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Abstract: Background: Venous thromboembolism (VTE) is common after lung transplantation. We aimed to review our
experience with VTE in lung transplant recipients, while paying attention to the use of sirolimus, a novel
immunosuppressive agent that may have prothrombotic effects. Methods: A retrospective review of lung transplant
recipients at the University of Pennsylvania from 2000 to 2006 was performed. Demographic data, acute and chronic
rejection and survival were included. Clinically apparent VTE episodes and sirolimus utilization were noted. Results:
59/278 (21.2%) of patients developed VTE. There were no baseline differences in patients with and without VTE. Patients
more than three months post-transplant had a higher rate of VTE on sirolimus vs. off (1.98% vs. 0.32% per month on vs.
off sirolimus; p<0.001). Patients with VVTE after lung transplantation had worse survival (p=0.001). Conclusions: VTE is a
common complication after lung transplantation and patients with VTE have worse post-transplant survival. Sirolimus is

associated with increased rate of VTE.
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INTRODUCTION

Lung transplantation remains an accepted therapy for
patients with end-stage respiratory disease [1]. Unfortu-
nately, post-transplant complications, particularly acute re-
jection and bronchiolitis obliterans syndrome, remain fre-
quent, and median survival is approximately five years [2].
The risks of acute and chronic rejection necessitate immu-
nosuppressive therapy, typically consisting of a calcineurin
inhibitor (cyclosporine or tacrolimus), a purine synthesis
inhibitor (azathioprine or mycophenolate mofetil), and a cor-
ticosteroid (prednisone) [2]. A well-documented and unde-
sired side effect of the calcineurin inhibitors is nephro-
toxicity, which can be severe and debilitating in transplant
recipients [3].

Sirolimus is a macrolide approved for immunosuppre-
ssion in solid-organ transplant recipients [4]. It is structurally
similar to tacrolimus, but functions by inhibiting the mam-
malian target of rapamycin (mTOR) rather than calcineurin
[4]. Sirolimus is relatively non-nephrotoxic, a major advan-
tage over the calcineurin inhibitors [4]. Uniquely, however,
sirolimus potentiates nephrotoxicity when used in conjunc-
tion with calcineurin inhibitors [4]. However, it was shown
that sirolimus is not devoid of undesired side effects. Expe-
rience with sirolimus in lung transplantation has been asso-
ciated with airway anastomotic dehiscence, and sirolimus
use in liver transplantation has led to reports of delayed
wound healing and hepatic artery thromboses [5-9]. Patients
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with coronary artery disease who were treated with siro-
limus-eluting stents also showed a modest increase in throm-
bosis [10]. Meanwhile, cardiac transplant recipients treated
with everolimus, an analog of sirolimus, showed low rates of
vasculopathies, and sirolimus has not been associated with
thromboembolic events in renal transplant recipients [11,12].

Deep venous thrombosis and pulmonary embolism are
common conditions after lung transplantation and can contri-
bute to reduced post-transplant survival [13-15]. The effect
of sirolimus on thrombosis in lung transplant recipients has
not been addressed. This paper focuses on the effects of
sirolimus on venous thromboembolic disease after lung
transplantation at a single center. Some aspects of this paper
have been presented as an abstract at the American Thoracic
Society International Conference in May 2008 [16].

MATERIALS AND METHODOLOGY

A retrospective cohort study of lung transplant recipients
from January 2000 through December 2006 at the University
of Pennsylvania was performed. There were 268 first lung
transplant recipients, 4 re-transplant lung recipients, 5 first
heart-lung transplant recipients and 1 liver-lung transplant
recipient. All patients were included in the primary analysis
for VTE, re-transplants counted as separate events. In a
second analysis, re-transplants and multiple organ trans-
plants were excluded and the follow-up time was censored at
the time of re-transplant for patients that received one. In that
analysis, patients already on treatment for VTE were
excluded and only patients surviving more than three months
were included (since this is the population that was “at risk”
of receiving sirolimus and VTE rates decrease significantly
after the first three months post-transplant).
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Age, gender, type of transplant and pre-transplant diag-
nosis were collected for all patients and utilized for
multivariable survival analysis. In addition, information on
use of coumadin or low molecular weight heparin in treat-
ment doses was recorded as well as the reason for their use.
Episodes of deep venous thrombosis (DVT) and pulmonary
embolism (PE) were noted after reviewing charts, medica-
tions and radiology records. No screening for VTE episodes
was performed. All episodes were clinically apparent.
Utilization, timing and length of sirolimus were recorded.
Finally, presence of acute and chronic rejection and survival
were obtained. The acute rejection score (ARS) was utilized
as a composite measure to quantify the acute rejection episo-
des in the first six months after transplant and it is calculated
by adding the A score of each rejection episode. This score
has been utilized in the past to quantify acute rejection after
lung transplantation [17].

Immunosuppression included tacrolimus, prednisone and
azathioprine or mycophenolate mofetil (between 2002 and
2003). Some patients received sirolimus as part of a clinical
trial (they were at least three months post-transplant) [18].
Acute rejection episodes were treated with pulse intravenous
corticosteroids for three days (500-1000mg of methylpre-
dnisolone per day) or with oral prednisone taper, depending
on the severity of acute rejection. All patients received
Pneumocystis jiroveci prophylaxis with sulfamethoxazole/
trimethoprim or other medications. Antifungal and antiviral
prophylaxis changed through the years as new medications
became available. Current regimens include ganciclovir or
valganciclovir for cytomegalovirus and voriconazole for
high-risk patients for antifungal prophylaxis. Surveillance
bronchoscopies with biopsies happen at 6 weeks, 3 months,
6 months and 12 months post-transplant, beginning in 1998.
Clinically indicated bronchoscopy is also performed when
patients have unexplained changes in their pulmonary status
(clinical, radiographic and or spirometric). More detailed
information on immunosuppressive and antibiotic prophy-
laxis protocols at our center have been published previously
[19]. Patients received subcutaneous heparin for DVT
prophylaxis after their transplant operation if there was no
life-threatening bleeding, until discharge and on all subse-
quent admissions; this was modified accordingly in cases of
allergy to heparin. In addition, aspirin 325mg daily was
given during the transplant admission. DVT and PE were
treated with intravenous heparin followed by coumadin or
low molecular weight heparin for 3 to 6 months depending
on the timing of the VTE episode.

Statistical analysis comparing the pre-transplant diag-
noses of lung transplant recipients with and without VTE
was performed with the Fisher’s exact test. Survival esti-
mates were calculated using the Kaplan-Meier method and
groups were compared using the log-rank test. VTE-free
time was similarly analyzed. Multivariable survival analysis
was performed by utilizing the Cox proportional hazards
method. Continuous variables were compared using the
Student t-test or its non-parametric equivalent. Multivariable
analysis was performed using logistic regression for patients
developing VTE after the first 3 months post-transplant and
included demographic variables as well as the acute rejection
score. The SAS 9.1.3 (Cary, NC) statistical software was
utilized for all analyses [20].
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RESULTS

There were 59 patients with episodes of VTE in 278
transplant recipients during the study period (21.2%). 20/59
(33.9%) patients had a diagnosis of PE, while the rest only
had only a diagnosis of DVT. Baseline characteristics of
patients with and without VTE were not different and can be
seen in Table 1. 29/59 (49.2%) episodes of VTE occurred in
the first three months post-transplant, for a rate of 29/278
(10.4%) during that period. Sirolimus was utilized at some
point after transplant in 67/278 (24.1%) patients.

Tablel. Baseline Characteristics of Patients with and

without VTE after Lung Transplantation

_ No VTE
VTE (n=59) (n=219)
Age (years); p=0.73 54.4+12.9 54.9+8.6

Type of transplant (single); p=0.84 32 (54.2%) 122 (55.7%)

Pre-transplant diagnoses; p=0.28

Emphysema 24 (40.7%) 106 (48.4%)

Idiopathic pulmonary fibrosis 22 (37.3%) 55 (25.1%)
Cystic fibrosis 3(5.1%) 16 (7.3%)
Sarcoidosis 1(1.7%) 8 (3.7%)

Other 9 (15.3%) 34 (15.6%)

There were 202/278 (72.7%) patients who were not on
chronic anticoagulation, had not received re-transplant or
multiple organ transplant, did not have VTE in the first three
months after transplant and survived more than three
months. Baseline characteristics of patients with and without
VTE in this cohort can be seen in Table 2. Sirolimus was
utilized in 59/202 (29.2%) patients. Sirolimus use was more
common in patients with VTE (56.7% vs. 24.4%; p<0.001).

Table 2. Baseline Characteristics of Lung Transplant Reci-

pients Surviving 90-Days and at-Risk for VTE

VTE No VTE
(n=30) (n=172)
Age (years); p=0.90 55.1+9.0 55.3+8.5
Type of transplant (single); p=0.45 20 (33.3%) 70 (40.7%)

Pre-transplant diagnosis; p=0.46
Emphysema
Idiopathic pulmonary fibrosis

13 (43.3%)
11 (36.7%)

100 (58.1%)
43 (25.0%)

Cystic fibrosis 2 (6.7%) 13 (7.6%)
Sarcoidosis 1(3.3%) 5 (2.9%)

Other 3(10.0%) 11 (6.4%)

Acute rejection score; p=0.15 2.53+3.04 1.69+2.17
Acute rejection score per biopsy; 0.94+1.01 0.69+0.85

p=0.22

In further analysis, patients received sirolimus for a
significantly lower amount of time compared to other immu-
nosuppression, after the first 3 months were excluded. Total
follow-up in patient days was 179335 days on other immu-
nosuppressive medications and 16685 days on sirolimus
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Fig. (1). Survival of patients with and without VTE after lung transplantation excluding the first 90-days post-transplant.

based immunosuppression. The median time on sirolimus
was 231 days. When rates of VTE were corrected for time
spent on sirolimus or other immunosuppression, rates were
significantly higher in patients receiving sirolimus per day
spent on the medication: 1.98% (1.02% to 3.40%) per month
of treatment on sirolimus vs. 0.32% (0.20% to 0.48%) per
month on other immunosuppression (p<0.001). The mean
time to VTE on sirolimus was 122+275 days.

After multivariable analysis, the major risk factors for
development of for VTE, were sirolimus use [odds ratio:
3.79 (1.69-8.55)] and increasing ARS [odds ratio: 1.37
(1.08-1.75) for every point increase in ARS].

In the cohort of 3-month survivors, VTE was associated
with worse survival as can be seen in Fig. (1) (VTE vs. no
VTE: 1-year survival 93.3% vs. 95.4%; 2-years 76.7% vs.
87.6%; 3-years 68.6% vs. 80.6%; 5-years 42.4% vs. 68.7%;
p=0.001). In multivariable analysis development of VTE was
the major risk factor for worse survival [hazard ratio: 2.47
(1.41-4.32)] with a diagnosis of idiopathic pulmonary
hypertension being a risk factor with borderline significance
[hazard ratio: 3.34 (0.81-13.8)].

DISCUSSION

VTE is common after lung transplantation. Most of the
episodes as expected occur in the early post-transplant period

when patients are most likely to be immobile and have recent
surgery. However, many episodes occur after the first three
months, after the postoperative period. This is similar to
prior reported studies [15]. VTE appears to be associated
with worse outcomes after lung transplantation. None of the
patients in this cohort died as a result of the VTE, however
VTE was likely a marker of more severe disease. This was
evident when the cohort was restricted to patients that
survived at least 3 months after lung transplantation. This is
strengthened by the finding that increased ARS was
associated with increased risk of VTE.

One of the novel findings in this study was the
association of sirolimus with VTE in our patient population.
Sirolimus has been used in lung transplant patients since
2001 in select patients. However, early on it was found that
sirolimus use in the early post-transplant period was
associated with severe complications like anastomotic
dehiscence [5]. Its use is therefore rare before the first three
months after lung transplantation. Similar complications
have been observed in liver transplant recipients (hepatic
artery thrombosis), therefore its use in that population is rare
[21]. Sirolimus has been used successfully in renal transplant
recipients [22]. No excess VTE has been seen in renal
transplant recipients, but the trials were not powered to
assess that and renal transplant recipients tend to be in lower
immunosuppression than lung transplant recipients. In lung
transplant recipients, sirolimus is frequently used after
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episodes of acute or chronic rejection, as a rescue therapy.
This population tends to be sicker than recipients without
acute or chronic rejection. This was evident in our
population when acute rejection and sirolimus were both
associated with VTE. Some patients received sirolimus as
part of an ongoing clinical trial [18] and in this group there
were no baseline differences with patients on conventional
immunosuppression.

Our study has several limitations. It is a retrospective
study, with highly selected patients receiving medications
because of multiple reasons that cannot be very easily
controlled for. However, the results remained significant
after patients that were already on anticoagulation were
excluded. VTE was associated with increased risk of poor
outcomes after lung transplantation even after controlling for
acute rejection and excluding patients that died in the first
three months (thus excluding the group with early
postoperative complications). Furthermore, it was obvious
that even limited exposure to sirolimus led to an increased
risk of VTE compared to much longer exposures to other
medications. Even though when comparisons with individual
patients with VTE off and on sirolimus were not different,
this analysis is limited by the rather short time patients
remained on sirolimus in general. In addition, our study does
not provide a mechanism of how sirolimus might lead to
VTE events. It might be a marker of disease rather than the
actual culprit for VTE and subsequent poor outcomes.
However, the patients had similar baseline characteristics, so
there was no obvious upfront selection bias. All these
limitations can be overcome by confirming results from
randomized controlled clinical trials.

In summary, this study confirms that VTE is common
after lung transplantation. A novel finding of our study is
that sirolimus appears to be associated with increased risk of
VTE events after the early post-transplant period. This risk
might be significantly increased compared to patients not on
sirolimus. Finally, VTE is associated with worse post-
transplant outcomes. The nature of our study makes the
conclusions adequate as hypothesis generating, rather than
definite. Future prospective studies or increased awareness
by other centers will help confirm and further elucidate the
mechanism of our findings.

ABBREVIATIONS

VTE = Venous thromboembolism

DVT = Deep venous thrombosis

PE = Pulmonary embolism

ARS = Acute rejection score

BOS = Bronchiolitis obliterans syndrome
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