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Background: Alpha-1-antitrypsin (A1AT) deficiency (A1ATD) is characterized by accelerated degradation 
of lung function. We examined our experience with lung transplantation for chronic obstructive pulmonary 
disease (COPD) with and without A1ATD to compare survival and rates of postoperative surgical 
complications.
Methods: Patients with A1ATD and non-A1ATD COPD undergoing lung transplantation from 
1988−2015 at our institution were analyzed. Complications were categorized into non-gastroenteritis 
gastrointestinal (GI), wound, airway, and reoperation for bleeding. Overall and complication-free survival 
were evaluated using Kaplan-Meier curves and Cox proportional hazards models.
Results: Three hundred and eighty-five patients underwent lung transplant for COPD (98 A1ATD). For 
A1ATD, 56.1% underwent single lung transplantation (80.6% for COPD). Early overall and complication-
free survival was worse for A1ATD, but this trend reversed at longer follow up. Unadjusted estimated 
survival showed advantage for COPD at 90 days and 1 year, which attenuated by 5 years and reversed at 10 
years (P<0.001). On adjusted analysis, A1ATD was associated with a trend toward lower complication-free 
survival at 90 days and 1 year, due partly to increased rates of post-transplant GI pathology, particularly in 
the era of the lung allocation score (LAS). 
Conclusions: A1ATD lung recipients had worse short-term complication-free survival but improved long-
term survival compared to COPD patients. A1ATD was associated with greater risk of new GI pathology 
after transplant. Close monitoring of A1ATD patients with timely evaluation of GI complaints after 
transplant is warranted.
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Introduction

Lung transplantation is an important therapy for patients 
with end-stage chronic obstructive pulmonary disease 
(COPD), including those with alpha-1-antitrypsin (A1AT) 
deficiency (A1ATD). Since 2004, 28.5% of lung transplants 
been performed for A1AT-replete (non-A1ATD) COPD, 
making this the second-most common indication for 
lung transplantation. Transplantation for A1ATD-
related COPD is less common, constituting only 3.6% 
of transplants during this same time (1). Prior work has 
demonstrated superior long-term survival for A1ATD lung 
recipients compared to those with A1AT-replete COPD, 
although A1ATD patients may suffer greater short-term 
morbidity and mortality (2-4).

Gastrointestinal (GI) complications occur in up to 
50% of recipients following lung transplantation (5-18). 
Compared to other transplant indications, A1ATD is a risk 
factor for early post-transplant laparotomy (5). Whether 
A1ATD patients suffer a greater number of overall GI 
complications (compared to those with A1AT-replete 
COPD) and the associated survival effect, along with the 
comparative incidence of other major complications (e.g., 
airway, wound, reoperation for bleeding) is unclear.

We used a large single-center cohort of lung transplant 
recipients for end-stage COPD to: (I) compare the short- 
and long-term survival of patients who underwent lung 
transplantation for A1ATD vs. A1AT-replete COPD; 
(II) compare the relative incidence of GI and other major 
postoperative surgical complications; and (III) explore the 
role of other major demographic elements on overall and 
complication-free survival.

Methods

Study design

We retrospectively reviewed our institutional database 
for all patients who underwent lung transplantation for 
COPD, with or without A1ATD, from 1988−2015. Patients 
requiring re-transplantation were excluded. The study was 
approved by institutional review board of the University 
of Minnesota (study number 1006M83333, approval date 
11/29/2016).

Definitions

COPD caused by A1ATD is referred to as “A1ATD” and 
A1A-replete COPD is referred to as “COPD”. All patients 

undergoing lung transplantation after the institution of 
the lung allocation score (LAS) in May 2005 are referred 
to as the “LAS cohort”. Postoperative complications were 
reviewed and classified as non-gastroenteritis GI (henceforth 
“GI”), airway, wound, or reoperation for bleeding. GI 
complications included any documented pathologic 
diagnosis related to the hepatopancreatobiliary (HPB) 
complex (e.g., cirrhosis, steatosis, ascites, gallstone disease, 
cholangitis, pancreatitis) or mechanical alimentary function 
(e.g., bowel obstruction, diverticulitis). GI bleeding 
from any source and sequelae of peptic ulcer disease 
were also included. Gastroenteritis of any etiology was 
excluded. Any bronchial or tracheal anastomotic stricture 
or dehiscence was considered an airway complication. 
Any wound infection or dehiscence was considered a 
wound complication. Any patient who required operative 
exploration for bleeding in the first 48 hours after surgery 
was included in the reoperation for bleeding category. 

Clinical considerations

The standard pre-transplant GI workup at our institution 
includes a standard hepatic laboratory panel with 
additional imaging and liver biopsy as indicated. Upper 
endoscopy and esophageal manometry are standard, as is 
colonoscopy for all potential recipients over 50 years of age. 
Cardiopulmonary bypass (CPB) is used for all bilateral lung 
transplants at our institution.

Induction immunosuppression (IS) is not used at our 
institution. Following transplant, standard IS consists 
of a calcineurin inhibitor (tacrolimus or cyclosporine 
if tacrolimus is not tolerated), a cell cycle inhibitor 
[mycophenolate mofetil (MMF) or azathioprine if MMF 
is not tolerated], and prednisone. These agents are used 
in all recipients, regardless of indication for transplant 
(e.g., A1ATD vs. COPD). There have been no changes to 
this protocol since these drugs became available. Our IS 
protocol is similar to reported contemporary practice (19). 
Post-transplant A1AT repletion for A1ATD is not used at 
our institution and has not been used historically.

Statistical methods

Descriptive statistics were tabulated overall and by diagnosis, 
including the mean and standard deviation for continuous 
variables and frequency with percentage for categorical 
variables. Unadjusted survival curves were based on Kaplan-
Meier estimates. Adjusted analyses were summarized with 
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hazard ratios (HR) based on Cox proportional hazards 
regression models and differences in proportions based on 
pseudo-observations (20,21). Survival analyses included 
endpoints of overall survival at 90 days, 1 year, 5 years and 
10 years and complication-free and GI complication-free 
survival at 90 days, 1 year, and 5 years. Adjusted analysis for 
each timeframe used separate regression models. Analyses of 
complication rates were confined to transplants performed 
in 2002−2015 due to lack of historical detail in our database; 
these analyses were also repeated for the LAS cohort. The 
incidence of complications was evaluated using cumulative 
incidence functions to account for the competing risk of 
death, with comparisons based on the subdistribution 
between groups (22). The adjusted competing risks 
analyses used the Fine-Gray proportional subdistribution 
hazards regression model (23).

In addition to COPD/A1ATD status, all adjusted 
analyses accounted for recipient age, donor age, bilateral 
vs. single transplantation (henceforth “laterality”), recipient 
sex, and LAS (LAS era vs. pre-LAS) when appropriate. 
These were chosen a priori based on established prominent 
risk factors, availability of the patient information across our 
database, and the available sample size, which limited the 
number of variables included in regression models. Robust 
variance estimation was used throughout for confidence 
intervals and P values. All analyses were performed using R 
v3.2.4 (24).

Results

Study population

Between 1988 and 2015, a total of 886 lung transplants were 
performed. The most common indications were COPD/
A1ATD (n=403 total, n=385 after exclusion of pediatric 
transplants and re-transplants), interstitial lung disease 
(ILD)/idiopathic pulmonary fibrosis (IPF) (n=195), cystic 
fibrosis (CF, n=121), and pulmonary arterial hypertension 
(PAH, mean pulmonary artery pressure >40 mmHg, 
n=67). Of the 385 transplants for COPD or A1ATD, 129 
(33.5%) were performed following the implementation of 
the LAS in May 2005 (LAS cohort, Table 1). Compared 
to those without A1ATD, recipients with A1ATD were 
more likely to be male (53.1% vs. 43.2%), younger (51.7± 
8.0 vs. 58.1±6.1 years), and less likely to receive a single 
lung transplant (56.1% vs. 80.6%). The groups were 
approximately evenly matched for ethnicity, donor age, and 
recipient and donor smoking status. Fewer transplants for 

A1ATD were performed in the LAS era than for COPD 
(20.4% vs. 38.1%). These differences in demographic 
and clinical characteristics between COPD and A1ATD 
recipients were similar in the 2002−2015 and LAS cohorts 
(Table 1). Rates of pre-transplant chronic GI pathology 
(most commonly gastroesophageal reflux disease and a 
history of colon polyps) were also similar between diagnosis 
groups in both analysis cohorts (Table S1). 

Unadjusted outcomes

In unadjusted Kaplan-Meier estimates, A1ATD patients 
demonstrated slightly increased early mortality compared 
to COPD patients at 90 days [91% (95% CI: 0.85−0.96) 
vs. 95% (95% CI: 0.92−0.97)] and 1 year [84% (95% CI: 
0.77−0.92 vs. 87% (95% CI: 0.83−0.91)] despite decreased 
long-term mortality: 46% (95% CI: 0.35−0.56) of A1ATD 
patients were alive at 10 years compared to only 23% 
(95% CI: 0.17−0.29) of patients with COPD. Survival was 
similar in both groups at 3 years [A1ATD: 75% (95% CI: 
0.67−0.84), COPD: 74% (95% CI: 0.69−0.79)], but was 
superior in A1ATD at 5 years [67% (95% CI: 0.57−0.77) 
vs. 56% (95% CI: 0.50−0.62)] compared to COPD (log-
rank P=0.001, Figure 1). Unadjusted estimates for the non-
COPD/A1ATD cohort (e.g., recipients transplanted for 
ILD/IPF, CF, PAH) were similar at 3 years [69% (95% CI: 
0.64−0.74)] and 5 years [58% (95% CI: 0.53−0.63)].

Compl i ca t ion- f ree  and  GI  compl i ca t ion- f ree 
survival during the first three years were superior 
for COPD patient compared with A1ATD, but this 
trend attenuated and even reversed around years 3 
and 4 (Figures 2,S1). Cumulative incidence estimates 
of postoperative complications was higher in the 
A1ATD group at 90 days (17.02% vs. 12.16%), 1 year 
(27.65% vs. 18.53%), and 5 years (34.65% vs. 26.26%)  
(Table 2). The majority of these were airway (P=0.048) 
and GI complications, which were more common in the 
A1ATD patients at each time point, attributable to greater 
rates of GI bleeding, diverticulitis, gallstone disease, ascites, 
and other HPB disease. The overall cumulative incidence 
of wound complications was low in both groups (Table 2). 
Among the entire cohort, only 4 patients (1.4%, all COPD) 
required reoperation for bleeding.

Adjusted outcomes

After adjustment for transplant laterality, donor age, 
recipient age and sex, and LAS era, A1ATD had a negative 
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Table 1 Cohort by diagnosis

Cohort Overall A1ATD COPD P value

Entire cohort n=385 n=98 n=287

Demographics

Recipient male (n, %) 176 (45.7) 52 (53.1) 124 (43.2) 0.116

Caucasian (n, %) 378 (98.2) 98 (100.0) 280 (97.6) 0.296

Black (n, %) 5 (1.3) 0 (0.0) 5 (1.7) −

Other (n, %) 2 (0.5) 0 (0.0) 2 (0.7) −

Age

Recipient (mean ± SD) 56.5±7.2 51.7±8.0 58.1±6.1 <0.001

Donor (mean ± SD) 35.9±15.0 34.4±14.7 36.5±15.1 0.225

Pulmonary Status

Recipient smoker (n, %) 196 (50.9) 47 (48.0) 149 (51.9) 0.576

Donor smoker (n, %) 42 (10.9) 8 (8.2) 34 (11.8) 0.411

Transplant

LAS era transplant (n, %) 129 (33.5) 20 (20.4) 109 (38.1) 0.002

Single lung transplant (n, %) 286 (74.3) 55 (56.1) 231 (80.6) <0.001

Transplant LOS >14 days (n, %) 170 (44.2%) 48 (49.0%) 122 (42.7) 0.346

LAS cohort n=129  n=20 n=109

Demographics

Recipient male (n, %) 60 (46.5) 10 (50.0) 50 (45.9) 0.923

Caucasian (n, %) 127 (98.4) 20 (100.0) 107 (99.0) 0.830

Black (n, %) 1 (0.8) 0 (0.0) 1 (0.9) −

Other (n, %) 1 (0.8) 0 (0.0) 1 (0.9) −

Age

Recipient (mean ± SD) 59.8±5.3 57.9±7.1 60.1±4.8 0.090

Donor (mean ± SD) 39.6±15.8 42.8±14.0 39.1±16.1 0.336

Pulmonary Status

Recipient smoker (n, %) 126 (97.7) 20 (100.0) 106 (97.2) >0.999

Donor smoker (n, %) 42 (32.6) 8 (40.0) 34 (31.2) 0.608

Transplant

Single lung transplant (n, %) 87 (67.4) 12 (60.0) 75 (68.8) 0.608

Lung allocation score (mean ± SD) 37.8±14.7 33.7±2.84 38.5±15.8 0.189

Longest ischemic time (mins, mean ± SD) 306±147 266±160 314±144 0.228

Transplant LOS >14 days (n, %) 63 (48.8) 13 (65.0) 50 (45.9) 0.196

“Longest ischemic time” refers to the ischemic time of the second lung implanted during BLTx or to the ischemic time of the only 
implanted lung in SLTx. A1ATD, alpha-1-antitrypsin deficiency; COPD, chronic obstructive pulmonary disease; LAS, lung allocation score; 
LOS, length of stay; BLTx, bilateral lung transplant; SLTx, single lung transplant.
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Figure 2 Unadjusted (A) complication-free survival and (B) GI complication-free survival by diagnosis in 2002−2015 cohort. COPD, 
chronic obstructive pulmonary disease; yr, year; GI, gastrointestinal.
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Table 2 Cumulative incidence estimates for complications by diagnosis (%), 2002−2015

Complication type Time Overall (n=191) A1ATD (n=42) COPD (n=149) P value

All 90 days 12.16 17.02 10.81 0.139

1 year 18.53 27.65 15.99

5 years 26.26 34.65 24

Airway 90 days 3.71 7.32 2.71 0.048

1 year 4.79 12.27 2.71

5 years 6.03 12.27 4.28

Wound 90 days 1.06 2.44 0.68 0.649

1 year 3.36 2.44 3.60

5 years 4.09 2.44 4.52

All GI 90 days 5.81 4.88 6.08 0.556

1 year 9.30 10.37 9.01

5 years 12.98 16.78 11.90

GI bleed 90 days 2.64 2.44 2.70 0.839

1 year 2.64 2.44 2.70

5 years 4.67 5.48 4.50

All alimentary 90 days 2.64 2.38 2.70 0.705

1 year 2.64 2.38 2.70

5 years 7.33 5.82 7.78

Diverticulitis 90 days 0.52 2.38 0 0.357

1 year 0.52 2.38 0

5 years 1.34 2.38 1.07

Small bowel 
obstruction

90 days 0 0 0 0.333

1 year 0 0 0

5 years 2.24 0 2.94

Other alimentary 90 days 2.12 0 2.70 0.718

1 year 2.12 0 2.70

5 years 3.75 3.39 3.78

All HPB 90 days 3.70 2.44 4.05 0.452

1 year 7.72 10.37 6.98

5 years 10.10 13.70 9.04

Acute pancreatitis 90 days 2.12 2.44 2.03 0.751

1 year 2.71 2.44 2.79

5 years 3.47 2.44 3.78

Table 2 (continued)
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Table 2 (continued)

Complication type Time Overall (n=191) A1ATD (n=42) COPD (n=149) P value

Ascites 90 days 0.53 0 0.68 0.326

1 year 1.09 2.65 0.68

5 years 1.09 2.65 0.68

Gallstone disease 90 days 1.06 0 1.35 0.381

1 year 4.52 8.13 3.56

5 years 5.33 8.13 4.62

Cirrhosis 90 days 0 0 0 N/A

1 year 0 0 0

5 years 0 0 0

Other HPB 90 days 0 0 0 0.175

1 year 1.68 2.44 1.44

5 years 2.46 5.72 1.44

“Gallstone disease” includes cholelithiasis, cholecystitis, and choledocholithiasis. “Other alimentary” includes gastric bezoar [1] for 
A1ATD and colon perforation [3], abdominal compartment syndrome [1], perforated duodenal ulcer [1], and unspecified GI perforation 
requiring ileostomy [1] for COPD. “Other HPB” includes gastroesophageal varices [1], ruptured hepatic artery aneurysm [1], cholangitis 
[1], portal hypertension [1], pancreatic duct stricture [1] for A1ATD and non-alcoholic steatohepatitis [1], cholestatic hepatitis [1], and 
pancreatocolonic fistula [1] for COPD. GI, gastrointestinal; HPB, hepatopancreatobiliary; A1ATD, Alpha-1-antitrypsin deficiency; COPD, 
chronic obstructive pulmonary disease; N/A, not applicable.

effect on 90-day (HR 1.78, 95% CI: 0.52−6.05, P=0.356) 
and 1-year (HR 1.40, 95% CI: 0.67−2.94, P=0.369) 
overall survival compared to COPD (Table 3). Despite this 
relatively high risk of early mortality, the point estimate 
for the hazard ratio for overall survival for A1ATD patients 
actually becomes superior to that of COPD patients at  
5 years (HR 0.97, 95% CI: 0.59−1.57, P=0.894). This 
change persists at 10 years (HR 0.76, 95% CI: 0.51−1.13, 
P=0.169) and the difference becomes more dramatic and 
statistically significant with the use of a time-varying HR 
over 5−10 years (HR 0.52, 95% CI: 0.30−0.91, P=0.021). 
Additionally, restricted mean survival estimates revealed a 
16% (95% CI: 0.02−0.30, P=0.022) survival advantage in 
A1ATD at 10 years compared to COPD (Table 4). Notably, 
survival for the entire cohort was significantly improved in 
the LAS era. 

As a secondary analysis, adjusted overall survival analysis 
of the LAS cohort demonstrated a mortality risk at 5 years 
after transplant that was similar between A1ATD and 
COPD (HR 1.02, 95% CI: 0.40−2.56, P=0.970), though 
this was restricted by the available sample size, evidenced 
by the wider confidence interval. A paucity of events 
prohibited analysis of earlier (<5 years) intervals. Bilateral 

lung transplantation (BLTx) was more common for A1ATD 
in both the overall and LAS cohorts. BLTx recipients as 
a group were subject to greater early (90-day and 1-year) 
morbidity and mortality compared to those undergoing 
single lung transplantation (SLTx) but enjoyed improved 
long-term (5-year and 10-year) survival (Tables 1,3, 
Figure 1).

Regarding complications, A1ATD demonstrated a trend 
toward worse complication-free survival at 90 days (HR 
1.30, 95% CI: 0.48−3.51, P=0.611) and 1 year (HR 1.15, 
95% CI: 0.54−2.48, P=0.714), adjusting for laterality, donor 
age, recipient age and sex, and LAS era (vs. pre-LAS) in 
the 2002−2015 cohort. Similar to overall survival, the HR 
between A1ATD and COPD attenuates at longer follow-up. 
These findings are replicated in the LAS cohort (Table 4).  
Due to limitations in completeness of complication data 
over extended follow-up, comparisons were not calculated 
past the first 5 years. Single lung transplant was associated 
with improved complication-free survival in the 2002−2015 
and LAS cohorts despite worse overall long-term survival 
(Table 4).

A1ATD was associated with a trend towards worse GI 
complication-free survival at 90 days (HR 1.65, 95% CI: 
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Table 4 Post-transplant complications- adjusted cox proportional hazards

Covariate
90-day survival 1-year survival 5-year survival 

HR, 95% CI P value HR, 95% CI P value HR, 95% CI P value

Complication-free survival

2002−2015 cohort

A1ATD (vs. COPD) 1.30 (0.48−3.51) 0.611 1.15 (0.54−2.48) 0.714 0.89 (0.46−1.71) 0.726

Recipient age (per 10 years) 1.01 (0.52−1.98) 0.976 1.12 (0.63−1.99) 0.693 1.27 (0.80−2.00) 0.310

Donor age (per 10 years) 0.88 (0.66−1.18) 0.407 0.90 (0.73−1.11) 0.320 0.98 (0.84−1.15) 0.847

SLTx (vs. BLTx) 0.43 (0.16−1.15) 0.092 0.32 (0.15−0.69) 0.004 0.44 (0.25−0.79) 0.005

Male (vs. female) 1.78 (0.76−4.21) 0.187 2.06 (1.09−3.87) 0.025 1.40 (0.89−2.19) 0.142

LAS era (vs. pre-LAS) 0.72 (0.24−2.17) 0.553 0.64 (0.28−1.49) 0.303 0.70 (0.39−1.23) 0.210

LAS cohort

A1ATD (vs. COPD) 1.50 (0.44−5.08) 0.515 1.01 (0.32−3.16) 0.991 1.03 (0.44−2.41) 0.941

Recipient age (per 10 years) 0.86 (0.43−1.71) 0.662 1.01 (0.50−2.01) 0.988 0.94 (0.57−1.55) 0.815

Donor age (per 10 years) 0.76 (0.54−1.08) 0.122 0.76 (0.60−0.98) 0.031 0.82 (0.69−0.99) 0.035

SLTx (vs. BLTx) 0.67 (0.23−1.91) 0.451 0.43 (0.19−0.99) 0.048 0.52 (0.27−1.00) 0.048

Male (vs. female) 3.27 (1.02−10.43) 0.046 1.70 (0.95−3.05) 0.072 1.70 (0.95−3.05) 0.072

GI complication-free survival

2002−2015 cohort

A1ATD (vs. COPD) 0.94 (0.24−3.67) 0.925 0.88 (0.32−2.38) 0.797 0.76 (0.36−1.60) 0.464

Recipient age (per 10 years) 0.98 (0.42−2.27) 0.963 1.23 (0.58−2.60) 0.584 1.34 (0.77−2.31) 0.300

Donor age (per 10 years) 0.83 (0.58−1.19) 0.321 0.91 (0.71−1.16) 0.433 0.97 (0.82−1.16) 0.767

SLTx (vs. BLTx) 0.36 (0.11−1.21) 0.098 0.34 (0.13−0.88) 0.026 0.64 (0.34−1.23) 0.185

Male (vs. female) 1.36 (0.50−3.74) 0.548 1.87 (0.89−3.93) 0.100 1.15 (0.71−1.86) 0.577

LAS era (vs. pre-LAS) 0.69 (0.17−2.83) 0.609 0.63 (0.22−1.78) 0.380 0.77 (0.41−1.45) 0.425

LAS cohort

A1ATD (vs. COPD) 1.65 (0.36−7.62) 0.519 1.14 (0.30−4.28) 0.851 1.64 (0.71−3.82) 0.249

Recipient age (per 10 years) 0.93 (0.35−2.47) 0.890 1.38 (0.49−3.85) 0.543 1.18 (0.63−2.21) 0.601

Donor age (per 10 years) 0.63 (0.40−1.00) 0.049 0.70 (0.52−0.93) 0.016 0.74 (0.60−0.92) 0.007

SLTx (vs. BLTx) 0.59 (0.17−2.06) 0.407 0.41 (0.15−1.10) 0.076 0.67 (0.33−1.34) 0.259

Male (vs. female) 2.64 (0.65−10.65) 0.172 1.50 (0.80−2.83) 0.206 1.50 (0.80−2.83) 0.206

Table 4 (continued)
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0.36−7.62, P=0.519), 1 year (HR 1.14, 95% CI: 0.30−4.28, 
P=0.851), and 5 years (HR 1.64, 95% CI: 0.71−3.82, 
P=0.249) in the LAS cohort (Table 4). Increased recipient 
age and BLTx (vs. SLTx) were associated with worse 1- 
and 5-year GI complication-free survival. Fine-Gray model 
results revealed that, after accounting for the competing 
risk of death, A1ATD patients demonstrated a trend toward 
greater risk of GI complications at 1 year [subdistribution 
hazard ratio (SHR) 1.24, 95% CI: 0.28−5.54, P=0.780] 
and 5 years (SHR 1.87, 95% CI: 0.56−6.19, P=0.310) in 
the LAS cohort adjusting for recipient and donor age, 
laterality, and sex (Table 5). The attenuation over time 
of the A1ATD effect on GI complications is no longer 
observed when accounting for death as a competing risk. In 
fact, the trend is reversed. In both the 2002−2015 cohort 
and the LAS cohort, A1ATD demonstrates lower risk of GI 
complications over 90 days, similar risk of GI complications 
over 1 year, and greater risk over 5 years (Table 5).

Finally, there was an association between A1ATD 
and worse airway complication-free survival in the 
2002−2015 cohort, particularly in the first 90 days (HR 
1.84, 95% CI: 0.42−8.02, P=0.419) and 1 year (HR 1.48, 

95% CI: 0.57−3.89, P=0.422) after transplant, but this 
effect appeared to dissipate by 5 years (HR 0.93, 95% 
CI: 0.47−1.84, P=0.841). This is concordant with the 
corresponding cumulative incidence estimates in Table 2. 
Notably, this effect was not observed in the LAS cohort 
(Table 4). Fine-Gray analysis re-demonstrates greater risk of 
airway complications in A1ATD patients in the 2002−2015 
cohort but such analysis could not be performed in the LAS 
cohort due to a paucity of events (Table 5).

Discussion

We present a large cohort of patients who underwent 
lung transplantation for COPD and A1ATD and find 
that A1ATD was associated with lower complication-free 
and GI complication-free survival over the first five years 
following lung transplantation compared to COPD. While 
the effect of primary diagnosis on overall survival was not 
statistically significant based on the hazard ratio, A1ATD 
patients demonstrated a notable trend toward increased 
early mortality (HR 1.78 at 90 days and HR 1.40 at 1 year) 
after transplant but equal or improved survival over the 

Table 4 (continued)

Covariate
90-day survival 1-year survival 5-year survival 

HR, 95% CI P value HR, 95% CI P value HR, 95% CI P value

Airway complication-free survival

2002−2015 cohort

A1ATD (vs. COPD) 1.84 (0.42−8.02) 0.419 1.48 (0.57−3.89) 0.422 0.93 (0.47−1.84) 0.841

Recipient age (per 10 years) 0.93 (0.39−2.21) 0.874 1.46 (0.73−2.94) 0.288 1.46 (0.87−2.46) 0.151

Donor age (per 10 years) 1.11 (0.74−1.66) 0.628 1.18 (0.90−1.56) 0.225 1.15 (0.95−1.38) 0.151

SLTx (vs. BLTx) 0.40 (0.10−1.65) 0.205 0.30 (0.11−0.85) 0.024 0.69 (0.36−1.31) 0.253

Male (vs. female) 1.29 (0.35−4.73) 0.702 2.32 (0.90−6.02) 0.082 1.76 (1.03−3.00) 0.038

LAS era (vs. pre-LAS) 0.41 (0.11−1.46) 0.167 0.30 (0.12−0.80) 0.016 0.55 (0.30−1.03) 0.062

LAS cohort

A1ATD (vs. COPD) 1.02 (0.12−8.69) 0.982 0.46 (0.05−4.19) 0.49 0.73 (0.29−1.87) 0.516

Recipient age (per 10 years) 1.19 (0.45−3.17) 0.726 2.05 (0.75−5.61) 0.161 1.55 (0.83−2.92) 0.172

Donor age (per 10 years) 0.92 (0.53−1.59) 0.762 0.96 (0.69−1.33) 0.817 0.91 (0.74−1.12) 0.371

SLTx (vs. BLTx) 0.51 (0.08−3.11) 0.464 0.40 (0.11−1.42) 0.155 0.76 (0.36−1.61) 0.473

Male (vs. female) 2.12 (0.33−13.48) 0.425 2.65 (1.28−5.49) 0.009 2.65 (1.28−5.49) 0.009

HR, hazard ratio; A1ATD, alpha-1-antitrypsin deficiency; COPD, chronic obstructive pulmonary disease; SLTx, single lung transplant; BLTx, 
bilateral lung transplant; LAS, lung allocation score; GI, gastrointestinal.
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Table 5 Fine-Gray model of adjusted competing risks analysis

Covariate
90-day survival 1-year survival 5-year survival 

 SHR, 95% CI P value SHR, 95% CI P value SHR, 95% CI P value

GI complications

2002−2015 cohort

A1ATD (vs. COPD) 0.71 (0.12−4.20) 0.700 0.97 (0.26−3.65) 0.970 1.46 (0.46−4.63) 0.520

Recipient age (per 10 years) 1.18 (0.44−3.18) 0.750 1.01 (0.38−2.64) 0.990 0.84 (0.39−1.79) 0.640

Donor age (per 10 years) 0.66 (0.41−1.07) 0.089 0.63 (0.43−0.93) 0.018 0.70 (0.51−0.94) 0.019

SLTx (vs. BLTx) 0.47 (0.10−2.29) 0.350 0.46 (0.12−1.80) 0.260 0.52 (0.18−1.56) 0.250

Male (vs. female) 1.19 (0.35−4.02) 0.780 1.11 (0.42−2.89) 0.830 0.84 (0.36−1.96) 0.680

LAS era (vs. pre-LAS) 1.35 (0.21−8.44) 0.750 1.41 (0.34−5.94) 0.640 2.54 (0.71−9.06) 0.150

LAS cohort

A1ATD (vs. COPD) 0.87 (0.12−6.41) 0.890 1.24 (0.28−5.54) 0.780 1.87 (0.56−6.19) 0.310

Recipient age (per 10 years) 0.97 (0.36−2.61) 0.950 0.96 (0.32−2.89) 0.940 0.79 (0.34−1.82) 0.580

Donor age (per 10 years) 0.67 (0.42−1.06) 0.090 0.64 (0.43−0.93) 0.021 0.70 (0.51−0.97) 0.030

SLTx (vs. BLTx) 0.98 (0.24−3.94) 0.980 0.77 (0.21−2.87) 0.700 0.71 (0.23−2.16) 0.540

Male (vs. female) 3.37 (0.76−14.94) 0.110 1.53 (0.51−4.58) 0.450 0.97 (0.38−2.49) 0.950

Airway complications

2002−2015 cohort

A1ATD (vs. COPD) 1.74 (0.31−9.85) 0.530 2.31 (0.49−10.95) 0.290 1.89 (0.56−6.36) 0.300

Recipient age (per 10 years) 0.95 (0.30−3.02) 0.930 1.25 (0.39−4.02) 0.710 0.96 (0.38−2.45) 0.940

Donor age (per 10 years) 1.05 (0.58−1.90) 0.870 0.98 (0.57−1.67) 0.930 1.02 (0.67−1.54) 0.930

SLTx (vs. BLTx) 0.38 (0.06−2.45) 0.310 0.23 (0.04−1.54) 0.130 0.44 (0.10−1.86) 0.260

Male (vs. female) 2.12 (0.35−12.98) 0.420 2.49 (0.46−13.58) 0.290 3.84 (0.74−20.08) 0.110

LAS era (vs. pre-LAS) 0.73 (0.10−5.21) 0.750 0.43 (0.06−2.93) 0.390 0.73 (0.17−3.14) 0.680

Fine-Gray analysis not performed for airway complications in LAS cohort due to a paucity of events. Death is the sole competing risk in all 
analyses shown. SHR, subdistribution hazard ratio; GI, gastrointestinal; A1ATD, alpha-1-antitrypsin deficiency; COPD, chronic obstructive 
pulmonary disease; SLTx, single lung transplant; BLTx, bilateral lung transplant; LAS, lung allocation score.

long-term compared to those with COPD. This is also 
reflected in the crossing survival curves from the unadjusted 
analyses and suggests that the A1ATD patients have better 
survival (compared to COPD) at prolonged follow up. 
Indeed, adjusted analysis evaluating survival beyond 5 years 
showed the hazard for the A1ATD group was significantly 
smaller compared to the COPD group. The increased early 
morbidity and mortality for A1ATD patients in our cohort 
is consistent with prior reports on this subject (3,4,25-27).

The loss of A1AT in A1ATD patients results in the 
unregulated activity of neutrophil elastase, which has the 
potential to impair wound healing and anastomotic integrity 

(28,29). Although the rates of wound complication did 
not differ significantly by diagnosis and the global rate of 
reoperation for bleeding was low, there was an increased 
rate of airway complications (AC) in the short and long 
term in A1ATD recipients compared to those with COPD. 
Our findings are concurrent with those of Gulack et al., 
who reported an increased rate of airway dehiscence in 
A1ATD patients in an analysis of UNOS data (30). The 
rate of AC in the general lung transplant population is 
10−15%, which is consistent with our data (31). Reported 
risk factors include anastomotic ischemia and technique, 
allograft infection (usually fungal), rejection, and need for 
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tracheostomy after transplant (31-35). The use of a short 
donor bronchus (divided at or near the lobar carina) and 
an “end-to-end” (vs. telescoping) anastomotic technique 
both appear to be protective against AC (34,35). For over 
two decades, the practice at the University of Minnesota 
has been to trim the donor bronchus two rings from the 
lobar carina and to perform an end-to-end anastomosis 
with a single running 4-0 polypropylene suture. Given this 
and the absence of historical detail about the factors listed 
above prior to the LAS era in our database, the cause of the 
decreased rate of airway complications in the LAS era is not 
apparent from our data.

Our findings suggest that A1ATD patients suffer a 
greater comparative incidence of post-transplant GI 
pathology, especially GI bleeding, diverticulitis, and 
HPB disease. High rates of GI complications have been 
reported in lung recipients, but A1ATD patients may have 
a uniquely increased risk (5,9,11,35-37). Bredahl et al. 
demonstrated that A1ATD was an independent predictor 
of early post-transplant laparotomy, most commonly 
segmental colectomy (5). Similarly, we showed an increased 
incidence of overall mechanical complications in A1ATD 
vs. COPD at 1 year (5% vs. 2%) due to an increased burden 
of diverticulitis in A1ATD patients (Table 2). 

The increased rates of HPB pathology in the A1ATD 
cohort appear to be based on increased rates of gallstone 
disease and ascites. Ongoing polymerization of Z-type 
A1AT causes chronic hepatocyte injury in A1ATD, 
promoting progressive fibrosis (38). Although there were no 
new cirrhosis diagnoses after transplant, patients with such 
chronic liver disease have increased rates of cholelithiasis, 
increasing the risk of gallstone-related disease (39). The 
cumulative burden of these factors, plus perioperative 
stress, immunosuppression, and the natural course of 
A1ATD, likely associated with some level of subclinical 
liver dysfunction, may be responsible for these findings after 
lung transplantation (40). Our data also suggest that greater 
recipient age and BLTx may exacerbate this risk (Table 4).

Regarding GI bleeding, lung recipients may experience 
low-flow states associated with CPB and/or hemodynamic 
instability. A1AT is protective against reperfusion injury 
in experimental settings (41-43). Yang et al. demonstrated 
improved mucosal integrity in a murine model of small 
bowel transplantation when grafts were preserved using a 
A1AT-containing solution, implying a protective role of 
A1AT in splanchnic ischemia-reperfusion injury (41). The 
greater demonstrated incidence of postop GI bleeding 
suggests this protection may be impaired in A1ATD 

recipients.
At this time, there is not a clear benefit to post-transplant 

A1A supplementation. At our institution, only a few patients 
were receiving supplementation prior to transplant but this 
was discontinued after transplant. This practice is based 
on a lack of substantial evidence that supplementation 
changes outcomes or is cost-effective after transplant. The 
American Thoracic Society/European Respiratory Society 
guidelines for management of A1ATD do not recommend 
supplementation after transplant  (44). Although published 
in 2003 (pre-LAS), there have been no new studies since 
that time addressing the utility of supplementation after 
transplant. Notably, listing for lung transplantation was 
actually an exclusion criterion in the largest existing 
randomized controlled trial of A1AT supplementation (45).

Despite this, there may be some utility to A1AT 
supplementation in the peri- and/ or post-transplant period. 
There have been small studies that demonstrate elevated 
levels of neutrophil elastase in bronchoalveolar lavage 
samples of A1ATD lung transplant recipients during severe 
lower respiratory tract inflammatory conditions, which 
argues for potential use of this therapy during episodes of 
acute rejection or infection (29,46). Improvement in wound 
healing with A1AT supplementation in an affected patient 
has also been reported  (47).

How can we use our findings to improve care?  We 
found that the burden of wound and early bleeding 
complications following transplant for A1ATD is not 
greater than that for COPD. However, our data suggest 
a relationship between A1ATD and GI pathology after 
transplant. Aggressive workup of post-transplant abdominal 
complaints, particularly in A1ATD patients should be 
considered; this is supported by prior reports on the 
subject (5,7,9,11,37,48). Paul et al. presented a standardized 
approach to all lung transplant patients, including 
preoperative abdominal ultrasound with post-transplant 
cholecystectomy (when appropriate) and mandatory 
abdominal computed tomography with general surgery 
consultation for postoperative abdominal symptoms (9). 
More rigorous, protocolized screening for GI pathology 
before or after transplant in this population is intuitively 
appealing but further study is required to determine the 
ideal regimen.

Our findings also suggest a need for investigation of the 
potential benefits of perioperative and/or postoperative 
A1AT supplementation. von Schönfeld et al. demonstrated 
impaired hepatic metabolism despite normal laboratory 
values in patients with A1ATD-related emphysema 
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using indocynanine green (ICG) clearance testing (40). 
Oxidative stress, common in major surgery, contributes 
to liver damage in animal models of A1ATD (49). 
Perioperative A1AT supplementation could potentially 
mitigate perioperative splanchnic insult, especially in 
patients with impaired ICG clearance (50,51). There may 
also be a benefit to wound healing, as above. However, 
demonstrating a benefit to supplementation aimed at 
reduction of perioperative morbidity would require long 
follow-up in a large cohort or serial ICG clearance testing. 

Limitations

Limitations of our study include its single-center, 
retrospective nature, the possibility of inconsistent 
documentation of complication data over the life of our 
database, and the sample size. Small sample size and 
subsequently few GI events in the LAS era prohibits 
conclusions regarding this subpopulation. Greater sample 
size would improve estimates of the effect of transplant 
diagnosis on overall outcomes, partly by allowing more 
robust adjusted analyses. A1ATD lung transplant recipients 
are a rare subgroup and, although many of our survival 
estimates fall shy of statistical significance, we believe their 
magnitude, trend over the time points presented, and 
overall composite outcome analysis is notable and important 
to describe in this unique cohort. A1ATD genotype was 
not captured by our database. Sufficient analyzable data 
regarding CPB times are not available in our database; the 
same is true of spirometry. 

Conclusions

Patients undergoing lung transplantation for A1ATD 
suffer greater short-term post-transplant morbidity and 
mortality compared to their COPD counterparts despite 
improved long-term survival. This may be related to an 
increased early incidence of GI pathology after transplant. 
Absent these complications, A1ATD lung recipients may 
not suffer the relative decrement in early post-transplant 
survival and would continue to have superior long-term 
survival compared to lung recipients for COPD. Aggressive 
evaluation of abdominal complaints following lung 
transplantation, especially in A1ATD patients, is warranted. 
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Supplementary

Table S1 2002−2015 cohort

2002−2015 cohort Overall (n=191) A1ATD (n=42) COPD (n=149) P value

Demographics

Recipient male (n, %) 92 (48.2) 25 (59.5) 67 (45.0) 0.135

Caucasian (n, %) 188 (98.4) 42 (100.0) 146 (98.0) 0.651

Black (n, %) 2 (1.0) 0 (0.0) 2 (1.3) −

Other (n, %) 1 (0.5) 0 (0.0) 1 (0.7) −

Age

Recipient (mean ± SD) 58.8±5.7 55.9±6.82 59.6±5.09 <0.001

Donor (mean ± SD) 36.9±15.8 36.2±16.4 37.1±15.6 0.758

Pulmonary status

Recipient smoker (n, %) 158 (82.7) 33 (78.6) 125 (83.9) 0.566

Donor smoker (n, %) 42 (22.0) 8 (19.0) 34 (22.8) 0.756

Transplant

LAS era transplant (n, %) 129 (67.5) 20 (47.6) 109 (73.2) 0.003

Single lung transplant (n, %) 134 (70.2) 23 (54.8) 111 (74.5) 0.023

Longest ischemic time (mins, mean ± SD) 306 (146.7) 266 (159.6) 314 (143.6) 0.228

Transplant LOS >14 days (n, %) 91 (47.6) 25 (59.5) 66 (44.3) 0.125

“Longest ischemic time” refers to the ischemic time of the second lung implanted during BLTx or to the ischemic time of the only 
implanted lung in SLTx. A1ATD, alpha-1-antitrypsin deficiency; COPD, chronic obstructive pulmonary disease; LAS, lung allocation score; 
LOS, length of stay; BLTx, bilateral lung transplant; SLTx, single lung transplant.
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Figure S1 Unadjusted (A) complication-free survival and (B) GI complication-free survival by diagnosis in LAS cohort. COPD, chronic 
obstructive pulmonary disease; yr, year; GI, gastrointestinal.


