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allowed me to find a couple of nice ideas #

after many years of feverish labor.”
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Sou la meva força.
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tation and, specifically, after lung transplantation. The objectives of this study 

c343'5='J3@E49H3'49@a'Q6E5=4@'Q=4'A3<=D@'5F4=:H=3:H=?9@:O'5='6@@3@@'5F3'9:P6E5'

of an extended prophylaxis protocol and to describe coagulation profiles before 
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We performed 2 studies. The first study compared a cohort (n = 138) that received 

90-day extended prophylaxis with enoxaparin and a historical control cohort (n =  195) 
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study is a prospective study to describe the coagulation profiles of 48 patients 
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The cumulative incidence of venous thromboembolism was 15.3% (95% CI: 11.6-

19.4). Median time from transplant to the event was 40 (p25-75, 14-112) days. In 
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In the second study to describe coagulation profiles up to 1 year after lung transS
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Larger, multicenter studies are needed to confirm these results and to design 
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The incidence of venous thromboembolism (VTE) in the general population is estiS

:653J'65'H35c33<'`'6<J'd'E6@3@'P34'`fff'P3=P?3'P34'N364 1–3R'!("'9<E?DJ3@'J33P'

vein thrombosis (DVT) and pulmonary embolism (PE). It is a common complication 

=Q'@D4B34N'6<J'6':6T=4'E6D@3'=Q':=4H9J95N'6<J':=456?95N'9<'A649=D@':3J9E6?'E=<J9S
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Thus, the risk of VTE differs with the type of surgery performed. Approximately half 

=Q' 6??' P6593<5@'D<J34B=9<B'=45F=P3J9E' @D4B34N'c95F=D5'P4=PFN?6V9@'J3A3?=P'!("'M; 

when prophylaxis is implemented, the incidence decreases to around 18 per 1000 

E6@3@'P34'N364'5. Cancer is also a risk factor for VTE, and 8% of patients experience 

VTE either within the first year after diagnosis or during the course of their disease 6R'
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72849:062/(;0436<3 ,/563</5<

>*E*&FG5H%H"GF#)%E!3A8 0.1 - 0.2%

!I#*&5%&#$%H*J)+5,"&K*&L!;

M/,N#O,'0"#0NPQ%R/S 50%

M/,N'0"#0NPQ%R/S 1.1 - 10.6%

:FE+*&!< 1 - 8%

!MJ%N)EFG5,"&K*&L!= 0.6 - 3.1%

Low-risk: !""#$%#&'()*+,&-(.#&*/'#&'()*+,(0,.*/1/,(2,!%-#/1($/ 0.6%

Intermediate-risk: 3!/'0(1$'#/'1$!.,'0!&' 1.8%

High-risk: /".#$#&'()* 3.1%

-$%&F+)+5,"&K*&L

6#T)+,#&PU0-)O&#-)+,#&P!> 0.18%

4%"(/%+'SO"$)"P!?B3C 0.56%

3*EFG5#&FE,HGFE#F#)%E 2 - 14%

;)B*&5#&FE,HGFE#F#)%E 3 - 5%

?*F&#5#&FE,HGFE#F#)%E 18 - 34%

;"EK5#&FE,HGFE#F#)%E 8 - 29%

-FMG*5A' Incidence of VTE in different populations
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-3@@'9@'a<=c<'6H=D5'5F3'436?'9<E9J3<E3'=Q'5F9@'E=:P?9E659=<'Q=??=c9<B'@=?9J'=4B6<'

transplantation (SOT); available data are summarized in !"#$%&'R

3*EFG5#&FE,HGFE#F#)%E

The incidence of VTE after renal transplantation (RT) has been reported to range 

between 2% and 14%'``. In 1987, Allen et al.'`d'PDH?9@F3J'6'J3@E49P59A3'4354=@P3ES

tive study of 480 kidney recipients and reported an incidence of 8.3%, which 

peaked within the first 4 months after transplantation. In a retrospective study 

including 1833 kidney recipients from 1985 to 1995, Humar et al. 13'Q=D<J'6'@?9BF5?N'

lower incidence (4.2%), with a peak between the third and fifth months after '

546<@P?6<5659=<R

(F3'49@a'=Q'?653'!("'c6@'6?@='6@@3@@3J'9<'6'@5DJN'H6@3J'=<'5F3'+3J9E643'J656H6@3'̀ M; 

the study population comprised 28,924 kidney recipients, and the incidence of late 

VTE (occurring 1.5 to 3 years after transplantation) was 1.5%. In summary, these data 

@54=<B?N'@DBB3@5'6'F9BF'9<E9J3<E3'=Q'!("'6Q534'*(R

;)B*&5#&FE,HGFE#F#)%E

!("'6Q534'?9A34'546<@P?6<5659=<'F6@'H33<'J3@E49H3J'6@'6'43?3A6<5'E=:P?9E659=<'c95F'

an incidence of between 3% and 5% and significant morbidity and mortality both 

during surgery and during the early postoperative period. In their analysis of 495 

liver recipients between 2004 and 2006, Sakai et al. 15'43P=453J'2"'9<'df'P6593<5@'

(i.e., a 4% incidence of intraoperative PE).

Ishitani et al. 16 reported a 3.7% incidence of clinically symptomatic VTE during a 

6-year follow-up, with a peak during the first 2 months after transplantation. '

(F3' !("' P4=PFN?6E59E' P4=5=E=?' 9<E?DJ3J' 54365:3<5' c95F' 9<534:9553<5' P<3DS

:659E'?3B'E=:P43@@9=<'J3A9E3@'D<59?'P6593<5@'c343'6H?3'5='@95R'Salami et al.'`e'?6534'

conducted a similar retrospective study and reported an incidence of VTE of 4.6%. '
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]96B<=@59E' P4=E3JD43@' c343' E64493J' =D5' cF3<' !("' c6@' E?9<9E6??N' @D@P3E53JO''

and there were no prespecified prophylaxis protocols.

?*F&#5#&FE,HGFE#F#)%E

&3A346?' 4354=@P3E59A3' @5DJ93@' =<' 5F3' 3P9J3:9=?=BN' =Q' !("' 9<' F3645' 43E9P93<5@O'

9<E?DJ9<B'6453496?'6<J'A3<=D@'5F4=:H=59E'3A3<5@O'43P=453J'6<'9<E9J3<E3'=Q'!("'3A3<5@'

of between 15% and 34%. It is important to emphasize that these studies included 

3P9@=J3@'=Q'6ED53':N=E64J96?' 9<Q64E59=<O'@54=a3'6<J'=EE?D@9=<'=Q'4359<6?'A3@@3?@'6@'

5F4=:H=59E'3A3<5@R'Forrat et al. 18 reviewed 285 heart recipients on low-dose aspirin 

(250 mg/d) and found 97 cardiac and noncardiac thromboembolic complications 

(34%), of which 33 (11.6%) were DVT or PE events. Miriuka et al.' `g' 6<6?N83J' 5F3'

Q43KD3<EN'=Q'5F4=:H=59E'3A3<5@O'cF9EF'c343':69<?N'43?653J'5='5F3'E=4=<64N'64534N'

tree, but which also included DVT and PE. A total of 22 patients (26.2%) had at least 1 

complication of VTE, including 13 DVT and 5 PE. 

.<' @D::64NO' 5F3' ?953465D43' @F=c@' 6' F9BF' 9<E9J3<E3'=Q' 5F4=:H=3:H=?9E' E=:P?9S

E659=<@'6Q534'F3645' 546<@P?6<5659=<'J3@P953' 5F3'D@3'=Q'6<59P?653?35'6B3<5@'6@'6<'

6?:=@5'@56<J64J'P4=PFN?6E59E'@54653BNR

;"EK5#&FE,HGFE#F#)%E

VTE after lung transplantation is a common finding in clinical practice and has 

been reported to occur in 8% to 27% of lung recipients in retrospective studies 

(!"#$%&(). In 1995, Kroshus et al.'df' 43P=453J'6<' 9<E9J3<E3'=Q'!("'E=:P?9E659=<@'

of 12.1% between 10 days and 36 months after surgery. All patients underwent 

screening with ventilation-perfusion scanning in the first week, at 6 months, and at 

`'N364'6Q534'546<@P?6<5659=<R']=PP?34'D?546@=<=B46PFN'=Q'5F3'?3B@'c6@'P34Q=4:3J'

5='3VE?DJ3']!('=<?N'cF3<' 5F3'E=<J959=<'c6@'E?9<9E6??N'@D@P3E53JR'26593<5@'6?@='

43E39A3J'P4=PFN?6V9@'c95F'P349=P34659A3'6<J'P=@5=P34659A3'@DHED56<3=D@'F3P649<'

D<59?'J9@EF64B3O'6@'c3??'6@'P<3D:659E'E=:P43@@9=<'B64:3<5@'D<59?'5F3N'c343'6H?3'
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5='c6?a'6B69<R'26593<5@'5F3<'43E39A3J'6<59P?653?35'6B3<5@R'/?5F=DBF'5F9@'@5DJN'c6@'

retrospective, both the diagnostic and the predefined prophylactic strategy were 

5F=4=DBF'6<J'@54=<B?N'@DPP=45'5F3'43?3A6<E3'=Q'!("'9<'?D<B'43E9P93<5@R'

Izbicki et al. d` published similar findings in a retrospective cohort, with an inciS

dence of PE of 8.6% between 4 and 24 months after the intervention. Similar 

findings on the incidence of PE were reported by#Nathan et al.# (8.3%) 22O' cF='

3:PF6@983J'5F65'6??' 5F3'2"'3A3<5@'c343'J96B<=@3J' 9<'5F3'@DHB4=DP'=Q'P6593<5@'

with idiopathic pulmonary fibrosis. This subgroup was identified as susceptible in 

6<=5F34'@5DJN 23, but with a lower incidence (only 1.78%). 

.<'dffMO'Burns and Iacono'dM reported an incidence of 27% for PE in postmortem 

3V6:9<659=<' =Q' ?D<B' 6<J' F3645S?D<B' 43E9P93<5@R' (F9@' 9<E9J3<E3' c6@' F9BF34' 9<'

patients who died during the first month after transplantation, suggesting that 

2"':6N'H3'D<J34SJ96B<=@3J'6@'6'E=:P?9E659=<'E=<549HD59<B'5='43@P9465=4N'Q69?D43'

9<'5F3'364?N'P=@5=P34659A3'P349=JR

09<6??NO'Yegen et al. 25'P34Q=4:3J'6'@5DJN'9<'6'E=F=45'=Q'`d`'P6593<5@'cF='D<J34S

went lung transplantation between 2001 and 2005. All the patients received 

P4=PFN?6V9@'c95F'F3P649<O'3<=V6P649<O'=4'P<3D:659E'E=:P43@@9=<'J3A9E3@'JD49<B'

5F394'P=@5S546<@P?6<5' @56NR'/@N:P5=:659E'P6593<5@'c343'<=5' 4=D59<3?N' @E433<3J'

for VTE. The authors diagnosed 27 cases of VTE (incidence of 22%). 

.<'@D::64NO'6A69?6H?3'9<Q=4:659=<'@F=c@'5F65'5F343'9@'6<'D<6EE3P56H?3'9<E9J3<E3'

=Q'!("'6Q534'&$(R'(F343Q=43O'J3A3?=P:3<5'=Q'P43A3<59A3'@54653B93@'9@':6<J65=4NR
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ADOD5-?37897<?0;0!5!45!5:78<;2P5(042!42'5<!-?7<?Q407;7>Q

Nowadays, knowledge about the etiology of thrombosis is still based on the first 

J3@E49P59=<':6J3'HN'!94EF=c'9<'5F3'`g5F'E3<5D4NO'cF='@5653J'5F65'5F3':69<'E6D@3@'

=Q'5F4=:H=@9@'c343'A3<=D@'@56@9@O'3<J=5F3?96?'9<TD4N'6<J'6'FNP34E=6BD?6H?3'@5653R'

%@9<B'!94EF=cG@'5496J'6@'6'Q46:3c=4aO'@3A346?':3EF6<9@:@'F6A3'H33<'43?653J'5='

5F3'P65F=B3<3@9@'=Q'5F4=:H=@9@ 26O'6@'Q=??=c@Z'@56@9@'6<J'?=c'=VNB3<'53<@9=<O'6E59S

A659=<'=Q'5F3'3<J=5F3?9D:O'6E59A659=<'=Q'9<<653'6<J'6EKD943J'9::D<95NO'6E59A659=<'

=Q'H?==J'P?653?35@O'E=<E3<54659=<'=Q'P4=S'6<J'6<59E=6BD?6<5'P4=539<@'6<J'E=<E3<S

54659=<'6<J'<65D43'=Q':9E4=P6459E?3@R'

These mechanisms interact in different risk situations for VTE, as seen in the 

56H?3'P4=P=@3J'HN'Reitsma et al. 26R

%6;=(>:5021; 71<;4?<3(726/0;(2@(&5062/

,DEFGEH @,%S/SV'&/+"#0%",/+Q)SV'/--%,)'/&&O-/,P

+EIDJI @,%S/SV'W%S+OQ%"'(%&%$)V'&/+"#0%",/+Q)SV'/--%,)'/&&O-/,P

1GKLDM!NIOPGOGEM C%S+OQ%"'(%&%$)

QELRLKFGS!TGS!EGMO @,%S/S

QRIMOGE!NIMO @,%S/SV'&/+"#0%",/+Q)S

-LKF!PIDR!OEIUGR @,%S/S

(IRVFKIKNVGM ./+"#0%",/+Q)SV'/--%,)'/&&O-/,PV'0Q%,)Q),'-O&T)"S

2PGJLOPGEIWH ./+"#0%",/+Q)SV'/--%,)'/&&O-/,P

QEGFKIKNH @,%S/SV'+#%$OQ%,/#-'X%+,#"'+#-+)-,"%,/#-S

QDGEWGEVDJ C%S+OQ%"'(%&%$)V'+#%$OQ%,/#-'X%+,#"'+#-+)-,"%,/#-S

.EIR!NLKOEINGWOVUGM 4#%$OQ%,/#-'X%+,#"'+#-+)-,"%,/#-S

9LEJLKG!EGWRINGJGKO!OPGEIWH 4#%$OQ%,/#-'X%+,#"'+#-+)-,"%,/#-S

.TGMVOH @,%S/SV'+#%$OQ%,/#-'X%+,#"'+#-+)-,"%,/#-SV'0Q%,)Q),S

"KXGNOVLK A--%,)'/&&O-/,P

Inflammatory disease A--%,)'%-('%+YO/")('/&&O-/,P

,JLYVKF A--%,)'/&&O-/,PV'0Q%,)Q),SV'+#%$OQ%,/#-'X%+,#"'+#-+)-,"%,/#-S

-DWDM!IKOVNLIFDRIKO A--%,)'%-('%+YO/")('/&&O-/,PV'0Q%,)Q),S

%GKGOVN!XINOLEM 4#%$OQ%,/#-'X%+,#"'+#-+)-,"%,/#-S

-FMG*5O' Common and Well-Established Risk Factors And Their Presumed Point(s) of Action

(F3' 9<5346E59=<' H35c33<' 3<A94=<:3<5' 6<J' B3<3@' 9@' =Q' P646:=D<5' 9:P=456<E3'

9<' 5F9@' J9@36@3' 6<J' 3VP?69<@' 5F3' E=<@9J34659=<' =Q' 5F4=:H=PF9?96' 6@' 6' E=:P?3V'
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J9@36@3'Q=4'd'436@=<@Z'6'?64B3'<D:H34'=Q'3<A94=<:3<56?'6<J'B3<359E'Q6E5=4@O'@=:3'

of which have yet to be discovered; and a variable interaction with each other. 

(FD@O' 6?5F=DBF' 6' P6593<5' :6N' F6A3' 6' B3<359E' 5F4=:H=PF9?9E' :D5659=<O' 5F4=:S

H=59E'3A3<5@'6?534<653'c95F'6@N:P5=:659E'P349=J@O'@DBB3@59<B'5F65'@=:3'a9<J'=Q'

549BB34'9@'<33J3J'6<J'3:PF6@989<B'5F3'9:P=456<E3'=Q'5F3'3<A94=<:3<5R'"6EF'=Q'

the several environmental risk factors described entails a different risk (see table, 

6J6P53J'Q4=: Vilalta et al. 27).

*/A612/?</0:9(16;=(@:5021 %6;= %<@<1</5<

$FG!Z!=;!HGIEM 2.25-12.30 R?3S 9<

(IRG ;FL:'R33S 9I

0RINY ;FL:'R?3S 9<

0("!Z8C 9FGG'R73S 9<VG:

,JLYVKF 1.06-1.49 R?3S G;

$EOGEVIR!PHWGEOGKMVLK ;FJ;'R73S G:

4VITGOGM!JGRRVODM ;FK;'R73S 9<VG:

1IEVNLMG!UGVKM ;FK:'R?3S G;

$KH!MGEVLDM!SVMGIMG ;FH:'R73S G9

9GIEO!XIVRDEG 1.30-1.40 R?3S G;

[VSKGH!XIVRDEG 1.60-1.90 R?3S G;

2IKNGE 1.80-2.20 R?3S G;

2.Q4 1.40-1.60 R?3S G;

$DOLVJJDKG!SVMGIMGM 3.90-16.40 R403S GGVGK

"KXGNOVLKM 1.74-2.70 R33S GK

9LMWVOIR!ISJVMMVLK ;FI:'R?3S G;

$KOVWMHNPLOVN!SEDFM 1.55-1.84 R?3S G;

*,$"4M 9FJ:'R033S GJ

+IJL\VXGK ;FJ:'R?3S G;

.EIR!NLKOEINGWOVUGM ;FGG'R?3S G;

9LEJLKG!EGWRINGJGKO!OPGEIWH ;F9:'R?3S G;

QEGFKIKNH!IKS!WDGEWGEVDJ KFG:'R33S GL

+EIDJI 4.80-8.60 R73S GH

%GKGEIR!MDEFGEH IFJ:'R73S G<

.EOPLWGSVN!MDEFGEH ;LF9J'R73S G<

QELRLKFGS!TGS!EGMO JFL:'R73S G<

QRIMOGE!NIMO GLFJ'R73S G:

-LKF!PIDR!OEIUGR 9F<:'R33S GI

]VKOGE!MGIMLK ;F;K'R33S K:

QLRRDOVLK ;FKH'R73S K;

Coffee :FH:'R73S K9

$RNLPLR :FHJ'R?3S KG

-FMG*5T''"<A94=<:3<56?'49@a'Q6E5=4@'43?653J'5='!("

)*+: body mass index; ,-./: chronic obstructive pulmonary disease; '
*+!,-': non-steroidal anti-inflammatory drugs; ,..: incidence rate ratio; '

/.: odds ratio; ..: relative risk; +,.; standardized incidence ratio.
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Although it seems clear that a number of genetic factors have yet to be identified, 

the fact is that only a few genetic variations have proved to have causal effect in 

thrombosis, namely, decreased anticoagulant proteins (antithrombin III (ATIII), 

protein C (PC), protein S (PS)), dysfunctional proteins (dysfibrinogenemia), factor V 

G1691A mutation, factor 2 G20210A mutation and increased procoagulant factors 

such as factor VIII (FVIII). Others, such as antiphospholipid antibodies or elevated 

F=:=EN@539<3O'F6A3'H33<'43?653J'5='6<'9<E436@3J'49@a'=Q'5F4=:H=@9@O'6?5F=DBF'5F3'

:3EF6<9@:'43:69<@'D<a<=c<R'/,$'H?==J'B4=DP'F6@'6?@='H33<'J3@E49H3J'6@'6'49@a'

factor: no-O carriers (specifically A1 genotype) have an increased risk of thromS

botic events owing to higher levels of Von Willebrand Factor (vWF) and FVIII' MMR''

$5F34'B3<359E' Q6E5=4@' 5F65'643' 9<Q43KD3<5' 9<' 5F3'B3<346?'P=PD?659=<'6<J' 9<A=?A3J'

in thrombotic risk include C46T mutation (gene F12), R67X (gene SERPINA10), '

A348S (gene SERPINC1), FV Cambridge and FV Hong Kong. 

(F3'E?6@@9E'E=<E3P5'=Q'E=<@9J349<B'5F3@3':D5659=<@'J9EF=5=:=D@'A6496H?3@'F6@'H33<'

E6??3J'9<5='KD3@59=<O'5FD@'9<E436@9<B'5F3'E=:P?3V95N'=Q'5F9@'E=<J959=<R'(F3'P=@@9H9?95N'

5F65' 5F3N'H3F6A3'6@'6' E=<59<D=D@' 49@a' Q6E5=4' 9@'H39<B' E=<@9J343J'6<JO' 5F343Q=43O'

risk may be stratified according to protein levels. This would lead to a gradient of 

susceptibility to the disease, explaining the differences seen in the clinical field.

ADTD5304U5=!:-7345=7351-250/5;-

'010'0& 234%5$6738&479%"9%

.5'@33:@'P?6D@9H?3'5F65'5F3'D<J34?N9<B'J9@36@3'5F65'?36J@'5='546<@P?6<5659=<'E=D?J'

9<E436@3'5F3'9<J9A9JD6?'@D@E3P59H9?95N'5='5F4=:H=@9@O'6<J'5F65'5F9@'9<E436@3J'49@a'

:6N'P34@9@5'6Q534'546<@P?6<5659=<R'

Lung recipients with idiopathic pulmonary fibrosis (IPF) as the primary disease are 

5F=DBF5'5='F6A3'6'F9BF34'49@a'=Q'5F4=:H=@9@R'.<'6'4354=@P3E59A3'43A93c'=Q'ed'?D<B'

43E9P93<5@O'Nathan et al.'dd reported 7 PE events among 6 patients, all of which 
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c343' 9<' 5F3' @DHB4=DP'=Q'P6593<5@'cF='D<J34c3<5' 546<@P?6<5659=<'=c9<B' 5=' .20R'

Garcia-Salcedo et al. 23 subsequently reported 5 cases of PE in a cohort of 280 

patients that were retrospectively reviewed; all 5 involved IPF patients. 

(F3'436@=<@'643'<=5'c3??'a<=c<Z'@=:3'6D5F=4@ 25'F6A3'@DBB3@53J'5F65'6B3'E=D?J'H3'

a confounding factor; others have focused on the study of a possible procoagulant 

@5653'9<'P6593<5@'cF='F6J'.20'H3Q=43'546<@P?6<5659=<R'Navaratnam et al. 45'E=:P643J'

211 incident cases of IPF with 256 age- and sex- matched controls from the general 

population. A prothrombotic state (defined as the presence of 1 clotting defect or 

marker of fibrinolytic dysfunction) was >4 times more likely in patients with IPF, '

6<J'P6593<5@'c95F'6'P4=5F4=:H=59E'@5653'6?@='F6J':=43'@3A343'J9@36@3'65'P43@3<56S

tion (based on forced vital capacity) and an increased risk of death. 

Coagulation has previously been related to lung injury and fibrotic lung disease; 

thus, extravascular intraalveolar accumulation of fibrin is characteristic of acute lung 

injury and acute respiratory distress syndrome, and procoagulant alterations (such 

as reduced ATIII or PC and increased tissue factor levels) have been described 46,47'

in this population. Similar findings have been found in pulmonary fibrosis related to 

@N@53:9E'@E?34=@9@'6<J'.20 48,49R'"A9J3<E3'=Q'6'E6D@6?'4=?3'=Q'E=6BD?659=<'6H<=4:6?9593@'

in driving fibrotic responses comes from a variety of studies in animal models, where 

564B359<B' 5F3'E=6BD?659=<'E6@E6J3' ?3J' 5=' 43JDE59=<@' 9<'P646:3534@'=Q' ?D<B' 9<TD4NO'

inflammation and fibrosis. Nevertheless, clinical trials of anticoagulants in acute lung 

injury and IPF have shown conflicting results. In 2005, Kubo et al. 50' 46<J=:983J'

56 patients with IPF to prednisolone plus anticoagulant therapy or prednisolone 

alone; anticoagulant therapy showed a beneficial effect, with lower mortality (18% 

vs. 71%, p = 0.008). However, a subsequent double-blind, randomized, placebo-conS

54=??3J'5496? 51'J3:=<@54653J'9<E436@3J':=456?95N'9<'5F3'6<59E=6BD?659=<'B4=DPO'6<J'

5F3'@5DJN'c6@'P43:65D43?N' @5=PP3JR' .<' E=<E?D@9=<O' 95' @33:@'E?364' 5F65' 5F343' 9@'6'

H9=?=B9E6?' P4=5F4=:H=59E' @5653' 9<' .20' 5F65' 9@' E=443?653J'c95F'J9@36@3' @3A3495N' 6<J'
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=D5E=:3O'6?5F=DBF':=43'@5DJ93@'643'<33J3J'5='6@@3@@' 9<J9A9JD6?' 5F4=:H=59E'49@a'

6<J'P4=PFN?6E59E'@54653B93@R

'010(0& ,*:&73;%<=7>3

Cytomegalovirus (CMV) infection temporary modifies the characteristics of the endoS

5F3?9D:'5='6'P4=E=6BD?6<5'PF3<=5NP3'6<J'9<E436@3@'5F4=:H=59E'49@a'H=5F'9<'9::D<=S

@DPP43@@3J'6<J'9::D<=E=:P353<5'F=@5@ 52R'(c=':3EF6<9@:@'F6A3'H33<'P4=P=@3JR'

0=4:659=<' =Q' 6<59PF=@PF=?9P9J' 6<59H=J93@' 9<' 43@P=<@3' 5=' >+!' 9<Q3E59=<' F6@' H33<'

@5DJ93J'9<'6<9:6?':=J3?@O'HD5'<=5'N35'9<'5F3'E?9<9E6?'@3559<BR']943E5'9<Q3E59=<'=Q'3<J=5F3?96?'

E3??@'F6@'6?@='H33<'@DBB3@53J'6@'6'P=@@9H?3':3EF6<9@:'5F65'?36J@'5='?N@9@'6<J'43?36@3'

of tissue factor-mediated thrombin, inhibition of anticoagulants and fibrinolysis. 

.<'&$(O' 5F3'6@@=E9659=<'H35c33<'>+!' 9<Q3E59=<'6<J'!("'F6@'H33<'@5DJ93J' 9<' 43<6?O'

liver and lung transplantation. In 1998, a retrospective study 53'9<'?9A34'546<@P?6<5659=<'

Q=D<J'6'P=@959A3'6@@=E9659=<'H35c33<'5F3'D@3'=Q'6'>+!SP=@959A3'J=<=4'9<'6'@34=<3B6S

tive recipient and the incidence of hepatic artery thrombosis in the first 30 days after 

546<@P?6<5659=<R'.<'*(O'Kazory et al. 54 retrospectively reviewed a population of 218 renal 

recipients and found 77 patients with acute CMV infection, of whom 13 presented a 

VTE event. In 7 cases, the events (thromboembolism and CMV) were simultaneous. In 

this study, allograft thromboses were excluded. Globally, the incidence of VTE was 9% 

in patients with acute CMV infection compared with 4.2% in patients without infection. 

/<59PF=@PF=?9P9J'6<59H=J93@'c343'@=DBF5'9<'P6593<5@'c95F'E=<E=:956<5'>+!'9<Q3E59=<'

and were found in 3 cases (before transplantation in 1 patient). Moscarelli et al. 55'@DH@3S

quently reported an even higher incidence in 769 kidney recipients; CMV infection was 

reported in 154 patients, 37 (38%) of whom also had an episode of VTE. 

>=<546@59<B'43@D?5@'c343'Q=D<J'9<'5F3'=<?N'@5DJN'43B64J9<B'-( 25O'cF343'49@a'Q6E5=4@'

for VTE were studied in 121 recipients. Only 1 (4%) of the 27 patients with VTE also 

had CMV disease, compared with an incidence of 7% in the control group.
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:FG+)E*"&)E5)E$)M)#%&,

Calcineurin inhibitors, and specifically +L+G%,H%&)E*5 R:,!SO' F6A3' H33<' 43?653J'

to thrombotic complications (such as thrombotic microangiopathy and thromS

botic thrombocytopenic purpura) after bone marrow transplantation. Their role 

9<'5F3@3'E=:P?9E659=<@'6Q534'&$('43:69<@'D<E?364O'6<J'@3A346?':3EF6<9@:@'F6A3'

been proposed (see !"#$%&B).

Suehiro et al. 56 studied the effect of calcineurin inhibitors on serotonin-induced 

P?653?35'6BB43B659=<' 9<'A954=R'%@9<B'P?653?35@'Q4=:'F36?5FN'J=<=4@'6<J'6JJ9<B'>@/'

6<J'56E4=?9:D@'@3P64653?NO'5F3N'43P=453J'6'J=@3SJ3P3<J3<5'3<F6<E3J'@34=5=<9<S'

induced platelet aggregate formation with both drugs. These data conflict with those 

=Q'd' @5DJ93@ 57,58, suggesting that tacrolimus had an antithrombotic effect in vitro 

5F4=DBF'9<F9H959=<'=Q'P?653?35'6E59A95N'6<J'E=6BD?659=<'6<J'6<=5F34'@5DJN 59'J3@E49H9<B'

<=4:6?'P?653?35'QD<E59=<':=43'5F6<'M':=<5F@'6Q534'*('9<'`f'P6593<5@'43E39A9<B'>@/R'

The effect of CsA on hemostasis is also a matter in controversy. In 1985, Vanren-

terghem et al. 60 compared increased levels of factor VIII and fibrinogen in a group 

=Q' gf' P6593<5@' 543653J' c95F' >@/' 6<J' P43J<9@=?=<3' c95F' gf' P6593<5@' 43E39A9<B'

6865F9=P49<3'6<J'P43J<9@=?=<3'@3A346?'c33a@'6Q534'546<@P?6<5659=<R'/??'P6593<5@'

received dipyridamole as prophylaxis. The role of CsA in these findings is not 

E?364O'H3E6D@3'3?3A653J'?3A3?@'=Q'Ab0'6<J'0!...'H3Q=43'546<@P?6<5659=<'F6A3'6?436JN'

H33<'J3@E49H3J 61R'&549a9<B?NO'Vanrenterghem et al.'6?@='Q=D<J'9<E436@3J'?3A3?@'=Q'

6<59E=6BD?6<5'P4=539<@'@DEF'6@'6<595F4=:H9<'...'6<J'P4=539<'>R

Nevertheless, the possibility of a procoagulant effect of CsA is further supported 

HN' in vitro' @5DJ93@R'Baker et al. 62 assessed the effect of CsA over hemostasis via 

F3:=@565=:354NO'cF9EF'P4=A9J3@'6<'9<53B4653J'=A346??'6@@3@@:3<5'=Q'F3:=@56@9@R''

(F3'6D5F=4@'Q=D<J'6'?=c34'F3:=@56@9@'59:3'9<'P6593<5@'43E39A9<B'>@/'5F6<'9<'P6593<5@'
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43E39A9<B'6865F9=P49<3'6<J'P43J<9@=?=<3'6?=<3R'Garcia-Maldonado et al. 63 E=:P643J'

H=A9<3'6=459E'3<J=5F3?96?'E3??@'3VP=@3J'5='>@/'c95F'E=<54=?'E3??@R'>@/'43JDE3J'5F4=:S

H=:=JD?9<'6E59A95NO'5FD@'J=c<43BD?659<B'5F3'P4=539<'>'6<59E=6BD?6<5'P65Fc6N'6<J'

@DBB3@59<B'6<'9<E436@3J'49@a'=Q'5F4=:H=@9@'9<'>@/S543653J'P6593<5@R'

Previous studies have also described an impairment in fibrinolysis 64,65R''

Ueda et al. 64 described fibrinolytic parameters in the long term after RT (more 

than 3 years) in 2 groups of patients: 26 receiving CsA and low-dose prednisoS

?=<3'6<J'df'P6593<5@'c95F'6865F9=P49<3'6<J'P43J<9@=?=<3R'(F3N'Q=D<J'J3E436@3J'

fibrinolytic activity due to decreased release of tissue plasminogen activator (tPA) 

or increased levels of plasminogen activator inhibitor-1 (PAI-1), which were more 

pronounced in CsA-treated patients. Although the effect of prednisolone is not 

negligible, it cannot explain the differences between the 2 groups. 

(F3':6<N'=5F34'P4=E=6BD?6<5':3EF6<9@:@'P4=P=@3J'9<E?DJ3'6E59A659=<'=Q':=<=S

EN53@'5='3VP43@@'59@@D3'Q6E5=4O'3<J=5F3?96?'JN@QD<E59=<O'6E59A659=<'=Q'5F3'9<549<@9E'

E=6BD?659=<'P65Fc6NO'9<E436@3J'?3A3?@'=Q'5F4=:H=V6<3'6<J'43JDE3J'P4=JDE59=<'

=Q'P4=@56ENE?9<'HN'3<J=5F3?96?'E3??@'``R

>@/'43:69<@'E=<54=A34@96?'Q4=:'5F3'E?9<9E6?'P=9<5'=Q'A93cR'Vanrenterghem et al. 60'

43P=453J'`e'!("'3A3<5@' 9<' 5F3'>@/'B4=DP'6<J'=<?N'`'3A3<5' 9<' 5F3'6865F9=P49<3'

B4=DPR',N'E=<546@5O' 9<'5F394'P4=@P3E59A3'@5DJNO'Brunkwall et al. 66 did not find an 

9<E436@3J'Q43KD3<EN'=Q']!(' 9<'ge'P6593<5@'43E39A9<B'>@/'6<J' ?=cSJ=@3'E=459E=S

steroids (incidence of 9.3%) compared with a similar group of 83 patients treated 

with azathioprine and high-dose corticosteroids (incidence of 24.1%). Larger 

@5DJ93@ 67,68'F6A3'6?@='Q69?3J'5='P4=A3'6<'6@@=E9659=<'H35c33<'>@/'6<J'!("R'

/?5F=DBF'#F+&%G)N",'F6@'F6J'?=c34'A9@9H9?95N'9<'5F3'?953465D43'5F6<'>@/O'95'9@'6?@='

subject to controversy. Once again, studies in the clinical setting conflict with 
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5F3'P43A9=D@?N':3<59=<3J'in vitro 43@D?5@'6<J'643'9<'Q6A=4'=Q'6'H35534'E=6BD?659=<'

profile than CsA. Thus, Pirsch et al. 69'J3@E49H3J'6'F9BF34'9<E9J3<E3'=Q']!('9<'56E4=S

?9:D@S543653J' P6593<5@' 9<' 6<' =P3<S?6H3?O' 46<J=:983JO':D?59E3<534' @5DJN' =Q' M`d'

kidney recipients treated with tacrolimus (n = 205) or CsA (n = 207) and followed 

for 1 year. Nevertheless, risk factors for VTE were present in all patients, and 45% 

=Q'5F3'E6@3@'9<'5F3'56E4=?9:D@'B4=DP'c343'43P=453J'HN'6'@9<B?3'E3<534R'

In summary, the relative importance of all these changes is difficult to assess, and 

there are studies confirming and refuting the association between calcineurin 

9<F9H95=4@'6<J'A6@ED?64'5F4=:H=@9@R'-64B34'P4=@P3E59A3O'46<J=:983J'@5DJ93@'643'

needed to establish a definitive association. 

:%&#)+%,#*&%)J,

The prothrombotic effect of corticosteroids has been described in the literature. 

.<'>D@F9<BG@'J9@36@3O'Q=4'3V6:P?3O'E=459E=@534=9J@'643'a<=c<'5='9<JDE3'6'FNP34E=S

6BD?6H?3'@5653O'5FD@'9<E436@9<B'5F3'49@a'Q=4'!("R'/'@N@53:659E'43A93c'=Q'?953465D43'ef'

J3@E49H3J'9<E436@3J'Q6E5=4'!...O'Q6E5=4'._'6<J'Ab0'9<'5F9@'J9@36@3O'cF9EF'53<J3J'5='

<=4:6?983'6Q534'@DEE3@@QD?'54365:3<5R'

In the field of SOT, Sartori et al.'e` performed a study in 28 kidney recipients long 

after surgery (mean 22 ± 16 months). Methylprednisolone was tapered and subseS

quently withdrawn. Fibrinolysis was studied at different time points before and 

6Q534' 5F3' EF6<B3' 9<' 54365:3<5O' 6<J' 6' A3<=D@' =EE?D@9=<' 53@5' c6@' P34Q=4:3J' 5='

stimulate fibrinolysis. Fibrinolytic capacity was impaired in all patients at the first 

time point. Only 12 remained corticosteroid-free at 6 months. Reduced fibrinoS

lytic capacity was seen in 83% during corticosteroid treatment and in only 16.7% 

after corticosteroids were withdrawn (the dose of CsA and azathioprine remained 

unchanged). Similarly, Patrassi et al.' ed studied the effect of corticosteroids in 

49 heart recipients and 25 healthy controls (mean time since transplantation '
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29.04 ± 1.27 months). Transplant recipients were divided into 2 groups depending 

=<' cF35F34' =4' <=5' 5F3N' 43E39A3J' E=459E=@534=9J@' 6@' P645' =Q' 5F394' 9::D<=@DPP43@S

@9=<' P4=5=E=?' 6<J':65EF3J' Q=4' @3VO' 6B3' 6<J' P=@5S546<@P?6<5659=<' 59:3R' .:P694:3<5'

of fibrinolytic potential due to high PAI-1 levels was seen in 69.2% of heart recipients 

treated with corticosteroids and in 35% of patients without corticosteroids, '

a difference that was statistically significant. 

(F343Q=43O'95'@33:@'E?364'5F65'E=459E=@534=9J@'F6A3'6<'9:P=456<5'4=?3'9<'5F3'P4=E=S

6BD?6<5'@5653'@33<'6Q534'@=?9J'=4B6<'546<@P?6<5659=<R

N-735)E$)M)#%&,

.<'P43E?9<9E6?'@5DJ93@O':($*'9<F9H95=4@'F6A3'H33<'43P=453J'5='F6A3'6'P4=5F4=:S

botic effect. The mechanisms are not well known but include regulation of tissue 

Q6E5=4'3VP43@@9=<'9<'3<J=5F3?96?'E3??@ 73O'9<E436@3J'3VP43@@9=<'=Q'5F3'B3<3'2/.S̀ 'eM'

6<J'9<E436@3J'P?653?35'6BB43B659=< 75R

(F3' 6@@=E9659=<' H35c33<' :($*' 9<F9H95=4@' 6<J' 49@a' =Q' !("' 43:69<@' E=<54=A34@96?'

9<'5F3'?953465D43R'.<'dffdO'5F3'0]/'469@3J'5F3'6?64:'6H=D5'6'P=@@9H?3'6@@=E9659=<'=Q'

@94=?9:D@'c95F'F3P659E'64534N' 5F4=:H=@9@R'(F9@'c64<9<B'c6@'H6@3J'=<'d'@5DJ93@' 9<'

liver transplantation that were not submitted for peer review; therefore, data are 

difficult to obtain. The only abstract available 76'9@'Q4=:'6<'=P3<S?6H3?O'46<J=:983JO'

:D?59E3<534'@5DJN'cF343'P6593<5@'c343'6@@9B<3J'5='d'9::D<=@DPP43@@9=<'P4=5=E=?@Z''

sirolimus, CsA and corticosteroids (n = 111) or tacrolimus and corticosteroids (n = 52). 

(F3'9<E9J3<E3'=Q'F3P659E'64534N'5F4=:H=@9@'c6@'F9BF34'9<'5F3'@94=?9:D@'B4=DPO'HD5'

the difference did not reach statistical significance. The other study is mentioned in 

McKenna et al.'ee'6<J'E=:P643@'̀ `f'43E9P93<5@'9<'5F3'@94=?9:D@'B4=DP'c95F'̀ `d'P6593<5@'

in the tacrolimus group. Again, no statistically significant differences were found for 

5F3'9<E9J3<E3'=Q'F3P659E'64534N'5F4=:H=@9@O'6?5F=DBF'F9BF34'4653@'=Q'J365F'6<J'B46Q5'

?=@@'?3J'5='5F3'364?N'534:9<659=<'=Q'5F3'@5DJN'6<J'P4=:P53J'5F3'0]/'c64<9<BR'
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&3A346?' @DH@3KD3<5' @5DJ93@' 9<' ?9A34' 546<@P?6<5' 6<J' *(' F6A3' <=5' H33<' 6H?3' 5='

resolve the controversy. Although liver recipients set off the alarm, studies have 

J3@E49H3J'43JDE3J'=4'D<EF6<B3J'9<E9J3<E3'=Q'F3P659E'64534N'5F4=:H=@9@'9<'@94=?9S

:D@S543653J'P6593<5@ 77–80. In RT, studies based on small samples show conflicting 

43@D?5@' 43B64J9<B' 5F3' 9<E9J3<E3' =Q' !("' 6<J' 95@' 6@@=E9659=<' c95F' @94=?9:D@ 81,82R''

Baas et al. 83 performed a single-center study describing coagulation profiles after 

*('6<J'Q=D<J'5F65'3A34=?9:D@'c6@'6<'9<J3P3<J3<5'J3534:9<6<5'=Q'F9BF34'?3A3?@'

of vWF, prothrombin fragment 1-2, PAI-1 and thrombin-activatable fibrinolysis 

9<F9H95=4O'cF9EF'?36J@'5='9<E436@3J'3<J=5F3?96?'6E59A659=<O'5F4=:H9<'Q=4:659=<'6<J'

impaired fibrinolysis. 

In contrast, data available for lung transplantation (2 studies) and heart transS

plantation (1 study) endorse the association between mTOR and risk for VTE. '

Lingaraju et al. 84 performed a retrospective study in 278 lung transplant recipiS

ents and found a higher incidence of VTE in patients using sirolimus (56.7% vs. 

24.4% p < 0.001). Although the use of sirolimus as rescue therapy after acute or 

EF4=<9E'43T3E59=<'h6<J'5F343Q=43'9<'6'@9Ea34'P=PD?659=<h'E=D?J'6E5'6@'6'E=<Q=D<J34O'

these results were later confirmed by Ahya et al. 85' 9<'6'P4=@P3E59A3O':D?59E3<534O''

46<J=:983JO' =P3<S?6H3?' 5496?R' (F3' 6D5F=4@' E=:P643J' d' B4=DP@' =Q' P6593<5@Z' =<3'

43E39A9<B'56E4=?9:D@O'6865F9=P49<3'6<J'E=459E=@534=9J@'6<J'6<=5F34'43E39A9<B'56E4=S

?9:D@O'@94=?9:D@'6<J'E=459E=@534=9J@R'"A3<'5F=DBF'5F3'9<E9J3<E3'=Q'!("'c6@'<=5'5F3'

primary endpoint, a subanalysis revealed a significantly higher incidence of VTE in 

the sirolimus cohort (17.2% vs. 3.2% p<0.001). Lower limb edema was reported to 

H3'6<=5F34'P=@@9H?3'E=Q=D<J34'5F65'E=D?J'549BB34':=43']!('@E433<9<B'9<'5F3'@94=S

?9:D@'B4=DPR'(F3'=<?N'3A9J3<E3'9<'F3645'546<@P?6<5659=<'86'6?@='@DPP=45@'5F9@'6@@=S

ciation, with a hazard ratio for VTE associated with sirolimus of 2.74 (p = 0.04) in 

a population of 67 patients receiving sirolimus and 134 recipients receiving other 

9::D<=@DPP43@@9A3'54365:3<5R'
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Data on the thrombotic capacity of mycophenolate mofetil (MMF) are lacking. 

&=:3'9<'A954='@=:3'@5DJ93@'43P=45'J3E436@3J'6BB43B659=<'=Q'P?653?35@'9<'*('58,87R'

)=c3A34O' 5F343' 643' @=:3' 43P=45@' =Q' ?=E6?' 5F4=:H=@9@' 43?653J' 5=' 9<546A3<=D@'

6J:9<9@54659=<'=Q'++0'6<J'`'E6@3'43P=45 88'=Q'43ED443<5']!('9<'6'P6593<5'543653J'

c95F'++0'cF='c6@'F3534=8NB=D@'Q=4'Q6E5=4'!'-39J3<R

,??4/2;481<;;6A<(314B 72;;6C9<(812D52:B49:/0(?<5E:/6;? &/06D52:B49:/0(:90<1:062/;

:L+G%,H%&)E*5!5R:,!S Serotonin-induced platelet activation!;<

5-N%-+)('N)&#S,%S/S!<CB!<6B!<3

*)+")%S)('0"#,)/-'4!<8

Impaired fibrinolysis <6B!<:

A-+")%S)('%-,/,N"#&T/-'AAA'%-('
0"#,)/-'4!<C'

-F+&%G)N", Serotonin-induced platelet activation!;< A-N/T/,/#-'#X'0Q%,)Q),'%+,/W/,P!;=

A-N/T/,/#-'#X'+#%$OQ%,/#-!;=

:%&#)+%,#*&%)J, Impaired fibrinolysis!=3B=6 8#,'()S+"/T)(

N-735)E$)M)#%&, A-+")%S)('0Q%,)Q),'%$$")$%,/#-!=;

Impaired fibrinolysis!=:

3)$OQ%,/#-'#X',/SSO)'X%+,#"')R0")SS/#-'/-'
)-(#,N)Q/%Q'+)QQS!=8'

8#,'()S+"/T)(

8L+%H$*E%GF#*5N%I*#)G 8#,'()S+"/T)( *)+")%S)('0Q%,)Q),'%$$")$%,/#-!;>B>=

-FMG*5V''>=6BD?659=<'6H<=4:6?9593@'E6D@3J'HN'9::D<=@DPP43@@9A3'J4DB@

ADVD5-3!/4<;!/-!-07/5!45!5<37:7!>.;!/-54-!-2

Coagulation profiles after SOT have yet to be fully explored. Current data are 

@E64E3'6<J':69<?N'43Q34'5='a9J<3N'6<J'?9A34'546<@P?6<5659=<R

(F3'364?N'P349=J'6Q534'*('9@'EF646E534983J'HN'6'P4=E=6BD?6<5'@5653'5F65'?6534'53<J@'

5='<=4:6?983O'6?H395'c95F'@=:3'P4=E=6BD?6<5'Q6E5=4@'P34@9@53<5?N'6H<=4:6?'9<'5F3'

?=<B'534:R'Nampoory et al. 89'P34Q=4:3J'6'P4=@P3E59A3'@5DJN'9<'P6593<5@'=<'43BD?64'

hemodialysis therapy, with a 6presented an abnormal coagulation profile consisting 

of PC deficiency (24.4%), PS deficiency (32.1%), ATIII deficiency (19.2%) and activated 

protein C resistance (20%). The incidence of vascular access thrombosis was 26.8%, 
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6<J' ?=B9@59E' 43B43@@9=<' 6<6?N@9@' E=443?653J' A6@ED?64' 6EE3@@' 5F4=:H=@9@' c95F' 2&'

deficiency, presence of lupus anticoagulant and PC deficiency (for which a borderS

line correlation was observed, p = 0.06). Twenty of these patients subsequently 

received a live-related donor RT, and 16 were available for study. The patients 

F6J' J3:=<@546H?3' P43S546<@P?6<5659=<' FNP34E=6BD?6H?3' EF6<B3@Z' J3E436@3J' 2>'

(25%), decreased PS (68.8%), decreased ATIII (25%) and activated protein C resisS

tance (31.3%). After a mean of 9.3 ± 4.2 months of follow up, they were reevaluated, '

6<J'6H<=4:6?9593@'43?653J'5='6'P4=E=6BD?6<5'@5653'F6J'H33<'E=443E53JR

Cho et al.' gf later performed a similar study in 531 Asian kidney recipients. '

Coagulation profiles were evaluated before transplantation and during postoperaS

tive days (POD) 7, 14 and 28. Increased D-dimer and homocysteine levels before RT 

P34@9@53J'6Q534'546<@P?6<5659=<'DP'5='5F3' ?6@5' Q=??=cSDP' 9<'5F3'E6@3'=Q']SJ9:34'6<J'

D<59?'J6N'̀ M'9<'5F3'E6@3'=Q'F=:=EN@539<3R'/'F9BF'P43A6?3<E3'=Q'?DPD@'6<59E=6BD?6<5'6<J'

6<59E64J9=?9P9<'6<59H=J93@'c343'@33<'H3Q=43'*(O'6?5F=DBF'5F9@'53<J3J'5='J3E436@3'6Q534'

surgery. The prevalence of thrombophilic risk factors decreased from 80.9% before 

RT to 47% at POD 28. Moreover, at all postoperative assessments, the glomerular 

filtration rate of kidney recipients with no thrombophilic factors was higher than that 

=Q'43E9P93<5@'c95F'`'=4':=43'5F4=:H=PF9?9E'Q6E5=4@R'(F343Q=43O'5F3'6D5F=4@'@DBB3@53J'

5F65' FNP34E=6BD?6H9?95N' 6Q534' *(' E=D?J' H3' E=443E53J' HN' 9:P4=A9<B' 43<6?' QD<E59=<R''

Pawliki et al.'g` also described an improvement in the procoagulant profile during the 

first 2 weeks after RT owing to increased activity of ATIII, PC and PS. At the same time, 

F9BF'?3A3?@'=Q']SJ9:34'c343'=H@34A3J'H=5F'65'J6N'e'6<J'J6N'`MR

Focusing on the long-term coagulation profile, Irish et al.'gd' 43P=453J'P34@9@53<5'

and increased thrombin generation (increased levels of F1+2 and D-dimer) and 

impaired fibrinolysis in a study performed 1 year after RT (median 5 years). These 

EF6<B3@'c343'3V6E34H653J'9<'P6593<5@'c95F'E64J9=A6@ED?64'=4':356H=?9E'J9@36@3@R
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.<'?9A34'546<@P?6<5659=<O'43E3<5'6553<59=<'F6@'Q=ED@3J'=<'5F4=:H=3:H=?9E'E=:P?9S

cations, and coagulation profiles have been studied in the short term after surgery. 

Stahl et al. 98 performed a study of 30 liver recipients in which they analyzed coaguS

lation factors before and after transplantation (POD 1, 3, 5 and 10). They reported 

rapid normalization of PT and PTT. At POD 3, all procoagulant factors were 

c95F9<'5F3'<=4:6?'46<B3'3VE3P5'0!...'6<J'Ab0O'cF9EF'43:69<3J'P34@9@53<5?N'F9BF'

5F4=DBF=D5'5F3'@5DJNR'.<'E=<546@5O'6<59E=6BD?6<5'P4=539<@'F6J'6'J3?6N3J'43E=A34NO'

with most patients having low levels of ATIII (58%) and abnormal protein C (12.5%) 

65'2$]'`fR'

$5F34' @5DJ93@' F6A3' Q=ED@3J' =<' 5F9@' P34@9@53<5' 9<E436@3' 9<' P4=E=6BD?6<5' Q6E5=4@R'

,3Q=43' ?9A34' 546<@P?6<5659=<O' 5F4=:H=EN5=P3<96' 9<' E944F=59E' P6593<5@' 9@' H6?6<E3J' HN'

F9BF' ?3A3?@' =Q' Ab0O' 6?5F=DBF' 5F3' QD<E59=<6?95N' =Q' 5F9@' :64a34' 9@' @=:3F=c' E=:P4=S

:9@3J' ggR' /' J3E436@3J' P?653?35' E=D<5' F6@' H33<' J3@E49H3J' DP' 5=' 2$]' `f' `ffO''

6<J' 5F9@' 9@' 6@@=E9653J' c95F' P34@9@53<5?N' F9BF' ?3A3?@' =Q' Ab0O' c95F' 49@9<B' QD<E59=<S

ality and low levels of ADAMTS 13. This results in a profound imbalance in the '

vWF/ADAMTS13 ratio that has been related to thrombotic risk. As for fibrinolysis, a 

hypofibrinolytic state has been described 5 days after liver transplantation owing to 

6<'9<E436@3'9<'2/.S̀ '?3A3?@'`f R̀'(='@D:'DPO'95'@33:@'E?364'5F65'6'P4=E=6BD?6<5'53<J3<EN'

F6@'5='H3'56a3<'9<5='6EE=D<5'6Q534'?9A34'546<@P?6<5659=<R'

ADWD5<3212/-07/5!/(5-32!-82/-57=51-25!=-23547-
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?6E59E'@54653BN'Q=4'!("'6Q534'&$(R'(F3'B43653@5'E=<E34<'9@'5F3'49@a'=Q'H?33J9<B'E=:P?9S
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diversity in clinical practice as was reflected in a study by Ripert et al.'̀ fdR'(F3'6D5F=4@'

P34Q=4:3J'6'53?3PF=<3'@D4A3N'=Q'6??'43<6?'546<@P?6<5659=<'E3<534@'9<'046<E3O'M'E6@3@'

were assessed per center, and very different protocols were proposed in each of 

them. This diversity is also depicted in the different strategies evaluated in the literaS

5D43O'@=:3'=Q'cF9EF'c343'6PP?93J'9<'5F3'9::3J9653'P=@5=P34659A3'P349=J'6<J'=5F34@'

Q=4'?=<B34'6Q534'546<@P?6<5659=<R'!"#$%&C'@D::64983@'5F3'PDH?9@F3J'?953465D43R'

'0C0'0& .>9=>A%5"=7D%&A5>AE6$"F79

)3P649<' 9@'5F3'H6@9@'=Q':=@5'@F=45S534:'P4=PFN?6E59E'@54653B93@'5F65'F6A3'H33<'

3A6?D653J'6<J'9@'D@D6??N'6J:9<9@5343J'D<59?'2$]'eR'/A69?6H?3'J656'@F=c'6<'=A346??'

53<J3<EN'5=c64J'?=c34'B46Q5'5F4=:H=@9@O'c95F'6<'9<E436@3J'49@a'=Q':6T=4'H?33J9<B'

9<'546<@P?6<5'43E9P93<5@'c95F'<='49@a'Q6E5=4@R'Murashima et al. 103'P34Q=4:3J'6'@5DJN'

@3?3E59<B'=<?N'P6593<5@'c95F'49@a'Q6E5=4@'Q=4'!("'6<J'43P=453J'@9:9?64'43@D?5@R'(F3'

authors retrospectively compared 32 kidney recipients without anticoagulation 

with 16 patients receiving different anticoagulation protocols: 12 with nonfracS

tionated heparin followed by warfarin, 3 with nonfractionated heparin followed 

HN'6@P949<'6<J'`'43E39A9<B'<=<Q46E59=<653J'F3P649<'6?=<3R'(F3N'43P=453J'6'?=c34'

incidence of graft thrombosis in the second cohort (18.8% vs. 6.3%), although 

with a relevant incidence of bleeding complications (around 31%). 

]3@P953'5F3'@9:9?6495N'=Q'5F3'43@D?5@O'5F343'9@'<='E=<@3<@D@'=<'5F3'43E=::3<J6S

59=<@Z'@=:3'6D5F=4@'643'9<'Q6A=4'=Q'D@9<B'F3P649<'P4=PFN?6V9@'9<'5F3'364?N'P=@5S

=P34659A3'P349=J'9<'6??'546<@P?6<53J'P6593<5@'`fM, although none of the differences 

reported were statistically significant, whereas most agree on administering 

6<59E=6BD?659=<'=<?N'5='F9BFS49@a'P6593<5@ 103,105,106'=4'c95F'Q43KD3<5':=<95=49<B'=Q'

E=6BD?659=< 107,108 owing to a significant bleeding risk that can reach 31% 103R

Shullo et al.'`fg explored a different protocol, namely, the combination of 81 mg 

per day of aspirin plus low-molecular-weight heparin for 10 days in 13 patients 
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botic complications, an alarming 69% incidence of major bleeding events led to 

5F3'c95FJ46c6?'=Q'5F3'E=:H9<659=<R'

'0C0(0& GF=%34%4&A5>AE6$"F79

.<' 6JJ959=<' 5=' 6<59E=6BD?659=<' P4=5=E=?@O' 3V53<J3J' P4=PFN?6V9@' F6@' 6?@=' H33<'

3A6?D653J'9<'6<59P?653?35'P4=5=E=?@O'6@'9@'5F3'E6@3'Q=4'!("'P4=PFN?6V9@'9<'=45F=S

P3J9E'@D4B34NR'

(F433' P4=5=E=?@' 3VP?=43' 5F3' D@3' =Q' 6<59E=6BD?659=<' JD49<B' 5F3' ?=<B' 534:' 6Q534'

SOT surgery. All 3 consider prophylaxis only for high-risk patients with different 

JD4659=<@' =Q' 54365:3<5Z' `' :=<5F' ``f, at least 6 months' ``` and indefinite' ``dR''

(F3N'E=9<E9J3'9<'5F394'E=<E?D@9=<@O'<6:3?NO'95':9BF5'H3'6JA9@6H?3'5='6J:9<9@534'6<59S

E=6BD?659=<'5='F9BFS49@a'P6593<5@'Q=4'@=:3':=<5F@'6Q534'546<@P?6<5659=<O'6?H395'c95F'

J9?9B3<5'=H@34A659=<'=Q'E=6BD?659=<O':69<?N'JD49<B'5F3'P=@5=P34659A3'P349=JR'(F3'

precise duration and the definition of high-risk patients have yet to be confirmed. 

/<59P?653?35'5F346PN'@33:@'5='H3'6'B==J'=P59=<O'6<J'M'?64B3'@5DJ93@ 113–116'43P=453J'

a decrease in graft thrombosis with minimized bleeding risk (the highest incidence 

c6@'43P=453J'HN'Robertson et al. 113 and is less than 3%). In contrast, Shay et al.'``e'

could not find any statistically significant effect of aspirin 325 mg per day for 3 

:=<5F@'E=:P643J'c95F'<='P4=PFN?6V9@R'

(F3'4659=<6?3'Q=4'3V53<J3J'P4=PFN?6V9@'9@'H6@3J'=<'5F3'J3@E49P59=<'=Q'6'F9BF'9<E9S

J3<E3'=Q'5F4=:H=59E'3A3<5@'<=5'=<?N'6Q534'@D4B34NO'HD5'6?@='9<'5F3'Q=??=c9<B':=<5F@R'

]3@P953' 5F9@'E?9<9E6?'=H@34A659=<O' 5F3'=<?N'@5DJN'E=:P649<B'@F=45'6<J'3V53<J3J'

prophylaxis did not find any differences between them. Wolf et al. 118'E=:P643J'

2 different cohorts of liver recipients; the first (n = 354) was treated with aspirin 

81 mg per day indefinitely. After a change in their protocol due to a concern for a 
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until POD 7 (n = 175). In this study, aspirin did not have any effect on reducing the 

9<E9J3<E3'=Q'F3P659E'64534N'5F4=:H=@9@'6<J'c6@'6@@=E9653J'c95F'6'F9BF34'4653'=Q'

gastrointestinal bleeding (nonsignificant). Therefore, in conclusion, this study does 
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H3@5' P4=PFN?6E59E' @54653BNO' 3@P3E96??N' 6Q534' ?D<B' 546<@P?6<5659=<O' Q=4' cF9EF' <='
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0123: low-molecular-weight heparin; !45: Activated Clotting time; 667: fresh frozen plasma; 
7/-: postoperative day; 85: graft thrombosis; 2: warfarin; *63Z'<=<SQ46E59=<3J'F3P649<R'
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VTE is a relevant complication after SOT and, specifically after LT. Thus, transplanS

5659=<'F6@'H33<'E=<@9J343J'6@'6' E=:P?3V'3<A94=<:3<56?' 49@a' Q6E5=4' 95@3?QO'cF9EF'
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Thus, this work is composed of two studies addressing in the first place, from a 

E?9<9E6?'P=9<5'=Q'A93cO'5F3'43?3A6<E3'=Q'5F9@'E=:P?9E659=<'9<'=D4'P=PD?659=<'=Q'?D<B'

546<@P?6<53J'P6593<5@' Q=ED@9<B' 9<'5F3'49@a' Q6E5=4@'6<J'5F3' 9:P6E5'=Q'6'3V53<J3J'

prophylaxis protocol; and in the second place, form a mechanistic point of view, '

we describe coagulation factors profiles after lung transplantation and thromS

bophilia genetic profiles to assess the pathogenesis of the disease. So, the main 
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'Î To study specific risk factors for VTE in a population of lung transplanted 
P6593<5@R'

ODOD54<2:0=0:579Y2:-01245=7354-.(Q5O

'Î To describe coagulation profiles before and after transplantation with the 
hypothesis that we may find a procoagulant state.
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We retrospectively reviewed the computerized clinical records of 333 consecuS
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6<J']3E3:H34'df`MR'b3' 43E=4J3J'P4=PFN?6V9@O' 6B3O' B3<J34O' H=JN':6@@' 9<J3VO'

J96H353@':3??95D@O'P43A9=D@' 5F4=:H=59E'3A3<5@O'>+!'@565D@O'D<J34?N9<B'J9@36@3O'

546<@P?6<5'5NP3O'<33J'Q=4'E64J9=PD?:=<64N'HNP6@@O':3EF6<9E6?'A3<59?659=<O'?3<B5F'

=Q'@56NO'P49:64N'B46Q5'JN@QD<E59=<O':3J9E659=<O'6<J':=H9?95NR'(F3'@5DJN'P4=5=E=?'

c6@'6PP4=A3J'HN'5F3'9<@595D59=<6?'"5F9E@'H=64JR

We identified patients with any thrombotic event during the first year after LT, 

including DVT, PE, and treated upper extremity thrombosis (TUET). Patients 

43E39A9<B' ?9Q359:3'6<59E=6BD?659=<' 5F346PN'P49=4' 5='-('c343'3VE?DJ3JR' .<E9J3<56?'

PE (untreated subsegmental perfusion defects without clinical repercussion) was 

<=5'56a3<'9<5='6EE=D<5R'

/@'P645'=Q'=D4'@56<J64J'P4=5=E=?O'6??'P6593<5@'D<J34c3<5'6'A3<59?659=<SP34QD@9=<'

scan (VPS) following lung transplantation immediately before discharge. No subseS

KD3<5'@E433<9<B'Q=4'!("'c6@'P34Q=4:3JR'26593<5@'cF='P43@3<53J'c95F'@N:P5=:@'

suggestive of DVT were further studied using Doppler ultrasound (US). If PE was 

suspected, patients underwent either VPS or computed tomography (CT) pulmoS

<64N'6<B9=B46PFNR'

Between 2009 and 2012 prophylaxis with the low-molecular-weight heparin (LMWH) 

enoxaparin (40 mg subcutaneously) was given once daily to all patients admitted to 

hospital after LT (control cohort). The prophylaxis began on post-operative day 1 

if there were no formal contraindications. In January 2013, concern over the high 

9<E9J3<E3'=Q'!("' ?3J'D@'5='EF6<B3'=D4'@56<J64J'P4=5=E=?O'6<J'P6593<5@'F6A3'@9<E3'

H33<'43E39A9<B'P4=PFN?6E59E'3<=V6P649<'DP'5='J6N'gf'=4'D<59?'QD??':=H9?95N'9@'43E=A343J'
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(study cohort). Dosing of enoxaparin was adjusted in renal impairment and according 

5='P6593<5'c39BF5R'b3'J9J'<=5'D@3'6<N'P4=5=E=?'5=':=<95=4'3<=V6P649<'54365:3<5R

(F#F5FEFGL,*,

iD6?95659A3' A6496H?3@' 643' 3VP43@@3J' 6@' 6H@=?D53' <D:H34@' 6<J' P34E3<56B3@R'

#=4:6??N'J9@549HD53J'KD6<595659A3'A6496H?3@'643'3VP43@@3J'6@'5F3':36<'6<J'@56<S

dard deviation; non-normally distributed variables are expressed as the median 

and interquartile range (p25-p75). 

(F3'J3:=B46PF9E'6<J'E?9<9E6?'A6496H?3@'=Q'P6593<5@' 43E39A9<B'E=<A3<59=<6?'P4=PFNS

?6V9@'6<J'5F=@3'43E39A9<B'gfSJ6N'3V53<J3J'P4=PFN?6V9@'6Q534'-('c343'E=:P643J'D@9<B'

the chi-square test for qualitative variables (or the Fisher exact test when one of the 

expected effects was less than 5). Normally distributed quantitative variables were 

compared using an unpaired t test; non-normally distributed quantitative variables 

c343'E=:P643J'D@9<B'5F3'+6<<SbF95<3N'53@5R'

Cumulative  incidence function for competing risk analysis was used to determine 

incidence of VTE through the formulas proposed by Gooley et al.'`df'6<J'Greenwood 

et al. (cited in Marubini et al.'̀ d )̀ using the STATA syntax stcompet; both for the entire 

B4=DP'6<J'6EE=4J9<B'5='5NP3'=Q'6<59E=6BD?6<5'P4=PFN?6V9@R']365F'=4'43S546<@P?6<5'

without previous VTE were treated as competing risks.

Cox proportional hazards regression was applied by modeling time from LT to the first 

event, with VTE as the outcome measure. We first conducted univariate analyses based 

=<'5F3'>=V'P4=P=459=<6?'F6864J@':=J3?'D@9<B'36EF'=Q'5F3'P=53<596?'P43J9E5=4@'=Q'!("'6@'

9<J3P3<J3<5'A6496H?3@'6<J'!("'6@'5F3'J3P3<J3<5'A6496H?3R'(F3<O'c3'P34Q=4:3J'6'@53PS

wise multivariable Cox regression with a backward elimination (p-value criterion of 0.20) 

fitted with all candidate variables, after adjusting for type of anticoagulant prophylaxis. 

Data were analyzed using Stata software (StataCorp. 2011, release 12.1). 
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TDOD54<2:0=0:582-?7(7;7>Q5=7354-.(Q5O

We performed a longitudinal prospective study of all 106 candidates included on 

the waiting list for LT at our institution between June 2015 and December 2016 

in order to recruit a planned sample of 50 patients. The first 48 patients who 

underwent transplantation were finally included. The study was approved by the 

.<@595D59=<6?'"5F9E@',=64J'=Q')=@P956?'!6??'JG)3H4I<O',64E3?=<6O'&P69<

Demographic and clinical data were collected. We identified patients with any 

thrombotic event during the first 4 months after LT, including deep vein thromS

bosis (DVT), pulmonary embolism (PE), and treated upper extremity thrombosis. 

/@'P645'=Q'=D4'@56<J64J'P4=5=E=?O'6??'P6593<5@'D<J34c3<5'6'!2&'9::3J9653?N'H3Q=43'

J9@EF64B3R'#='@DH@3KD3<5'@E433<9<B'Q=4'!("'c6@'D<J3456a3<R']=PP?34'D?546@=D<J'

c6@'P34Q=4:3J'9<'P6593<5@'c95F'@N:P5=:@'@DBB3@59A3'=Q']!(R'.Q'2"'c6@'@D@P3E53JO'

P6593<5@'D<J34c3<5'395F34'6'A3<59?659=<SP34QD@9=<'@E6<'=4'E=:PD53J'5=:=B46PFN'

6<B9=B46PFNR'/??'P6593<5@'43E39A3J'P4=PFN?6V9@'c95F'?=cS:=?3ED?64Sc39BF5'F3P649<'

DP'5='J6N'gf'=4'D<59?' QD??':=H9?95N'c6@'43E=A343JO'3VE3P5' Q=4'`'P6593<5'cF='F6J'

EF4=<9E'5F4=:H=EN5=P3<96R'

Blood samples were obtained at various time points: at baseline (when patient 

was on the waiting list) and at 48-72 hours, 7-14 days, and 4 months after LT. '

We also present data from 34 LT patients who completed 1 year of follow-up.

AD5 .$"9?"& 9"?A$%9& ;>5& <$>==738&"34&"3=78%37<& "99"69H&,?==J'c6@' =H569<3J'
by venipuncture in calcium citrate tubes; samples were centrifuged at room 
temperature and 3000 rpm for 10 minutes to obtain platelet-poor plasma. 
When necessary, plasma aliquots were stored frozen at –80ºC and then 
thawed in a water bath at 37ºC for 10 minutes before the assay.

OD5.$"9?"&9"?A$%9&;>5&=E%&E>?><69=%73%&"99"6H&,?==J'c6@'=H569<3J'HN'A3<9S
puncture in calcium oxalate tubes; samples were centrifuged at 3500 rpm 
for 12 minutes at 4ºC to obtain platelet-poor plasma. 
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TD5 )$>>4& 9"?A$%9& ;>5& 4%=%5?73"=7>3& >;& =E5>?#>AE7$7"& A>$6?>5AE79?9H&&
DNA was purified from EDTA blood. Testing for the Prothrombin G20210A and 
Q6E5=4'!'-39J3<'P=?N:=4PF9@:@'c6@'P34Q=4:3J'D@9<B'6'436?S59:3'2>*'@N@53:'
(Roche Diagnostics). 

*3?3A6<5':35F=J@'6<J'436B3<5@'D@3J'Q=4'H?==J'53@5@'6<J'6@@6N@'643'?9@53J'9<'!"#$%&IR''

P-selectin and ADAMTS 13 were assessed using assays performed on a Best2000 

microplate reader instrument (Biokit, Barcelona, Spain). Homocysteine was measured 

on a BN II Nephelometer (Siemens, Marburg, Germany). All the other variables were 

measured using an ACL TOP 700 LAS coagulometer (Werfen, Barcelona, Spain).

7:1:?<0<1 $<;0(:/3(%<:B</0;

Q+ ])&#SA6'!?'3)+#&T/!Q%S?/-'9='")%$)-,

$Q++ ])&#SA6'@P-,N2@/Q

Clauss fibrinogen HemosIL Fib-C reagent

4^SVJGE ])&#SA6'*'*/&)"']@'Q%,)R'")%$)-,

U]/ HemosIL Acustar VWF:Ag reagent kit

/1"""! HemosIL SynthASil and HemosIL FVIII deficient plasma

Q2 HemosIL Protein C chromogenic reagent kit

Q, HemosIL Free Protein S latex reagent kit

QRIMJVKLFGK!INOVUVOH ])&#SA6'!Q%S&/-#$)-'+N"#&#$)-/+'")%$)-,

α2-Antiplasmin ])&#SA6'!A'+N"#&#$)-/+'")%$)-,

9LJLNHMOGVKG 6%,)R']4_'@/)&)-S'3)%$)-,'[/,

&!WELOGVK!2 ])&#SA6'BC'6)/()-
Q^,GRGNOVK Invitrogen P selectin (Thermo Fisher Scientific)
$4$(+,!38!$NOVUVOH ?)+N-#+Q#-)'+N"#&#$)-/+'&),N#(

-FMG*5Z''/@@6N@'D@3J'Q=4'H?==J'53@59<B

.!: prothrombin time; J.!!: activated partial thromboplastin time; '
DKL: Von Willebrand factor antigen; L:+++: factor VIII activity; .,: protein C activity; '
.M: free protein S; N&A5>=%73&,: activated protein C resistance; J,O&!-.Z'/ED&564'6<J'

)3:=@.-'.-'643'6??'P4=JDE5@':6<DQ6E5D43J'HN'.<@54D:3<5659=<'-6H=465=4N'>=R''
(Bedford, MA, USA)R
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!"#$%&P'@F=c@'5F3'6@@6N@'P34Q=4:3J'65'36EF'59:3'P=9<5R

L:;<96/< 48-72 h post-LT 7-14 d post-LT 4 mo post-LT 1 yr post-LT

?N"#&T#0N/Q/%'0%-)Q
B/T"/-#$)-

D-dimer
WMB

!Q%S&/-#$)-
α2-Antiplasmin

P-Selectin
2*2.?@';G

!?V'2!??
B/T"/-#$)-

D-dimer
WMB
BCAAA
!4
!@

!Q%S&/-#$)-
α2-Antiplasmin

!?V'2!??
B/T"/-#$)-

D-dimer
WMB
BCAAA
!4

!"#,)/-'@
!Q%S&/-#$)-

α2-Antiplasmin
P-Selectin
2*2.?@';G

!?V'2!??
B/T"/-#$)-

D-dimer
WMB
BCAAA
!4

!"#,)/-'@
!Q%S&/-#$)-

α2-Antiplasmin

!?V'2!??
B/T"/-#$)-

D-dimer
WMB
BCAAA
!4
!@

!Q%S&/-#$)-
α2-Antiplasmin

P-Selectin
2*2.?@';G

L7#573>8%3: Clauss fibrinogen; DKL: Von Willebrand factor antigen; '
A$"9?73>8%3: plasminogen activity; .!: prothrombin time; J.!!Z'6E59A653J'P64596?'5F4=:S

boplastin time; L:+++: factor VIII activity; .,: protein C activity; .M: free protein S; N&A5>=%73&,Z'
activated protein C resistance; J/J*!M'1: ADAMTS13 activity

-FMG*5['')3:65=?=B9E'53@5@'6<J'6@@6N@'P4=5=E=?

(F#F5FEFGL,),

*3@D?5@'643'3VP43@@3J'6@'6H@=?D53'<D:H34@'6<J'5F394'E=443@P=<J9<B'P34E3<56B3@'

Q=4'KD6?95659A3'A6496H?3@O'6@'5F3':36<'6<J'@56<J64J'J3A9659=<'Q=4'KD6<595659A3'A649S

ables with a normal distribution, and as the median and 255F to 755F'P34E3<59?3@'Q=4'

KD6<595659A3'A6496H?3@'c95F'6'<=<S<=4:6?'J9@549HD59=<R'

Post-LT coagulation parameters were compared with baseline (pre-transplant) using 

5F3'b9?E=V=<':65EF3JSP694@' @9B<3JS46<a@' 53@5' Q=4'<=<S<=4:6??N'J9@549HD53J'KD6<5956S

59A3'A6496H?3@R'>=6BD?659=<'P646:3534@'c343'E=:P643J'6EE=4J9<B'5='!("'@565D@'D@9<B'

5F3'+6<<SbF95<3N' 53@5' Q=4' <=<S<=4:6??N' J9@549HD53J' KD6<595659A3' A6496H?3@R' /<6?N@3@'

c343'E=443E53J'Q=4':D?59P?3'E=:P649@=<@'D@9<B'5F3',=<Q344=<9':35F=JR'&P364:6<G@'46<a'

correlation coefficient was used to analyze the relationship between numerical variables. 

Receiver operating characteristic (ROC) curves were constructed to assess the ability of 

@=:3'E=6BD?659=<'P646:3534@'5='P43J9E5'!("'3A3<5@'=EED449<B'JD49<B'Q=??=cSDPR

Data were analyzed using Stata 12.1 (StataCorp, College Station, TX, USA).
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VDAD54-.(Q5A'5<37<?Q;!P045C0-?52/7P!<!30/5=735<3212/-07/57=5

12/7.45-?378972897;0485!=-235;./>5-3!/4<;!/-!-07/

B0'0'0& ,$737<"$&<E"5"<=%579=7<9&"34&%A74%?7>$>86&>;&:!G&

&99
n = 333

#2/0129(52E210
n = 195

+043F(52E210
n = 138 8

<&*#&FE,HGFE#5BF&)FMG*,5
$FGB!JGIK!_,4` 52.0 (11.4) 50.2 (11.8) 54.5 (10.5) < 0.001
,G\a!(IRGB!K!_b` 201 (60.4) 119 (61.0) 82 (59.4) :FHL<
BMI, n (%) [n = 327]

<20 kg/m9, n (%) 33 (10.1) 23 (12.1) 10 (7.3) :F;II
20-24.9 kg/m9, n (%) 110 (33.6) 58 (30.5) 52 (38.0)
≥25 kg/m9, n (%) 184 (56.3) 109 (57.4) 75 (54.7)

4VIFKLMVMB!K!_b`
Interstitial lung diseases (ILD) 143 (42.9) 74 (38.0) 69 (50.0) 0.029
47!*V'T"#-+N/)+,%S/SV'#"'17 123 (36.9) 73 (37.4) 50 (36.2) :F<9G
Cystic fibrosis 25 (7.5) 16 (8.2) 9 (6.5) :FJLL
!OQ&#-%"P'%",)"/%Q'NP0)",)-S/#- 17 (5.1) 13 (6.7) 4 (2.9) :F;G<
62. 5 (1.5) 3 (1.5) 2 (1.5) :FI<I
7,N)" 20 (6.0) 16 (8.2) 4 (2.9) :FI<I

QEGOEIKMWRIKO!SVITGOGM!JGRRVODMB!K!_b` 52 (15.6) 22 (11.3) 30 (21.7) 0.010
QEGOEIKMWRIKO!1+)B!K!_b` 10 (3.0) 8 (4.1) 2 (1.5) :F9:J
QEGOEIKMWRIKO!2(1!MGELRLFH!_WLMVOVUG`B!K!_b` 282 (84.7) 161 (82.6) 121 (87.7) :F9:;
<*&)#&FE,HGFE#5BF&)FMG*,5
Type of lung transplant,!K!_b`

1/Q%,)"%Q' 201 (60.4) 116 (59.5) 89 (64.6) :FLII
@/-$Q)' 132 (39.6) 79 (40.5) 53 (38.4)

)\OEINLEWLEGIR!NVENDRIOVLKB!K!_b` 75 (22.5) 49 (25.1) 26 (18.8) :F;HL
&GVKOGEUGKOVLKB!K!_b` 32 (9.6) 15 (7.7) 17 (12.3) :F;J<
,DEFVNIR!NLJWRVNIOVLKMB!K!_b` 38 (11.4) 23 (11.8) 15 (10.9) :FHIK
9GJLSHKIJVN!VKMOITVRVOHB!K!_b` 213 (64.0) 135 (69.2) 78 (56.5) 0.017
4IHM!LK!JGNPIKVNIR!UGKOVRIOVLKB!JGSVIK!_W6;^W=;` 13 (2-37) 13 (2-42) 12 (2-36) :FJH;
4IHM!LX!PLMWVOIRVcIOVLKB!JGSVIK!_W6;^W=;` 37 (25-60) 38 (25-65) 36 (24-56) :F99<
QEVJIEH!FEIXO!SHMXDKNOVLKB!K!_b` 114 (34.3) 71 (36.4) 43 (31.4) :FGKG
QLMO^OEIKMWRIKO!UIEVITRGM
+EGIOJGKO!dVOP!J+.&B!K!_b`! 7 (2.1) 3 (1.5) 4 (2.9) :FKJK
Reduced mobility 3 months post-transplant, n (%) [n = 258] e 41 (15.9) 19 (12.7) 22 (20.4) :F;LI
2(1!SVMGIMGB!K!_b` 20 (6.0) 14 (7.2) 6 (4.4) :F9<K
"KNVSGKNG!LX!OPELJTLGJTLRVN!GUGKOM
+LOIR!OPELJTLGJTLRVN!GUGKOMB!K!_b` 50 (15.0) 31 (15.9) 19 (13.7) :FJI9
0GXLEG!SVMNPIEFG 29 (58.0) 19 (9.7) 10 (7.3) :FK9L
After discharge [n = 261]* 21 (8.1) 12 (7.8) 9 (8.3) :F<<L
< 90 days after discharge [n = 261]* 11 (22.0) 7 (4.6) 4 (3.7) :FHG:
> 90 days after discharge [n = 240]° 10 (20.0) 5 (3.7) 5 (4.9) :FHKI

-FMG*5\''>F646E5349@59E@'=Q'-('43E9P93<5@'6EE=4J9<B'5='6<59E=6BD?6<5'P4=PFN?6V9@

]5Patients at risk of a thromboembolic event at 3 months after transplant.5
^526593<5@'65'49@a'=Q'6'5F4=:H=3:H=?9E'3A3<5'6Q534'F=@P956?'J9@EF64B3R'

_526593<5@'65'49@a'=Q'6'5F4=:H=3:H=?9E'3A3<5'gf'J6N@'6Q534'F=@P956?'J9@EF64B3R

91,' body mass index; 4/7-: chronic obstructive pulmonary disease; 9/: bronchiolitis obliterans; 
0!1: lymphangioleiomyomatosis; :5$:  venous thromboembolism; 41:Z'EN5=:3B6?=A94D@R
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The study group (90-day extended prophylaxis) comprised 138 patients, and the 

control group 195 patients. The demographic characteristics of both cohorts are 

@F=c<'9<'!"#$%&QR

$?J34'6B3O'9<534@59596?'?D<B'J9@36@3'6@'5F3'D<J34?N9<B'J9@36@3O'J96H353@':3??95D@'P49=4'

to transplantation, and hemodynamic instability (defined as the need for vasoactive 

drugs) were more frequent in the study cohort. However, the incidence of thromS

boembolic events was not significantly different between the protocols (!"#$%&'). 

(F94533<'P6593<5@'9<'5F3'@5DJN'B4=DP'J9J'<=5'43E39A3'5F3'P4=PFN?6V9@'P4=5=E=?'JD3'

5='J9A34@3'436@=<@O'HD5'<=<3'=Q'5F3:'J3A3?=P3J'!("R'

-$&%NM%*NM%G)+5*B*E#,

Fifty patients developed VTE and 52 died during the first year after LT. The cumuS

lative incidence of VTE during this period was 15.3% (95% CI: 11.6-19.4) in the entire 

group; 16.1% (95% CI: 11.3-21.6) in the cohort receiving conventional prophylaxis and 

14.1% (95% CI: 8.9-20.6) in cohort receiving 90-day extended prophylaxis, with no 

differences between the two cohorts (L78@5%&'). The events are classified in !"#$%&RR

=)K"&*5A''>D:D?659A3'9<E9J3<E3@'=Q'5F4=:H=3:H=?9E'3A3<5'6EE=4J9<B''
to anticoagulant prophylaxis (n = 333)

:%EB*E#)%EFG5H&%H$LGF`), 90 days - Extended prophylaxis

C 3CC 6CC 8CC :CC

6Cb

3;b

3Cb

Cb

;b

p = 0.622

-)N*5,)E+*5;-5RJFL,S5

:"
N
"G
F#
)B
*5
0E
+)
J*
E+
*
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7:06</0;(N60E(:((
0E12?C2<?C2965(<A</0

n = 50 (%)

4GGW!UGKLDM!OPELJTLMVM!_41+`!!
LX!OPG!RLdGE!G\OEGJVOVGM 2 (4.0)

QDRJLKIEH!GJTLRVMJ!_Q)` 35 (70.0)

45,6,789 5 / 35

+EGIOGS!DWWGE!G\OEGJVOH!OPELJTLMVM 12 (24.0)

$OEVIR!OPELJTLMVM 1 (2.0)

Table 9: Classification of the thromboembolic events '
recorded during the first year after LT

Median time from transplant to the event was 40 days (p25-p75 14-112). '

Twenty-nine events (58%) took place before hospital discharge (!"#$%& '' 6<J'

L78@5%&(); of the other 21 events, 11 (22%) were within the first 90 days after LT 

and 10 (20%) were between post-operative day 90 and the first year (!"#$%&'). 

There were 22 events in single LT patients, 9 (41%) of them localized in the graft.
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=)K"&*5O''(9:3'5='3A3<5'6<J'F=@P956?'J9@EF64B3'=Q'6??'P6593<5@'c95F'!("

C 8C <C ?C 36C 3;C 3>C 63C 6:C 6=C 8CC 88C 8<C

3

3=

88

?

6;

:3

8

3?

8;

33

6=

:8

;

63

8=

38

6?

:;

=

68

8?

3;

83

:=

:?

(FL,5FI#*&5;-

2`
#*
EJ
*J
5<
&%
H$
LG
F`
),

1-
25
HF
#)*
E#
,

-)N*5#%5*B*E#
-)N*5#%5J),+$F&K*

.@$?>3"56&%?#>$79?&"34&4%%A&D%3>@9&=E5>?#>979&>;&=E%&$>S%5&%F=5%?7=7%9

Forty-one PE and 2 DVT were diagnosed during the first year after LT. We considS

ered 6 asymptomatic subsegmental PE to be incidental events that were not 

treated; therefore, they were not taken into account for the purposes of the study. '
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The final sample was 35 PE. The clinical characteristics of the events are shown in 

L78@5%&1R'

Cb 3Cb 6Cb 8Cb :Cb ;Cb <Cb =Cb >Cb ?Cb 3CCb

W53*J"+*J 30 Normal

10 Assymtomatic OW5?LH%`*N)F

Z5Q*, 29 No

Z5Q*, 29 No

A[59*I%&* A\5!I#*&

AT59; 9 SL Graft AT54;5/F#)B*

(LTVRVOH

+HWG!LX!-+

2RVKVNIR!JIKVXGMOIOVLKM

QDRJLKIEH!VKXIENOVLK

1IMNDRIE!IKIMOPLJLMVM!VKULRJGKO

0GXLEGfIXOGE!SVMNPIEFG

29 PE alone 5 PE + DVT

35 PE

M-(7*

6 incidental PE

JJJ('$(
7:06</0;

2 DVT alone -H($O*$(:92/< -(:016:9(
0E12?C2;6;

1 PE + TUET

#E:1:50<16;065;

=)K"&*5T''0?=c'EF645'6<J'EF646E5349@59E@'=Q'5F3'5F4=:H=59E'3A3<5@

0=D4' @9<B?3' -(' 43E9P93<5@' JD3' 5=' 9<534@59596?' ?D<B' J9@36@3' J9J' <=5' F6A3' >(''

angiography to confirm the diagnosis. In 3 out of these 4 cases, a high probability 

!2&'c6@'E=<@9J343J'3<=DBF'Q=4'5F3'J96B<=@9@'=Q'2"R'(F3'?6@5'E6@3'F6J'6<'9<534:3S

J9653'P4=H6H9?95N'!2&'E=9<E9J9<B'c95F'6'Q3:=46?'A39<']!(R'



MM

:! '35@Z6?@

No patients fulfilled the criteria for massive PE. Thirteen patients underwent 

echocardiography close to the event, and 3 presented right ventricular dilatation. 

>=6BD?659=<'6@@6N@'43A36?3J'`'?DPD@'6<59E=6BD?6<5hP=@959A3'P6593<5'6<J'`'P6593<5'

with mild factor VII deficiency. 

In 24 (68.6%) of the 35 patients with PE, VPS was performed between 7 and 857 

days after the event (median time of 172 days). Partial reperfusion of the defects 

c6@'43P=453J'9<'`f'P6593<5@'6<J'P34@9@53<5'P34QD@9=<'J3Q3E5@' 9<'dR'$<3'P6593<5'

had a new perfusion defect (detected by VPS 145 days after the event) No patients 

J3A3?=P3J'PD?:=<64N'FNP3453<@9=<'6Q534'2"R'

There were 12 deaths (32.4%), 11 of which were considered not directly related 

5=' 5F3' 5F4=:H=59E'3A3<5R'(F3'E6D@3@'=Q'J365F'c343'EF4=<9E'6??=B46Q5'JN@QD<E59=<'

(4 cases), respiratory infection (3 cases), sepsis (2 cases), melanoma (1 case), and 

multiple organ failure (1 case). During the follow-up (median 659 [p25-p75 138-1337] 

days), 8 of the 37 patients (21.6%) developed chronic allograft dysfunction (5 cases 

of bronchiolitis obliterans syndrome and 3 cases of restrictive allograft syndrome). 

!5%"=%4&@AA%5&%F=5%?7=6&=E5>?#>979

(%"(' 6?=<3' c6@' J96B<=@3J' 9<' `d' P6593<5@R' &9<E3' 95' c6@' 43?653J' 5=' 9<546A3<=D@'

J3A9E3@O':=@5'E6@3@'c343'J96B<=@3J' 9<'5F3' .>%R'$<?N'`'P6593<5'P43@3<53J'65' 5F3'

emergency department 5 days after discharge with swelling of the left arm that 

had begun 3 days earlier. All the cases were symptomatic, and thrombus extension 

was evaluated using ultrasound to confirm the diagnosis and the need for anticoS

6BD?6<5'54365:3<5R

4FI*#L

(F343'c343'd':9?J'H?33J9<B' 3A3<5@' 9<' P6593<5@' D<J34'P4=PFN?6E59E' J=@3@'=Q' ?=cS'

:=?3ED?64Sc39BF5' F3P649<R' $<?N' =<3' P6593<5' 9<' 5F3' @5DJN' E=F=45' 43E39A9<B'
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anticoagulation at treatment doses suffered a massive epistaxis with airway obstrucS

59=<'5F65'43KD943J'9<A6@9A3':3EF6<9E6?'A3<59?659=<'6<J'6J:9@@9=<'5='9<53<@9A3'E643'D<95R'

.<'5F3'E=<54=?'E=F=45'5F343'c343'M'H?33J9<B'3A3<5@'9<'P6593<5@'43E39A9<B'6<59E=6BD?659=<'

treatment: hemothorax (2 cases), hematoma (1 case) and thrombocytopenia (1 case).

B0'0(0& N79T&;"<=>59&;>5&:!G&";=%5&O!&

!"#$%& 'U& shows the influence of the variables included in the univariate Cox '

6<6?N@9@'=<'5F3'9<E9J3<E3'=Q'!("R

):P:13(1:062(
(95%CI) 8

QEGOEIKMWRIKO!UIEVITRGM
$FG!_HGIEM` 1.01 (0.99-1.04) :FG99
,G\a!(IRG 3.00 (1.45-6.18) :F::G
0("!_YFfJ6` 0.99 (0.93-1.06) :F<99
"KOGEMOVOVIR!RDKF!SVMGIMG! 2.40 (1.34-4.27) :F::G
2.Q4B!TELKNPVGNOIMVMB!LE!0. 0.58 (0.31-1.09) :F:I9
Cystic fibrosis 0.22 (0.03-1.62) :F;G<
QDRJLKIEH!IEOGEVIR!PHWGEOGKMVLK 0.45 (0.06-3.24) :FK9L
-$( 2.47 (0.34-17.9) :FGH;
QEGOEIKMWRIKO!SVITGOGM!JGRRVODM 0.70 (0.30-1.66) :FK9L
QEGOEIKMWRIKO!1+) 1.24 (0.30-5.13) :FHL:
QEGOEIKMWRIKO!2(1!MGELRLFH!_WLMVOVUG` 1.46 (0.62-3.42) :FG<L
QGEVOEIKMWRIKO!UIEVITRGM!
Single lung transplant 1.67 (0.96-2.91) :F:LI
)\OEINLEWLEGIR!NVENDRIOVLK 0.85 (0.41-1.75) :FLLG
&GVKOGEUGKOVLK 1.12 (0.40-3.10) :F<G:
,DEFVNIR!NLJWRVNIOVLKM 1.10 (0.93-3.05) :F<L:
9GJLSHKIJVN!VKMOITVRVOH 1.25 (0.69-2.24) :FKL;
4IHM!LK!JGNPIKVNIR!UGKOVRIOVLK  0.99 (0.99-1.00) :FIJG
4IHM!LX!PLMWVOIRVcIOVLK 1.00 (0.99-1.00) :FKJG
QEVJIEH!FEIXO!SHMXDKNOVLK 1.44 (0.82-2.53) :F9:<
QLMO^OEIKMWRIKO!UIEVITRGM
+EGIOJGKO!dVOP!J+.& 0.84 (0.12-6.01) :F<L:
&GSDNGS!JLTVRVOH!8!JLKOPM!IXOGE!OEIKMWRIKO!e 0.89 (0.26-3.01) :F<K<
2(1!SVMGIMG 0.95 (0.29-3.04) :FI9H
)\OGKSGS!WELWPHRI\VM 0.87 (0.49-1.54) :FL9<

Table 10: Univariate predictors of VTE (Univariate Cox models)

] Patients at risk of a thromboembolic event at 3 months after transplant n = 258

91,: body mass index; 4/7-: chronic obstructive pulmonary disease; '
9/: bronchiolitis obliterans; 0!1: lymphangioleiomyomatosis; '

:5$:  venous thromboembolism; 41:Z'EN5=:3B6?=A94D@R
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+D?59A6496H?3' >=V' P4=P=459=<6?' F6864J@' 6<6?N@9@' 43A36?3J' 5F65' :6?3' B3<J34''

(HR 2.72; 95%CI 1.25-4.03; p = 0.007) and interstitial lung disease (HR 2.25; 95%CI'

1.25-4.03; p = 0.007) were significantly related to VTE, after adjusting for type of 

anticoagulation prophylaxis (!"#$%&'').'#9<35NSJ6N'3V53<J3J'P4=PFN?6V9@'J9J'<=5'

@33:'5='P4=53E5'Q4=:'!("'9<'5F3'@5DJN'P=PD?659=<R

):P:13(1:062(
(95%CI) 8

?CS^)\OGKSGS!WELWPHRI\VM 0.77 (0.43-1.38) :FG<L

,G\!_JIRG` 2.72 (1.25-4.03) :F::H

4VIFKLMVM!_"-4` 2.25 (1.25-4.03) :F::H

-FMG*5AA'',3@5'+=J3?'=Q'.<J3P3<J3<5'243J9E5=4@'=Q'!("'6Q534'-('HN'&53Pc9@3'+D?59A649653'
>=V'*3B43@@9=<'/<6?N@9@O'6Q534'6JTD@59<B'Q=4'5NP3'=Q'6<59E=6BD?659=<'P4=PFN?6V9@

VDOD54-.(Q5O'5:7!>.;!-07/5<37=0;245!=-235;./>5-3!/4<;!/-!-07/

&99
n = 48

$FG!_HGIEM` 53.1 (12.8)
,G\!_JIRGM` 32 (66.7)
4VIFKLMVM

A-,)"S,/,/%Q'QO-$'(/S)%S) 26 (54.2)
47!* 14 (29.2)
Cystic fibrosis 4 (8.4)
1"#-+N/)+,%S/S 2 (4.1)
!2] 2 (4.1)

+HWG!LX!RDKF!OEIKMWRIKO
1/Q%,)"%Q'QO-$',"%-S0Q%-, 30 (62.5)
@/-$Q)'QO-$',"%-S0Q%-, 18 (37.5)

)\OEINLEWLEGIR!NVENDRIOVLK 11 (22.9)
QEVJIEH!FEIXO!SHMXDKNOVLK

="%()': 39 (81.3)
="%()'; 1 (2.1)
="%()'9'%-('G 8 (16.7)

4IHM!VK!OPG!"25 16 (7-42)
4IHM!LK!JGNPIKVNIR!UGKOVRIOVLK 6 (2-36)

Days of hospitalization 28 (24-57)

-FMG*5AO' Clinical characteristics of 48 lung transplant recipients

Data are presented as n (%), mean (SD), or median (p25-p75), as appropriate.

,-./: chronic obstructive pulmonary disease; .JV: pulmonary arterial hypertension; 
+,2Z'9<53<@9A3'E643'D<95R
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]3:=B46PF9E'J656O'9<E?DJ9<B'5NP3'=Q'-(O'P49:64N'B46Q5'JN@QD<E59=<O'6<J'F=@P956?'

?3<B5F'=Q'@56N'643'@F=c<'9<'!"#$%&'(R

4.2.1.	 Baseline	coagulation	profile	

At baseline, median (p25-p75) values of almost all coagulation factors were within 

the normal range, except for FVIII, which was above the normal range (158% '

[125-195]). Nevertheless, if we analyze coagulation parameters individually (!"#$%&'1) 

@3A346?'P6593<5@'P43@3<53J'P4=E=6BD?659=<'6H<=4:6?9593@R'/@'0!...'c6@'5F3':=@5'P43AS

alent abnormality, we changed the cut-off point using the 905F'P34E3<59?3'=Q'=D4'?6H=S

ratory, which is 224.12% and indicates the highest thrombotic risk: only 3 patients 

(6.3%) had levels above this threshold. Besides these factors, 1 patient presented 

6<59E64J9=?9P9<'6<59H=JN'.B+'P=@959A95NO'`'P6593<5'F6J'6'F3534=8NB=D@'Q6E5=4'!'-39J3<'

:D5659=<O'6<J'`'P6593<5'F6J'6'F3534=8NB=D@'P4=5F4=:H9<':D5659=<R'

#2:B49:062/(
8:1:?<0<1;

71<D01:/;89:/0
n = 48

4^SVJGEB!K!_b`
≤ 243 40 (83.3)
> 243 8 (16.7)

U]/B!K!_b`
≤ 176 26 (54.2)
> 176 22 (45.8)

/1"""B!K!_b`
≤ 100 5 (10.4)
> 100 43 (89.6)

/INOLE!1"""!W?CB!K!_b`
< 224.12 45 (93.7)
> 224.12 3 (6.3)

$2+!Q2B!K!_b`
≥ 70 46 (95.8)
< 70 2 (4.2)

Q,B!K!_b`
≥ 74.1 42 (89.4)
< 74.1 5 (10.6)

-FMG*5AT'''>=6BD?659=<'P646:3534@':36@D43J'H3Q=43'546<@P?6<5659=<

DKL: Von Willebrand factor; L:+++: factor VIII activity; J,!&.,: protein C activity; '
.MZ'Q433'P4=539<'&R
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4.2.2.	Coagulation	profiles	after	LT

26593<5@'P43@3<53J'9<E436@3J':3J96<'A6?D3@'=Q']SJ9:34'DP'5='d'c33a@'6Q534'546<@S

plantation, with subsequent normalization (L78@5%& B"). vWF and FVIII increased 

24 hours after transplantation and remained high at 1 year after transplantation 

(L78@5%9&B#'6<J'<). As for anticoagulant proteins, PS decreased after transplantaS

tion, with normalization at 4 months (L78@5%&B4). As for fibrinolysis abnormalities, 

low plasminogen was seen at 24 hours, with subsequent normalization (L78@5%&B%). 

The only anticoagulation abnormality was decreased α2-antiplasmin at 24 hours, 

cF9EF'<=4:6?983J'65'd'c33a@R

Broken line indicates upper limit of our laboratory normal range in D-dimer and von Willebrand factor; '
lower limit of our laboratory normal range in Protein S and Plasminogen; '

O00)"'Q/&/,'#X',N)'I:,N'0)"+)-,/Q)'#X'#O"'Q%T#"%,#"P'/-'X%+,#"'CAAAF

QEG^OEIKMWRIKO 6:P!WLMO 6!dGGYM!WLMO :!JLDKOPM!WLMO 3!HGIE!WLMO

_<BCCC`

;BCCC

:BCCC

8BCCC

6BCCC

3BCCC

C

W!g!C#CC3

W!g!C#CC3

p = 0.470

p = 0.589

4
^S
VJ

GE
!_K

Ff
J
R`

=)K"&*5VF' D-dimer before and at different time-points post-LT
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QEG^OEIKMWRIKO 6:P!WLMO 6!dGGYM!WLMO :!JLDKOPM!WLMO 3!HGIE!WLMO

W!g!C#CC3

W!g!C#CC3

W!g!C#CC3

p = 0.010

U]
/!
_b

`
>CC

<CC

:CC

6CC

C

=)K"&*5VM' vWF before and at different time-points post-LT

QEG^OEIKMWRIKO 6:P!WLMO 6!dGGYM!WLMO :!JLDKOPM!WLMO 3!HGIE!WLMO

<CC

;CC

:CC

8CC

6CC

3CC

C

p = 0.145

W!g!C#CC3

W!g!C#CC3

W!g!C#CC3

/I
NO
LE
!1
"""
!_b

`

=)K"&*5V+' Factor VIII before and at different time-points post-LT
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QEG^OEIKMWRIKO 6:P!WLMO 6!dGGYM!WLMO :!JLDKOPM!WLMO 3!HGIE!WLMO

6CC

3;C

3CC

;C

C

W!g!C#CC3

W!g!C#CC3

p = 0.046

p = 0.999
QE
LO
GV
K!
,!
_b

`

=)K"&*5VJ' Protein S before and at different time-points post-LT

QEG^OEIKMWRIKO 6:P!WLMO 6!dGGYM!WLMO :!JLDKOPM!WLMO 3!HGIE!WLMO

6CC

3;C

3CC

;C

C

W!g!C#CC3

p = 0.084

p = 0.003

p = 0.999

QR
IM
J
VK
LF

GK
!_b

`

=)K"&*5V*' Plasminogen before and at different time-points post-LT

If we analyze the coagulation profile individually (!"#$%&'B) at 1 year after LT, some 

patients still have not recovered a normal coagulation profile and up to 29.4% 

F6A3'0!...'6H=A3'5F3'gf5F'P34E3<59?3R
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24 h post-LT
n = 48

H(N(82;0D'$
n = 48

M(?2(82;0D'$
n = 46

-(Q1(82;0D'$
n = 34 8- 8H 8J 8M

4^SVJGEB!K!_b`
≤243 1 (2.1) 0 (0.0) 24 (53.3) 20 (58.8) `:F::; `:F::; :F:9;J :F:LKJ
a9KG 47 (97.9) 48 (100) 21 (46.7) 14 (41.2)

U]/B!K!_b`
≤176 2 (4.4) 1 (2.2) 10 (22.7) 12 (35.3) `:F::; `:F::; :F::9 :FKL:
a;HL 43 (95.6) 44 (97.8) 34 (77.3) 22 (64.7)

/1"""B!K!_b`
≤100 2 (4.4) 0 (0.0) 1 (2.3) 1 (2.9) :FIII :FG;: :FL9J :FL9J
a;:: 43 (95.6) 45 (100) 43 (97.7) 33 (97.1)

/1"""!W?CB!K!_b`
`99KF;9 39 (86.7) 20 (44.4) 31 (70.5) 24 (70.6) :FJ:< `:F::; :F::9 :F::K
a99KF;9 6 (13.3) 25 (55.6) 13 (29.5) 10 (29.4)

Q2B!K!_b`
≥70 31 (68.9) 45 (100) 44 (100) 32 (94.1) :F:;: :F'III :FIII :FIII
`H: 14 (31.1) 0 (0.0) 0 (0.0) 2 (5.9)

Q,B!K!_b`
≥74.1 11 (24.4) 16 (35.6) 31 (70.4) 25 (73.5) `:F::; `:F::; :F:;: :FIII
`HKF; 34 (75.6) 29 (64.4) 13 (29.6) 9 (26.5)

-FMG*5AV''>=6BD?659=<'P646:3534@':36@D43J'6Q534'-(

DKL: Von Willebrand factor; L:+++: factor VIII activity; J,!&.,: protein C activity; '
.M: free protein S; A': 24 hours post-transplant vs. pre-transplant; A(Z'd'c33a@'

post-transplant vs. pre-transplant; A1: 4 months post-transplant vs. pre-transplant;

Values are missing for some variables, as follows: 3 in D-dimer, vWF, Factor VIII, ACT PC, 
Protein S both at 24 hours and 2 weeks post-transplant; 4 in D-dimer, vWF, '

factor VIII, ACT PC, protein S, plasminogen, and α2-antiplasmin 4 months post-transplant.

4.2.3.	Comparison	of	coagulation	profiles	according	to	VTE	status

At 4 months, 10 (20.8%) patients had presented a thrombotic event. There 

were no differences in clinical characteristics between the 2 groups (!"#$%&'C). '

The median time to the thrombotic event was 22 (20-46) days, distributed as follows: 

1 event before 2 weeks, 6 events between 2 weeks and 1 month, 2 events between 

1 and 2 months, and 1 event between 2 and 3 months. All of the patients were 

treated after the event, and at 4 months, 8 were still under anticoagulant treatment.
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&99(
n = 48

VTE(
n = 10

No VTE(
n = 38 8

$FG!_HGIEM` 53.1 (12.8) 58.0 (9.2) 51.8 (13.4) :F;99

,G\!_JIRGM` 32 (66.7) 5 (50.0) 27 (71.1) :F9LH

4VIFKLMVM!LX!VKOGEMOVOVIR!RDKF!SVMGIMG 26 (54.2) 3 (30.0) 23 (60.5) :F;J9

,VKFRG!RDKF!OEIKMWRIKO 18 (37.5) 4 (40.0) 14 (36.8) :FIII

)\OEINLEWLEGIR!NVENDRIOVLK 11 (22.9) 3 (30.0) 8 (21.1) :FLHJ

QEVJIEH!FEIXO!SHMXDKNOVLK!_FEISG!Z3` 8 (16.7) 3 (30.0) 5 (13.2) :FGGL

4IHM!VK!OPG!"25 16 (7-42) 33 (11-44) 13 (6-41) :F;9H

4IHM!LK!JGNPIKVNIR!UGKOVRIOVLK 6 (2-36) 16 (1-42) 6 (2-28) :FIKI

4IHM!LX!PLMWVOIRVcIOVLK 28 (24-57) 41 (25-55) 27 (23-58) :FG:I

-FMG*5AW' Clinical characteristics of 48 lung transplant recipients '
6EE=4J9<B'5='=EED443<E3'=Q'!("'JD49<B'M':=<5F@'Q=??=cSDP

Data are presented as n (%), mean (SD) or median (p25-p75), as appropriate.

:5$: venous thromboembolism; ,4;Z'9<53<@9A3'E643'D<95R

26593<5@' c95F' !("' P43@3<53J' P4=E=6BD?6<5' 6H<=4:6?9593@Z' 65' d' c33a@O' 0!...' c6@'

higher than in patients without VTE (L78@5%&C), and PS was significantly decreased 

65'M':=<5F@R'(F3'6EED46EN'=Q'0!...'65'd'c33a@'P=@5S-('Q=4'P43J9E59<B'!("'65'M':=<5F@'

was good (L78@5%&I). The cutoff point corresponding to the 905F'P34E3<59?3'F6J'B==J'

sensitivity but low specificity and positive predictive value (sensitivity, 100%; speciS

ficity, 51.4%; positive predictive value, 30.8%; and negative predictive value, 100%). 

Moreover, we found that 60% of patients who had experienced VTE at 4 months 

F6J'6H<=4:6?'A6?D3@'=Q']S]9:34O'Ab0O'Q6E5=4'!...O'2>O'6<J'2&'65'd'c33a@O'cF3436@'

only 23.7% of patients without VTE had these alterations (p = 0.051).
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*L!1+)!dVOPVK!
:!JLKOPM!

WLMO^OEIKMWRIKO

1+)!dVOPVK!
:!JLKOPM!

WLMO^OEIKMWRIKO

:CC

8CC

6CC

3CC

6!
]
GG

YM
!W
LM
O^O
EI
KM
WR
IK

O!/
IN
OL
E!1

"""
!_b

` ;CC
p = 0.006

=)K"&*5W''2=@5S546<@P?6<5'Q6E5=4'!...'65'd'c33a@'6EE=4J9<B'5='!("'@565D@

C#=;

C#;C

C#6;

C#CC

,G
KM
VOV
UV
OH

3#CC

C#CC C#6; C#;C C#=; 3#CC

1 - Specificity

Area under ROC curve = 0.8091

=)K"&*5Z' ROC curve of 2-week post-LT FVIII cutoff points for prediction of VTE at 4 months

4.2.4.	Comparison	of	coagulation	profiles	according	to	status	of	interstiW

=7"$&$@38&479%"9%

In our cohort, 26 patients had interstitial lung disease (ILD) as the primary pulmoS

<64N'J9@36@3R'/5'H6@3?9<3O'5F9@'B4=DP'P43@3<53J'6H<=4:6?':3J96<'Ab0'6<J'0!...'

?3A3?@' 5F65'c343' F9BF34' 5F6<' 5F=@3' =Q' 5F3' =5F34' P6593<5@R' (F3N' 6?@=' P43@3<53J'

higher P-selectin levels, although these were within the normal range (!"#$%&'I).
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#2:B49:062/(>:5021; ,'!(36:B/2;6;
n = 26

R2/((,'!(36:B/2;6;
n = 22 8

Q+!_EIOVL` 0.99 (0.95-1.06) 0.97 (0.94-1.03) :F9J<

$Q++!_EIOVL` 1.04 (0.99-1.11) 1.08 (1.02-1.16) :F;<;

/VTEVKLFGK!_Ff-` 3.91 (3.40-4.36) 3.55 (3.28-4.03) :F;:I

4^SVJGE!_KFfJ-` 146 (80-233) 100 (81-172) :F9I;

U]/!_b` 3?:!_3;>^6C:` 120 (95-174) <0.001

/1"""!_b` 3=6!_3:C^6C3` 38;!_3C?^3<=` 0.002

Q2!_b` 116 (102-132) 121 (107-136) :FKJL

Q,!_b` 98.8 (89.9-105.9) 97.9 (79.7-110.7) :FI<G

QRIMJVKLFGK!_b` 98.0 (87.0-106.0) 102.5 (93.0-109.0) :FGI:

α2-Antiplasmin (%) 108 (98-115) 105 (100-112) :FJ;K

$+!_b` 100.5 (91.0-119.0) 107.0 (89.0-117.0) :FHIL

9LJLNHMOGVKG!_hJLRf-` 10.7 (7.4-15.4) 11.4 (6.7-14.8) :FLK9

$4$(+,!38!_"5fJ-` 1.01 (0.94-1.31) 1.05 (0.79-1.34) :F<<I

Q^,GRGNOVK!_KFfJ-` 64.90 (49.90-76.26) 52.68 (37.08-66.73) 0.035

-FMG*5AZ'',6@3?9<3'E=6BD?659=<'P646:3534@'6EE=4J9<B'5='J96B<=@9@'=Q'.-]''
in the 48 lung transplant recipients

Data are presented as median (p25-p75).

.!: prothrombin time; J.!!; activated partial thromboplastin time; '
DKL: Von Willebrand Factor antigen; L:+++: factor VIII activity; .,: protein C activity; 

.M: free protein S; J!Z'6<595F4=:H9<'...R'

N%4: procoagulant abnormalities; 6%$$>SH&<=4:6?'A6?D3@R

At 4 months, ILD patients presented higher median levels of D-dimer (289 ng/mL 

vs. 137 ng/mL; p = 0.017), vWF (259.3% vs. 205.4%; p = 0.011), and FVIII (225.2% vs. 

189.2%; p = 0.005). No statistically significant differences were seen in median levels 

of coagulation parameters between ILD patients and non-ILD patients at 24 hours, 

d'c33a@O'6<J'`'N364R

Individually, differences were seen at baseline, with a higher proportion of 

patients showing elevated vWF (65.4% vs. 22.7%; p = 0.003) and FVIII (100% vs. 

77.3%; p = 0.015), and at 4 months, with a higher proportion of patients having 

0!...'6H=A3'5F3'gf5F percentile (50% vs. 9.1%; p = 0.003).
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(F3':69<'Q365D43'=Q'=D4'@5DJN'9@'95@'<=A3?5NR'(F3'43@D?5@'@F=c'5F65'!("'9@'6'43?3S

A6<5'E=:P?9E659=<'6Q534'-(O'6?5F=DBF'95'9@'4643?N'6JJ43@@3J'9<'5F3'?953465D43R'+6?3'

gender and IPF should be regarded as specific risk factors. We found that 90-day 

extended prophylaxis did not reduce the incidence of VTE; therefore, studies 

3A6?D659<B'=5F34'P4=PFN?6E59E'P4=5=E=?@'c9??'H3'<33J3JR'/@' Q=4' 5F3':3EF6<9@59E'

P65Fc6N@O'c3'Q=D<J'5F65'@=:3'546<@P?6<5'43E9P93<5@'F6J'P34@9@53<5'6H<=4:6?9593@'

in coagulation profile at 1 year after LT.

1-25),5F5&*G*BFE#5+%NHG)+F#)%E5FI#*&5;-

We describe a 15% incidence of VTE in our cohort. This is within the range reported 

in other studies (8-30%) 20–25,122–125R'(F3'c9J3'46<B3'=Q' 9<E9J3<E3'43P=453J':6N'

be explained by differences in the methodology of the studies, which hamper 

comparison between them. The 3 aspects that differ between studies are 

Q=??=cSDP'59:3O'!("'@E433<9<B'P4=5=E=?'6<J'P4=PFN?6E59E'54365:3<5R'

With respect to follow-up time, the main difference is that few studies focus on 

5F3' P=@5=P34659A3' P349=JO'cF3436@':=@5' E=<@9J34' 6<' 3V53<J3J' P349=J' JD49<B'

the first year owing to a known higher risk in the first 4 to 6 months. 

$<?N' d' P43A9=D@' @5DJ93@' 9<' 5F3' ?953465D43' 43P=45' J656' =<' P6593<5@' D<J34' !("'

surveillance. In 1995, Kroshus et alR' df reviewed 116 consecutive LT patients, 

all of whom had a VPS between POD 7 and POD 10 and a follow-up VPS at 6 

6<J'`d':=<5F@R'&D@P9E9=<'=Q'2"' ?3J'!2&'5='H3'43P3653JR'(F3'6D5F=4@'43P=45'6'

12.1% incidence of VTE, with 5 cases of PE that were all symptomatic. In another 

@5DJNO'Evans et alR 123' P34Q=4:3J']!('J96B<=@59E' 53@5@' H6@3J'=<' E?9<9E6?' @D@P9S

cion, whereas all patients underwent a postoperative imaging study (VPS or CT '

angiography) per protocol. With a similar protocol to ours, the overall incidence 

of PE was also comparable (15%), although, unfortunately, information on the 

9<E9J3<E3' =Q' 6@N:P5=:659E' 3A3<5@' 9@' <=5' 6A69?6H?3R' bF9?3' 5F3@3' J656' :6a3' 95'
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difficult to assess the usefulness of a screening protocol for thrombotic compliS

E659=<@O' 5F3'43?3A6<E3'=Q'5F9@'P4=H?3:'?3J'Evans et al.' 5='EF6<B3'5F394'P4=5=E=?'

6<JO'@9<E3'5F3<O'5F3N'4=D59<3?N'6@@3@@'P6593<5@'Q=4']!(R'

09<6??NO'P4=PFN?6E59E'54365:3<5'9@'<=5':3<59=<3J'9<'@=:3'=Q'5F3'@5DJ93@'PDH?9@F3J'

9<'-( 21–23. However, when specified, it usually consists of compression stockings '

E=:H9<3J' c95F' @DHED56<3=D@' F3P649<' JD49<B' P=@5S-(' F=@P956?98659=<' `dfÒ d`R''

Yegen et al. 25'=<?N'D@3J'`'=Q'5F3@3':36@D43@O'cF3436@'Kroshus et al.'df'P4=?=<B3J'

P4=PFN?6V9@'c95F'6<59P?653?35'6B3<5@'6Q534'J9@EF64B3R'(F343'643'<='J656'6H=D5'

H?33J9<B'E=:P?9E659=<@O'6<JO'J3@P953'D@9<B'6<595F4=:H=59E'@54653B93@O'@=:3'=Q'

5F3@3'@5DJ93@'@F=c'6<'9<E9J3<E3'=Q'!("'9<'5F3'F9BF34'46<B3R

Given the impossibility of comparing studies with such different methodologies, 

?64B34O':D?59E3<534O'46<J=:983JO'E?9<9E6?'5496?@'c9??'H3'<33J3J'5='3?DE9J653'5F3'H3@5'

@54653BNR'

8FG*K*EJ*&5FEJ50<=5F,5&),a5IF+#%&,

.<'=D4'@3493@O'd'49@a'Q6E5=4@'c343'43?653J'5='!("O'<6:3?NO':6?3'B3<J34'6<J'.20R'

Consistent with our findings, men are known to have a higher risk for recurrence 

=Q'!("R'+=43=A34O'cF3<'Q3:6?3'43P4=JDE59A3'49@a' Q6E5=4@'643'56a3<' 9<5='6EE=D<5O'

men also have a higher risk for the first event 126R'(F3'E6D@3@'=Q'5F9@'643'D<E?364O'

although it seems that genetic differences may play a role'`de; specifically, height 

@33:@' 5=' 3VP?69<' 9<' P645' 5F3' 6@@=E9659=<' H35c33<' B3<J34' 6<J' 5F4=:H=59E' 49@aR'

/<=5F34'3VP?6<659=<'E=D?J'H3'6'@3V'EF4=:=@=:3h?9<a3J':D5659=<O'6?5F=DBF'5F9@'

F6@'<=5'N35'H33<'3VP?=43JR'

In the first study, we also described IPF as a risk factor for VTE after LT; furtherS

:=43O'5F3'@3E=<J'@5DJN'@F=c3J'6'P4=E=6BD?6<5'@5653'9<'5F9@'P=PD?659=<'H3Q=43'-(R''
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/'F9BF34'49@a'Q=4'!("'9<'.20'P6593<5@'F6@'H33<'43P=453J 22,23R'/?5F=DBF'5F3'436@=<@'

are not well known, age has been proposed as a confounding factor; we did not 

find differences regarding age as a risk factor for VTE in the first study or in the 

coagulation profile in our second study when patients were studied according 

to median age. Consistent with our findings, other authors 45' F6A3' 43P=453J'

5F65' 6' P4=5F4=:H=59E' @5653' 6<J' F9BF' 0!...' ?3A3?@' 643':=43' ?9a3?N' 9<' .20' P6593<5@R''

#3A345F3?3@@O' E?9<9E6?' 5496?@' c95F' 6<59E=6BD?659=<' 9<' .20' P6593<5@' F6A3' @F=c<'

conflicting results, with 1 study showing a beneficial effect of decreasing mortality 50O''

cF3436@'9<'6<=5F34 51O'9<E436@3J':=456?95N'9<'5F3'6<59E=6BD?659=<'B4=DP'P4=:P53J'

364?N' 534:9<659=<R' /?5F=DBF' c3' J3@E49H3' 6' P4=E=6BD?6<5' @5653' 9<' .20' P6593<5@''

before LT, this abnormality tends to disappear after surgery, and significant '

differences are not present at 1 year after LT. In fact, LT may counteract the effect 

of the coagulation on lung injury; however, considering that these patients constiS

tute a high-risk population, implementing specific prophylactic strategies during 

the first months after LT could be beneficial. 

2`#*EJ*J5H&%H$LGF`),5b)#$5*E%`FHF&)E5),5E%#5H&%#*+#)B*

In the first study, we evaluated 90-day extended prophylaxis with enoxaparin 

and found that it did not protect against VTE. To our knowledge, this is the first 

@5DJN' 5=' 3A6?D653' 6' P4=PFN?6V9@' P4=5=E=?' 6Q534' -(R'bF9?3' 5F3' P4=5=E=?' J9J' <=5'

43JDE3'5F3'9<E9J3<E3'=Q'!("O'95'J9J'<=5'9<E436@3'H?33J9<B'E=:P?9E659=<@O'cF9EF'

643' 5F3':69<' E=<E34<' 9<' 5F3' 9:P?3:3<5659=<' =Q' P4=PFN?6E59E' @54653B93@R' (F9@'

9@'3A3<':=43'5F3'E6@3' 9Q'c3'B9A3'P4=PFN?6V9@'5='6??'P6593<5@O'<=5'=<?N'5='5F=@3'

considered at higher risk. The lack of effect of this strategy and the fact that we 

observed up to 20% of the thrombotic events in our population between POD 

90 and the first year prompted us to study coagulation profiles; our hypothS

3@9@'c6@'5F65'5F3'Q69?D43'=Q'5F3'P4=PFN?6E59E'@54653BN'E=D?J'H3'JD3'5='P34@9@53<5'

E=6BD?659=<'6H<=4:6?9593@'H3N=<J'M':=<5F@R'(6a9<B'9<5='6EE=D<5'5F3'?9:95659=<@'

=Q'=D4'@5DJN'6<J'5F3' ?6Ea'=Q'J656' 9<'5F3' ?953465D43O'c3'5F9<a'5F65'6'436@=<6H?3'
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=P59=<' c=D?J' H3' 5=' P4=?=<B' P4=PFN?6V9@' 9<' P6593<5@' E=<@9J343J' 65' F9BF' 49@aO''

5F65'9@O'P4=?=<B3J'9::=H9?98659=<'=4'E=6BD?659=<'6H<=4:6?9593@'65'd'c33a@'P=@5S-(R'

.Q'c3' ?==a'65'J656' 43B64J9<B'=5F34' 5NP3@'=Q' &$(O' 5F3' @54653BN'=Q' 543659<B'=<?N'

F9BFS49@a'P6593<5@'F6@'H33<'D@3J'9<'*('``fh``dO'c95F'@P3E96?'3:PF6@9@'=<'H?33J9<B'

risk that is significant. What is yet to be determined is whether it is best to use 

6<59P?653?35' 6B3<5@' =4' F3P649<' Q=4' @DEF' 6<' 9<J9E659=<O' 6?5F=DBF' @5DJ93@' @33:'

5=' Q6A=4' 5F3' 6<59P?653?35' =P59=<' =c9<B' 5=' 5F3' 43JDE3J' Q43KD3<EN' =Q' H?33J9<B'

E=:P?9E659=<@ 113–117R'

Coagulation status remains abnormal in some patients at 1 year after LT

To our knowledge, this is the first time that coagulation profiles have been studied 

9<'-('P6593<5@R'(F3'P34@9@53<5'P4=E=6BD?6<5'@5653'Q=D<J'9<'=D4'P=PD?659=<'c=D?J'

3VP?69<'5F3'43?3A6<E3'=Q'!("'6@'6'E=:P?9E659=<'6Q534'-(O'<=5'=<?N'364?NO'HD5'6?@='9<'

5F3'?=<B'534:'6Q534'@D4B34NR'/?5F=DBF'@9:9?64'43@D?5@'F6A3'H33<'J3@E49H3J'9<'*('

6<J'?9A34'546<@P?6<5659=< 89–92,98–100O'P34@9@53<5'E=6BD?659=<'6H<=4:6?9593@'@33:'5='

be more significant in LT, maybe owing to the greater endothelial damage associS

653J'c95F'546<@P?6<5659=<'95@3?QR'

$D4'@5DJN'c6@'<=5'J3@9B<3J'5='3VP?=43'5F3'P=@@9H?3'E6D@3@'=Q'5F9@'P4=E=6BD?6<5'

state; the fact that it is common to all kind of grafts and that it persists at 1 year 

@DBB3@5@'5F65'Q6E5=4@'@F643J'H35c33<'A649=D@'=4B6<@O'@DEF'6@'9::D<=@DPP43@S

sive treatment, may play a major role. However, studying the effect of each drug 

on the coagulation system has proven difficult owing to the need to use them in 

combination. The same problem arises when trying to elucidate the specific role 

=Q'5F3':D?59P?3'49@a'Q6E5=4@'5F65'6EED:D?653'9<'5F9@'P=PD?659=<R'

(F3'9:P=456<E3'=Q'J3@E49H9<B'6'P34@9@53<5'P4=E=6BD?6<5'@5653'6Q534'-('43?93@'<=5'

only on the fact that VTE is a highly prevalent complication (with the result that 

better prophylactic strategies are needed in affected patients), but also on the 
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possibility that it affects graft survival. The effect of the coagulation cascade on 

?D<B'9<TD4N'F6@'H33<'J3@E49H3J'9<'6ED53'43@P9465=4N'J9@543@@'@N<J4=:3'6<J'.20O''

6?5F=DBF' 5F343' 9@' 6?@=' 3A9J3<E3' 43?659<B' 95' 5=' ?D<B' 6??=B46Q5' JN@QD<E59=<R''

(FD@O'Christie et al. 128'43P=453J'5F65'?=c34'P=@5=P34659A3'2>'6<J'F9BF34'2/.S̀ '?3A3?@'

643'6@@=E9653J'c95F'P49:64N'B46Q5'JN@QD<E59=<R'+=43=A34O'9<'6'P4=@P3E59A3'@5DJN'

with 46 patients'`dgO']SJ9:34'?3A3?@'c343'6@@=E9653J'c95F'0"!`, the 6-minute walk 

53@5'43@D?5'6<J'=VNB3<'E=<@D:P59=<'9<'5F3'E64J9=PD?:=<64N'3V34E9@3'53@5R'(F343S

Q=43O'5F9@'@5DJN'P=9<5@'5='d'P=53<596?'43@364EF'?9<3@Z'3@56H?9@F9<B'5F3'H3@5'P4=PFNS

lactic strategy for VTE after LT and studying the effect of coagulation profiles on 

?D<B'B46Q5'QD<E59=<R'

In our more in-depth study of prophylaxis, we tried to find a signal that identifies 

F9BFS49@a'P6593<5@'364?N'6Q534'@D4B34NR'.<'=D4'@5DJNO'P6593<5@'cF='P43@3<53J'6'!("'

65'M':=<5F@'F6J'6<'6H<=4:6?'E=6BD?659=<'53@5'43@D?5'65'd'c33a@':=43'Q43KD3<5?N'

than non-VTE patients (60% vs. 23.7%; p = 0.051). This observation could be used 

6@'6':64a34' 5=' 9J3<59QN'F9BFS49@a'P6593<5@'6<J' 9:P?3:3<5':=43' 9<53<@3'P4=PFNS

?6E59E'@54653B93@R'.<'=4J34'5='@9:P?9QN'5F9@'@E433<9<B'P4=E3@@'6<J'43JDE3'E=@5@O'c3'

looked for a single-parameter test. We chose FVIII and, specifically, the 905F'P34E3<S

tile cutoff point, because it has been related directly to thrombotic risk. This test 

P43@3<53J'B==J'@3<@959A95N'6<J'<3B659A3'P43J9E59A3'A6?D3O'5FD@'@DPP=459<B'9<53<S

sification of anticoagulation in patients with the highest risk. As the strength of 

=D4'@5DJN'9@'?9:953J'HN'5F3'@:6??'@983'=Q'=D4'@6:P?3O'QD5D43'@5DJ93@'c9??'H3'<33J3J'

to evaluate whether a coagulation study at 2 weeks ( specifically FVIII) could be a 

B==J'5==?'Q=4'@54659QN9<B'49@a'9<'5F3@3'P6593<5@R

09<6??NO' cF9?3' =D4' @5DJN' 69:3J' 5=' J46c' 6553<59=<' 5=' 6' P4=H?3:' 5F65' 9@' D@D6??N'

D<J34J43@@3J'9<'5F3'?953465D43O'95'9@'@DHT3E5'5='?9:95659=<@R'(F3'9<F343<5'?9:95659=<@'

of a single-center study hamper generalization of our conclusions. In the first 

study, comparison of 2 different eras makes it impossible to dismiss a possible 
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H96@' 5=c64J@'@D@P9E9=<'=Q'!("' 9<' 5F3'@5DJN'E=F=45O'=c9<B' 5=' 5F3'@6:3'E=<E34<'

that led us to perform the study in the first place. In contrast, because we do not 

have a specific VTE screening protocol, we may have under-diagnosed thromS

H=59E'3A3<5@O'6<J'5F3'43?659A3?N'?=c'<D:H34'=Q'!("'3A3<5@':6N'F6A3'?9:953J'5F3'

J353E59=<'=Q'49@a'Q6E5=4@R'/<=5F34'?9:95659=<'9@'5F65'5F3'd'E=<@3ED59A3'E=F=45@'5F65'

were compared differed in terms of age, number of patients with ILD as their 

D<J34?N9<B'J9@36@3O'<D:H34'=Q'P6593<5@'c95F'J96H353@'6<J'P349546<@P?6<5'F3:=S

JN<6:9E' 9<@56H9?95NR' 09<6??NO' c3' J9J' <=5' 546Ea' 5F3' D@3' =Q' E=:P43@@9A3' @5=Ea9<B@'

9<'5F3'9<53<@9A3'E643'D<95R'(F3'@3E=<J'@5DJN'9@' ?9:953J'HN'95@'@6:P?3'@983O'cF9EF'

P43A3<5@' D@' Q4=:' P4=A9J9<B' E=<E?D@9A3' 43@D?5@O' 3@P3E96??N' cF3<' 5F3' E=F=45' 9@'

@5DJ93J'6EE=4J9<B'5='!("'=4'.-]'@565D@R'b3'J9J'<=5'F6A3'6'E=<54=?'B4=DP'43E39A9<B'

9::D<=@DPP43@@9=<'=4'D<J34B=9<B'=5F34'E64J9=5F=46E9E'@D4B34N'5F65'c=D?J'F6A3'

F3?P3J'5='9J3<59QN'5F3'E6D@3@'=Q'5F9@'P4=E=6BD?6<5'@5653R'

.<' E=<E?D@9=<O' 6' P34@9@53<5' P4=E=6BD?6<5' @5653' 6Q534' -(' P4=H6H?N' 3VP?69<@' 5F3'

9<E436@3J'9<E9J3<E3'=Q'!("'9<'5F9@'P=PD?659=<O'<=5'=<?N'9<'5F3'364?N'P=@5=P34659A3'

P349=J'HD5'6?@='9<'5F3'?=<B'534:'6Q534'@D4B34NR'(F3'E6D@3@'643'@59??'D<a<=c<O'6<J'

an effective prophylactic strategy has yet to be determined. Larger studies will 

be needed to resolve these issues and to explore the effect of these coagulation 

6H<=4:6?9593@'=<'5F3'B46Q5R
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VTE is a major complication after LT, with a cumulative incidence of 15.3% in '

=D4'@3493@R
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tion; however, abnormal values of FVIII and vWF persist at 1 year after LT in some 
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'Î We would like to study coagulation profiles in other cohorts of lung transS
plant patients to confirm our results.

'Î Moreover, we would like to study the effect of persistent coagulation abnorS
:6?9593@'=<'B46Q5'QD<E59=<R'

'Î 09<6??NO'6<'9:P=456<5'Q365D43'J349A3J'Q4=:'=D4'c=4a'9@'5F3'<3E3@@95N'=Q'H35534'
P4=PFN?6V9@'P4=5=E=?@'9<'5F9@'P=PD?659=<R'+D?59E3<534'5496?@'c9??'H3'<33J3J'5='
answer this question and to define which patients are at highest risk.
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a b s t r a c t

Venous thromboembolism (VTE) is a major complication after solid organ transplantation (SOT), with an inci-
dence that ranges from 2 to 34%. Besides genetic risk factors such as inherited thrombophilia, other specific
risk factors for VTE in SOT recipients include impairment of fibrinolysis produced by corticosteroids, in vitro
procoagulant effects of calcineurin inhibitors, endothelial damage due to cytomegalovirus infection, and specific
surgical factors. Prevention strategies have not been systematically studied. Therefore, it is mandatory for the in-
ternational scientific community to conduct large, multicenter, randomized clinical trials to define strategies for
the prevention of VTE in SOT recipients.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

The incidence of venous thromboembolism (VTE) in the general
population is estimated at between 1 and 2 cases per 1000 people per
year [1]. VTE, which includes deep vein thrombosis (DVT) and pulmo-
nary embolism (PE), is a common complication of surgery and a major
cause of morbidity and mortality in various medical conditions. The
overall risk for VTE is a combination of environmental and genetic fac-
tors. Solid organ transplantation (SOT) has been recognized as complex
environmental factor which includes the inherent risk associated to
other facts such as surgery or immunosuppressive treatment.

The risk of VTE differs with the type of surgery performed. Approxi-
mately half of all patients undergoing orthopedic surgery without prophy-
laxis develop VTE [2]; when prophylaxis is implemented, the incidence
decreases to around 18 per 1000 cases per year [3]. Cancer is also a risk fac-
tor for VTE, and 8% of patients experience VTE either within the first year
after diagnosis or during the course of their disease [4]. Other conditions
that involve an intermediate risk for VTE are included in Table 1.

Nevertheless no solid epidemiologic data are available on the real in-
cidence of this complication following SOT and its prevention. The ob-
jective of the present paper is to review the epidemiology, risk factors,
and prevention of VTE after SOT.

2. Venous thromboemblism in solid organ transplantation:
epidemiological data

Table 2 summarizes data about the epidemiology of VTE in SOT.

2.1. Renal transplantation

Few data are available on VTE in renal transplantation during the pre-
cyclosporine era [5]. Since the introduction of calcineurin inhibitors, the
incidence of VTE after renal transplantation has been reported to range
between 2 and 14% [6]. In 1987, Allen et al. [7] published a descriptive ret-
rospective study of 480 kidney recipients and reported an incidence of
8.3%, which peaked within the first 4 months after transplantation. In a
retrospective study including 1833 kidney recipients from 1985 to 1995,
Humar et al. [8] found a slightly lower incidence (4.2%), with a peak be-
tween the third and fifth months after transplantation.

The risk of late VTE was also assessed in a study based on the Medi-
care database [9]; the study population comprised 28,924 kidney recip-
ients and the incidence of late VTE (occurring 1.5 to 3 years after
transplantation) was 1.5%. In summary, these data strongly suggest a
high incidence of VTE after kidney transplantation.

2.2. Liver transplantation

The introduction of calcineurin inhibitors as immunosuppressive
treatment for SOT considerably improved the outcome of liver recipi-
ents. In this context, VTE after liver transplantation has been described
as a relevant complication with an incidence of between 3 and 5% and
significant morbidity and mortality both during surgery and during
the early postoperative period. In their analysis of 495 liver recipients
between 2004 and 2006, Sakai et al. [10] reported PE in 20 patients
(i.e., a 4% incidence of intraoperative PE).

Ishitani et al. [11] reported a 3.7% incidence of clinically symptomatic
VTE during a 6-year follow-up, with a peak of incidence during the first
2 months after transplantation. The VTE prophylactic protocol included
treatment with intermittent pneumatic leg compression devices until
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patients were able to sit. Salami et al. [12] later conducted a similar ret-
rospective study and reported an incidence of VTE of 4.6%. Diagnostic
procedures were carried out when VTE was clinically suspected, and
there were no prespecified prophylaxis protocols.

2.3. Heart transplantation

Several retrospective studies on the epidemiology of VTE in heart re-
cipients, including arterial and venous thrombotic events, reported an
incidence of VTE events of between 15 and 34%. It is important to em-
phasize that these studies included episodes of acute myocardial infarc-
tion, stroke, and occlusion of retinal vessels as thrombotic events. Forrat
el al. [13] reviewed 285 heart transplant patients on low-dose aspirin
(250mg/d) and found97 cardiac and noncardiac thromboembolic com-
plications (34%), of which 33 (11.6%) were DVT or PE events. Miriuka
et al. [14] analyzed the frequency of thrombotic events, which were
mainly related to the coronary artery tree, but which also included
DVT and PE. A total of 22 patients (26.2%) had at least 1 complication
of VTE, including 13 DVT and 5 PE. Finally, Garcia-Herrera et al. [15] re-
ported 25 thrombotic complications in 164 patients (15%)who received
a heart transplant between 1984 and 1999.

In summary, the literature shows a high incidence of thromboem-
bolic complications after heart transplantation despite the use of anti-
platelet agents as an almost standard prophylactic strategy.

2.4. Lung transplantation

VTE after lung transplantation is a common finding in clinical prac-
tice and has been reported to occur in 8 to 27% of lung recipients in ret-
rospective studies (Table 2). In 1995, Kroshus et al. [16] reported an
incidence ofVTE complicationsof 12.1% between10days and36months
after surgery. All patients underwent screening ventilation–perfusion
scanning in the first week, at 6 months, and at 1 year after transplanta-
tion. Doppler ultrasonography of the legs was performed to exclude
DVT only when the condition was clinically suspected. Patients also re-
ceived prophylaxis with perioperative and postoperative subcutaneous
heparin until discharge, as well as pneumatic compression garments
until they were able to walk again. Patients then received antiplatelet
agents. Although this study was retrospective, both the diagnostic and
the predefined prophylactic strategy were thorough and strongly sup-
port the relevance of VTE in lung recipients.

Izbicki et al. [17] published similar findings in a retrospective cohort,
with an incidence of PE of 8.6% between 4 and 24months after the inter-
vention. Similar findings on the incidence of PE were reported by Na-
than et al. (8.3%) [18], who emphasized that all the PE events were
diagnosed in the subgroup of patients with idiopathic pulmonary fibro-
sis. This subgroup was identified as susceptible in another study [19],
but with a lower incidence (only 1.78%).

In 2004, Burns and Iacono [20] reported an incidence of 27% for PE in
postmortem examination of lung and heart-lung transplant patients.
This incidence was higher in patients who died during the first month
after transplantation, suggesting that PE may be under-diagnosed as a
complication contributing to respiratory failure in the early postopera-
tive period.

Finally, Yegen et al. [21] performed a case-control study in a cohort
of 121 patients who underwent lung transplantation between 2001
and 2005. All the patients received prophylaxis with heparin,
enoxaparin, or pneumatic compression devices during their post-
transplant stay. Asymptomatic patients were not routinely screened
for VTE. The authors diagnosed 27 cases of VTE (incidence of 22%).

Table 1
Incidence of VTE in different populations.

Population studied Incidence

General population [1] 0.1–0.2%
After orthopedic surgery [3]
Without prophylaxis 50%
With prophylaxis 1.1–10.6%

Cancer [4] 1–8%
Abdominal surgery [66] 0.6–3.1%
Low-risk: appendectomy, cholecystectomy, or lysis of adhesions 0.6%
Intermediate-risk: gastrointestinal tract 1.8%
High-risk: splenectomy 3.1%

Thoracic surgery
Lobectomy/pneumonectomy [67] 0.18%
Cardiac surgery [68,69] 0.56%

Renal transplantation 2–14%
Liver transplantation 3–5%
Heart transplantation 18–34%
Lung transplantation 8–29%

Table 2
Epidemiologic data on VTE in SOT.

Organ Author Year of transplantation n Incidence Monitoring VTE Prophylaxis Symptomatic events

Kidney Allen et al. [7] 1974–1984 480 8.3% None No 100%
Kidney Humar et al. [8] 1985–1995 1833 4.5% None GCS (since 1990) 100%
Kidney Poli et al. [50] 1990–2005 538 9.1% Periodical DUS LMWH 3 months 61%
Kidney Todeschini et al. [51] 2008–2011 284 9.0% Periodical DUS LMWH 1 week followed by anti-platelet agent 100%
Kidney Moscarelli et al. [46] 1991–2010 769 12.5% Periodical DUS LMWH 3 months 61%
Kidney Abbott et al. [9] 1996–2000 28942 1.5% Not known Not known Not available
Liver Sakai et al. [10] 2004–2006 495 4.0% Perioperative period 100%
Liver Ishitani et al. [11] 1989–1995 299 3.7% None GCS 100%
Liver Salami et al. [12] 1995–2010 917 4.6% None Not mentioned 100%
Liver Cherian et al. [65] 1982–2007 2149 0.37%a None GCS and LMWH until discharge. 100%
Heart Forrat et al. [13] 1984–1988 285 11.6% None Aspirin 250 mg/d until 1992 Not available
Heart Miriuka et al. [14] 1986–1997 84 21.4% Periodical CA Not mentioned Not available
Heart Garcia-Herrera et al. [15] 1984–1999 164 15% None Antiplatelet agent Not available
Lung Kroshus et al. [16] 1986–1993 116 12.1% Periodical V/Q GCS and LMWH until discharge.

Later antiplatelet agents.
100%

Lung Izbicki et al. [17] 1997–2003 70 8.6% None Not mentioned 100%
Lung Nathan et al. [18] 1996–2002 72 8.3% None Not mentioned 100%
Lung Garcia-Salcedo et al. [19] 1999–2009 280 1.78%b None Not mentioned 100%
Lung Burns et al. [20] 1990–2002 126 27% Postmortem examination Not available
Lung Yegen et al. [21] 2001–2005 121 22% None LMWH or GCS during hospitalization 100%
Lung Kahan et al. [27] 1994–2006 153 29% None GCS ± LMWH 100%

n: sample size; GCS: graduated compression stockings; DUS: color duplex ultrasonography; CA: coronary angiography; LMWH: low-molecular-weight heparin. V/Q: xenon ventilation-
perfusion scanning.

a Incidence of pulmonary embolism presented within 90 days of transplant.
b Incidence of pulmonary embolism.
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In summary, the available information shows that there is an unac-
ceptable incidence of VTE after SOT. Therefore, development of preven-
tive strategies is mandatory.

3. Pathophysiology of VTE after SOT

A hypercoagulable state has been described in transplant recipients.
In kidney recipients, impaired fibrinolysis and protein C activation have
been reported [22]; some studies [23] demonstrated activation of the
extrinsic pathway of coagulation and a higher fibrinogen level in kidney
recipients, both in patients with comorbidities (e.g. diabetes, cardiovas-
cular disease, and nephrotic syndrome) and in transplant recipients
without comorbidities. Although hypercoagulability persists indefinite-
ly, it involves a maximum risk of thrombosis during the first 6 months
[22]. It has been suggested that candidates for renal transplantation
should be screened for thrombophilia, although the causative role of
this condition in hypercoagulability in transplant recipients remains un-
clear. In 1998, Fischereder et al. [24] reported a prevalence of around
14% and associated the high risk of thrombophilia with an increased
risk of graft loss at 1 year as a result of thrombotic and rejection-
related complications. Moreover, an excess prevalence of hyperhomo-
cysteinemia [6] due to impaired renal function has been reported; it
has also been suggested that immunosuppressive drugs such as CsA
can modify homocysteine metabolism.

Liver recipients have traditionally been considered to be in a
hypocoagulable state, as evidenced by laboratory tests such as platelet
count and prothrombin time and by the massive bleeding reported as
a complication during transplantation. Nowadays, however,
transfusion-free liver transplant surgery is common, and awareness of
thrombotic complications has increased [25]. The hemostatic system
of cirrhotic patients is altered because of thrombocytopenia, although
this alteration is offset by elevated levels of von Willebrand factor.
After liver transplantation, levels of von Willebrand factor remain ele-
vated, andmultiple biochemical processes lead to increased platelet ad-
hesion. This prothrombotic imbalance constitutes a potential risk for
postoperative VTE events.

Other findings suggest that despite the prolonged coagulation tests
such as prothrombin time, reduced levels of anticoagulation proteins
lead to normal coagulation potential. This coagulation potential remains
comparable to that of healthy people, even during the intervention, and
increases in the postoperative period (5 to 10 days after surgery) owing
to an increased rate of thrombin generation [26].

In lung transplantation, Izbicki et al. [17], described a hypercoagulable
state in patients who developed PE that was characterized by increased
levels of coagulation factors or the presence of antiphospholipid antibod-
ies. Whether this state was acquired or due to congenital factors was un-
clear; however, none of the patients had a previous history of VTE events.
The findings of other groups that have tried to identify coagulation abnor-
malities were not statistically significant [27].

4. Prothrombotic state in solid organ transplantation

Risk factors for VTE in the general population include major and or-
thopedic surgery, previous VTE, older age, malignancy, obesity, renal
impairment, prolonged immobility, presence of central venous lines,
pregnancy and puerperium, oral contraceptives, as well as the presence
of inherited and acquired thrombophilia [2].

SOT recipients are at high risk for VTE, not only because of classic fac-
tors, but also because of risk factors directly related to transplantation it-
self. These factors will be addressed below and are summarized in Fig. 1.

4.1. Immunosuppressive treatment

4.1.1. Calcineurin inhibitors
The risk of VTE complications associatedwith cyclosporine (CsA)has

been a subject of debate. Procoagulant effects have been demonstrated

in vitro, but when research is transferred to patients, it is difficult to
prove that these changes are attributable only to CsA, without taking
into account concurrent immunosuppressive agents.

Thus, in the field of renal transplantation,many studies compare the
incidence of VTE events between patients treated with CsA and patients
treated with azathioprine (Aza). The results are controversial.
Vanrenterghem et al. [28] retrospectively compared the incidence of
complications of VTE in 90 kidney recipients recruited between 1983
and 1984 and treated with CsA and low-dose corticosteroids and in
the same number of cadaveric kidney allograft recipients treated with
Aza, antilymphocyte globulin, and high-dose corticosteroids. Patients
received dipyridamole 300 mg/d or ticlopidine as prophylaxis. The au-
thors reported 17 VTE events in the CsA group and only 1 event in the
Aza group. By contrast, in their prospective study performed between
1980 and 1984, Brunkwall et al. [29] did not find an increased frequency
of DVT in 97 patients receiving CsA and low-dose corticosteroids com-
pared with a similar group of 83 patients receiving a regimen compris-
ing Aza and high-dose corticosteroids. The authors reported an
incidence of 9.3% in the CsA group. This value was significantly lower
than in the Aza group, which had an incidence of 24.1%.

Furthermore, larger studies have failed to support a significant dif-
ference in VTE events between patients treated and not treated with
CsA. Gruber et al. [30] examined 224 kidney recipients who were pro-
spectively randomized and stratified by risk to treatment with CsA
and prednisone or Aza, prednisone, and antilymphocyte globulin be-
tween 1980 and 1983. The incidence of renal vein thrombosis was
0.9% in the Aza group and 1.7% in the CsA group.

Penny et al. [31] subsequently reported a 2.2% incidence of renal
graft thrombosis in a series of 6153 renal transplants between 1980
and 1992. These patients were compared with institutional controls
andwith the contralateral cadaveric donor kidney in each case. No asso-
ciation was demonstrated between CsA and renal graft thrombosis.
Multiple logistic regression also revealed that CsA was not a risk factor.

The role of tacrolimus has not received the same attention as CsA. In
vitro studies showed antithrombotic effects by inhibition of platelet activ-
ity and coagulation. However, once again, study results are contradictory.
Pirsch et al. [32] conducted an open-label, randomized, multicenter study
to assess the efficacy and safety of tacrolimuswith that of CsA for primary
immunosuppression in kidney recipients. Between 1993 and 1995, a total
of 412 patients were randomized to tacrolimus (n = 205) or CsA (n =
207) and followed for 1 year. DVT was more frequent in the tacrolimus
group (11 patients) than in the CsA group (1 patient). However, risk fac-
tors for VTE were identified in all patients, and 5 of the 11 cases in the ta-
crolimus group were reported by a single center.

In conclusion, there is no clear association between the use of cal-
cineurin inhibitors and the risk of VTE.

4.1.2. Corticosteroids
Corticosteroids are prothrombotic because they enhance the synthe-

sis of vonWillebrand factor and impair fibrinolysis [33]. In kidney recip-
ients, long-term treatment with corticosteroids has been found to
create a hypercoagulable state similar to that observed in patients
with Cushing’s disease. Patrassi et al. [34] performed a study where
the fibrinolytic potential of 19 kidney recipients was evaluated and
comparedwith that of controls and other patients with Cushing disease.
The venous occlusion testwas used to stimulatefibrinolysis, and several
coagulation tests were performed before and after the venous occlusion
test. A hypofibrinolytic statewas recorded in 68.4% of kidney recipients,
suggesting that this imbalance could significantly contribute to an in-
creased risk of VTE in kidney recipients. To confirm this hypothesis of
an association between corticosteroids and increased risk of VTE, Sartori
et al. [33] studied fibrinolytic capacity after withdrawal of corticoste-
roids in 28 kidney recipients taking stable immunosuppressive therapy
with CsA, Aza, and methylprednisolone. The prevalence of impaired fi-
brinolytic capacity was as high as 83.3% during corticosteroid treatment
and dropped to 16.7% after withdrawal of the drug.
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4.1.3. mTOR inhibitors
TherapywithmTOR inhibitors has been associatedwith increased en-

dothelial activation, thrombin formation, and impaired fibrinolysis. The
prothrombotic effect has limited the use ofmTOR in transplant recipients,
mainly because of the possible associationwith hepatic artery thrombosis
among liver recipients [35] that led to an FDA warning in 2002.

Many subsequent studies in liver recipients have been unable to
confirm these findings on de novo use of mTOR inhibitors and show ei-
ther reduced incidence with sirolimus [36,37] or no difference [38,39]
compared with controls.

Two studies that focused on the role of mTOR inhibitors in VTE after
renal transplantation did not find a greater incidence of thrombosis.
Langer et al. [35] retrospectively evaluated 2 cohorts of renal transplant
recipients, the first with 136 patients treated with CsA and prednisone
plus Aza in 16 cases, and a second cohort with 354 patients treated
with sirolimus, CsA, and short courses of prednisone. DVT and PE were
clinically suspected and confirmed by Doppler ultrasonography or
lung scintigraphy. The incidence of VTE was similar in both groups
(5.1 vs. 5.6%). By contrast, Baas et al. [40] performed a single-center
study where coagulation and fibrinolysis parameters were measured
in 16 kidney recipients taking everolimus and compared with those of
20 kidney recipients taking a calcineurin inhibitor and/or mycopheno-
late sodium. The use of everolimuswas associatedwith increased endo-
thelial activation, thrombin formation, and impaired fibrinolysis, thus
suggesting an increased risk of thrombotic events. Also, in heart trans-
plantation, Thibodeau et al. [41] retrospectively reviewed 67 recipients
taking sirolimus and 134 matched heart recipients not taking sirolimus
and found a higher rate of VTE in patients taking sirolimus (12 vs. 7%);
this association persisted after adjusting for body mass index but not
after adjusting for total cholesterol.

In lung transplantation two studies showed an association between
sirolimus and an increased rate of VTE. Lingaraju et al. [42] performed a

retrospective review of lung recipients at theUniversity of Pennsylvania
from 2000 to 2006. A total of 202 patients survived 90 days; sirolimus
was used in 59 (29.2%). This mTOR inhibitor was more frequently
used in patients with VTE (56.7 vs. 24.4%, p b 0.001). Ahya et al. [43] en-
rolled 181 lung recipients in a prospective, multicenter, randomized,
open-label trial. A significantly increased risk of VTE was noted in asso-
ciation with sirolimus: the group of patients receiving an immunosup-
pressive regimen with sirolimus, tacrolimus, and prednisone had an
incidence of 17% compared with 3% in the group receiving a traditional
immunosuppressive regimen (Aza, tacrolimus, and prednisone).

In summary, the limitations of these studies, which aremostly retro-
spective, with no assessment of potential risk factors for VTE andwith a
limited number of patients, show that the role of mTOR inhibitors in in-
creasing risk of thrombosis remains controversial. Furthermore, since
edema is frequent in patients receiving sirolimus, who are more likely
to be closely monitored for DVT, a risk of bias is unavoidable.

4.1.4. Mycophenolate mofetil (MMF)
Although the association betweenMMFandVTE events has not been

established, several studies have shown this agent to have a better pro-
file than other immunosuppressive agents, with fewer unfavorable ef-
fects on platelets [44]. MMF can decrease in vitro aggregation of
platelets in non transplanted patients, but also in kidney recipients.

4.2. Cytomegalovirus infection

Cytomegalovirus (CMV) has a particular tropism for endothelial
cells, and its ability to produce vascular injury has been described both
in immunocompetent patients and in transplant recipients. Endothelial
cell activation by CMV infection results in the increased platelet reactiv-
ity and procoagulant capacity of these cells [26]. Nevertheless, results in
the literature are inconsistent. Kazory et al. [45] reviewed 218 kidney

Fig. 1. Summary of evidence on VTE after SOT. Flow chart that summarizes the search and selection of articles. 68 articles were reviewed responding two key questions: which are the
specific risk factors for VTE in SOT and which prophylactic protocol should be used.
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recipients and found 13patientswith acute CMV infectionwhopresented
a VTE event co-occurring with infection in 7 cases (53.8%); remarkably,
the 7 patients did not have predisposing risk factors for thrombosis. In
this series, the incidence of VTE was 4.2% in patients who did not have
CMV infection, comparedwith 9% in thosewho had presented an episode
of acute CMV infection. A much higher incidence was subsequently re-
ported by Moscarelli et al. [46], who evaluated the incidence of VTE in
769 kidney recipients; acute CMV infection was reported in 154 patients
(20%), 37 ofwhom (38%) also had VTE. By contrast, Yegen et al. [21] stud-
ied risk factors for VTE in 121 lung recipients, 27 ofwhomdevelopedVTE;
only 1 patient (4%) had CMV disease, compared with an incidence of
around 7% in the control group.

4.3. Pretransplant diagnosis

It seems plausible that the underlying disease that generates the need for
transplantation may lead to increased susceptibility to thrombosis. Further-
more, this increased risk of VTE could well continue after transplantation.

4.3.1. Renal transplantation
In lupus nephropathy [6], it is important to determine the presence of

antiphospholipid antibodies as an acquired thrombophilia, which in-
creases the risk of thrombotic complications and early graft loss. In the ab-
sence of controlled trials, it has been proposed that lupus patients with
antiphospholipid antibodies and a history of recurrent thrombosis who
undergo renal transplantation shouldbe treatedwithanticoagulation ther-
apy. In addition, diabetic nephropathy is thought to increase the risk of
thrombosis due to diabetic angiopathy and atherosclerosis, although this
hypothesis has not been corroborated in case-control studies [47].

Since nephrotic syndrome carries an increased risk of thromboem-
bolic complications, it should be taken into account, especially in pa-
tients with recurrent glomerulonephritis [6].

4.3.2. Liver transplantation
Patientswho receive a transplant formetabolic liver diseases such as

familial amyloid polyneuropathy or acute intermittent porphyria ap-
pear to have an increased risk of thrombosis, and although no explana-
tions have been given for this increase, patients may be predisposed
because they maintain normal liver function and, therefore, an intact
hemostatic system. In addition, patients with hepatitis C infection
have an increased level of antiphospholipid antibodies, which places
them at risk for thrombosis [11].

4.3.3. Heart and lung transplantation
The available literature shows that the initial cause of heart failure is

not predictive of complications of VTE [13]. Lung recipients with inter-
stitial pulmonary fibrosis are thought to have a higher risk of thrombo-
sis due to unknown predisposing factors. This finding has been
replicated in various studies; thus, in the retrospective reviews by
Garcia-Salcedo et al. [19] and Nathan et al. [18], all the PE events oc-
curred in the subgroup of patients with interstitial pulmonary fibrosis.
Some authors [21] have suggested that age could be a confounding fac-
tor in the association betweenpulmonary embolism and interstitial pul-
monary fibrosis.

4.4. Thrombophilia

There are few data regarding the incidence of inherited or acquired
thrombophilia in SOT. Morrissey et al. [48] reviewed the outcome of 8
patients with a previous history of VTE and thrombophilia. Patients
with a hypercoagulable disorder received perioperative heparin and
postoperative oral anticoagulation and were compared with other
renal transplant recipients who had a theoretically low risk for VTE
and did not receive anticoagulation therapy. No allograft thrombosis
was observed in the high-risk group, although 2 patients in the low-

risk group experienced DVT; 2 of the 8 patients who received anticoag-
ulants had bleeding complications requiring intervention.

5. Prevention of venous thromboembolism

It is not clear whether SOT patients should receive anticoagulation
prophylaxis. Bleeding and thrombosis are major complications that
compromise both the graft and the patient’s life. Lack of consensus on
which of the 2 is a greater threat hampers the design of a preventive
strategy. This diversity in clinical practice was reflected in a study by
Ripert et al. [49], who performed a telephone survey of all renal trans-
plantation centers in France. Four caseswere considered by each center,
and very different prophylaxis protocolswere proposed in each of them,
thus reflecting a wide variety of practices. Table 3 summarizes the pub-
lished literature on preventing VTE in SOT patients.

In renal transplantation, studies evaluating epidemiology do not
show differences between those patients receiving no prophylactic
treatment and those with prophylaxis (whether heparin followed by
anti-platelet agents or heparin for 3months) that reported an incidence
between 9 and 12.5% [50,51].

Friedman et al. [52] developed an algorithm to identify high-risk pa-
tients who were initially treated with intravenous sodic heparin and
later with warfarin, achieving a 2.6-fold reduction in the expected inci-
dence of allograft thrombosis according to data from a historical control
group; in contrast, a high rate of hemorrhagic complications was report-
ed, with an incidence of 60%within the first 30 days after transplantation.

In another study [53], low-risk patients were treatedwith dalteparin
during hospitalization only (daily intravenous dose of 2500 or 5000),
and high-risk patients were treated for at least 1month, with no throm-
botic or hemorrhagic events. Murashima et al. [54] performed a retro-
spective study including 48 kidney recipients with a hypercoagulable
state defined by prior venous thromboembolism, multiple vascular ac-
cess thromboses, or identifiable thrombophilia. Sixteen received differ-
ent anticoagulation prophylaxis regimens: heparin followed by
warfarin in 12 cases (9 of them indefinite), heparin followed by aspirin
indefinitely in 3 cases, and heparin for only 3 days in 1 case. The rate of
allograft thrombosis was not significantly lower in the group that re-
ceived anticoagulation therapy (6.3 vs. 18.8%), with an incidence of
perirenal hematoma of 31.3 and 6.3%, respectively.

Two studies randomized patients to subcutaneous heparin com-
pared with no anticoagulant treatment, although the results were con-
flicting. In 1989, Ubhi et al. [55] randomized 70 kidney recipients to
receive either no heparin or subcutaneous calcium heparin (5000 IU
twice daily for 7 days or until the patientwas fullymobile) and reported
6 events in the heparin-free group comparedwith no thrombotic events
in the heparin group. No significant increase in bleeding complications
was observed. In 2012, Bakkalaglu et al. [56] enrolled 25 kidney recipi-
ents who were prescribed a prophylactic dose of LMWH for 1 week,
and 25 other recipients who did not receive heparin; no thrombotic
events were reported in either group, and only 1 patient in the heparin
group had massive postoperative bleeding. The authors concluded that
heparinizationmay not be necessary if no risk factors are identified, but
the small sample size could be an important limitation of this study.

The efficacy of aspirin for preventing renal allograft thrombosis has
also been tested. Robertson et al. [57] performed a retrospective study
comparing the rate of allograft thrombosis in patients receiving aspirin
75 mg/d for 1 month to historical controls from the Oxford Transplant
Centre Database. The rate of allograft thrombosis was 5.6% before pro-
phylaxiswith aspirin and 1.2% after prophylaxis (p b 0.01). The Leicester
group [58] reviewed a consecutive series of 105 kidney recipients treat-
ed with aspirin 150 mg daily for 3 months and compared them with an
untreated historical control group. A lower rate of primary allograft
thrombosis was observed in the treated group, where no cases were
identified, than in the control group, where the rate was 5%. No major
bleeding complications were recorded in either group. These results
were reproduced in 2007 by Stechman et al. [59], who treated 401
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kidney recipients with aspirin 75 mg/d for 28 days. Only 1 case of ve-
nous thrombosis was recorded (0.25%), representing a significant re-
duction in the unit’s historical incidence (5.8%) (p b 0.001).

Treatment with heparin and aspirin has been associated with a signifi-
cant rate of severe bleeding complications. Thus, Shullo et al. [60] described
a69% incidenceofmajorbleedingevents. Consequently, theauthors recom-
mend using only aspirin as a prophylactic treatment in kidney recipients.

Although standard prophylaxis with LMWH might help to avoid
thrombotic events in liver recipients, it has not been widely used be-
cause of the stronger anticoagulant activity described in cirrhotic pa-
tients. Supporting this statement, Kaneko et al. [61] performed a study
of 128 liver recipients treatedwith dalteparin for 2 days after transplan-
tation and later heparin (unfractionated heparin sodium, 5000 U/d) ad-
justed according to activated clotting time. Four patients experienced a

Table 3
Prophylactic protocols evaluated in the literature.

First author Prophylactic strategy Results Complications

Kidney transplantation Friedman et al. [52] Control (n: 346): no anticoagulation
High risk (n: 502): W after NFH

2.6-fold reduction in GT incidence 60% hemorrhagic complications

Alkhunaizi et al. [53] Low risk (n: 65): LMWH (hospitalization)
High risk (n: 55): LMWH (1 month)

No thrombotic events No hemorrhagic events

Morrissey et al. [48] Low risk (n: 227): no anticoagulation
High risk (n: 8): W after perioperative heparin

Low risk: 2 DVT (0.8%)
High risk: no events.

2 hemorrhagic events (25%)

Murashima et al. [54] No anticoagulation (n: 32)
Anticoagulation (NFH + W (n: 12),
NFH + AAS (n: 3) or NFH alone (n: 1).

Lower GT rate
(6.3 vs. 18.8%)

Higher incidence of renal hematoma
(31.3 vs. 6.3%)

Ubhi et al. [55] No anticoagulation (n: 37) vs. SCaH for 7 days
or until fully mobile (n: 32)

6 thrombotic events in the
heparin-free group (14%)

No increase

Bakkalaglu et al. [56] No anticoagulation (n: 25)vs. LMWH (n: 25)
for 1 week

No thrombotic events 1 case of massive bleeding in the
heparin group

Robertson et al. [57] Controls (n: 475) vs. aspirin 75 mg/d
for 1 month (n: 480)

Lower GT rate
(5.6 vs. 1.2%)

Murphy et al. [58] Controls (n: 121) vs. aspirin 150 mg/d
for 3 months (n: 105)

Lower GT rate
(5 vs. 0%)

No hemorrhagic events

Stechman et al. [59] Controls (n: 396) vs. aspirin 75 mg/d
for 28 days (n: 401)

Lower GT rate
(5.8 vs. 0.25%)

Liver transplantation Kaneko et al. [61] Dalteparin 2 days followed by
heparin (adjusted by ACT) (n: 128)

3% thrombotic events 15% major bleeding events

Uchikawa et al. [62] Fixed LMWH dose + FFP (n: 32)
vs. LMWH (adjusted by ACT) + FFP (n: 10)

No thrombotic events in LMWH
adjusted by ACT

No bleedings in LMWH adjusted
by ACT

Vivarelli et al. [63] No prophylaxis (n: 602) vs. aspirin
100 mg/d (n: 236)

Lower GT rate
(2.2 vs. 0.4%)

Shay et al. [64] No prophylaxis (n: 304) vs.
aspirin 325 mg/d (n: 165).

Lower early GT rate
(3.6 to 0%)

No increase

OAC: oral anticoagulation; GT: graft thrombosis; DVT: deep vein thrombosis; SCaH: subcutaneous calcium heparin; LMWH: low-molecular-weight heparin; NFH: non fractionated hep-
arin; W: warfarin; AAS: aspirin; ACT: activated clotting time; FFP: fresh frozen plasma.

Table 4
Treatment and outcome of VTE after SOT.

Organ Author Year transplantation Treatment Bleeding complications Mortality attributable
to VTE

Graft disfunction

Drug Duration

Kidney Allen et al. [7] 1974–1984 Hep followed by W 3 months Intracerebral hematoma
1 case (2.5%)

10% 5%

Kidney Humar et al. [8] 1985–1995 Hep iv followed by W 3–6 months Not available 8.5% 2.6%
Kidney Poli et al. [50] 1990–2005 NFH iv followed by OAC

or LMWH
3 months Bleeding rate 12.2 per

100 patient-years.
No deaths Not available

Kidney Todeschini et al. [51] 2008–2011 NFH followed by W 3–6 months Not available Not available Not available
Kidney Moscarelli et al. [46] 1991–2010 NFH Not available Not available Not available Not available
Kidney Abbott et al. [9] 1996–2000 Not available 3-year survival

75% DVT; 50% PE
2.5%

Liver Sakai et al. [10]1 2004–2006 Hep iv.1case tPA. Not available Not available 30% Not available
Liver Ishitani et al. [11] 1989–1995 Hep iv followed by W

or VCF
Long term No complications 7.1% Not available

Liver Salami et al. [12] 1995–2010 W 3–6 months No complications 9.5% Not available
Liver Cherian et al. [65] 1982–2007 W Long term Not available 25% Not available
Heart Forrat et al. [13] 1984–1988 Not available 5.1% TE deaths2 Not available
Heart Miriuka et al. [14] 1986–1997 Not available No deaths Not available
Heart Garcia-Herrera et al. [15] 1984–1999 Hep followed by W Not available
Lung Kroshus et al. [16] 1986–1993 Hep followed by W or

VCF. 3 urokinasa
Not available 7.14% 7.14%

Lung Izbicki et al. [17] 1997–2003 Not available
Lung Nathan et al. [18] 1996–2002 Hep iv followed by W

or VCF. 1 thrombectomy.
4 TPA

Not available Not available 14% Not available

Lung Garcia-Salcedo et al. [19] 1999–2009 LMWH followed by W. Not available No deaths Not available
Lung Burns et al. [20] 1990–2002 Not available
Lung Yegen et al. [21] 2001–2005 Not available
Lung Kahan et al. [27] 1994–2006 Not available

DVT: deepvein thrombosis; PE: pulmonary embolism;Hep: heparin;W:warfarin;OAC: oral anticoagulation; LMWH: low-molecular-weight heparin;NFH:non fractionatedheparin; VCF:
vena cava filter;tPA: tissue plasminogen activator. 1: Intraoperative VTE. 2: TE deaths are deaths related to cardiac and noncardiac TE complications.
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thrombotic event despite the anticoagulation protocol, but 19 patients
had a major bleeding event. These findings contrast with those of
Uchikawa et al. [62], who recruited 42 liver recipients and divided
them into 2 groups. The first received a fixed dalteparin dose and a
large amount of fresh frozen plasma, while the second was treated
with an appropriate dosage of dalteparin to maintain activated clotting
time from 140 to 150 seconds and a small amount of fresh frozen plas-
ma. Neither thrombotic nor hemorrhagic complications were observed
for anticoagulation therapywith adjusted dalteparin based on activated
clotting time.

In 2006, Vivarelli et al. [63] performed a study of 838 liver recipients
to evaluate antiplatelet prophylaxis. Patients were divided in 2 groups,
one treated with aspirin 100 mg/d and the other without prophylaxis.
Late hepatic artery thrombosis occurred in 1 out of 236 (0.4%) patients
who continued to receive antiplatelet treatment and in 13 out of 592
(2.2%) who did not receive prophylaxis. In a cross-sectional study,
Shay et al. [64] reviewed 165 liver recipients taking aspirin (325 mg/
d) and 304 liver recipients who did not receive antiplatelet treatment.
The incidence of early hepatic artery thrombosis leading to graft loss de-
creased significantly from 3.6 to 0%.

There are no studies comparing different prophylactic protocols in
lung transplantation. Retrospective studies evaluating epidemiology of
VTE after lung transplantation under different prophylactic protocols
showed an incidence between 12 and 29%, similar to those observed
without specific prophylaxis [16,27].

6. Treatment and outcome

Regarding VTE treatment, no specific protocols have been designed.
Heparin followed by warfarin for 3 to 6 months is the most used proto-
col in the studies reviewed, as showed in Table 4. Only two groups
[11,65] treated the patients with long term anticoagulation. Bleeding
complications have been occasionally notified; Allen et al. [7] reported
one case of intracerebral hematoma and Poli et al. [50] described a
bleeding rate of 12.2 per 100 patient-years (two cases of muscle hema-
tomas and 3 gastrointestinal bleedings). By contrast, two other studies
[11,12] have not described any bleeding complications after implemen-
tation of anticoagulation.

There is scarcity of data regarding the prognosis of the graft after
VTE, but some series [7–9,16] report an incidence of graft dysfunction
in these patients around 2.5–5% in renal transplantation and 7% in
lung transplantation. The mortality rate attributable to this complica-
tion is significant and ranges between 0 and 30%.

7. Conclusion

In conclusion, this reviewof the literature on thrombotic events after
SOThighlights the importance of this complication. VTE is frequent after
SOT, mainly early after the intervention, although the risk seems to re-
main high during long-term follow up.

Despite general concern surrounding VTE, no clear data support a
specific and effective prophylactic strategy. There are few data evaluat-
ing the presence of acquired or inherited thrombophilia in SOT patients
in order to establish high risk patients, and protocols vary from center to
center with contradictory results. Large, multicenter, randomized, clin-
ical trials are necessary to define the best prophylactic protocol in
each type of SOT.
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SUMMARY
Venous thromboembolism (VTE) is a frequent complication after solid
organ transplantation (SOT) and, specifically, after lung transplantation
(LT). The objectives of this study were to evaluate prophylaxis with enoxa-
parin and to describe risk factors for VTE after LT. We retrospectively
reviewed the clinical records of 333 patients who underwent LT in our
institution between 2009 and 2014. We compared two consecutive cohorts:
one that received enoxaparin only during post-transplant hospital admis-
sions and a second cohort that received 90-day extended prophylaxis with
enoxaparin. Cumulative incidence function for competing risk analysis was
used to determine incidence of VTE during the first year after transplanta-
tion. Risk factors were analyzed using a Cox proportional hazards
regression model. The cumulative incidence of VTE was 15.3% (95% CI:
11.6–19.4). Median time from transplant to the event was 40 (p25–p75,
14–112) days. Ninety-day extended prophylaxis did not reduce the inci-
dence of VTE. In this study, the risk factors associated with VTE were
male gender and interstitial lung disease. VTE is a major complication after
LT, and 90-day extended prophylaxis was not able to prevent it. Large,
multicenter, randomized clinical trials should be performed to define the
best strategy for preventing VTE.
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Introduction

Venous thromboembolism (VTE) is a major complica-
tion after surgery. A previous review of the literature
highlights the importance of this issue after solid organ
transplantation (SOT) [1]. The incidence of VTE ranges
between 2% and 14% in kidney transplantation [2],
between 3% and 5% in liver transplantation [3–7],

between 18% and 34% in heart transplantation, and
between 8% and 29% in lung transplantation (LT)
[8–14]. Different prevention strategies have been used
in some of these studies, which have not been systemat-
ically studied.

Solid organ transplantation is a complex environmen-
tal risk factor for VTE and carries an inherent risk aris-
ing from surgery itself, immunosuppressive treatment,

ª 2017 Steunstichting ESOT 1
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cytomegalovirus (CMV) infection, underlying disease,
and thrombophilia. In LT, the factors associated with a
higher risk of VTE include traditional factors, such as
older age, diabetes mellitus, pneumonia [12], and sur-
gery-related risk factors such as need for bypass and
time to discharge [13]. The role of idiopathic pul-
monary fibrosis [10] and sirolimus [15,16] has yet to be
established, although both factors seem to increase the
risk of VTE. The specific burden of each factor remains
unknown.

No consensus has been reached on prophylactic strate-
gies, and several protocols are used in clinical practice.
Findings from the field of liver and kidney transplanta-
tion suggest that either aspirin alone [17–21] or heparin
adjusted for activated clotting time [22] could be useful.
Various empirical protocols are used in LT, although
there is no evidence to support one over the others.

We describe the impact of a specific prophylaxis pro-
tocol with enoxaparin on the incidence of VTE and the
risk factors associated with VTE in a population of LT
recipients.

Materials and methods

Study population

We retrospectively reviewed the computerized clinical
records of 333 consecutive adult patients who under-
went LT in our institution between January 2009 and
December 2014. We recorded prophylaxis, age, gender,
body mass index, diabetes mellitus, previous thrombotic
events, CMV status, underlying disease, transplant type,
need for cardiopulmonary bypass, mechanical ventila-
tion, length of stay, primary graft dysfunction, medica-
tion, and mobility. The study protocol was approved by
the institutional Ethics board.

We identified patients with any thrombotic event
during the first year after LT, including deep venous
thrombosis (DVT), pulmonary embolism (PE), and
treated upper extremity thrombosis (TUET). Patients
receiving lifetime anticoagulation therapy prior to LT
were excluded. Incidental PE (untreated subsegmental
perfusion defects without clinical repercussion) was not
taken into account.

As part of our standard protocol, all patients under-
went a ventilation–perfusion scan (VPS) following lung
transplantation immediately before discharge. No subse-
quent screening for VTE was performed. Patients who
presented with symptoms suggestive of DVT were
further studied using Doppler ultrasound (US). If PE

was suspected, patients underwent either VPS or com-
puted tomography (CT) pulmonary angiography.

Between 2009 and 2012 prophylaxis with the low-
molecular-weight heparin (LMWH) enoxaparin (40 mg
subcutaneously) was given once daily to all patients
admitted to hospital after LT (control cohort). The pro-
phylaxis began on postoperative day 1 if there were no
formal contraindications. In January 2013, concern over
the high incidence of VTE led us to change our stan-
dard protocol, and patients have since been receiving
prophylactic enoxaparin up to day 90 or until full
mobility is recovered (study cohort). Dosing of enoxa-
parin was adjusted in renal impairment and according
to patient weight. We did not use any protocol to mon-
itor enoxaparin treatment.

Data analyses

Qualitative variables are expressed as absolute numbers
and percentages. Normally distributed quantitative vari-
ables are expressed as the mean and standard deviation;
non-normally distributed variables are expressed as the
median and interquartile range (p25–p75).

The demographic and clinical variables of patients
receiving conventional prophylaxis and those receiving
90-day extended prophylaxis after LT were compared
using the chi-square test for qualitative variables (or the
Fisher exact test when one of the expected effects was
less than 5). Normally distributed quantitative variables
were compared using an unpaired t-test; non-normally
distributed quantitative variables were compared using
the Mann–Whitney test.

Cumulative incidence function for competing risk
analysis was used to determine incidence of VTE
through the formulas proposed by Gooley et al. [23]
and Greewood (cited in Marubini et al. [24]) using the
STATA syntax stcompet; both for the entire group and
according to type of anticoagulant prophylaxis. Death
and retransplant without previous VTE were treated as
competing risks.

Cox proportional hazards regression was applied by
modeling time from LT to the first event, with VTE as
the outcome measure. We first conducted univariate
analyses based on the Cox proportional hazards model
using each of the potential predictors of VTE as inde-
pendent variables and VTE as the dependent variable.
Then, we performed a stepwise multivariable Cox
regression with a backward elimination (P-value crite-
rion of 0.20) fitted with all candidate variables, after
adjusting for type of anticoagulant prophylaxis.

2 Transplant International 2017;
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Data were analyzed using STATA software (StataCorp.
2011, release 12.1 College Station, TX, USA: StataCorp
LP).

Results

Comparison between study and control cohorts

The study group (90-day extended prophylaxis) com-
prised 138 patients, and the control group 195 patients.
The demographic characteristics of both cohorts are
shown in Table 1. Older age, interstitial lung disease as
the underlying disease, diabetes mellitus prior to trans-
plantation, and hemodynamic instability (defined as the
need for vasoactive drugs) were more frequent in the
study cohort. However, the incidence of thromboem-
bolic events was not significantly different between the
protocols (Table 1). Thirteen patients in the study
group did not receive the prophylaxis protocol due to
diverse reasons, but none of them developed VTE.

Thromboembolic events

Fifty patients developed VTE and 52 died during the
first year after LT. The cumulative incidence of VTE
during this period was 15.3% (95% CI: 11.6–19.4) in the
entire group; 16.1% (95% CI: 11.3–21.6) in the cohort
receiving conventional prophylaxis and 14.1% (95% CI:
8.9–20.6) in cohort receiving 90-day extended prophy-
laxis, with no differences between the two cohorts
(Fig. 1). The events are classified in Table 2. Median
time from transplant to the event was 40 days (p25–p75
14–112). Twenty-nine events (58%) took place before
hospital discharge (Table 1 and Fig. 2); of the other 21
events, 11 (22%) were within the first 90 days after LT
and 10 (20%) were between postoperative day 90 and
the first year (Table 1). There were 22 events in single
LT patients, nine (41%) of them localized in the graft.

Pulmonary embolism and deep venous thrombosis of the lower

extremities

Forty-one PE and two DVT were diagnosed during the
first year after LT. We considered six asymptomatic sub-
segmental PE to be incidental events that were not trea-
ted; therefore, they were not taken into account for the
purposes of the study. The final sample was 35 PE. The
clinical characteristics of the events are shown in Fig. 3.

Four single LT recipients due to interstitial lung dis-
ease did not have CT angiography to confirm the diag-
nosis. In three of these four cases, a high probability

VPS was considered enough for the diagnosis of PE.
The last case had an intermediate probability VPS coin-
ciding with a femoral vein DVT.

No patients fulfilled the criteria for massive PE. Thir-
teen patients underwent echocardiography close to the
event, and three presented right ventricular dilatation.
Coagulation assays revealed one lupus anticoagulant-
positive patient and one patient with mild factor VII
deficiency.

In 24 (68.6%) of the 35 patients with PE, VPS was
performed between 7 and 857 days after the event (me-
dian time of 172 days). Partial reperfusion of the defects
was reported in 10 patients and persistent perfusion
defects in two. One patient had a new perfusion defect
(detected by VPS 145 days after the event) No patients
developed pulmonary hypertension after PE.

There were 12 deaths (32.4%), 11 of which were con-
sidered not directly related to the thrombotic event. The
causes of death were chronic allograft dysfunction (four
cases), respiratory infection (three cases), sepsis (two
cases), melanoma (one case), and multiple organ failure
(one case). During the follow-up [median 659 (p25–p75
138–1337) days], eight of the 37 patients (21.6%) devel-
oped chronic allograft dysfunction (five cases of bron-
chiolitis obliterans syndrome and three cases of
restrictive allograft syndrome).

Treated upper extremity thrombosis

Treated upper extremity thrombosis alone was diag-
nosed in 12 patients. As it was related to intravenous
devices, most cases were diagnosed in the ICU. Only
one patient presented at the emergency department
5 days after discharge with swelling of the left arm that
had begun 3 days earlier. All the cases were symp-
tomatic, and thrombus extension was evaluated using
ultrasound to confirm the diagnosis and the need for
anticoagulant treatment.

Safety

There were two mild bleeding events in patients under
prophylactic doses of LMWH. Only one patient in the
study cohort receiving anticoagulation at treatment
doses suffered a massive epistaxis with airway obstruc-
tion that required invasive mechanical ventilation and
admission to intensive care unit.

In the control cohort there were four bleeding events
in patients receiving anticoagulation treatment: hemoth-
orax (two cases), hematoma (one case), and thrombocy-
topenia (one case).
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Study of risk factors

Table 3 shows the influence of the variables included
in the univariate Cox analysis on the incidence of
VTE. Multivariable Cox proportional hazards analysis
revealed that male gender (HR 2.72; 95% CI 1.25–

4.03; P = 0.007) and interstitial lung disease (HR 2.25;
95% CI 1.25–4.03; P = 0.007) were significantly related
to VTE, after adjusting for type of anticoagulation
prophylaxis (Table 4). Ninety-day extended prophylaxis
did not seem to protect from VTE in the study
population.

Table 1. Characteristics of lung transplantation (LT) recipients according to anticoagulant prophylaxis. Bold values
indicate statistically significant correlations.

All
n = 333

Control cohort
n = 195

Study cohort
n = 138 P

Pretransplant variables
Age, mean (SD) 52.0 (11.4) 50.2 (11.8) 54.5 (10.5) <0.001
Sex: male, n (%) 201 (60.4) 119 (61.0) 82 (59.4) 0.768
BMI, n (%) [n = 327]
<20 kg/m2, n (%) 33 (10.1) 23 (12.1) 10 (7.3) 0.199
20–24.9 kg/m2, n (%) 110 (33.6) 58 (30.5) 52 (38.0)
≥25 kg/m2, n (%) 184 (56.3) 109 (57.4) 75 (54.7)

Diagnosis, n (%)
Interstitial lung diseases (ILD) 143 (42.9) 74 (38.0) 69 (50.0) 0.029
COPD, bronchiectasis, or BO 123 (36.9) 73 (37.4) 50 (36.2) 0.823
Cystic fibrosis 25 (7.5) 16 (8.2) 9 (6.5) 0.566
Pulmonary arterial hypertension 17 (5.1) 13 (6.7) 4 (2.9) 0.138
LAM 5 (1.5) 3 (1.5) 2 (1.5) 0.989
Other 20 (6.0) 16 (8.2) 4 (2.9) 0.989

Pretransplant diabetes mellitus, n (%) 52 (15.6) 22 (11.3) 30 (21.7) 0.010
Pretransplant VTE, n (%) 10 (3.0) 8 (4.1) 2 (1.5) 0.205
Pretransplant CMV serology (positive), n (%) 282 (84.7) 161 (82.6) 121 (87.7) 0.201

Peritransplant variables
Type of lung transplant, n (%)
Bilateral 201 (60.4) 116 (59.5) 89 (64.6) 0.699
Single 132 (39.6) 79 (40.5) 53 (38.4)

Extracorporeal circulation, n (%) 75 (22.5) 49 (25.1) 26 (18.8) 0.176
Reintervention, n (%) 32 (9.6) 15 (7.7) 17 (12.3) 0.158
Surgical complications, n (%) 38 (11.4) 23 (11.8) 15 (10.9) 0.794
Hemodynamic instability, n (%) 213 (64.0) 135 (69.2) 78 (56.5) 0.017
Days on mechanical ventilation, median (p25–p75) 13 (2–37) 13 (2–42) 12 (2–36) 0.571
Days of hospitalization, median (p25–p75) 37 (25–60) 38 (25–65) 36 (24–56) 0.228
Primary graft dysfunction, n (%) 114 (34.3) 71 (36.4) 43 (31.4) 0.343

Post-transplant variables
Treatment with mTOR, n (%) 7 (2.1) 3 (1.5) 4 (2.9) 0.454
Reduced mobility 3 months post-transplant, n (%) [n = 258]* 41 (15.9) 19 (12.7) 22 (20.4) 0.169
CMV disease, n (%) 20 (6.0) 14 (7.2) 6 (4.4) 0.284

Incidence of thromboembolic events
Total thromboembolic events, n (%) 50 (15.0) 31 (15.9) 19 (13.7) 0.592
Before discharge 29 (58.0) 19 (9.7) 10 (7.3) 0.426
After discharge [n = 261]† 21 (8.1) 12 (7.8) 9 (8.3) 0.886
<90 days after discharge [n = 261]† 11 (22.0) 7 (4.6) 4 (3.7) 0.730
>90 days after discharge [n = 240]‡ 10 (20.0) 5 (3.7) 5 (4.9) 0.749

BMI, body mass index; COPD, chronic obstructive pulmonary disease; BO, bronchiolitis obliterans; LAM, lymphangioleiomy-
omatosis; VTE, venous thromboembolism; CMV, cytomegalovirus.

*Patients at risk of a thromboembolic event at 3 months after transplant.

†Patients at risk of a thromboembolic event after hospital discharge.

‡Patients at risk of a thromboembolic event 90 days after hospital discharge.
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Discussion

Our results show that VTE is a relevant complication
following LT, mainly in the early postoperative period
and that 90-day extended prophylaxis seems unable to
prevent it.

The 15% incidence of VTE in our cohort is similar
to that reported for LT recipients in the literature,
namely 8–29% [8–11,13,25,26]. The single case of atrial
thrombosis in 333 LT patients we recorded is within the
expected range; we interpreted this problem as being
directly related to the surgical procedure. It is difficult
to explain the high incidence of VTE in LT, although
the various potentially involved factors include
increased vascular trauma, higher levels of immunosup-
pression, and worse preoperative functional status [13].
The variations in incidence found in epidemiologic
studies may be due to differences in methodology (i.e.,
follow-up time, VTE screening protocol, and prophylac-
tic treatment), which hamper comparison between stud-
ies. One study [8] reports data on patients under
periodical surveillance by VPS, but there is no

information regarding the incidence of asymptomatic
events. In our study, 10 of the 35 PE were asymp-
tomatic events detected in the protocol VPS, thus high-
lighting the role of this test to assess graft vasculature
after surgery. DVT is not routinely screened for,
although some groups have recently implemented rou-
tine assessment of DVT and 3-month prophylaxis with
enoxaparin after reporting a 39% incidence of DVT and
15% incidence of PE in patients where only suspected
events were investigated [26]. Less is known about the
impact of VTE on survival. From the few small series
published, mortality attributable to VTE seems to be
low (between 7% and 14%), [8–10] as is the frequency
of chronic graft allograft dysfunction following VTE (7–
15%) [8–12]. Nevertheless, VTE seems to be more fre-
quent in frail patients and therefore is associated with
poorer prognosis. Following this line of argument,
Evans et al. [26] described DVT as a risk factor for
patient survival (HR 2.43; 95% CI, 1.29–4.64), and Lin-
garaju et al. [15] found VTE to be associated with
poorer survival 3 months after LT.

Data on risk factors in LT in the literature are incon-
sistent. The present study found male patients and
patients with interstitial lung disease to be more suscep-
tible to VTE in the adjusted analysis. Nathan et al. [10]
pointed out the role of idiopathic pulmonary fibrosis as
a risk factor in a small cohort of 72 lung recipients. The
authors detected 7 VTE events, all of them in patients
with idiopathic pulmonary fibrosis. Susceptibility was
attributed to inherent disease factors, because other cir-
cumstances (i.e., functional status and length of stay)
were similar in both groups. This possibility was also
explored by Navaratnam et al. [27] in a study that com-
pared 211 incident cases of idiopathic pulmonary fibro-
sis and 256 age- and sex-matched controls. The authors
found that a prothrombotic state—defined as any
acquired or inherited clotting defect—was four times
more common in idiopathic pulmonary fibrosis patients
than in controls. Although other authors have suggested
age as a confounding factor in the association between
idiopathic pulmonary fibrosis and VTE [12], the results
of Navaratnam et al. support the idea of pretransplant
idiopathic pulmonary fibrosis as a risk factor for VTE.

In our study, we evaluated 90-day extended prophy-
laxis with enoxaparin and found that this strategy did
not protect against VTE. To our knowledge, this is the
first study to evaluate a prophylaxis protocol in LT.
Prophylaxis protocols have been evaluated in kidney
and liver transplantation, although most studies were
retrospective and analyzed few patients, and only two
are randomized [28,29]. These studies showed
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Figure 1 Cumulative incidences of thromboembolic event according

to anticoagulant prophylaxis (n = 333).

Table 2. Classification of the thromboembolic events
recorded during the first year after lung transplantation
(LT).

Patients with a
thromboembolic
event n = 50 (%)

Deep venous thrombosis
(DVT) of the lower extremities

2 (4.0)

Pulmonary embolism (PE) 35 (70.0)
PE + DVT 5/35
Treated upper extremity thrombosis 12 (24.0)
Atrial thrombosis 1 (2.0)
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Figure 2 Time to event and hospital

discharge of all patients with venous

thromboembolism (VTE).
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inconsistent results for the balance between bleeding
risk and thrombotic events. Heparin implies a signifi-
cant increase in bleeding complications in both kidney

and liver transplantation [28–33], but treatment with
dalteparin adjusted for activated clotting time in liver
transplantation seems to be safe [22]. Prophylaxis of
renal or liver allograft thrombosis with aspirin alone
seems to be another good option that does not increase
the frequency of bleeding complications [17–21],
although doses differ between studies. Furthermore, one
of the strengths of our study is the long follow-up of
our patients, out to 1 year.

In our study, we did not use any protocol to monitor
enoxaparin prophylaxis or treatment. Guidelines about
antithrombotic treatment for VTE recommend enoxa-
parin monitorization in pregnancy, children, and renal
impairment and only when receiving anticoagulation
treatment, not prophylaxis [34]. There are three studies
assessing this issue in solid organ transplantation
[35–37]. All of them use antifactor Xa to monitor
enoxaparin activity in transplanted patients receiving
therapeutic anticoagulation. Standard dosing of enoxa-
parin was associated with high incidence of suprathera-
peutic anti-Xa levels in all three studies. Although we
do not have evidence regarding the monitorization of
prophylactic protocols, these studies suggest that stan-
dard doses of enoxaparin might be supratherapeutic
and, thus, the lack of effect of our protocol might not
be dose-related.

Venous thromboembolism is more frequent in the
postoperative period; however, we did not find an asso-
ciation between VTE and surgical factors, such as need
for bypass and time to discharge, as reported in Kahan
et al. [13]. We were unable to replicate the results
reported by Yegen et al. [12], who showed an associa-
tion between traditional risk factors such as older age,
diabetes mellitus, and pneumonia and a higher risk of
VTE.

Therapy with mammalian target of rapamycin
(mTOR) inhibitors has been considered a risk factor for
thrombosis since the United States Food and Drug
Administration warning in 2002, which alerted to a pos-
sible association with hepatic artery thrombosis among
liver recipients [38]. In kidney transplantation, Baas
et al. [39] reported increased endothelial activation,
thrombin formation, and impaired fibrinolysis with
everolimus. Subsequent studies have been unable to
reproduce these results, either in liver or kidney trans-
plantation [40–44]. Two studies report an increased risk
of VTE in LT recipients with sirolimus [15,16]. Ahya
et al. [16] performed a prospective, multicenter, ran-
domized, open-label trial comparing the incidence of
VTE in 181 LT patients who received a regimen based
on tacrolimus, sirolimus, and prednisone or on

Table 3. Univariate predictors of VTE (univariate Cox
models).

Hazard
ratio (95% CI) P

Pretransplant variables
Age (years) 1.01 (0.99–1.04) 0.322
Sex: male 3.00 (1.45–6.18) 0.003
BMI (kg/m2) 0.99 (0.93–1.06) 0.822
Interstitial lung disease 2.40 (1.34–4.27) 0.003
COPD, bronchiectasis, or BO 0.58 (0.31–1.09) 0.092
Cystic fibrosis 0.22 (0.03–1.62) 0.138
Pulmonary arterial hypertension 0.45 (0.06–3.24) 0.426
LAM 2.47 (0.34–17.9) 0.371
Pretransplant diabetes mellitus 0.70 (0.30–1.66) 0.426
Pretransplant VTE 1.24 (0.30–5.13) 0.760
Pretransplant CMV
serology (positive)

1.46 (0.62–3.42) 0.386

Peritransplant variables
Single lung transplant 1.67 (0.96–2.91) 0.069
Extracorporeal circulation 0.85 (0.41–1.75) 0.663
Reintervention 1.12 (0.40–3.10) 0.830
Surgical complications 1.10 (0.93–3.05) 0.860
Hemodynamic instability 1.25 (0.69–2.24) 0.461
Days on mechanical ventilation 0.99 (0.99–1.00) 0.953
Days of hospitalization 1.00 (0.99–1.00) 0.453
Primary graft dysfunction 1.44 (0.82–2.53) 0.208

Post-transplant variables
Treatment with mTOR 0.84 (0.12–6.01) 0.860
Reduced mobility
3 months after transplant*

0.89 (0.26–3.01) 0.848

CMV disease 0.95 (0.29–3.04) 0.927
Extended prophylaxis 0.87 (0.49–1.54) 0.628

BMI, body mass index; COPD, chronic obstructive pulmonary
disease; BO, bronchiolitis obliterans; LAM, lymphangioleiomy-
omatosis; VTE, venous thromboembolism; CMV, cytomegalo-
virus.

*Patients at risk of a thromboembolic event at 3 months
after transplant n = 258.

Table 4. Best model of independent predictors of venous
thromboembolism (VTE) after lung transplantation (LT) by
stepwise multivariable Cox regression analysis, after
adjusting for type of anticoagulation prophylaxis.

Hazard ratio (95% CI) P

90-day extended prophylaxis 0.77 (0.43–1.38) 0.386
Sex (male) 2.72 (1.25–4.03) 0.007
Diagnosis (ILD) 2.25 (1.25–4.03) 0.007
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tacrolimus, azathioprine, and prednisone. The higher
incidence of VTE in the sirolimus cohort persisted after
adjusting for pretransplant diagnosis and after stratify-
ing by transplant center. As only seven patients in our
study received mTOR inhibitors during the first year
after LT, it is not possible to draw conclusions.

Our study is subject to a series of limitations. First, it
was a retrospective analysis performed in a single center.
Second, we did not track the use of mechanical devices
for thromboprophylaxis in the intensive care unit.
Third, as no routine VTE screening was performed (US
was performed only in symptomatic patients), we may
have under-diagnosed thrombotic events, and the rela-
tively short number of VTE events may have limited the
detection of risk factors. Moreover, the effect of our
protocol could have been diminished by the fact that
we compared two consecutive cohorts that differed in
terms of age and number of patients with pretransplant
interstitial lung disease and diabetes and peritransplant
hemodynamic instability. Although the two eras of our
study did not differ in terms of the diagnostic protocol,
it is not possible to dismiss a higher suspicion in the
study cohort that could have lead to a higher detection
rate and, consequently, to an infraestimation of the
effect of the prophylactic treatment.

We conclude that VTE is a major complication after
LT and that 90-day extended enoxaparin prophylaxis
seems unable to prevent it. In our study, males and

patients with interstitial lung disease were at higher risk
of thrombotic events, even if no association was
detected between this complication and other classic
risk factors, surgical factors, or the use of mTOR inhibi-
tors. Despite its limitations—retrospective and compar-
ing two different eras—this study highlights the
relevance of this complication, and the need for ran-
domized clinical trials to identify the best strategies for
preventing VTE in LT recipients.
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