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Foreword

Historically, injury or disease within the chest was considered in most instances to be fatal. It
would take hundreds of years to understand human anatomy and physiology for doctors and
scientists to develop surgical techniques to provide surgeons and anesthesiologists the un-
derstanding and skills to work in a small space to treat diseases of the thorax.

Today, technological advances have paved the way for miraculous cures for infection, an-
atomical disorders, vascular abnormalities, malignant tumors, benign masses, and other
thorax pathologies. These treatments promote healing for a wide variety of clinical condi-
tions, and the evoluation of anesthesia techniques has allowed for less postoperative pain and
improved outcomes.

We hope that our book, Thoracic Anesthesia Procedures, provides an inspiration for les-
sons in thorax surgery and anesthesia for medical students, residents, fellows, and attending
staff. We have worked methodically to recruit experts from numerous medical fields and pro-
fessional disciplines. The result is an easy to read and very visual book sharing expertise and
knowledge in the field of thoracic surgery. We welcome your comments and hope you enjoy
our book focused on thoracic disease and treatment.
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1
Normal Respiratory Physiology
Basic Concepts for the Clinician

Jordan S. Renschler, George M. Jeha, and Alan D. Kaye

Physiological and Anatomical Consideration
of Patient Positioning

Introduction

Patient positioning should optimize exposure for surgery while minimizing potential harm
to the patient. Concerns for patient positioning include interfering with respiration or cir-
culation, compressing peripheral nerves of skin, and causing musculoskeletal discomfort.
Factors that should be considered when choosing optimal patient positioning include pro-
cedure length, the surgeon’s preference, the type of anesthesia administered, and patient spe-
cific risk factors, including age and weight.!

Supine

Supine is the most used surgical position and poses the lowest risk to patient? (Figure 1.1). In
the supine position the patient is placed on their back with the spinal column in alignment
and legs extended parallel to the bed. Changing a person from upright to the supine position
results in a fall of about 0.8 to 1 L in functional residual capacity (FRC).%* After induction of
anesthesia, the FRC decreases another 0.4 to 0.5 L due to relaxation of the intercostal mus-
cles and diaphragm. This drop in FRC contributes to small airway collapse and a decrease in
oxygenation.

Lateral Decubitus: Closed Chest

The lateral decubitus position is often used in surgeries of the hip, retroperitoneum, and
thorax (Figure 1.2). To achieve this position, patients are anesthetized supine then turned
so the nonoperative side is in contact with the bed. The shoulders and hips should be turned
simultaneously to prevent torsion of the spine and great vessels. The lower leg is flexed at hip,
and the upper leg is completely extended. There is a decrease in FRC and total volumes of
both lungs due to the patient being in a supine position. In lateral decubitus, the dependent
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Figure 1.1 Supine position.

lung is better perfused due to gravity but has a decreased compliance to the increased intra-
abdominal pressure and pressure from the mediastinum.? This leads to better ventilation of
the poorly perfused, nondependent lung. These alterations result in significant ventilation-
perfusion mismatch.

Figure 1.2 Lateral decubitus position.
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Open Chest

Opening the chest in lateral decubitus poses additional physiologic effects. Opening a large
section of the thoracic cavity removes some constraint of the chest wall on the nondependent
lung. This increases ventilation of the lung, which worsens the ventilation-perfusion mis-
match.? Because the intact hemithorax is generating negative pressures, the mediastinum
can shift toward the closed section, changing hemodynamics in a potentially dangerous way.
The closed hemithorax can also pull air from the open hemithorax, resulting in paradoxical
breathing.’

Lung Isolation Techniques
Introduction

Lung isolation may be desired in surgery to optimize surgical access. By collapsing a single
lung, the surgeon has greater access to the thorax and prevents puncturing the lung. Single-
lung ventilation can also prevent contamination of healthy lung tissue by a diseased lung in
cases of severe infection or bleeding. This section discusses methods of lung isolation in-
cluding double-lumen tubes and bronchial blockers.

Anatomical Landmarks

The trachea is the entrance to the respiratory system and is kept patent by C-shaped carti-
laginous rings. These rings maintain the structure of the trachea and are incomplete on the
posterior aspect of the trachea. The trachea splits into the right and left mainstem bronchus at
the carina (Figure 1.3). Notice the right bronchus lies in a more vertical plane and is typically
shorter and wider. The right bronchus supplies the right lung, which has three lobes—the
superior, middle, and inferior lobes—whereas the left lung consists of only the superior and

Figure 1.3 Thetrachea splitsinto the right and left mainstem bronchus at the carina.
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inferior lobes and is supplied by the left bronchus. Each lobe is supplied by a secondary bron-
chus, coming from the respective mainstem bronchus. Secondary bronchi split further into
bronchioles.

Double-Lumen Tubes

Double-lumen tubes are the main method of anatomical and physiologic lung isolation in
most thoracic surgery cases. Double-lumen tubes are composed of two unequal length en-
dotracheal tubes molded together. The longer tube has a blue cuft and is designed to sit in
the primary bronchus, while the shorter tube has a clear cuff and is placed in the trachea
(Figure 1.4). By inflating the tracheal cuff and deflating the bronchial cuff, ventilation of
both lungs is achieved. Lung isolation is achieved when the bronchial cuff is inflated.®

o Double-lumen tubes come in right and left models. Adult double-lumen tubes are avail-
able in different sizes: 25 Fr, 28 Fr, 32 Fr, 35 Fr, 37 Fr, 39 Fr, and 41 Fr. 39 Fr and 41 Fr are
commonly used in adult males, and 35 Fr and 37 Fr are used for adult females.” Size choice
should prevent trauma or ischemia to the airway from a tube too large, but it must be large
enough to adequately isolate the lung when inflated. The tubes should pass without resist-
ance during insertion. Smaller tubes are more likely to be displaced and are more difficult
to suction and ventilate through. Double-lumen tubes are also commercially available

Figure 1.4 A39 Frdouble lumen tube demonstrating the tracheal limb, bronchial limb,
oropharyngeal curve, tracheal cuff, and bronchial cuff (A). An enlarged image displaying the
bronchial and tracheal limbs(B).
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for patients with tracheostomy and are shorter and curved between the intratracheal and

extratracheal components.

o Components of double-lumen tube package:

« Double-lumen tube

o Adaptor for ventilation of both ports

« Extension for each port

o Stylet

« Suction catheter

o Apparatus to deliver continuous positive pressure airway to the nonventilated lung (var-
iable depending on manufacturer)

o Additional equipment:

« Laryngoscope blade

o Fiberoptic bronchoscope

o Stethoscope

o Hemostat to clamp the tube extension on the nonventilated side

« Blind placement”:

o Preparation: Prior to the case, prepare and assemble the supplies to prevent delays later.
Lubricate the stylet and place it into the double-lumen tube. Connect the adaptor to both
port extension.

o Intubating the patient: Visualize the vocal cords by direct laryngoscopy. Advance the
double-lumen tube with the bronchial tip oriented so the concave curve faces anteriorly
through the vocal cords until the bronchial cuff passes the cords. Rotate the tube 90° to
the left when using a left-sided tube or to the right if using a right-side tube. Then ad-
vance the tube until there is resistance, while having another clinician remove the stylet.
Attach the adaptor/extension piece. Following adequate positioning, inflate the tracheal
cuff. Confirm both lungs are being ventilated by visualized chest rise and auscultation.
Next verify ventilation from the bronchial lumen by inflating the bronchial cuff 1 mL at
a time until leak stops. Stop gas flow through the tracheal lumen, then open the tracheal
sealing cap to air. Clamp off gas flow through the bronchial lumen to confirm isolation of
the other lung through the tracheal lumen. Connect the double-lumen tube to the ven-
tilator circuit using the connector provided in the packaging. End-tidal carbon dioxide
(CO,) confirms placement in the trachea. Oxygenate the patient fully with a fraction of
inspired oxygen of 100%.

o Confirmation of placement. Confirm correct placement of the tube using a fiberoptic
bronchoscope through the endotracheal lumen (gold standard), by auscultation, and/or
with lung ultrasound.

o Relative contraindications: Placement of a double-lumen tube is difficult due to the larger
size and design; therefore, relative contraindications include a difficult airway, limited
jaw mobility, a tracheal constriction, and a pre-existing trachea or stoma. In these cases,
a single lumen tube with a bronchial blocker is an advisable alternative.

 Considerations:

o Left-sided double-lumen tubes have a higher margin of safety because the left primary
bronchus is longer than the right.

o The proximity of the right-upper lobe bronchus to the carina poses an additional chal-
lenge in placing a right-sided double-lumen tube.?
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« Reviewing prior lung imaging may aid in locating the right upper lobe position relative
to the right primary bronchus.

Bronchial Blocker

Bronchial blockers are another method used for selective ventilation of an individual lung.
The blocker is a catheter with a balloon at the tip that is inflated to occlude the lung of the
bronchus it is placed in. Open-tipped bronchial blockers offer the ability to apply continuous
positive pressure and to suction the airway, making them more useful than the alternative
close-tipped bronchial blockers.® The smallest size is a 2 French, which may be used in a 3.5
or 4.0 mm endotracheal tube. Proper placement of bronchial blockers is especially difficult
in smaller children. To assure proper placement of the bronchial blocker, one must visualize
key anatomical structures during placement. Fiberoptic bronchoscopy is a reliable method to
confirm proper placement of the bronchial blocker.

Advantages of bronchial blockers compared to double-lumen tubes include bronchial
blockers utility in airway trauma, ability to be placed through an existing endotracheal tube,
and ability to selectively block a lung lobe.”!? Disadvantages include being especially difficult
to place, particularly in the right upper lobe, as well as being more likely to be dislodged.

« Placement of bronchial blocker
o Preparation: Prior to intubation, verify that the bronchial blocker attached to the fiber-

optic scope fits through the endotracheal tube.

o Intubation: Using a single-lumen tube, intubate the trachea. Confirm endotracheal tube
intubation with end-tidal CO, and auscultation. Fully ventilate the patient with a frac-
tion of inspired oxygen of 100% prior to placing the bronchial blocker.

o Placement of the bronchial blocker: Attach the blocker to the very distal tip of the fiber-
optic bronchoscope using the loop/lariat of the blocker. Advance the attached bron-
chial blocker into the endotracheal tube. Use the fiberoptic bronchoscope to visualize
the airway, guiding the blocker into the selected primary bronchus. Place the bronchial
blocker by releasing the loop/lariat that connect the blocker to the fiberoptic broncho-
scope. Withdraw the bronchoscope to slightly above the carina and visualize the pri-
mary bronchi. While observing from this view, inflate the balloon with air or saline as
instructed by the manufacturer. Remove the fiberoptic bronchoscope and auscultate to
confirm positioning of blocker. Confirm that peak airway pressures are appropriate and
not excessive.

o Risks: Bronchial blockers may cause local trauma to the tracheal mucosa during place-
ment. Additionally, using a bronchial blocker or overinflation of the balloon that is too
large can damage the mucosa of the airway. If the bronchial block is inflated within the
trachea ventilation of both lungs is blocked.
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Bronchoscopy

Bronchoscopy allows for visualization of the airways and has utility in diagnostic and thera-
peutic procedures. There are two main types of bronchoscopes, rigid and flexible. The rigid
bronchoscope is a metal tube with a beveled tip. The flexible bronchoscope has several vari-
ations. Traditionally, they have a long flexible tube encircling a fiberoptic system with a light
source. The handle of the scope has an eyepiece, control lever for tip movement, suction
button, and access to the suction channel.!! Indications for rigid and flexible bronchoscopes
overlap, but flexible bronchoscopes are preferred in confirmation of double-lumen tube and
bronchial blocker placement.!?

Indications for Bronchoscopy

Diagnostic Therapeutic

Tracheoesophageal fistula, hemoptysis Lung resection, hemoptysis management,
management, chronic cough, stridor, nodal foreign body removal, airway dilatation and
staging of lung cancer, hilar lymphadenopathy stent placement, lavage, tumor debulking,
tracheomalacia, posttransplant surveillance, thermoplasty for asthma!?

pulmonary infiltrates

When using a double-lumen tube or bronchial blocker, fiberoptic bronchoscopy is a reli-
able method to confirm tube placement and lung isolation.!* Auscultation is less reliable for
determining adequate ventilation of the selected lung. Mispositioning of the double-lumen
tube can result in hypoventilation, hypoxia, atelectasis, and respiratory collapse.'®

When using fiberoptic bronchoscopy to confirm the position of a blindly inserted tube, it
is advanced through the tracheal lumen to confirm'*:

o The bronchial portion is in the correct bronchus.
« The bronchial cuff does not cover the carina.
o The bronchial rings are anterior and longitudinal fibers are posterior.

When advancing the bronchoscope through the endobronchial lumen:

o For left-sided tubes, visualize the origins of the left upper and lower bronchi to assure the
endobronchial tip is not occluding a bronchi.

o For the right-sided tube, because of the alternate size and angle, ensure the alignment be-
tween the opening of the endobronchial lumen and the opening of the right upper lobe
bronchus is optimal. Visualize the middle and lower bronchus as patent and ventilated.

Bronchoscopy may be used to aid in placing the double-lumen tube by placing the broncho-
scope through the bronchial lumen and positioning the double-lumen tube over the scope.
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o Complications: Potential complications of bronchoscopy include laryngospasm, broncho-
spasm, hypoxemia, mucosal damage resulting in bleeding, pneumothorax, cardiac arrhyth-
mias, and exacerbation of hypoxia. The benefits of bronchoscopy must outweigh the risks.

Pulmonary Function Changes During Thoracic
Anesthesia

Introduction

During thoracic anesthesia, a significant reduction in pulmonary function occurs, with a de-
crease of up to 50% in forced expiratory volume in 1 second (FEV1), forced vital capacity, and
FRC.!® Anesthetic agents themselves, particularly the volatile anesthetics, lead to hypercar-
bia and hypoxia. Depression of reflexes, increased secretions, changes in hemodynamics, and
alterations in rib cage movement during thoracic anesthesia further alter pulmonary func-
tion. These alterations lead to a high risk of hypoxia and atelectasis, resulting in respiratory
complications comprising most perioperative causes of morbidity and mortality.

Lung Mechanics and Pulmonary Function

The lungs’ primary function is to maintain oxygenation and remove CO, from the blood, thus
allowing for respiration at the cellular level to occur. Arterial CO, is detected by chemorecep-
tors of the carotid body and medulla and is the primary driver of respiration. Patent alveoli
and capillaries within the lung are the site of gas diffusion. Alveolar ventilation (Va) refers to
the gas exchange occurring between the alveoli and external environment, while perfusion
(Q) is the blood flow the lung receives. Perfusion of the lung tissue is heavily dependent on
gravity, so patient positioning alters which areas of the lung are most perfused.'” Different
methods of thoracic anesthesia and positioning of the patient alter Va and Q. Thoracic anes-
thesia causes a dose-dependent decrease in minute ventilation, or the total volume the lung
receives in 1 minute.!8 The additional decrease in FRC and FEV1 leads to alveolar collapse
and an increase of shunting within the lungs. Some of this loss of lung function can be over-
come with positive end-expiratory pressure and alveolar recruitment maneuvers, improving
overall patient outcomes. Mechanical ventilation improves the Va/Q ratio by increasing the
volume of air the lung receives and limiting atelectasis.!”

Predictive Postoperative Pulmonary Lung Function

FEV1 and the diffusion capacity of CO, are quantitative preoperative assessment values
of thoracic anesthesia patients undergoing partial lung resection. FEV1 is a measure of
the respiratory mechanics whereas diffusing capacity for CO, (DLCO) measures the lung
parenchymal function. Reduction in FEV1 and DLCO are ass