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Background 

Lung transplantation (LTX) is a high-risk, resource 
intensive clinical undertaking. Survival after lung 
transplantation is lowest among all solid organ transplants, 
but there is a considerable survival beneϐit of transplanted 
patients compared to listed patients who do not receive a 
transplant [1]. Additionally, donor lungs that are acceptable 
for transplantation are a scarce resource, such that harvest 
rates range between 15% - 20% from potential donors [2,3]. 

Because of these factors, the recipient selection process aims 
to maximize transplant beneϐit for each recipient. Coronary 
artery disease (CAD) is a relative contraindication to LTX but 
this alone does not preclude listing of carefully selected patients 
at experienced centers. Several authors have reported a high 
prevalence of asymptomatic CAD in patients being screened 
for LTX [4,5], although there is debate about the optimal 
catheterization practice in evaluating patients with end-stage 
lung disease for listing [6]. Several groups have published 
favorable results of LT in patients with CAD, including 
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Background: Adoption of the Lung Allocation Score (LAS) has led to increased listing of 
older patients and those with idiopathic pulmonary fi brosis (IPF) for lung transplantation (LTX). 
Older patients and those with IPF have higher prevalence of coronary artery disease (CAD), a 
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2010. Patients with and without CAD were compared by age, gender, LAS, single vs double LTX, 
and transplant indication. Survival was calculated by Kaplan-Meier method, and statistical 
signifi cance determined by log-rank method. Survival analysis was performed on all patients and 
by 3:1 propensity matching. Differences in CAD, gender, and indication were determined by Chi-
squared test. Differences in LAS and age were calculated with a two-tailed t - test.

Results: In the pre-LAS era, 6.2% (9/145) recipients had CAD vs. 9.2% (17/184) in the post-
LAS era (p = 0.411). Among all patients, recipients with CAD had a worse long term survival as 
estimated by Kaplan-Meier method (p = 0.001), although there was no statistically signifi cant 
difference after propensity matching ((p = 0.14). Although more recipients in the post-LAS 
era had a diagnosis of IPF [15/145 vs. 71/184 patients, (p < 0.001)], there was no difference 
in the prevalence of CAD in the IPF cohort compared to others. There were no differences in 
cardiovascular deaths among recipients with CAD, with IPF, or in the post-LAS era. Patients 
with a pre-transplant diagnosis of CAD had an descreased risk of new onset postoperative atrial 
fi brillation (AF) (p = 0.007; HR:0.133; CI:0.030-0.583). 

Conclusion: Adoption of the LAS was not associated with a signifi cant change in proportion 
of recipients with CAD who underwent LTX at our institution, despite an increase in recipients 
with IPF. Recipients with CAD had a higher risk of developing new postoperative AF and worse 
survival than patients without CAD. Differences in survival, however, could not be attributed 
directly to CAD based on propensity matched analysis.
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concomitant coronary revascularization, demonstrating 
comparable short and long-term outcomes compared to 
LTX patients without CAD [7-9]. Interestingly, patients with 
idiopathic pulmonary ϐibrosis (IPF) are at increased risk of 
CAD compared to the general population, and the incidence 
and prevalence of CAD is higher in IPF compared to other 
forms of lung disease such as chronic obstructive pulmonary 
disease (COPD) [10-12]. IL-17 mediated autoimmunity to 
collagen type V appears to be a common pathway to both IPF 
and CAD [13-16], however to our knowledge the biological 
association between these two disease states has not yet been 
clearly elucidated. The relationship between IPF and CAD is 
especially critical in selecting patients for listing for LTX since 
the adoption of the Lung Allocation Score (LAS) in 2005 has 
led to an increase in the percentage of patients with IPF who 
undergo LTX, to the point where this diagnosis now represents 
the largest diagnostic cohort on the waiting list [17,18]. 
Furthermore, IPF patients are more likely to be among the 
highest risk cohorts as determined by LAS [19], and median 
survival of IPF patients is the lowest of all diagnostic groups 
who undergo LT [20]. These factors may have an important 
implication on outcomes; however, the relationship between 
IPF, CAD and the LAS has not previously been described in 
detail. 

Methods

We identiϐied all patients who had consecutively 
undergone lung transplantation at the University of 
Wisconsin from January 1, 2000 to December 31, 2010. 
Both single and bilateral lung transplants were included. 
Retrospective review of the prospectively gathered SRTR data 
was granted by the institution’s independent review board. 
We identiϐied patients’ age at the time transplant of surgery, 
gender, indication for transplantation, date of transplantation, 
unilateral vs. bilateral procedure, and date and cause of 
death when applicable. All primary lung transplant patients 
were included in the analysis. Retransplantations were 
excluded from analysis. Lung allocation scores were obtained 
for patients who had these calculated as part of the pre-
transplantation work-up. We determined presence or absence 
of coronary artery disease based on documentation in the 
patient’s medical record. Our institution’s recipient selection 
process includes coronary catheterization in all patients over 
45 years of age and in those with signiϐicant cardiac risk 
factors. Any documentation of 60% or greater stenosis of a 
coronary artery by angiography was considered as positive for 
CAD, as well as any documented history of invasive coronary 
intervention. When identifying patients with CAD, individual 
patients were counted only once irrespective of number of 
transplants received. We classiϐied the method of treatment 
of CAD as medical management, percutaneous coronary 
intervention (PCI), or coronary artery bypass grafting (CABG) 
based on documentation in the medical record. We did not 
further classify disease as single, double, or triple vessel, 
nor did we include speciϐic medications used in medical 

management, nor echocardiographic, nuclear perfusion, or 
exercise stress testing in our analysis. Post-transplantation 
survival was estimated using the Kaplan-Meier method and 
statistical signiϐicance determined using the log-rank test. 
Analysis was performed comparing all patients without CAD 
to all patients with CAD, as well as propensity matching 3:1 
(No CAD:CAD) for age, gender, and indication for transplant. 
Differences in gender and indication for transplant between 
the CAD and non-CAD groups were calculated using Fisher’s 
exact test, and differences in lung allocation score and age 
were calculated using a paired t test. When comparing the 
pre to post-LAS cohorts, we used May 1, 2005 as the date 
demarcating the change between the two eras. In comparing 
these two eras, differences in gender, CAD status, and 
indication for transplant were again calculated using Fisher’s 
exact test, and differences in age were calculated using a 
paired t test. Binary logistic regression was used to determine 
impact of CAD on postoperative atrial ϐibrillation. A p value < 
0.05 (two-sided) was considered statistically signiϐicant, and 
analyses were performed using SAS statistical software (Cary, 
NC) for Windows. 

Results

We identiϐied 329 patients who underwent LTX during 
the study period. 26 (7.9%) patients had documentation 
of CAD prior to LTX. Of these patients, 4 (15.4%) had CAD 
managed with surgical revascularization, 9 (34.6%) were 
managed with percutaneous coronary intervention with 
deployment of intracoronary stent (PCI), and 13 (50%) 
were managed medically. Management patterns of CAD did 
not change between the two eras, but the small sample size 
Patients with CAD tended to be older (59.0 +/- 6.0 years vs. 
51.2 +/- 11.8 years, p = 0.00167), but otherwise were similar 
in regards to gender, lung allocation score, indication for 
lung transplantation, and frequency of bilateral procedure. 
Demographic differences between the two patient groups are 
detailed in table 1. The two indications for LTX that had the 
highest prevalence of CAD were COPD (11/112, 9.8%) and 
IPF (9/85, 10.5%), but this difference was not statistically 
signiϐicant (p = 0.88). The median unadjusted post-transplant 
survival for patients without CAD was 9.47 years vs. 4.21 years 
for recipients with CAD (Log Rank p = 0.0068). Kaplan-Meier 
survival curves for the two groups are presented in ϐigure 1. 
When comparing causes of death, there was no difference in 
unadjusted cardiovascular mortality between patients who 
had a pre-transplant diagnosis of CAD (1/13 deaths, 7.7%) vs 
those who did not [(2/90 deaths, 2.2%), p = 0.336], nor was 
there any signiϐicant difference in causes of death between 
the two groups (Table 1). Patients with a pre-transplant 
diagnosis of CAD, paradoxically, had a lower risk of developing 
postoperative atrial ϐibrillation (HR 0.133, CI 0.030-0.583, p 
= 0.007). When comparing the two transplant eras, patients 
transplanted after the LAS tended to be older (53.7+/- 5.8 years 
vs. 49.6+/- 12.1 years, p = 0.0083). More bilateral procedures 
were performed in the post-LAS era [46.6% (88/189 total 
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procedures) vs. 36.5% (54/148 total procedures)], but this 
difference was not statistically signiϐicant (p = 0.0753). 
Although there was a signiϐicant increase in transplantations 
for IPF in the post-LAS era (15/145 vs. 71/184 patients, p 
< 0.001), this was not accompanied with an increase in the 
prevalence of CAD in patients transplanted in the post-LAS 
era [9.2% (17/184 patients) vs 6.2% (9/145 patients), p = 
0.411]. Following the implementation of the LAS, there was a 
signiϐicant decrease in the percentage of patients transplanted 
for COPD [40.7% (59/145 patients pre-LAS vs. 28.8% (53/184 
patients post-LAS) p = 0.0263], and for cystic ϐibrosis [20% 
(29/145 patients pre-LAS) vs. 10.3% (19/184 patients post-
LAS), p = 0.0178]. Differences in patient characteristics are 
detailed in table 2. 

Table 1: Patient Demographics.
Variable No CAD (n = 303) CAD (n = 26) p - value

     Average age (years) 51.2 +/- 11.8 59.0 +/- 6.0 0.00167
     Male Gender 202 (66.7%) 20 (76.9%) 0.38

Bilateral Procedure (142/337 total procedures) 43.4% (134/309 total procedures) 28.6% (8/28 total procedures) 0.13
     Heart-Lung Transplant 6/309 procedures  0/28 procedures 1.00

          Average Lung Allocation Score (n = 148) 42.6 +/- 12.6 (n = 135)  43.5 +/- 19.3 (n = 13)  0.27
 Primary Pulmonary Diagnosis

 Alpha-1 Antitrypsin Defi ciency 9.6% (29) 3.6% (1) 0.49
 Bronchiectasis  1.0% (3) 0 1

 COPD/Emphysema 33.3% (101) 39.3% (11) 0.39
 Cystic Fibrosis 15.8% (48) 0 1.00

 Dilated Myopathy:Viral 0.3% (1) 0 1.00
 Eisenmeiger's Syndrome/CHD  1.0% (3) 0 1.00
 Hermansky Pudlak Syndrome 0.3% (1) 0  1.00 

 Histiocytosis X 0.3% (1) 0 1.00
Hypersensitivity Pneumonitis 0.7% (2) 0 1.00
Idiopathic Pulmonary Fibrosis 25.4% (77) 32.1% (9) 0.35

Interstitial Pneumonitis 0.3% (1) 0 1.00
Lung Disease: Other 1.0% (3) 0 1.00

Lymphangioleimyomatosis 1.3% (4) 0 1.00
Mixed Connective Tissue Disease 0.3% (1) 0 1.00

Obliterative bronchiolitis, non retransplant 1.0% (3)  0 1.00
Occupational Lung Disease, Other 0.3% (1) 0 1.00
Primary Pulmonary Hypertension 2.3% (7) 3.6% (1) 0.51
Pulmonary Fibrosis, Secondary  1.3% (4) 7.1% (2) 0.074

Pulmonary Vascular Disease 0.3% (1) 0 1.00
Rheumatoid Disease 0.3% (1) 0 1.00

Sarcoidosis 2.6% (8)  7.1% (2) 0.183
Scleroderma  0.6% (2) 0  1.00

ANCA associated granulomatous vasculitis (Wegener’s)  0.3% (1)  0  1.00
Cause of Death (n = 90) (n = 13)  

Cardiovascular: Myocardial Infarction 2.2% (2)  7.7% (1) 0.336
Cardiovascular: Other 2.2% (2)  0 1.00

Cerebrovascular 3.3% (3)  0 1.00
Hemorrhage 3.3% (3)  7.7% (1)  0.422 

Infection  22.2% (20) 0  0.068 
Malignancy 13.3% (12)  7.7% (1)  1.00

Multiple Organ System Failure 1.1% (1)  7.7% (1)  0.486 
Pulmonary Embolism 1.1% (1) 7.7% (1) 0.152 

Pulmonary: ARDS/Respiratory Failure 23.3% (21)  15.4 % (4)  0.512
Pulmonary: Bronchiolitis 4.4% (4) (0)  1.00

Graft Failure: Primary 10% (9)  15.4% (2) 0.63
Unknown 10% (9) 15.4% (2)  0.528

CAD: Coronary Artery Disease; ARDS: Acute Respiratory Distress Syndrome; CHD: Congenital Heart Disease, ANCA: Anti-Neutrophil Cytoplasmic Antibody

Figure 1: Propensity Matched Survival by Coronary Disease Status. CAD: Coronary 
Artery Disease.
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Discussion

In our retrospective single institution series, we observed 
that patients with a preoperative diagnosis of CAD had lower 
long-term survival rates after lung transplant compared to 
transplanted patients without a pre-transplant diagnosis of 
CAD. These ϐindings differ from other retrospective series 
which report equivalent outcomes in patients with CAD who 
undergo revascularization prior to or concomitant with LTX 
as compared to patients without CAD [9,21-25]. However, in 
our study deaths attributable to cardiovascular causes were 

similar between patients with and patients without pre-
transplant CAD, so the inferior survival observed can not 
necessarily be attributed to CAD alone. We did observe that 
our patients with CAD were more likely to be older, and age 
is an independent risk factor for decreased survival following 
LTX [26]. Although not statistically different, there was a trend 
towards greater bilateral procedure performed in non-CAD 
patients compared to those with CAD. Large registries have 
reported an overall survival beneϐit of bilateral transplantation 
(BLT) compared to single lung transplantation (SLT) [20], and 
it is possible that patients with preoperative CAD were more 

Table 2: Comparison by Transplant Era.
Variable Pre-LAS era (n = 145) Post-LAS era (n = 184) p - value

Average age (years) 49.6 +/- 12.1 53.7 +/- 5.8 0.0083
Male Gender 64.1% (93) 70.3% (129) 0.29

Bilateral Procedure (142/337 total procedures) 36.5% (54/148 total procedures) 46.6% (88/189 total procedures) 0.0753
Heart-Lung Transplant 3.4% (5/148 procedures) 0.5% (1/189 procedures) 0.0905

Primary Pulmonary Diagnosis
Alpha-1 Antitrypsin Defi ciency 12.4% (18) 6.5% (12) 0.0822

Bronchiectasis 0.7% (1) 1.1% (2) 1.00
COPD/Emphysema 40.7% (59) 28.8% (53) 0.0263

Cystic Fibrosis 20% (29) 10.3% (19) 0.0178
Dilated Myopathy:Viral 0.7% (1) 0 1.00

Eisenmeiger's Syndrome/CHD  1.4% (2) 0.5% (1) 0.58
Hermansky Pudlak Syndrome 0 0.5% (1) 1.00

Histiocytosis X 0.7% (1) 0 1.00
Hypersensitivity Pneumonitis 0 1.1% (2) 0.51
Idiopathic Pulmonary Fibrosis 10.3% (15) 38.6% (71) < 0.001

Interstitial Pneumonitis 0 0.5% (1) 1.00
Lung Disease: Other 1.4% (2) 0.5% (1) 0.585

Lymphangioleimyomatosis 2.1% (3) 0.5% (1) 0.324
Mixed Connective Tissue Disease 0 0.5% (1) 1.00

Obliterative bronchiolitis, non retransplant 0 1.6% (3) 0.259
Occupational Lung Disease 0.7% (1) 0 0.44

Primary Pulmonary Hypertention 4.8% (7) 1.1% (1) 0.0238
Pulmonary Fibrosis, Secondary 2.1% (3) 1.6% (3) 1.00

Pulmonary Vascular Disease 0.7% (1) 0 0.44
Rheumatoid Disease 0 0.5% (1) 1.00

Sarcoidosis 1.4% (2) 4.4% (8) 0.195
Scleroderma 0 1.1% (2) 0.51

ANCA associated granulomatous vasculitis (Wegener's) 0 0.5% (1) 1.00
Cause of Death (n = 63) (n = 41)

Cardiovascular: Myocardial Infarction 1.6% (1) 4.9% (2) 0.560
Cardiovascular: Other 1.6% (1) 2.4% (1) 1.00

Cerebrovascular 3.2%  (2) 2.4% (1) 1.00
Hemorrhage 6.4% (4) 0 0.152

Infection  22.2% (14) 4.9% (2) 0.024
Malignancy 17.5% (11) 4.9% (2) 0.0723

Multiple Organ System Failure 4.8% (3) 14.6% (6) 0.1497
Pulmonary Embolism 1.6% (1) 2.4% (1) 1.00

Pulmonary: ARDS/Respiratory Failure 15.9% (10) 34.1% (14) 0.0354
Pulmonary: Bronchiolitis 6.3% (4) 0 0.152

Graft Failure: Primary 9.5% (6) 12.2% (5) 0.749
Unknown 6.3% (4) 12.2% (5) 0.312

History of CAD (n = 26) 6.2% (9) 9.2% (17) 0.411
Management of CAD

Surgical Revascularization 1 3
Percutaneous Coronary Intervention 4 5

Medical 4 9
CAD: Coronary Artery Disease; ARDS: Acute Respiratory Distress Syndrome; CHD: Congenital Heart Disease, ANCA: Anti-Neutrophil Cytoplasmic Antibody
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likely to be offered SLT. This may be due to a perception of 
poorer performance status or that more frequent BLT in the 
CAD cohort would have resulted in more perioperative deaths. 
However, the superiority of BLT has not been consistently 
demonstrated, with some series reporting equivalent 
outcomes after SLT [27]. Unlike previous population-level 
studies [10-12] that demonstrated an association between 
IPF and CAD, in our series patients with IPF did not have a 
higher prevalence of CAD compared to patients with other 
diagnoses warranting lung transplantation. It is unlikely that 
there were patients in the non-CAD arm that had undiagnosed 
signiϐicant CAD given the intensive recipient selection process 
in which coronary catheterization is frequently performed. It 
is likely that the majority of patients with both end-stage IPF 
and CAD (and certainly those with severe CAD) were deemed 
not to be candidates for LTX and were ultimately not listed, 
causing a selection bias among the transplanted population. 
Since we did not include patients who were referred for LT 
but not listed, we cannot comment on factors governing listing 
for patients with preoperative CAD in this study.

Our study has several weaknesses. The retrospective 
nature of the study being the most relevant. Though data 
points in the SRTR consistent and prospectively gathered, this 
retrospective, review was not designed to detect differences 
between causes of death. Since cardiovascular causes of death 
are relatively infrequent in the lung transplant population, 
especially compared to other causes such as infection or graft 
failure, the number of patients required to detect a difference 
in cardiovascular causes would be much greater than our 
cohort. Furthermore, coronary artery disease is not a binary 
but a continuous, dynamic variable. By deϐining CAD status 
merely as the presence or absence of the diagnosis, we cannot 
comment on how burden of disease inϐluenced survival, nor 
can we comment on the appropriateness of the management 
of CAD which may also have inϐluenced survival. 13 of the 
26 patients with CAD had their disease managed medically, 
indicating the severity of CAD in this cohort was relatively low. 

In conclusion, we observed that patients with a preoperative 
diagnosis of coronary artery disease have a lower long-term 
survival after lung transplantation compared to transplanted 
patients who did not have a diagnosis of CAD, but we cannot 
attribute the differences in survival to cardiovascular causes 
of death. Patients with CAD prior to transplant, however, 
were less likely to experience new postoperative atrial 
ϐibrillation. Our study highlights the need for a systematic 
approach to incorporating coronary artery disease into the 
comprehensive recipient selection process, especially as 
management algorithms for CAD evolve, potentially allowing 
a greater number of patients with CAD to be listed for LTX. 
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