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Thoracic a-'natomy .

The knowledge of certain aspects of thoracic
anatomical arrangements is of great importance to
the thoracic anesthetist. It assists in the correct pos-
itioning of endobronchial tubes, the identification
of diseased lobes, in an understanding of the pro-
posed surgery and also the potential complications
that might occur. The availability of computerized
tomography (CT) also means that the anesthetist
can utilize this to his/her advantage in predicting
difficulties in major cases. However, to interpret
these, an understanding of normal anatomy is a
prerequisite. '

Tracheal, bronchial, lobar division
The course and division of the airway is readily seen
on flexible and rigid bronchoscopy.

Trachea

This conduit for air and exhaled gases arises from
the lower border of the larynx at approximately the
level of cervical vertebra C6. The trachea descends
in line with the vertebra and moves slightly to
the right and posteriorly in doing so. It consists
of 16-20 C-shaped cartilaginous rings that provide
a semi-rigid structure. Posteriorly the longitudinal
trachealis muscle (non-striated) completes the tube

Chapter1

DAVID MORRICE

structure. This muscle layer has the appearance
of a flowing river and provides an easy landmark
to orientation when performing a fiberoptic bron-
choscopy. Bifurcation occurs at the leve] of thoracic
vertebra T4. Thus the average length of the trachea
in an adult male is 15 cm. The usual anterioposte-
rior diameter is 20 mm.

Throughout its course the esophagus lies directly
behind the trachea, with the recurrent laryngeal
nerves lying in the groove in between. In the upper
(extra thoracic) trachea, the isthmus of the thy-
roid overlies the trachea anteriorly with the thyroid
lobes lying laterally. The relations of the trachea are
shown in Figure 1.1. Moving down into the thoracic
cavity the thymus overlies the trachea not far below
the sternal notch, and below this are arteria] vessels
arising from the aorta below. These are from right
to left, the brachiocephalic artery, left carotid, and
below this the ascending aorta arches in front of the
trachea, givingin addition to the above the left com-
mon carotid and subclavian arteries, During medi-
astinoscopy the brachiocephalic artery may be com-
pressed by the rigid bronchoscope, affecting the
blood supply to the right arm. The medial aspect
of the right upper lobe lies against the trachea.
The recurrent laryngeal nerves innervate the upper
trachea.
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Figure 1.1 The relations of the trachea.

The bronchi and bronchial tree
The bronchial tree with its divisions is illustrated in
Figure 1.2.
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Figure 1.2 The bronchial tree,
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The carina and surrounding structures
The last tracheal ring is larger and wider than the
others, forming a sharp sagittal ridge called the
carina (Latin for the keel of a boat). The carina
marks the bifurcation into right and left bronchi.
Several important tracheobronchial lymph nodes
lie within close proximity and tumor spread to these
nodes may blunt the sharp edge of the carina. In
addition mediastinoscopy to biopsy these nodes
will reveal the intimate relations of the pulmonary
artery, aorta and branches and superior vena cava.
The pulmonary artery is Particularly at risk of injury
during this procedure.

Right and ieft bronchi

The right main bronchus compared to the left is
shorter and descends more vertically, i.e. at 25°
compared to 45°, This leads to a tendency for endo-
bronchial tubes to favor entry to the right. It ends
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when the right upper lobe orifice branches out after
2.5 cm. This lobe consists of three segments (apical,
anterior and posterior).

The right upper lobe orifice is directed at 90°
from the right main bronchus and may need some
bronchoscopic maneuvering to visualize. The api-
cal segment is directed vertically (the other two hor-
izontally); hence on a “slice” of CT it appears as a
small well-defined circle. This can be used to aid
the localization of tumors within the lungs. Occa-
stonally this lobe may arise higher, even from the
trachea.

Following this first division the main bronchus
- continues as the bronchus intermedius for 3 cm
until the middle lobe branches in a direction medi-
ally and downwards. Two segments are contained
in the medial lobe (lateral and medial) which both
project horizontally, This medial lobe is anteriorly
placed and wedged between the anterior segment
of the upper lobe and the anterior basal segment of
the lower lobe.

Thereafter the main bronchus supplies the lower
lobe. First to branch off horizontally, opposite the
medial lobe orifice, is the apical segment of the
lower lobe, worth mentioning because it is directed
posteriorly. It is thus prone to collecting secretions
in the supine patient. Four further branches are
made in a downward direction, all to basal seg-
ments of the lower lobe. Thus the right medial lobe
and apical portion of the right lower lobe divide
at a similar level and appear as a row of three ori-
fices, sometimes being referred to as the secondary
carina.

On the left side the bronchial divisions supply
the left uppei' lobe, lingula and lower lobe. At about
5cm from the carina, the upper lobe bronchus
branches to supply both the upper lobe and the
lingula. The upper lobe bronchus is 1 cm long and
supplies apical, anterior and posterior segments,
The upper lobe is difficult to inspect due to its verti-
cal take off and the anterior and posterior segments
are also vertically orientated. The lingular orifice
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appears more in line with the left main bronchus
(ie. obliquely), and its bronchus is 2-3 cm long.
It divides into two segments, superior and inferior,
which also head in an oblique direction. In a sim-
ilar fashion to the right middle lobe, the lingula is
anteriorly placed and wedged between anterior seg-
ments of the left upper and lower lobes. The left
lower lobe bronchus is directed downwards with
division firstly into an apical segment arising from
the posterior wall and directed horizontally. Below
this the bronchus heads vertically downwards and
divides into anterior, lateral and posterior basal
branches.

Importance of bronchopulmonary
segments

There are 20 segments as described above and each
can be considered as being discrete physiologically
functional units, as each segment has its own sep-
arate arterial supply, and venous and lymphatic
drainage. The divisions are further illustrated in
Figure 1.3. In the case of a lobectomy e.g. for neo-
Plasia the surgeon will have to ensure correct isola-
tion of each of these vessel types to avoid venous
congestion or ischemia of other parts of the lung.
As a rule each segment is pyramidal shaped and
will receive a single branch of the pulmonary artery
to perfuse the alveoli. These follow the course of
the bronchi, and the division into bronchioles, The
bronchus for each segment divides about 15 times
into terminal bronchioles. Blood from each seg-
ment is drained by intersegmental veins that lie in
the connective tissue around the segment, which

. generally leads to a single branch from each seg-

ment. However, the right upper lobe often has
additional draining branches of the pulmonary
vein. Lymphatics tend to closely follow the course
of the bronchi. These drain into tracheobronchial
lymph nodes located at the bifurcation of the larger
bronchi.
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Figure 1.3 The bronchopulmonary segments.

Alveolar units

The terminal bronchioles further divide into respi-
ratory bronchioles from which alveoli arise, finally
ending in sacs of alveoli. Deoxygenated blood
from the tissues is pumped forward from the right
heart via the pulmonary arteries and intrasegmental
branches to the fine capilliary beds around the alve-
olar sacs. Here, as described elsewhere, O, and CO,
gas exchange occurs. Thereafter oxygenated blood
drains into the pulmonary vein system, which col-
lects in the intersegmental septa and drains ulti-
mately into the left atrium.

Bronchial arteries

These smaller vessels supply the stroma of the lung
including the bronchi, pleura and nodes. They foi-
low the posterior aspect of the bronchi as they
divide. There are usually two left bronchial arter-
ies arising from the descending thoracic aorta and
a right arising variably from the aorta or intercostal
arteries. Bronchial veins drain only the more prox-
imal bronchial divisions and may be susceptible to
compression by edema as they cross the bronchial
wall.

2R

The hilum

The structures that enter the lung are the pul-
monary arteries, veins, the primary bronchi, pul-
monary nerve plexi and bronchial arteries. Where
these structures enter and leave the hung is termed
the hilum. '

The pleura

Each pleural sac is a closed cavity lined by a serous
membrane invaginated by a lung. The outer wall of
the chestis lined by the parietal pleura while the vis-
ceral pleura cover the lung. The layers of pleura are
continuous around the root of the lung. The parietal
pleura lines the ribs, costal cartilages and the inter-
costal spaces, extending superiorly beyond the tho-
racic inlet to form the cervical dome of pleura. Infe-
riorly it forms a narrow gutter around the margin
of the diaphragm, the costodiaphragmatic recess,
and similarly anteriorly in front of the heart, the
left costal and mediastinal surfaces are in contact
forming the costomediastinal recess. The pleura is
supplied by blood from the tissues it covers. The
visceral pleura has no pain fibers but the parietal
pleura has a rich nerve supply from nerves in adja-
cent tissues. The lymphatic drainage of the visceral
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pleuraistoa superficial plexus in the lung and then

to hilar nodes, and the parietal pleura drains to
parasternal, diaphragmatic and posterior mediasti-
nal nodes.

The paravertebral space

The borders of the thoracic paravertebral space are
imprecige. It is a wedge-shaped space with its base
being formed by the lateral surface of the vertebral
body and intervertebral foramen. It is thought that
the prevertebral fascia and anterior longitudinal lig-
ament usually form a barrier to communication to
the contralateral paravertebral space, breached only
by lymphatic channels. The posterior wall is formed
by the inner surface of the vertebral transverse pro-
cess, the neck of the rib and the attached superior
Costotransverse ligament. The lateral boundary is
formed by the ribs and internal intercostal muscles.
The anterior wall is the parietal pleura.

The diaphragm

The diaphragm is a musculotendinous septum sep-
arating the thoracic and abdominal cavities. It con-
sists of a peripheral muscular part attached to the
edges of a central trilobed tendon (see Figure 1.4).

At TB - inferior vena cava,
right phrenic nerve

liohypogastric
nerve
Sympathetic chaln

Figure 1.4 The diaphragm.
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The peripheral muscular part is divisible into three

sections by its attachments:

1. Sternal part - from the back of the xiphoid
process by two muscular slips.

2. Costal part - from the inner surfaces of the
lower six1ibs and costal cartilages,
interdigitating with transverse abdominis.

3. Vertebral part - from the sides of the bodies of
the upper lumbar vertebrae by two crura and
from the medial and lateral arcuate ligaments
on each side. The right crus is attached to the
bodies of the first three vertebrae and the left
crus to the first two. The larger right crus passes
forwards and to the right surrounding the
esophageal opening. The medial arcuate
ligament is the thickened upper edge of the
psoas fascia and passes from the body of the
first lumbar vertebra to its transverse process.
The lateral arcuate ligament is anterior to
quadratus lumborum passing from the
transverse process of the 1st lumbar vertebra to
the 12th rib.

The two halves of the diaphragm are supplied

by the corresponding phrenic nerves. The periph-

ery also receives additional sensory branches from

Left phrenic nerve

AtTI0 -
esophagus,
gastic vessels,
vagl

AtT12 - aorq, thoracic duct
azygos vein

Cambridge Books Online © Cambridge University Press, 2009



SECTION 1 Pre-operative considerations

intercostal nerves. There are three large openings in
the diaphragm from before forwards: for the infe-

rior vena cava (with the right phrenic nerve) in the

central tendon to the right of the midline at the
level of the 8th thoracic vertebra; for the esophagus
at the level of T10 as above (with branches of the
vagus nerve and esophageal branches of the left gas-
tric vessels); and for the aorta, between the crura of
the diaphragm in front of T12. This also transmits

the thoracic duct and azygous vein. The left phrenic
nerve pierces the left dome of the diaphragm.

FURTHER READING

* Erdmann A. Concise Anatomy for Anaesthetists.
Cambridge: Cambridge University Press, 2002.

* Cornley DM, Rosse C. Interactive Atlas of Tho-
racic Viscera. University of Washington, 1996,
accessed at www?9 .biostr.washington-edu.
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Figure 2.2 Compliance of the fungs.

Dead space

Gas exchange in the respiratory system only occurs
in the alveoli. The part of the airway that does not
participate in gas exchange is called the dead space.
The total dead space consists of the “anatomical”
dead space and the “physiological” dead space. The
“anatomical” dead space consists of the mouth,
nose, pharynx, trachea and main bronchi, and is
equivalent to approximately 150 ml. The anatom-
ical dead space functions as a conduit in which
the air is filtered of dust particles, humidified and
warmed. The functional dead space is normaily
equivalent to the anatomical dead space. If alveoli
are ventilated but no gas exchange is taking place,

Where ;
Vs the functaonal dead space
<V s the tidal volume - -
- FACOZ is the: fractlonal COZ concentration:in the
“alveolar 9as; (can be determined from the .
- terminal portion of air explred)
FECOZ is: the fractional €0, concentration inithe

: explred gas
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then these contribute to the functional dead space.
The volume of total dead space can be calculated
from the CO; content of alveolar gas and the tidal
volume using the Bohr equation (Box 2. 1).

Gas exchange in the lungs

The movement of O, and CO, in and out of the

capillaries both in the lungs and in the peripheral

tissues depends on gas diffusion. This in turn is

affected by three main factors:

1. The partial pressure gradients of each gas.

2. The diffusion coefficient for each gas.

3. The physical properties of the tissues at the site
of exchange (surface area, diffusion distances).

The lungs are well adapted for gas diffusion with

a large alveolar surface area and a very thin layer

of fluid and tissue separating alveolar gas from pul-

monary blood.

Ventilation:perfusion ratio

Normal gas exchange requires both that the alve-
oli are adequately ventilated and that they are ade-
quately perfused. This relationship is quantified by
the alveolar:perfusion ratio, v/Q. V/Q = alveolar
ventilation rate/pulmonary blood flow, When this
deviates from normal, ventilation-perfusion mis-
match occurs. If an area of the lung is inadequately
ventilated but adequately perfused, V/Q will be
reduced. Blood passing through such areas will be
inadequately oxygenated reducing the partial pres-
sure of O, in the systemic arterial blood: physio-
logical shunting of blood. This is a major factor
contributing to the abnormal blood gases seen in
many respiratory diseases.

Pulmonary blood flow

Virtually all the cardiac output passes through the
lungs, at arterial pressures of about one-sixth of
systemic. The overall pulmonary blood volume
is about 500ml but only 80ml is in the capil-
laries. Pulmonary vascular pressures are mainly
influenced by gravity. When in the erect position,

11
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Respiratory physiology

The primary task of the lungs is respiration. Respi-
ration is the exchange of gases between an organ-
ism and its environment with the utilization of 0,
and production of CO,. In a multicellular organ-
ism such as man, diffusion pathways are too long
for the rapid delivery of O, and removal of CO;.
The circulating blood provides a transport system
to carry the respiratory gases between the lungs and
the distant cells. Oxygen in the inspired air reaches
the pulmonary alveoli (ventilation) where it dif-
tuses into the blood whereas CO, diffuses in the
opposite direction.

Respiratory mechanics
Bulk flow of air in and out of the lungs is achieved
by pressure gradients between the mouth and alve-
oli. These pressure gradients are achieved by move-
ment outward and inwards of the chest creating
changes in pleural pressure and hence alveolar pres-
sure changes. When the gas is stationary alveolar
and mouth pressures are the same and at atmo-
spheric pressure. Whether the air is flowing or not,
the pleural pressure is affected by the inward elastic
recoil of the lungs.

Inspiration is an active process: muscular con-
traction increases the volume of the chest, the lungs
expand and the intrapulmonary pressure in the
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alveoli falls so that the air flows into the lungs.
During expiration the lungs and chest recoil to the
positions they occupied at the beginning of inspi-
ration. Expiration is largely passive. During quiet
breathing, the diaphragm accounts for around 75%
of the lung volume change by its contraction dur-
ing inspiration and relaxation during expiration.
The diaphragm by itself or the scalene and external
intercostal muscles alone can maintain adequate
ventilation at rest. Expiration is achieved by pas-
sive recoil but can be assisted by contraction of
the abdominal muscles and the internal intercostal

~ muscles, -

Respiratory volumes

The volume in the lungs at maximal inspiration
is the total lung capacity (TLC; approximately
6 liters). Its subcomponents are inspiratory reserve
volume (IRV), tidal volume, expiratory reserve vol-
ume (ERV) and residual volume (RV). The first
three comprise the vital capacity (VC) and the latter
two comprise the functional residual capacity (FRC)
(see Table 2.1 and PFigure 2.1). These volumes and
capacities increase with body size and are smaller
in females. There is a reduction in elastic recoil of
the lungs and stiffening of the chest wall with aging.
This leads to a gradual increase in RV and FRC and
a fall in VC with little change in TLC.
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SECTION 1 Pre-operative considerations

Table 2.1 Lung volumes and capadities.

Ventilatory volumes _ , -
Tidal volume (Tv) Amplitude of the oscillation'in lung volume during qQuiet respiration, usually about
B | 400-500 m o R

Inspiratory reserve volume (IRV)  Maximum volume of air which can be inspired in excess of normal inspiration
Expiratory reserve volume (ERV) Maximum volume of air. which can be expired in excess of normal expiration
Residual volume (RV) The volume of air remaining in the lungs after maximal expiration; RV = FRC — ERY
Lung capacities
Total lung capacity
Vital capacity (vC)

Represents the sum of all the ventilatory volumes plus the residual volume

The sum of the ventilatory volumes; the volume of gas that is expelled from the
lungs from peak inspiration to peak expiration

Functional residual capacity (FRC) Volume of gas left in the lungs at the end of quiet expiration

Inspiratory capacity Equals tidal volume plus inspiratory reserve volume:

6 —-——Tg ‘T r 3 e R————
Inspiratory
‘ Reserve
5 Volume
Inspiratory
Capacity
4 Vital Capacity
Total
Volume Lung
] Capaci
N O Capacity
Tidal
- Volume
SIS S - .- - X L3 SO~ (NS
2 f
Expiratory Functional
Reserve Residual
| Vohme Capacity
1 -~ Fe oo Ay A - . -
Residual | Volume
0 -y
—
Time

Figure 2.1 Lung volumes and capacities.

Lung compliance
Compliance is a measure of the difficulty of infla-

The most important physiological measure is the
compliance of the intact respiratory system (i.e. the

tion of the lungs. It can be determined from the
gradient of a plot of lung volume against distend-
ing pressure. This relationship demonstrates hys-
teresis but an average compliance can be deter-
mined using a linear interpolation (see Figure 2.2).

10

compliance of the lung and chest wall together).
This is usually about 11 kPa~! (100 mi/em H,0).
This may be reduced by diseases of the lung such as
pulmonary fibrosis or by abnormalities of the chest
wall.
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Upright Supine

Blood
Flow

Figure 2.3 The ‘West’ zones of the lungs showing blood flow through the erect and supine lung and the influence of

gravity.

blood flow is nearly zero at the apex and great-
est at the bases (see Figure 2.3) as defined by
West. This variation is greater than the similar vari-
ation in ventilation, resulting in the highest venti-
lation:perfusion ratio at the top of the lungs. This
remains largely true whether the body is supine,
prone or in lateral position rather than upright -
the zones remaining from uppermost down as
depicted. When lying down or in lateral decubitus
position zorne 1 may not apply as the height is not
sufficient.

Hypoxic pulmonary vasoconstriction

Hypoxic pulmonary vasoconstriction continues to
attract interest because of persistent mystery about
its biochemical mechanism (Box 2.2) and its exact
physiological function. Recent work suggests an
important role for pulmonary arteriolar smooth
muscle cell oxygen-sensitive voltage-dependent
potassium channels. Inhibition of these channels
~ by decreased PO, inhibits outward potassium cur-
rent, causing membrane depolarization, and cal-
cium entry through voltage-dependent calcium
channels. Endothelium-derived vasoconstricting
and vasodilating mediators modulate this intrinsic
smooth muscle cell reactivity to hypoxia. Hypoxic
pulmonary vasoconstriction seems to decrease with

12

age, and exhibits marked inter-species and inter-
individual differences. The magnitude of HPV in
vivo is inversely proportional to lung segment size.
The main determinant of HPV is the alveolar partial
pressure of Oz, but mixed venous O, contributes to
approximately one fifth of the response.

100y v.fns;m:ons;tm:lu;_m

. medlators eg. Substance P; Cafutomn atnal
‘ etic peptide
ehum-denved vasodifators e. g prostacyclin;
mtnc oxide
o~ adrenergm bleckade
B adrenerguc stimulation.
“increased left atrial pressure
mcreased alveolar pressure
alkalosis *
pel heral chemoreceptor stimulation _
vasodilating drugs e. . calcium channel blockers;
halogenated anesthetics.
HPV is enhanced by
“* 3tidosis.
B adrenergm blockade
* epidural blockade
low- dose serotonin - :
_ mhlbmon of ¢yclo- oxygenase (asplnn 'NSAIDS)
_ |nh1b|taon of NO synthase (L argmme anafogs)
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Chapter3

Respiratory pharmacology

The twin requirements of respiration (ventilation
and perfusion) result in the lungs both being
exposed to the external environment and the
internal environment through the bloodstream.
This is utilized in the uptake, accumulation and
metabolism of both environmental and blood-
borne “foreign” substances including drugs and
environmental pollutants. The importance of the
lungs in the pharmokinetics of many drugs is often
forgotten. There are several metabolic pathways
known to be present in the endothelial tissues:
the cytochrome P-450 monooxygenase enzymes
are likely to be particularly important. Many of the
dmgs that we use as anesthetists are metabolized
in the lungs incdluding sympathomimetics, antihis-
tamines, opiates and local anesthetics (Box 3.1).

A thoracic anesthetist needs to be familiar with
the drugs that “respiratory” patients are likely to be
receiving and also with their potential use in aid
of anesthesia and post-operative management. It
is also useful to be aware of potential effects of the
drugs that we utilize in anesthesia on the respiratory
system.

Drugs active in the respiratory tract
Drugs used in the treatment of asthma

and bronchospasm

Asthma is clinically characterized by recurrent
episodes of coughing, wheezing and dyspnea. It

CAIT P. SEARL

is characterized by increased responsiveness of the
trachea and bronchi to various stimuli and by
widespread airway narrowing. The pathology con-
sists of contraction of airway smooth muscle and
mucosal thickening from edema and cellular infil-
tration. Bronchospasm results from a combina-
tion of a release of mediators and an exagger-
ated response to their effects. Therapy is directed
at relaxing the airway smooth muscle, reducing
bronchial responsiveness and preventing mast cell
degranulation.

BRONCHODILATORS

1. Direct relaxants of respiratory smooth
muscle - methylxanthines such as
theophylline; act by reducing the breakdown
of cAMP through the inhibition of
phosphodiesterases. Methylxanthines are
administered orally or intravenously and can
have a number of side-effects due to the
increased concentration of cAMP in other
systems, causing nervousness, tremor, diuretic
activity; secretion of gastric acid; and positive
chronotropic and inotropic effects. These
compounds have a relatively narrow
therapeutic range. They are no longer used as
first-line therapy.

2. Selective Beta, adrenergic agonists - e. g
salbutamol, terbutaline. The g, agonists act

Core Topics in Thoracic Anesthesia, ed. Cait P. Searl and Sameena T. Ahmed. Published by Cambridge University Press,

© Cambridge University Press 2009,
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Box 3.1 Compounds deaicd /metabolized by

Chlorpromazme
Fentanyl
5 Hydroxytryptamlne (serotonm)
Imipramine:”
: isoprenalme
tidocaine
“Metaramine
Methadone
-Morphine -
Norephidiine
Prostaglandin £, E; and Faa
- Steronds

Compounds released from the lung
-Adenosine

Heparin

Histamine

5-Hydroxyiryptamine

Leljkotfiene As, By, G4, Dy and E4
NO

Plasminogen activator

Prostaglandin I, E and F

primarily on airway smooth muscle and are the
most effective form of bronchodilator
treatment,

3. Anticholinergic agents - muscarinic
antagonists inhibit the effects of vagal-released
acetylcholine at muscarinic receptors in the
airways. Atropine is the classic muscarinic
antagonist but systemically has no selectivity,
limiting its usefuiness. Ipratropium delivered by
inhaler is poorly absorbed and so has few
systemic side-effects. Although the onset can be
delayed {up to 45 minutes), the effects are
prolonged.

16

4. Mast cell stabilizers - The chromones (sodium
chromoglycate and sodium nedocromil) act
predominantly by stabilizing mast cells.

LEUKOTRIENE ANTAGONISTS

The cysteinyl leukotrienes cause smooth musde
constriction and proliferation and are important
mediators in the inflammatory process. Monte-
lukast and zafirlukast block the effects of cysteinyl
leukotrienes in the airways through antagonizing
their actions at leukotriene receptors. They are effec-
tive when used in asthma both alone and in addi-
tion to an inhaled corticosteroid, havingan addltlve
effect with the latter.

MAGNESIUM SULPHATE

Intravenous magnesium has been used to supple-
ment the bronchodilatory effects of inhaled B,
agonists,

GLUCQOCORTICOID THERAPY

Inhaled corticosteroids are amongst the most
important treatment agents for bronchospasm as
they both increase the number of beta;-adrenergic
receptors and their responsiveness to stimulation.
They also reduce mucous production and hyper-
secretion and inhibit the inflammatory response.
Systemic glucocorticoid therapy may also be nec-
essary both with acute severe attacks of bron-
chospasm and episodes of bronchospasm that are
failing to respond to inhaled bronchodilators.

Relief of cough

Treatrment of cough mainly consists of treatment of
the underlying cause. A productive cough in gen-
eral should not be suppressed as this may result
in sputum retention. Cough remedies are catego-
rized into antitussives and expectorants. Antitus-
sive agents may be either centrally or peripherally
acting. The centrally acting agents, including dex-
tromethorphan and codeine, work by depressing
the medullary cough center or associated higher

Cambridge Books Online © Cambridge University Press, 2009



centers. Peripherally acting agents may act on either

the afferent or efferent side of the reflex pathway -

and include demulcents, local anesthetics, humid-
ifying aerosols and steam inhalations. Inhalation
of water containing volatile substances such as
eucalyptus oil may via the deliberate inspiration
of warm moist air provide symptomatic relief in
bronchitis.

Mucolytics

Mucolytics are prescribed in order to facilitate
expectoration by decreasing the viscosity of sputum.
They have been shown to benefit some patients with
chronic obstructive airways disease and chronic
cough with a reduction in exacerbations of the con-
dition. The treatment can be with oral therapy such
as carbocisteine and methyl cysteine hydrochlo-
ride or by a nebulized route for example dornase
alfa. This latter is mainly recommended for use in
patients with cystic fibrosis.

Effects of drugs used during
anesthesia on the respiratory system
Volatile anesthetics

Volatile anesthetic agents are mainly used for the
maintenance of anesthesia during thoracic pro-
cedures. They cause a decrease in FRC through
decreasing chest wall recoil, bronchedilation, inhi-
bition of HPV and blunting of the ventilatory
response to hypoxia. These effects mean post-
operatively that any residual volatile anesthesia can
cause significant impairment of lung function.

"Opiates
Opiate drugs are usually necessary for the treat-
ment of pain in association with thoracic surgery.
All these drugs will cause respiratory depression
although the magnitude of this effect is variable
according to the individual drug and according to
the timing of administration, route of administra-
tion and patient factors such as comorbidities.

CHAPTER 3 RESPIRATORY PHARMACOLOCY

Propofol

~ Propofol is often used to both induce and main-

tain anesthesia during thoracic procedures. It has
a rapid onset and offset -allowing rapid recovery.
It has relatively little effect on HPV and no differ-
ences in intra-operative PaQ, were demonstrated
when compared with a volatile maintained anes-
thesia. Other comparisons with volatile anesthesia
have shown that propofol is associated with less
post-operative lung function impairment,

Other induction agents

Thiopentone remains a popular drug for induc-
tion of anesthesia. It is known to release histamine
and has been associated with bronchospasm in
asthmatic patients. In contrast etomidate rarely
causes histamine release and is advocated by some
as the drug to use in patients who are at risk
of bronchospasm. It is however associated with
adrenal suppression, specifically cortisol produc-
tion from Ii-deoxycortisol. Ketamine is not com-
monly used as an agent for induction in adults,
but has bronchodilatory properties and has been
used in the treatment of asthma. Benzodiazepines
such as midazolam and diazepam will cause
decreases in tidal volume although they are associ-
ated with an increase in respiratory rate. Both agents
will decrease hypoxic ventilatory drive with only
partial reversal by the antagonist flumazenil.

Muscle relaxants

Most neuromuscular relaxants have no direct drug
effect on the lungs beyond the effects induced
by muscle relaxation and paralysis. Some, notably
atracurium and mivacurium, cause histamine
release predominantly with hemodynamic conse-
quences but also with effects on bronchomotor
tone. Rocuronium, vecuronium and cisatracurium
have relatively little cardiovascular or respiratory
side-effects. The main concerns with usage of a
muscle relaxant are ensuring that it is adequately
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reversed with no residual effect. Patients with res-
piratory disease are likely to be particularly sensi-
tive to small decreases in respiratory muscle func-
tion secondary to residual muscle weakness. Rever-
sal of neuromuscular blockade is usually assisted
with the administration of neostigmine in com-
bination with an anticholinergic agent such as
atropine or glycopyrrolate. Even with the addi-
tion of the anticholinergic agent there may be a
significant increase in airway resistance secondary
to the inhibition of endogenous acetylcholine by
neostigmine.
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antibiotic such as clarithromycin. Gram-negative
infections such as Pseudomonas deruginosa are com-
moner as hospital-acquired infections. Guidance
from the local microbiologist will guide treatment
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as to likely causes and their antibiotic sensitivities
but treatment is often with antibiotics such as cef.
tazadime, gentamicin or merepenem.

Tuberculosis

Tuberculosis (TB) is a pulmonary and systemic dis-
ease caused by Mycobacterium tuberculosis and is
spread by airborne droplet transmission. Tuber-
culosis is a significant worldwide problem with
approximately 33% of the human population
infected. The human immunodeficiency virus
(HIV) epidemic has dramatically altered tuber-
culous epidemiology. In the UK around 5% of
those with HIV are also infected with TB and only
about 3% of patients with TB have HIV. How-
ever around 98% of patients with HIV are co-
infected with TB in developing countries. Tuber-
culosis represents a complex interaction between
Mycobacterium tuberculosis and the patient’s spe-
cific immune response and hon-specific resistance
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Respiratory diseases

In this chapter, common respiratory disease pro-
cesses will be reviewed. The aim is to give an
overview of the disorders that may be met by the
thoracic anesthetist and where relevant to consider
their anesthetic implications.

Infective disorders

Pneumonia

Pneumonia is defined as infection of the lower res-
piratory tract parenchyma by infectious agents such
as bacteria, viruses and fungi. Pneumonitis is an
inflammation of the lung parenchyma caused by
non-infectious causes including chemicals, radia-
tion and autoimmune diseases.

The commonest mechanism triggering pneumo-
nia is upper airway colonization with potentially
pathogenic organisms that are subsequently aspi-
rated. However the oropharynx may be colonized
with such organisms in normal health and the pres-
ence of such organisms is not always sufficient to
implicate them in the disease process. Pneumo-
nia is the result of a complex interaction between
the patient, the infecting organism and the envi-
ronment. Important factors are the virulence of
the causative organism and the vulnerability of
the patient. Age and the previous state of health
of the patient influence the probability of differ-
ent causative agents, The likely causes of pneumo-

Chapter4
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nia in differing clinical circumstances are shown in
Box 4.1.

Patients with pneumonia may present with a
history of cough, production of purulent sputum
and fever, together with pleuritic chest pain and
shortness of breath. The presence of localized chest
signs on examination such as crackles or bronchial
breathing suggests pneumonia but may not always
be present. The severity of pneumonia can be
assessed using a scoring system such as the CURB-
65 severity score as shown in Box 4.2. The investi-
gations necessary will depend on the severity of the
pneumonia: patients with a mild illness responding
rapidly to antibiotics do not usually require further
investigation whereas more extensive investigations
are indicated for patients requiring admission to
hospital. A chest X-ray will confirm diagnosis by
demonstrating consolidation (Figure 4.1). It may
also be helpful in detecting complications such
as lung abscess or empyema (see Chapter 17).
More specific investigations are aimed at identi-
fying the causative agent - for example, sputum
culture +/~— a Gram stain; antigen detection tests
and serological tests. Streptococcus pneumonia is the
most common cause of community-acquired pneu-
monia, but atypical pathogens such as Mycoplasima
pneumonia are also frequent, so treatment is often
with a combination of amoxicillin and a macrolide
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Control of respiration
Respiration is controlled in the central nervous sys-
tem with voluntary breathing managed by the cor-
tex and autonomic respiration by structures in the
medullopontine region. Efferent output from these
two sources is integrated by the spinal cord. Con-
trol of automatic breathing is governed by centers
in the pons and medulla. These modulate the depth
and rate of inspiration. Appropriate blood levels of
O3, CO; and hydrogen ions (pH) are maintained
through adjustments of respiration through the
medullary center as it responds to afferent inputs
from receptors. The medullary center is also impor-
tant in the maintenance of respiratory rhythm and
for the Hering-Breuer reflex, which inhibits respira-
tion when the lungs are stretched. Other inputs to
the medullary center include:

* Proprioceptors - coordinating respiration with
muscular activity.

* Body temperature.

* Higher CNS centers {cortex, limbic system,
hypothalamus) influencing breathing, during,
for example, pain, anxiety and sneezing.

* Presso- or baroceptors ~ also feeding into the
cardioinhibitory area.

Voluntary breath holding inhibits automatic respi-

ration until the break point is reached when the rise

in PaCO; and fall in PaQ, override the voluntary
inhibition. This breakpoint can be delayed by prior
hyperventilation. '

In patients with chronic CO; retention, the
medullary center becomes insensitive to changes
in PaCO; so that the PaQ, is the chief driver of
respiration. This is the group of patients in whom
breathing 100% O, could abolish respiratory drive,
eventually causing coma and death. This is relatively
uncommon and should not be used as a reason not
to administer oxygen.

Non-respiratory functions
Some of the non-respiratory functions are listed

below.

CHAPTER 2 RESPIRATORY PHYSIOLOGY

¢ The pulmonary capillary bed acts as a blood
filter by removing small clots, detached cells
and air bubbles before they reach the systemic
system.

- * The pulmonaty blood vessels act as a reservoir

for blood.

e The airways remove airborne particles by a
combination of phagocytosis and mucociliary
action together with coughing,

* Ventilation of the airways contributes to heat
loss and water loss.

* Lung tissue has many metabolic functions,
including:

- Conversion of angiotensin I to angiotensin II;
Synthesis and removal of bradykinin and
prostaglandins;
Storage and release of serotonin and histamine;
Inactivation of norepinephrine and
epinephrine;
Secretion of heparin by mast cells and
immunoglobulins in bronchial mucosa;
“ Synthesis of peptides including substance P and
Opiates.

Effects of anesthesia on respiratory
physiology

Under general anesthesia and in the supine posi-
tion, forced vital capacity (FVC) is reduced by
around a fifth in an adult. Obesity and multi-
ple other causes may also further reduce the FVC.
A large enough decrease in FVC may bring the
end-expiratory volumes below the closing volumes.
Closing volumes are the volumes at which small air-
ways begin to close. When the small airways begin
to close, areas of low V/Q mismatch develop.

Physiology of spontaneous ventilation
in the lateral decubitus position

General anesthesia will reduce the compliance of
both upper and lower lungs. This can be returned
towards normal by the application of positive

13
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end-expiratory pressure (PEEP). The weight of the
mediastinum and the pressure of the abdominal
contents on the diaphragm can impair lower lung
expansion and causes decreased FVC. However
the greater curvature of the diaphragm will also
result in more efficient contraction, with greater
expansion matching increased blood flow to the
dependent lung. The result is that V/Q remains
matched.

During spontaneous ventilation the dependent
diaphragm will move towards the head end dur-
ing expiration, pushing the mediastinum upwards.
This produces inefficient ventilation. The resulting
mediastinal shift also reduces perfusion because of
reduced venous return secondary to sympathetic
activation. If the upper chest wall is opened dur-
ing spontaneous ventilation, paradoxical respira-
tion occurs. During inspiration, gases are drawn
out of the upper lung causing it to collapse. Dur-
ing expiration, gases pass from the bottom lung to
the upper lung causing it to inflate. This paradox-
ical respiration causes mediastinal shift generating
more work. '

Physiology of two-lung ventilation in
the lateral decubitus position

Positive pressure ventilation results in most of the
ventilation being directed into the upper rather
than the lower lung. As perfusion remains greatest
in the lower lung, ventilation—perfusion mismatch
increases. The result in an anesthetized patient with
a closed chest in the lateral decubitus position is
a non-dependent lung that is poorly perfused but
well ventilated, and a dependent lung that is well
perfused but poorly ventilated. Opening the chest
wall and pleural space does not change the perfu-
sion distribution but may have a significant effect
in terms of ventilation. In the paralyzed, ventilated

14

anesthetized patient, the non-dependent lung is no
longer confined making it easier to ventilate and
consequently over-ventilated and under-perfused
worsening the mismatch.

Physiology of one-lung ventilation in
lateral decubitus position

The blood flow gradient due to gravity favors the
dependent lung during one-lung ventilation (OLV).
If the non-dependent lung is not ventilated any
blood flow to it becomes shunt flow. This will result
in a larger alveolar-to-arterial oxygen tension differ-
ence with a lower PaO, for a given OXygen congen-
tration under identical circumstances, when com-
pared to two-lung ventilation in the same position.
In contrast OLV has much less of an effect onPaCoO,
than on the Pa0;. The blood flowing through the
relatively under-ventilated alveoli will retain more
CO; and not take up O,. As the CO, dissociation
curve is relatively linear in the physiological range,
this favors elimination of CO; and the maintenance
of relatively normocapnia despite OLV. The O, dis-
sociation curve is relatively flat at the top end of the
sigmoid-shaped curve and so less of an increase is
possible in the uptake of O,. Hence while the ven-
tilated lung is able to eliminate sufficient CO; to
compensate for the non-ventilated lung, it is unable
to take up sufficient O, to compensate in the same
way.

FURTHER READING

* West JB. Respiratory Physiology: The Essentials, 7th
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*  Guyton WF. Review of Medical Physiology, 22nd
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Figure 4.1 Chest X-ray demonstrating pneumonic
destruction of the right upper lobe.

Figure 4.2 Chest X-ray demonstrating an aspergilloma of
the right middle lobe.

to infection. Traditionally TB is divided into primary
and post-primary TB ~ these descriptions being
based on the characteristic evolution of TB prior to
effective chemotherapy. Primary TB is the pattern
of disease that is seen in a patient without specific

CHAPTER 4 RESPIRATORY DISEASES

Figure 4.3 Chest X-ray in a patient with silicosis.

immunity to TB. Infection is acquired by inhala-
tion of the organism from an infected individual,
The initial lesion develops in the peripheral sub-
pleural region of the lung {Ghon focus) associated
with hilar lymphadenopathy. At this stage erythema
nodosum may occur. An immune response devel-
ops and healing often takes place. This stage is often
asymptomatic but may leave calcified nodules on
CXR. Active progression of this infection may occur
with bronchial spread causing progressive consol-
idation and cavitation of the lung parenchyma.
Lymphatic spread may cause progressive lymph
node enlargement, causing bronchial compression
with the development of collapse and bronchiec-
tasis. Hematogenous spread causes generalization
of the disease and can cause miliary TB and/or TB
meningitis. Infection spread during this initial ill-
ness can lie dormant in  any organ for years and
reactivate years later. Post-primary TB is the pat-
tern of the disease seen after the development of
specific immunity. It may occur following direct
progression of the initial infection or result from
an endogenous reactivation of infection or from
exogenous re-infection. Reactivation may occur
in old age or in circumstances where immuno-
competence is impaired (e.g. alcohol dependency;
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immunosuppressive therapy; illness). The disease is
most likely to be pulmonary, with the apices of the
lungs the most common site. Clinical features tend
to be non-specific and for diagnosis to be defini-
tive the organism Mycobacterium tuberculosis must be
identified. Once the diagnosis is suspected, repeated
sputum specimens should be examined for acid-
and alcoholfast bacilli. Chest symptoms include
persistent cough, sputum production and hemopty-
sis. Systemic symptoms may include pyrexia, sweats
(particularly at night), anorexia and weight loss.
Standard treatment is with 6 months of rifampicin
and isoniazid supplemented by pyrazinamide and

ethambutol for the first 2 months. At present drug- -

resistant TB is rare in initial treatments of TB but
commoner in patients who have come from Africa
or the Indian subcontinent or who have had previ-

Ous treatment. Multidrug resistance may result from

inadequate previous treatment.

Control of TB involves detection and meticulous
treatment of cases of active TB, notification of the
diagnosis to the public health authorities, contact
tracing and targeted vaccination of groups who
have a high incidence of TB. Vaccination is with
BCG, a live attenuated strain of the bacillus, pro-
viding about 75% protection against TB for around
15 years. Routine vaccination of children at the age
of 13 in the UK is no longer offered - rather, BCG
vaccination is offered to infants in communities
with a high incidence of TB and to unvaccinated
individuals from countries with a high prevalence
of the disease.

In addition to Mycobacterium tuberculosis, other
mycobacteria can cause pulmonary disease. These

‘are “atypical” or “opportunistic’ mycobacteria, the

commonest being Mycoplasma kansaii, M. avium-
intracellulare, M. malmoense and M. xenopi. They
are usually low-grade pathogens but can cause
infection mainly in patients with impaired immu-
nity or in patients with damaged lungs, e.g. in
severe emphysema. They are often associated with
chronic symptoms such as cough, sputum produc-
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tion, hemoptysis and weight loss. Treatment is often
difficult and needs to be prolonged. As these organ-
isms infect only susceptible individuals, there is no
need to trace infected individuals’ contacts.

Aspergillus

Aspergillus species are ubiquitous worldwide and
are a rare cause of infection in healthy individu-
als, but in susceptible individuals these fungi can
cause significant problems. The fungi are dimor-
phic, existing as both spores and mycelia. Follow-
ing inhalation of spores from the environment, a
transient saprophytic illness may occur but patients
with underlying lung disease can develop persistent
colonization. In the saprophytic form the organism
can assume a complex pattern of mycelia growth.
Depending on the susceptibility of the host, three
distinct syndromes can develop:

1. Aspergilloma,

2. Allergic bronchopulmonary aspergillosis.

3. Invasive aspergillosis.

Aspergillomas can present as asymptomatic inci-
dental findings on CXR - see Figure 4.2. They can
however be associated with hemoptysis. This is
usually minimal although recurrent. Findings are
usually of the underlying lung disease rather than
associated with the aspergilloma. The treatment is
controversial. If associated with frequent or life-
threatening hemoptysis, surgical resection is the
treatment of choice. However, aspergillomas may
spontaneously disappear in around 10% of patients
and there is also a variable response to intracav-
ity antifungal treatment. The risk of surgery may
be hard to justify in the asymptomatic individual
where the underlying lung disease may cause the
risk of surgery to be greater than potential risks from
the aspergilloma.

Allergic bronchopulmonary aspergillosis is a
hypersensitivity lung disease to Aspergillus antigens.
Patients with atopic asthma are most commonly
affected and the disease has its highest incidence
in individuals in their 40s. It is commonest in
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the UK in the winter months when the air con-

tains the greatest quantity of Aspergillus spores, Clin-

ically it presents with bronchospasm. The dini-

cal course is characterized by cough productive

of mucoid plugs, hemoptysis, intermittent febrile

episodes, chest pain and recurrent pneumonia.

Four major findings are suggestive of allergic bron-

chopulmonary aspergillosis:

1. Recurrent infiltrates on CXR.

2. Blood or sputum eosinophilia.

3. Asthma. .

4. Immediate and late {6~8 hours) dermal
hypersensitivity to Aspergillus antigens.

Treatment includes steroids, bronchodilators and

sodium chromoglycate or nedocromil.

Invasive aspergillosis occurs almost exclusively
in patients who are already immunocompromised,
particularly those with prolonged neutropenia or
on high-dose corticosteroids. It involves the lungs
in 90% of cases and manifests as a necrotizing bron-
chopneumonia. Aggressive spread of the disease is
its hallmark with metastatic spread causing endo-
carditis. The clinical manifestations can include dys-
pnea, non-productive cough, pleuritic chest pain
and pyrexia.

Bronchiectasis

Bronchiectasis is usually defined as a persistent and
irreversible dilatation and distortion of medium-
sized bronchi. It is an acquired disease process that
is not a discrete entity but rather the pathologi-
cal end-stage of a variety of unrelated pulmonary
infectious insults and impairment of drainage, air-
way obstruction or a defect in host defense (see
Box 4.3). The morphological changes are usually
accompanied by a chronic suppurative lung dis-
ease with cough productive of purulent sputum.
Bronchiectasis may be confined to a localized area
of the lung, where there is a local cause such as
bronchial obstruction by a foreign body, or may
be diffuse if there is a generalized cause, such as
immunoglobulin deficiency.

CHAPTER 4 RESPIRATORY DISBASES
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The main dinical feature of bronchiectasis is
a chronic cough productive of copious purulent
sputum. Hemoptysis is common and occasion-
ally severe, requiring therapeutic embolization of
hypertrophied bronchial arteries to control. Infec-
tive exacerbations may present with pleuritic chest
pain and fever. On examination crackles may be
audible over affected areas of the lungs and in
more severe cases clubbing may be present. A chest
X-ray may show features suggestive of bronchiec-
tasis such as parallel tramline shadowing or cystic
dilated bronchi, but it may require a high resolution
CT scan to confirm diagnosis and to define extent
and location of the disease process. Treatment of the
specific cause is rarely possible although itisimpor-
tant to identify where possible what the cause is.
Chest physiotherapy is the most effective method in
preventing accumulation of secretion - particularly
postural drainage, percussion and forced expira-
tory techniques. Antibiotic treatment, guided by the
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results of sputum microbiology, is used to suppress
chronic infections and to treat exacerbations. Bron-
chodilator therapy may also be indicated where
there is associated reversible airway obstruction.
Surgical excision is a potential treatment for indi-
viduals who have a localized disease pattern and
troublesome symptoms. Lung transplantation may
be an option in patients who develop respiratory
failure (see Chapter 14).

Lung abscess

Alung abscess is alocalized collection of pus within
a cavitating necrotic lesion of the lung parenchyma,
It presents clinically with a history of cough with
expectoration of large amounts of purulent, foul

-sputum and is often accompanied by hemoptysis,

weight loss, pyrexia and general malaise. Drainage
of pus from the abscess cavity is the main treat-
ment. This may be achievable through bronchial
drainage using postural physiotherapy. It may how-
ever be necessary to drain an abscess percuta-
neously by placing a drain under radiological guid-
ance. Where medical therapy fails, surgical excision
of the abscess cavity may be required.

Cystic fibrosis
Cystic fibrosis is the commonest of the potentially
lethal inherited diseases in Caucasians, affecting
around 1 in 2500 live births in the UK. It is inher-
ited as an autosomal recessive disorder with 1 in
25 of the population being a carrier. Cystic fibrosis
results from a mutation to a gene on the long arm
of chromosome 7, which codes for a protein named
cystic fibrosis transmembrane conductance regula-
tor (CFTR). CFIR functions as a chloride channel
in the membrane of epithelial cells causing reduced
chloride conductance, most notably in the respira-
tory, gastrointestinal, pancreatic, hepatobiliary and
reproductive tracts (see Box 4.4).

The dysfunction of the CFIR predisposes to
severe chronic lung infections via a variety of cel-
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lular mechanisms. In the bronchial mucosa the
reduced chloride secretion and increased sodium
reabsorption results in abnormally viscous secre-
tions, predisposing to adherence and reduced clear-
ance of bacteria. The high salt concentrations also
inactivate the lung epithelial naturally occurring
antimicrobial peptides, the defensins. In addition
to these defects there are also abnormal mucus gly-
coproteins which act as binding sites allowing bac-
teria to adhere to the mucosa and proliferate. As the
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Figure 4.4 Summary of the stepwise management of
asthma in adults.

natural histories and therapy options. Whereas in
asthma, airway inflammation and hyper-reactivity
cause airway obstruction, in COPD alveolar
destruction by emphysema causes a loss of elastic
recoil and aloss of outward traction in small airways
resulting in airway collapse and obstruction with
air trapping and hyperinflation, COPD also encom-
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Passes chronic bronchitis due to mucus hypersecre-
tion in the central airways and defined as cough and
sputum production for 3 months of 2 successive
years in a patient in whom other causes of chronic
cough have been excluded. Tobacco smoking is the
main cause of COPD, although only about 15% of
smokers develop the disease suggesting additional
factors including genetics may be important in the

pathogenesis. Emphysema is thought to develop as

a consequence of lung destruction by proteolytic
digestion due in part to an imbalance of proteases
and anti-proteases. In patients with a genetic defi-
ciency of a;-anti-trypsin severe emphysema devel-
ops at a young age.

ANESTHETIC CONSIDERATIONS IN COPD
Pre-oxygenation may need to be for an extended
period to achieve denitrogenation. Induction and
maintenance of anesthesia utilizing short-acting
drugs may be preferable. The aim is to allow the
patient to breathe spontaneously as soon as pos-
sible following the procedure to decrease the risks
of air leakage secondary to positive pressure venti-
lation. Anesthesia with total intravenous technique
using propofol or using a volatile such as sevoflu-
rane may be preferred to using longer-acting agents.
For muscle paralysis, drugs such as vecuronium,
rocuronjum or cisatracurium might be preferred
for both their shorter duration of action and their
absence of histamine release. .

Difficulty in ventilation in COPD may occur due
to airtrapping. The presence of large cystic and bul-
lous areas may induce progressive air trapping and
“pulmonary tamponade” physiology resuiting in
catastrophic reduction of venous return in addi-
tion to asphyxia. During ventilation it is impor-
tant to monitor the volumes being delivered to and
exhaled from the lungs to ensure that air is not
becoming trapped.

Management of patients with emphysema is fur-
ther discussed in Chapter 13.
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Interstitial lung disease

Interstitial lung disease is an imprecise term refer-
ring to a diverse range of diseases which affect the
alveoli and septal interstitium of the Jung and which
can progress to diffuse lung fibrosis. Presentation
is usually with progressive dyspnea, a dry cough,
lung crackles and diffuse infiltrates on chest X-ray.
Lung function tests show a restrictive pattern with
reduced vital capacity but a normal FEV, /FVCratio;
a reduced transfer factor indicating impaired gas
diffusion; and hypoxemia -that may be accompa-
nied initially by a relative hypocapnia. The next key
investigation is usually a high-resolution CT scan as
this can give an indication of the extent and pattern
of the disease. Investigation should also be aimed at
moving from essentially a diagnostic label of pul-
monary fibrosis to a more specific diagnosis of a
disease process to enable best treatment manage-
ment: see Box 4.5.

Occupational lung disease

Occupational lung diseases result from the inhala-
tion of dusts, gases, fumes or vapors encountered in
the work environment. The effects of these inhaled
substances vary depending on their particle size;
solubility; toxicity; the duration and intensity of
exposure; and the patient’s susceptibility. Some
substances are generally irritant in a non-specific
manner or are toxic to the airways {e.g. ammo-
nia) with all individuals exposed being similarly
affected. Other substances include hypersensitiv-
ity or allergic reactions in susceptible individuals
giving rise to asthma or extrinsic allergic alveoli-
tis (see above). Asthma is the commonest form of
occupational lung disease and avoidance of expo-
sure to the inducing agent is the main form of
treatment. Other substances promote fibrosis in
the lung parenchyma - examples include coal dust
causing coalminer’s pneumnoconiosis; asbestos (see
Box 4.6); and silica causing silicosis (see Figure 4.3).

CHAPTER 4 RESPIRATORY DISEASES

Patients who have suffered disability as a result
of occupational lung disease will have a right to
compensation from governmental agencies and
they may also wish to pursue litigation against
their employers. An accurate diagnosis is therefore
required and these patients may present for lung
biopsy. The death of a patient witha suspected occu-
pational disease must be reported to the Coroner.

Diseases involving the pulmonary
circulation

Thromboembolic disease

Pulmonary embolism usually occurs as a compli-
cation and consequence of deep vein thrombosis.
These typically develop in the deep veins of the legs
and then travel to the lungs causing obstruction
of the pulmonary vasculature. Factors predispos-
ing to venous thrombosis were described by Vir-
chow as a triad of venous stasis, damage to the
vein wall and hypercoagulable states. The clinical
features of pulmonary embolism depend upon the
size and severity of the embolism and are sum-
marized in Box 4.7. When the diagnosis of pul-
monary embolus is suspected, patients should be
assessed for compatible clinical features and poten-
tial risk factors, with the exclusion of alternative
diagnoses. An assay of D-dimer levels may be use-

ful and if there remains a high clinical suspicion

then definitive imaging should be performed, either
with computed tomography, pulmonary angiog-
raphy or ventilation/perfusion scanning. Heparin
is used to achieve rapid anticoagulation and this
is maintained with the use of warfarin. Where
there is circulatory compromise from a massive
pulmonary embolus thrombolytic therapy may be
attempted. Management of chronic thromboem-
bolic pulmonary hypertension is discussed further
in Chapter 15.

Unusual forms of embolism may occur including
fat (following long bone fractures); amniotic fluid
peripartum; and air (usually iatrogenic).
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Box 4.5 The dilfere 15 i 'rulrrrt}nnry lihrr"‘

‘"_tdiop icp monary frbrosrs (IPF) (cry-ptogenrc frbrosrng afveolttts)
Commoner in men (tvt F 2:1).andin older age groups. . - e i
Presents withi progressrv d_yspnea c!ry cough crack!es 2 restrrctrve defect tn Iung functron and retlculonodular

“Tnfiltrates on chest X- “Tay; T ,
“Lung’ bropsy shows 3 typrca! appearance of ”Usual mterstrtral pneumonra wrth areas of rnterstrtrai frbrosrs
mftammatron and honeycombtng U
ymbif fron of azathroprme and sterord treatment is used but response is often poor and Iung transplantatron

_ Has.unrform tnﬂammatory changes and Iess frbrosts on Iung biepsy with ground glass opacification on (T scan.’
- Responds to corticosteroids. _ o
.~ Has a better prognosts than rdropathtc putmonary frbrosrs
. ’_Cryptogenlc organrzrng pneumonra o R
. “Seems to be a pattern of response to various rnsuits rncludrng amrodarone connecttve ttssue drseases or
- ulcerative. colitis, but often-has no identifiable cause ' :
-Patients often present with- cough,. malaise, pyrexia. and- dyspnea with an etevated ESR
Often-responds. dramatlcal!y to corticosteroids -
. Desquamatrve interstitial pneumonia ' ' ‘
Relatively rare form of interstitial fung drsease atfectrng smokers wrth the partrcular feature of afveolar
' macrophage desquamation
Responds to cessation of smoking together wrth corticosteroids

Systemrc diseases ' :

- The typical features of IPF can occur in assocratron with a connectlve tissue disease.

- These diseases may also have a. number of- other lung complications,

- Examples tnclude rheumatord arthrrtrs systemrc sclerosrs systemrc lupus erythematosus and sarcordosrs

_inorganrc dusts causrng e.q. Coaimrner 'S pneurnoconrosrs Stltcosrs and asbestosrs

Organrc dusts calsing extrinsic aIIergrc alveolttr _

- Extrinsic allergic alveolitis is an-immunologicaily medrated drsease in whrch 3 hypersensttrvrty reactron oceurs in a
sensitized individual to an inhaled antigen. A compiex immune response occurs involving antrbody reactions,
immune- complex formatton commplement activation and cellular responses,

= Complete cessation of exposure to the provoktng antigen is the main treatment.
- Examples mclude tarmers Iung and brrd fancrer 5 !ung '

tnhaled toxins and drugs
a Par.a_qu,_a_t. o

. - Amiiodarone.

- = Bleomycin.

.~ Nitrofurantain. -
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i }Pleurat p[aques

.. Boriot: give fise to any impairment. of Iung functron
. _Asbestos p!eunsy and pleural: eftusrons

- pleural. effusrons

- Pleural thickening -
: . Asbestos-related: lung cancer

- Increased risk of lung cancer partlcularly in smokers
" Mesothelioma.

Pleurodesis may. control the effusion.

rnetastases may occur.

-.resutt g-.from proionged heavy exposure to asbestos."
ressrve dyspnea basal crackles clubbrng and a restnctrve-

- Pleural fluidis an exudate which is often blood starned
Usually spontaneously resolve but are; often recurrent eprsodes

“When extensive causes dyspnea and 3 restncttve defect

CHAPTER 4 RESPIRATORY DISEASES

AIncidental frndrng on. chest x ray on workers exposed to asbestos

i ;Many years after the' mrttal exposure to: asbestos patrents develop eptsodes of pteurrsy Wwith pleurmc parn and’

. Maligniant, drsease of the pleura assocrated with a. h:story of asbestos exposure in.at least 90% of cases,
Average lag period-of 20-40 years between exposure and development of mesothelioma.
Presents with pain, dyspnes, weight loss and lethargy. _
VAT, pleurat biopsy may be needed to provrde 3 defrnrtlve hrstopathologrcal dragnosrs

~ As the tumor progresses it encases the lungs and may rnvotve the perrcardrum and peritoneum. Blood-borne
Radical surgery can be attempted but has a poor success rate. Radrotherapy may shrink the tumor and often

Telieves symptoms of pain. Chemotherapy may also result in tumor shrinkage.
Poor prognosrs ‘with the majonty of patlents dytng within 2 years

Pulmonary hypertension

Pulmonary hypertension is a diagnosis encompass-
ing several distinct disease processes affecting the
cardiopulmonary system (see Box 4.8). Itis defined
as a mean pulmonary artery pressure greater than
25 mmHg at rest. The commonest setting for pul-
monary hypertension in thoracic anesthesiais prob-
ably in patients who have hypoxemia secondary to
chronic lung disease: WHO Class III. In this set-
ting it may be referred to as cor pulmonale. This
essentially is right ventricular hypertrophy and fail-
ure secondary to pulmonary hypertension that has
arisen from secondary chronic pulmonary vasocon-
striction secondary to hypoxemia.

ANESTHETIC IMPLICATIONS OF PULMONARY

ARTERIAL HYPERTENSION

The pulmonary circulation is highly responsive to
vasoconstrictive stimuli including vasoconstrictive
drugs (e.g. metaramine, noradrenaline); hypercar-
bia; acidosis; agitation or pain. Increases in pul-
monary arterial pressure may cause acute fail-
ure of the right ventricle with right ventricular
dilatation and septal shift. This causes an acute
decrease in left ventricular filling and left ven-
tricular contractility and leads to left ventricu-
lar failure. This leads to hypotension, which in
turn may lead to decreased coronary perfusion. In
patients with pulmonary hypertension and right
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'tMassrve pul onary embolrsm' i
:_' Acute :

:. Angrography shows frllrng defects and poor
' per sron s

5 50% occlusron of crrculatron _
’ Progressrve severe. dyspnea with no obvious -
- cause,-dyspnea evenatrest. - .
?Rarsed jugular venous pressure; loud Pz on
- ayscultation of heart.”
ECG-may show RV strain. pattern
. Chest X-ray may. show infarcts.
' Angrography and scan show severe perfusron
defects.

Acute minor- pulmonary embolism
e With infarction.
Pleural parn ‘hemoptysis, effusion, fever,
hyperventilation,
. Chest:X-ray segmentai collapse/consolrdatron
e . Without infarction,
" May:be “silent”.
Chest X-ray and ECG may be normal.
g Angrography may shiow.obstruction if early
-$¢an wrll show ‘perfusion defects.

_ ‘Chronlc thromboembolrc pulmonary hypertensron
(WHOClass IV)
* Progressive dyspnea and hyperventrlatron
»  May get effort syncope.
» 'Clrnrcal features of pulmonary hypertension.
.

_':devratron
Chest X ray may show a promrnent pulrnonary

. ,_'ngrography may be normal or show slow _' -
- dirculation-or peripheral pruning. '
| @ -5can. expected toishow patchy rrregulanty
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ECG shows. right ventricolar hypertrophy and axis .

_-_Treatment is specralrst and may rnclude prostacycllns
- such 3s: epoprostenol and iloprost; endothelial
-~ Tecepior. antagonrsts (e q. bosentan), and’ selectrve_
) .phsophodresterase S-inhibitors (e.g: sildenafil). -
Surgical optlons may rnclude atrial septostomy to
~ decompress thé failing nght heart and
.transplantatlon

' Group II: Pulmonary artenal hypertensron assocrated

with left heart disease
Eg. with chronic mitral valve disease. .

Group I Pulmonary arterial hypertensron a550crated

with fung- disease and/or hypoxemia. -

Commonty associated with right.ventricular
_hypertrophy and subsequent failure, known as cor
pufmonale.

Group IV: Pulmonary hypertensron associated with
chronic. thromboembblic disease
Discussed in-Chapter 15.

Group V: Pulmonary arterral hypertensron dueto

miscellaneous causes.

Pulmonary hypertension can occur as a. compllcatron
of collagen vascular diseases such as systemic
sclerosis.and systemic Iupus erythematosus

- Pulmonary:hypertension can also arise as a

complrcatron of drug therapy such as fenﬂuramrne
(an appetite suppressant agent). _

Useful reference Proceedings of the:3rd World
symposrum on. pulmonary arterral hypertensron
. Venice, Italy, Jurie 23-25 2003. J A Coll Cordrol
2004 43(Suppl 12) S‘l 90 '
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ventricular hypertrophy blood flow to the right
coronary ventricle assumes the diastolic phase flow
dependency whereas in normal individuals the flow
is both during systole and diastole. This increases
susceptibility to hypotension. The response of the
right ventricle is dependent on the general status of
the patient - those with chronically elevated pul-
monary arterial pressures have a “trained” ventricle
and can often cope better with increases in pul-
monary vascular resistance than those with previ-
ously normal pulmonary circulations.

Principles of management of patients with pul-
monary hypertension include: identification of
those at risk; invasive monitoring; maintenance
of intravascular volume and myocardial contrac-
tility; and careful use of vasoactive agents. One
of the most dangerous periods for these patients
is at induction of anesthesia and ‘institution of
mechanical ventilation. Both the systemic vasodila-
tion secondary to induction agents and the increase
in afterload to the right heart may acutely cause
decompensation of the right ventricle. Aims for
anesthesia include avoiding systemic hypotension
and myocardial depression; and to avoid hypoxia,
hypercarbia and metabolic acidosis. The anesthetist
should consider monitoring right heart function
with central venous pressure and/or pulmonary
arterial pressure monitoring and possibly utilize
transesophageal echocardiography. Right ventricu-
lar function can be improved with inotrope and pul-
monary vasodilator therapy. Management of heart
failure is further discussed in Chapter 22.

Malignancy

Lung cancer

Lung cancer remains the commonest cause of can-

cer death worldwide. In the UK it kills about 34 000

people each year. For clinical purposes the disease

is classified into two groups.

1. Small cell carcinoma: comprising 20% of lung
cancers; also known as oat-cell carcinoma, this
cancer arises from neuroendocrine cells as is

CHAPTER 4 RESPIRATORY DISEASES

evidenced by the occasional ectopic hormone
production. It is highly malignant, growing
rapidly and metastasizing early. Usually by the
time of diagnosis it will be widely disseminated
such that systemic chemotherapy is the most
appropriate therapy.

2. Non-small cell carcinoma: comprising the
remaining 80% and further divisible into
squamous-cell carcinoma (45%);
adenocarcinoma (20%) and large-cell
carcinoma (15%). Adenocarcinoma has a
higher incidence in patients with either
localized (e.g. following TB or localized
irradiation) or generalized lung fibrosis,
so-called “scar carcinomas”. With non-small
cell carcinoma, surgical resection can offer the
best opportunity for “cure” but only 10-20% of
patients prove suitable for surgery. These
patients require careful pre-operative
assessment and staging of their disease as is
discussed in Chapter 5.

Other thoracic neoplasms

Alveolar cell carcinoma

This rare tumor arises in the alveoli of the lungs and
spreads along the alveolar and bronchiolar epithe-
lium. It may be associated with the production of
large amounts of mucin and copious sputum pro-
duction. A transbronchial biopsy may provide diag-
nosis. Surgical resection is the treatment of choice
if the tumor is confined to one lobe.

Carcinoid tumor

This tumor is commoner in younger patients and
its occurrence is not related to smoking. It tends to
be less malignant than bronchial carcinomas and is
often slow growing, if locally invasive. Most arise in
the main bronchi and present with hemoptysis and
wheeze. Most can be cured by surgical resection.
Rarely carcinoid tumor from the lung can metas-
tasize to the liver. This may result in the secre-
tion of substances including 5-hydroxyindolacetic
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acid and hence the classic “carcinoid syndrome” of
flushing, wheeze and diarrhea.

Mesothelioma _
This is nearly always related to asbestos exposure -
see Box 4.6. '

FU
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Chapters

Pre-operative assessment of the thoracic

surgical patient

Thoracic surgery ranges from small Iow-risk pro-
cedures to major surgery, and for malignant and
non-malignant disease. All may run into problems
post-operatively. Assessment of the thoracic patient
for surgery comprises two distinct areas. The first
is the resectability of the lesion if malignant (or,
more appropriately, correctability if benign) and
the second is the fitness to withstand the morbidity
it inevitably involves, referred to as operability by
most surgeons. The role of pre-operative assessment
in this second area is to assess the comorbidity in
what is generally a relatively elderly and unfit popu-
lation in order to gauge whether they will withstand
the degree of surgery planned. Thorough clinical
assessment coupled with appropriate further inves-
tigation is required. In assessment of resectability,
radiological imaging techniques are the most com-
monly used methods.

When assessing malignancy, one of the major
indications for thoracic surgery, it is crucial to fol-
low the usual oncological principles of assessment.
Disease must be assessed in terms of local, regional
and systemic disease, with appropriate techniques
used for each based on prior probabilities of
disease and appropriate regional and national
guidelines.

SION BARNARD AND DOUGLAS AITCHISON

Clinical history and examination

A standard history is taken to elicit symptoms and
to enable fitness for surgery (and anesthesia} to
be assessed. Symptoms may include shortness of
breath, chest pain and weight loss. Exercise tol-
erance should be assessed. A physical examina-
tion should pay particular attention to the respi-
ratory system but also to factors that might suggest
additional problems peri-operatively, for example a
kyphosis. Watching a patient walk allows an infor-
mal functional assessment to be made. More for-
mally this is part of lung function testing.

Lung function tests

Spirometry

Spirometry measures the inspiratory and expira-
tory volumes and more complex techniques using
plethysmography also allow estimation of total
lung volume, Total lung capacity (TLC) represents
the lung volume at maximal inspiration. Forced
vital capacity (FVC) represents the maximal exhaled
volume. The forced expiratory volume (FEV) is
the volume exhaled over a particular time-period.
FEV over 6 seconds (FEV;) is taken to indicate the
trie FVC during assessment. The forced expiratory
volume over the first second (FEV,) is a reliable

Core Topics in Thoracic Anesthesia, ed. Calt P. Searl and Sameena T, Ahmed. Published by Cambridge University Press,

© Cambridge University Press 2009.
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Figure 5.1 Flow volume loops.
Loop b is normal while a to the left shows small airways
disease and ¢ illustrates tracheal obstruction,

indicator of ventilatory function and is closely
associated with post—op_eraﬁve respiratory function,
discussed below. The difference between the TLC
and the FVC is the residual volume (RV). This is
increased in COPD and asthma..

Peak expiratory flow rate is a more reliable indica-
tor of expiratory airflow limitation (e.g. severity of
. asthma for monitoring purposes) than spirometry
and is measured during maximal forced expiration.
Minute ventilatory volume (MVV) is the maximal
volume that can be breathed over a minute. Spirom-
etty using electronic equipment can also calculate
flow-volume loops, useful forinterpretation of both
the inspiratory and expiratory phases. Stridor, or
inspiratory obstruction, is characteristic of large air-
ways disease i.e. of the trachea or bronchus. This is
displayed by a very flattened inspiratory limb of the
loop. Small airways disease, e.g. asthma, COPD, is
more characteristically expressed as a flattened expi-
ratory curve with a long tail and the appearance
of an exponential type curve, These are shown in
Figure 5.1.

Most of the spirometric values are normally
related to height, sex and age, and equations derived
from clinical series are used to predict individual-
ized normal data. For surgical use, these are often
expressed as percentage of normal predicted val-
ues to allow size-independent expression. These are
important for calculations of likely post-operative
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respiratory function, discussed below under the BTS
guidelines for Iung surgery.

Gas transfer capacity

Diffusion capacity is usually measured by gas
transfer factor using carbon monoxide {(CO). Its
high blood solubility and hemoglobin uptake is
230 times that of oxygen and practically zero con-
centration in atmospheric air or blood (at least in
non-smokers} enable CO transfer factor (T.CO) to
be easily measured and independent of perfusion.
Techniques rely on reasonable tidal volumes (i.e.
>0.75 liters) and may be inaccurate if the patient
is unable to hold a single breath. Adjustments are
made for hemoglobin concentration and alveolar
volume to enable normalization of values. Refer-
enceranges forthelocal center are usually expressed
and values may also be expressed as percentage pre-
dicted. Like spirometry, these values are important
for assessment of fitness for surgery and are dis-
cussed below in the BTS guidelines for lung surgery.

Functional tests

These tests are not specific for lung function but
enable a reasonably accurate assessment of the per-
formance of combined cardiorespiratory function
during exercise, provided there is no limiting mus-
culoskeletal problem. Walking the patient down
the corridor to the clinic or office is the simplest.
Another is climbing flights of stairs: inability to
climb more than a single flight is a very high risk
indicator with any surgery; two flights without stop-
pingis adequate for esophageal surgery; three flights
as an indicator of good outcome following lobec-
tomy; and five for pneumonectomy. Measured 6-
minute walk test or numbers of shuttle runs of
10 meters between cones in 12 minutes or until
stopping, are others that are more accurately mea-
sured and have been extensively validated. Mea-
surement of the maximal oxygen uptake dur-
ing exercise on a cyce or treadmill, VO,max
expressed as liters per minute or ml/kg per min for
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inflammatory response is unable to clear the infec-
tion, a continuous cycle of infection and inflamma-
tion ensues. This results in progressive lung dam-
age and bronchiectasis and ultimately respiratory
failure and death. Clinical features of the respira-
tory component include persistent cough and puru-
lent sputum production typical of bronchiectasis,
development of digital clubbing and progressive
airway obstruction with associated wheeze. Serial
measurements of FEV; allow some monitoring of
the severity and progression of disease process. Cul-
ture of sputum may initially isolate Staphylococcus,
Haemophilus influenza and Streptococcus preumoniae,
but in older children and teenagers, isolates are
likely to include mucoid strains of Pseudomonas
aeruginosa, sometimes with pan-resistancy to antibi-
otic therapy. As the cycle of lung damage progresses
with destruction of the lung parenchyma, increasing
airway obstruction and increasing impairment of
gas exchange, patients develop hypoxemia, hyper-
capnia and right-sided heart failure with cor pul-
monale. Hemoptysis is common as the persistent
inflammatory response provokes hypertrophy of
the bronchial arteries. Pneumothoraces may occur,
particularly in advanced disease, and may require
pleurodesis if recurrent. As respiratory failure inter-
venes, pulmonary transplantation may be required
{see Chapter 14),

Cystic fibrosis is a complex disease involving
all the body’s systems and therefore a multidis-
ciplinary approach is required to the treatment
of patients with the disorder. The optimal treat-
ment is probably achieved through management
at regional specialist centres. The basic elements
of treatment comprise clearance of the bronchial
secretions through physiotherapy; treatment of pul-
monary infection by antibiotic therapy (guided by
microbiological advice); correction of nutritional
deficits by the use of pancreatic supplementatipn
and dietary support; and psychological/social sup-
port for both the patient and their family.

CHAPTER 4 RESPIRATORY DISEASES

Airway obstruction disorders

Asthma

Asthma is a disease characterized by chronic airway
inflammation with increased airways responsive-
ness and airways obstruction. Symptoms include
wheeze, dyspnea and cough. Airway obstruction
is variable and may be reversible with therapy.
Asthma represents a clinical syndrome that is
diverse in presentation and in effects. It is multi-
factorial in origin but appears to arise from a com-
bination of environmental factors and genetic sus-
ceptibility. There is a general consensus that asthma
is increasing in prevalence and that this is likely
to be due to environmental factors. The British
Thoracic Society recommends a stepwise approach
to managing asthma according to its severity (see -
Figure 4.4). The aim of management is to abol-
ish symptoms, to restore normal airway function
and to reduce the risk of severe life-threatening
attacks. For the majority of patients the disease is
controlled by a combination of a regular inhaled
steroid and using an inhaled bronchodilator drug
as required for symptomatic relief. The drugs used
in the treatment of asthma are discussed further in
Chapter3.

ANESTHETIC CONSIDERATIONS IN ASTHMA

It is generally advisable to use an anesthetic tech-
nique that is unlikely to provoke bronchospasm.
This is particularly important in thoracic anesthe-
sia as the added airway manipulation from bron-
choscopy, placement of DLT or bronchial blocker
may also provoke bronchoconstriction.

Chronic obstructive pulmonary disease

Chronic obstructive pulmonary disease (COPD)
is defined as a chronic slowly progressive disor-
der characterized by airflow obstruction. Although
there is some overlap with asthma, they are differ-
ent disorders with different etiologies, pathologies,
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body-weight adjusted values, is the most complex
but also the most closely related to fitness for
surgery. A very close correlation between outcome
following surgery and need for heart or lung trans-
plantation has been shown with this test. Values
below 10 ml/kg per min are insufficient for most
surgical procedures. Values above 15 ml/kg per min
are satisfactory for lobectomy, with several series
reporting no increase in post-operative risk for any
procedure with VO;max above 20 ml/kg per min.

Arterial blood gas analysis

Measurements of arterial blood gases (ABG) allow
an understanding of the carriage and delivery of
oxygen, carbon dioxide and with a co-oximeter,
levels of carbon monoxide or levels of met-
hemoglobin containingiron in its ferric (Fe**) form
that is incapable of oxygen uptake. Absolute values
of pre-operative arterial carbon dioxide pressure are
not directly related to outcome following surgery,
with a resting hypercapnia not a contraindication to
surgery, but resting hypoxia with saturations below
90% or significant desaturation on exercise are both
indicators of increased operative risk.

Tremor or peripheral venous dilatation often
represent hypercapnia and merit ABG analysis.
Increased respiratory rate and accessory muscle use
indicate underlying impairment to airflow. Arte-
rial blood gases should also be performed on any
patient cyanosed at rest, with peripheral oxygen sat-
uration 94% or below or on oxygen therapy pre-
operatively.

Radiological investigations

Initial imaging techniques involve the plain chest

film, traditionally involving PA and lateral images.
Sensitivity for detecting small lesions is reasonable
but not as high as CT scans but the radiation expo-
sure is very low and the investigation is widely
available., Usually, localization of the lesion and
approximate size estimation are possible, along
with assessment of the rest of the lung fields, cardiac

CHAPTER 5 PRE-OPERATIVE ASSESSMENT

silhouette and the bones of the thoracic cage.
More subtle signs such as presence of emphysema-
tous bullae, pulmonary fibrosis, right-sided paratra-
cheal lymphadenopathy (by increased tissue den-
sity adjacentto the trachea and right main bronchus
which is normally adjacent to lung tissue) and loss
of volume may also be observed. However, investi-
gation is rarely limited to plain films as further infor-
mation is invariably helpful for even non-surgical
management.

Computerized tomography (CT)

The standard imaging technique for further chest
imaging is the CT scan, usually performed to a
lung cancer protocol with IV contrast and imaging
at 5mm slices from the root of the neck includ-
ing the glottis down to the mid or lower abdomen
to include the whole Jiver and spleen. An alterna-
tive technique, often used for patients with chest
pain is the PE protocol in which contrast admin-
istration is timed and the scan often continued
down to the lower calf, The former is more suited
for thoracic surgery but the presence of tumor or
thrombus within the pulmonary arteries is clearer
on the latter if relevant. Computerized tomogra-
phy scanning equipment is improving in sophisti-
cation and ability all the time and the newest scan-
ners use helical multi-array sources and detectors to
enable scanning of the entire chest within a single
breath-hold.

The CT scan allows staging of any lung tumor,
assessment for emphysema and bullous disease,
shows presence of small or loculated effusions,
pleural thickening and the presence of most lymph
nodes above 5mm in diameter. In addition, the
tissue density often allows for a degree of diagnos-
tic information, such as that the heavily calcified
apical rounded nodule in a young patient previ-
ously exposed to TB is probably the benign remnant
of a Ghon focus. Likewise, an irregularly bordered
spiculated lesion with areas of differing intensity is
much more likely to be malignant. Intrabronchial
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Table 5.1 Lung cancer staging: 1

[NM classification.

Turmor ‘Definition ' R : o ' o

T1 Tumor < 3 cm-maximal.dimension, surrounded by lung, or endobronchial distal to lobar bronchus

T2 Tumor > 3 ¢cm maximal dimension, or reaching visceraf pleura, or obstructive atelectasis of less than one

_ lung, or {obar endobronchial tumor or main bronchial. tumor > 2 cm from the carina

13 Tumor involving the apex of the chest, main:bronchial tumor within 2 ¢m of the carina, atelectasis of the
entire lung, or tumor of any size invading the chest wall, parietal pleura of the mediastinum (including
the phrenic nerve) or pericardium or the diaphragm

T4 Macroscopic or histofogical invasion of the mediastinal structures including the heart, great vessels,
trachea, esophagus, carina, vertebral bodies, recuirent nerve, malignant pleural effusion, distant pleural
metastases or multiple neoplastic nodules within the same lung lobe :

Nodes Definition .

NO Nolymph node involvement (pNO on pathological lymph node sampling)

NT Metastases to hilar, interlobar, lobar or segmental nodes

N2 Metastases to ipsilateral mediastinal or subcarinal nodes

N3 Metastases to scalene or supraclavicular or contralateral nodes-

Metastases Definition

Mo No metastases

M1 Presence of metastases

lesions may also be seen on careful inspection of
the lumen on several contiguous slices.

(T - tumor staging

Staging of presumed or confirmed lung cancer
is performed according to strict criteria agreed
internationally, as shown in Table 5.1. Tumor (T,
nodal (N) and metastatic (M) levels are all assessed
and classified numerically. An overall stage associ-
ated with 5-year survival can easily be read from
Table 5.2.

CT - lymph nodal assessment

Lymph nodal assessment by CT must be regarded
as anatomnical rather than histological and is there-
fore not completely accurate. The absence of nodal
disease is NO, presence of involved (enlarged)
nodes within the lung is N1 and those within
the mediastinum is N2. Contralateral, scalene or
abdominal node involvement is classed as N3. In
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the setting of lung cancer, sensitivity and speci-
ficity for involved lymph nodes range between
70-80%. Lymph nodes vary in size within the chest
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dependent upon age, sex and location and are gen-
erally oval in shape. Lymph node staging must
be used for all enlarged nodes in patients who
are potentially operable and the primary tumor
resectable. Likewise, for all patients with borderline
nodal size criteria or multiple small nodes in whom
the primary is very advanced and/or the operabil-
ity bordetline, it is prudent to perform other nodal
staging to prevent unnecessary non-curative surgery
at greater operative risk. Further methods of lymph
nodal staging include operative (mediastinoscopy
and others) and functional imaging techniques
such as positron emission tomography (PET), as
discussed below.

(T - metastatic assessment

A computerized tomography scan is sensitive for the
detection of adrenal and liver metastases from lung
cancer, along with para-aortic lymphadenopathy.
Ultrasound scan or PET may also be required to

quantify these and differentiate from benign cysts. )

The presence of benign coincidental adrenalomas
s a relatively common finding in the older patient
and must be carefully diagnosed as it should not
preclude curative lung surgery.

Although not generally recommended in the
absence of neurological signs or symptoms, CT scan
of the head with and without contrast is an impor-
tant staging procedure in those with advanced lung
tumors e.g. chest wall invasion, a possibility of lung
secondaries, or with a difficulty in assessing base-
line cerebral function. Presence of most cerebral
metastases would prevent surgery to resect lung can-
cer; there is little more unfortunate than perform-
ing radical lung surgery and reconstruction only
to see the patient succumb to untreatable cerebral

malignancy.

Magnetic resonance imaging

Magnetic resonance imaging (MRI) scanning
involves computerized reconstruction of tissue vol-
umes from the detection of radiowaves emitted

CHAPTER 5 PRE-OPERATIVE ASSESSMENT

from the changes in alignment of protons within
the patient lying in an intense magnetic field. There
are several techniques which may be used, includ-
ing the T1 and T2 relaxation times and the proton
density, which all show different tissue quantifica-
tion and are particularly useful for certain features.
In general, however, the resolution of the MRI scan
is not superior to the CT scan and it is no better at
confirming the presence or absence of invasion than
CT scanning. However, there are two areas where
MRI scanning is routinely used in the radiological
assessment of the thorax. These are both areas adja-
cent to bones, where CT resolution is difficult due
to streak artefact from the slice reconstruction tech-
niques used, and include assessment of Pancoast-
type tumors involving the apex of the chest and
brachial plexus and the neurogenic tumors of the
paravertebral sulcus to assess whether there is inva-
sion of the neural foramina or extension into the
vertebral canal.

Positron emission tomography

Positron emission tomography (PET) scanning has
revolutionized the imaging of the body by allowing
localized measurement of tissue metabolic activity.
Briefly, a radioactive isotope of fluorine is bound to
deoxyglucos'e and administered intravenously. It is
taken up as a glucose analog by metabolically active
cells and only partially metabolized. It then remains
stuck cytoplasmically until alternative pathways can
break it down. Meanwhile the unstable fluorine iso-
tope decays by the emission of a positron, which
annihilates a nearby electron on collision with the
release of two identical energy photons in oppo-
site directions and identical constant wavelength.
These are detected by a special detector array, in
the newest scanners located within a CT scanner
for co-localization. It is important to be aware that
PET may have false negatives when metastases are
present in tissues with a high underlying metabolic
rate, especially brain. For this reason, scans are very
rarely shown above the neck.
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Table 5.3 Risks of thoracic proceduroes.

Procedure: Death Bleeding “Others _
Mediastinoscopy 0.3% Sternotomy “Pneumothorax 1%
o 0.1% Recurrent nerve injury 1%
VAT pleural procedure 1.5% 10 Prolonged airleak 1%
Lobectomy 2-4% 1% Prolonged airleak 5-10%
Pneumonectomy 5-10% 1% Bronchopleural fistula 2-10%
5-10% 1% Prolonged airleak 40%

Lung volume reduction

Results of PET scanning are more accurate than
CT scanning for nodal and metastatic assessment. A
PET negative mediastinal scan is specific enough at
90-95% to rule out nodal disease in most lung can-

cer patients although it cannot detect micrometas-

tases. Likewise, a positive nodal scan is indicative
of increased uptake although unable to differenti-
ate between infection or tumor metastases. There-
fore, PET positive mediastinal nodes would stil}
need further surgical assessment prior to lung resec-
tion, Despite this potential limitation, it is felt that
PET scanning reduces the need for preliminary
mediastinoscopy in many patients if negative and
prevents a futile thoracotomy in 1 in 16 patients
assessed as node-negative on CT assessment. PET
scanning is proving very useful in the workup of
difficult cases such as those with borderline oper-
ability, multiple metastases or extended resection,
where the likelihood of disease outside the chest is
higher, allowing reduction in the chance of futile
surgical resection.

Operability

As discussed above, operability is generally taken
to mean the ability of the patient to recover from
the morbidity of the surgery. Thoracic surgical pro-
cedures range from small such as mediastinoscopy,
to pneumonectomy or trauma thoracotomy which
may have much higher risks. Approximate risks of
death and significant complications are shown in
Table 5.3.
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As well as an understanding of the risks of death
or major morbidity with the procedure, it is impor-
tant to understand that a thoracotomy generally
reduces the effective FEV; by around 10-15% due
to pain, splinting and the mechanical effects of the
incision on the chest wall musculature and ribs, The
expected benefit of the surgery is also important in
this context.

British Thoracic Society - Guidelines
National guidelines exist in many countries regard-
ing the management of patients considered for lung
cancer surgery. There are differences between them
based mainly on the availability of advanced tech-
niques for investigation, treatment and the precise
nature of primary care, referral practice and fund-
ing. The British Thoracic Society (BTS) guidelines,
published in 2001, underlie the operative manage-
ment of lung cancer in the UK and a brief outline
follows.

* Age. Risk of mortality and morbidity increases
with increasing age, although acceptable rates of
survival are seen in carefully selected older
patients. Increased age is a significant factor
increasing mortality for pneumonectomy ot
chest wall resection and should be considered a
relative contraindication.

* Pre-operative lung function. Evidence from
many published series shows that a
pre-operative FEV, of over 2 liters is an
indicator of low risk for pneumonectomy and
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the numerator and the denominator of the
above equation. If the results are borderline or

Table 5.4 Anotomical segments.

Righit lung Left fung _ there is doubt about the function following
Upper - 3 Upper 4 (proper) 2 resection, the differential perfusion from

Middle 2 (ingula) 2 radionuclide studies is invaluable. If patients
Lower 5 Lower 5 have both post-operative predicted FEV, and
Total 10 Total 9 TLCO below 40%, the patients are high-risk and

pre-operative FEV, of over 1.5 liters is an
indicator of low risk for lobectomy; in these
cases, BTS guidelines do not recommend further
respiratory functional testing in the absence of
breathlessness.

Post-operative predicted lung function, based
on extrapolation from pre-operative spirometry
and gas transfer, is an important predictor of
surgical risk. Approximate lung function may be
predicted using the normal anatomical 19
segments and the estimated number to be
resected, using the following formula:

ppoFEV, = FEV* (19 - R}/19

where R is the proposed number of segments in
the resection and ppoFEV is the post-operative
predicted FEV;.

The same formula may be used to calculate
the predicted gas transfer value. '

The numbers of segments in each lobe are
listed in Table 5.4. Evidence from many
published series shows that a post-operative
predicted FEV; > 40% and post-operative
predicted TLCO > 40% of normally predicted
with no desaturation is sufficient for acceptable
operative risk. An absolute lower limit of FEV,
of 800 ml is recommended. If there is significant
pathology affecting the lung to be resected, it
may be that the above formula will
underestimate the predicted post-operative lung
function. In the setting of segmental or lobar
collapse of the affected lung, the number of
affected segments should be subtracted from

should be considered for radiotherapy,
chemotherapy or very limited (e.g. wedge)
resection. All other patients should be
considered intermediate risk and should
undergo exercise testing with shuttle runs or
VO,max. Fewer than 25 shuttles or below

15 ml/kg per min oxygen uptake are indicators
of very high surgical risk. Above these values,
risks may be acceptable.

Cardiac assessment. All patients undergoing
lung resection should have resting 12-lead
electrocardiography and echocardiography in
the presence of cardiac mumur or known
valvular or structural heart disease. No patient
should undergo surgery within 6 weeks of
myocardial infarction (MI) and all patients
within 6 months of MI should have a
cardiology opinion. Previous coronary artery
bypass grafts should not limit surgery if the
patient has adequate functional capacity and is
asymptomatic. Patients with a single risk factor
for coronary disease but no symptoms are at
low risk and do not need further investigation.
Those with previous disease but adequate
functional capacity, e.g. able to climb a single
flight of stairs comfortably likewise do not need
further investigation. Those at high risk should
undergo exercise or other stress testing and
consideration of percutaneous or surgical
intervention prior to lung surgery as
appropriate.

Assessment of other organ systems. Patients
should have adequate nutritional status: weight
more than 10% below ideal or low serum
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albumen levels should be taken as indicators of
increased or high surgical risk. Liver function
testing should also be performed to highlight
evidence of dysfunction or indication of
metastatic disease. '

Renal function. Renal impairment is an
indicator of increased risk for major surgery
but should not necessarily contraindicate
potentially curative surgery. Renal dialysis
should prompt careful consideration

of the expected survival with and without
malignancy but likewise should not
contraindicate lower risk potentially curative
procedures.

Brain. In patients of intermediate or higher
risks with surgery, extended staging may include
head CT scanning to exclude metastasis (as
mentioned in the imaging section). Careful
consideration of those with progressive cerebral
disease such as dementia, Parkinson’s or _
ischemic strokes should be made as both
increased peri-operative risk and reduced
long-term survival will result.

Blood. Blood testing should exclude the
presence of untreated anemia. Polycythemia

is common in heavy smokers and those with

lung disease and is an increased risk factor for
thrombo-embolic complications
peri-operatively. Presence of myelodysplastic
syndromes has similar effects along with

an increased risk of hemorrhage and is
associated with poorer long-term survival
although some patients with low-grade
forms may have a reasonable prognosis. The
presence of hypnoatremia suggests the
syndrome of inappropriate ADH secretion
(SIADH).

FURTHER READING
* British Thoracic Society and Society of Cardio-
thoracic Surgeons of Great Britain and Ireland
Working Party. Guidelines on the selection of
patients with lung cancer for surgery. Thorax
2001; 56: 89-108.
¢ Mountain CF, Libstitz HI, Hermes KE. A Hand-
book for Staging, Imaging and Lymph Node Classifi-
cation. Charles P. Young, 2003.
* Strand TE, Rostad H, Moller B, et al. Risk fac-
tors for 30-day mortality after resection of lung
cancer and prediction of their magnitude. Thorax
2007; 62: 991.
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Lung isolation

With the developments in thoracoscopic and mini-
mally invasive cardiac surgery, the absolute indica-
tions for lungisolation have expanded. These devel-
opments have coincided with the availability of new
bronchial blocker devices. These devices may have
advantages over the traditional double lumen endo-
bronchial tube (DLT) in specific circumstances.

This chapter aims to give an overview of the indi-
cations and techniques available for lung isolation
in adult patients, using devices currently available
in the UK.

History _

Before the development of the Carlens left-sided
DLT in 1950, a tube that was designed for differen-
tial lung spirometry, anesthetists used either single
lumen tubes or bronchial blockers to produce lung
isolation. The major developments in devices are
listed in Table 6.1. '

Current single-use plastic DLTs are based on the
Robertshaw design; a red rubber tube, oval in cross-
section with two D-shaped lumens placed laterally
to each other to maximize internal luminal size
and reduce gas flow resistance. The right-sided ver-
sion has a right upper lobe ventilation slot in the
bronchial portion of the tube. The bronchial and
tracheal -cuffs of plastic DLTs have high volume,

Core Topics in Thoracic Anesthesia, ed. Cait P. Searl and Sameena T, Ahm
© Cambridge University Press 2009.
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low pressure cuffs, in order to reduce the risk of

mucosal trauma.

In the 1980s, the Univent tube, a combined single
lumen tube with incorporated bronchial blocker,
became available. This was further revised recently
to become the Univent torque control blocker
(TCB) (Vitaid Ltd.), the changes enablitig improved
control of the bronchial blocker.

Today, the availability of the fiberoptic bron-
choscope (FOB) has encouraged the use and
development of bronchial blockers which would
previously have required rigid bronchoscopy for
placement. Over the past decade several indepen-
dent bronchial blockers have been developed which
can be positioned under FOB guidance, and used
in conjunction with standard single lumen tracheal
tubes. Other balloon-tipped catheters, such as Fog-
arty embolectomy catheters, have also been used as
bronchial blockers.

Indications for lung isolation

Two broad categories encompass the main reasons

to performm lung isolation:

1. To prevent contamination of normal lung with
blood or pus.

2. To control the distribution of ventilation. This
can be to facilitate surgical exposure or to
enable ventilation in cases of airway disruption,

ed. Published by Cambridge Univetsity Press.
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Table 6.1

Major developme

nis in lung isofation devices.

Date - Name Device 'tyﬁ_e
1932 Gale & Waters Endobronchial tube with carinal cuff
1936  Magill Right and left endobronchial tubes with short cuffs
1936 Magill Red rubber endobronchial blocker
1950 Carlens Left-sided DLT, carinal hook. Oval in horizontal plane
1955  Macintosh & Leatherdale Left endobronchial tube, tracheal and bronchial cuffs, tracheal suctio
. channel ‘ _ '
1955 Macintosh & Leatherdale Cuffed tracheal tube with left bronchus blocker and bronchial suction
channel, Curved to enable blind insertion _
1957  Green & Gordon Right .endobronchial tube, carinal hook and upper lobe ventitation slot.
_ * Bronchial and tracheal cuffs
1960 Bryce-Smith & Salt (left-sided Right DLT, oval in anterior-posterior plane, slit in endobronchial cuff for
version 1959 Bryce-Smith) upper lobe ventilation _
1962  Robertshaw Right and left sided DLTs Oval cross-section in lateral plane, no carinal
hooks, right upper lobe ventilation slot. Increased inner luminal diamelers
1982 Univent tube (Vitaid Ltd.) Univént tube; combined single lumen tube and retractable bronchial blocker
1999 Arndt blocker (Cook) Wire quided bronchial blocker. High volume low pressure cuff. Coupled with
' ' fiberoptic bronchoscope via a menofitament loop during insertion
2003 Cohen Flexitip Endobronchial . Flextip bronchial blocker. Tip flexed under control from wheel at hub.

blocker (Cook)

Positioned under FOB guidance. Used with standard tracheal tube

(Modified from Pappin )C. The current practice of endobronchial intubation. Angesth 1979; 34: 57-64.)

Ao prevent contamination of normal lung

Table 6.2 Absolule indications for lung
Isolation.

Major pulmonary hemorrhage

Bronchopleural fistula with empyema

Lung abscess

Whole lung lavage for alveolar proteinosis (rare) Other procedures that usually require lung
Te control the distribution of ventifation

Bronchopleural fistula

Traumatic airway disruption

Giant bullae at risk of rupture

*_Alow: surgical access
Thoracoscapic surgery
Minimally invasive cardiac surgery

In current clinical practice, most surgeons would
expect lung isolation to facilitate surgical access
for the majority of procedures requiring thoraco-
tomy. It is an absolute requirement for thoraco-
scopic surgery and many procedures are now per-
formed using video-assisted thoracoscopy (VATS).

isolation include esophageal surgery, surgery of
descending thoracic aorta, spinal surgery via tho- -
racotomy and chest wall resection.

Methods and choice of technique
The DLT, bronchial blocker and an appropriately
sized single lumen tracheal tube can all produce

airway fistulae, giant bullae or other severe lung isolation, if placed in a main stem bronchus.

unilateral lung disease. Table 6.2 lists examples No one technique has overarching advantages for

of absolute indications for lung isolation. all situations, but each lends itself to certain clinical
42
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applications. The choice will be influenced by
the anesthetist’s experience, certain patient factors
such as abnormal airway anatomy, and surgical
requirements.

The double lumen endobronchial tube
Double lumen endobronchial tubes in common
use are plastic, oval in cross-section and have
an antero-posterior curve cofresponding to the
oropharyngeal curve and a right or left lateral

Figure 6.1 Mallinckrodt bronchocath double lumen
endobronchial tube (right) (DLT).

CHAPTER 6 LUNG ISOLATION

Figure 6.2 A comparison of the endobronchial
compoenents of right and left Mallinckrodt bronchocaths.

curve corresponding to tracheobronchial anatomy
(Figure 6.1). One lumen opens in the trachea below
the tracheal cuff and the other terminates at the
ﬁp of the endobronchial portion. On right-sided
tubes there is an endobronchial ventilation slot to
allow ventilation of the right upper lobe (RUL)
(Figure 6.2). The arrangement of the cuff and slot
varies depending on tube manufacturer. The endo-
bronchial cuff is colored blue to assist with identi-
fication during bronchoscopy.
"The main advantages of the DLT over other meth-
ods are:
1. Rapid inflation and deflation of either lung
without repositioning,
2. Suction and fiberoptic inspection to either lung
is immediately possible.
Due to their larger size, DLTs are more difficult to
insert than single lumen tubes, particularly if laryn-
goscopy is difficult. Table 6.3 compares the internal
and external dimensions of DLTs and single lumen
tubes. They are unsuitable for prolonged weaning
from ventilation due to higher airflow resistance
and patient discomfort from the bulkier tube.
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Slngle fu _en tube

Double Iumen tube

Inner dlametef (mm) OD-(min) '  size (ch) 0D (mm) .

7 | 95 32 10.7

7.5 10.2 35 1.7

8 10.8 37 12.3

8.5 7 11.4 39 3

9 ' 12.1 41 | 13.7

When using the double lumen tube, there are two Table 6.4 Ihe indications for a right-sided
important considerations:

1. Choice of tube side; right or left?
2. Which size of tube to use?

Right or left-sided tube?

The right main bronchus is much shorter than the
left; 2 cm rather than approximately 5 cmon the left.
The position of the right upper lobe take off is also
variable and can even arise from the trachea. For
these reasons it may be difficult, or impossible, to
simultaneously isolate the right lung and ventilate
the right upper lobe using a right-sided DLT. Even
with correct initial placement, minimal movement
of the tube may result in failure to ventilate the
right upper lobe. This can result in hypoxia during
one-lung ventilation and may predispose to post-
operative right upper lobe collapse.

As the left main bronchus is longer, it does not
present the same problems. Left endobronchial
intubation usually provides a safe and stable tube
position, and is the preferred technique, unless
there is an absolute indication for a right DLT
{Table 6.4). The greater angulation of the left main
bronchus may occasionally create technical difficul-
ties with endobronchial intubation.

Tube sizing
Plastic DLTs are available in Charnere (Ch) gauge
{or French gauge (F)) sizes 26, 28, 32, 35,37, 39 and

44

dnule Iumu ondubum( nal tube.

' Left pneumonectomy

Left lung transplantation -

Intraluminal tumor o stent in left main bronchus
External compression of feft main bronchus

Left tracheobronchial disruption

Acute angulation of left main bronchus

* Left-sided tube can be used with surgical cooperation.

41 although not all manufacturers produce their
tubes in all of these sizes. Most anesthetists choose
the size of tube based on the patient's height and
sex (Table 6.5), although a more accurate approach
may be to take measurements of tracheobronchial
dimensions from scans and X-rays. A correctly sized
tube should pass easily through the glottis and
the endobronchial component should enter the
bronchus without resistance. If the. tube is under-
sized it may be advanced too far into the distal air-
ways, resulting in obstruction of lobar bronchi and
tisk of barotrauma and volutrauma to ventilated
segments.

It has been shown by Brodsky et 4l. that tracheal
width, measured at the level of the clavicles on PA
chest X-ray, could predict left DLT size (Table 6.6).
This has not been successfully applied in all patient
populations.
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Table 6.5 A quide to left doubic lumen endobronchial tube {DL1y s17e boscd on patienls
height and sex.

Height (m) * LeftDLTsize (ch) Height (m) Left DT size (Ch)
< 1.5 32 <1.6 37
1516 35 1617 39

> 16 - 37 >17 | 41

Table 6.6 Suggoested el double fumen
endobronchial tube (DL size according Lo

tracheal width measured on PA chost X-ray ot
. 1

level of clavides,

depending on which bronchus is to be intubated,
Advancement of the tube is stopped on sensation
of slight resistance. Alternatively, the tube can be
inserted to a predetermined depth using the guide

Méasured_s-t'ra_:'lzieé!. _ : : for left-sided tubes; 29 cm at the incisor teeth for
width (mm) : _ I.'eﬂ‘[_)‘_l.'f size (Ch) a patient 170c¢m tall, & 1 cm for every & 10 cm of
=18 41 - height.

=16 39 The FOB can also be used at the outset to posi-
=15 37 tion the tube by advancing the tube over the FOB
—14 35 into the appropriate bronchus. This may be partic-
—125 3 ularly useful in patients of short stature where the

(From Brodsky JB, Macaric A, Mark JBD. Tracheal diameter
predicts double-lumen tube size: a method for selecting left
double-lumen tubes. Anesth Anolg 1996; 82: 861-4.)

Pre-operative chest X-rays and scans should
be carefully examined to assess tracheobronchial
anatomy. Distortion, angulation or compression of
major airways may influence choice of lung isola-
tion technique.

Insertion of the DLT

The tube is supplied with a wire stylet placed in the
bronchial lumen to increase rigidity. This should
be in place prior to insertion. Laryngoscopy is
performed in the usual way and the tip of the
tube is passed through the vocal cords with the
endobronchial tip pointing anteriorly. After passage
through the cords the wire stylet should be removed
before further tube advancement. The tube is then
advanced and rotated 90° either to the left or right

trachea will be short, or where difficult positioning
is predicted due to tracheobronchial anatomy.

The tracheal cuff is then inflated and ventilation
is commenced through both lumens. Care should
be taken with these initial inflations as it is possible
to deliver the entire tidal volume to a single lobe if
an undersized tube has passed beyond a bronchial
division during blind insertion.

Checking DLT position

Traditionally tube position has been assessed using
auscultation (Table 6.7), but with the advent of
fiberoptic bronchoscopy, high rates of malposition
were discovered despite satisfactory findings at aus-
cultation. Blind placement of right-sided disposable
plastic tubes has a high incidence of right upper
lobe obstruction and so FOB assessment of right
DLTs is now considered mandatory. An important
landmark is the trifurcation of the RUL bronchus
which should be visible using the FOB through
the ventilation slot of a correctly positioned tube
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Table 6.7 A mcthod to check double fuimen

endebrondiial tube position using chest
auscultation.

' '.':'Veri_i_i'l e through both _mér‘is \fj\}lw‘:i:lsf't"i'hfla'_:tjihg
tracheal cuff to abolish air leak, and ensure equal air
entry in all fung fields

2. Clamp connector to tracheal lumen and open

tracheal fumen to air

3. Ventilate through bronchial lumen whilst slowly
inflating bronchiat cuff until air leak from open
tracheal lumen abolished*

4. Auscultate chest to ensure the intended lung is
isolated '

5. Clamp bronchial connector and open bronchial
lumen to air

6. Ventilate through tracheal lumen only and
ausculiate to ensure air entry to non-intubated lung
only

* Should only require small volume of air (< 3 ml) to seal
endabronchial cuff with optimal tube size.

(Figure 6.3). The FOB should be passed through
both lumens of the DLT to ensure that lobar bronchi
are patent and that the position at the carina is cor-
rect. The proximal edge of the bronchial cuff should
be just visible beyond the carina and not herniating
above it,

The endobronchial cuff should be inflated with
the minimal amount of air to produce a seal,
in order to avoid high cuff pressures which may
lead to mucosal damage. Tube position should
be rechecked with any change in patient position.
Moving from supine to lateral decubitus frequently
results in movement of the tube, usually in a cepha-
lad direction.

Complications of DLT insertion

Minor upper airway trauma, dental damage and
failed intubation are potential complications occur-
ring with the use of any device used to intubate the
trachea. Malposition resulting in failure to produce
lung isolation, airway obstruction, hypoxemia and
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Figure 6.3 A diagram showing a correctly positioned right
double lumen endobronchial tube (DLT). The fiberoptic
bronchoscope view of the trifurcation of the right upper
lobe is shown.

atelectasis can occur with the use of the DLT. Rarer
complicationsinclude tracheal or bronchial rupture
and even incorporation of the device into a surgical
staple line. Care during insertion, removal of the
wire stylet before tube advancement and caution
with endobronchial cuff inflation may reduce the
risk of serious complications. '

Bronchial blockers

There are two main configurations of bronchial

blockers.

1. The blocker is incorporated intc a channel in
the wall of a tracheal tube as in Univent TCB
(Vitaid Ltd.) (Figures 6.4 and 6.5).

2. Independent catheter as in Amdt Blocker
(Cook} (Figure 6.6), Cohen Flextip
Endobronchial Blocker {Cook), Uniblocker
(Vitaid Ltd.), Coopdech blocker (Smiths
Medical).

All of the specifically designed bronchial blockers

are balloon-tipped catheters with a central channel

to allow suction, lung deflation and insufflation of
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Figure 6.4 Univent TCB (Vitaid).

oxygen. They differ in their method of manipula-
tion of the catheter tip during placement.

The Univent TCB is unique in that it com-
bines a single lumen silicone tracheal tube with a
retractable 2 mm diameter endobronchial blocker
incorporated into the anterior wall of the tube. The
cuff of the blocker is low pressure high volume
and requires approximately 2-8 m! of air to seal,
depending on the size of the airway to be occluded.
An increasing range of sizes are available, including
pediatric, but it is important to realize that the exter-

CHAPTER 6 LUNG ISOLATION

nal diameter is larger than standard single lumen
tracheal tubes with the same internal diameter. The
tube can be used as a standard single lumen tra-
cheal tube until Jung isolation is required, at which
time the blocker is advanced into the required posi-
tion in either main bronchus under vision via FOB.
To assist with placement, the tracheal tube can be
rotated towards either left or right main bronchus
as appropriate.

Figure 6.5 Tip of Univent TCB (Vitaid) showing tracheal
cuff and blocker extended and retracted.
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Figure 6.6 Arndt wire guided endobronchial blocker coupled to fiberoptic bronchnscope via the three-way multiport

adaptor.

The independent bronchial blocker catheters can
all be positioned coaxially down a standard tra-
cheal tube under FOB guidance. A three-way, mul-
tiport adaptor allows insertion of blocker and
bronchoscope without interrupting ventilation of
the patient. The Arndt wire guided endobronchial
blocker { Cook) is coupled to the FOB via a monofil-
ament loop protruding from the distal end of the
central channel, allowing the blocker to be guided
directly into the required bronchus (Figure 6.6). The
guide wire loop should be withdrawn for the cen-
tral channel to allow egress of air, lung deflation
and enable suction of secretions. Oxygen can be
insufflated if required. The loop can be reinserted
to allow repositioning of the blocker. The Cohen
Flextip blocker is not directly coupled to the scope
but it can be positioned under vision during FOB
by a combination of catheter rotation and by flex-
ing the tip which is controlled by a wheel at the
proximal end of the catheter. This allows reposi-
tioning at any time during its use. The Uniblocker
and Coopdech catheters both have a slightly flexed
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tip which enables the blocker to be directed to either
main bronchus with a combination of advance-
ment and rotation of the catheter under vision via
FOB.

The Arndt blocker catheter is available in two
sizes; 5F and 9F with corresponding minimum
recommended tracheal tube sizes of 4.5 mm and
7.5mm respectively. A pediatric bronchoscope is
required and the FOB and catheter should be lubri-
cated prior to insertion to facilitate passage through
the tracheal tube.

The Cohen Flextip catheter is currently available
in size 9F only.

Complications associated with the use of
bronchial blockers
Complications with the use of bronchial block-
ers include malposition and displacement result-
ing in life-threatening airway obstruction and
hypoxia.

Failure to clear secretions through the small cen-
tral channel of a bronchial blocker resulting in
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Table 6.8 Comparison of lung isolation technic

CHAPTER 6 LUNG ISOLATION

_ | independent bronchial Unlventtorquecontrol
Double lumen tubes blockers - blocker (1B)
Advantages “Advantages Advantages
Rapid inflation and deflation of Difficult airway- (can be used with ~ Difficult airway (although bulkier
eitherJung single lumen tracheal tube) than equivalent single lumen

FOB inspection and suction to either Patients already intubated
Tube change not required for
post-operative ventilation

Lobar collapse possible

lung possible
Stable position.(Left)

Disadvantages Disadvantages

Difficult to place in difficult airway

Tube change required if patient
already ventilated

Unsuitable for prolonged post-
operative ventilation

soiling of normal lung after cuff deflation has been
reported.

Which device to use? (Table 6.8)

Studies have shown that the DLT, independent
bronchial blocker and Univent tube can all pro-
duce lung isolation and satisfactory operating con-
ditions. In one study by Campos et al. the inci-
dence of failure to position the device correctly by
infrequent thoracic anesthetists was similar for all
three methods. Lung deflation tends to be slower
with BB devices whereas the DLT gives unrestricted
access to both lungs for suction, bronchoscopy and
insufflation.

However, BB devices have a role in the manage-
ment of patients requiring lung isolation who are
already intubated or who require post-operative
ventilation, where exchanging tubes may be haz-
ardous. They may also be specifically indicated
where lobar blockade {Figure 6.7) is required. This
may be required in patients who have undergone
previous lung resection and are undergoing further
thoracic surgery.

FOB required for placement

Siow lung defiation

Small channel for suction

Repositioning required for
sequential fung collapse

tracheal tube)
Tube change not required for
- post-operative ventilation
Lobar collapse possible

Disadvantages

Tube change required if patient
already ventilated

FOB required for blocker placement

Small suction channel

Blocker needs repasitioning for
sequential lung collapse

AR &

Figure 6.7 A diagram showing a bronchial blacker placed
in the right bronchus intermedius enabling blockade of just
the middle and lower lobes.

Lung separation and the

difficult airway

Because of the size and shape of DLTs, orotra-
cheal intubation can be difficult in situations where
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Difficult or impossible

Iaryngoscopy, lung
isolation required

YES Oral intubation NO
Orotrachea! intubation [¥— ] feasible? > Nasotracheal
via bougie, FOB, intubation
advanced techniques
SLT
h 4
DLT SLT Univent tube
AEC [ L Advance !

4 in Fo left BB

mainstem

BB bronchus

A 4 h
~ Lung separation |«

Figure 6.8 Methods of lung isolation in the patient with difficult taryngoscopy. AEC, airway exchange catheter; BB,
bronchial biocker; SLT, single lumen tube; BLY, double lumen tube; FOB, fiberoptic bronchoscope.

intubation with a single lumen tube can be per-
formed with ease. This problem is greatly ampli-
fied in patients with difficult laryngoscopy. Awake
fiberoptic intubation with a DLT has been reported,
butitis likely to be technically challenging. An alter-
native is to secure the airway with a single lumen
tube and then proceed with bronchial blockade or
change to a DLT using an airway exchange catheter.
Figure 6.8 outlines some of the possibilities for air-
way management in a patient with difficult laryn-
goscopy. Where airway exchange catheters are being
employed it is essential to ensure the free passage of
the catheter inside the bronchial umen of the DLT
before proceeding, '

Alternative laryngoscopes have been employed
with success in patients with difficult laryngoscopy
and the surgeon may be able to pass a bougie or
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airway exchange catheter into the trachea during
rigid bronchoscopy.

Patients with tracheostomy |
Single lumen tracheal tubes, standard DLTs and
bronchial blockers have all been used to provide
lung isolation in patients with tracheostomy. Rusch
manufacture right- and left-sided DLTs for use
through a tracheostomy. These tubes are shorter
and appropriately curved compared with standard
DLTs and are appropriate for longer-term ventila-
tion where lung isolation is required. The choice
of other techniques will be governed by the size
of the tracheostomy stoma and the reason for lung
isolation. The availability of bronchial blockers has
simplified the management of these patients.
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Key points

The left-sided DLT remains the device of choice
for the majority of procedures requiring lung
isolation in adult patients.

Familiarity with the bronchoscopic appearance
of tracheobronchial anatomy is essential for the
safe and effective placement of devices for lung
isolation,

The position of the right upper lobe bronchus
can prevent correct placement of the ﬁght-sided
DLT and prevent complete right lung isolation
by a single bronchial blocker.

Bronchial blockers have a key role in providing
lung isolation in patients with a difficult airway,
those requiring post-operative ventilation and
those already intubated and receiving critical
care.

The free passage of bougies, airway exchange
catheters, bronchial blockers and
bronchoscopes through the intended tracheal
tube should be established before proceeding
with clinical intervention.
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Chapter?7

Management of one-lung ventilation

Physiologically, on the institution of one-lung ven-
tilation (OLV), the patient, by continuing to per-
fuse a non-ventilated lung, is positioned on the
steep part of the oxygen dissociation curve: what
has been described as analogous to in the moun-
taineer “death zone.” Unlike the latter the inhalation
of high concentrations of oxygen may not avert dis-
aster. One-lung ventilation is never safe. It is this
simple fact that makes attention to detail vital. The
double lumen endobronchial tube (DLT) sited “too
far,” or the inadequately ventilated dependent lung
adds the few critical degrees to the percentage of
the cardiac output that is desaturated to take the sit-
uation beyond one salvageable with high inspired
oxygen.

Notwithstanding interference of anesthetic
agents with natural controls in matching of ven-
tilation/perfusion, and of an open preumothorax
and lateral decubitus position compromising pul-
monary and cardiovascular physioclogy, in practice,
all problems of gas exchange should be seen as
reflecting the conduct of OLV, and correctable by
safe anesthetic or surgical maneuvre.

Fundamentals of fractional inspired
oxygen (Fi0;)

There is a paradox with using fractional inspired
oxygen (FiO,) 1.0. If necessary, then almost by
definition there is a problem. Safe-enough oper-

LEENA PARDESHI AND IAN CONACHER

ating conditions for pulmonary resection can be
achieved with less, providing criteria for defining
fitness have been met and by attention to detail
in the conduct of OLV. This is not a statement of
a cavalier attitude with the requirement for 100%
oxygen or for its use in those already close to res-
piratory failure who may have to undergo OLV to
facilitate a diagnostic or therapeutic process. Auto-
matic use remains paramount as a therapeutic and
first aid measure. Requirement is, however, to be
read as a clinical signal of a treatable OLV problem
(see Table 7.1}.

Planning OLV

An expectant attitude is required, with some sense
of those who may not cope with anything other
than perfect lung separation and in whom a default
position of recruiting the “surgeon’s’ lung” may
be necessary. As a working guide, those with a
predicted FEV, > 40% pre-operative values should
pass through an OLV process without too much
difficulty and few problems. Those with a predicted
FEV] < 40% may well require support including
post-operative ventilation. Planning, prediction
and preparedness for improvisation are important:
the former essential for guiding the process, and the
latter for dealing with the unexpected. These define
the level of monitoring required, early and direc-
tion of interventions, intra-operative conduct and

Core Topics in Thoracic Anesthesia, ed. Cait P. Sear]l and Sameena T. Ahmed. Published by Cambndge University Press.
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CHAPTER 7 MANAGEMENT OF ONE-LUNG VENTILATION

Table 7.1 First aid.
1. Increase (if not alré'édy:.dlb'_'rire)'tﬁ_é F_if)’z'}tc?) 1;0_' "
2. Go to manual IPPV. Request surgeon to stop

operating ' _
3. Aspirate for secretions etc. ventilated lung -
4. If desaturation continues recruit surgeon’s lung

5. Once patient safely oxygenated, define prablem,
adjust and resolve situation {see below for
diagnoses-and options) -

6. Invite the surgeon to continue

Table 7.2 Operation greups as quide to level
ol care.

Pulmonary resection  Pneumonectomy

Lobectomy Chest wall resection
Wedge resection Lung volume reduction surgery
Lung transplantation

Esophagectomy

Open thoracotomy
Lung biopsy
Thoracoscopic
Lung biopsy
Pleurodesis
Sympathectomy
Thymectomy

the post-operative management. A pleural opera-
tion in an ASA I patient, or a lobectomy in an ASA
II patient, for instance, needs a level that is simi-
lar to that required by a patient undergoing a rel-
atively minor abdominal operation (see Table 7.2,
Group 1). Whereas, for the pneumonectomy, com-
plicated lobectomy or. esophagectomy, the level
required is that of the patient undergoing cardiopul-
monary bypass (Group 2). In the event of prob-
lems arising, e.g. hemorrhage, shift from lobectomy
to pneumonectomy, prolonged OLV or lung han-
dling {< 90 min) then Group 1 category should
be assigned to the Group 2 level of intervention,

Table 7.3 A checklist of immediately available
fl‘(,]Lll{.‘lf'I!E’['![.
Sticstopes -
Standard endotracheal tubes

Lung separators: both right- and left-sided*
Rigid bronchoscope

Fiberoptic bronchoscope

Bougies and ,airway exchangers

. Regional analgesia equipment and drugs -

paravertebral-and epidural

* For women: 35, 37, and 39 Fr. For men: 37, 39 and
41 Fr. In general the largest tube that will fit should be tried.
This decreases the airway resistance and makes fiberoptic
examination easier.

care and management. Theoretically, it should not

. matter whether the surgical approach is via a lateral

thoracotomy or thoracoscopy, but in practice when
surgical access is restricted, the options for keeping
the lung collapsed and out of the operating field are
more limited. '

Preparation for OLV in the

anesthetic room

The institution of OLV can be problematic in
approximately 20% of any case mix. A significant
number will prove difficult at the lung separator
insertion stage. The usual conditions of difficult
intubation pertain, as well as some specific to the
thoracic discipline and the pathologies encoun-
tered and exacerbated by the structure and bulk of

" some lung separators. The checklist in Table 7.3 is

designed to cover the consistently and historically
described difficulty posed in securing left lung iso-
lation. The choice of lung separator has been dis-
cussed in Chapter 5.

Choice of anesthetic technique
There is now little place for nitrous oxide as a car-
rier gas in thoracic practice: air-oxygen mixes are
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the routine. A dominant theme for 40 years has
been the influence of general anesthetics on hypoxic
pulmonary vasoconstriction (HPV) (see also
Chapter 2). Although recognized as a potential
problem, modern perspectives and evidence sug-
gest thatimportance is over-rated and distracts from

more likely reasons for changes in the shunt frac-
tion. These are in practice more mechanical than

biological: the effect of an open pneumothorax,
collapse of lung and gravity on assumption of the
decubitus position all in some measure favor flow
to ventilated areas. It remains to be reinforced that
the phenomenon of HPV is scientifically interesting
but should never be invoked to justify poor tech-
nique oruse of the hypothetical in the clinical arena.
There is now little difference when modern volatile
agents or total intravenous anesthesia are used, sug-
gesting that the effects of techniques using nitrous
oxide and/or potent cardiac depressants such as
halothane may have been confounders in some
of the early studies. As a general rule the observed
shunt of OLV in clinical studies is 20-28%.

Ventilation
The use of OLV and the adoption of the lateral
decubitus position results in specific physiologi-
cal changes, such as the shifts in West Zones from
vertical to horizontal, which are best countered by
positive pressure ventilation {see Table 7.4). It is
physical forces mainly that must be dealt with -
all these effectively summating to compress the
FRC. The open pneumothorax, weight of media-
stinum, abdominal contents on adoption of the lat-
eral decubitus position and the surgeon at work
compress the dependent lung; and, all must be
opposed through the narrow conduit of, often, the
single lumen of a DLT.

Simplistic though it may appear, it needs to be
reiterated that the minute volume for OLV is that

of normal two-lung ventilation. In compensating -

for the dynamics of OLV, some advocate for the
routine a tidal volume of 8-10 ml/kg with appropri-
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Table 7.4 The lung that does not collapse.
Sopventlaton
Aspirate with suction tracheal and bronchial lumen
Allow the lung to deflate with gentle decompression
Put more air into bronchiat cuff (simple leak)
Reventilate with reduced driving pressure

If still a problem

Re_pOsiti'on endobronchial tube (use flexible
bronchoscope)

Insert a blocker into the tracheal lumen of DLT and
inflate (a Foley catheter has been used in the past)

or
Accept the situation and alternate surgery with
ventilation

ate respiration frequency to maintain normocapnia.
Increasingly, there has been recognition that the
operative ventilation conditions are incriminated in
post-operative pulmonary dysfunction. Others now
recommend a peak inflation pressure limitation
(< 35 amH,0) and the use of smaller tidal volumes
(4-6 ml/kg). However, airway pressure parameters
need to account for the increase in resistance of
the small size DLT, and driving pressure increased
appropriately. In extreme cases such as lung volume
reduction and lung transplantation normocapnia
may have to be sacrificed, and a degree of permis-
sive hypercapnia accepted (< 12 kPa).

Common problems

Oxygen desaturation (< 90%)

If hypoxia occurs once OLV has been satisfacto-
rily established, the problems in Table 7.5 are suf-
ficiently-common in ranking or importance to be
routinely checked for. Reference is to be made to
Table 7.1 {first aid) while the cause of hypoxia is
established and treated.

If these simple measures fail to correct hyposxia,
consider recruiting the operative lung. The most
common method is to employ a cPAP system,
of which several are described, to the operative
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Table 7.5 Physiological changes due to OLV.
Effects on hypoxic pbimonary vasoconstriction
Lung volume alterations

Atelectasis ,

Gas trapping in distal airways

Increased muscle activity

Decreased outward chest wall recoil

Increased elastic recoil of lung

Increased thoracic bloed volume

Changes in airways resistance

Depression of ventilatory control mechanism’

lung. Although this is usually done as a reaction to
hypoxia, there is argument for using it proactively to
reduce the risks of post-operative acute lung injury
(ALI) through achieving gas exchange by overwork-
ing and over-stressing the ventilated lung,

Other methods have been suggested to reduce the
shunt, such as soft clamping pulmonary artery or
insertion and inflation of pulmonary artery balloon
catheters. In general these are not recommended;
there is significant risk of long-lasting damage. The
concept of producing a chemical pneumonectomy
circulation using vasoactive drugs has been sug-
gested. The current drugs (nitric oxide, almatrine)
are toxic and indiscriminate and the idea has little
to recommend it for routine use.

Lung that does not collapse

Some of these events are, in practice, pathologi-
cal rather than clinical with the presence of pleural
adhesions a common culprit for this source of irri-
tation to our surgical colleagues. Nevertheless, the
ritual of trying to improve surgical conditions by
manipulating the OLV system has to be undertaken
(see Table 7.4).

Re-inflation problems
Usually, the lung re-inflates once the tracheal

lumen is ventilated. The most common reason .

Table 7.6 Desaturation scenarios.
Separator moved Tube “too far”; lobar bronchus
blocked .

Secretions in the ehdotra;heat tube or DIT

Ventilated lung - FRC fall.Change driving pressure to
compensate for small tracheal lumen

Muscle relaxant worn off {usually a late phenomenon)
Fall in cardiac output

Dynamic hyperinflation (disconnect ventilator)
Ipsilateral pneumothorax

Surgical cause (pressure on bronchus, mediastinum,
PA or heart)

for difficulty re-inflating a lung is the herni-

ated bronchial cuff obstructing the contralateral
bronchus. A graduated response is required. Ulti-
mately it may be néecessary to deflate the bronchial
cuff and apply extra manual driving pressure. This
may be an occasion that warrants the use of a
fiberoptic bfonchoscope to confirm or discount this
problem.

Special considerations

Positive end-expiratory pressure (PEEP)

The reduction in FRC and closing volume that
is further exacerbated by the effects of decubitus
position potentially can lead to atelectasis and is
influenced by PEEP. The dlinical evidence is that
it is not necessary as routine and indeed may be
harmful: the effects on right ventricular function
and cardiac output potentially exaggerated. In the
event of oxygen desaturation those with clear evi-
dence of background obstructive airways disease
should be considered. However, itis a trial and error
exercise.

The use of high frequency ventilation techniques
has been attempted. There may be occasional
circumstances such as the presence of broncho-
pleural fistulae, or in emphysema, but studies have
shown no benefit to justify a routine use of complex
equipment. There remains the enhanced risk for a
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SECTION 1 Pre-operative considerations

vibrating PEEP dynamic being generated with volu-
trauma and barotrauma of friable pulmonary tissue
and circulation.

Dynamic hyperinflation

One of the main consequences of operating on
patients for lung transplantation and lung vol-
ume reduction with background of emphysema-
tous lung disease is the frequent occurrence of
dynamic hyperinflation due to air trapping on insti-
tution of positive pressure ventilation. It is impor-
tant to recognize the precursors of this rapidly fatal
complication, which are the combination of an
acute fall in oxygenation and blood pressure. The
test effect of disconnecting the ventilator and rapid
resolution is pathognomic. A protective form of
ventilation should be instituted with peak inflation
reduced to < 20 cm H,O fall and a prolonged expi-
ratory time of L:E ratio 1:>3. Permissive hypercap-
nia may be necessary and frequent periods of apnea
with ventilator disconnection required to tide over
the crisis. :

Terminating OLV

It is axiomatic in this field that the ventilation sys-
tem most appropriate and safe for a patient is spon-
taneous respiration. This is an early and prime goal.
In these authors’ practice, tracheal extubation is
conducted with the patient still anesthetized and
preceded by careful suction to ensure secretions and
debris at the carina are not inhaled.
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Chapter8

Anesthetic implications of bronchoscopy

Rigid bronchoscopic removal of inhaled foreign
bodies has been a constant theme for a century.
It will continue to be so. Rigid bronchoscopy (RB)
was a necessary art of assessment of fitness for lung
resection surgery and placing lung separator devices
(LSD) (large foreign bodies!). Effective use of endo-
bronchial blockers (e.g. Vernon-Thompson) and
endobronchial tubes (e.g. Macintosh-Leatherdale,
Brompton-Pallister) depended on expertise partic-
ularly for left lung isolation. The requirement was
lessened as surgery shifted from that of tuberculo-
sis to that of cancer and the role of the anesthetist
shifted to peri-operative and post-operative con-
duct. But there remains a core of conditions where
the essence of operational and therapeutic process
is anesthesia for RB. And, RB technology has been -
and continues to be ~ modified, for interven-
tions such as lasers and tracheo-bronchial stents
(Figure 8.1).

For the practice of the modern thoracic anes-
thetist, the differences between RB and fiberoptic
bronchoscopic (FOB) instrumentation are brought
in to focus by the new technologies. Principally,
these relate to RB as conduits for tools versus
FOB in diagnostics. The latter are the dominant
device for insertion of bronchial blockers (e.g. Uni-
vent, Amdt, Cohen) and elucidating lung separa-
tor problems. Rigid bronchoscopy, by enabling gas

IAN CONACHER

exchange at the same time as the variety of instru-
ment changes and maneuvers, has a new lease and
gives a constancy that has facilitated the therapeu-
tic advances for the endoscopic management of tra-
cheal and endobronchial pathology. Those whose
professional lives will be dominated by fiberoptic
technology should be aware of the illusions that can
be created by taking shortcuts with lessons learnt
from the art of RB. Time spent observing latter
day masters and acquiring a working skill will not
be amiss for the 2 1st-century thoracic anesthetist.
The particular value is in the importance of gain-
ing knowledge of the true value of the “sniffing the
morning air” position for sight and access to the
larynx.

Anesthesia for bronchoscopy
Rigid bronchoscope insertion is very stimulating. A
large, even massive pressor response is generated.
Anesthesia must take account of this in a patient's
fitness for process assessment and, if not ablate it,
at least obtund it. The risks of hemodynamic, car-
diac or cerebral complications are significant par-
ticularly in a case-mix likely to be preconditioned
with allied comorbidities.

Non-anesthetists practise most FOB. Local
anethesia is applied topically when advancing the
scope. Increasingly, in context, FOB are passed
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SECTION 2 Anesthesia for operative procedures

Figure 8.1 A chest X-ray showing a stent in position in the
right main bronchus.

through RB under general anesthesia. Nevertheless,
local and regional techniques for RB should not be
discounted, particularly for the very sick in whom
preserving of consciousness and self-ventilation is
paramount. Organe, writing 60 years ago, describes
the experience of RB under local anesthesia. So art-
fully can this be done that this eminent anesthetist
was able to state: it was preferable to “going to the
dentist.”

For RB, general anesthesia is the norm. For short
procedures a propofol and opioid supplemented
(alfentanil, fentanyl) induction is a usual regimen,
followed by a short-acting non-depolarizing agent
such as mivacurium. There remains an occasional
need (e.g. managing broncho-pleural fistulae) for
suxamethonium. This should be preceded by pre-
curarization to prevent fasciculations causing foul-
ing of a lung that is vulnerable until a secure venti-
lation system is in place.

Rigid endoscopy, in general, had a bad record
of awareness. By any measure this is no longer
acceptable but it is less likely. Propofol is protective
but until confidence in such advances as bispectral
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index (BIS) and entropy monitors are established, it
is wise to include benzodiazepine prophylaxis e.g.
midazolam, either as premedication or on induc-
tion for the diagnostic or short process.

For more prolonged procedures, total intra-
venous anesthesia (TIVA) has proved remarkable.
Propofol and remifentanil by controlled infusion
are the local standard. Pressor response ablation
and hemodynamic stability are easily achieved for
the periods of stimulation that result from pro-
tracted processes that are in the nature of foreign
body removal, tracheal and bronchial laser resec-
tion and tracheo-bronchial stenting, despite often
intense competition for the airway from therapists
and anesthetist. Mivacurium as an adjunct for mus-
cle relaxation is proving satisfactory and has the
merit of not often requiring the use of reversal
agents. There are mixed messages about the use of
topical anesthesia as supplement. The author's view
is that its use does not add any benefit and in the
unfit may interfere with recovery (vide infra).

Positive pressure ventilation
Manufacturers of current equipment pay little atten-
tion to the needs of patient ventilation during oper-
ation of their devices. The concessions are small
and at the operational end, employing one of three
attachments which make positive pressure ventila-
tion possible, but only just!

1. A Luer fitting for jet or Sanders’ type.

2. A port for attachment of a jet or high frequency
jet ventilator.

3. An attachment for an anesthetic system in
conjunction with a cap that fits on the top of the
bronchoscope to seal the system so that volatile
agents also can be used in addition to
continuous-flow oxygen or air. A clear window
and fenestrated slide (to allow instrument
insertion) sometimes are integral to the cap
attachment. This set up is referred to as a
ventilating bronchoscope.
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Jet systems can be relatively uncontrolled; not
uncommonly close to direct pipeline pressure.
Overinflation of lungs, barotrauma and air trapping
are potential dangers to be alert to. End-tidal CO,
monitoring is difficult and all things withstanding
generally is dispensed with. .

In an emergency the suction port can be used for
jet ventilation. If all else fails, a standard tracheal
tube can be jammed into the top of an RB and the
patient oxygenated from a reservoir bag by hand.

- Emerging from the anesthetic

The termination of a procedure can be difficult:
recovery of cough reflex and consciousness pro-
tracted and complicated. Sick patients are desta-
bilized by the excess of pharmacology and surgi-
cal manipulation so that delicate and precarious
physiological adaptations to their airway pathol-
ogy may be slow to re-establish. Carbon dioxide
retention may follow. The recovery end point is
the cough. “The cough and nothing but the cough” in
it$ entirety must be heard and seen to have been
retrieved before the patient is safe — “so help me
cough” is a good mantra in this endeavor! Coordi-
nated deep inspiration, the closed glottis and forced
expectorating expiration are the gold standard of
criteria for transfer to recovery. Secretions, blood
clot, tumor, laser debris and pus lurk in the depths
ready to obstruct without warning, Reinsertion of
an RB commonly (10%) is an urgent requirement;
and a recovery period of IPPV an occasional one.

Rigid bronchoscopy for major events
Airway obstruction

Intrinsic and extrinsic lesions of the trachea
can present as life-threatening emergencies. Some
patients are in such dire straits that the energy to
generate telltale stridor is not possible. First aid
measures include airway humidification, steroids
on an empirical basis, and inspiration of helium
oxygen mixes until an RB can be inserted. There
is an experience-base that a rapid sequence inser-

tion of the RB is least likely, in contrast to gas
induction sequences, to precipitate total obstruc-
tion. Oxygen can be forced past the obstruction: in
so doing it must be remembered that the risk of
creating dynamic hyperinflation is significant. Nev-
ertheless, the presence of an RB then allows for accu-
rate assessment of the situation, the potential of a
variety of treatment options and physical interven-
tions, all within a relatively efficient gas-exchanging
environment. The work up to tracheal resection
and decisions for management of the airway dur-
ing transection are best made on bronchoscopic
findings.

Difficult intubation

Before the fiberoptic revolution, difficult airways
were not so common but nevertheless occurred.
Early photographs by pioneers of RB clearly illus-
trate that the “sniffing the morning air” position
was naturally adopted by those whose operating
tables were little more than wooden platforms with
an assistant to support the occiput of the patient in
the optimum position to avoid esophageal intuba-
tion. The straight blade laryngoscope design uncon-
sciously followed on this experience. Thus one of
the stratagems to deal with the difficult airway was
to use an RB; for even if the trachea is not cannu-
lated there is an easy route to place a bougie over
which to railroad a tracheal tube. Oxygenation can
be prevented from developing to hazardous levels
by intermittentjet ventilation directed along the RB.

Hemoptysis

The erosion of a major vessel in the bronchial
tree occasionally results in unstoppable hemopt-
ysis. With much of the cardiac output coming up
an RB, it is impossible to do anything to intervene.
However, most bleeds are small and temporary but
surprisingly difficult to define. Rigid bronchoscopy
is necessary at some point in diagnosis or ther-
apy. Acute hemorrhage (e.g. post biopsy) is best
dealt with by tamponade with an adrenaline-soaked
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pledget on an applicator through the RB, while gas
exchange is assisted by a jet or Sanders’ type device
and directed to the non-afflicted lung. Airway and
visibility in the area are maintained, enough for
holding measures, such as double lumen tubes or
bronchial blockers, to be applied.

Broncho-pleural fistula .
Most are pin-hole leaks presenting post-operatively,
through which the contents of a pneumonectomy-

space leak to cause infection and aspiration in the

remnant lung. The totally blown bronchial stump
case, rare though it is, is a stereotype for an RB
method of management. In this model, up to a liter
of pus may be present in the space. The first aid mea-
sure is to attempt to drain, via an intercostal space,
as much of the pneumonectomy space as possible
but to be aware that this may not be sufficient to
prevent loculated fluid entering the trachea.
1. Sit the patient up and tilt them to the side of the
lesion.
2. Pre-oxygenate, precurarize (to prevent
fasciculations), induce (etomidate) and then
administer suxamethonium.

'3, With the onset of apnea introduce the RB.

Under direct vision obsetve the fistula, aspirate
any contaminants with a large-bore suction
attachment, place the tip of the bronchoscope
in the non-affected bronchus and ventilate.

4. If lung isolation is required, pass an airway
exchange catheter into the non-affected
bronchus, remove the RB and “rail-road” an
endobronchial or double-lumen tube into
position.

Foreign bodies

Almost anything, small enough, can be inhaled. Toy
whistles, bits of Christmas tree, Biro caps, chicken
gristle are amongst the exotica seen by the author
in addition to a diet of peanuts, pins and dentistry.
A variety of instruments or contraptions may have
to be employed. Extraction can be prolonged, and
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fiddly but all are made feasible by an anesthetic
technique centered on the rigid scope and TIVA.

Rigid bronchoscopy for the emergent
technologies

Cryoprobes, lasers, and tracheo-bronchial stents
have in succession evolved from the cumbersome
to the convenient. The case-mix contains the most
challenging of patients, frequently with major air-
way pathology, in respiratory failure, with a back-
ground of symptomatic comorbidities of cardio-
respiratory disease. These situations are best done
using both RB (to secure airway and ventilate) and
FOB (to treat and apply therapy options). Although
FOB access means that primary care with laser or
stents can be done without access to RB, the lat-
ter indisputably remains necessary when problems
arise.

First aid measures include positioning of the
patient, humidification, non-invasive positive pres-
sure ventilation and inhalation use of helium
oxygen mix. Most will have been given steroids
empirically. The use of local anesthesia supplemen-
tation is tempting. However, this does delay the re-
establishment of the full and efficient cough reflex.

Lasers in the airway

The real attribute of the RB in the situation of oper-
ating lasers in the airway is the metal construction.
This reduces the fire hazard, a risk never totally
negated. The modern fiber delivery laser instru-
ments are small enough to be inserted through a
FOB, enabling a combined rigid/fiberoptic system
that extends laser treatment options further into the
airway and for more complex lesions. However, the
plastic material of FOB is a hazard: it is ignitable
by the laser fiber. It is thus mandatory that the RB
is ventilated by an air (21% oxygen) driven system
so that a sequence that potentially leads to fire or
explosion is not initiated.
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Stents
The advent of self-expandmg devices has consider-

ably eased the burden of sharing access to the airway
with surgeons or physicians. The latter can make
adjustments with FOB or rigid end viewing fiber-
scopes. A few patients still require Montgomery or
solid wall stents, with RB of necessity both for inser-
tion and maintenance of life during the procedure
and periodic servicing.

Words about fiberoptics (Box 8.1)

LIMITATIONS

The optics of the FOB are unrivailed enabling sight

of subsegmental bronchi: the RB limited by bulk

and poorer optics to major bronchi. However, diag-
nostically there are some features which are not
emulated by FOB.

1. Depth of field. With FOB this is difficult.
Tlustrated by the need to get some sense
surgically of clear margins at the point of
bronchotomy — sometimes the difference
between a lobectomy or a pneumonectomy.

2. The inoperable tumor, bronchogenic or
esophageal, causes a characteristic rigidity that
can be sensed with an RB.

AS A TOOL

An earlier generation commonly were faced with
being unable to correct a misplaced tube or use an
endobronchial tube without having to disengage it
from a main bronchus: conditions of lung separa-
tion were difficult to re-establish. The FOB to diag-
nose and site problems and to be used as a railroad
guide is a great boon and valuable aid.

WORDS OF WARNING

The illusion of a correctly sited lung separator such
as a double lumen tube is easily created. A CEPOD
assessment found that the left-sided tube incor-
rectly sited and not being detected as in the right
main bronchus was probably contributory to sev-
eral operative deaths. It was apparent that this mis-
placement could inspire a sense of correct siting
which would be confirmed by FOB. A correct pro-
cess of anticipation (10% of left-sided tubes will
tend to enter the right main bronchus), observation
and auscultation in sequence before use of the FOB
helps ensure that this illusion does not get created
in the minds of the anesthetist.

FURTHER READING

« Conacher ID. Anaesthesia and trachecbronchial
stenting for central airway obstruction in adults.
Br ] Anaesth 2003; 90(3): 367-74.

» Conacher ID, Curran E. Local anaesthesia and
sedation for rigid bronchoscopy for emergency
relief of central airway obstruction. Anaesthesia
2004; 59: 290-2.

e Hakanson E, Konstantinov IE, Fransson S$-G,
Svedjeholm R. Management of life threatening
haemoptysis. Br ] Anaesth 2002; 88(2): 291-5.
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Proc Roy Soc Med 1946; 39: 635-6.
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Chapter 10

Anesthesia for mediastinoscopy and

mediastinal surgery

The prognosis for patients with mediastinal pathol-
ogy has improved significantly in recent years as
a result of better understanding of the impact

of chemotherapy and radiotherapy on malignant

mediastinal tumors. However, diagnostic biopsy
and subsequent tumor resection are still hazardous
procedures. In contrast, although thymectomy is
still a major undertaking in patients with myasthe-
nia gravis, fewer patients now require prolonged
post-operative respiratory support as a result of
improved understanding of the disease.

Mediastinal anatomy

The mediastinum is the space in the center of the
chest bounded by the plurae on either side, the
sternum anteriorly and the thoracic vertebral col-
umn posteriorly (Figure 10.1). The upper bound-
ary is the thoracic inlet, and the lower boundary is
the diaphragm. It is divided into superior and infe-
rior portions by a line joining the sternal angle to
the fourth thoracic vertebra. The inferior portion is
further divided into anterior, middle and posterior
parts (Table 10.1).

Mediastinal pathology

The relative incidence of mediastinal masses is
given in Table 10.2. Approximately 90% of lymph
node masses in the mediastinum are metastatic.

DAVID C. SMITH

The signs and symptoms of mediastinal pathology
range from trivial to life-threatening, and include
airway compression, superior vena cava syndrome,
compression of the right heart and pulmonary arter-
ies, and dysphagia from esophageal compression
(Table 10.3). Venous obstruction is a particular
problem, because the smaller veins expand to allow
collateral flow, increasing the risk of bleeding dur-
ing anesthetic or surgical instrumentation. Neural
compression is also common, and may produce
severe pain, vocal cord palsy (recurrent laryngeal
nerve) or Homer's syndrome.

In order to establish a firm diagnosis in mediasti-
nal disease it is important to obtain a tissue biopsy,
because many of these lesions are malignant and
the decision to use radiotherapy, chemotherapy or
a combination of these, is highly tumor-dependent.

Assessment of patients for

mediastinal surgery

Many mediastinal masses are asymptomatic, and
are discovered during routine examination or chest
radiography. Most lesions in asymptomatic patients
are benign, whilst symptomatic lesions are fre-
quently malignant, although large masses tend to
produce more severe symptoms irrespective of the
pathology. Patients may therefore present for medi-
astinal surgery in a range of conditions, but the
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Table 10.1 Contents of the mediastinum.
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Innominate vein Lymph nodes
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Trachea : " Heart
Esophagus Ascending aorta
Thoracic duct Pulmonary vessels
Thymus Superior vena cava
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Lymph nodes Lymph nodes
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the thyroid

Esophagus

Descending aorta
AZygos veins
Thoracic duct
Lymph nodes

)
Superior O

D
)

J

Anterior

Middle
(Heart)

D)
[
Posterior D
)
-

%
ﬁﬂﬂﬁgﬁDOJ

Diaphragm D

J

Figure 10.1 The anatomical divisions of the mediastinum.

Table 10.2 Incidence of mediastinagl mass

lesions,

Neurogenic wmor 20% Usually posterior

Thymoma - 19% 30% have myasthenia
Cysts - 18% Pericardial 6%,
Bronchogenic 6%
Lymphoma 13% Usually anterior or middle
' mediastinum

Germ cell tumor 10%
Mesenchymal tumor 6%
Endocrine tumor 6%
Primary carcinoma 5%

Table 10.3 Symploms in
mediastinal discase.

Chest pain 30-40%
Dysprea 220%
Cough 18-40%
Fever 13-24%
Weight loss 9-24%
SVC syndrome 8160
Myasthenia gravis 7%
Fatigue 6%
Dysphagia 4%
Nigh't sweats 3%

principal problems for the anesthetist are diffi-
culties with airway management, potentially com-
plex surgery if tumors are being resected and the
risk of major hemorrhage. Significant weight loss
is unusual, and these patients are no more prone
to endocrine or cardiovascular abnormalities than
other patients, The surgical approach for diagnostic
procedures is via cervical mediastinoscopy or ante-
rior mediastinotomy, while for tumor resection the
usual approaches are via median sternotomy or lat-
eral thoracotomy.
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Figure 10.2 Spirometry in airways obstruction. The effort-dependent part of the expiratory curve reaches a plateau in the
case of extrinsic airways compression, whilst it has a concave appearance in intrinsic airways obstruction such as chronic
obstructive pulmonary disease. Erect and supine spirometry enables identification of those patients in whom extrinsic
compression of the airways only occurs on lying down. TLC, total lung capacity.

Careful evaluation of the airway is necessary dur-
ing pre-operative assessment for surgery within the
mediastinum. Chest X-ray, including thoracic inlet
views when necessary, and thoracic computerized
tomographs should be studied for evidence of air-
way compression or displacement. Occasionally it
may be difficult to decide whether respiratory symp-
toms result from intrinsic or extrinsic airway dis-
ease. In these patients erect and supine spirometry
may be helpful (Figure 10.2). Although radiother-
apy and chemotherapy have improved the progno-
sis of mediastinal tumors and enabled tumor mass
to be reduced before definitive surgery, these treat-
ments often obscure the tissue diagnosis, which is
crucial to further management of the disease. It
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is possible to shield a portion of the tumor from
the radiation beam, reducing symptoms while leav-
ing a portion of the tumor unaffected by radiation,
but this approach is uncommon and these patients
often present for mediastinoscopy with significant
respiratory or vascular obstruction.

The patient presenting for mediastinal surgery
may also have systemic disease as a result of
chemotherapy. Doxorubicin may produce a dose-
related cardiomyopathy, especially if the dose
exceeds 500 mg/m?. Bleomycin may give rise to
post-operative respiratory failure in association
with high inspired oxygen concentrations, espe-
cially in patients over 70 years of age or who
have received more than 400 units of bleomycin.

Cambridge Books Online ® Cambridge University Press, 2009



'\
i
e

CHAPTER 10 MEDIASTINOSCOPY AND MEDIASTINAL SURGERY

Myelodysplasia is a side-effect of most chemother-
apeutic agents.

~ Anesthesia for cervical

mediastinoscopy

Mediastinoscopy is usually performed to obtain
a tissue diagnosis for mediastinal tumors, and
to stage, or determine the operability of, other
intrathoracic tumors. It was first described by Car-
lens in 1959, and provides information which
would otherwise require thoracotomy.

The patient's head is placed on a head ring and
the neck is fully extended. The upper half of the
patient is tilted slightly head-up to reduce venous
engorgement, although this maneuver slightly
increases the risk of air embolism during the pro-
cedure. Access for the mediastinoscope is through
a small incision above the suprasternal notch, fol-
lowed by blunt dissection through the pretracheal
fascia and behind the manubrium into the superior
mediastinum between the trachea and the aortic
arch.

Mediastinoscopy is a short procedure which is

often performed immediately following a diag-

nostic bronchoscopy. It may be performed under
local anesthesia, but general anesthesia is more
commonly used. Although it is feasible to allow
the patient to breathe spontaneously during medj-
astinoscopy, even via a laryngeal mask, tracheal
intubation and positive pressure ventilation is a
safer approach which also minimizes the risk of air
embolism through open mediastinal veins. Endo-
bronchial intubation is not indicated for medi-
astinoscopy, although an armored tracheal tube
may be useful to prevent kinking of the tube during
the procedure.

The choice of induction technique may be dic-
tated by pre-existing respiratory. compromise, and
inhalation induction may be the safest approach
in selected patients. The maintenance anesthetic
agents and neuromuscular blocking drugs should

be chosen to enable a rapid return to conscious-
ness, so that the patient may be safely extubated at
the end of the procedure.

A large-bore intravenous cannula should be
inserted, because of the risk of major hemorrhage,
and if there is superior vena caval obstruction the
cannula should be sited in a leg vein. Recom-
mended minimal monitoring standards should be
observed. The blood pressure cuff or arterial can-
nula, as appropriate, may best be sited on the left
arm since compression of the right-sided head and
neck vessels is common during mediastinoscopy.
However, placement of an arterial cannula or pulse
oximeter on the right arm may help to identify arte-
rial compression, though this approach will often
provide misleading pressure readings; palpation of
the right radial artery during the procedure is an
alternative approach.

- Complications of mediastinoscopy

Death as a result of mediastinoscopy is unusual
(around 0.1%), but the complication rate i 1.5~
3% and complications may require rapid interven-
tion (Table 10.4). The commonest complication is
bleeding, and blood should be readily available.
Although catastrophic bleeding is rare, its control
may require emergency sternotomy or lateral tho-
racotomy. Effective fluid resuscitation may require
vascular access in a leg vein if a large mediastinal

Table 10.4 (UH]|)|I( ations of med| aflmm(n; W
Commdn ' | " Unusial
Hemorrhage Infection
Pnéumothorax Tumor implantation

Recurrent laryngeal nerve injury  Phrenic nerve injury

Arterial compression Esophageal injury-

Tracheal compression Air emboiism
Dysrhythmia Chylothorax
Stroke
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vein is damaged. Pneumothorax is also common,
but does not often require a chest drain. Damage
to the recurrent laryngeal nerve may occur, espe-
cially on the left side, and this may be permanent
in 50% of cases. It is impractical to assess vocal
cord function routinely at the end of the proce-
dure, but a high index of suspicion is required as
bilateral recurrent nerve injury may result in airway
obstruction. Arterial compression is also comitnon,
and may cause cerebral hypoperfusion and tran-
sient or permanent cerebral damage, especially in
patients with cerebrovascular disease. Compression
of the aortic arch may cause a reflex bradycardia.

Anesthesia for anterior
mediastinotomy

Anterior mediastinotomy is performed via a small
indsion to the left of the sternum, through the
second intercostal space or the bed of the second
costal cartilage. This approach permits examina-
tion of anterior mediastinal structures, especially
the thymus, which are inaccessible during cervical
mediastinoscopy. It is also a convenient route for
open lung biopsy. Although anterior mediastino-
tomy is an extrapleural procedure, pleural tears are
common and a small pneumothorax is common.
A post-operative chest X-ray is therefore advisable,
but a chest drain is not often required. Anesthetic
considerations are the same as for cervical medi-
astinoscopy. .

Anesthesia for resection of
mediastinal masses

Access to mediastinal structures may be via median
sternotomy (sometimes limited hemisternotomy)
or lateral thoracotomy. Anesthetic considerations
are the same as those for mediastinoscopy, as men-
tioned above, except that a double-lumen endo-
bronchial tube will be required for lateral thoraco-
tomy. Surgery will often be complex and bloody.
Steps should be taken to maintain normothermia,

72

and consideration should be given to forced air
warming blankets and warming systems for intra-
venous fluids.

Myasthenia gravis

Myasthenia gravis is an autoimmune disease in
which IgG auto-antibodies destroy the postsynaptic
nicotinic acetylcholine receptors of the motor end-
plate, reducing the number of functional receptors
by about 70-80%. The reduced number of receptors
eliminates the margin of safety in neuromuscular
transmission and results in rapid muscle fatigue,
the clinical presentation depending on the muscle
groups affected (Table 10.5). Antibodies to acetyl-
choline receptors are present in 90% of patients
with myasthenia, but it is the antibody activity,
rather than the titer in plasma, which predicts the
severity of the disease. Diagnostically the muscle

fatigue is reversed by a small dose of edrophonium

(the Tensilon test). The incidence of myasthenia
in the population is around 1:30 000, with a 3:2
female:male preponderance; the peak incidence in
women is in the third decade, while in men it is in
the fifth decade.

Myasthenia is commonly associated with other
autoimmune disorders. A thymoma is common
(around 50%) but patients without thymoma will
usually have thymitis. Death from myasthenia
gravis is now rare, as anticholinesterase therapy
with pyridostigmine and immunosuppression with
steroids or azathioprine have improved muscle

Table 10.5 Ossorman dassification of
myasthenia gravis.

Grolp |- Ocular symptorns only

Group IIA - Mild generalized weakness-

Group 1B Moderate bulbar and skeletal symptorns

' Group i Acute severe disease {(with respiratory
compromise)

Group IV Chronic severe disease
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function for most patients. Thymectomy is often
effective in producing an improvement in symp-
toms, though it is less beneficial to older patients
and those with severe myasthenia. Thymomas may
become malignant, or grow to a huge size, so resec-
tion is often recommended for these reasons alone.

The mainstay of chronic treatment for myasthe-
nia is with a long-acting oral anticholinesterase,
usually pyridostigmine. Although rare, an exces-
sive dose of pyridostigmine may precipitate a
“cholinergic crisis,” with abdominal colic, diarrhea,
miosis, lachrimation and excessive salivation. A
“myasthenic crisis” results from withdrawal of anti-
cholinesterase therapy, but may also be precipi-
tated by emotion or stress, infection, pregnancy and
menstruation. 'Myasthenic patients learn to manip-
ulate their anticholinesterase medication, and may
develop emotional or psychological dependence,
becoming fearful if medical staff interfere with treat-
ment. The patients are frequently worried about
paralysis in the post-operative period.

Anesthesia for thymectomy in myasthenia
Thymectomy is a major undertaking in a myas-
thenic patient, and comprehensive pre-operative
preparation of the patient, together with communi-
cation between surgeon and anesthetist, are impor-
tant to success. Surgery is best performed while the
disease is in remission, but early thymectomy is usu-
ally the treatment of choice and excessive delay may
result in worsening of myasthenic symptoms. Opti-
mization of anticholinesterase therapy improves
muscle function, and plasmapheresis to reduce the
concentration of circulating auto-antibodies may
be useful in some cases, producing improvement
in post-operative respiratory function. Psychologi-
cal preparation of the patient is important, firstly
because stress may precipitate a myasthenic crisis
and secondly because the improvement in symp-
toms following thymectomy is not always imme-
diate, and patients may be disappointed with the
result in the early post-operative period.

Pre-operative assessment should include base-
line respiratory function tests, and appropriate
thoracic imaging as described above for medi-
astinoscopy. Patients with bulbar muscle involve-
ment may have an impaired cough reflex, leading to
tracheobronchial soiling which predisposes to chest
infection. Thyroid function should be checked,
as there may occasionally be associated thyroid
abnormalities. There may also be some myocardial
degenerative change associated with myasthenia,
and consideration should be given to pre-operative
echocardiography. Opinions vary as to the best way
to manage anticholinesterase therapy, but on bal-
ance it is probably best to continue it on the day of
Surgery. Patients will be reluctant to omit their pyri-
dostigmine altogether, and post—opefative respira-
tory function will probably be better if it is contin-
ued. However, omitting the anticholinesterase may
allow avoidance of neuromuscular blocking drugs
during surgery.

Thymectomy is usually performed via a median
sternotomy, although a limited upper hemi-
sternotomy or a trans-cervical approach (similar
to the incision for mediastinoscopy) may also be
used. There is little difference in functional out-
come between these approaches, although there is
less disruption of chest mechanics with the trans-
cervical approach, which may make it easier to

avoid prolonged post-operative mechanical venti-

lation. Median sternotomy is easier for the surgeon
and allows for more radical surgery, which is better
for large masses or suspected thymoma.

An endobronchial tube is rarely required with
any surgical approach for thymectomy. There is
little to choose between anesthetic agents, pro-
vided the problems associated with myasthenic
patients are appreciated. Following induction of
anesthesia immediate assisted ventilation may be
required, even before neuromuscular blocking
drugs are given. In severe myasthenia neuromus-
cular blocking drugs may be avoided completely,
as the muscle-relaxing effect of volatile anesthetics
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is enhanced. Competitive neuromuscular block-
ing drugs are not contraindicated in myasthenic
patients if used in small doses with adequate mon-
itoring. Suxamethonium is best avoided, though
it rarely causes problems, as myasthenic patients
are resistant to it and a prolonged phase II block
may develop {myasthenic patients do not fascicu-
late following depolarizing neuromuscular block-
ing drugs).

Median sternctomy is the least painful approach
to major thoracic surgery, but adequate analge-
sia is vital for effective chest physiotherapy post-
operatively. A thoracic epidural is effective in the
early post-operative period, but concerns about
respiratory depression from opioid analgesia in
the presence of neuromuscular disease should not
prevent adequate post-operative analgesia. Trache-
ostomy was routine when thymectomy was first
introduced, but in modern practice extubation at
the end of the procedure should be the aim.
However, this is not always possible and around
50% of patients who have a trans-sternal thymec-
tomy require prolonged mechanical ventilation.
Scoring systems have been devised to predict the
need for post-operative ventilation, but there is
debate about the reliability of these and patients
should be considered individually. Severity of dis-
ease (Osserman groups III and 1V), low forced
vital capacity (<15 ml/kg), surgery via median ster-
notomy, a history of respiratory failure secondary
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to myasthenia, and pre-operative steroid therapy
are all associated with prolonged post-operative
ventilation.

Key points

* Patients with mediastinal pathology often have
few symptoms at presentation.

* Reliable tissue diagnosis is the key to
management of mediastinal masses.

» Mediastinoscopy is potentially a hazardous
procedure.

» Effective multidisciplinary management and
preparation reduces the risks of thymectomy in
myasthenic patients.
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Chapter 11

Anesthesia for video-assisted

thoracoscopic surgery

Thoracoscopic inspection of the pleura was first
performed under local anesthesia in 1910 by
Jacobeaus, a Swedish physician. The inability to illu-
minate the thoracic space and lack of adequate field
of vision held back the development of the tech-
nique. The phenomenon of total internal reflection
enabled light to be transmitted through a glass fiber
and the development of flexible endoscopes. Until
the late 1980s thoracoscopic surgery was limited
largely to diagnostic techniques. Advances in opti-
ca! systems, endoscopy equipment and video tech-
nology have contributed to increasing the range of
video-assisted thoracoscopic surgery (VATS) from
diagnostic procedures to more complex therapeu-
tic procedures.

Principles of thoracoscopic surgery

¢ The minimal requirements for VATS include a
rigid telescope, a light source with cable, a
camera and an image processor. The optional
devices include a slave monitor, a semi-flexible
telescope and a video-recorder.

¢ VATS need higher light output power because
blood in the operation field will absorb up to
50% of the light.

¢ The camera and endoscopic instruments are
orientated to face the same way towards the
target pathology “baseball diamond concept.”

MAHESH PRABHU

o The access sites should be placed at a sufficient
distance from the target pathology to expose a
panoramic view and provide room for
manipulation.

» The thoracic cage is rigid and the sites of access
are limited to the intercostal spaces.

¢ Single-lung anesthesia is necessary to deflate the

‘lung. Once the lung has collapsed there is no
need for insufflation or sealed ports.

* All movement should be under direct vision to
prevent any damage to surrounding tissues.

¢ The operator should be capable of handling any

' complications and converting to an open
procedure if necessary.

» Specific instruments include stapling devices,
lasers, dissectors and retractors.

Indications

The common indications for VATS are diagnosis
of pleural diseases, cancer staging, management
of persistent pneumothorax, retained hemotho-
rax, infected pleural space and collections includ-
ing empyema, pericardial drainage or window,
apical bullectomy and thoracic sympathectomy.

Improved technology and growing surgical exper-

tise has led to more procedures being added to the
list: thoracic duct ligation, removal of thoracic cyst,

Gore Topics in Thoracic Anesthesia, ed. Cait P. Searl and Sameena T. Ahmed. Published by Cambridge University Press.
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SECTION 2 Anesthesia for operative procedures

vagotomy, lobar resection and even thymectomy -

and esophageal surgery.

Contraindications

Pleural symphysis caused by previous thoracic
surgery or pleurodesis, bleeding disorders, end-
stage pulmonary fibrosis, respiratory insufficiency
and hemodynamic instability are some of the con-
traindications for VATS.

Advantages

Video-assisted thoracoscopic surgery plays a bridg-
ing role between the medical and aggressive surgical
managements. It is associated with shorter length
of hospital stay and less use of pain medication

. than thoracotomy in the treatment of pneumotho-

rax and minor resections. In the treatment of pneu-
mothorax, VATS is superior to pleural drainage and
has a complication profile similar to that for tho-
racotomy. There is not enough evidence for its use
in lobectomies. VATS is associated with better pre-
served cellularimmunity and less inflammatory and
immunomodulatory response compared with con-
ventional thoracotomy, which may have an effect
on tumor biological behavior.

Pre-operative evaluation

All thoracoscopic surgery should be treated as
major procedures because of the pathophysio-
logical changes and the potential for morbidity
and mortality. Ambulatory surgery is therefore not
appropriate, except for the simplest procedures. A
thorough history and physical examination with
special attention to the cardiorespiratory status is
necessary for all patients. The pre-operative visit is
useful to explain the procedure, associated risks,
peri-operative care including options for pain relief
as well as to provide pre-medication, if necessary.
Routine laboratory investigations include full blood
count, serum electrolyte levels and electrocardio-
gram {ECG). Chest radiographs and CT scans help
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to make a diagnosis and identify potential problems
with airway management. Spirometry tests includ-
ing forced vital capacity (FVC), forced expiratory
volume in 1 second (FEV;) and the ratio FEV;/FVC
provide information about the se\?erity of restrictive
or obstructive disease. Pre-operative optimization
of respiratory function is achieved by bronchodila-
tors, cessation of smoking, incentive spirometry and
physiotherapy.

Intra-operative management

The goals of anesthesia include maintaining sta-
ble cardiovascular function, optimizing oxygena-
tion and ventilation, minimizing airway reactivity
and preventing ventilatory depression in the post-
operative period. The pathophysiological changes
of lateral decubitus position, one-lung ventilation,
existing disease process and carbon dioxide (CO,)
insufflation must be recognized.

Monitoring: Standard monitoring includes ECG,
non-invasive blood pressure measurement, pulse
oximetry, capnography, volatile anesthetic agent
concentration, temperature and peripheral nerve
stimulator. Invasive arterial pressure and central
venous pressure monitoring may be needed for
patients with poor cardiorespiratory reserve. Mon-
itoring airway pressure, tidal volume and minute
volume assist management of ventilation. Pressure-
volume loops help in detecting changes in lung
compliance and elastance.

Anesthesia: Thoracoscopic surgery has been per-
formed under local, regional or general anesthesia.
Pre-medication may include anxiolytics. General
anesthesia is usually induced with an intravenous
agent such as propofol or thiopentone and main-
tained with an inhalational agent such as isoflurane
in an air/oxygen mixture. Nitrous oxide is prefer-
ably avoided because of the risk of expansion in
closed air-filled spaces. The inhalational agents pro-
vide anesthesia, suppress airway reflexes and induce
bronchodilation but have some inhibitory effect
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on the mechanism of hypoxic pulmonary vaso-
constriction (HPV). HPV, a unique autoregulatory
mechanism which results in pulmonary vasocon-
striction in response to regional alveolar hypoxia
(PaO; = 30 mmHg), is helpful in minimizing the
shunt. Total intravenous anesthesia has no effect on
HPV. Narcotic analgesia attenuates stress response,
reduce minimum alveolar concentration (MAC)
requirement of inhalational agents and provide
analgesia. Neuromuscular blockade is used to facil-
itate endotracheal intubation and maintain muscle
relaxation.

Positioning: Most VATS require patient to be
placed in a lateral decubitus position with arching
of the table to widen the intercostal spaces on the
operated side. Care should be taken to prevent dis-
placement of the endobronchial tube. Protection of
eyes and nerve areas is essential to prevent potential

nerve damage. Humidification of anesthetic gases

and forced air warming may be used to maintain
body temperature.

One-lung ventilation: One-lung ventilation is
defined as physiological and anatomical separation
of the two lungs by manipulation of the airway.
Although thoracoscopic surgery has been consid-
ered as a relative indication for one-lung ventila-
tion, the onset of complex surgical procedures has
justified the need for lung separation. Lung isola-
tion may be achieved using either a double-lumen
endotracheal tube (DLT), single-lumen endotra-
cheal tube with a built-in bronchial blocker (Uni-
vent Tube) or an endobronchial blocker such
as Amndt (wire-guided) endobronchial blocker or
balloon-tipped luminal catheter.

The largest diameter DLT that will pass through
the patient’s glottis should be used. Smaller tube
diameters increase the resistance and. the work of
breathing. Current practice favors left-sided intuba-
tion in the majority of cases. Malposition of DLT
is common and position must be confirmed using
auscultation techniques and the fiberoptic bron-

choscope. Displacement of the tube is manifested
by sudden inflation of the non-dependent lung or
ventilation difficulty of the dependent lung with
increases in airway pressure. '

The atelectatic operative lung is fully reinflated
and two-lung ventilation is recommenced. The bal-
loon on the bronchial blocker is deflated and the
blocker may be retracted from the bronchus. After
discontinuing the inhalational agent and revers-
ing muscle relaxation, spontaneous ventilation is
resumed. After ensuring adequate oxygenation,
ventilation and consciousness, the trachea should
be extubated. If the patient is hemodynamically
unstable or demonstrates respiratory insufficiency
and extubation is not feasible, the double lumen
tube should be exchanged for a single lumen endo-
tracheal tube.

Analgesia: Post-operative thoracic pain may con-
tribute to atelectasis and pulmonary complica-
tions by preventing deep respiration and coughing.
Pain management strategies include paraceta-
mol, NSAIDs, oral opiates, intravenous patient-
controlled analgesia, local anesthetic infiltration,
intercostal nerve blockade, paravertebral block and
even epidural analgesia.

Post-operative care: Routine monitoring of the
patient is vital in the recovery room. A portable
chest X—ray may be needed to confirm re-
expansion of the collapsed lung. Patients should be
nursed in upright position and given supplemental

oXygen.

Carbon dioxide insufflation

Carbon dioxide gas may be used to insufflate the
pleural cavity so as to accelerate lung deflation.
Rapid or excessive insufflation of the gas may cause
mediastinal shift resulting in hemodynamic insta-
bility, bradycardia and hypotension or hypoxia
and surgical emphysema. Gas flow is restricted to
2 1/min with the pressure limited to 10 mmHg.
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Complications

Video-assisted thoracoscopic surgery is a safe proce-
dure, but extra caution is recommended for patients
with a higher risk profile. Factors such as patient
age, duration of the VATS procedure, redo-VATS,
patients with immune deficiency and conversion to
open thoracotomy have been shown to increase the
incidence of complications. '

Hypoxemia: Arterial hypoxemia, caused by venti-
lation perfusion mismatch, is treated by increasing
inspired oxygen concentration, ' positive end-
expiratory pressure to the ventilated lung, contin-
uous positive airway pressure to the non-ventilated
lung and intermittent two-lung ventilation.

Chest pain: The earliest problem is chest pain
either in the axillary, scapular or back region. This
probably results from thermal damage to the pari-
etal pleura and the periosteum over the ribs.

Respiratory complications: Pre-existing lung disease,
lung deflation and pain may encourage sputum
retention, decreased functional residual capacity,
ventilation perfusion mismatch and atelectasis.

Bleeding: Bleeding may be caused either by
injury to blood vessels or by lung perforation.
This can be prevented by safe points of entry and
electrocoagulation.

Video-assisted thoracoscopic

lung resection

Thoracoscopic lobectomy can be oncologically
equal to conventional open procedures with an
experienced surgeon and have similar survival for
early stage non-small cell lung cancer. Peterson et al.
have demonstrated that thoracoscopiclobectomy is
feasible, safe and effective after induction therapy.
The advantages compared with a thoracotomy are:
 Shorter length of hospital stay.

¢ Decreased post-operative pain.

¢ Preserved pulmonary function.

» Superior cosmetic result.

o Shorter recovery time.
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Improved delivery of adjuvant chemotherapy.

Lower morbidity in patients with poor lung
function.

. Relative contraindications to thoracoscopic lobec-

tomy include the inability to achieve complete
resection with lobectomy, T3 or T4 tumors, N2
or N3 disease and patients with tumor involving
the chest wall. The criterion for tumor size preclud-
ing VATS resection has not been defined, although

_ tumors greater than 6 c¢m in diameter may not be

removed without rib spreading.

As thoracoscopic procedures are largely depen-
dent on complete lung isolation, communica-
tion between the surgeon and anesthetist is crit-
ical. When difficulties with one-lung ventilation
are encountered, the surgeon should be aware as
soon as possible, so that the problem is managed
smoothly and efficiently. If such communication is
not established and the operative lung needs to be
re-inflated without notice, disaster could result if
this coincided with a critical stage of the procedure
and can result in bleeding,

The isolation and division of the bronchi and
pulmohary blood vessels require more accurate
and extensive dissection with VATS than con-
ventional surgery (see Figure 11.1). Thoraco-
scopic pulmonary resections can be performed by
capable surgeons without an increased bleeding
rigsk.

Conversion to thoracotomy

Conversion to a thoracotomy is sometimes required
if there is an unexpected change in the patient’s
condition such as chest wall invasion or the need
for a sleeve resection. However, although conver-
sion to thoracotomy should always be considered
as a tool available to manage any unexpected situ-
ation, conversion rates have been shown to be as
low as 1.6-2.5% by McKenna et al. in large series
by experienced thoracoscopic surgeons. Conver-
sion to an open procedure also becomes necessary
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(b)

(d)

Figure 11.1 Video-assisted thoracoscopic lobectomy.
Following establishment of one-lung ventilation, the ports
are placed in the 4th interspace anteriorly, in the 7th
interspace (for the camera) and a further one posteriorly.
The anatomy is displayed and structures identified starting
with the anterior fissure (1a), the main hilar vessels and
bronchi and the phrenic nerve (1b: here lying on the SVC).
Dissection of the anterior hilum follows with division first
of the veins; followed by the bronchial artery (1c) and
finally the bronchus (td). The lymph nodes are sampled
and the specimen bagged and removed. Prior to closure a
paravertebral catheter is placed, the phrenic nerve is
infiltrated (1e) and a drain placed. (Photographs courtesy
of Mr. SA Stamenkovic,)
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SECTION 2 Anesthesia for operative procedures

if the patient cannot tolerate one-lung ventilation
or develops cardiovascular instability,

Conclusion

Video-assisted thoracoscopic surgery has become
a vital part of the armamentarium of the sﬁrgeon’,
however, enthusiasm must clearly be tempered with

caution; VATS is only a method, rather than the goél.

of the treatment, and conversion to open proce-
dures should be performed if necessary. There are
extra demands on the anesthetist to provide excel-
lent operating conditions whilst ensuring patient

safety.
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Chapter 23

Peri-operative intravenous fluid management

Management of intravenous fluids during thoracic
surgery, particularly lung resection, is a longstand-
ing contentious issue between anesthetists and tho-
racic surgeons. The anesthetists tend to focus upon
the undesirable effects of tissue and organ hypo-
perfusion while the surgeons worry about problems
caused by fluid overload and pulmonary edema
after lung resection. The theory of fluid overload
precipitating pulmonary edema was suggested by
Zeldin et al. Their study consisted of ten patients
who developed post-pneumonectomy pulmonary
edema (PPO) and compared them with controls
retrospectively. Increased amounts of intravenous
fluids in the peri-operative period associated with
large diuresis were found to be risk factors for this
complication. However, fluid input and output data
were only available for four of the ten cases. These
authors further confirmed their findings in a dog
model.

They recommended that “the most important
thing we can do as surgeons in terms of recognis-
ing this problem is to watch our anaesthesiologists
as they start loading the patients up with fluids.”

Subsequent studies were unable to replicate this

finding if the left heart filling pressures remained

normal. Other investigators found no difference
in the post-operative fluid balance of the patients
who developed PPO and those who did not. These
differences in the reported literature regarding fluid

SAMEENA T. AHMED

administration and the potentially fatal complica-
tion of PPO may be due to variable clinical practices
and poor quality of retrospectively collected data.

A cohort analysis of risk factors for acute lung
injury (ALI) after surgery for lung cancer by Licker
et al. demonstrated that excessive fluid infusion was
a risk factor (odds ratio 2.9; 95% confidence inter-
val). They found that patients who developed ALI
had received in excess of 3 liters in the first 24 hours
after surgery.

Effects of surgical trauma
Physiological changes resulting
in fluid retention
Surgical trauma elicits a stress response via
endocrine and inflammatory processes. The effects
on fluid balance are mediated via the antidi-
uretic hormone {ADH), aldosterone and the renin-
angiotensin II systems. It results in an increase in
sodium and water retention with excessive potas-
sium excretion,

*» Increased ADH reduces diuresis and decreases
plasma concentration of sodium.

* Increased aldosterone and renin-angiotensin
activity leads to sodium retention and
potassium excretion,

There is no evidence to suggest that renal function

deteriorates in normovolemic patients with reduced
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urinary output. Protection of the fluid compartment
is a physiological response to surgical stress.

Physiological changes to the lungs

Fluid homeostasis in the lungs is maintained via

Starling’s equilibrium via hydrostatic and colloid

oncotic presstires.

¢ Net pressure pulling fluid out of the capillaries
= hydrostatic pressure in the capillary minus
the hydrostatic pressure in the interstitium.

» Net pressure pulling the fluid into the capillary
= blood oncotic pressure minus the oncotic
pressure of the interstitial fluid.

The net flow of lymph in the lungs is about

20 ml/min. This is reduced with pulmonary resec-

tion. As a result of fluid overload, the peri-bronchial

and peri-vascular tissues become engorged. When
the drainage capacity of the interstitial tissue is
exceeded, the fluid passes into the alveoli, flood-
ing them and causing pulmonary edema. The left
and right lung lymphatic drainage in humans is
different. On the right side, 94% of the lymphatic
drainage is via the right hilum and 6% trans-
verses the carina to drain into the left mediastinum.

On the left side, 56% of lymph drains into the

right superior mediastinum. Seventy-eight percent

of the left lower lobe drains via the right side.

Thus right pneumonectomy with associated trauma

to the lymphatic drainage is more likely to cause

post-pneumonectomy pulmonary edema thana left

pneumonectomy.

Pulmonary capillary wall integrity is impaired
after lung manipulation. This occurs after pro-
longed surgery, lung retraction, tissue handling and
lung resection. The remaining lung tissue remains
prone to acute lhung injury which can progress to
ARDS. A recent ARDS clinical trial network has
concluded that conservative fluid management
in the first 7 days after injury was better than
liberal fluid administration. The patients had
shorter duration of mechanical ventilation, better
lung function and shorter duration of intensive
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care. This also points to the fact that maintaining
normovolemia in the peri-operative period is
preferred in thoracic patients. However, patients
having large tissue dissection and mobilization
suich as esophagectomy and esophago-gastrectomy
have higher fluid requirement than patients having
pulmonary resection.

~ Early cardiac response to lung resection

The extent of acute cardiovascular changes after
lung resection depends upon the amount of lung
removed and underlying lung disease such as
COPD. The resting mean pulmonary artery pressure
and pulmonary vascular resistance tend to normal-
ize after surgery. They increase by 30% with exercise
in patients after pneumonectomy.

However, the right ventricular ejection fraction
continues to fall in the first few days after surgery.
This decrease in RV function is most likely due to an
increase in RV afterload. This also occurs when sup-
plemental oxygen is discontinued. Right ventricle
dilation can also alter the left ventricular (LV) com-
pliance by ventricular interdependence. Higher LV
filling pressures may be required to maintain car-
diac output.

~ The right ventricle fails if challenged by fluid over-
load, pulmonary edema, ALI or ARDS.

Assessment of the right ventricle pump functions
in the thoracic surgical patient is often subjective
and technically limited using transthoracic echocar-
diography. Thermodilution measurements of car-
diac output using a pulmonary artery catheter have
the advantage of supplying the pressures within
the right heart. Unfortunately, the accuracy of these
measurements is reduced in the presence of tricus-
pid valve regurgitation and exaggerated by acute
increases in right ventricular afterload.

Fluid management in the
peri-operative period

The aim of fluid management in thoracic surgical
patients is to maintain normal hydration and accept
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reduction in urine output in the post-operative .

period.
Traditional anesthetic training dictates that
replacement of fluid losses during surgery is the key

target for peri-operative fluid management. Fluid

losses are calculated based upon the length of fast-
ing, surgical blood loss, evaporative losses from
exposed body cavity and urine excretion. General
anesthesia produces vasodilatation which farther
exposes these fluid deficiencies when the blood
pressure drops. This is traditionally replaced by

a large volume of caystalloid intravenous infu-

sion. Thus intravenous fluid loading is considered

indispensable.

However, fluid preloading and large intra-
operative fluid administration are not evidence-
based practice for best outcomes after surgery. Sci-
entific evidence for an optimal fluid administration
regimen resulting in adequate peri-operative organ
function is lacking. Hence there is a large variation
in the amount and type of fluid administered dur-
ing surgery. Holte et al. demonstrated a reduction
in pulmonary function within one hour of infu-
sion of 22 mi/kg or 1-2 liters of normal saline. The
same group further demonstrated that infusion of
40 ml/kg of Ringer's lactate over 3 hours reduced
pulmonary function test up to 8 hours in healthy
volunteers. This was also associated with weight
gain. Infusion of fluid in excess of normal hydra-
tion can have physiologically adverse effects. These
may be attributed to fluid accumulation in the inter-
stitial tissues.

In the modern anesthetic practice, the rec-
ommended pre-operative fasting period is 4-6
hours. This does not normally cause intravascular
hypovolemia.

* The measured evaporated fluid loss is 0.5 ml/kg.
This increases to 1 ml/kg in patients having
major surgery.

¢ Multiple clinical studies have demonstrated that
fluid administration of more than 3 liters in the
first 24 hours is a risk factor for AL Licker et al.

also demonstrated that patients who developed
ALl received fluids in excess of 1 liter in the
intra-operative period.

¢ Recommendations of standard anesthetic
teachings for “third space fluid loss” of 6 ml/kg
per hour in thoracic surgery are excessive.
Except in unusual situations, it is best to assume
there is no “third space” in the thorax.

* Unless there are other indications of developing
renal failure, urine output greater than 0.5 ml/kg
per hour is unnecessary in the normovolemic
thoracic patient post-operatively.

* Ifincrease in tissue perfusion is required in the
peri-operative period, inotropes and
vasoconstrictors should be used (guided by
invasive monitoring) instead of risking volume
overloading.

The management of acute right ventricular failure
primarily involves inotropes, pulmonary vasodila-
tors and inodilators. It is important to remember
that vasoconstrictors such as pitressin and nora-
drenalin may be necessary to maintain right ven-
tricular perfusion pressures.

Assessment of intravascular filling status
in the peri-operative period
Blood pressure and cardiac filling pressures by
themselves alone are a poor predictor of volume
status. High central venous pressure can be due
to right heart failure, raised pulmonary pressures,
patient coughing on the endotracheal tube, etc. It
does not reflect filling status. Similarly, raised blood
pressure reflects raised systemic vasoconstriction
and not adequate filling status. Findings from the
physical examination such as mental status, blood
pressure, heart rate, skin turgor, urinary output and
serum electrolytes/osmolarity can be used in awake
patients. However, these have their drawbacks in
anesthetised patients.

Trends of mixed venous saturation from the SVC
and PA can indicate a change in tissue oxygenation.
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Peri-operative goal-directed intravenous fluid
optimization using esophageal Doppler to guide an

_ increase in cardiac stroke volume has demonstrated

a reduction in hospital stay and fewer complica-
tions after colorectal surgery. There are no stud-
ies to indicate its effect on the thoracic surgical
population.

However, less invasive measures such as systolic
arterial pulse pressure variations in mechanically
ventilated patients and central venous pressure vari-
ations in spontaneously breathing patients can dis-
tinguish between responders and non-responders
to fluid challenges.

At present, there are no evidence-based data that
using this can improve outcomes in thoracic surgi-
cal patients.

Blood transfusion in thoracic surgery
The purpose of blood transfusion in the peri-
operative period (Box 23.1} is for the following;

* [mprove oxygen carrying capacity.

« Improve hemostasis.

¢ Support circulating volume.

In addition to the well-known complications
of blood transfusion, there is evidence that
peri-operative blood transfusion can lead to
immunosuppression. This effect can be detrimen-
tal in patients with cancer. Patients undergoing
esophagectomy for cancer can have a worse out-
come in terms of survival after receiving red cell
transfusion.

Box 23.1 tacturs that predispose 1o blood
tianstuston in thoracic surg
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Patients with lung malignancies can become
anemic pre-operatively. Anemia can be a sign of
a more aggressive tumor. Studies have demon-
strated that patients with non-small cell lung can-
cer (NSCLC) having a low hemoglobin concentra-
tion pre-operatively have a worse outcome. Early
retrospective studies had concluded that patients
with NSCLC having a blood transfusion did not
have a good survival outcome. Berardi et al. stud-
ied the effects of peri-operative anemia and blood
transfusion in patients undergoing lung resection
for NSCLC. They demonstrated a worse prognosis
in patients with hemoglobin less than 10g/dl and
those transfused in the peri-operative period. They
concluded that anemia could be an important prog-
nostic factor. Correction of anemia did not reduce
the risk of relapse. '

The immunosuppression induced by transfusion
results from both an early unspecific pathway medi-
ated by monocytes and a later phase induced one
from increased suppressor T cell activity. Both
effects are dependent on the number of transfu-
sions. Blood transfusion has been shown to impair
natural killer cell function and lower the CD4 to

- CD8 ratio. In addition, prostaglandin E, levels are

increased after transfusion. This may result in a
direct inhibition of interleukin-2 production from
CD4 cells with subsequent effect, as interleukin-2 is
obligatory for natural killer cell activity. Although it
is not clear at a molecular level which factors influ-
ence immunosuppression after allogeneic blood
transfusion in cancer surgery, there is good evidence
that leukocytes in the blood mediate the effects
seen.

Transfusion of fresh frozen plasma (FFP} has
been linked with the development of pulmonary
edema after Jung resection. This might be due to
the immunological effect. Fresh frozen plasma con-
tains the complete (stable and unstable) humoral
components of blood coagulation, fibrinolytic and
complement systems. The presence of antibodies

Cambridge Books Online ® Cambridge Univérsity Press, 2009



CHAPTER 23 PERI-OPERATIVE INTRAVENOUS FLUID MANAGEMENT

against the leukocytes in the FFP can frigger
the onset of pulmonary edema. The activated
leukocytes and granulocytes can migrate into the
interstitial space between the alveolar and capil-
laty endothelium resulting in capillary leaks and
pulmonary edema. This is also known as transfu-
sion related lung injury (TRALI). It is a variant of
ARDS. :

In the UK, all allogenic blood for transfusion
is leukocyte depleted to minimize the possibility
of new variant Creutzfeldt-Jakob disease transmis-
sion.

In the author’s institute, there was not a strict
blood transfusion policy for thoracic patients.
However, care is taken to limit the amount of
blood given peri-operatively. Other variables such
as hemodynamic status and oxygen delivery are
more important than an arbitrary hemoglobin con-
centration. Some patients will tolerate a lower
hemoglobin level while others benefit from a
transfusion.

Major blood loss may be unavoidable in oper-
ations. However, every effort should be made to
reduce the amount of blood lost at the time of
operation to an absolute minimum, and the impor-
tance of meticulous surgical technique cannot be
overernphasized.

Other strategies that may limit the réquirement
of allogeneic transfusion include use of either pre-
donated autologous blood or a Cell Saver. The use
of a Cell Saver for transfusion of shed blood peri-
operatively can increase the risk of dissemination of
malignant cells and should be avoided in patients
with cancer.
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Chapter 28

Pain management after thoracotomy

The purpose of this chapter is to provide the reader
with a concise account of locations of pain after
thoracotomy, operative considerations relevant to
pain relief and current methods of analgesia.

Neural input and locations of pain
Acute pain after thoracotomy occurs because of
afferent nociceptive transmission along the inter-
costal, vagus and phrenic nerves. Patients experi-
ence incisional pain which is attributable to neu-
ral transmission along the intercostal nerves. In
addition, there may be visceral pain which occurs
as a result of vagal innervation of the thoracic
organs.

Ipsilateral shoulder pain after thoracotomy is
another frequent problem. It is of at least moderate
intensity and occurs despite blockade of the supra-
scapular nerve supplying the shoulder. Deposition
of local anesthetic in the interpleural space above
the diaphragm does not obviate its occurrence.
However, infiltration around the phrenic nerve with
lidocaine has been shown to significantly reduce its
occurrence.

Ipsilateral shoulder pain after thoracotomy is
an example of referred pain rather than damage
to the shoulder. Nociceptive transmission from
the diaphragm and pericardium is transmitted
along the phrenic nerve to the spinal cord. As

ALEXANDER NG AND CHRISTINE TAN

the phrenic nerve and the shoulder have similar
nerve roots, convergence of visceral and somatic
impulses is possible. Ascending spinal pathways
may be misinterpreted as emanating from the
shoulder joint rather than from the diaphragm.
This convergence-projection theory differs from the
convergence-facilitation theory. In the latter, vis-
ceral diaphragmatic afferent input to the spinal cord
would appear to cause the formation of an irri-
table focus rather than to be nociceptive per se.
Shoulder pain arises because of amplification of
previously innocuous somatic impulses from the
shoulder.

Operative considerations

From the analgesic perspective, operative consider-
ations may be classified into standard posterolateral .
thoracotomy and muscle-sparing thoracotomy.

Posterolateral thoracotomy

During a standard posterolateral thoracotomy, divi-
sion of latissismus doisi is required to obtain access
to the intercostal space. In addition, it may be nec-
essary (0 transect serratus anterior and trapezius.

Muscle-sparing thoracotomy
In a muscle-sparing thoracotomy, latissismus dorsi
is not incised and serratus anterior is dissected and

Core Topics in Thoracic Anesthesia, ed. Cait P, Sear] and Sameena T. Ahmed. Published by Cambridge University Press.

© Cambridge University Press 2009,

190

Cambridge Books Online © Cambridge University Press, 2009
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Table 28.1 Analgesic lechnigues

Technique Example

[or thoracolomy.

Thoracic paravertebral blockade

‘Bolus: bupivacaine 0.375% 20 mil

Maintenance: bupivacaine 0.25% 0.1 ml/kg per hour

intrathecal opioids ‘Single shot of:

Morphine 500-750 pg.

‘With or without fentanyl 25 pg

Thoracic epidural analgesia

Bolus-solution: bupivacaine 0.25% 10-20 ml

Background solution: bupivacaine 0.1% with fentanyl 2-5 g ml
‘Background infusion rate 0.1 ml kg/hour
Patient-controlled boluses possible e.g. 2 ml, with leckout interval of 30 minutes

Intravenous opicid by PCA

Lockout 5 minutes

Morphine ioading during surgery. 0.1-0.2 mg/kg
Bolus: morphine 1:mg

Maximum hourly dose 12 mg
Background infusion, not required usually

Paracetamol

Dose 1 g, oral, rectal or intrévenous

Oral or rectal diclofenac 150 mg per day in divided doses

Intravenous parecoxib 40 mg, twice-daily

Regular paracetamol
N.SAIDs Non-selective NSAIDs

Selective NSAIDs (COX-2 inhibitors)
Others Epidural clonidine

Epidural epinephrine

Orai gabapentin

Intercostal nerve blockade

Intravenous tramadol

Please note that the above drugs and doses are examples only. Drugs should be administered by appropriately trained and qualified

practitioners. Adequate monitoring facilities are required.

reflected off the ribs to allow intercostal incision
to be performed. However, the skin incision of a
muscle-sparing thoracotomy traverses two to three
dermatomes whereas that of the standard approach
is over one dermatome. In addition, as access to
the lungs is limited with a muscle-sparing thora-
cotomy, the ribs and surrounding tissue may have
to be spread wider than when a posterolateral tho-
racotomy is performed. So, it can be seen that tis-
sue trauma is not necessarily reduced after muscle-
sparing thoracotomy.

Methods of analgesia

The main methods of analgesia are paravertebral
analgesia, intrathecal opioids, epidural blockade
and analgesic adjuncts (Table 28.1).

Paravertebral analgesia
ANATOMICAL CONSIDERATIONS
The paravertebral space is a potential wedge-shaped
region, located lateral to the vertebral column and
medial to the intercostal space. It lies posterior to
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the parietal pleura, and anterior to the superior
costotransverse ligament and posterior intercosta]
membrane. Its superior and inferior borders are

. uncertain but it is probable that they extend from

the occiput to the alar of the sacrum,

The paravertebral space contains spinal nerves
that emanate from the intervertebral foramen.
Components of these spinal nerves include their
anterior and posteror rami as well as the white and
grey rami communicantes. These spinal nerves are
in continuity with the intercostal nerves, sympa-
thetic chain, brachial plexus, lumbar plexus as well
as the cervical and stellate ganglia.

Nociceptive conduction in the spinal nerves trav-
elling through the paravertebral space is susceptible
to blockade because of the lack of a surrounding fas-
cial sheath. Owing to its close proximity, the ipsi-
lateral sympathetic chain may be blocked by local

anesthetics, In theory, bilateral neural blockade is.

possible because the paravertebral space is in con-
tinuity with the epidural space via the interverte-
bral foramen and also with the contralateral par-
avertebral space via the prevertebral and epidural
spaces.

TECHNIQUE ,
To provide paravertebral analgesia for thoracic
surgery, a Tuohy needle similar to that used for an
epidural is used. Typically, this neede is inserted
approximately 3 cm lateral to the spinous process
of the fifth thoracic vertebrae, on the operative side.
As the needle is advanced, it impinges on the trans-
verse process of the six thoracic vertebrae. The nee-
dleis then redirected over the superior border of this
transverse process to enter the paravertebral space
which may be identified by loss of resistance to air
or saline.

After bolus administration of local anesthetic
into the paravertebral space, onset of blockade
occurs after 40 minutes and ipsilateral analgesia
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two dermatomes above as well as two dermatomes

below the level of insertion is obtained generally.

However, the degree of spread of local anesthetic is

variable in the same patient and does not appear to

be attributable to previous thoracotomy, age, sex,
height and weight.

Variations on the above description of adminis-
tration exist, for instance, placement of a catheter
and multiple injections.

* Catheter: A catheter may be inserted
percutaneously at induction of anesthesia or
may be placed under direct vision by the
surgeon during surgery. After surgery, a
continuous infusion of local anesthetic may be
administered.

* Muitiple injections: Another variation of the
single-shot technique at T5 or T6 is to
administer local anesthetic in divided doses at
T3 and at T7. The basis for this method is that
thoracotomy at the fifth intercostal space
involves dissection of muscle and skin
innervated by dermatomes above and below T5
or T6. Blockade of afferent neural transmission
in these dermatomes relies on adequate
paravertebral cephalad and caudad diffusion of
local anesthetic after a single injection.
However, by administration of local anesthetic
to the upper and lower dermatomal borders, it
is thought that this uncertainty and hence
possibility of insufficient analgesia may be
obviated.

COMPLICATIONS OF PARAVERTEBRAL ANALGESIA
Complications of paravertebral analgesia are
uncommon but they may include: pleural punc-
ture, pneumothorax, vascular puncture, hypoten-
sion, dural puncture and Horner syndrome.
Homer syndrome is caused by blockade of the
stellate ganglion or of the sympathetic pregan-
glionic fibers of the first three thoracic vertebrae.

Cambridge Books Online ® Cambridge University Press, 2009



CHAPTER 28 PAIN MANAGEMENT AFTER THORACOTOMY

Clinical signs include ipsilateral ptosis, miosis,
anhidrosis and enophthalmos. Rarely, it may coex-
ist with harlequin syndrome contralateral to the
side of paravertebral blockade. Harlequin syn-
drome comprises unilateral facial flushing as well
as sweating, and thus it contrasts with the hemi-
facial pallor of Homer syndrome. Both syndromes
are transient.

Intrathecal opioid analgesia
Intrathecal opioids provide effective analgesia after
thoracotomy. Studies have been performed with

preservative-free morphine, sufentanil and fen-

tanyl. Morphine has a delayed onset but longer
duration of action than fentanyl and sufentanil.

A combination of intrathecal morphine and
sufentanil has been found to be associated with
significant reduction in rescue morphine consump-
tion as well as pain intensity at rest and coughing,
for approximately 8-24 h, compared with placebo.

COMPLICATIONS OF INTRATHECAL OPIOIDS

After administration of intrathecal morphine
650 pg to 800 pg, the reported incidence of pruritus
and nausea or vomiting is 37% and 25%, respec-
tively. Other complications, for instance, respira-
tory depression, postdural puncture headache and
epidural patch for dural puncture headache, occur
in 3%, 0.54% and 0.37% of patients, respectively.
Life-threatening respiratory failure, nerve injury
and infection in the cerebrospinal fluid are most
unlikely to occur.

Epidural analgesia

Epidural analgesia is often considered to be the
gold standard for management of pain after tho-
racotomy. In this section, a number of issues will
be discussed, i.e. epidural solutions; a comparison
with other methods of analgesia e.g. intravenous

morphine by PCA, paravertebral analgesia; and
complications of epidurals.

EPIDURAL SOLUTIONS

The ideal epidural solution would be one which
provides high-quality analgesia but without the
adverse effects of its ingredients. Thoracic epidu-
ral solutions typically comprise local anesthetic, an

- opioid or a combination of both. Local anesthetics

are associated with hypotension, motor blockade
and urinary retention while opioids may cause pru-
ritus, nausea and excessive sedation,

Administration of epidural bupivacaine and
epidural morphine has been studied after thora-
cotomy. A bolus of 6-10 ml of bupivacaine 0.25%
followed by an infusion of 3-5ml of bupivacaine
0.25% for 3 days s as efficacious for analgesia as an
initial dose of morphine of 2-3 mg and an infusion
of morphine 0.1 mg/ml at 2 ml/h, for 3 days. How-
ever, the incidence of post-operative tachyarrhyth-
mias may be significantly lower in patients who
receive bupivacaine than in those who have mor-
phine. This beneficial effect of epidural local anes-
thetic would appear to be attributable to sympa-
thetic blockade and attenuation of a sympathotonic
state during thoracic surgery.

The adverse effects of epidural local anesthetic
and opioids are dose dependent and so the concen-
tration of them would be one which provides effec-
tive analgesia with minimum adverse effects. The
optimal concentration of bupivacaine in fentanyl
10 pg/ml has been studied. Bupivacaine 0.2% with
fentanyl 10 ug/ml has been found to be associated
with increased hypotension and use of vasopres-
sors than bupivacaine 0.1% with fentanyl 10pg/ml.
Pain relief is similar in both groups and so it may be
seen that bupivacaine 0.19% is the more favorable
concentration after thoracotomy.

In another clinical trial of patients after thora-
cotomy, epidural fentanyl at 2, 5 and 10 ug/ml
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in bupivacaine 0.1% have been compared. The
solution containing fentanyl 5 pug/ml appears to be
optimal because it provides better analgesia than
that containing fentanyl 2 pg/ml and also because
opioid-related adverse effects are reduced com-
pared with fentanyl 10 ug/ml.

EPIDURAL ANALGESIA VS. INTRAVENOUS

MORPHINE BY PCA

Epidural analgesia has been shown to provide
better analgesia than intravenous morphine by
PCA. In the recovery period, pre-incisional epidu-
ral bupivacaine 0.1% with morphine 0.05 mg/ml
to 0.1 mg/ml is associated with significantly lower
pain intensity scores at rest, cough and movement
than intravenous morphine by PCA. In addition,
the proportion of patients with pain lasting at least
2 months and of those with pain at 6 months would
appear to be significantly lower in patients receiv-
ing epidural than in those who are prescribed intra-
venous morphine,

EPIDURAL V5. PARAVERTEBRAL ANALGESIA

It has been suggested that epidural analgesia may
not be as effective as paravertebral blockade after
thoracotomy. In a prospective randomized trial,
patients who had epidural analgesia received 3 ml
of bupivacaine 0.5% initially, 10-15 ml of bupiva-
caine 0.25% during surgery, 10 ml of bupivacaine
0.25% at the end of surgery and an infusion of bupi-
vacaine 0.25% at 0.1 ml/kg per hour. The paraver-
tebral group received bupivacaine 0.5% 20 ml prior
to incision, bupivacaine 0.25% 20 ml at the end
of surgery, and a continuous infusion of bupiva-
caine 0.5% at 0.1 ml/kg per hour. Pain scores at
rest and on coughing, rescue morphine consump-
tion, plasma cortical concentration and rise in glu-
cose were significantly higher in patients receiving
epidural analgesia than in those given paravertebral
analgesia. Post-operative peak expiratory flow rates
and oxygen saturation were significantly lower in
the epidural group than in the paravertebral group.
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These results have been supported, in part, by a
systematic review and meta-analysis of ten random-

‘ized clinical trials comparing bolus and infusions

of local anesthetics into the epidural and paraverte-
bral spacés of patients having a thoracotomy. Pul-
monary complications were signiﬁcahﬂy higher in
patients receiving epidural analgesia than in those
having paravertebral blockade. In addition, epidu-
ral analgesia was associated with significantly more
urinary retention, nausea and vomiting, hypoten-
sion and block failure than paravertebral analgesia.
However, both methods of analgesia appeared to be
equally efficacious as there was no significant dif-
ference between them in post-operative pain scores
and supplemental morphine consumption.

COMPLICATIONS OF EPIDURALS

As described above, epidurals are associated with
adverse effects related to the components of the
solutions administered e.g. pruritus, nausea and
hypotension. In addition, infection is a compli-
cation and patients have an infrequent but seri-
ous risk of developing an epidural abscess. Neu-
rological complications may occur after epidurals;
they include dural perforation, radicular pain dur-
ing epidural puncture or catheter insertion, tran-
sient post-operative radicular pain, peripheral nerve
lesions, pefoneal nerve palsy, other peripheral
nerve lesions and paraplegia. To minimize this risk
of neurological complications, there has been dis-
cussion that thoracic epidurals should be inserted
awake rather than under general anesthesia.

Analgesic adjuncts

Simple analgesics such as NSAIDs and paracetamol

have been shown to be useful for pain relief after

surgery. In thoracic surgery, they have three main

advantages:

¢ They have a systemic effect and thus can be
used for the treatment of shoulder pain,
especially in patients who have had an epidural.
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They minimize the dose of opioids used in
epidurals, spinals and intravenous opioid
infusions. Thus there may be a reduction in the
possibility of respiratory depression in patients
with partial lung function.

They bridge the analgesic gap when either
epidural or intravenous opioids are
discontinued. The analgesic gap represents the
period of time when patients may experience
increased pain because a form of advanced
analgesic support is discontinued and simple

~ analgesics have not been commenced.
In addition, other analgesics, for instance, gaba-

pentin may be useful for post-operative analgesia.
Compared with placebo, oral gabapentin 1.2 mg,
on the day of surgery and for a further 2 days
has been associated with significantly lower pain
intensity scores, paracetamol consumption, rescue
epidural boluses, duration of epidural analgesia
and motor block. .

Key points

Shoulder pain and chronic pain after
thoracotomy are common.

To manage pain after thoracoforny, the main
methods of analgesia comprise epidural
blockade, local anesthetics in the ipsilateral
paravertebral space and intrathecal opioids.
Analgesic adjuncts are useful e.g. paracetamol.
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