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ABSTRACT

Objective: A small but relevant proportion of patients with cystic fibrosis develop
severely asymmetric chest cavities during the course of their disease. For these pa-
tients, the best surgical approach for lung transplantation (LTx) and optimal size
matching strategies are controversial.

Methods: All cystic fibrosis patients with asymmetric chest cavities who underwent
LTx at the Medical University of Vienna between 2003 and 2017 were identified
(n¼ 13). Patients were grouped according to different surgical strategies: unilateral
full-size and contralateral lobar transplantation (n ¼ 4), standard double LTx after
mobilization/repositioning of the mediastinum (n ¼ 3), oversized single LTx fol-
lowed by pneumonectomy on the smaller contralateral side (n ¼ 4), and single
LTx after a remote contralateral pneumonectomy (n ¼ 2).

Results: Compared with cystic fibrosis patients with symmetric chests (n ¼ 276,
control group), the perioperative management of patients with asymmetric chests
was often more complicated. Consequently, 90-day mortality was heightened
(23.1% vs 6.5%). Despite this, long-term survival was good with a 5-year survival
rate of 69% compared with 78%. Of note, outcome seemed superior for patients
who surgery was undertaken with a bilateral compared with a unilateral approach.

Conclusions: Severely asymmetric chest cavities present challenges in regard to
the surgical strategy, size matching, and postoperative management. However, in
carefully selected patients, LTx provides an adequate long-term outcome. (JTCVS
Open 2021;8:652-63)
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Survival rates of cystic fibrosis patients after lung
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CENTRAL MESSAGE

Lung transplantation can be
offered to carefully selected CF
patients with severe chest asym-
metries. It provides adequate
long-term outcome, especially
when bilateral transplantation is
feasible.
PERSPECTIVE
Severely asymmetric chest cavities represent a
challenging situation in lung transplantation. This
case series shows that although the perioperative
management was often complicated, long-term
survival was good in carefully selected cystic
fibrosis patients with asymmetric chests. Our data
also suggest that—when technically feasible—a
bilateral approach should be preferred.

See Commentaries on pages 664 and 666.
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Cystic fibrosis (CF) is the most common life-limiting auto-
somal recessive disease in Europe with 1 in 2000 to 3000
children being affected. Although treatment of patients
with CF has improved significantly, especially with the
development of therapies targeting defects in the CF
transmembrane co
tancy without lung transplantation usually does not exceed
the fifth decade of life. Progressive respiratory insufficiency
is still the main cause of death in CF patients and lung trans-
plantation remains the only available treatment.2
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Abbreviations and Acronyms
CF ¼ cystic fibrosis
CPB ¼ cardiopulmonary bypass
CT ¼ computed tomography
DLTx ¼ double lung transplantation
ECMO ¼ extracorporeal membrane oxygenation
LTx ¼ lung transplantation
PGD ¼ primary graft dysfunction
POD ¼ postoperative day
SLTx ¼ single-lung transplantation
TLC ¼ total lung capacity
VA ¼ venoarterial
A significant percentage of CF patients develop asym-
metric chest cavities in the course of their disease. Preva-
lence of scoliosis in CF patients ranges from 9.9% to
15.5%3,4 which is 5 to 10 times higher than the frequency
recorded in the general population.5 CF patients with
more severe lung disease have a higher incidence of scoli-
osis. Because those patients are usually rejected for an or-
thopedic repair due to their poor pulmonary condition,
progressive scoliosis often leads to secondary chest wall de-
formities. This may result in technical difficulties for lung
transplantation (LTx).6 Another reason for asymmetric
chest cavities in patients with CF are recurrent infections
leading to atelectasis of major parts of the lung. This can
result in chronic consolidation and shrinking of a lobe, a
mediastinal shift, elevation of the diaphragm and conse-
quently a significant asymmetry of 1 hemithorax.

Asymmetric chest cavities should not be considered a
contraindication for LTx; however, size matching and peri-
operative handling can be challenging. Current literature is
limited to a few case reports of CF patients with chest wall
deformities and/or previous pneumonectomy receiving
LTx.7-9 Of note, none of these case reports have provided
long-term follow-up and survival data.

The aim of this study was to evaluate short- and long-
term outcome in patients with severe asymmetric chest
cavities undergoing LTx as well as to compare different
surgical strategies.

MATERIALS AND METHODS
Study Population and Definitions

In this single-center, retrospective cohort study, all CF patients with a

severe chest deformity who underwent LTx at the Medical University of

Vienna between 2003 and 2017 were included. Asymmetry of the chest

cavity was defined as either a significant retraction of 1 hemithorax (at least

30% smaller compared with the contralateral side), a shift of the medias-

tinum resulting in a big unilateral and a small contralateral thoracic cavity,

or a severe scoliosis (with spinal curve>40�). Patients with an asymmetric

chest cavity seen on computed tomography (CT) scan, a history of remote

pneumonectomy, or severe scoliosis were presented and discussed in our

weekly pretransplant meeting, including transplant surgeons, transplant

pulmonologists, psychologists, and transplant coordinators. The decision
for each surgical procedure was based on the assessment of the patient’s

CT scan, considering the size and shape of the chest. Retransplantions as

well as multiorgan and living-donor lobar transplants were excluded.

Peri- and postoperative parameters were retrieved from the hospital docu-

mentation system and from the institutional transplant database. Results

were compared with CF patients without chest deformities transplanted

within the same time period (ie, control group). None of the control group

patients received an unplanned pneumonectomy during the study period

(eg, anastomotic failure, malignancy, or central pulmonary embolism

with subsequent graft necrosis). In addition, we did not perform single

LTx (SLTx) for CF patients with symmetric chests because SLTx should

be avoided in CF patients due to the presence of highly resistant organisms

and the constant risk of infectious spreading to the transplanted lung.10

Primary graft dysfunction (PGD) was calculated according to the latest

recommendation of the International Society for Heart and Lung Trans-

plantation.11 In the absence of bilateral infiltrations, a PGD0 was docu-

mented. In case of radiological signs of reperfusion edema, PGD1 was

assigned when PaO2/FiO2 (P/F) ratio was>300 mm Hg, PGD2 for a P/F

ratio of 200 to 300 mm Hg, and PGD3 for P/F ratio<200 mm Hg. Patients

on postoperative extracorporeal membrane oxygenation (ECMO) were

classified as PGD3 if chest radiograph showed bilateral infiltrations. In

case of clear radiographs, ECMO patients were classified as PGD ungrad-

able. End of mechanical ventilation was defined as extubation without early

reintubation (<5 days). In case of reintubation, end of mechanical ventila-

tion was reached after the final extubation. In tracheostomized patients, end

of mechanical ventilation was documented when a patient tolerated mere

oxygen insufflation for more than 6 consecutive hours. The study was

approved by the ethics board on human research from the Medical Univer-

sity of Vienna (No. EK 1264/2020). Patient written consent for the publi-

cation of the study data was waived by the institutional ethics board due

to the retrospective analysis. The study rationale is summarized in Figure 1.

Statistical Analysis
Due to the small sample size, this is a mainly descriptive study. Statis-

tical analysis was performed using SPSS version 24.0 (IBM-SPSS Inc, Ar-

monk, NY). Normal distributed data were presented by mean and standard

deviation, otherwise by median and interquartile range (IQR); categorical

variables were reported by absolute frequencies and percentages. The t test

or Wilcoxon test were applied to test differences of continuous variables.

The c2 test was employed for categorical variables. The Kaplan-Meier es-

timate was used to calculate overall survival. Survival differences of the

different subgroups were compared by long-rank tests. GraphPad Prism

8 (GraphPad Prism, GraphPad Software, La Jolla, Calif) was used to pro-

duce graphs.
RESULTS
A total of 13 CF patients with asymmetric chests were

identified (median age, 24.2 years; IQR, 18.8-31.5 years;
8 women [62%]). Eleven patients experienced a volume-
reduced hemithorax with shifting of the mediastinum due
to a size discrepancy of the native lungs (n ¼ 9) or due to
a previous pneumonectomy (n ¼ 2). Two patients had se-
vere scoliosis in addition to their chest deformity. Retro-
spective 3-dimensional volumetry of the chest cavity
(n ¼ 6 out of 13) was performed and the results are shown
in Table E1. During the same time period, 276 CF patients
with symmetric chest cavities (median age, 24.8 years; IQR,
19.7-31.7 years; 147 women [53.3%]) underwent trans-
plantation and served as a control group. Detailed patient
demographic characteristics are shown in Table 1.
JTCVS Open c Volume 8, Number C 653



Asymmetric chest cavities in cystic fibrosis (CF) patients represent a challenging situation in lung transplantation (LTx).
Many transplant centers are reluctant to accept these patients due to an increased perioperative risk

Retrospective Study cohort: 13 CF patients with asymmetric chest cavities and 276 CF
patients with symmetric chest cavities undergoing lung transplantation in 2003 - 2017

Patients with asymmetric chests were categorized according to different surgical strategies:

i.   Bilateral LTx with unilateral full size and contralateral lobar transplantation
ii.  Standard DLTx after mobilization and repositioning of the mediastinum
iii. Oversized SLTx followed by delayed pneumonectomy on the smaller contralateral side
iv. SLTx in patients with a remote history of a contralateral pneumonectomy.

Although perioperative management was more often complicated, long-term survival was good in CF patients with asymmetric chests.
A bilateral approach, if technically feasible, should be preferred

Sinn K, Stork T, Schwarz S, Stupnik T, Kurz M, Jaksch P, Klepetko W, Hoetzenecker K and
the Vienna Lung Transplant Team

Outcome of lung transplantation in cystic fibrosis patients with severe asymmetric chest cavities
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FIGURE 1. Summary of rationale, key points, and conclusion of the study. This retrospective cohort study aimed to analyze outcome of cystic fibrosis (CF)

patients with asymmetric chest cavities undergoing lung transplantation (LTx). Patients with asymmetric chests were grouped according to different surgical

strategies and results were compared with CF patients with symmetric chests. Adequate long-term outcome can be provided for CF patients with asymmetric

chest cavities, especially when bilateral transplantation is feasible. DLTx, Double-lung transplantation; SLTx, single-lung transplantation.

Thoracic: Lung Transplant Sinn et al
Surgical Approach
Patients with asymmetric chests were grouped according

to the following surgical strategies: Group i: Double LTx
(DLTx) with unilateral full size and contralateral lobar
transplantation (n ¼ 4), Group ii: Standard DLTx after
mobilization and repositioning of the mediastinum
(n ¼ 3), Group iii: Oversized SLTx followed by delayed
pneumonectomy of the smaller contralateral side (n ¼ 4),
and Group iv: SLTx in patients who had a remote history
of a contralateral pneumonectomy before they were pre-
sented to our lung transplant program (n ¼ 2). CT scans
of representative patients from each group are shown in
Figure 2. In addition, we produced schematic drawings
highlighting the different extent of chest asymmetry and
the postoperative situs of each group (Figure 3). Allocation
and donor selection was primarily based on donor and
recipient total lung capacity (TLC). However, we measured
the chest radiograph and the CT scan of the recipient before
transplantation and adapted acceptable donor TLC ranges
accordingly. Before finally accepting a donor lung, the
size and shape of the donor were always evaluated during
explantation by the explant surgeon.
654 JTCVS Open c December 2021
The recipient chest was accessed through a clamshell inci-
sion in all DLTx cases (n ¼ 7) or through an anterior thora-
cotomy in 5 of the 6 SLTx recipients. In 1 SLTx case the
sternum had to be split to get sufficient access to the hilar
structures. In patients of Group i (DLTx: Unilateral full
size þ contralateral lobe), the decision between upper or
lower lobe was based on the shape of the donor lung and
the space of the smaller hemithorax. In case of a relatively
broad upper chest and a narrow lower chest we used the upper
lobe, in case of a relatively narrow upper chest and a broad
lower chest the lower lobe was used. Mobilization and repo-
sitioning of the mediastinum (Group ii) was performed by
complete separation of the upper mediastinum from the ster-
num and the anterior chest wall. This usually results in a me-
dialization of the heart and correction of mild to moderate
size discrepancy between the 2 chest cavities. Six out of 8
DLTx patients were intraoperatively supported by a central
venoarterial (VA) ECMO. Patients who underwent SLTx
with a planned contralateral pneumonectomy were either
transplanted on femofemoral VA ECMO (n ¼ 3) or central
VA ECMO (n¼ 1). The mean duration of the delayed pneu-
monectomy was 158.8� 61.7 minutes. The number of blood



TABLE 1. Donor and recipient characteristics

Group i DLTx:

Unilateral full

size þ contralateral

lobe (n ¼ 4)

Group ii DLTx:

Mediastinal

mobilization

(n ¼ 3)

Group iii SLTx:

Followed

by delayed

pneumonectomy

(n ¼ 4)

Group iv SLTx:

Patients with

a remote

pneumonectomy

(n ¼ 2)

Control group

(n ¼ 276) P value*

Donor

Age (y) 49.5 (14-63) 53.0 (53-55) 44.0 (18-52) 51.0 (50-52) 38.0 (5-79) .031

Gender (%) .020

Male 75 0 50 50 44

Female 25 100 50 50 56

Type of donation (%) .015

DBD 100 100 100 100 97

DCD 0 0 0 0 3

Smoking

Yes 0 (0) 0 (0) 0 (0) 0 (0) 39 (14.1) .048

No 3 (75) 2 (66.7) 2 (50) 2 (100) 135 (48.9)

Unknown 1 (25) 1 (33.3) 2 (50) 0 (0) 135 (48.9)

Abnormal radiograph 1 (25) 0 (0) 0 (0) 0 (0) 33 (12) .053

Last PO2 504.3 � 124.8 388.7 � 49.7 377.1 � 82.9 466.0 � 22.6 452.7 � 94.5 .709

Last PCO2 39.7 � 6.4 54.2 � 26.6 42.2 � 6.0 52.3 � 16.6 39.2 � 7.3 .503

Recipient

Age (y) 18.8 (17-23) 30.8 (22-41) 30.9 (28-41) 20.3 (16-24) 24.8 (6-56) .854

Gender (%) .777

Male 50 0 50 50 47

Female 50 100 50 50 53

High urgent status 1 (25) 0 (0) 1 (25) 1 (50) 34 (12.3) .331

LASy 51.3 (37.7-64.9) 37.5 (–) – 62.4 (–) 38.8 (28.6-100) .906

Bridged with MV 0 (0) 0 (0) 0 (0) 0 (0) 34 (12.3) .378

Bridged with ECLS 0 (0) 0 (0) 1 (25) 0 (0) 37 (13.4) .690

Incision

Clamshell 4 (100) 3 (100%) 0 (0) 1 (50) 276 (100) < .001

Thoracotomy 0 (0) 0 (0) 4 (100) 1 (50) 0 (0)

Type of support

No ECMO 0 (0) 1 (33.3) 0 (0) 0 (0) 48 (17.4) .705

Pre- and intraoperative

ECMO

0 (0) 0 (0) 1 (25) 0 (0) 38 (13.8)

Intraoperative ECMO 4 (100) 2 (66.7) 3 (75) 0 (0) 188 (68.1)

CPB 0 (0) 0 (0) 0 (0) 2 (100) 2 (0.7)

Surgical time (min) 311.7 � 41.9 315.3 � 80.5 201.3 � 73.1 285.0 � 28.3 397.0 � 70.3 .450

Postoperative ECMO 2 (50) 1 (33.3) 3 (75) 1 (50) 44 (15.9) .003

Induction therapy

Alemtuzumab 2 (50) 2 (66.7) 0 (0) 1 (50) 140 (50.7) .361

Antithymocyte globulin 2 (50) 1 (33.3) 2 (50) 1 (50) 106 (38.4)

No 0 (0) 0 (0) 2 (50) 0 (0) 30 (10.9)

Values are presented as median (range), n (%) or mean� standard deviation, unless otherwise noted.DLTx, Double lung transplantation; SLTx, single lung transplantation;DBD,

donation after brainstem death;DCD, donation after circulatory death;PO2, oxygen tension; PCO2, carbon dioxide tension; LAS, lung allocation score;MV, mechanical ventilation;

ECLS, extracorporeal life support; ECMO, extracorporeal membrane oxygenation; CPB, cardiopulmonary bypass. *P values are all asymmetric chest groups versus control

group. yLAS was implemented during December 2011 in the Eurotransplant region; therefore, it is only available for patients listed after December 2011.

Sinn et al Thoracic: Lung Transplant
products administered during SLTx and delayed pneumonec-
tomy in Group iii are presented in Table E2. Cardiopulmo-
nary bypass (CPB) was used in the 2 SLTx patients with a
previous contralateral pneumonectomy. Intraoperative
parameters of all patients are summarized in Table 1.
Perioperative Results
Compared with the control group, the perioperative

course was more often complicated in CF patients with
an asymmetric chest. There was a significant difference
in PGD grades at 72 hours (PGD0 or 1: 46.2% vs
JTCVS Open c Volume 8, Number C 655



FIGURE 2. Standardized sections of preoperative computed tomography (CT) scans of representative patients with asymmetric chests. Group i: Double-

lung transplantation (DLTx) with unilateral full size and contralateral lobar transplantation; Group ii: Standard DLTx after mobilization and repositioning of

the mediastinum; Group iii: Oversized single-lung transplantation (SLTx) followed by delayed pneumonectomy of the smaller contralateral side; Group iv:

SLTx in patients with a remote history of a contralateral pneumonectomy.

Thoracic: Lung Transplant Sinn et al
22.5%, PGD2: 0% vs 3.6%, PGD3: 23.1% vs 1.8%)
(Table 2). This translated into a prolonged duration of me-
chanical ventilation (>7 days) in 7 out of 13 patients
(53.8%), whereas only 12.3% of patients in the control
group were still ventilated on POD7. In 5 (38.5%) pa-
tients, a tracheostomy was required. Three patients had
to be brought back to the operating room for evacuation
of a hemothorax (n ¼ 2) or encapsulated pleural effusion
(n ¼ 1). CF patients with asymmetric chests required
transient renal replacement therapy more often than con-
trol patients (30.8% vs 7.3%); however, the kidney func-
tion fully recovered in all patients and none remained
hemodialysis-dependent.

One patient of Group iii (SLTx with a delayed contra-
lateral pneumonectomy) had to be listed for acute retrans-
plantation due to severe PGD. Despite insertion of a
peripheral VA ECMO, the patient did not stabilize and
656 JTCVS Open c December 2021
received a second single lung on postoperative day
(POD) 3. The further course was prolonged and the pneu-
monectomy of the contralateral side was finally per-
formed on POD33. The patient fully recovered and
could be discharged on POD109 in good clinical condi-
tion. She lived for 15 years with an excellent quality of
life and died in 2018 after a pneumonia leading to multi-
organ failure.

One patient in Group i (DLTx with unilateral full-size
and contralateral lobe) developed acute cellular rejection
and died on POD19 after exhaustion of all therapeutic op-
tions. Two patients in Group iii (SLTx followed by delayed
contralateral pneumonectomy) died on POD61 and POD86
due to infectious multiorgan failure and antibody-mediated
rejection. This resulted in a 90-day mortality of 23.1% in
the asymmetric chest group, which was higher compared
with the control group (6.5%).



FIGURE 3. Pre- and postoperative schematic drawings of the different study groups. Group i: double-lung transplantation (DLTx) with unilateral full size

and contralateral lobar transplantation; Group ii: Standard DLTx after mobilization and repositioning of the mediastinum; Group iii: Oversized single-lung

transplantation (SLTx) followed by delayed pneumonectomy of the smaller contralateral side; Group iv: SLTx in patients with a remote history of a contra-

lateral pneumonectomy. LTx, Lung transplantation.
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A subanalysis of the 4 groups with asymmetric chests re-
vealed that procedure-related complication rates as well as
early outcomewas significantly worse in the 2 SLTx groups.
These patients had a high likelihood for prolonged mechan-
ical ventilation, renal replacement therapy, or procedure-
related complications. Although the numbers of patients
were too low to allow a meaningful statistical comparison,
2 out of 4 patients in Group iii (50%) and 1 out of 2 in
Group iv (50%) died within 1 year after transplantation.
Perioperative outcome and complications of all 4 groups
are summarized in Tables 2 and 3.

Long-Term Outcome
Two patients (15.4%) with an asymmetric chest cavity

developed acute cellular rejection>A2 compared with 5 pa-
tients (1.8%) in the control group. During the follow-up,
15.4% of patients in the asymmetric chest wall group devel-
oped chronic lung allograft dysfunction compared with
22.5% in the control group, the median time to the diag-
nosis of chronic lung allograft dysfunction was 949 days
versus 1054 days.

Survival data are depicted in Figure 4. Median time of
follow-up was 9.0 years (IQR, 5.6-12.0 yeras). Mean over-
all survival was 10.2 years (95% confidence interval, 6.03-
14.38 yeras) in patients with asymmetric chest cavity versus
12.95 years (95% confidence interval, 12.0-13.82 years) in
the control group, without any statistical significance be-
tween groups. Cause of death in CF patients with an asym-
metric chest and CF patients with a symmetric chest are
listed in Table 4. Detailed follow-up data of each patient
in the asymmetric chest group are listed in Table E3.
Although early mortality was high in the 2 SLTx groups
(Group iii and Group iv), long-term survival could be
achieved after overcoming the critical early postoperative
period. Of note, survival in the 2 DLTx groups (Group i
and Group ii) was similar to the control group. None of
the long-term survivors developed late physical deformity
or scoliosis.

DISCUSSION
A significant proportion of CF patients have asymmetric

chest cavities due to scoliosis, chest wall deformities, or a
significant mediastinal shift. Mild-to-moderate chest wall
asymmetries are usually irrelevant for transplantation, but
significant asymmetries make LTx challenging. Therefore,
some transplant centers consider severe asymmetric chests
as a contraindication for LTx. The main concerns are diffi-
cult pneumonectomy, especially in cases with a shrunken,
consolidated lung; problems in finding a graft that fits to
both chest cavities; and reduced chest compliance that
significantly influences postoperative mucus clearance.
Although sporadic case reports exist describing LTx in
JTCVS Open c Volume 8, Number C 657



TABLE 2. Outcome

Group i DLTx:

Unilateral full

size þ contralateral

lobe (n ¼ 4)

Group ii DLTx:

Mediastinal

mobilization

(n ¼ 3)

Group iii SLTx:

Followed by delayed

pneumonectomy

(n ¼ 4)

Group iv SLTx:

Patients with

a remote

pneumonectomy

(n ¼ 2)

Control

group

(n ¼ 276) P value*

PGD at 72 h

PGD 0 1 (25) 2 (66.7) 1 (25) 0 (0) 48 (17.4) .003

PGD 1 0 (0) 0 (0) 1 (25) 1 (50) 14 (5.1)

PGD 2 0 (0) 0 (0) 0 (0) 0 (0) 10 (3.6)

PGD 3 1 (25) 0 (0) 1 (25) 0 (0) 5 (1.8%)

PGD ungradable 1 (25) 0 (0) 1 (25) 1 (50) 15 (5.4)

Extubated 1 (25) 1 (33.3) 0 (0) 0 (0) 183 (66.3)

Tracheostomy 0 (0) 1 (33.3) 3 (75) 1 (50) 64 (23.2) .200

Length of mechanical

ventilation (d)

2.5 � 2.7 6.3 � 7.0 27.8 � 21.0 25.4 � 26.6 3.7 � 6.4 < .001

Prolonged weaning>7 d 0 (0) 1 (33.3) 4 (100) 2 (100) 34 (12.3) < .001

Kidney replacement 1 (25) 0 (0) 3 (75) 0 (0) 20 (7.3) .031

Acute re-transplantation 0 (0) 0 (0) 1 (25) 0 (0) 0 (0) .045

ICU stay (d) 14.3 � 5.0 11.3 � 8.6 49.3 � 28.7 30 15.6 � 25.7 .077

Hospital stay (d) 26.7 � 11.2 35.3 � 23.1 68.8 � 37.6 47.5 � 31.8 32.5 � 28.3 .150

90-d mortality rate 1 (25) 0 (0) 2 (50) 0 (0) 18 (6.5) .059

1-y survival rate 3 (75) 3 (100) 2 (50) 1 (50) 245 (88.7) .058

ACR 1 (25) 0 (0) 1 (25) 0 (0) 5 (1.8%) .035

AMR 0 (0) 0 (0) 1 (25) 0 (0) 14 (50.7) .507

CLAD 0 (0) 0 (0) 2 (50) 0 (0) 62 (22.5) .307

Values are presented as n (%) or mean � standard deviation. DLTx, Double lung transplantation; SLTx, single lung transplantation; PGD, primary graft dysfunction; ICU, intensive

care unit; ACR, acute cellular rejection; AMR, antibody mediated rejection; CLAD, chronic lung allograft dysfunction. *P values: All asymmetric chest groups versus control group.

Thoracic: Lung Transplant Sinn et al
patients with asymmetric chests, there is no structured eval-
uation of a larger case series analyzing perioperative risks
and long-term results.
TABLE 3. Complications

Group i DLTx:

Unilateral full

size þ contralateral

lobe (n ¼ 4)

Group ii DL

Mediastin

mobilizati

(n ¼ 3)

Wound infection 0 (0) 1 (33.3)

Hemothorax 0 (0) 0 (0)

Pleural effusion/empyema 0 (0) 1 (33.3)

DIOS/paralytic ileus 1 (25) 1 (33.3)

PRES 0 (0) 0 (0)

Other 1 (25) 0 (0)

ECMO/CPB-related

complications

Groin infection 0 (0) 1 (50)

Thromboembolic event 0 (0) 0 (0)

Bleeding cannulation site 0 (0) 0 (0)

Values are presented as n (%). DLTx, Double lung transplantation; SLTx, single lung tran

encephalopathy syndrome; ECMO, extracorporeal membrane oxygenation; CPB, cardiopu

658 JTCVS Open c December 2021
This work could show that LTx can be offered to care-
fully selected CF patients with severe chest asymmetries.
It provides adequate long-term outcome, especially when
Tx:

al

on

Group iii SLTx:

Followed by

delayed

pneumonectomy

(n ¼ 4)

Group iv SLTx:

Patients with

a remote

pneumonectomy

(n ¼ 2)

Control

group

(n ¼ 276) P value*

0 (0) 0 (0) 15 (5.4) .531

2 (50) 0 (0) 11 (4.0) .053

0 (0) 0 (0) 7 (2.5) .268

1 (25) 0 (0) 6 (2.7) .008

1 (25) 0 (0) 10 (40.5) .413

3 (75) 0 (0) 7 (2.5) < .001

0 (0) 1 (50) 2 (0.2) .259

0 (0) 0 (0) 10 (4.6) .467

1 (25) 0 (0) 0 (0) .098

splantation; DIOS, distal intestinal obstruction syndrome; PRES, posterior reversible

lmonary bypass. *P values: All asymmetric chest groups versus control group.
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FIGURE 4. Overall survival of cystic fibrosis (CF) patients with asym-

metric chests receiving double-lung transplantation (DLTx) (Group

I þ ii, blue) and single-lung transplantation (SLTx) (Group iii þ iv, red)

compared with CF patients with normal chest cavities (control group,

green). There was no significant difference between the groups. Vertical

bars represent 95% confidence limits.
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DLTx is feasible. However, overall prognosis was signifi-
cantly impaired for the subgroup of SLTx recipients.

Many patients with a long-standing chest asymmetry
have a limited compliance and mucus clearance can be
impaired in the early postoperative period. This can lead
to prolonged respiratory weaning and recurrent infections.
Early tracheostomy should be advocated in these patients.
A tracheostomy helps to reduce the sedation requirement
and therefore allows a gradual weaning of the ventilator
and early mobilization. In addition, it facilitates removal
of secretions by deep suction or bronchoscopy.

The assessment of the correct dimensions for the donor
lung requires exceptional attention because typical
TABLE 4. Causes of death

Asymmetric chest (n ¼ 6) Control (n ¼ 75)

MOF 4 (66.6) 39 (52)

AMR 1 (16.7) 0 (0)

ACR 1 (16.7) 1 (1.3)

Malignancy 0 (0) 7 (9.3)

CLAD 0 (0) 14 (18.7)

Bleeding 0 (0) 3 (4)

Other 0 (0) 7 (9.3)

Unknown 0 (0) 4 (5.3)

Values are presented as n (%). MOF, Multiorgan failure; AMR, antibody mediated

rejection; ACR, acute cellular rejection; CLAD, chronic lung allograft dysfunction.
parameters such as the real and predicted TLC are not suf-
ficient for size-matching because they do not reflect
anatomic conditions of the recipient. The size of the recip-
ient’s chest has to be calculated and judged based on CT
scans—chest radiograph is not sufficient. For a planned
SLTx, it has to be considered that due to mediastinal shift-
ing, 1 hemithorax is much larger compared with the dimin-
utive chest volume of the contralateral side. Thus, the donor
has to be considerably taller than the recipient, so that a sin-
gle lung graft can fill out the enlarged hemithorax.We retro-
spectively performed 3-dimensional volumetry of recipient
CT scans to better quantify the volume of both chest cav-
ities. Unfortunately, only 6 out of 13 CT scans were elec-
tronically still available. In our opinion, 3-dimensional
volumetry is an interesting additional tool that can be
used to determine the best surgical strategy of CF patients
with asymmetric chests. However, we believe that the shape
and configuration of the chest is equally important and
should be considered in the decision making.
There are only few published case reports describing LTx

in patients with severe asymmetric chests, including 2 cases
with scoliosis from the Cleveland Clinic and 1 Chinese pa-
tient with severe mediastinal shift to the left who received a
full-sized right allograft and lobar transplantation on the left
side. Postoperative complications of these three patients
included reoperation for bleeding and prolonged weaning;
however, long-term outcome was good.12-14 This is in line
with results from our cohort of DLTx recipients where we
could demonstrate good long-term results and only 1 death
within the first 90 days.
In this case series, patients of the DLTx groups (Groups i

and ii) showed better survival compared with the SLTx
groups (Groups iii and iv). Possible negative prognostic fac-
tors in patients after SLTx and contralateral pneumonec-
tomy are worse posttransplant respiratory physiology and
less lung volume, which can function as reserve in case of
respiratory infection or graft rejection.
SLTx is usually contraindicated in CF patients as the re-

maining bronchiectatic lung inevitably endangers the graft,
especially in patients who are colonized with multidrug-
resistant pathogens.15 Thus, the concept of SLTx combined
with a contralateral pneumonectomy was developed.16

However, such a strategy was not widely adopted as it
was associated with significantly worse short- and long-
term outcome as compared to DLTx. However, if surgical
options are limited to a SLTx due to a severe asymmetric
chest cavity, pneumonectomy of the contralateral lung has
to be performed. The question about the optimal timing of
the pneumonectomy is crucial. SLTx with simultaneous
contralateral pneumonectomy has the advantage that only
1 operation has to be performed and a spillage of bacteria
to the transplanted graft is avoided, on the other hand the
surgical trauma is greater and a sternal-sparing approach
is hardly possible. Because many of the patients need
JTCVS Open c Volume 8, Number C 659
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intraoperative cardiopulmonary support (ECMO or even
CPB) there is a substantial risk of bleeding into the pneumo-
nectomy cavity. Delayed pneumonectomy after SLTxmight
result in a shorter operating time and a reduced risk of
bleeding. The arguments against a 2-stage approach include
a second operation, which can interfere with the recovery
and can lead to longer reconvalescence. The ultimate deci-
sion whether a pneumonectomy can be safely done immedi-
ately after SLTx or whether a cooling-down period of a
couple of days is better, has to be left to the surgeon’s discre-
tion and the intraoperative situation.

A distinct subgroup of our study cohort are patients who
had previously undergone pneumonectomy long before the
patient was presented to our LTx program. To the best of our
knowledge, only 1 case exists in the literaturewhere a DLTx
was performed successfully in such a patient.17 Apart from
this case, there is general agreement among transplant sur-
geons that a SLTx is the only reasonable option. Piotrowski
and colleagues8 reported in 1997 an SLTx performed
8 months after contralateral pneumonectomy in a young
CF patient with an asymmetric chest. The postoperative
course was complicated by severe reperfusion injury; how-
ever, after overcoming this complication, the patient recov-
ered and could be discharged in good clinical condition.8

SLTx after a previous pneumonectomy is technically chal-
lenging and the following technical principles have to be
considered: First, the pneumonectomy cavity should not
be opened due to a high-risk of bacterial spreading which
might lead to a postpneumonectomy empyema. Second,
such transplants require CPB and in most cases the main
pulmonary artery needs a vent. Third, central cannulation
may be difficult due to the often extensive mediastinal shift
and a peripheral cannulation should be considered. Postop-
erative care is also particularly demanding and holds special
risks. Adequate fluid management is essential to avoid lung
edema and PGD3. If a negative fluid balance cannot be
achieved by conservative management, then renal replace-
ment therapy should be liberally started. We have previ-
ously shown that an early implementation of renal
replacement therapy for fluid management leads to
improved pulmonary outcomes and long-term kidney func-
tion is not impaired by such an approach.18

The fact that early outcome of CF LTx recipients with
chest asymmetry is lower than survival of the control CF
group cannot be used to justify to exclude these patients
from receiving a life-saving treatment. We believe that as
long as a patient has a realistic chance to fully recover after
a LTx, such a procedure should be offered. Weighing the
outcomes of different indications to decide whether or not
a patient can be listed is problematic and will result in
only accepting easy patients with the best perioperative
outcome. The key aspects to consider when accepting CF
patients with severe chest asymmetry for LTx are shown
in Figure E1.
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This study has several limitations. First, it is a retrospec-
tive single-center study, which poses a potential bias and
variabilities between different transplant centers are ne-
glected. Furthermore, due to the long study period of almost
15 years, the study cannot account for changes in allocation
standards, advances in surgical techniques, and immuno-
suppressive protocols. Another major limitation of this
work is the small number of patients with asymmetric
chests undergoing LTx. This may impair the statistical
comparability of outcomes with the control group. We
plan to reach out to other CF centers and provide a multi-
institutional experiencewith patients with asymmetric chest
cavities.

CONCLUSIONS
Although our cohort of patients with asymmetric chests is

small, it clearly favors a (size-reduced) bilateral over a sin-
gle LTx. Despite a higher perioperative morbidity and mor-
tality long-term survival is comparable to CF patients with
symmetric chests.
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FIGURE E1. Key aspects to consider when accepting cystic fibrosis (CF) patients with severe chest asymmetry for lung transplantation (LTx).
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TABLE E2. Number of blood products administered intraoperatively

in Group iii patients

Patient Group*

During

transplantation

During delayed

pneumonectomy

pRBC (U) FFP (U) pRBC (U) FFP (U)

8 iii 4 5 8 14

9 iii 4 7 2 0

10 iii 12 20 4 0

11 iii 6 5 3 6

pRBC, Packed red blood red cells; FFP, fresh frozen plasma. *Group iii: Oversized

single lung transplantation followed by delayed pneumonectomy of the smaller

contralateral side.

TABLE E1. Three-dimensional volumetry of preoperative computed

tomography scans

Patient Group* Right lung Left lung

1 i n.a. n.a.

2 i 1200 3030

3 i n.a. n.a.

4 i 3251 390

5 ii 2310 1880

6 ii n.a. n.a.

7 ii n.a. n.a.

8 iii 4890 420

9 iii 4350 790

10 iii n.a. n.a.

11 iii n.a. n.a.

12 iv – 2300

13 iv n.a. –

n.a., Not available. *Groups are: (i) double lung transplantation with unilateral full

size and contralateral lobar transplantation, (ii) standard double lung transplantation

after mobilization and repositioning of the mediastinum, (iii) oversized single lung

transplantation followed by delayed pneumonectomy of the smaller contralateral

side, (iv) and Single lung transplantation in patients with a remote history of a contra-

lateral pneumonectomy.

TABLE E3. Cause of death of cystic fibrosis patients with asymmetric

chest

Patient Group* Survival (d) Status Cause of death

1 i 1864 Alive

2 i 3772 Alive

3 i 4112 Alive

4 i 19 Dead ACR

5 ii 2025 Alive

6 ii 2344 Alive

7 ii 4126 Dead MOF

8 iii 61 Dead MOF

9 iii 86 Dead AMR

10 iii 4522 Alive

11 iii 5732 Dead MOF

12 iv 285 Dead MOF

13 iv 4429 Alive

ACR, Acute cellular rejection; MOF, multiorgan failure; AMR, antibody mediated

rejection. *Groups: (i) Double lung transplant with unilateral full size and contralat-

eral lobar transplantation, (ii) standard double lung transplant after mobilization and

repositioning of the mediastinum, (iii) oversized single lung transplant followed by

delayed pneumonectomy of the smaller contralateral side, (iv) Single lung transplant

in patients with a remote history of a contralateral pneumonectomy.
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