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COPD in patients after heart transplantation is
associated with a prolonged hospital stay, early
posttransplant atrial fibrillation, and impaired
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Objectives: COPD is associated with reduced physical activity, an increased risk for pulmo-
nary infections, and impaired survival in nontransplant patients. The aim of this study was to
investigate the influence of COPD in patients after heart transplantation (HTX).

Methods: We performed an observational retrospective single-center study of 259 patients receiv-
ing HTX at Heidelberg University Hospital between 2003 and 2012. Patients were stratified by the
Tiffeneau index (forced expiratory volume in 1 second/forced vital capacity [FEV1/FVC]) <0.70
before HTX. The analysis included demographics, posttransplant medication, length of the initial
hospital stay after HTX, early posttransplant atrial fibrillation (AF), mortality, and causes of death.
Results: In total, 63 (24.3%) patients had an FEV1/FVC <0.70. These patients showed a prolonged
hospital stay after HTX (52.0 days vs 43.4 days, mean difference (MD) = 8.6 days, 95% CI: 0.2,
17.0 days), a higher rate of early posttransplant AF (19.0% vs 8.2%, MD = 10.8%, 95% CI: 0.4%,
21.2%), and an increased 30-day mortality (9.5% vs 2.6%, HR =3.79, 95% CI: 1.16, 12.40). Kaplan—
Meier analysis showed a significant inferior S-year survival in patients with an FEV1/FVC <0.70,
along with a higher percentage of death due to transplant failure and infection/sepsis. In addition,
a multivariate analysis for mortality within 5 years after HTX indicated an FEV1/FVC <0.70 as a
significant risk factor for impaired 5-year posttransplant survival (HR =4.77, 95% CI: 2.76, 8.22).
Conclusion: COPD in patients after HTX is associated with a prolonged hospital stay, early
posttransplant AF, and impaired posttransplant survival.
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Introduction

COPD is a worldwide burden and one of the leading causes of death.'= It is charac-
terized by a limitation of airflow due to airway obstruction.® Several surveys suggest
a further increase in COPD prevalence in the future with up to a quarter of all adults
aged >40 years being affected.””

Tobacco smoking has been described as the most common cause for COPD.*?
Continuous exposure to tobacco smoke over several years causes inflammation, tissue
remodeling, and loss of elasticity of small airways, resulting in the manifestation of
COPD after a cumulative dose of about 20 pack-years and a decline in the Tiffeneau
index (forced expiratory volume in 1 second/forced vital capacity [FEV1/FVC]).** A
Tiffeneau index (FEV1/FVC) <0.70 has been used for the diagnosis of COPD with
further classification into four stages by FEV1: mild (FEV1 >280%), moderate (FEV1
=50%—-79%), severe (FEV1 =30%-49%), and very severe (FEV1 <30%).’
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The presence of COPD has been associated with an
increased morbidity and mortality including an elevated risk
for cardiovascular events. % As a consequence, patients with
COPD often suffer from reduced physical stamina, a higher
rate of hospitalization, and an increased risk for infections
and malignancies and exhibit an elevated prevalence of car-
diovascular diseases."¢”?

Given these COPD-linked comorbidities, it may be
speculated that patients after heart transplantation (HTX)
with preexisting COPD have worse posttransplant outcomes
as these patients are more vulnerable to pulmonary infections
and malignancies due to the required immunosuppressive
drug regimen to prevent acute rejection episodes.'®!! In
addition, cardiovascular events and atrial fibrillation (AF)
in the early posttransplant period pose a substantial threat
to patients after HTX."

However, although an FEV1 <40% has been described as
a relative contraindication for HTX, no reliable data regard-
ing the influence of COPD on posttransplant outcomes are
currently available.’>!* Thus, due to the lack of data, this
study aimed to analyze the effects of COPD in patients after
HTX focusing on the duration of the initial posttransplant
hospital stay, early posttransplant AF, mortality after HTX,
and causes of death after HTX.

Patients and methods

Patients

This study complied with the ethical principles for medical
research of the Declaration of Helsinki. Approval was given
by the ethics committee of the University of Heidelberg,
Heidelberg, Germany (ethical approval number: S-286/2015,
date of ethical approval: June 22, 2015). All adult patients
(aged >18 years) receiving HTX at the Heidelberg Heart Cen-
ter between January 2003 and December 2012 were included
except for those with repeated HTX. Data were retrieved
from the medical records and analyzed in pseudonymized
form. No additional written informed consent was required
for this observational retrospective single-center study as
only routine clinical data were used.'>!5"?

Patients were stratified based on the results of the spirom-
etry which was performed as part of the HTX evaluation and
listing process. A Tiffeneau index (FEV1/FVC) <0.70 was
defined as the presence of COPD. Hence, all patients were
initially divided into two groups: patients with an FEV1/FVC
<0.70 and those with an FEV1/FVC 20.70. Then, patients
with an FEV1/FVC <0.70 were further stratified into patients
with an FEV1 <50% and patients with an FEV1 >50%.

Follow-up

The follow-up period for this study started at the time of HTX
and ended 5 years after HTX. As patients after HTX require
a close follow-up at a specialized center, they were continu-
ously cared for by the medical team of the Heidelberg Heart
Center. Therefore, 5-year follow-up data could be obtained
in all patients requiring no censoring.

Patients’ follow-up was performed according to the usual
standard of care at the Heidelberg Heart Center. After dis-
charge, patients were followed up monthly during the first 6
months after HTX, then bimonthly from month 6 to month 12
after HTX, and three to four times per year thereafter (or more
often if clinically indicated). Routine follow-up included
medical history, physical examination, electrocardiography
(ECQ), echocardiography, endomyocardial biopsy, and blood
tests including immunosuppressive drug monitoring, 1012151

Posttransplant medication

After HTX, patients received an antithymocyte globulin-
based immunosuppression induction therapy. At the
beginning of the study period, the initial standard immuno-
suppressive drug regimen consisted of cyclosporine A (CsA)
and mycophenolate mofetil (MMF), which was subsequently
switched to tacrolimus (TAC) and MMF from 2006 onward.
Within the first months after HTX, steroids (prednisolone)
were tapered incrementally and discontinued finally after
6 months, if possible.!>!>1

Statistical analysis

Statistical analysis of data was carried out with SAS (Version
9.3; SAS Institute, Cary, NC, USA). Data were displayed as
count (n) with % or as mean + SD. In addition, results were
reported in terms of measures of association (mean differ-
ence [MD] or HR) and their 95% CI. Chi-squared test was
applied for categorical variables and Student’s #-test was used
for continuous variables. Kaplan—Meier estimator was used
to display 5-year posttransplant survival.!>!5-1

Univariate analyses to test for differences between groups
to reduce potential bias and confounding affecting survival
included recipient data, previous open-heart surgery, the
principal diagnosis for HTX, donor data, transplant sex
mismatch, perioperative data, and posttransplant medication
including immunosuppressive drug therapy.

In addition, the influence of COPD (FEV1/FVC <0.70)
on mortality in patients after HTX was analyzed in combina-
tion with the most clinically relevant parameters linked to
increased mortality in patients after HTX using a multivariate
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analysis (Cox regression model) for mortality within 5 years
after HTX. Consequently, the following nine variables were
included: FEV1/FVC <0.70, recipient age (>60.0 years),
recipient body mass index (BMI >25.0 kg/m?), coronary
artery disease (CAD), dyslipidemia, history of smoking,
ischemic cardiomyopathy (CMP) as the principal diagnosis
for HTX, nonischemic CMP as the principal diagnosis for
HTX, and ischemic time (=240 minutes). In order to ensure
a stable number of events (deceased patients) per analyzed
variable and to avoid biased regression coefficients, we did
not include further, clinically less relevant parameters.'>!5-1

Moreover, a sensitivity analysis was performed to test the
robustness of the study results. For this purpose, an analysis
using a subcohort of patients with an immunosuppressive
drug regimen consisting of TAC and MMF was carried out,
as the initial standard immunosuppressive drug therapy was
switched from 2006.

The primary outcome of this study was mortality after
HTX. Secondary outcomes included the incidence of trache-
ostomy after HTX, time to extubation after HTX, length of
the initial intensive care unit (ICU) stay, length of the initial
hospital stay, and 30-day follow-up occurrence of AF.

Results

Baseline characteristics

In this observational retrospective single-center study with
259 patients, 63 (24.3%) patients had an FEV1/FVC <0.70
and 196 (75.7%) patients had an FEV1/FVC >0.70. Patients
with an FEV1/FVC <0.70 presented with a significantly
higher BMI (>25.0 kg/m?, 61.9% vs 39.8%, MD: 22.1%, 95%
CI: 8.3%, 35.9%), a higher rate of CAD (60.3% vs 38.3%,
MD: 22.0%, 95% CI: 8.2%, 35.8%), a higher percentage of
dyslipidemia (76.2% vs 58.2%, MD: 18.0%, 95% CI: 5.4%,
30.6%), and a higher rate of history of smoking (95.2% vs
43.9%, MD: 51.3%, 95% CI: 42.6%, 60.0%). Both groups
showed no significant differences in recipient age, male
recipient sex, arterial hypertension, diabetes mellitus, renal
insufficiency, or glomerular filtration rate.

In terms of the principal diagnoses prior to HTX, patients
inthe FEV1/FVC <0.70 group had a significantly higher rate
of ischemic CMP (50.8% vs 31.1%, MD: 19.7%, 95% CI:
5.7%, 33.7%) and a significantly lower rate of nonischemic
CMP (33.3% vs 51.5%, MD: 18.2%, 95% CI: 4.6%, 31.8%).
There were no significant differences between groups for
valvular heart disease or cardiac amyloidosis as the prin-
cipal diagnosis for HTX. Furthermore, no statistically sig-
nificant differences between groups could be found related
to previous open-heart surgery, donor data, transplant sex

mismatch, or perioperative data. Table 1 shows the baseline
characteristics.

Initial medication after HTX

The analysis of the immunosuppressive drug regimen showed
no statistically significant differences between groups con-
cerning the use of CsA, TAC, azathioprine, or MMF. There
were also no statistically significant differences related to the
administration of acetylsalicylic acid, B-blockers, ivabradine,
calcium channel blockers in general, dihydropyridine cal-
cium channel blockers, non-dihydropyridine calcium chan-
nel blockers, angiotensin-converting enzyme inhibitors, or
statins. Table 2 provides the overview of the initial medication
after HTX including immunosuppressive drug therapy.

Posttransplant outcomes after HTX

In terms of the primary outcome of this study, patients in
the FEV1/FVC <0.70 group showed a significantly higher
30-day follow-up mortality (9.5% vs 2.6%, HR: 3.79; 95%
CI: 1.16, 12.40), 1-year follow-up mortality (41.3% vs
14.3%, HR: 3.48, 95% CI: 2.04, 5.94), 2-year follow-up
mortality (47.6% vs 16.8%, HR: 3.50, 95% CI: 2.13, 5.75),
and 5-year follow-up mortality (63.5% vs 20.9%, HR: 4.13,
95% CI: 2.67, 6.40). In addition, patients with an FEV1/
FVC <0.70 showed an inferior 5-year survival after HTX in
the Kaplan—Meier survival analysis. Furthermore, patients
with an FEV1/FVC <0.70 and an FEV1 <50% had an inferior
S-year posttransplant survival in comparison with patients
with an FEV1/FVC <0.70 and an FEV1 >50%. Figures 1 and
2 present the Kaplan—Meier estimators.

Further survival analysis revealed that patients with an
FEV1/FVC >0.70 had the best 5-year survival (79.1%), fol-
lowed by all patients (68.7%) and patients with an FEV1/FVC
<0.70 and an FEV1 250% (51.4%). Of note, patients with
an FEV1/FVC <0.70 and an FEV1 <50% showed the worst
survival of all groups (15.4%). Figure 3 shows the survival
after HTX by FEV1/FVC and FEV1.

With regard to the secondary outcomes of this study,
patients with an FEVI/FVC <0.70 had a higher incidence
of tracheostomy after HTX (25.4% vs 4.1%, MD: 21.3%,
95% CI: 10.2%, 32.4%), a longer time to extubation after
HTX (13.8423.9 days vs 4.1+4.5 days, MD: 9.7 days, 95%
CI: 3.6, 15.8 days), a longer initial ICU stay (33.5+£31.9 days
vs 20.0£22.1 days, MD: 13.5 days, 95% CI: 4.8, 22.2 days),
a longer initial hospital stay after HTX (52.0+30.8 days vs
43.4422.6 days, MD: 8.6 days, 95% CI: 0.2, 17.0 days), and
a higher rate of early posttransplant AF (19.0% vs 8.2%, MD:
10.8%, 95% CI: 0.4%, 21.2%) compared with patients with
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Table | Baseline characteristics

Parameter FEVI/FVC FEVI/FVC Difference 95% CI
<0.70 (n=63) 20.70 (n=196)
Recipient data
Age in years, mean £ SD 53.6+8.4 51.2+10.9 2.4 years —0.3, 5.1 years
Age (>60.0 years), n (%) Il (17.5%) 42 (21.4%) 3.9% —7.1%, 14.9%
Male sex, n (%) 49 (77.8%) 146 (74.5%) 3.3% —8.6%, 15.2%
Body mass index (kg/m?), mean * SD 26.7+4.6 24.6+3.9 2.1 kg/m? 0.9, 3.3 kg/m?
Body mass index (>25.0 kg/m?), n (%) 39 (61.9%) 78 (39.8%) 22.1% 8.3%, 35.9%
Coronary artery disease, n (%) 38 (60.3%) 75 (38.3%) 22.0% 8.2%, 35.8%
Arterial hypertension, n (%) 41 (65.1%) 103 (52.6%) 12.5% —1.2%, 26.2%
Dyslipidemia, n (%) 48 (76.2%) 114 (58.2%) 18.0% 5.4%, 30.6%
Diabetes mellitus, n (%) 22 (34.9%) 61 (31.1%) 3.8% —9.6%, 17.2%
Renal insufficiency*, n (%) 39 (61.9%) 102 (52.0%) 9.9% —4.0%, 23.8%
Glomerular filtration rate (ml/min/1.73 m?), mean £ SD 55.3+20.0 59.6+23.3 4.3 mUmin/1.73 m?>  —1.7, 10.3 mL/min/1.73 m?
History of smoking, n (%) 60 (95.2%) 86 (43.9%) 51.3% 42.6%, 60.0%
Previous open-heart surgery
Overall open-heart surgery, n (%) 17 (27.0%) 54 (27.6%) 0.6% —12.0%, 13.2%
CABG surgery, n (%) 8 (12.7%) 28 (14.3%) 1.6% —-8.0%, 11.2%
Congenital, valvular or, ventricular surgery, n (%) 10 (15.9%) 19 (9.7%) 6.2% -3.7%, 16.1%
VAD surgery, n (%) I (1.6%) 9 (4.6%) 3.0% —1.3%, 7.3%
Principal diagnosis for HTX
Ischemic CMP, n (%) 32 (50.8%) 61 31.1%) 19.7% 5.7%, 33.7%
Nonischemic CMP, n (%) 21 (33.3%) 101 (51.5%) 18.2% 4.6%, 31.8%
Valvular heart disease, n (%) 3 (4.8%) 6 (3.1%) 1.7% —4.1%, 7.5%
Cardiac amyloidosis, n (%) 7 (11.1%) 28 (14.3%) 3.2% —6.0%, 12.4%
Donor data
Age in years, mean £ SD 46.9£12.0 44.1£12.3 2.8 years -0.7, 6.3 years
Male sex, n (%) 24 (38.1%) 56 (28.6%) 9.5% —4.0%, 23.0%
Body mass index, mean = SD 24.5+4.2 25.0+4.8 0.5 kg/m? —0.7, 1.7 kg/m?
Transplant sex mismatch
Mismatch, n (%) 27 (42.9%) 102 (52.0%) 9.1% —-5.0%, 23.2%
Donor (m) to recipient (f), n (%) 1 (1.6%) 6 (3.1%) 1.5% —2.4%, 5.4%
Donor (f) to recipient (m), n (%) 26 (41.3%) 96 (48.9%) 7.6% —6.4%, 21.6%
Perioperative data
Ischemic time (min), mean £ SD 257.6+57.5 245.8+55.3 11.8 minutes —4.7, 28.3 minutes
Ischemic time (=240 minutes), n (%) 39 (61.9%) 11 (56.6%) 5.3% -8.5%, 19.1%
Biatrial HTX, n (%) 1 (1.6%) I (0.5%) 1.1% —2.2%, 4.4%
Bicaval HTX, n (%) 23 (36.5%) 62 (31.6%) 4.9% -8.6%, 18.4%
Total orthotopic HTX, n (%) 39 (61.9%) 133 (67.9%) 6.0% -7.7%, 19.7%

Note: *Glomerular filtration rate <60 mL/min/1.73 m2,

Abbreviations: CABG, coronary artery bypass graft; CMP, cardiomyopathy; f, female; FEVI, forced expiratory volume in | second; FVC, forced vital capacity; FEVI/FCV,

Tiffeneau index; HTX, heart transplantation; m, male; VAD, ventricular assist device.

an FEV1/FVC 20.70. Table 3 provides the posttransplant
outcomes after HTX.

Causes of death after HTX

A total of 81 patients (31.3%) deceased within 5 years after
HTX. In the FEVI/FVC <0.70 group, 40 patients (63.5%)
passed away, while 41 patients (20.9%) deceased in the other
group. In terms of causes of death, significantly more patients
died from transplant failure (17.5% vs 5.1%, MD: 12.4%,
95% CI: 2.6%, 22.2%), infection/sepsis in general (31.7%
vs 12.8%, MD: 18.9%, 95% CI: 6.5%, 31.3%), pulmonary

infection (23.8% vs 9.7%, MD: 14.1%, 95% CI: 2.8%,
25.4%), and thromboembolic event/bleeding (9.5% vs 1.0%,
MD: 8.5%, 95% CI: 1.1%, 15.9%) in the FEV1/FVC <0.70
group, whereas there was no significant difference between
groups concerning acute rejection, abdominal infection, or
malignancy. Table 4 displays the causes of death.

Multivariate analysis for survival after
HTX

A multivariate analysis for mortality within 5 years after
HTX was conducted with the following nine clinically
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Table 2 Initial medication after HTX

Parameter FEVI/FVC FEVI/FVC Difference (%) 95% CI
<0.70 (n=63) 20.70 (n=196)
Cyclosporine A, n (%) 12 (19.0%) 57 (29.1%) 10.1 —1.6%, 21.8%
Tacrolimus, n (%) 51 (81.0%) 139 (70.9%) 10.1 —1.6%,21.8%
Azathioprine, n (%) 0 (0.0%) 1 (0.5%) 0.5 —0.5%, 1.5%
Mycophenolate mofetil, n (%) 63 (100.0%) 195 (99.5%) 0.5 —0.5%, 1.5%
Steroids, n (%) 63 (100.0%) 196 (100.0%) 0.0 NA
Acetylsalicylic acid, n (%) Il (17.5%) 18 (9.2%) 83 —-1.9%, 18.5%
B-blocker, n (%) 14 (22.2%) 44 (22.4%) 0.2 —11.6%, 12.0%
Ivabradine, n (%) 5(7.9%) 25 (12.8%) 4.9 -3.3%, 13.1%
Calcium channel blocker 14 (22.2%) 53 (27.0%) 4.8 -7.2%, 16.8%
Dihydropyridine, n (%) 5(7.9%) 26 (13.2%) 53 —2.9%, 13.5%
Nondihydropyridine, n (%) 9 (14.3%) 27 (13.8%) 0.5 —9.4%, 10.4%
ACE inhibitor, n (%) 16 (25.4%) 73 (37.2%) 11.8 —0.9%, 24.5%
Diuretic, n (%) 63 (100.0%) 196 (100.0%) 0.0 NA
Statin, n (%) 36 (57.1%) 130 (66.3%) 9.2 —4.7%, 23.1%
Gastric protection (PPI/H, blocker), n (%) 63 (100.0%) 196 (100.0%) 0.0 NA

Abbreviations: ACE inhibitor, angiotensin-converting enzyme inhibitor; FEVI, forced expiratory volume in | second; FVC, forced vital capacity; FEVI/FCV, Tiffeneau index;

H2 blocker, histamine receptor blocker; HTX, heart transplantation; NA, not applicable; PPI, proton pump inhibitor; .

100

Survival (%)

196 168
63 37
0 1

FEV1/FEV 20.70
FEV1/FEV <0.70

Figure | Survival after HTX by FEVI/FVC (Kaplan—Meier estimator).
Notes: Patients with an FEVI/FVC <0.70 showed a statistically significant inferior 5-year posttransplant survival in comparison with patients with an FEVI/FVC >0.70 (P<0.01).
Abbreviations: FEVI, forced expiratory volume in | second; FVC, forced vital capacity; FEVI/FCV, Tiffeneau index; HTX, heart transplantation.

relevant variables: FEV1/FVC <0.70 (HR: 4.77, 95% CI:
2.76, 8.22), recipient age >60.0 years (HR: 1.62, 95% CI:
0.95, 2.73), recipient BMI >25.0 kg/m? (HR: 1.16, 95%

163 161
33 32

2 3
Time after HTX (years)

+ = Censored

Logrank P<0.01

160
26
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23

CI: 0.73, 1.85), CAD (HR: 1.36, 95% CI: 0.59, 3.11),
dyslipidemia (HR: 0.93, 95% CI: 0.49, 1.77), history of
smoking (HR: 0.69, 95% CI: 0.38, 1.28), ischemic CMP
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Figure 2 Survival after HTX by FEV| in patients with an FEVI/FVC <0.70 (Kaplan—Meier estimator).

Notes: Patients with an FEVI/FVC <0.70 and an FEV| <50% showed a statistically significant inferior 5-year posttransplant survival in comparison with patients with an FEV/
FVC <0.70 and an FEVI 250% (P<0.01).

Abbreviations: FEV |, forced expiratory volume in | second; FVC, forced vital capacity; FEVI/FCV, Tiffeneau index; HTX, heart transplantation.

1-year follow-up survival: 79.2%
2-year follow-up survival: 75.7%
5-year follow-up survival: 68.7%

1-year follow-up survival: 58.7%
2-year follow-up survival: 52.4%
5-year follow-up survival: 36.5%

1-year follow-up survival: 30.8%
2-year follow-up survival: 30.8%
5-year follow-up survival: 15.4%

Figure 3 Survival after HTX by FEVI/FVC and FEVI.

Notes: Overview of posttransplant survival stratified by FEVI/FVC and FEV . Patients with an FEVI/FVC >0.70 had the best |-, 2-, and 5-year follow-up survival after HTX,

1-year follow-up survival: 85.7%
2-year follow-up survival: 83.2%
5-year follow-up survival: 79.1%

1-year follow-up survival: 78.4%
2-year follow-up survival: 67.6%
5-year follow-up survival: 51.4%

whereas patients with an FEVI/FVC <0.70 and an FEVI <50% showed the worst |-, 2-, and 5-year follow-up survival after HTX.
Abbreviations: FEV |, forced expiratory volume in | second; FVC, forced vital capacity; FEVI/FCV, Tiffeneau index; HTX, heart transplantation.
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Table 3 Posttransplant outcomes

Primary outcome

Parameter FEVI/FVC FEVI/FVC HR 95% ClI
<0.70 (n=63) 20.70 (n=196)

30-day follow-up mortality, n (%) 6 (9.5%) 5 (2.6%) 3.79 I.16, 12.40

|-year follow-up mortality, n (%) 26 (41.3%) 28 (14.3%) 3.48 2.04, 5.94

2-year follow-up mortality, n (%) 30 (47.6%) 33 (16.8%) 3.50 2.13,5.75

5-year follow-up mortality, n (%) 40 (63.5%) 41 (20.9%) 4.13 2.67, 6.40

Secondary outcomes

Parameter FEVI/FVC FEVI/FVC Difference 95% ClI
<0.70 (n=63) 20.70 (n=196)

Incidence of tracheostomy after HTX, n (%) 16 (25.4%) 8 (4.1%) 21.3% 10.2%, 32.4%

Time to extubation after HTX (days), mean + SD 13.8£23.9 4.1£4.5 9.7 days 3.6, 15.8 days

Length of initial ICU stay (days), mean £ SD 33.5£31.9 20.0£22.1 13.5 days 4.8,22.2 days

Length of initial hospital stay (days), mean £ SD 52.0+30.8 43.4+22.6 8.6 days 0.2, 17.0 days

30-day follow-up occurrence of AF, n (%) 12 (19.0%) 16 (8.2%) 10.8% 0.4%, 21.2%

Abbreviations: AF, atrial fibrillation; FEV, forced expiratory volume in | second; FVC, forced vital capacity; FEV I/FCV, Tiffeneau index; HTX, heart transplantation; ICU,

intensive care unit.

Table 4 Causes of death within 5 years after HTX

Parameter FEVI/FVC <0.70 (n=63) FEVI/FVC 20.70 (n=196) Difference 95% CI
Transplant failure, n (%) I (17.5%) 10 (5.1%) 12.4% 2.6%, 22.2%
Acute rejection, n (%) 0 (0.0%) 2 (1.0%) 1.0% —0.4%, 2.4%
Infection/sepsis, n (%) 20 (31.7%) 25 (12.8%) 18.9% 6.5%, 31.3%
Pulmonary infection, n (%) 15 (23.8%) 19 (9.7%) 14.1% 2.8%, 25.4%
Abdominal infection, n (%) 5 (7.9%) 6 (3.1%) 4.8% -2.3%, 11.9%
Malignancy, n (%) 3 (4.8%) 2 (1.0%) 3.8% —1.6%, 9.2%
Thromboembolic event/bleeding, n (%) 6 (9.5%) 2 (1.0%) 8.5% 1.1%, 15.9%
All causes, n (%) 40 (63.5%) 41 (20.9%) 42.6% 29.4%, 55.8%

Abbreviations: FEV|, forced expiratory volume in | second; FVC, forced vital capacity; FEVI/FCV, Tiffeneau index; HTX, heart transplantation.

as the principal diagnosis for HTX (HR: 0.50, 95% CI:
0.21, 1.18), nonischemic CMP as the principal diagnosis
for HTX (HR: 0.36, 95% CI: 0.20, 0.66), and ischemic
time =240 minutes (HR: 0.72, 95% CI: 0.46, 1.12). Table
5 shows the multivariate analysis for mortality within 5
years after HTX.

Sensitivity analysis

A sensitivity analysis to test the robustness of the study
results was performed with a subcohort of patients with an
immunosuppressive drug regimen consisting of TAC and
MMF (190 of 259 [73.4%] patients). Here, similar results
regarding the primary outcome (mortality after HTX) and
the secondary outcomes (incidence of tracheostomy after
HTX, time to extubation after HTX, length of the initial ICU
stay, length of the initial hospital stay, and 30-day follow-up
occurrence of AF) were observed confirming the robustness
of the study results.

Table 5 Multivariate analysis for mortality within 5 years after
HTX

Variable HR 95% ClI

FEVI/FVC <0.70 (in total) 4.77 2.76,822
Recipient age (>60.0 years) 1.62 0.95,2.73
Recipient body mass index (>25.0 kg/m?) I.16 0.73, 1.85
Coronary artery disease (in total) 1.36 0.59, 3.11
Dyslipidemia (in total) 0.93 0.49, 1.77
History of smoking (in total) 0.69 0.38, 1.28
Ischemic CMP* (in total) 0.50 0.21, 1.18
Nonischemic CMP* (in total) 0.36 0.20, 0.66
Ischemic time (2240 minutes) 0.72 0.46, 1.12

Note: *The principal diagnosis for HTX.
Abbreviations: CMP, cardiomyopathy; FEV I, forced expiratory volume in | second;
FVC, forced vital capacity; FEVI/FCV, Tiffeneau index; HTX, heart transplantation.

Discussion

COPD in patients after HTX
As the prognostic effects of COPD in patients after HTX
have been poorly studied, this retrospective observational
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single-center study with 259 patients investigated the influ-
ence of COPD in patients after HTX. Patients with an FEV1/
FVC <0.70 had an increased 30-day and 5-year mortality
along with a higher rate of death due to transplant failure,
infection/sepsis in general, pulmonary infection, and throm-
boembolic event/bleeding. Furthermore, patients with an
FEV1/FVC <0.70 had a significantly higher incidence of
tracheostomy after HTX, a longer time to extubation after
HTX, a longer initial ICU stay, a longer initial hospital stay
after HTX, and a higher rate of early posttransplant AF com-
pared with patients with an FEV1/FVC 20.70.

COPD is a chronic inflammatory pulmonary disease
characterized by airway obstruction and recurring episodes
of acute exacerbation.”” However, there is a growing evidence
that this inflammatory pulmonary disease is not confined to
the lungs and is instead part of a complex systemic inflamma-
tory process affecting the entire circulatory system including
the heart and extrapulmonary vessels.?’ 22 Therefore, it is not
surprising that patients with COPD also often concurrently
suffer from cardiovascular diseases such as CAD, peripheral
artery disease (PAD), and cardiac arrhythmias. > Although
CAD, PAD, and cardiac arrhythmias share common risk
factors with COPD such as tobacco smoking and advanced
age, these cardiovascular diseases show a higher prevalence
in patients with COPD than in the general population, inde-
pendently of common risk factors.?

Given these characteristics, new cardiac allografts in
patients with COPD encounter a systemic setting with an
increased vulnerability for infections, development of malig-
nancies, and cardiovascular events. Hence, the purpose of this
study was to investigate the effects of COPD in patients after
HTX focusing on the duration of the initial posttransplant
hospital stay, early posttransplant AF, mortality after HTX,
and causes of death after HTX.

Posttransplant AF and length of the initial
hospital stay

Cardiac arrhythmias, including AF, are common in nontrans-
plant patients with COPD.?*?-2¢ In the Copenhagen City
Heart Study with 13,430 subjects, a reduced FEV1 was an
independent predictor for the occurrence of AF irrespective
of age, gender, smoking, blood pressure, and BMI.?” Fur-
thermore, Psaty et al?® discovered an independent, inverse
association between FEV1 and AF.

Several risk factors have been linked to cardiac arrhyth-
mias in patients with COPD including altered cardiopul-
monary physiology, pulmonary hypertension, hypoxemia,
hypercarbia, acidosis, oxidative stress, inflammation, and

smoking.?-#27:2930 Oxidative stress and inflammation have
been associated with AF as hypoxemia and acidosis can
cause an increase of pulmonary vascular resistance and
atrial remodeling.?>' Alterations in the pulmonary veins due
to pulmonary hypertension or changes in gas composition
can provoke AF, and atypical foci of AF (located in the right
atrium) are more frequent in patients with COPD.?"*23* More-
over, medication for COPD including B-agonists and gluco-
corticoids may contribute to the development of AF.2:34-3¢

Nontransplant patients with COPD show an increased
risk for hospitalization and prolonged hospital stays due to
COPD-associated comorbidities.*”*® This is in line with our
findings, as we detected a higher incidence of tracheostomy,
a prolonged time to extubation, a longer initial ICU stay as
well as a longer initial hospital stay after HTX in patients
with COPD.

In summary, we uncovered a significantly higher rate of
early posttransplant AF and a longer initial hospital stay after
HTX in patients with an FEV1/FVC <0.70. Because AF is
associated with an increased risk for morbidity including
thromboembolic complications such as stroke and patients
after HTX with posttransplant AF show an impaired survival
compared with patients without AF, close monitoring of
patients with COPD via ECG and Holter monitoring seems
advisable.'>¥#!

Posttransplant survival and causes of
death

The presence of COPD has been linked to an increased risk
for morbidity and mortality including cardiovascular events
in nontransplant patients.!** To our knowledge, this is the
first study to analyze the influence of COPD on posttrans-
plant survival in patients after HTX. We found a statistically
significant inferior short-, mid-, and long-term posttransplant
survival in patients with COPD.

As survival in patients after HTX may be affected by sev-
eral risk factors,'>!51 patients with and without COPD were
analyzed to account for differences in baseline characteristics
and posttransplant medication including immunosuppressive
drug therapy. Here, patients in the COPD group showed a
higher percentage of CAD, ischemic CMP as the principal
diagnosis for HTX, dyslipidemia, history of smoking, and
an elevated BMI. These results are not surprising as COPD
has been associated with tobacco smoking and the presence
of cardiovascular diseases.'® Consequently, patients in the
no-COPD group had a lower percentage of ischemic CMP
and a higher percentage of nonischemic CMP as principal
diagnosis prior to HTX. There were no significant differences
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between both groups with regard to the remaining baseline
characteristics or the posttransplant medication, including
immunosuppressive drug therapy.

As part of our study, we performed a multivariate analysis
for mortality within 5 years after HTX including the presence
of COPD (FEVI/FVC <0.70) and eight clinically relevant
variables. Here, COPD was found to be a relevant risk factor
for mortality within 5 years after HTX with an HR of 4.8
indicating that patients with COPD have an almost fivefold
increased risk of death within 5 years after HTX.

In terms of causes of death, patients with COPD had a
significantly higher likelihood of death due to transplant
failure (17.5% vs 5.1%), infection/sepsis in general (31.7%
vs 12.8%), pulmonary infection (23.8% vs 9.7%), and throm-
boembolic event/bleeding (9.5% vs 1.0%).

Interestingly, we could not detect a significant differ-
ence between groups in the occurrence of malignancies
within 5 years after HTX although COPD has been linked
to pulmonary malignancies and patients after HTX are at a
higher risk for malignancies due to the immunosuppressive
drug therapy.*>1*443 A possible explanation for this might
be the carcinogenic effect of the needed immunosuppressive
medication in patients after HTX which could mask the influ-
ence of COPD on the development of malignancies. Another
reason for this finding might be that the follow-up period of 5
years in this study was not long enough to detect the effects
of COPD on malignancies as the development of cancer may
take >5 years.!” However, when looking at the types of post-
transplant malignancies, there was a trend toward a higher
risk for lung cancer in patients with COPD as two of three
patients in the COPD group died of lung cancer (the third
patient died of bladder cancer), while no patient in the no-
COPD group died of lung cancer (one patient died of prostate
cancer and another one of esophageal adenocarcinoma).

In summary, our results show an impaired posttransplant
survival in patients with COPD. However, as survival after
HTX may be affected by several risk factors, it is uncertain
whether these findings are representative of patients after
HTX in general. In addition, the impact of an optimized anti-
obstructive therapy and the results of regularly performed
spirometries on survival in patients after HT X require further
evaluation in future studies.

Study limitations

Our results were derived from an observational retrospec-
tive single-center study with 259 patients. Outcomes should
therefore be treated with caution as the retrospective,

nonrandomized study design carries certain limitations and
may therefore be subject to unmeasured confounders. How-
ever, as our data were derived from a single-center study,
patients received a standardized center-specific pre-, peri-, and
posttransplant course of treatment and follow-up reducing the
likelihood of potential selection bias and confounders. 1021519

This study included data from patients receiving HTX
at the Heidelberg Heart Center between January 2003 and
December 2012 with a subsequent 5-year follow-up period
until December 2017. Given this long study period, a pos-
sible era effect due to changes in medical care cannot be
ruled out. As the initial standard immunosuppressive drug
regimen was subsequently switched from CsA and MMF to
TAC and MMF from 2006 onward, we performed a sensitiv-
ity analysis including only patients with TAC and MMF to
test the robustness of the study results. Here, similar results
were observed. Another change of medical treatment during
the study period was the clinical introduction of ivabradine
in 2006 which is used for heart rate reduction in patients
after HTX. Nevertheless, there was no relevant difference
between patients with and without COPD in the administra-
tion of ivabradine.'

A particular characteristic of this study site is the relatively
large number of patients with cardiac amyloidosis as the prin-
cipal diagnosis for HTX. This is because Heidelberg Heart
Center is closely linked with the Heidelberg Amyloidosis
Center which is the largest center for amyloidosis in Germany.

Importantly, the results of this study should be considered
as hypothesis-generating, especially in terms of survival as
multiple factors may influence survival such as recipient age
and recipient comorbidities. Finally, the retrospective design
of this study cannot prove or disprove a causal relationship
between COPD and an increased mortality in patients after
HTX but merely demonstrates an association between the
two. Therefore, to confirm our results, further large prospec-
tive multicenter trials are desirable to investigate the influence
of COPD in patients after HTX.

Conclusion

Patients with an FEV1/FVC <0.70 before HTX had a sig-
nificantly prolonged initial hospital stay after HTX, a higher
rate of early posttransplant AF, an increased posttransplant
short- and long-term mortality, as well as a higher percentage
of death due to transplant failure and infection/sepsis. More-
over, Kaplan—Meier estimator and a multivariate analysis for
mortality within 5 years after HTX showed a significantly
inferior survival in these patients.
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In summary, COPD in patients after HTX is associated

with a prolonged hospital stay, early posttransplant AF, and

impaired posttransplant survival.
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