, illustrating all the logical steps
of the performance of the epidural technique,
according to the institutional standard checklist,
from hand scrubbing to epidural catheter fixation
to the patient’s skin. The teacher illustrates the
algorithm of the epidural checklist (poster, slide)
and explains in detail all the steps of the tech-
nique by dividing them into several blocks.

After careful observation, the trainees are
invited to imagine the steps and write them down
on a piece of paper (mentalization procedure)
highlighting areas for improvement in their per-
sonal training experience. It may be useful at this
stage to use individual games to reinforce the epi-
dural checklist learning, such as making a puzzle
in which pieces depict the epidural checklist in a
sequential and chronological way.
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Fig.10.10 Typical pressure-volume infused curve during
identification of the epidural procedure with the simulator
and the CompuFlo Epidural Trainer®: (a) subcutaneous

10.4.6 “Hands-On” Technique Using
the Epidural Simulator

“No one can understand something well and
make it their own when they have learned it from
another, compared to when they have learned it
on their own” (Descartes).

At this stage the trainee is ready to perform
the various steps of the technique on the epidural
simulator, prepared ad hoc so as to reproduce and
re-propose the development of the real technique
(sterile cloths, gloves, hat and mask, preparation
of the trolley, local anesthesia, etc.). Performance
is eventually evaluated with checklists and the
Global Assessment Rate both by the students (self-
assessment) and by an independent instructor.

10.4.7 Epidural Block as in the Real
World: High-Fidelity
Simulation

“True truths are those that can be invented”
(Kraus).

At this stage the execution of the technique is
performed in the high-fidelity simulation room
in a realistic environment reproducing the deliv-

tissues and/or supraspinous ligament; (b) false loss of
resistance; (c) ligamentum flavum; (d) epidural space

ery room and/or the operating room, by using
scenarios with actors (patient, nurse, colleague)
and/or a high-fidelity manikin. The trainee’s per-
formance evaluation is made by debriefing with
the help of checklists and the Global Assessment
Rate (Fig. 10.3).

10.4.8 Training on the Patient

“We’re not doing anything right until we stop
thinking about how to do it” (Hazlitt).

According to local institutional rotation and
policy, this part of the training is carried out in
the operating and/or labor and delivery rooms.
The instructor performs the technique in front of
the trainee in a masterful way. On this occasion,
materials, procedures, and general principles are
reviewed together with the trainee. Basically,
this stage of teaching has four phases. In the first
phase the teacher performs the technique and
the pupil, with sterile gloves, puts his/her hands
exactly on those of the tutor, who will commu-
nicate aloud all the passages of the needle in the
tissues associating the tactile sensations and ana-
tomical structures crossed. In my experience the
first 5-10 epidurals should be performed in this
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way. In the second phase, the pupil performs the
technique and the teacher, with sterile gloves, puts
his/her hands exactly on those of the pupil, who
will communicate aloud all the passages of the
needle in the tissues, attempting to correlate tac-
tile sensations and anatomical structures crossed.
The teacher confirms the tactile sensations of the
pupil at each step. Ten additional epidurals should
be performed in this way. In the third phase the
pupil performs the technique completely alone,
but the teacher is next to him/her. Observation and
intervention occur only if required and necessary.
During the fourth stage the trainee performs the
technique completely alone. The teacher is not in
the same room but is readily available on request.
The number of epidurals necessary for the tran-
sition from phase one to phase four may vary
according to the teacher’s judgement, the pupil’s
performance, and the technical difficulties that
occurred during the training. For a better under-
standing of the evolution of the trainee during this
period of learning the use of CUSUM curves may
be beneficial for both trainee and teacher.
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The Words of the Masters

In this chapter the original words of our masters
are reported, how they have described the epi-
dural technique and how they performed it. What
they have described in the past is still invaluable
today, despite the technical advances in the mate-
rials and the development of new technologies.

11.1 Achille M. Dogliotti

(1897-1966)

This is the very first description Dogliotti made
during the departmental meeting of April 18th,
1931, when he reported his very initial experi-
ence on 18 patients who underwent lumbar epi-
dural anesthesia [1]: “The technique of injection,
though it may seem very delicate, is actually
usually easy if you pay attention to the follow-
ing facts. Everyone who has some experience in
spinal puncture knows that some uniform fibrous
resistance is encountered during the progression
of the needle in the thickness of the interspinous
and intervertebral ligament. If during this first
time we remove the stylet and try to inject some
liquid, we find a strong resistance. Continuing the
advancement of the needle, the hand, and often
also the eye of the operator, feels a first click,
almost as if suddenly a good part of the previ-
ous resistance to the progress of the needle was
missing. If the advance of the needle has been
slow and cautious, you can immediately stop the
needle as soon as you feel this click. If at this
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point we remove the stylet, nothing comes out.
If we inject liquid this enters with extreme ease,
does not meet any resistance, we almost have the
impression of putting it in a vacuum.”

One year later he reported his final, and now
well-proven, loss-of-resistance technique at the
12th Annual Congress of Anesthesiologists,
in New York City in October 1932 [2]: “When
the needle has penetrated the ligamentum inter-
spinous for a certain distance and before it has
gone through the ligamenta subflava into the spi-
nal canal one removes the trocar and attaches a
syringe filled with physiological saline. When an
attempt is made to inject this fluid a very great
resistance is met with since the interspinous
ligamentum and the ligamenta subflava are so
dense. If they can be injected at all, it will be
only after the employment of considerable force.
This resistance is most certain evidence that the
needle is still in the posterior fibers of these tis-
sues. The following maneuvers are then carried
out: the syringe is held in one hand the thumb of
which applies a continued and uniform pressure
to the piston (Fig. 1.6). The other hand slowly
advances the needle into the tissues and when it
has traversed a few millimeters the hand which
is holding it will suddenly note a diminution in
the resistance to its passage which has previously
been due to the tissues of the ligamenta subflava.
At the same instant the injection fluid enters
freely. This is certain, practical and unequivocal
evidence that the point of the needle has pierced
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the ligamenta subflava and is in the peridural
space which offers no resistance to the flow of the
injected fluid. As soon as this position has been
recognized the needle should be left in the posi-
tion which it now occupies for its point is in the
peridural space; any attempt to advance it farther
would entail the risk of penetrating the dura.”

11.2 JohnJ.Bonica (1917-1994)

This is the original description Bonica made in
the 1950s in his masterpiece Management of
Pain [3]: “Just before the point of the needle has
engaged the ligamentum flavum, the stylet is
removed, and an attempt is made to inject saline
with a 5 cc. Luer lock syringe. If the bevel of the
needle is within the compact ligamentum flavum
this attempt will meet with considerable resis-
tance, whereas if the bevel is still in the loose
interspinous ligament the resistance will be of
only moderate degree. With a little practice, vari-

Fig. 11.1 Bonica’s technique: (a) advance of the needle
with left hand while constant unremitting pressure is
being exerted on the plunger of the syringe. (b) needle
point in the ligamentum flavum, which offers great resis-

ous degrees of resistance, as the needle passes
through the various structures, become bet-
ter appreciated and are more easily discernible.
While the thumb of the right hand exerts con-
stant, unremitting, steady pressure on the plunger
of the syringe, the shaft of the needle is grasped
between the thumb and forefinger of the left hand
and very slowly advanced (Fig. 11.1). The left
hand should rest on the back of the patient as so
to steady the needle and better regulate the pres-
sure that is exerted against it. In this manner the
needle is very slowly and gently pushed through
the ligamentum flavum until it enters the peridu-
ral space. As soon as the bevel begins to enter
this space, there is a sudden lack of resistance,
and the liquid, which up to this point had encoun-
tered great resistance, now escapes very rapidly
and freely, whereupon the needle is arrested.”
And this is the same description 10 years
later [4]: “As soon as the needle point reaches
the supraspinous ligament, greater resistance is
encountered because of the nature of the bevel

Ligamentum Epidural

flavum

1
Spread of anesthetic
solution

tance. (¢) entrance of point of needle into epidural space is
discerned by sudden lack of resistance to the injection of
the saline. (d) diffusion of the solution throughout the epi-
dural space
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and the density of the ligament. The needle is then
advanced 2.5-3 cm through the loose interspi-
nous ligament which offers less resistance. When
the needle engages the ligamentum flavum, more
resistance is encountered: the stylet is removed
and the 10 mL. Luer-Lock control syringe filled
with saline is carefully adapted to the needle (use
of air, because of its compressibility, decreases
the sensitivity to pressure changes as resistance
is met). If the operator is right-handed, it is easier
to manage the syringe with the right hand, while
the needle is grasped firmly between the thumb
and the index finger of the left hand and the other
fingers and the back of left hand rest against the
patient’s back. An attempt is then made to inject
the saline. If the point of the needle is still in
the interspinous ligament, only moderate resis-
tance to the injection is encountered, but if it is
in the tough, dense ligamentum flavum, attempts
to inject are met with considerable resistance.
The point of the needle must be advanced very
slowly, through the ligamentum flavum, while
the thumb of the right hand exerts constant, unre-
mitting pressure on the plunger of the syringe.
Some physicians prefer to advance the needle
intermittently 1-2 mm. and then to stop and
apply pressure on the plunger; the maneuver
is repeated several times until the point of the
needle enters the space. The importance of mov-
ing the needle through the ligamentum flavum
very slowly cannot be overemphasized; 20-30 s
should be allowed to advance the needle through
the 3—5 mm thickness of the ligament.

As soon as the bevel of the needle enters the
peridural space there is a sudden lack of resis-
tance and the liquid, which to this point has
encountered obstruction, now escapes rapidly
and freely. The advance of the needle is stopped
instantly on entering the space and the solution
is discharged. When the bevel of the needle is
wholly within the peridural space, it is possible
to inject saline with little or no resistance: the
feeling is the same as injecting fluid into the sub-
arachnoid space. If the operator experiences the
sudden marked decrease in resistance, indicating
passage of the point of the needle through the
ligament, but still feels that the injection is not
free or there is reflux of the fluid, the point of

the needle is either not entirely within the epi-
dural space or contains a particle of tissue, which
was ‘punched out’ by the bevel. To eliminate
these possibilities, the stylet is replaced into the
needle, and the needle slowly advanced 2-3 mm
and injection again attempted. If resistance is still
encountered or there is still reflux, the needle has
missed its target and should be withdrawn and
another attempt made” (Fig. 11.2).

11.3 Daniel C. Moore (1918-2015)

In the years after World War II, questions were
raised about the safety and utility of regional
blockade. Daniel C. Moore emerged as an
enthusiastic advocate of regional techniques,
effectively leading a renaissance of regional
anesthesia interest through his textbook, teach-
ing, and research. This is his description [5]: “If
the anesthesiologist is right-handed, the index
finger and the thumb of the right hand grasp the
hub of the needle while the other fingers and back
of the hand rest firmly against the patient’s back.
Firm, continuous pressure is exerted against
the plunger of the syringe with the left hand
(Fig. 11.3). If the needle lies within the substance
of the anterior intraspinous ligament or the liga-
mentum flavum, it is very difficult to force any of
the saline from the syringe. The index finger and
thumb of the right hand now very slowly advance
the needle while constant, unremitting, pressure
is kept on the plunger of the syringe with the left
hand. The moment the bevel of the needle enters
the epidural space, the contents of the syringe
will be rapidly discharged if constant, unremit-
ting, pressure on the plunger has been exerted.
The forward advancement of the needle is imme-
diately stopped, and if this advancement has been
very slow and cautious, the bevel of the needle
will lie in the epidural space.”

11.4 P.R.Bromage (1920-2013)

This is the exhaustive description of the position
of the operator’s hands suggested by Bromage
in his popular textbook [6]: “A firm, braced grip
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Fig. 11.2 Bonica’s technique, paramedian approach. (a)
formation of intracutaneous wheal just lateral to lower
portion of spinous process of third lumbar vertebra. (b)
advance of the needle. (¢) introduction of the catheter. (d)

on the needle and a slow, controlled advance are
among the most essential conditions for the tech-
nique ... The grip on the needle is all-important
and is designed to reduce the natural compliance
and elasticity in the operator’s hand to a mini-

withdrawal of the needle over the tubing. (e) injection of
the test dose. (f) catheter is imobilized with adhesive tape:
note the large circle made by the catheter to decrease risk
of kinking at its point of exit from the skin

mum, so that the needle is advanced steadily and
evenly as if by a machine under micrometric
control. The needle is grasped at the junction of
the hub and shaft so that the grip exerts a three-
point fixation (Fig. 11.4). The needle is gripped
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Fig. 11.3 Moore’s
technique. (a) needle
rests in interspinous
ligament. (b) needle
rests in epidural space

Fig. 11.4 Bromage’s
technique

between the thumb on top and the proximal and
distal phalanges of the crooked forefinger below.
The hand is supinated, with the wrist partially
flexed and the back of the carpus braced against
the patient’s back. Forward motion is imparted
to the needle by a gradual extension of the wrist,

needle guided through interspinous
ligament

) S———  Pressure maintained
on plunger

Sudden release of
resistance as needle
enters epidural space

and the carpus and metacarpus roll in toward the
back like an eccentric cam driving a piston. The
hand must be rock-steady to supply a gradual,
controlled forward movement to the needle, as
well as an instantaneous braking force as soon
as the epidural space is entered. The forward
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movement should be gradual and continuous,
never intermittent. The other hand holds the
syringe, and the thumb exerts continuous firm
pressure on the plunger, sensing the different
resistances encountered during the advance of the
needle. This hand is almost entirely concerned
with supporting the syringe and interpreting the
significance of changes in resistance to injection
as the needle advances; the slight forward motion
that it imparts to the needle is counterbalanced by
the other hand braced against the patient’s back.
A 5-mL syringe is small enough to allow the
backs of the fourth and fifth fingers of both hands
to remain in contact and braced against each
other. The two hands move in concert like a slow
exercise in isometric contraction. Never advance
the needle without simultaneous pressure on the
plunger to tell you where you are.”

11.5 Andrew Doughty
(1916-2013)

Andrew Doughty greatly contributed to the diffu-
sion of epidural labor analgesia in the UK. In this
letter [7] he explains the technical variant he pop-
ularized in the 1960s—1970s: “With the operator
standing side-on to the patient, the epidural nee-
dle is pushed into the back by the pressure of the
right thumb, index and middle fingers gripping
the rim of the proximal end of a 20 mL syringe
(Fig. 11.5). The right hand is thus responsible for
appreciating the resistance of the ligamentum fla-
vum. The controlling or braking force is applied
in an opposite direction by the grip of the fin-
gers and thumb of the /eft hand on the hub of the
needle, the knuckles resting against the patient’s
back. The ‘indicator equipment’ responsible
for demonstrating the entry of the needle point
into the epidural space is a scrupulously clean
all-glass 20 mL syringe with a smooth-running
plunger on which pressure is applied by the ball
of the index finger or the palm of the right hand
during the advance of the Tuohy needle: thus the
considerable force which may be required to pro-
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Fig. 11.5 Doughty’s technique

pel the needle through the ligamentum flavum is
separated from the small and delicate pressure
needed to elicit the loss of resistance to injection.
I do not expect to make converts to my technique
from among experienced operators achieving
excellent results with methods to which they have
become accustomed, but I strongly recommend it
as one that I have taught to beginners for many
years and with which they have quickly acquired
confidence; for them I have found it almost ‘dural
puncture proof!””
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