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ABSTRACT
Pulmonary embolism (PE) is a leading cause of mortality in lung transplant recipients, with early cases associated with

particularly poor outcomes. Identified risk factors include elevated BMI, renal dysfunction, ABO mismatch, donor malignancy,

and specific immunosuppressive agents. Tailored risk assessments and targeted interventions are essential to mitigating PE‐
related mortality.

Pulmonary embolism (PE) is a serious complication in lung
transplant recipients, compromising allograft function due to
poorly developed collateral bronchial circulation and impacting
survival [1, 2]. This study aimed to investigate PE as a cause of
death in lung transplant recipients and identify modifiable risk
factors to improve recipient outcomes.

Data from 1987 to 2023 on adult lung transplant recipients were
collected from the multicenter OPTN/UNOS database. PE inci-
dence was determined from cause‐of‐death records, as living
cases with PE were not identifiable. Exclusions included re-
cipients with prior or multi‐organ transplants, those alive at last
follow‐up, and individuals without documented cause‐of‐death
information. The final cohort consisted of adult first‐time lung
transplant recipients with known causes of death, categorized
into two groups: the “PE mortality cohort” (deaths due to PE)
and the “non‐PE mortality cohort” (deaths from other causes).
Pre‐, intra‐, and post‐operative variables were compared, and
Firth logistic regression was used to assess risk factors for PE
mortality and early PE mortality (within 30 days posttransplant).

The study included 27,372 mortality cases among lung trans-
plant recipients. The PE mortality cohort (n= 313, mean age

56.19 ± 0.69 years, female 39.30%, White 83.07%, lung allocation
score [LAS] 43.07 ± 1.19) had baseline characteristics largely
comparable to the non‐PE mortality cohort (n= 27,059, mean
age 54.96 ± 0.08 years, female 43.18%, White 85.20%, LAS
42.51 ± 0.12). However, differences were observed in body mass
index (BMI) (25.75 ± 0.27 vs. 24.94 ± 0.03, p= 0.003), idiopathic
interstitial pneumonia (IIP) as the transplant indication (40.26%
vs. 34.40%, p= 0.03), thyroid cancer history (0.64% vs. 0.11%,
p= 0.01), transplant waiting time (194.99 ± 16.34 vs.
252.06 ± 2.23 days, p= 0.01), and survival time (837.89 ± 61.31
vs. 1652.56 ± 9.97 days, p< 0.001). Donors for the PE mortality
cohort were more likely to have a history of genitourinary
cancer (0.96% vs. 0.31%, p= 0.04) but had a similar cancer‐free
interval (9.67 ± 3.48 vs. 7.84 ± 0.47 years, p= 0.59).

The PE mortality cohort had significantly shorter median sur-
vival (450 days, interquartile range [IQR] 87–1164.5) and 1‐year
survival rate (54.31%, 95% confidence interval [CI]
48.63%–59.64%) compared to the non‐PE mortality cohort
(median survival 1160 days, IQR 374–2463; 1‐year survival rate
72.11%, 95% CI 71.57%–72.64%). Within the PE mortality
cohort, early PE mortality (n= 34) had a median survival of
11 days (IQR 7.75–20.25), while late PE mortality (occurring
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more than 30 days posttransplant, n= 279) had a median sur-
vival of 1149 days (IQR 371–2451).

Pretransplant predictive factors for PE mortality identified in
the multivariate analysis included recipient BMI≥ 25 (adjusted
odds ratio [aOR] 1.03, 95% CI 1.01–1.06, p= 0.02), thyroid
cancer (aOR 7.36, 95% CI 2.01–26.98, p= 0.003), serum
creatinine≥ 1.0 mg/dL (aOR 1.06, 95% CI 1.01–1.12, p= 0.03)
(Table 1). IIP was associated with PE mortality in univariate
analysis only (OR 1.29, 95% CI 1.03–1.61, p= 0.03). Donor‐
related factors for PE mortality included a history of breast
cancer (aOR 7.10, 95% CI 1.33–37.80, p= 0.02) and genito-
urinary cancer (aOR 3.59, 95% CI 1.22–10.54, p= 0.02). Addi-
tionally, everolimus induction (aOR 25.56, 95% CI 1.04–630.60,
p= 0.05) and tacrolimus maintenance therapy (aOR 2.96, 95%
CI 1.01–8.65, p= 0.05) were associated with increased risk of
death due to PE.

For early PE mortality, multivariate analysis identified the fol-
lowing pretransplant predictive factors: higher recipient BMI
(aOR 1.16, 95% 1.06–1.28, p= 0.002), ABO blood group mis-
match (aOR 325.32, 95% CI 14.78–7161.04, p< 0.001), human
immunodeficiency virus (HIV) infection (aOR 26.91, 95% CI
1.48–488.32, p= 0.03), and pre‐existing malignancies, including
gastrointestinal (aOR 494.43, 95% CI 16.38–14923.18, p< 0.001),
genitourinary (aOR 7.01, 95% CI 1.15–42.88, p= 0.04), and
neurologic cancers (aOR 527.13, 95% CI 23.36–11893.53,
p< 0.001) (Table 1). Pretransplant procedural factors, such as
lung surgery (aOR 2.97, 95% CI 1.01–8.73, p= 0.05)—
specifically pneumonectomy before transplant (aOR 47.33, 95%
CI 1.58–1413.63, p= 0.03)—inotrope use (aOR 268.59, 95% CI
10.25–7035.53, p= 0.001), and intra‐aortic balloon pump (IABP)
use (aOR 59.23, 95% CI 2.45–1433.64, p= 0.01) were also asso-
ciated with premature death due to PE, along with elevated
serum creatinine levels (aOR 1.12, 95% CI 1.04–1.20, p= 0.002).
Donor‐related factors included a history of head and neck
cancer (aOR 106.18, 95% CI 1.55–7283.75, p= 0.03) and breast
cancer (aOR 38.11, 95% CI 1.04–1396.28, p= 0.05).

Among immunosuppressive regimens, sirolimus induction
(aOR 78.33, 95% CI 3.21–1911.53, p= 0.01), everolimus induc-
tion (aOR 948.26, 95% CI 34.37–26159.27, p< 0.001), rituximab
induction (aOR 10.64, 95% CI 1.87–60.50, p= 0.01), rabbit anti‐
thymocyte globulin maintenance (aOR 312.13, 95% CI
11.99–8128.12, p= 0.001), everolimus maintenance (aOR
201.33, 95% CI 7.04–5754.85, p= 0.002), alemtuzumab anti-
rejection therapy (aOR 58.11, 95% 2.89–1167.83, p= 0.01), and
sirolimus antirejection therapy (aOR 110.24, 95% CI
4.23–2876.28, p= 0.01) were associated with increased risk of
early PE mortality (Table 1). Conversely, steroid maintenance
therapy was a protective factor (aOR 0.16, 95% CI 0.07–0.40,
p< 0.001).

Other variables, including recipient female sex, lung cancer,
lobectomy, pulmonary capillary wedge pressure > 15mmHg,
along with posttransplant interventions (e.g., extracorporeal
membrane oxygenation, dialysis, mycophenolate mofetil
maintenance), were associated with early PE mortality in uni-
variate analysis only (Table 1). Donor‐related factors, specifi-
cally living donor status and donor malignancies (thyroid,
gastrointestinal, genitourinary, hematologic cancers), showed

similar univariate‐only associations. Conversely, factors like
race/ethnicity, ABO blood type, HLA mismatch, smoking
status, performance status, other transplant indications (non‐
IIP interstitial lung disease subtypes, chronic obstructive pul-
monary disease, alpha‐1 antitrypsin deficiency, primary pul-
monary hypertension, and cystic fibrosis), intensive care unit
admission, mechanical ventilation, tracheostomy, transfusion,
central venous catheter use, and the year (whether before or
after the implementation of LAS in 2005) or type of lung
transplant, showed no significant association with early PE
mortality.

These findings highlight PE as a significant cause of mor-
tality in lung transplant recipients, particularly in the early
posttransplant period. The bleeding risks associated with
early anticoagulation underscore the importance of timely
risk assessment and targeted preventive strategies for high‐
risk patients [3]. Evidence suggesting that 90‐day en-
oxaparin prophylaxis may not reduce thromboembolic
incidence further emphasizes the need for alternative pre-
ventive measures [4].

Pretransplant recipient characteristics, such as elevated BMI
and serum creatinine, emerged as significant predictors of PE
mortality. Higher BMI likely reflects a pro‐inflammatory and
hypercoagulable state, increasing susceptibility to thrombotic
complications following transplantation [5]. Similarly, higher
serum creatinine levels, indicative of impaired renal function,
may exacerbate systemic and vascular inflammation, further
elevating PE risk [6]. ABO blood group mismatch and HIV
infection were strong predictors of early PE mortality, high-
lighting the importance of pretransplant evaluations for
immune compatibility and systemic conditions [7, 8]. Opti-
mizing pretransplant weight and renal function while carefully
addressing immune and systemic risks may help minimize PE‐
related complications.

Donor‐related factors, such as histories of breast, genitourinary,
and head and neck cancers, were strongly associated with
increased PE mortality in recipients, suggesting that prior
malignancy in donors may introduce pro‐thrombotic factors
either systemically or within the graft [9]. Using donors with a
history of malignancy can address organ shortages, but en-
hanced screening and risk stratification are crucial. Although
donor history of PE was not linked to recipient PE mortality in
this study, prior research has shown that donor lungs with
incidentally detected PE may contribute to higher rates of acute
cellular rejection and reduced chronic lung allograft
dysfunction‐free survival [10]. Furthermore, genetic predis-
positions in donors may exacerbate thrombotic risks, empha-
sizing the need for comprehensive evaluation of donor profiles
to optimize recipient outcomes [11].

Pretransplant interventions, such as prior lung surgery, ino-
trope use, and IABP support, were strongly associated with
early PE mortality, with pneumonectomy posing an ex-
ceptionally high risk due to hemodynamic and vascular dis-
ruptions [12]. Vigilant perioperative monitoring, early detection
of thrombotic events through imaging or biomarkers, and per-
sonalized anticoagulation strategies can help reduce both clot-
ting and bleeding risks.

2 of 10 Pulmonary Circulation, 2025



T
A
B
L
E
1

|
U
n
iv
ar
ia
te

an
d
m
u
lt
iv
ar
ia
te

pr
ed

ic
to
rs

of
ov
er
al
l
an

d
ea
rl
y
pu

lm
on

ar
y
em

bo
li
sm

m
or
ta
li
ty
.

F
ac

to
r

P
u
lm

on
ar
y
em

bo
li
sm

m
or
ta
li
ty

E
ar
ly

p
u
lm

on
ar
y
em

bo
li
sm

m
or
ta
li
ty

U
n
iv
ar
ia
te

M
u
lt
iv
ar
ia
te

a
U
n
iv
ar
ia
te

M
u
lt
iv
ar
ia
te

a

O
R

95
%

C
I

p
‐v
al
u
e

O
R

95
%

C
I

p
‐v
al
u
e

O
R

95
%

C
I

p
‐v
al
u
e

O
R

95
%

C
I

p
‐v
al
u
e

R
ec
ip
ie
n
t
de

m
og
ra
ph

ic
s

A
ge

≥
55

1.
01

1.
00
–1
.0
2

0.
10

1.
01

0.
98
–1
.0
4

0.
48

F
em

al
e

0.
85

0.
68
–1
.0
7

0.
17

0.
42

0.
19
–0
.9
1

0.
03

0.
65

0.
30
–1
.1
5

0.
15

R
ac
e
or

et
h
n
ic
it
y

W
h
it
e

1
1

B
la
ck

0.
68

0.
22
–2
.0
7

0.
49

0.
39

0.
02
–8
.1
5

0.
57

H
is
pa

n
ic

0.
61

0.
19
–1
.9
4

0.
40

0.
61

0.
03
–1
2.
82

0.
75

A
si
an

0.
47

0.
11
–2
.1
1

0.
33

0.
48

0.
01
–2
4.
20

0.
71

B
od

y
m
as
s
in
de

x
≥
25

1.
04

1.
01
–1
.0
6

0.
00
3

1.
03

1.
01
–1
.0
6

0.
02

1.
17

1.
09
–1
.2
4

<
0.
00
1

1.
16

1.
06
–1
.2
8

0.
00
2

E
C
O
G

P
er
fo
rm

an
ce

st
at
u
s
≥
2

1.
05

0.
83
–1
.3
4

0.
68

0.
79

0.
40
–1
.5
6

0.
49

Sm
ok

in
g

0.
87

0.
69
–1
.1
0

0.
25

1.
03

0.
53
–2
.0
3

0.
92

A
B
O

bl
oo

d
gr
ou

p

O
1

1

A
1.
00

0.
78
–1
.2
7

0.
99

0.
77

0.
36
–1
.6
3

0.
49

B
1.
06

0.
73
–1
.5
2

0.
77

1.
59

0.
64
–3
.9
4

0.
32

A
B

0.
99

0.
55
–1
.7
7

0.
98

1.
01

0.
19
–5
.3
5

1.
00

A
B
O

bl
oo

d
gr
ou

p
m
is
m
at
ch

6.
64

0.
37
–1
18
.1
2

0.
20

60
.9
4

3.
37
–1
10
2.
87

0.
01

32
5.
32

14
.7
8–
71
61
.0
4

<
0.
00
1

H
L
A

m
is
m
at
ch

0.
59

0.
04
–9
.7
4

0.
71

0.
06

0.
00
–1
.0
8

0.
06

T
ra
n
sp
la
n
t
in
di
ca
ti
on

C
O
P
D

0.
88

0.
69
–1
.1
2

0.
31

1.
11

0.
55
–2
.2
1

0.
77

II
P

1.
29

1.
03
–1
.6
1

0.
03

1.
15

0.
90
–1
.4
7

0.
20

1.
70

0.
87
–3
.3
0

0.
12

O
th
er

D
P
L
D

1.
21

0.
90
–1
.6
1

0.
21

1.
53

0.
68
–3
.4
3

0.
30

A
A
T
D

0.
65

0.
36
–1
.1
8

0.
16

0.
77

0.
15
–3
.9
6

0.
75

P
P
H

1.
16

0.
68
–1
.9
6

0.
59

0.
35

0.
02
–5
.6
3

0.
46

C
ys
ti
c
fi
br
os
is

0.
70

0.
45
–1
.0
7

0.
10

0.
13

0.
01
–2
.1
4

0.
15

R
ec
ip
ie
n
t
m
ed

ic
al

or
su
rg
ic
al

h
is
to
ry

(C
on

ti
n
u
es
)

3 of 10



T
A
B
L
E
1

|
(C

on
ti
n
u
ed

)

F
ac

to
r

P
u
lm

on
ar
y
em

bo
li
sm

m
or
ta
li
ty

E
ar
ly

p
u
lm

on
ar
y
em

bo
li
sm

m
or
ta
li
ty

U
n
iv
ar
ia
te

M
u
lt
iv
ar
ia
te

a
U
n
iv
ar
ia
te

M
u
lt
iv
ar
ia
te

a

O
R

95
%

C
I

p
‐v
al
u
e

O
R

95
%

C
I

p
‐v
al
u
e

O
R

95
%

C
I

p
‐v
al
u
e

O
R

95
%

C
I

p
‐v
al
u
e

C
h
ro
n
ic

st
er
oi
d
th
er
ap

y
0.
93

0.
75
–1
.1
7

0.
56

0.
56

0.
27
–1
.1
5

0.
11

D
ia
be
te
s

1.
29

0.
96
–1
.7
2

0.
09

0.
68

0.
22
–2
.0
5

0.
49

R
ec
en

t
in
fe
ct
io
n
b

1.
31

0.
92
–1
.8
7

0.
14

0.
15

0.
01
‐2
.5
0

0.
19

C
M
V

in
fe
ct
io
n

1.
23

0.
98
–1
.5
3

0.
07

1.
25

0.
64
–2
.4
3

0.
51

E
B
V

in
fe
ct
io
n

1.
23

0.
97
–1
.5
6

0.
10

0.
81

0.
41
–1
.5
9

0.
55

H
B
V

in
fe
ct
io
n

0.
91

0.
32
–2
.6
3

0.
87

1.
17

0.
07
–1
9.
19

0.
91

H
C
V

in
fe
ct
io
n

1.
23

0.
56
–2
.6
9

0.
60

2.
61

0.
51
–1
3.
42

0.
25

H
IV

in
fe
ct
io
n

2.
01

0.
12
–4
.2
0

0.
63

18
.4
2

1.
09
–3
10
.0
6

0.
04

26
.9
1

1.
48
–4
88
.3
2

0.
03

M
al
ig
n
an

cy
0.
96

0.
61
–1
.5
2

0.
86

2.
14

0.
80
–5
.7
7

0.
13

Sk
in

ca
n
ce
r

0.
73

0.
31
–1
.7
1

0.
47

3.
18

0.
88
–1
1.
55

0.
08

H
ea
d
an

d
n
ec
k
ca
n
ce
r

1.
84

0.
11
–3
0.
28

0.
67

16
.8
5

1.
00
–2
82
.9
7

0.
05

T
h
yr
oi
d
ca
n
ce
r

7.
36

2.
01
–2
6.
88

0.
00
3

7.
36

2.
01
–2
6.
98

0.
00
3

12
.5
7

0.
75
–2
09
.5
0

0.
08

L
u
n
g
ca
n
ce
r

1.
65

0.
33
–8
.3
3

0.
54

15
.5
5

2.
98
–8
1.
02

0.
00
1

3.
20

0.
90
–1
1.
50

0.
07

B
re
as
t
ca
n
ce
r

0.
70

0.
14
–3
.5
0

0.
66

2.
12

0.
13
–3
4.
74

0.
60

G
as
tr
oi
n
te
st
in
al

ca
n
ce
r

12
.3
3

0.
64
–2
39
.2
6

0.
10

11
3.
19

5.
74
–2
23
2.
80

0.
00
2

49
4.
43

16
.3
8–
14
92
3.
18

<
0.
00
1

G
en

it
ou

ri
n
ar
y
ca
n
ce
r

2.
01

0.
78
–5
.1
5

0.
15

6.
15

1.
19
–3
1.
76

0.
03

7.
01

1.
15
–4
2.
88

0.
04

N
eu

ro
lo
gi
c
ca
n
ce
r

11
.5
0

0.
70
–2
20
.0
9

0.
12

11
3.
19

5.
74
–2
23
2.
80

0.
00
2

52
7.
13

23
.3
6–
11
89
3.
53

<
0.
00
1

H
em

at
ol
og
ic

ca
n
ce
r

1.
56

0.
44
–5
.4
8

0.
49

2.
81

0.
17
–4
6.
00

0.
47

L
u
n
g
su
rg
er
y

1.
09

0.
69
–1
.7
0

0.
72

3.
55

1.
51
–8
.3
4

0.
00
4

2.
97

1.
01
–8
.7
3

0.
05

P
n
eu

m
or
ed

u
ct
io
n

1.
68

0.
48
–5
.9
1

0.
42

3.
02

0.
18
–4
9.
56

0.
44

L
ob

ec
to
m
y

1.
98

0.
39
–1
0.
02

0.
41

18
.6
5

0.
57
–9
7.
46

0.
23

P
n
eu

m
on

ec
to
m
y

5.
08

0.
29
–8
8.
16

0.
27

46
.6
1

0.
64
–8
23
.4
7

0.
09

St
er
n
ot
om

y
0.
77

0.
53
–1
.1
0

0.
15

0.
71

0.
24
–2
.1
5

0.
55

T
h
or
ac
ot
om

y
0.
99

0.
56
–1
.7
4

0.
96

1.
83

0.
51
–6
.6
4

0.
36

F
lo
or

ad
m
is
si
on

1.
17

0.
79
–1
.7
4

0.
43

0.
55

0.
11
–2
.8
0

0.
47

IC
U

ad
m
is
si
on

1.
24

0.
85
–1
.7
9

0.
26

1.
63

0.
61
–4
.4
0

0.
33

L
if
e
su
pp

or
t

0.
92

0.
61
–1
.3
9

0.
70

0.
80

0.
22
–2
.9
1

0.
74

M
ec
h
an

ic
al

ve
n
ti
la
ti
on

1.
25

0.
86
–1
.8
2

0.
25

0.
89

0.
25
–3
.2
3

0.
86

(C
on

ti
n
u
es
)

4 of 10 Pulmonary Circulation, 2025



T
A
B
L
E
1

|
(C

on
ti
n
u
ed

)

F
ac

to
r

P
u
lm

on
ar
y
em

bo
li
sm

m
or
ta
li
ty

E
ar
ly

p
u
lm

on
ar
y
em

bo
li
sm

m
or
ta
li
ty

U
n
iv
ar
ia
te

M
u
lt
iv
ar
ia
te

a
U
n
iv
ar
ia
te

M
u
lt
iv
ar
ia
te

a

O
R

95
%

C
I

p
‐v
al
u
e

O
R

95
%

C
I

p
‐v
al
u
e

O
R

95
%

C
I

p
‐v
al
u
e

O
R

95
%

C
I

p
‐v
al
u
e

T
ra
ch

eo
st
om

y
1.
17

0.
57
–2
.4
3

0.
67

2.
14

0.
42
–1
1.
03

0.
36

B
lo
od

tr
an

sf
u
si
on

0.
79

0.
44
–1
.4
3

0.
44

0.
30

0.
02
–4
.9
2

0.
40

In
ot
ro
pe

su
pp

or
t

17
.2
7

0.
83
–3
60
.3
9

0.
07

15
8.
47

7.
47
–3
36
1.
85

0.
00
1

26
8.
59

10
.2
5–
70
35
.5
3

0.
00
1

C
V
C

pl
ac
em

en
t

1.
30

0.
90
–1
.8
8

0.
16

0.
53

0.
24
–1
.1
9

0.
12

IA
B
P
su
pp

or
t

9.
59

0.
52
–1
78
.5
3

0.
13

88
.0
3

4.
65
–1
66
6.
50

0.
00
3

59
.2
3

2.
45
–1
43
3.
64

0.
01

E
C
M
O

0.
97

0.
47
–2
.0
2

0.
94

0.
58

0.
04
–9
.4
1

0.
70

D
ia
ly
si
s

1.
98

0.
56
–6
.9
6

0.
29

3.
54

0.
22
–5
8.
10

0.
38

R
ec
ip
ie
n
t
or
ga
n
fu
n
ct
io
n

F
E
V
1
<
80
%

1.
00

1.
00
–1
.0
1

0.
11

1.
01

0.
99
–1
.0
2

0.
36

F
V
C
<
80
%

1.
00

0.
99
–1
.0
1

0.
76

1.
01

0.
99
–1
.0
3

0.
33

C
O
<
4.
0
L
/m

in
1.
03

0.
95
–1
.1
2

0.
48

1.
07

0.
83
–1
.3
8

0.
59

P
A
P
>
25

m
m
H
g

1.
00

0.
99
–1
.0
1

0.
86

0.
99

0.
96
–1
.0
3

0.
77

P
C
W
P
>
15

m
m
H
g

1.
00

0.
98
–1
.0
2

0.
81

1.
07

1.
02
–1
.1
2

0.
01

1.
04

0.
98
–1
.1
0

0.
10

P
C
O
2
>
45

m
m
H
g

0.
99

0.
98
–1
.0
0

0.
22

1.
00

0.
96
–1
.0
4

0.
91

C
re
at
in
in
e
≥
1.
0
m
g/
dL

1.
06

1.
01
–1
.1
2

0.
02

1.
06

1.
01
–1
.1
2

0.
03

1.
11

1.
04
–1
.1
8

0.
00
2

1.
12

1.
04
–1
.2
0

0.
00
2

T
ot
al

bi
li
ru
bi
n
≥
1.
0
m
g/
dL

0.
93

0.
74
–1
.1
8

0.
57

1.
05

1.
00
–1
.1
1

0.
06

D
on

or
ch

ar
ac
te
ri
st
ic
s

A
ge

≥
34

1.
01

1.
00
–1
.0
1

0.
16

1.
00

0.
98
–1
.0
3

0.
73

F
em

al
e

0.
98

0.
78
–1
.2
3

0.
83

0.
88

0.
44
–1
.7
6

0.
72

B
od

y
m
as
s
in
de

x
≥
25

0.
99

0.
97
–1
.0
1

0.
49

1.
02

0.
95
–1
.0
8

0.
64

M
al
ig
n
an

cy
1.
42

0.
69
–2
.9
5

0.
34

4.
47

1.
23
–1
6.
23

0.
02

3.
10

0.
90
–1
2.
00

0.
07

Sk
in

ca
n
ce
r

0.
98

0.
20
–4
.9
4

0.
98

2.
98

0.
18
–4
8.
81

0.
45

H
ea
d
an

d
n
ec
k
ca
n
ce
r

9.
59

0.
52
–1
78
.5
3

0.
13

88
.0
3

4.
65
–1
66
6.
50

0.
00
3

10
6.
18

1.
55
–7
28
3.
75

0.
03

T
h
yr
oi
d
ca
n
ce
r

2.
33

0.
14
–3
8.
78

0.
56

21
.4
0

1.
26
–3
62
.2
4

0.
03

10
.2
7

0.
92
–2
00
.9
1

0.
07

L
u
n
g
ca
n
ce
r

1.
01

1.
00
–1
.0
1

0.
21

0.
97

0.
93
–1
.0
1

0.
08

B
re
as
t
ca
n
ce
r

7.
42

1.
40
–3
9.
46

0.
02

7.
10

1.
33
–3
7.
80

0.
02

69
.9
1

12
.7
5–
38
3.
26

<
0.
00
1

38
.1
1

1.
04
–1
39
6.
28

0.
05

G
as
tr
oi
n
te
st
in
al

ca
n
ce
r

5.
08

0.
29
–8
8.
16

0.
27

46
.6
0

2.
64
–8
23
.2
2

0.
01

20
.1
0

1.
10
–4
00
.0
9

0.
06

G
en

it
ou

ri
n
ar
y
ca
n
ce
r

3.
64

1.
24
–1
0.
68

0.
02

3.
59

1.
22
–1
0.
54

0.
02

14
.2
7

2.
74
–7
4.
28

0.
00
2

7.
34

1.
14
–5
5.
39

0.
06

(C
on

ti
n
u
es
)

5 of 10



T
A
B
L
E
1

|
(C

on
ti
n
u
ed

)

F
ac

to
r

P
u
lm

on
ar
y
em

bo
li
sm

m
or
ta
li
ty

E
ar
ly

p
u
lm

on
ar
y
em

bo
li
sm

m
or
ta
li
ty

U
n
iv
ar
ia
te

M
u
lt
iv
ar
ia
te

a
U
n
iv
ar
ia
te

M
u
lt
iv
ar
ia
te

a

O
R

95
%

C
I

p
‐v
al
u
e

O
R

95
%

C
I

p
‐v
al
u
e

O
R

95
%

C
I

p
‐v
al
u
e

O
R

95
%

C
I

p
‐v
al
u
e

N
eu

ro
lo
gi
c
ca
n
ce
r

1.
38

0.
27
–6
.9
8

0.
69

4.
18

0.
25
–6
8.
67

0.
32

H
em

at
ol
og
ic
al

ca
n
ce
r

5.
75

0.
33
–1
00
.9
7

0.
23

52
.8
1

2.
96
–9
42
.8
5

0.
01

28
.1
0

1.
20
–6
20
.4
2

0.
06

M
al
ig
n
an

cy
‐fr

ee
in
te
rv
al
≥
5

ye
ar
s

1.
02

0.
97
–1
.0
8

0.
39

1.
05

0.
96
–1
.1
3

0.
28

C
O
<
4.
0
L
/m

in
1.
05

0.
87
–1
.2
7

0.
60

1.
51

0.
87
–2
.6
4

0.
15

P
A
P
>
25

m
m
H
g

0.
95

0.
87
–1
.0
4

0.
28

1.
03

1.
00
–1
.0
7

0.
06

P
C
W
P
>
15

m
m
H
g

1.
06

0.
96
–1
.1
7

0.
22

1.
07

1.
00
–1
.1
4

0.
06

P
C
O
2
>
45

m
m
H
g

0.
99

0.
97
–1
.0
1

0.
54

1.
01

0.
94
–1
.0
8

0.
77

C
re
at
in
in
e
≥
1.
0
m
g/
dL

1.
02

0.
95
–1
.0
9

0.
55

1.
04

0.
79
–1
.3
7

0.
78

T
ot
al

bi
li
ru
bi
n
≥
1.
0
m
g/
dL

1.
02

0.
95
–1
.0
9

0.
61

1.
09

1.
00
–1
.1
6

0.
05

L
iv
in
g
do

n
or

st
at
u
s

2.
01

0.
57
–7
.0
9

0.
28

11
.2
4

0.
97
–5
8.
33

0.
07

C
au

se
of

de
at
h

A
n
ox
ia

1.
04

0.
76
–1
.4
3

0.
79

0.
67

0.
22
–2
.0
1

0.
47

C
er
eb
ro
va
sc
u
la
r
ac
ci
de

n
t

1.
15

0.
91
–1
.4
5

0.
24

1.
24

0.
63
–2
.4
4

0.
54

H
ea
d
tr
au

m
a

0.
92

0.
73
–1
.1
5

0.
45

0.
82

0.
42
–1
.6
1

0.
57

M
al
ig
n
an

cy
0.
64

0.
13
–3
.2
2

0.
59

1.
95

0.
12
–3
1.
95

0.
64

In
fe
ct
io
n

1.
02

0.
98
–1
.0
7

0.
45

1.
00

0.
96
–1
.0
3

0.
89

P
u
lm

on
ar
y
em

bo
li
sm

0.
97

0.
94
–1
.0
1

0.
10

1.
15

0.
85
–1
.5
5

0.
35

C
ar
di
ov
as
cu

la
r
di
se
as
e

1.
01

0.
99
–1
.0
4

0.
32

0.
85

0.
65
–1
.1
2

0.
24

H
em

or
rh
ag
e

1.
03

0.
99
–1
.0
6

0.
21

1.
03

0.
97
–1
.0
9

0.
12

H
om

ic
id
e

0.
99

0.
98
–1
.0
1

0.
09

0.
95

0.
80
–1
.1
5

0.
52

Su
ic
id
e

1.
00

0.
97
–1
.0
3

0.
88

0.
75

0.
40
–1
.4
0

0.
25

A
cc
id
en

ta
l

0.
99

0.
95
–1
.0
4

0.
62

0.
98

0.
70
–1
.3
7

0.
84

T
ra
n
sp
la
n
t
ch

ar
ac
te
ri
st
ic
s

L
A
S
>
50

1.
00

0.
99
–1
.0
1

0.
57

1.
00

0.
97
–1
.0
3

0.
93

T
ra
n
sp
la
n
t
w
ai
ti
n
g

ti
m
e
>
18
0
da

ys
1.
00

1.
00
–1
.0
0

1.
00

1.
00

1.
00
–1
.0
1

0.
16

T
ra
n
sp
la
n
t
af
te
r
20
05

1.
21

0.
95
–1
.5
3

0.
12

0.
89

0.
45
–1
.7
6

0.
74

(C
on

ti
n
u
es
)

6 of 10 Pulmonary Circulation, 2025



T
A
B
L
E
1

|
(C

on
ti
n
u
ed

)

F
ac

to
r

P
u
lm

on
ar
y
em

bo
li
sm

m
or
ta
li
ty

E
ar
ly

p
u
lm

on
ar
y
em

bo
li
sm

m
or
ta
li
ty

U
n
iv
ar
ia
te

M
u
lt
iv
ar
ia
te

a
U
n
iv
ar
ia
te

M
u
lt
iv
ar
ia
te

a

O
R

95
%

C
I

p
‐v
al
u
e

O
R

95
%

C
I

p
‐v
al
u
e

O
R

95
%

C
I

p
‐v
al
u
e

O
R

95
%

C
I

p
‐v
al
u
e

D
ou

bl
e
lu
n
g
tr
an

sp
la
n
t

0.
88

0.
71
–1
.1
0

0.
27

0.
71

0.
36
–1
.3
7

0.
31

Is
ch

em
ic

ti
m
e
>
6
h

0.
97

0.
91
–1
.0
3

0.
34

0.
98

0.
81
–1
.1
9

0.
82

P
os
tt
ra
n
sp
la
n
t
pr
oc
ed

u
re
s

M
ec
h
an

ic
al

ve
n
ti
la
ti
on

≤
48

h
1.
11

0.
88
–1
.4
0

0.
37

0.
86

0.
42
–1
.7
4

0.
68

M
ec
h
an

ic
al

ve
n
ti
la
ti
on

48
h

to
5
da

ys
1.
13

0.
80
–1
.6
0

0.
48

1.
27

0.
47
–3
.4
2

0.
64

M
ec
h
an

ic
al

ve
n
ti
la
ti
on

≥
5
da

ys
1.
00

0.
73
–1
.3
7

1.
00

1.
31

0.
56
–3
.0
8

0.
53

E
C
M
O

1.
18

0.
63
–2
.1
9

0.
61

3.
79

1.
25
–1
1.
45

0.
02

2.
52

0.
95
–8
.2
0

0.
07

D
ia
ly
si
s

1.
05

0.
70
–1
.5
7

0.
81

3.
11

1.
39
–6
.9
9

0.
01

2.
20

1.
00
–6
.2
3

0.
06

In
du

ct
io
n
ag
en

ts
0.
84

0.
66
–1
.0
7

0.
16

0.
69

0.
35
–1
.3
9

0.
30

rA
T
G

1.
48

0.
85
–2
.5
6

0.
16

1.
47

0.
29
–7
.5
5

0.
65

B
as
il
ix
im

ab
0.
82

0.
64
–1
.0
5

0.
11

0.
59

0.
26
–1
.3
2

0.
20

A
le
m
tu
zu

m
ab

0.
62

0.
31
–1
.2
3

0.
17

1.
00

0.
20
–5
.1
6

1.
00

T
ac
ro
li
m
u
s

0.
99

0.
96
–1
.0
3

0.
58

0.
98

0.
73
–1
.3
2

0.
84

C
yc
lo
sp
or
in
e

0.
84

0.
58
–1
.2
1

0.
35

1.
08

0.
40
–2
.9
0

0.
88

M
yc
op

h
en

ol
at
e
m
of
et
il

1.
03

0.
40
–2
.6
2

0.
95

1.
02

0.
06
–1
6.
74

0.
99

A
za
th
io
pr
in
e

1.
07

0.
77
–1
.5
0

0.
67

1.
07

0.
40
–2
.8
8

0.
89

G
lu
co
co
rt
ic
oi
d

0.
82

0.
66
–1
.0
3

0.
09

0.
79

0.
40
–1
.5
3

0.
48

Si
ro
li
m
u
s

9.
59

0.
52
–1
78
.5
3

0.
13

88
.0
3

4.
65
–1
66
6.
50

0.
00
3

78
.3
3

3.
21
–1
91
1.
53

0.
01

E
ve
ro
li
m
u
s

28
.7
8

1.
17
–7
07
.8
2

0.
04

25
.5
6

1.
04
–6
30
.6
0

0.
05

26
4.
13

10
.5
7–
65
97
.3
3

0.
00
1

94
8.
26

34
.3
7–
26
15
9.
27

<
0.
00
1

R
it
u
xi
m
ab

1.
15

0.
33
–4
.0
3

0.
83

6.
45

1.
25
–3
3.
31

0.
03

10
.6
4

1.
87
–6
0.
50

0.
01

M
ai
n
te
n
an

ce
ag
en

ts
0.
66

0.
42
–1
.0
4

0.
08

0.
95

0.
82
–1
.1
4

0.
50

rA
T
G

12
.3
3

0.
64
–2
39
.2
6

0.
10

11
3.
19

5.
74
–2
23
2.
80

0.
00
2

31
2.
13

11
.9
9–
81
28
.1
2

0.
00
1

B
as
il
ix
im

ab
1.
63

0.
10
–2
6.
76

0.
73

14
.9
4

0.
89
–2
50
.0
9

0.
06

A
le
m
tu
zu

m
ab

0.
96

0.
92
–1
.0
1

0.
09

1.
08

0.
92
–1
.2
6

0.
28

T
ac
ro
li
m
u
s

3.
09

1.
06
–9
.0
2

0.
04

2.
96

1.
01
–8
.6
5

0.
05

3.
89

0.
24
–6
3.
89

0.
34

C
yc
lo
sp
or
in
e

1.
06

0.
83
–1
.3
6

0.
64

0.
89

0.
41
–1
.0
4

0.
78

(C
on

ti
n
u
es
)

7 of 10



T
A
B
L
E
1

|
(C

on
ti
n
u
ed

)

F
ac

to
r

P
u
lm

on
ar
y
em

bo
li
sm

m
or
ta
li
ty

E
ar
ly

p
u
lm

on
ar
y
em

bo
li
sm

m
or
ta
li
ty

U
n
iv
ar
ia
te

M
u
lt
iv
ar
ia
te

a
U
n
iv
ar
ia
te

M
u
lt
iv
ar
ia
te

a

O
R

95
%

C
I

p
‐v
al
u
e

O
R

95
%

C
I

p
‐v
al
u
e

O
R

95
%

C
I

p
‐v
al
u
e

O
R

95
%

C
I

p
‐v
al
u
e

M
yo
co
ph

en
ol
at
e
m
of
et
il

1.
09

0.
87
–1
.3
7

0.
44

0.
50

0.
25
–0
.9
9

0.
05

0.
65

0.
32
–1
.3
0

0.
09

A
za
th
io
pr
in
e

0.
93

0.
74
–1
.1
8

0.
57

0.
43

0.
18
–1
.0
2

0.
05

G
lu
co
co
rt
ic
oi
d

0.
71

0.
49
–1
.0
3

0.
07

0.
10

0.
05
–0
.2
0

<
0.
00
1

0.
16

0.
07
–0
.4
0

<
0.
00
1

Si
ro
li
m
u
s

1.
47

0.
42
–5
.1
7

0.
54

2.
65

0.
16
–4
3.
50

0.
49

E
ve
ro
li
m
u
s

12
.3
3

0.
64
–2
39
.2
6

0.
10

11
3.
19

5.
74
–2
23
2.
80

0.
00
2

20
1.
33

7.
04
–5
75
4.
85

0.
00
2

A
n
ti
re
je
ct
io
n
ag
en

ts
1.
15

0.
84
–1
.5
7

0.
40

0.
51

0.
14
–1
.8
3

0.
30

rA
T
G

0.
32

0.
02
–5
.2
2

0.
43

2.
98

0.
18
–4
8.
81

0.
45

B
as
il
ix
im

ab
0.
97

0.
06
–1
5.
76

0.
98

8.
89

0.
54
–1
47
.2
9

0.
13

A
le
m
tu
zu

m
ab

5.
75

0.
33
–1
00
.9
7

0.
23

52
.8
3

0.
96
–9
43
.1
2

0.
07

T
ac
ro
li
m
u
s

1.
04

0.
97
–1
.1
2

0.
11

0.
88

0.
63
–1
.2
3

0.
45

C
yc
lo
sp
or
in
e

0.
43

0.
03
–6
.9
0

0.
55

3.
93

0.
24
–6
4.
53

0.
96

M
yo
co
ph

en
ol
at
e
m
of
et
il

2.
62

0.
51
–1
3.
35

0.
25

7.
83

0.
47
–1
29
.5
2

0.
15

A
za
th
io
pr
in
e

1.
51

0.
30
–7
.6
4

0.
62

4.
57

0.
28
–7
5.
09

0.
29

G
lu
co
co
rt
ic
oi
d

1.
15

0.
83
–1
.5
8

0.
39

0.
53

0.
15
–1
.9
3

0.
34

Si
ro
li
m
u
s

4.
11

0.
24
–7
0.
29

0.
33

37
.7
3

0.
17
–6

56
.6
2

0.
43

E
ve
ro
li
m
u
s

1.
01

0.
98
–1
.0
5

0.
73

1.
07

0.
95
–1
.2
0

0.
20

R
it
u
xi
m
ab

2.
63

0.
74
–9
.2
8

0.
13

4.
68

0.
28
–7
6.
89

0.
28

N
ot
e:

B
ol
de

d
va
lu
es

in
di
ca
te

st
at
is
ti
ca
l
si
gn

if
ic
an

ce
at

th
e
p
<

0.
05

le
ve
l.

A
bb

re
vi
at
io
n
s:
A
A
T
D
,a

lp
h
a‐
1
an

ti
tr
yp

si
n
de

fi
ci
en

cy
;C

I,
co
n
fi
de

n
ce

in
te
rv
al
;C

M
V
,c
yt
om

eg
al
ov
ir
u
s;
C
O
,c
ar
di
ac

ou
tp
u
t;
C
O
P
D
,c
h
ro
n
ic

ob
st
ru
ct
iv
e
pu

lm
on

ar
y
di
se
as
e;

C
V
C
;c
en

tr
al

ve
n
ou

s
ca
th
et
er
;D

P
L
D
,d

if
fu
se

pa
re
n
ch

ym
al

lu
n
g

di
se
as
es
;E

B
V
,E

ps
te
in
–B

ar
r
vi
ru
s;
E
C
M
O
,e
xt
ra
co
rp
or
ea
lm

em
br
an

e
ox
yg
en

at
io
n
;E

C
O
G
,E

as
te
rn

C
oo

pe
ra
ti
ve

O
n
co
lo
gy

G
ro
u
p;

F
E
V
,f
or
ce
d
ex
pi
ra
to
ry

vo
lu
m
e;
F
V
C
,f
or
ce
d
vi
ta
lc
ap

ac
it
y;
H
B
V
,h

ep
at
it
is
B
vi
ru
s;
H
C
V
,h

ep
at
it
is
C
vi
ru
s;

H
IV

,h
u
m
an

im
m
u
n
od

ef
ic
ie
n
cy

vi
ru
s;
H
L
A
,h

u
m
an

le
u
ko

cy
te

an
ti
ge
n
;I
A
B
P
,i
n
tr
a‐
ao
rt
ic
ba

llo
on

pu
m
p;

IC
U
,i
n
te
n
si
ve

ca
re

u
n
it
;I
IP
,i
di
op

at
h
ic
in
te
rs
ti
ti
al

pn
eu

m
on

ia
;L

A
S,

lu
n
g
al
lo
ca
ti
on

sc
or
e;
O
R
,o

dd
s
ra
ti
o;

P
A
P
,p

u
lm

on
ar
y
ar
te
ry

pr
es
su
re
;
P
C
O
2,
pa

rt
ia
l
pr
es
su
re

of
ca
rb
on

di
ox
id
e;

P
C
W
P
,
pu

lm
on

ar
y
ca
pi
lla

ry
w
ed

ge
pr
es
su
re
;
P
P
H
,
pr
im

ar
y
pu

lm
on

ar
y
h
yp

er
te
n
si
on

;
rA

T
G
,
ra
bb

it
an

ti
‐th

ym
oc
yt
e
gl
ob

u
li
n
.

a
M
u
lt
iv
ar
ia
te

an
al
ys
is

w
as

ad
ju
st
ed

fo
r
va
ri
ab

le
s
w
it
h
a
p‐
va
lu
e
<
0.
05

in
th
e
u
n
iv
ar
ia
te

an
al
ys
is
.

b
In
fe
ct
io
n
re
qu

ir
in
g
IV

dr
u
g
th
er
ap

y
(w

it
h
in

2
w
ee
ks

be
fo
re

tr
an

sp
la
n
t)
.

8 of 10 Pulmonary Circulation, 2025



The use of certain immunosuppressive agents, such as sir-
olimus and everolimus for induction and maintenance ther-
apy, was significantly associated with increased early PE
mortality. These agents may contribute to thrombotic risk
through their effects on endothelial function and coagulation
pathways [13–15]. On the other hand, steroid maintenance
therapy may protect against PE mortality by offsetting pro-
thrombotic effects with anticoagulant actions, such as in-
hibiting platelet aggregation and tissue factor activity [16].
Careful selection and monitoring of immunosuppressive reg-
imens are needed to optimize both rejection prevention and
thrombotic risk management.

This study has several limitations. Reliance on cause‐of‐death
records may introduce misclassification bias, leading to under‐
or overestimation of PE outcomes. Excluding recipients without
cause‐of‐death data could cause selection bias by omitting pa-
tients with incomplete records. Limited granularity restricted
analysis of venous thromboembolism prophylaxis, prior PE
history, imaging confirmation, and anticoagulation manage-
ment, imaging confirmation. Lastly, the rarity of early PE
mortality required the use of Firth logistic regression, which
may inflate effect estimates for variables with small sample si-
zes or limited variability.

PE is a significant contributor to mortality in lung transplant
recipients, particularly during the early posttransplant period
when survival outcomes are notably poor. This research iden-
tifies key factors associated with PE mortality—such as elevated
BMI, impaired renal function, ABO blood group mismatch,
prior donor malignancy, and perioperative interventions. Opti-
mized pretransplant evaluations, improved donor‐recipient
matching, vigilant perioperative monitoring, and strategic
immunosuppressive regimens offer actionable opportunities to
mitigate thrombotic risks and reduce associated morbidity and
mortality in lung transplant recipients.
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