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Intraoperative management for thoracic surgery

Peter D. Slinger MD, FRCPC.

The incidence of hypoxemia during one-lung ventilation
(OLV) with an inspired oxygen concentration (FiO,) of 1.0
has declined from levels of 20-25% in the 1970's® to ap-
proximately 1% today®. Two advancesin thoracic anesthe-
siaareresponsible. First, the routine use of fiberoptic bron-
choscopy to position double-lumen tubes. Second, the
increased use of balanced anesthesia with lower doses of
volatile anesthetic agents.

PROGRESS IN LUNG ISOLATION

The second half of this century has seen refinements of the
double-lumen tube (DLT) from that of Carlens® to a tube
specifically designed for intraoperative use (Robertshaw)®
with larger, D-shaped, lumens and without a carinal hook.
Current disposable polyvinylchloride DLTs have incorporat-
ed high-volume low-pressure tracheal and bronchial cuffs®.
Theserecent DLT refinements have two major drawbacks: 1)
These tubes now require fiberoptic bronchoscopy for posi-
tioning®7). 2) A satisfactory right-sided DL T has not yet been
designed, to deal with the short (average 2 cm) and variable
length of the right main stem bronchus®. Recently, there has
been arevival of interest in bronchia blockers (BBs) due to
several factors: design advances such as the Univent tube(®
and WEB blocker (Cook Catheter Co.)19), greater familiarity
of anesthesiol ogistswith fiberoptic placement of BBs, and cost.

INDICATIONS FOR LUNG SEPARATION

Sinceitisimpossibleto describe onetechnique asbest in all
indicationsfor one-lung ventilation (OLV), the variousindi-
cations will be considered separately.

1. Elective pulmonary resection, right-sided: Thisisthe
commonest adult indication for OLV. Thefirst choice
isaleft-DLT. Thereisawide margin of safety in posi-
tioning left-DL Ts. With blind positioning theincidence
of malposition can exceed 20% but is correctable in
virtually all cases by fiberoptic adjustment®. A par-
tial resection can proceed to a pneumonectomy, if re-

quired, without loss of lung isolation. Thereis contin-
uous access to the non-ventilated lung (NV-lung) for
suctioning, fiberoptic monitoring of position, and con-
tinuous positive airway pressure (CPAP). There are
differencesin the designs of the bronchial cuffswhich
result in different mean bronchia cuff inflation vol-
umes and pressures during one-lung ventilation. Pos-
sible aternatives are: @) Single lumen EBT. A stan-
dard 7.5 mm, 32 cm length endotracheal tube (ETT)
can be advanced over afiberoptic bronchoscope (FOB)
into the left mainstem bronchus. b) Univent tube or
BB. The BB can be placed external to or intra-lumi-
nally with an ETT. Lung collapse is frequently unsat-
isfactory with a BB for aright thoracotomy®?. A meth-
od of using two right-sided BBs (onein the right upper
lobe and one in the bronchus intermedius) has been
described to deal with this problem®3),

. Elective pulmonary resection, left-sided: a) Not pneu-

monectomy: Thereis no obvious best choice, between
aBB and aleft-DLT. The use of aleft-DLT for aleft
thoracotomy is occasionally associated with obstruc-
tion of the tracheal lumen by the lateral tracheal wall
and subsequent problems with gas exchange in the
ventilated lung (V-lung). A right-DLT isan alternate
choice, problems with lung isolation and/or positio
ning with routine FOB placement occur much lessfre
quently than previously thought4),

b) Left pneumonectomy. Thereisno completely satisfac-

tory choice. Any left pulmonary resection may unfore-
seeably become a pneumonectomy. When a pneu-
monectomy isforeseen, aright-DL T isthebest choice.
A right-DLT will permit the surgeon to pal pate the | eft
hilum during OLV without interference from atube or
blocker in the left mainstem bronchus. The disposable
right-DLTscurrently availablein North Americavary
greatly in design depending on the manufacturer
(Mallinckrodt, Rusch, Kendall). The Mallinckrodt de-
sign is currently the most reliable. All three designs
include a ventilating side-slot in the distal bronchial
lumen for right upper lobe ventilation. Positioning this
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slot can be time-consuming. These tubes require rela
tively high bronchial intra-cuff pressures (40-50 cm
H,0vs20-30 cm H,Ofor left-DLTs). However, thisis
lower than the range of pressures required by a
Univent®® or non-disposable DL Ts. Rarely, left lung
isolationisimpossiblein spite of extremely high pres-
suresintheright-DLT bronchia cuff. In these casesa
Fogarty catheter can be passed into the left main bron-
chus after estimation of depth with aFOB. Asan alter-
native, there is no clear preference among a Univent,
left-DLT or other bronchial blocker. Thesewill al re-
quirerepositioning intraoperatively, but thisusually is
not amajor problem.

. Thoracoscopy: Lung biopsies, wedge resection, bleb/
bullae resections, even some lobectomies can be done
using thistechnique. Video-assisted thoracoscopic sur-
gery (VATS) under general anesthesiarequiresOLV (19,
During open thoracotomy the lung can be compressed
by the surgeon to facilitate collapse prior to inflation
of abronchial blocker. Thisis not possible during tho-
racoscopy. The operative lung deflates more easily
when the NV-lung lumen of aDLT is opened to atmo-
sphere than via the 2 mm suction channel of a Uni
vent tube. A left-DLT ispreferred for thoracoscopy of
either hemithorax(7). Spontaneous ventil ation without
lung isolation is an alternative in some patients!8),

. Pulmonary hemorrhage: Instances of life threatening
pulmonary hemorrhage can occur due to awide vari-
ety of causes (Aspergillosis, Tuberculosis, PA catheter
trauma, etc). The anesthesiologist isoften called to deal
with these cases outside the operating suite. The pri-
mary risk for these patients is asphyxiation, and first
linetreatment islungisolation. There are several prob-
lemsassociated with using any sort of bronchial blocker
in the acute situation: a) It is often not known which
sideto occlude. b) Visualization below the vocal cords
to aid placement is difficult. c) After the blocker is
placed thereis no access to the involved lung to mon-
itor bleeding. In patientswith pulmonary hypertension,
endobronchial blockade can lead to lobar rupture from
continued bleeding®?. A |eft-DL T avoids these prob-
lems29, Tracheobronchial hemorrhage from blunt
chest traumawill usually resolve with suctioning, only
rarely is lung isolation necessary®). PA catheter-in-
duced hemorrhage during weaning from bypass should
be dealt with by resumption of full bypass, bronchos-
copy, and lung isolation. Weaning may then proceed
without pulmonary resection in some cases2223),

. Bronchopleural fistula: The anesthesiologist is faced
with thetriple problem of avoiding tension pneumotho-
rax, ensuring adequate ventilation, and protecting the
healthy lung from the fluid collection in the involved

10.

11.

Slinger PD. Intraoperative management for thoracic surgery

hemithorax. Management depends on the site of the
fistula and the urgency of the clinical situation. For a
peripheral bronchopleural fistulain a stable patient,
some form of BB such as a Univent tube may be ac-
ceptable. For alarge central fistula, and in urgent situ-
ations, the rapidest and most reliable method of secur-
ing one-lung isolation and ventilationisaDLT. Inlife
threatening situations, a DLT can be placed in the
awake patient with direct FOB guidance(9.

. Purulent secretions: Lung abscess, hydatid cysts, etc.

L obar or segmental blockadeistheideal. Loss of lung
isolation in these cases is not merely a surgical in-
convenience, but may be life threatening. Univent
tubes can be used for lobar blockade. A secure tech-
nique in these cases is the combined use of a bron-
chial blocker and aDLT®),

. Non-pulmonary thoracic surgery: Thoracic aortic and

esophageal surgery require OLV. Sincethereisnorisk
of V-lung contamination, aleft-DLT or aBB areequiv-
alent choices.

. Bronchial surgery: Anintra-bronchial tumor, bronchial

trauma, or a bronchia sleeve resection during alobec-
tomy requirethat the surgeon haveintra-luminal access
totheipsilateral mainstem bronchus. Either asinglelu-
men EBT(® or aDLT intheV-lung is preferred.

. Upper airway abnormalities: It is occasionally neces-

sary to provide OLV in patients who have abnormal
upper airways due to previous surgery, trauma, etc. A
BB may be useful in some of these patients. Smaller
DLTs (28 and 26 Fr) are available, but will not permit
passage of a FOB of the diameter commonly used to
monitor positioning (3.5 - 4.0 mm). An ETT designed
for microlaryngoscopy (5- 6 mm 1D and > 30 cmlength)
can be used as an EBT, with FOB positioning. If the
patient’s trachea can accept a 7.0 mm ETT, a Fogarty
catheter (8/10 Fr venous thrombectomy catheter with a
4 cc balloon) can be passed through the ETT via afi-
beroptic bronchoscopy adapter for use asa BB,
Unilateral lung lavage®®, independent lung ventila
tion, and lung transplantation: are all best accomplis
hedwithaleft-DLT.

Pediatrics: The increased use of thoracoscopy in chil
dren has caused an increase in the need to provide one-
lung isolation in pediatric anesthesia. New BBs are
being devel oped to meet this demand@).

AVOIDING AIRWAY TRAUMA

latrogenic injury has been estimated to occur in 0.5 - 2 per
1000 caseswith DLTS®9),

a) Themagjority of difficult endobronchial intubationscan

be predicted from viewing the chest x-ray®Y or CT
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scan®, Thereis no substitute for the anesthesiol ogist
assessing the film him/herself prior to induction.

b) Use of an appropriate size tube. Too small atube will
make lung isolation difficult. Too large atube is more
likely to cause trauma. Useful guidelinesfor DLT siz-
esin adults are: females height < 1.6 m (63 inch): 35
Fr; females > 1.6 m: 37 Fr; males < 1.7 m (67 inch):
39 Fr; and males > 1.7 m: 41 Fr. Tracheobronchial di-
mensions correlate with height(33. The average depth
at insertion, from the teeth, for aleft-DLT is29 cmin
an adult and varies + 1 cm for each 10 cm of patient
height above/below 170 cm.

¢) Avoid nitrous oxide: Nitrous oxide 70% can increase
the bronchial cuff volume from 5 to 16 ml intraop-
eratively(39),

d) Inflate the bronchial cuff/blocker only to the minimal
volume required for lung isolation and for the mini-
mal time. Thisvolumeisusually <3 ml. Inflating the
bronchial cuff doesnot stabilizethe DLT position when
the patient is turned to the lateral position(),

€) Endobronchial intubation must be done gently and with
fiberoptic guidanceif resistanceismet. A significant num-
ber of case reports are from cases of esophageal surgery
wherethe élastic supporting tissue may be weakened and
predisposed to rupture from DL T placement.

OTHER COMPLICATIONS

Malpositioning: Initial malpositioning of DLTswith blind
placement can occur in over 30%(37) of cases. Verification
and adjustment with FOB immediately prior to initiating
OLV is mandatory since these tubes will migrate during
patient positioning®®. Mal positioning after the start of OLV
due to dislodgment is more of a problem with bronchial
blockers than DLTs. Complications during thoracic anes-
thesia may not be defensible if a FOB is not used(9).

Airway resistance: Theresistancefroma37 Fr DLT ex-
ceeds that of a #9 Univent by < 10%. These flow resis-
tance’s are both less than a 8.0 mm ID ETT but exceed a
9.0mm ETT. For short periods of postoperative ventilation
and weaning, airflow resistance is not a problem with a
modern PVC DLT“0),

MANAGEMENT OF ONE-LUNG ANESTHESIA

The major cause of hypoxemiaisthe shunt of de-oxygen-
ated blood through the non-ventilated lung. Factorswhich
influence this shunt are hypoxic pulmonary vasoconstric-
tion (HPV), gravity, the pressure differential between the
thoraces and lung volume. HPV isinhibited by essential-
ly all volatile anesthetics. | soflurane/Desflurane/Sevoflu-
rane are equivalent and less inhibitory than Enflurane or

Halothane. Oxygenation with < 1 MAC |soflurane/Des-
flurane/Sevofluraneis equivalent to total intravenous an-
esthesia.

Manipulating the ventilating pressures and tidal volumes
during one-lung anesthesia can improve the oxygenation for
individual patients. Patientswith chronic obstructive pulmo-
nary disease (COPD) have better oxygenation during OLV
with pressure-controlled vs volume-controlled ventilation.

A third of the 35-40% shunt during OLV isdueto ven-
tilation-perfusion mismatch in the ventilated dependent
lung. Factors under the control of the Anesthesiologist can
influence this dependent-lung shunt. An excess of intra-
venous crystalloids can rapidly cause desaturation of the
pulmonary venous blood draining the dependent lung.
Also, the use of nitrous oxide will lead to increased de-
pendent-lung atelectasis since it causes greater instability
of poorly ventilated lung regions than oxygen. A recruit-
ment maneuver to the ventilated lung at the start of OLV
improves oxygenation“d.

Severa factors alow prediction of the risk of hypoxemia
developing during OL V2. Firgt, the A-a0, gradient during two-
lung ventilation. Second, the side of lung collapseduring OL V.
Themean PaO, level is70 mmHg higher for left vs. right thora-
cotomies. Third, patients with good preoperative spirometric
pulmonary function tests tend to have lower PaO, values dur-
ing OLV than patients with poor spirometry. Thisisrelated to
auto-PEEP in patients with poor spirometry.

Continuous positive airway pressure (CPAP) to the non-
ventilated lung isthefirst-line of defense and treatment(43),
Useful increases in oxygenation can be achieved with 1-2
cm H,O CPAPapplied to the fully inflated lung4. Main-
taining cardiac output during OLV increases PaO, via
maintaining mixed venous oxygen content since these
patients have a large shunt. PEEP to the ventilated lung
decreases PaO, in the majority of patientsduring OLV. A
minority of patients, usually those with normal*% or su-
pra-normal (pulmonary fibrosis, obesity) lung elastic re-
coil benefit from dependent-lung PEEP(“6), HFJV is use-
ful for non-pulmonary intra-thoracic surgery. An
intravenousinfusion of Almitrene (a pulmonary vasocon-
strictor) can restore PaO, during OLV to levels close to
these during two-lung ventilation“?,

Ventilatory management during OLV needs to be indi-
vidualized depending on the patient’s underlying lung pa-
thology. Initial strategies should now include: tidal volumes
in the 4-6 mi/kg range, limiting plateau airway pressures to
25 cm H,0 and adding PEEP 5 cm H, O to patients without
auto-PEEP. The use of the traditional large tidal volumes
(10-12 ml/kg) and high airway pressures during one-lung
ventilation may be associated with acute lung injury follow-
ing pulmonary resection(®),
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