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Postoperative Independent Lung Ventilation in a Single-lung Transplant Recipient

RICHARD M. SMILEY, M.D,, PH.D.,* ANDRES T. NAVEDO, M.D.,}
THOMAS KIRBY, M.D.,} LARRY L. SCHULMAN, M.D.§

Transplantation of the human lung was first performed
in 1963.! Prior to 1978;-more than 40 transplants were
performed, but the longest survivor lived only 10 months.?
The major causes of mortality were bronchial dehiscence
or respiratory failure due to infection or rejection. Lung
transplants are now more successful and more common.?
Perioperative care of these patients is interesting and
challenging for anesthesiologists due to the dramatic he-
modynamic and respiratory changes that occur, but there
has been little in the anesthesia literature regarding the
perioperative care and course of these patients.* We re-
port a case of unique perioperative physiology successfully
treated with independent lung ventilation in a single-lung
transplant recipient.

CASE REPORT

A 50-yr-old woman with advanced pulmonary emphysema due to
ay-antitrypsin deficiency was referred for consideration for single-lung
transplantation. The diagnosis of a;-antitrypsin deficiency had been
made at age 32 yr, when she noted exertional dyspnea. At the time of
evaluation she was short of breath at rest, could walk only 10 feet
without stopping, and used continuous nasal oxygen. She had lost 3.6
kg over the previous 6 months, and now weighed 43 kg; her height
was 162 cm,

Preoperative evaluation revealed pulmonary artery pressures of 40
mmHg systolic and 26 mmHg diastolic. Pulmonary capillary wedge
pressure was 4 mmHg. Cardiac output was 4.04 1- min™'. Pulmonary
function tests revealed forced vital capacity 0.96 1 (30% of predicted)
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and FEV, 0.221(9% of predicted). Medications included metaproter-
enol and ipratropium inhalers. A lung ventilation/perfusion (V/Q)
scan revealed multiple bilateral matched ventilation and perfusion de-
fects, with 65% of ventilation and perfusion to the right lung. Arterial
blood gas measurements are reported in table 1. The preoperative
chest x-ray demonstrated hyperinflation with bullous formation. Other
laboratory values were normal.

The patient was brought to the operating room for left lung trans-
plantation. Anesthesia was induced with thiopental 250 mg and fentanyl
250 pg (in divided doses over 5 min), and intubation was facilitated
with succinylcholine 100 mg after a defasciculating dose of pancuron-
ium 2 mg. An 8-Fr bronchial blocker catheter with a 20-ml balloon
(Fogarty Occlusion Catheter, Baxter model 62-080-8/14F) was placed
alongside a 7-mm single-lumen endotracheal tube and was advanced
into the left mainstem bronchus with the aid of fiberoptic bronchoscopy
to allow selective ventilation of the right lung during the transplantation.
A pulmonary artery catheter was inserted after induction and revealed
values similar to those measured during the preoperative evaluation.
Arterial oxygenation was easily maintained (arterial blood gas [ABG]
measurement 3, table 1).

Intermittent doses of ephedrine (5 mg each) and phenylephrine (40—
80 pg) were required in order to maintain systolic blood pressure in
the 80-100-mmHg range over the st h of the surgery, while the
surgeons performed the abdominal part of the operation in order to
pass a portion of omentum into the thorax with which to “wrap” the
eventual bronchial anastomeosis.® During passage of the omentum, ar-
terial blood pressure decreased to below 50 systolic, necessitating
treatment with 300 ug epinephrine and 30-45 s of external cardiac
massage. The arterial blood pressure returned to 80-100 mmHg sys-
tolic, and dopamine was started at a dose of 7 ug - kg™ « min~!. A pneu-
mothorax was suspected but could not be demonstrated by the surgeons,
and no air was obtained via a chest tube. It was noted that if paositive
pressure ventilation was suspended for short periods (15-45 s), the
systolic arterial pressure increased from the 80-90 mmHg range (with
dopamine) to 100-110 mmHg. Attempts were made to improve he-
modynamics by changing the rate or depth of ventilation at normo-
capnia, but were not successful.

The anesthesia team made the diagnosis of air-trapping in severely
emphysematous lungs causing a decrease in venous return due to a
rise in intrathoracic pressure, and deliberate hypoventilation was in-
stituted in an attempt to stabilize the patient’s hemodynamics. In an
attempt to reduce any bronchospastic contribution to air-trapping,
several doses of a metaproterenol inhaler were administered via the
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TABLE 1. Arterial Blood Gas Measurements
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Paco, Pao,
Time/Event Flo, pH (mmHg) (mmHg) Comment
1 Preoperative RA (0.21) 7.41 52 47
2 Preoperative 21NC 7.40 56 66
3 Postinduction 1.0 7.42 46 421 Tidal volume = 500
X 10/min
4 Deliberate 1.0 7.29 69 411 Tidal volume =~ 400
hypoventilation X 3-6/min
(intraoperative)
5 Right-lung ventilation 1.0 7.31 66 554 Left PA and bronchus
(intraoperative) clamped
6 Initial postoperative 0.5 7.32 52 286 Right: 200 ml X 4/min
(DLT) Left: 500 m! X 20/min
7 POD1(24h 0.4 7.44 43 116 Right: 250 ml X 6/min
postoperative) Left: 450 ml X 15/min
8 POD1(25h 1.0 7.28 61 53 750 ml X 12/min
postoperative); single-
lumen tube
9 POD 1 (26 h 1.0 7.30 57 178 Right: 250 ml X 4/min
postoperative) Left: 400 ml X 16/min
10 POD 6 (after extubation) 41NC 7.30 55 158
11 3 months postoperative RA 7.46 35 92

DLT = double-lumen tube (right-sided); NC = nasal cannula; PA
= pulmonary artery; POD = postoperative day; RA = room air; SLT

endotracheal tube, with no obvious improvement. For the rest of the
operation, including during one-lung ventilation, the respiratory rate
was kept at 3-6 breaths per min (tidal volume ~400 ml) with the
arterial carbon dioxide tension in the 60-80-mmHg range. This ma-
neuver succeeded in maintaining acceptable hemodynamics. No potent
volatile anesthetics were administered from this point on in the surgery,
and the anesthetic consisted mainly of intermittent doses of fentanyl
(1-5 pg/kg).

When the left chest was opened, the diagnosis of air-trapping in
both right and left lower lobes was confirmed visually. The surgeons
reported that the lungs, especially the lower lobes, were exceedingly
“tense”’ due to hyperinflation. With the patient in the right lateral
decubitus position and only the right lung ventilated, the mediastinum
could be seen to rise with each breath and not to return to a neutral
position until 10-20 s of apnea. When a respiratory rate of 10 breaths
per min was instituted, the mediastinum shifted progressively toward
the left chest, reflecting right lung overexpansion, and the blood pres-
sure decreased. Hypoventilation was resumed and was well-tolerated
(ABG 4, table 1). The left-lung transplantation was performed un-
eventfully.

After implantation of the new left lung, ventilation of both lungs
resulted in preferential expansion of the native right lung. A 37-Fr
right-sided tube double-lumen endotracheal tube was placed at the
end of surgery in order to maintain differential ventilation of the two
lungs for postoperative ventilatory management. A right-sided tube
was chosen in order to avoid the left bronchial anastomosis, accepting
the possibility of hypoventilation or collapse of the right upper lobe,
especially since deliberate hypoventilation of the right lung was planned
in any case. The patient was transferred to the intensive care unit
(ICU) with only the left lung ventilated and with the pulse oximeter
confirming hemoglobin oxygen saturation of 100%.

In the ICU, two ventilators were used, with initial settings of: right
lung, 200 ml X 4 per min; left lung, 500 ml X 20 per min; and fractional
inspired oxygen concentration 0.5 (ABG 6, table 1). These initial set-
tings, with occasional minor manipulation, were typical of the venti-
latory settings used in the ICU during the period of independent lung
ventilation. The initial postoperative chest x-ray is shown (figure 1),
with the right-sided double lumen endobronchial tube in place. The

= single-lumen endotracheal tube; V+ = tidal volume.

patient did well for the first 24 h (ABG 7, table 1). At that time, in an
attempt to discontinue independent lung ventilation, the trachea was
reintubated with a single-lumen endotracheal tube, while mechanical
ventilation was maintained. Over the first minutes, the patient did
well, but after 15-20 min she became agitated, and the oxygen satu-
ration (percent) on the pulse oximeter decreased from the high 90s to
the mid-80s (ABG 8, table 1). A chest x-ray obtained at that time
showed overexpansion of the right lung and displacement of the left
lung and heart (fig. 2). A right-sided double-lumen endobronchial tube
was replaced, with improvement in oxygenation (ABG 9, table 1). A
chest x-ray 2 h after this episode, with the right-sided tube again in
place, revealed the right lung overexpansion resolved (Figure 3). The
lungs were ventilated in the manner described above until postoperative
day 6, when the trachea was extubated and the patient was doing well
(ABG 10, table 1). She was discharged from the hospital about 4 weeks
later. There have been no further postoperative complications during
the 1 yr since discharge, the patient has done has resumed a normal,
active lifestyle. She recently exercised for 33 min on a treadmill at an
estimated workload of 4 metabolic equivalent system units ((METS]
where 1 MET = resting oxygen consumption [3.5 ml-kg™ - min™'])
without arterial desaturation or subjective dyspnea while breathing
room air (ABG 11, table 1).

DISCUSSION

Either of the major pulmonary pathophysiologic pro-
cesses, restrictive (fibrotic) or obstructive lung disease, may
lead a patient to be a candidate for lung transplantation.
In general, single-lung transplantation has been advocated
for patients with pulmonary fibrosis®; double-lung trans-
plantation for patients with chronic obstructive pulmonary
disease (COPD) or cystic fibrosis®’; and heart-lung trans-
plantation for patients who need a lung transplantation
and also have evidence of right ventricular failure.’® Single-
lung transplantation for COPD was attempted in the
1960s, but there were no long-term survivors. Stevens et
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FIG. 1. Immediate postoperative portable frontal
radiograph of chest. A right-sided double lumen
endobronchial tube extends down the right main
bronchus, and the right upper lobe is collapsed.

FIG. 2. Radiograph taken on 2nd postoperative
day, 15 min after removing double-lumen tube and
replacing with single-lumen tube. The right (native)
lung is massively hyperinflated, displacing the left
lung and heart.
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Fic. 3. Radiograph 2 h after replacement of
right-sided tube and reinstitution of independent
lung ventilation with deliberate hypoventilation of
the right lung, with resolution of right-lung hyper-
inflation (and reappearance of right upper lobe col-
lapse).

al.® and Vanderhoeftet al.® reported cases of unsuccessful
single-lung transplantation in patients with emphysema
and suggested that the respiratory failure seen postop-
eratively was due to the creation of a system in which the
native lung has low elastic recoil and increased vascular
resistance, connected in parallel with a transplanted lung
with greater recoil, resulting in preferential ventilation
of the native lung and a substantial V/Q mismatch. Wild-
evuur and Benfield, in a review of the first 23 human
lung transplantations, suggested that this problem was
common in transplantations performed for COPD.' In
a recent report on single-lung transplantation for pul-
monary fibrosis, Grossman et al. suggested that trans-
plantation might be unsuitable for patients with obstruc-
tive lung disease due to possible postoperative V/Q in-
equalities.!’ Sleiman et al.'? disagreed with this assertion,
and reported no significant postoperative V/Q imbalance
in eleven patients transplanted for emphysema. Veith et
al. have presented evidence that part of the cause of
V/Q mismatch may be rejection or some other process
in the transplanted lung, and suggested that single-lung
transplantation may be appropriate in emphysema.'®
Recent reports support the view that many patients
with emphysema may do well with a single-lung trans-
plantation.'*"'® We have performed single-lung trans-
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plantation in three other patients with emphysema over
the past year, without the above-described problem. These
patients had less severe bullous disease, and none had
ay-antitrypsin deficiency. It may be that the presence of
severe bullous disease predisposes to more extensive air-
trapping and substantial V/Q mismatching after trans-
plantation, or it may be that &;-antitrypsin deficiency em-
physema behaves somewhat differently than other, more
typical forms of the disease.

Compromise of cardiac function and hemodynamics
by mechanical ventilation isa well-described phenomenon,
particularly when positive end-expiratory pressure (PEEP)
is used.!” Air-trapping in this patient’s native lung may
have functioned much like PEEP in decreasing venous
return by increasing intrathoracic pressure. Attempts to
minimize this problem by altering the ventilatory settings
to maximize expiratory time and decrease tidal volumes
were unsuccessful. Independent lung ventilation has been
reported to be useful in clinical situations involving uni-
lateral lung disease or major differences in lung compli-
ance, including bronchopleural fistula, unilateral pneu-
monia or pulmonary edema, trauma (surgical or other-
wise), hemorrhage, and other causes.'®# In this case, the
preferential ventilation of the native, high-compliance,
emphysematous lung was prevented by setting the ven-
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tilators to deliver larger volumes and more frequent
breaths to the transplanted lung. No attempt was made
to synchronize the ventilators, as this did not appear to
be necessary, perhaps because the native lung was being
significantly hypoventilated. In some cases of independent
ventilation, ventilators have been synchronized, but the
need for this has been questioned, and no study has dem-
onstrated that synchronous ventilation has an advantage
over random split ventilation.?* Complications of inde-
pendent lung ventilation may include laryngeal, tracheal,
or bronchial trauma from the required double-lumen
tube, which is substantially larger than a regular endo-
tracheal tube. Inadequate ventilation due to misplacement
or anatomic anomalies also may occur. In this patient,
there was some collapse of the right upper lobe during
the postoperative period, as might be expected given the
known difficulty in maintaining right-sided double-lumen
tube position.?

In this case, alternative treatments to independent lung
ventilation were jet or high-frequency ventilation, or even
a pneumonectomy on the right side, but these were not
attempted, since the patient was tolerating the differential
ventilation well and since her general condition did not
warrant changing a successful strategy. Apparently, the
differential compliance of the two lungs is not as significant
a problem when this patient breathes spontaneously, for
she has done extremely well after extubation and dis-
charge from the hospital. No laryngeal or tracheal com-
plications have been noted from the prolonged intubation
with the rather large double-lumen endobronchial tube.

In summary, a single (left)-lung transplant was suc-
cessfully performed on a patient with end-stage emphy-
sema resulting from «)-antitrypsin deficiency. Evidence
of severe air-trapping in the emphysematous lung(s) was
treated intraoperatively with deliberate hypoventilation,
and prevention of air-trapping and prevention of pref-
erential ventilation of the highly compliant native lung
was accomplished postoperatively with the use of a right-
sided double-lumen endobronchial tube and differential
ventilation of the two lungs. This strategy may be useful
postoperatively in selected patients with obstructive pul-
monary disease undergoing single-lung transplantation.

REFERENCES

1. Hardy JD, Webb WR, Dalton ML, Walker GR: Lung homotrans-
plantation in man. ] Am Med Assoc 186:1066-1074, 1963

2. Patterson GA, Cooper JD: Status of lung transplantation. Cardi-
othorac Surg 68:545-558, 1988

3. Cooper D, Pearson FG, Patterson GA, Todd TR], Ginsberg RJ,
Goldberg M, DeMajo WAP: Technique of successful lung
transplantation in humans. ] Thorac Cardiovasc Surg 93:172-
181, 1987

4. Conacher ID, McNally B, Choudry AK, McGregor CGA: Anes-
thesia for isolated lung transplantation. Br ] Anaesth 60:588-
591, 1988

Anesthesiology
V 74, No 6, Jun 1991

5. Toronto Lung Transplant Group: Experience with single-lung
transplant for pulmonary fibrosis. ] Am Med Assoc 259:2258~
2262, 1988

6. Patterson GA, Cooper JD, Goldman B, Weisel RD, Pearson FG,
Waters PF, Todd TR, Scully H, Goldberg M, Ginsberg R]:
Technique of successful clinical double-lung transplantation.
Ann Thorac Surg 45:626-633

7. Cooper JD, Patterson GA, Grossman R, Maurer J: Double lung
transplant for advanced chronic obstructive lung disease. Am
Rev Respir Dis 139:303-307, 1989

8. Stevens PM, Johnson PG, Bell RL, Beall AC, Jenkins DE: Regional
ventilation and perfusion after lung transplantation in patients
with emphysema. N Engl ] Med 282:245-249, 1970

9. Vanderhoeft PJ, Rocmans P, Nemry C, de Francquen P, Lauvau
N, Pector JC: Left lung transplantation in a patient with em-
physema. Arch Surg 103:505-509, 1971

10. Wildevuur CRH, Benfield JR: A review of 23 human lung trans-
plants by 20 surgeons. Ann Thorac Surg 9:489-515, 1970

11. Grossman RF, Frost A, Zamel N, Patterson GA, Cooper JD, Myron
PR, Dear CL, Maurer J, Toronto Lung Transplant Group: Re-
sults of single-lung transplantation for bilateral pulmonary fi-
brosis. New Eng J Med 322:727-733, 1990

12. Sleiman G, Mal H, Andreassian B, Pariente R: Single-lung trans-
plantation in pulmonary emphysema. New Eng ] Med 323:551,
1990 (letter)

13. Veith FJ, Koerner SK, Sigelman SS, Torres M, Bardfield PA,
Attai LA, Boley SJ, Takaro T, Gliedman ML: Single lung trans-
plantation in experimental and human emphysema. Ann Surg
178:463-476, 1973

14. Trulock EP, Egan TM, Kouchoukos NT, Kaiser LR, Pasque MK,
Ettinger N, Cooper JD, Washington University Transplant
Group: Single lung transplantation for severe chronic obstruc-
tive pulmonary disease. Chest 96:738-742, 1989

15. Mal H, Andreassian B, Pamela F, Duchatelle J-P, Rondeau E,
Dubois F, Baldeyrou P, Kitzis M, Sleiman C, Pariente R: Uni-
lateral lung transplantation in end-stage pulmonary emphysema.
Am Rev Resp Dis 140:797-802, 1989

16. Mal H, Andreassian B, Pariente R: Single-lung transplantation in
hyperinflated patients. Chest 97(suppl):110S-111S, 1990

17. Marini JJ, Culver BH, Butler J: Mechanical effect of lung distention
with positive pressure on cardiac function. Am Rev Resp Dis
124:382-386, 1981

18. Feeley TW, Keating D, Nisimura T: Independent lung ventilation
using high-frequency ventilation in the management of a bron-
chopleural fistula, ANESTHESIOLOGY 69:420-422, 1988

19. Frame SB, Marshall W], Clifford TG: Synchronized independent
lung ventilation in the management of pediatric unilateral pul-
monary contusion: Case report. J Trauma 29:395-397, 1989

20. Powner DJ, Eross B, Grenvik A: Differential lung ventilation with
PEEP in the treatment of unilateral pneumonia. Crit Care Med
5:170-172, 1977

21. Glass DD, Tonnesen AS, Gabel JC, Arens JF: Therapy of unilateral
pulmonary insufficiency with a double lumen endotracheal tube.
Crit Care Med 4:323-326, 1976

22, Carlon GC, Kahn R, Howland WS, Baron R, Ramaker J: Acute
life-threatening ventilation—perfusion inequality: An indication
for independent lung ventilation. Crit Care Med 6:380-383,
1978

23. Carlon GG, Ray C]Jr, Klein R, Goldiner P, Miodownik S: Criteria
for selective end-expiratory pressure and independent synchro-
nized ventilation of each lung. Chest 74:501-507, 1978

24. Hillman KM, Barber JD: Asynchronous independent lung venti-
lation. Crit Care Med 8:390-395, 1980

25. Benumof JL: Anesthesia for Thoracic Surgery. Philadelphia, WB
Saunders, 1987, pp 241-249

20z ludy 61 uo 3sanb Aq jpd°9z000-000901 66 L-Z¥S0000/ELE LZE/Y YL L/9/¥L/4Pd-Bl01E/ABOjOISBYISOUE/WOD" JIBYDIBA|IS ZESE//:dRY WOl) papeojumod



