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Olgu Sunumu

Anaesthetic Management of The Patient Undergoing
Cardiopulmonary Bypass Graft Surgery After

Pneumonectomy

Tiiliin OZTURK *, Hamza BAMBAL *, ihsan ISKESEN **, Hayrettin SIRIN **

SUMMARY

The aim of this case report is to discuss the recommen-
dations for preoperative evaluation, the technical dif-
ficulties experienced in the perioperative period and the
ventilation methods used to minimize pulmonary injury
in a post-pneumonectomy patient undergoing coronary
artery bypass grafting surgery.

Key words: anaesthetic management, cardiac surgery,
pneumonectomy

OZET

Pnomonekiomi Sonrast Kardiyopulmoner Baypas
Cerrahisi Gegiren Hastada Anestezi Yonetimi

Bu olgu sunumunun amaci, pnémonektomi sonrast ko-
roner arter baypas greftleme cerrahisi gegiren hasta-
da, preoperatif degerlendirme énerilerini, perioperatif
donemde yasanan teknik zorluklari ve pulmoner hasar
azaltmak igin kullanilan ventilasyon yontemlerini tar-
tsmaktur.

Anahtar kelimeler: anestezi yonetimi, kardiyak
cerrahi, pnémonektomi

INTRODUCTION

Most anaesthesiologists have limited experience
in caring for patients undergoing cardiopulmonary
bypass surgery who have undergone prior pneu-
monectomy. To date, reports summarizing only 21
cases have been published !». After pneumonec-
tomy, the respiratory and cardiovascular systems
adapt to the absence of one lung and various com-
pensatory mechanisms which result in the develop-
ment of restrictive lung disease in the remaining
lung ®. Right ventricular (RV) morphology also
adapts itself to the absence of one lung, and with
time, moderate tricuspid valve insufficiency and
significantly higher pulmonary artery systolic pres-
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sures are seen . Normal anatomic relationships
-of the thorax are altered after pneumonectomy -
mediastinal structures and thoracic organs shift to-
ward the empty hemithorax, and fill this area as a
compensatory mechanism. Deviation of the trachea
and rotation of the heart and great vessels may lead
to difficulties in intubation, central venous access,
surgical cannulation, and surgical access to the cor-
onary vessels 2.

Acute lung injury (ALI) is the most important
pulmonary complication occurring in post-pneu-
monectomy patients undergoing cardiopulmonary
bypass (CPB) (V. Perioperative anaesthesia man-
agement is by necessity different in these patients
in terms of mode of ventilation, lung protective
strategies, and fluid management. The aim of this
case report is to give details regarding preopera-
tive technical difficulties we experienced, ventila-
tion modes we used to minimize pulmonary injury,
and recommendations for preoperative evaluation
of post-pneumonectomy patients who will undergo
coronary artery bypass graft (CABG) surgery.
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CASE REPORT

A 65-year-old man who had had a right pneumonec-
tomy due to squamous cell carcinoma at age 43 and
thyroidectomy at age 60 was admitted to the hospital
with symptoms of unstable angina 10 days prior to
our consultation. Cardiac catheterization revealed tri-
ple vessel disease with 50% stenosis of the left main
coronary artery (LMCA), 80% stenosis of the proxi-
mal and distal segments of the left anterior descend-
ing coronary artery (LAD), and 40% stenosis of the
middle segment of the right coronary artery (RCA).
Left ventricular ejection fraction was 55 percent.

We examined the patient after he was scheduled for
coronary bypass grafting. The patient had no seque-
lae or complaints related to his prior pneumonectomy.
His history did not reveal any evidence of valvular
disease, atrial fibrillation, major arrhythmias, or heart
surgery. His medications included ACE inhibitors
and beta blockers. He had an 86 pack-year smoking
history, but had stopped smoking 12 years ago. He
denied coughing or dyspnea. On physical examina-
tion, he had no inspiratory or expiratory stridor. His
PA chest X-ray is given in Figure 1. His thoracic CT
scan showed an enlarged left hemithorax and lung,
deviation of the trachea and left main bronchus to the
right, non-compression of the left upper and lower
lobe bronchi, and a small right hemithorax which
was partially occupied by mediastinal structures. The
right internal jugular vein appeared to lie in a position
which would allow for routine insertion of a central
catheter. Although the quality of echocardiography
was suboptimal due to overexpansion of the remain-
ing lung, serofibrothorax and shifted heart, transtho-
racic echocardiography found his ejection fraction
to be 55% without significant valvular regurgitation.
The pulmonary function test showed a restrictive pat-
tern: FEV1 was 2.5 L (76% of predicted), FVC was
3.6 L (80% of predicted), and FEV1/FVC was 75%
of the predicted values.. Preoperative arterial blood
gas analysis showed an increase in alveolar-arterial
oxygen gradient (Table 1). One week prior to the
operation, the patient began daily respiratory phys-
iotherapy exercises in order to optimize the health of
the remaining lung.

In the operating room, the patient was monitored rou-
tinely. We prepared the skin and readied the equip-
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ment so as to place a triple lumen 7 F central venous
catheter (Braun®, Melsungen, Germany) by Seldinger
technique in the right internal jugular vein (on the side
of the prior pneumonectomy). Puncture of the internal
jugular vein (IJV) was successful, but the guide wire
could only be advanced 10 cm before resistance was
felt. Realizing that the IJV was probably more out of
place (due to the ipsilateral pneumonectomy) than we
had predicted from the CT scan, we thought it best
not to make further attempts at guide wire insertion
at this site. Therefore, a central venous catheter was
inserted through the right femoral vein.

Anaesthesia was induced with IV fentanyl and eto-
midate, then the patient was intubated with IV ro-
curonium. Anaesthesia was maintained with fentanyl
and sevorane inhalation. Ventilation was managed
by pressure-controlled ventilation (Datex-Ohmeda
Aestiva S/5 Avance ventilator and anesthesia moni-
tor, GE Healthcare, Madison, USA), as a component
of our lung protective strategy (Table 1). Prednisone
was given before (IV 8 mg kg') and during CPB (IV
8 mg kg ). After the induction, the mean arterial pres-
sure fell (70 mm Hg to 45 mm Hg) and haemody-
namic status was maintained with the help of inotro-
pic (dobutamine; 5 pg.kg'min') and vasoconstrictor
(noradrenaline 0.15 pg.kg'min) agents.

When the chest was opened, the heart and aorta were
seen to be shifted towards the right thorax and rotated
to the right, while the apex of the heart was just under
the sternum. Left internal mammary artery (LIMA)
was harvested with difficulty because of adhesions
related to the prior pneumonectomy operation, but
adequate conduit length was achieved to reach the
LAD. The right atrium could not be cannulated from
the surgeon’s side because of the extreme degree of
heart rotation. Thus, the operating table was tilted
down towards the patient’s left side and the surgeon
performed the operation from the patient’s left side so
that he could successfully cannulate the atrium. CPB
was done with the patient under moderate (32°C) sys-
temic hypothermia. Cardiac arrest was achieved with
antegrade administration of cardioplegic solutionn.
Topical cooling was not used in order to avoid the risk
of phrenic nerve damage. The left internal mammar-
ian artery was used for left anterior decending coro-
nary bypass (LIMA-LAD) and saphenous vein was
used for circumflex coronary bypass (Ao-Cx bypass).
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Table 1. Preoperative and intraoperative ventilatory modes in our post-pneumonectomy patient and resulting blood gas parameters.

Preop Before CPB During CPB During weaning 1 hr after weaning
at room air PCV: 12 cmH,0 Endotracheal tube PCV: 14 cm H,0 PCV: 15 cm H,0
PEEP: 5 cmH,0 left open to air PEEP: 5 cmH,O PEEP: 5 cmH,0
PIP: 18 cmH,O extra-corporal PIP: 21 cmH,0 PIP: 20 cmH,0
TV: 450 ml oxygenation) TV: 450 ml TV: 450 ml
RR: 12 RR: 12 RR: 15
FiO, (mmHg) 0.21 0.5 05 0.5 0.5
PaO, (mmHg) 88.9 1994 235.6 742 91.1
PaCO, (mmHg) 39.8 21.8 355 49 8% 50.3%
Sa0, (%) 99.8 99.2 994 92.6 95.6
PAO, (mmHg) 103 1994 235.6 91%* 91.1%
A-a0, (mmHg) 139 0 0 16.8* 0
PaO,/FiO, 227 398 344 148%* 182.2%*
Hb (g/dL) 135 10.2 7.7 11.1 119
Het (%) 40.2 19.3 214 324 355
pH 743 744 741 7.37 7.30
BE (mmol/L) 19 1.3 2.3 -1 -2.1
HCO, (mmol/L) 25.8 20.7 225 233 224
Osm (mOsm/L) 269 281.3 268.3 269 268.5

* Increased alveolar-arterial oxygen gradient, acute lung injury and hypercapnia.

His TV was estimated according to predicted body weight (73 kg , 6 mL kg™'). He was 181 cm length.

Abbreviations: FiO,; inspired oxygen concentration, PaO, and PaCO.,; the partial pressure of oxygen and corbon dioxide in arterial blood,
Sa0,; the saturation level of oxygen in hemoglobin, A-a0O, Alveolar—arterial oxygen gradient, Hb; hemoglobin, Hct; hematocrit, pH; BE; base
exes, HCO o bicarbonate, Osm; osmolality, Pressure controlled ventilation (PCV), PEEP; positive end expiratory pressure, PIP; peak inspira-

tory pressure, TV, tidal volume, RR; respiratory rate.

During CPB, the endotracheal tube was left open to
air because mediastinal shift of the lung did not allow
for ventilation maneuvers such as CPAP during CPB.
Before weaning from CPB, inflation of the lungs to
a peak airway pressure of 40 cm H,O for 40 sec-
onds was performed, and after weaning from CPB,
5 cmH20 of PEEP was applied. Blood gas analyses
showed signs of acute lung injury and increased alve-
olar-arterial oxygen gradient at the time of weaning
from CPB (Table 1). However, one hour after arrival
to the ICU, gas exchange of lung started to return
to normal (Hamilton Medical Raphael Xtc ventila-
tor, Bonaduz, Switzerland) (Table 2). These changes
in gas exchange were due to shunting in lung dur-
ing weaning from CPB. During weaning from CPB,
systolic blood pressure decreased to 70 mmHg, while
his CVP (measured through femoral vein) remained
at 6 mmHg. Cardiac dysfunction was unable to be
evaluated using a pulmonary artery catheter or TEE
(our department have not yet had a TEE). By directly
observing the heart and vital signs, we managed the
patient’s systolic and diastolic pressures by giving
dobutamine (5 ug kg'min"'), noradrenaline (0.1 pug
kg'min™) and nitroglycerine (0.1-0.3 g kg'min™).
While receiving combination of these infusions, the
patient was successfully weaned from CPB. All in-
fusions were stopped within four hours after arrival

to the ICU. CPB and cross-clamping times were 80
and 45 minutes, respectively. Operation time was 330
min.

After the patient came to the ICU, we continued to
use lung protective strategies, giving low tidal vol-
umes and then 5 cm H20 PEEP. His TV was estimat-
ed according to the predicted body weight (73 kg, 6
mL kg'). He was 181 cm tall. In order to avoid over-
distension, lower PEEP level of 5 cmHZO was pre-
ferred as recommended. Pressure control mode was
used. PaO,/FiO, ratios were followed in an attempt to
detect ALI/ARDS. Alveolar-arterial oxygen gradients
were followed to detect the development of shunting
during and after CPB (Table 2).

The patient did not experience hemodynamic insta-
bility or common post-CABG complications such as
hypoxemia or atrial fibrillation. The patient was ex-
tubated 8 hours after the end of surgery using stan-
dard weaning methods. Standard protocol included
synchronized intermittent mandatory ventilation
(SIMV+PC adjusted to PaCO, 38-45 mmHg), pres-
sured supported (PS) at level of 10 cm H,O and then
5 cm H,O and extubation respectively ©.

Perioperative fluid therapy was given based on central
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Table 2. Ventilatory modes and resulting blood gas parameters in the early postoperative period.

After 1 hour in the ICU

PCV:14 cmH,0
PEEP: 5 cmH,0

PIP: 19 cmH,0 PIP: 17 cmH,0

After 4 hours in the ICU

SIMV + PC: 12 cmH,O
PEEP: 5 cmH,0

After 6 hours in the ICU After 11 hours in the ICU
(3 hours after extub.)

PSV: 10 cmH,0
PEEP: 5 cmH O

5 Mask O, at 4 L/min
PIP: 15 cmH,0

RR: 15 (spont.)

TV: 450 ml TV: 450 ml TV: 400 ml

RR: 14 RR: 15 (total) RR: 15 (spont.)
FiO, (mmHg) 05 04 04 03
PaO, (mmHg) 164.5 139.2 128 103.8
PaCO, (mmHg) 434 41.6 37 448
Sa0, (%) 994 99.2 99.1 99.3
PAO, (mmHg) 276 212 218 142
A- a0, (mmHg) 131% 73% 100 39
PaO,/FiO, 330 348 320 346
Hb (g/dL) 9.2 9.8 104 104
Hct (%) 26.8 289 30.7 30.8
pH 7.39 743 748 743
BE (mmol/L) 05 29 3.7 3.9
HCO, (mmol/L) 247 26.7 274 28.8
Osm (mOsm/L) 2729 2715 269.3 270.8

* Increased alveolar-arterial oxygen gradient.

Abbreviations: PCV; pressure controlled ventilation, SIMV + PC; Synchronised Intermittent Mandatory Ventilation - Pressure Controlled,
CPAP; continue positive airway pressure, PEEP; positive end expiratory pressure, RR; respiratory rate

venous pressure monitoring, direct observation of the
heart (full vs empty), and monitoring of urine output. In
these ways, we avoided fluid overload and minimized
the risk of pulmonary edema . Fluid therapy was pro-
vided with 1800 mL of a balanced electrolyte solution
(Isolyte S®, Eczacibagi-Baxter, Istanbul, Turkey) and
500 mL of hydroxyethyl starch solution (HES Steril®,
200/ 0.5, Fresenius Kabi, Bad Homburg, Germany).
Intraoperative urine volume was 1600 mL. The vol-
ume of urine was 950 ml during CPB, and pump bal-
ance was —150 mL. Two units of packed RBCs were
transfused to maintain a target hemoglobin level of 10
mg/dL. One unit of FFP was transfused in the post-
CPB period. No blood or blood products were given in
the ICU. Mediastinal drainage was 350 mL on the first
postoperative day. He was discharged from the hospi-
tal on postoperative 8th day.

DISCUSSION

Total resection of one lung leads to loss of approxi-
mately 45 to 55% of the pulmonary tissue (3). Al-
though respiratory and cardiovascular systems adapt
to the patient’s present condition who had only one
lung, compensatory mechanisms eventually result in
restrictive lung disease (3,4). In one study which fol-
lowed patients for up to four years after pneumonec-
tomy, right ventricular (RV) morphology and func-
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tion slowly altered to result in RV overload, moderate
tricuspid valve insufficiency, and high pulmonary
artery pressures “. In our patient, cardiac function
and valvular tissues were found to be normal on tran-
sthoracic echocardiography. This unexpected finding
might have been due to the excellent physical condi-
tion of the patient (an ex-commando who regularly
exercised).

Catheterization of the IJV has certain risks in post-
pneumonectomy patients due to its abnormal course.
Due to the relatively normal course of our patient’s
IJV on thoracic CT, we attempted to carefully place a
right IJV line but we were unsuccessful. In the light
of our experience, we now place a femoral line for
central venous catheterization rather than an IJV line
in post-pneumonectomy patients, regardless of the
1JV’s course on thoracic CT. Other method to moni-
tor right and left heart functions intraoperatively was
TEE. This technique allows also us to estimate pul-
monary artery systolic pressure, the right ventricle
diastolic diameter, free wall thickness and the tricus-
pid valve morphology, and finally the regurgitation
jet speed “-.

ALI is the most important pulmonary complication
(25%) that occurs in post-pneumonectomy patients
undergoing CABG, resulting in death in up to 50% of
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Figure 1. Chest X-ray showing a shift of the trachea and medi-
astinum to the right, hyperinflation of the left lung, the opacity of
the right hemithorax and the patency of tracheal laminar air.

the cases!"®. Restrictive pulmonary disease, common
in post-pneumonectomy patients, is also a risk factor
for the development of ALI ©. Protective ventilatory
strategies may prevent or reduce ALI ®. The protec-
tive ventilatory strategies we used in our patient dur-
ing the perioperative period were based on general
principles for preventing ALI ®'1%13 The results of
previous studies indicate that main risk factors asso-
ciated with ALI are large tidal volumes, prior restric-
tive lung disease, and blood product transfusion 113,
Our current understanding of OLV-associated ALI
supports the following strategies to minimize lung
injury: maintain FiO, as low as possible, use PEEP
routinely with lower tidal volumes, apply frequent
recruitment manoeuvres to avoid atelectasis, and em-
ploy lower ventilatory pressures throughout the use
Of PCV (10,14,15).

Although the incidence of ARDS after CPB is low
(2%), it carries a 50% mortality risk 1. Many strate-
gies to limit lung injury during CPB have been re-
ported including medications (steroids, aprotinin) to
reduce pro-inflammatory cytokine release, biocom-
patible CPB circuits and ultrafiltration to reduce lev-
els of inflammatory substances, and protective venti-
lation strategies 7. Many studies have investigated
the effect of vital capacity manoeuvers, CPAP, and
PEEP during CPB on PaOz, AaDO2 and P2102/Fi02
(31819 To date, there is no convincing evidence that

any of these interventions has a significant impact on
clinical outcomes. In our case, mediastinal shift of the
lung did not allow for ventilation maneuvers such as
CPAP during CPB. We applied recruitment (40 cm
H,O for 40 seconds) before weaning from CPB, and
5 ¢cmH,O of PEEP during ventilation after weaning
from CPB. The oxygenation recovered to normal
level 1 hour following CPB in the ICU, but shunting
continued to decrease in ICU after 11 hours of ICU
stay.

Correct fluid management in post-pneumonectomy
patients is essential. Excessive perioperative fluid in-
fusions may cause pulmonary edema in the remain-
ing lung with increased pulmonary arterial pressure,
pulmonary vasoconstriction, and hyperinflation 72%.
Postoperative right heart failure occurs frequently in
patients given more than 2000 mL of intraoperative
fluid . Thus, to prevent development of postopera-
tive right-sided heart failure in post-pneumonectomy
patients, intraoperative fluid balance should be re-
stricted as much as possible . Because of expected
anatomic difficulties, we recommend central venous
catheterization for fluid administration to be per-
formed through the femoral vein instead of the in-
ternal jugular vein. Monitoring filling pressures, i.c.
central venous pressure and pulmonary artery occlu-
sion pressure were the “standard” methods used for
the assessment of volume status. However, assess-
ment of volume responsiveness with echocardiogra-
phy can be categorized as being very safe because of
its minimal invasiveness. TEE evaluates the volume
status by calculating the stroke volume index, tmitral
E/A ratio, left ventricular CO, and the superior vena
cava index @Y.

In conclusion, anatomic and functional changes in
post-pneumonectomy patients pose challenges during
perioperative management. Although we experienced
no airway difficulties in our patient, central venous ac-
cess through the right IJV was not possible. Central
venous monitoring might be done successfully without
catheterization by using TEE intraoperatively. Lung-
protective ventilation, and fluid restriction should be
performed to reduce the incidence of ALI/ARDS in
post-pneumonectomy patients undergoing CABG.

It was presented at the 17" Congress of Cardio-Vascu-
lar-Thoracic Anaesthesia and Intensive Care Society.
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