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Background: Aspirin prophylaxis has been associated with reduced graft-related thrombosis following kidney transplanta-
tion. Aspirin cessation, however, can increase risk of venous thromboembolic complications, including pulmo-
nary thromboembolism and deep venous thrombosis. This single-center, retrospective, pre-post intervention-
al study from Brisbane, Australia, aimed to compare the rate of thrombotic complications in 1208 adult kidney
transplant recipients receiving postoperative aspirin for 5 days or >6 weeks.

Material/Methods: We enrolled1208 kidney transplant recipients who received 100 mg aspirin for 5 days (n=571) or >6 weeks
(n=637) postoperatively. The primary outcome was venous thromboembolism (VTE) in the first 6 weeks after
transplant, examined by multivariable logistic regression analysis. Secondary outcomes were renal vein/artery
thrombosis, 1-month serum creatinine, rejection, myocardial infarction, stroke, blood transfusion, dialysis at
day 5 and day 28, and mortality.

Results: Sixteen (1.3%) patients experienced VTE (5-day n=8, 1.4%; >6-week n=8, 1.3%; P=0.8). Extended aspirin dura-
tion was not independently associated with a reduction in VTE (OR 0.91, 95% Cl 0.32-2.57; P=0.9). Graft throm-
bosis was rare (n=3, 0.25%). Aspirin duration was not associated with cardiovascular events, blood transfu-
sion, graft thrombosis, graft dysfunction, rejection, or mortality. VTE was independently associated with older
age (OR 1.09, 95% Cl 1.04-1.16; P=0.002), smoking (OR 3.59, 95% Cl 1.20-13.2; P=0.032), younger donor age
(OR 0.96, 95% Cl 0.93-1.00; P=0.036), and thymoglobulin use (OR 10.5, 95% Cl 3.09-32.1; P<0.001).

Conclusions: Extended-duration aspirin use did not significantly reduce the incidence of VTE in the first 6 weeks following
kidney transplantation. An association was identified between anti-human thymocyte immunoglobulin and
VTE, which requires further assessment.

Keywords: Antilymphocyte Serum e Aspirin ¢ Cardiovascular Diseases ¢ Kidney Transplantation ¢ Renal
Insufficiency ¢ Venous Thromboembolism
Abbreviations: AIC - Akaike information criterion; Cl — confidence interval; CT — computed tomography; DVT — deep
vein thrombosis; HLA — human leukocyte antigen; HR — hazard ratio; ICD — International Classification
of Diseases; IQR — interquartile range; IVIG — intravenous immunoglobulin; mTOR — mechanistic (for-
merly mammalian) target of rapamycin; OR — odds ratio; PE — pulmonary embolus; VTE - venous
thromboembolism
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Background

Graft thrombosis is an important early complication follow-
ing kidney transplantation and occurs in up to 2-3% of cas-
es, usually resulting in graft loss [1]. This may be due to re-
nal vein thrombosis or more rarely, arterial occlusion [1]. Risk
of thrombosis is greatest in the first week after transplant [2]
and may be caused by structural vascular abnormalities, re-
jection, or pre-existing prothrombotic states, including throm-
bophilias or diabetes mellitus [1]. A recent systematic review
by Cheungpasitporn et al (2017) of 9 observational studies
including 19 759 kidney transplant recipients suggested that
postoperative aspirin use can reduce rates of allograft throm-
bosis, allograft failure, and adverse cardiac events or mortali-
ty [3]. Despite this, there is no clear consensus regarding the
optimum protocol for use and duration of aspirin therapy in
the early post-transplant period.

A subsequent review by Khalil et al (2019) of aspirin prophylax-
is specifically for prevention of cardiovascular events in kidney
transplantation recommended secondary prophylaxis in the set-
ting of established coronary artery disease, but found insuffi-
cient evidence to recommend primary prophylaxis of cardiovas-
cular events in all kidney transplant recipients [4]. The KDIGO
Clinical Practice Guideline for the Care of Kidney Transplant
Recipients (2009) recommends the use of aspirin prophylax-
is in patients with diabetes and atherosclerotic cardiovascular
disease, but acknowledges the need for further research to de-
termine the efficacy and safety of aspirin primary prophylaxis
in kidney transplant recipients [5]. In the Queensland Kidney
Transplant Service, patients have routinely received subcuta-
neous heparin as VTE prophylaxis and a short (5-day) course of
100 mg aspirin daily as prophylaxis against graft thrombosis.
This includes a single dose given pre-operatively with induc-
tion immunosuppression, either basiliximab (Simulect, Novartis
Pharmaceuticals) or rabbit anti-thymocyte globulin (thymoglob-
ulin, Genzyme) [6]. Ongoing immunosuppression was managed
according to local guidelines and practice, and included the use
of thymoglobulin for episodes of rejection as required.

In 2017, an increase in the number of postoperative venous
thromboembolism (VTE) events was observed following kid-
ney transplantation within the Queensland Kidney Transplant
Service unit. The incidence of venous thromboembolism (VTE),
encompassing both deep vein thrombosis (DVT) and pulmo-
nary embolus (PE), is up to 8-fold higher in kidney transplant
patients than in the general population [7,8]. This risk is great-
est in the period immediately following transplantation [7,8].
Risk factors for VTE post-kidney transplant include prolonged
hospitalization, medical multimorbidity, delayed graft function,
the requirement for blood transfusion, and the immunosup-
pression regimen used [7-9]. VTE is associated with poor clini-
cal outcomes in the transplant population, including increased
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rates of graft failure and death [8]. The short duration of post-
operative aspirin prophylaxis used in the unit was identified as
a plausible contributor to VTE risk, potentially compounded by
a rebound hypercoagulability phenomenon after aspirin ces-
sation. This led to a change in protocol to extend the duration
of postoperative aspirin from 5 days to 3 months. Patients are
routinely discharged to the care of their treating nephrologist
after 6 weeks; therefore, the expected outcome was a demon-
strated reduction in VTE risk in the first 6 weeks postoperatively.

Aspirin has been shown to be effective VTE prophylaxis following
certain orthopedic procedures, in specific medical populations,
and as secondary prophylaxis to prevent VTE recurrence [10].
Despite this, increased rates of coronary, cerebrovascular, and
peripheral vascular events have been observed up to 4 weeks
after cessation of aspirin [11-13], leading to suggestion of a re-
bound hypercoagulability phenomenon [14]. Rates of VTE fol-
lowing aspirin cessation have not been previously reported,
but an increase in VTE due to rebound hypercoagulability after
ceasing oral anticoagulation has been described [15], including
in the kidney transplant population [16]. Prior research exam-
ining the effects of aspirin on VTE following kidney transplant
is limited and there is currently insufficient evidence as to the
optimal thromboprophylaxis in this population [17].

This retrospective study from a single center in Brisbane,
Australia, aimed to compare rates of VTE in 1208 kidney trans-
plant recipients receiving postoperative aspirin for 5 days or >6
weeks. Rates of graft thrombosis, cardiovascular events, bleed-
ing, and graft function were also compared, as well as the in-
cidence and risk factors for VTE in this population.

Material and Methods

The study was approved by the Metro South Human Research
Ethics Committee (EX/2021/QMS/77226). The requirement for
individual patient consent was waived due to the retrospec-
tive nature of this study. The study was reported in accordance
with the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines [18].

Study Design

We performed a retrospective cohort study of all adult kidney
transplants performed at Princess Alexandra Hospital, Brisbane,
between 1 January 2014 and 30 June 2021. The cohort was
stratified by protocol according to duration of postoperative
aspirin prophylaxis as either 5 days (1 January 2014 to 29
August 2017) or >6 weeks (30 August 2017 to 30 June 2021).
Additional VTE prevention measures remained unchanged
throughout the cohort period, including subcutaneous hep-
arin chemoprophylaxis, mechanical thromboprophylaxis with
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graduated compression stockings, and early postoperative mo-
bilisation. Patients were followed up for 6 weeks before dis-
charge to their treating nephrologist, where aspirin prophy-
laxis was recommended for a total of 3 months.

Population

The Queensland Kidney Transplant Service, based at Princess
Alexandra Hospital in Brisbane, Australia, services a population of
over 5 million people. The study included all kidney transplants in
adult patients aged 18 years or older at Princess Alexandra Hospital
between 1 January 2014 and 30 June 2021. Patients under the
age of 18 years at the time of transplantation, and those who un-
derwent simultaneous multiple organ transplants, were excluded.

Data Collection

Patient demographical, clinical, and treatment data were
obtained from the Princess Alexandra Hospital Integrated
Nephrology Database. Data items collected included age, sex,
coronary artery disease, peripheral vascular disease, cerebro-
vascular disease, hypertension, diabetes mellitus, chronic lung
disease, smoking status, cause of chronic kidney disease, time
from dialysis to transplantation, modality of dialysis, previous
kidney transplantation, donor type, donor age, human leuko-
cyte antigen (HLA) mismatches, ABO incompatibility, number
of donor renal arteries and veins, operative time, cold and
warm ischemic time, implantation biopsy, immunosuppres-
sion, thymoglobulin (induction or postoperative), intravenous
immunoglobulin (IVIG) and plasma exchange use in the first
6 weeks post-transplant, and the initial admission duration.

Outcomes

The primary outcome was VTE within 6 weeks, defined as DVT or
PE confirmed on imaging (via ultrasound, computed tomography
(CT), or ventilation-perfusion scan), excluding localized events
associated with intravenous lines. VTE screening was performed
upon clinical suspicion, not routinely in all patients. Secondary
outcomes included renal vein/artery thrombosis causing graft
loss, serum creatinine at 1 month, rejection (biopsy-proven or
suspected), myocardial infarction and stroke (as identified in
International Classification of Diseases (ICD)-10 codes), blood
transfusion from date of transplant, dialysis at day 5 and day
28 (representing early and late graft dysfunction), and mortality.

Statistical Analysis

Variables are represented as a median with interquartile range
(IQR) for discrete and continuous variables, or as event numbers
and proportions for categorical variables. Differences in the pri-
mary and secondary outcomes and baseline characteristics be-
tween the 5-day and >6-week aspirin groups were analysed by
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Wilcoxon rank sum test for continuous variables and by chi-
squared test or Fisher’s exact test for categorical variables, as
appropriate. P values less than 0.05 were considered statistically
significant. Univariable and multivariable analysis was then per-
formed to identify risk factors for VTE in this population. Variables
included in this analysis were selected from the baseline charac-
teristics using bidirectional stepwise elimination based on min-
imizing the Akaike information criterion (AIC), as well as aspirin
duration (forced into model as the primary predictor of interest).
After performing stepwise regression, variables included along-
side aspirin duration were age at transplant, smoking status,
donor age, and thymoglobulin use. Univariable and multivari-
able logistic regression was then performed for each of these
variables with VTE as the outcome of interest. Imputation was
not performed on missing data and missing data were excluded
from the analyses. All analyses were conducted using the statis-
tical program R version 4.1.2 (Boston, MA) [19].

Results

Population characteristics

During the study period, 1279 kidney transplants were per-
formed. Of these, 71 patients were excluded due to age (n=56)
or multi-organ transplantation (n=15), leaving 1208 cases in-
cluded in the study (Figure 1). Of these, 571 transplants were
performed under the 5-day aspirin protocol (2014-2017), and
637 under the >6-week protocol (2017-2021). Baseline charac-
teristics for the study cohort are presented in Table 1. Compared
with the 5-day aspirin group, the >6-week group had signifi-
cantly higher proportions of coronary artery disease and dia-
betic kidney disease, longer operation durations, shorter hos-
pitalization durations, and lower use of plasma exchange in
the first 6 weeks after transplant. Fewer implantation biopsies
were performed during the later period (2017-2021). All oth-
er baseline characteristics were comparable between groups.

Primary Outcome: VTE Within 6 Weeks of Transplant

VTE occurred in 8 (1.4%) cases in the 5-day aspirin group and
8 (1.3%) cases in the >6-week aspirin group (P=0.8). Details
of each VTE event are listed in Table 2. Fifteen of 16 patients
(94%) who developed VTE had a PE, with only 1 case of DVT.
PEs presented at a median time of 29.5 days after transplant
(IQR 21.0, 35.0). No patients died from PE. Figure 2 depicts
the timing of each event and demonstrates the peak in cas-
es observed prior to the change in aspirin protocol in 2017.

Risk Factors for VTE

Univariable and multivariable analysis of risk factors for VTE, in-
cluding aspirin use duration and those determined via stepwise
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(n=1279)

Kidney transplants from 1/1/14 to 30/6/21

Excluded (n=71)

« Age <18 years (n=>56)

« Multi-organ transplant (n=15)
Final cohort (n=1208)

1/1/14t029/8/17
5 day Aspirin (n=571)

30/8/17 to 30/6/21
3 month Aspirin (n=637)

Figure 1. Flow diagram of study cohort, exclusion criteria and outcomes. VTE — venous thromboembolism. Generated using Microsoft

Word, Version 16.36, Microsoft Corporation.

elimination, are displayed in Table 3. Extended aspirin admin-
istration after transplant was not associated with a reduced
rate of VTE in the first 6 weeks compared with 5-day aspirin
use on univariable or multivariable logistic regression (multi-
variable odds ratio (OR) 0.91, 95% confidence interval (Cl) 0.32-
2.57, P=0.9). Multivariable analysis of other selected variables
showed increased risk of VTE with older age (OR 1.09 per year,
95% Cl 1.04-1.16), current or previous smoking (OR 3.59, 95%
Cl 1.20-13.2), younger donor age (OR 0.96, 95% Cl 0.93-1.00),
and thymoglobulin use (OR 10.5, 95% CI 3.09-32.1). All VTE
episodes occurred after thymoglobulin administration (mean
21.6 days after commencement, range 6-30 days).

Secondary Outcomes

Overall rates of renal vein and renal artery thrombosis were low
in the cohort (0.1% and 0.2%, respectively), No significant dif-
ferences were observed between the 5-day and >6-week aspirin
groups with respect to any of the secondary outcomes, including
renal vein/artery thrombosis causing graft loss, serum creatinine
at 1 montbh, rejection (biopsy-proven or suspected), myocardial in-
farction and stroke (as per ICD-10 codes), blood transfusion from
date of transplant, dialysis dependant at day 5 and day 28 (repre-
senting early and late graft dysfunction), and mortality (Table 2).

Discussion

In this single-center pre-postoperative cohort study involving
1208 kidney transplants over an 8-year period, extending post-
operative aspirin prophylaxis from 5 days to >6 weeks was not
significantly associated with a change in the incidence of VTE
in the first 6 weeks following kidney transplantation. The only
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independent predictors of VTE were older age, smoking histo-
ry, younger donor age, and thymoglobulin use. No differences
were observed in graft thrombosis, graft function, cardiovas-
cular events, or blood transfusion requirements between the
5-day and >6-week aspirin groups.

The incidence of VTE within the first 6 weeks following kid-
ney transplant in this study was 1.3%. Previous studies have
reported an incidence of 2.4% at 3 months [8], and 3.0% at 1
year after kidney transplant [7], but no prior studies have spe-
cifically examined rates of VTE within the first 6 weeks. VTE
risk in kidney transplant recipients compared to the general
population is likely related to pelvic surgery, recurrent hospi-
talization, multimorbidity, immunosuppression, and impaired
kidney function [8]. Our study was unable to demonstrate a
reduction in rates of VTE after extending the duration of post-
operative aspirin from 5 days to >6 weeks. Despite this, cardio-
vascular comorbidities were more prevalent in the extended
aspirin group of our study, without a concordant rise in rates
of VTE. It could be speculated that this may be related to a
protective effect from increased aspirin duration, but greater
patient numbers would be needed to assess this further. No
clear cause was identified for the cluster of VTE cases observed
in 2017, prior to the change in aspirin protocol at our insti-
tution. It is likely this rise reflected a regression to the mean,
rather than an acute phenomenon contributing to VTE risk.

Previous research examining the effect of aspirin therapy on
VTE following kidney transplantation is limited. A study by
Verhave et al (2014) aimed to identify risk factors for throm-
boembolism in 913 kidney transplant recipients [7]. This includ-
ed a nested case-control study comparing 68 cases of identi-
fied VTE with 260 controls, where no association was found
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Table 1. Baseline characteristics and outcomes 6 weeks post-transplant stratified by 5-day and >6-week aspirin protocol.

Overall 5 day protocol >6 week protocol

Characteristic n=1,208" n=5711 n=637" p-value?

Age at transplant (41.?)?.22.0) (40.2?.22.0) (42.?)?.22.0) 04
Csex 02
77777777 Female 446 (36.9%) 201 (35.2%) 245 (38.5%)
77777777 mate 762 (63.1%) 370 (64.8%) 392 (61.5%)
* Coronary artery disease (%)° 98 (13.1%) 40 (10.3%) 58 (16.2%) o017
* Peripheral vascular disease (%)° 32 (43%) 18 (4.6%) 14 39% 07
 Cerebrovascular Disease (%) 23 (3.1%) 13 (3.3%) 0 8% 07
 Hypertension (%) 642 (81.6%) 330 (79.5%) 312 (83.9%) 012
 Diabetes mellitus (%) 226 (28.2%) 103 (25.7%) 123 (30.8%) 011
* Chronic lung sisease (%) 51 (6.8%) 28 (7.1%) 23 (64% 07
Smoking status (%) 0076
77777777 Current/Ex 546 (49.2%) 274 (52.0%) 272 (46.7%)
77777777 Never 564 (50.8%) 253 (48.0%) 311 (53.3%)
 Causeof CKD (%) 0018
77777777 Anatomical 156 (12.9%) 74 (13.0%) 82 (12.9%)
”””” Diabetc 140 (11.6%) 52 (9.1%) 88 (13.8%)
77777777 N 407 (33.7%) 193 (33.8%) 214 (33.6%)
77777777 Polycystic 199 (16.5%) 113 (19.8%) 86 (13.5%)
”””” vaseular 82 (6.8%) 39 (6.8%) 43 (6.8%)
77777777 oter 224 (18.5%) 100 (17.5%) 124 (19.5%)

Rl ) (3222,5 i?m.o) (316.8,2ic1)12.5) (323.8,8?2275.0) 03
© Modality of dialysis® 04
77777777 Haemodialysis 618 (53.0%) 280 (51.0%) 338 (54.8%)
77777777 Peritoneal dialysis 480 (41.2%) 238 (43.4%) 242 (39.2%)
77777777 Noton dialysis 68 (5.8%) 31 (5.6%) 37 (6.0%)
*previous transplant 04
77777777 st 1062 (87.9%) 497 (87.0%) 565 (88.7%)
”””” Previous 146 (12.1%) 74 (13.0%) 72 (11.3%)
CDonortype 04
77777777 Cadaveric 1025 (849%) 479 (83.9%) 546 (85.7%)
”””” ive 183 (15.1%) 92 (16.1%) 91 (14.3%)

Belcil sy (332??6.0) (30.?)??7.0) (34.Acf>,7.50 5.5) 0.3
HLAMismatchess 03
”””” o 49 (4.1%) 20 (3.5%) 29 (4.6%)
77777777 r 86 (7.1%) 31 (5.5%) 55 (8.7%)
77777777 : 259 (21.5%) 123 (21.7%) 136 (21.4%)

3 130 (10.8%) 69 (12.1%) 61 (9.6%)
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Table 1 continued. Baseline characteristics and outcomes 6 weeks post-transplant stratified by 5-day and >6-week aspirin protocol.

4 230 (19.1%) 111 (19.5%) 119 (18.7%)
77777777 5 269 (22.4%) 130 (22.9%) 139 (21.9%)
”””” & 180 (15.0%) 84 (14.8%) 9% (15.1%)
© ABO Incompatible (%) 26 (2.2%) 12 (2.1%) 14 2% 509
" Donor Arteries 509
77777777 S mgle 848 (70.7%) 400 (70.7%) 448 (70.7%)
77777777 M ultlple 352 (29.3%) 166 (29.3%) 186 (29.3%)
“Domorveins® 06
”””” Single 1110 (92.7%) 525 (93.1%) 585 (92.3%)
”””” Multiple 88 (7.3%) 39 (6.9%) 49 (7.7%)
 Operative time (hours® 31 (27,37) 3.1 (2.6, 3.6) 32 (28,38 <0.001
© Cold ischaemic time (hours) 88 (5.9,12.7) 9.2 (6.1,12.9) 86 (57,124) 03
" Warm ischaemic time (hours) 0.5 (0.4,0.6) 0.5 (0.4,0.6) 0.5 (04,06 04
" Implantation biopsy (%)F 657 (56.9%) 482 (84.7%) 175 (299%) <0001
Immunosuppression® 0088
”””” Steroid, mycophenolate, tacrolimus 1,144 (95.7%) 543 (96.8%) 601 (94.8%)
”””” other 51 (4.3%) 18 (3.2%) 33 (5.2%)
* Thymoglobulin (%) 62 (5.1%) 35 (6.1%) 27 @2%) 0.14
Cwvees 14 (1.2%) 6 (1.1%) 8 (13%) o7
" Plasma exchange (%) 36 (3.0%) 27 (4.7%) 9 (14%) - <0001
" Initial admission duration (days)® 7.0 (7.0,9.0) 7.0 (7.0,9.0) 70 62,90 0033
VTE(%) 7777777777777777777777777777777777777777777 16 (1.3%) 8 (1.4%) 8 (13%) 0 8 77777777777
* Renal vein thrombosis (%) 1 (0.1%) 0 (0.0%) 1 02% 509
* Renal artery thrombosis (%) 2 (02%) 0 (0.0%) 2 03% 05
 Myocardial infarction (%) 17 (1.4%) 8 (1.4%) 9 (14%) 509
stroke %) 1 (0.1%) 1 (0.2%) 0 (00% 05
" Blood transfusion (%) 103 (8.5%) 50 (8.8%) 53 83%) 08
el e €6 2 nomdit el (101?(?,7;;2.2) (102?(?,7;;5.0) (100?5,7i%o.o) 0.7
" Dialysisatday 5 (%) 128 (10.6%) 55 (9.6%) 73 (115%) 03
" Dialysis at day 28 (%) 16 (1.3%) 8 (1.4%) 8 (13%) 08
Re]ectlon(%) 77777777777777777777777777777777777 186 (15.4%) 80 (14.0%) 106 (16.6%) 0 2 77777777777
Mortality (%) 1 (0.1%) 0 (0.0%) 1 (0.2%) >0.9

! Median (IQR); n (%); 2 Wilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s exact test. * <1% missing data, ® 1-5% missing
data, ¢ >5% missing data. CKD — chronic kidney disease; GN — glomerulonephritis; HLA — human leukocyte antigen; IVIG — intravenous

immunoglobulin; VTE — venous thromboembolism.

between aspirin use (unknown duration) and VTE on univariable period for VTE [7]. To the best of our knowledge, no other re-
analysis (OR 0.5, 95% Cl 0.2-1.1, nonsignificant) [7]. Patients  search has examined the effect of aspirin therapy, or its dura-
were followed up from time of transplant (1990-2010) until tion, on VTE following kidney transplantation.

2012, a much longer time period than in this study, but the
first postoperative year was found to present the highest risk
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Table 2. Details of venous thromboembolism (VTE) events during the study period.

Transplant date Aspirin protocol Diagnosis Date of diagnosis Day post transplant

1 13/6/15 5 day PE 7/7/15 24
777777777777 2 2/3/16 5 day PE 7/4/16 36
777777777777 3 20/3/17 sday PE 14/4117 25
777777777777 4 6/5/17 5 day PE 6/6/17 31
777777777777 5 6/5/17 5 day PE 8/6/17 33
777777777777 6 1/6/17 sday PE 5717 34
777777777777 7 15/6/17 5 day PE 26/7/17 41
777777777777 8 12/8/17 sday PE o917 28
777777777777 9 14/9/17 >6 week PE 23/10/17 39
10 7777777777 7/4/18 »6 week PE 24/4/18 17
11 77777777777 8/11/18 6 week PE 26/11/18 18
12 7777777777 13/12/18 6 week DVT 1119 29
13 7777777777 3/3/19 »6 week PE 12319 9
14 7777777777 7/6/19 6 week PE 12/6/19 5
15 7777777777 6/7/19 »6 week PE 12/8/19 37
16 7777777777 31/8/20 »6 week PE 30/9/20 30

DVT — deep vein thrombosis; PE — pulmonary embolus.

6% 7
5% Il 5-day Aspirin VTE cases 6
[ >6-week Aspirin VTE cases
—— 5-day Aspirin VTE rate
------ >6-week Aspirin VTE rate 5
4%
g ‘5
:;: 3% g
S 4]
k= 3 &
S
2%
2
wl o/ I 1
0% 0

2014 2015 2016 2017 2018 2019 2020 2021

Figure 2. Rate and total cases of venous thromboembolism (VTE) per year from 2014-2021 under 5-day and >6-week aspirin duration
protocols. VTE — venous thromboembolism. Generated using Microsoft Excel, Version 16.36, Microsoft Corporation.
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Table 3. Univariable and multivariable logistic regression analysis of effects of aspirin duration, age, smoking status, donor age and

thymoglobulin use on venous thromboembolism (VTE).

Aspirin duration

3 month protocol 0.90 0.33, 2.45
 Ageattransplant 07 102,112
 Smokingstatus
"""" Never - o=
"""" Curent/ex 420 1331852
Domorage 099 096102
. Thymoglobulinuse
"""" N -
Y 905 278,2579

Cl — confidence interval; OR — odds ratio.

Extending the duration of aspirin therapy was expected to re-
duce VTE risk and delay a potential rebound hypercoagulabil-
ity following aspirin cessation to a time point when baseline
risk is lower. While clustering of other cardiovascular events
after antiplatelet withdrawal is well documented, the role of
aspirin cessation in VTE has not been investigated before. The
anti-thrombotic effects of aspirin occur through a reduction in
tissue factor and thrombin expression, and upregulation of fi-
brinolysis [10,13]. Proposed mechanisms for a rebound hyper-
coagulability phenomenon following aspirin cessation relate
to increased thromboxane production and decreased fibrino-
lysis [13], resulting in increased platelet activation [20-22]. A
study by Alcock et al (2014), however, was unable to demon-
strate an increase in platelet functional activity following as-
pirin cessation in healthy volunteers [14]. Further research is
required to clarify the mechanism of this rebound hypercoag-
ulability phenomenon and its role in venous thrombosis and
thromboembolism risk.

Previous research has examined other VTE risk factors in this
population. Similar to the findings of this study, a systematic
review by Cicora et al (2018) reported that smoking and older
age were predictors of VTE, but additionally found that pre-
vious peritoneal dialysis, prolonged cold ischemia time, de-
ceased donation, donor age <6 or >60 years, delayed graft
function, and use of mTOR inhibitors were associated with an
increased risk of VTE [9]. These associations were not identi-
fied in the current study, although this may have been related
to the low event rate and short follow-up period. Younger do-
nor age was only weakly associated with increased VTE risk in
this study and may not be clinically important. Thymoglobulin
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0.826 0.91 0.32, 2.57 0.900
0.006 1.09 1.04, 1.16 0.002
0.027 3.59 1.20, 13.2 0.032
0.430 0.96 0.93, 1.00 0.036
<0.001 10.5 3.09, 32.1 <0.001

use was strongly associated with VTE in our population. This
included both induction and postoperative use. The relation-
ship between thymoglobulin and rates of VTE has not been
directly examined following kidney transplantation. Verhave
et al (2014) found no association between the use of induc-
tion therapy (including either thymoglobulin or anti-IL2 re-
ceptor blockade therapy) and VTE, but this apparent dispari-
ty may be due to the concurrent inclusion of anti-IL2 receptor
blockade therapy or the inclusion of thymoglobulin use as in-
duction therapy only, rather than for the treatment of rejec-
tion [7]. Our findings suggest that the elevated VTE risk with
the use of thymoglobulin was not reduced by extending the
duration of postoperative aspirin to >6 weeks. This warrants
further study and patients undergoing thymoglobulin thera-
py may benefit from consideration of more intensive VTE pro-
phylaxis throughout their treatment course.

The low incidence of graft thrombosis in this study (0.25%) is
comparable with both previous literature measuring rates of
graft thrombosis with the use of aspirin prophylaxis [2,23,24],
and rates of graft loss from vascular causes in Australian trans-
plant centers (0.95% between 2014 and 2019) [25]. Aspirin pro-
phylaxis may contribute to this low rate [3]. For comparison,
anecdotal reports of aspirin use in other Australian kidney trans-
plant units was sought, showing a variety in local practice in-
cluding no routine use, 1-month aspirin therapy, or ad-hoc use.
A systematic review by Cheungpasitporn et al (2017), including
19759 kidney transplant recipients, showed a pooled risk ratio
with postoperative aspirin administration of 0.11 for allograft
thrombosis (95% CI 0.02-0.53), 0.57 for allograft failure (95%
€1 0.33-0.99) and 0.72 for adverse cardiac events or mortality
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(95% Cl 0.59-0.88) [3]. This review, however, was limited to 9
cohort studies with no previous randomized controlled trials
addressing this question. Comparatively, we found no change
in graft function or failure, or rates of adverse cardiovascular
events in the extended aspirin duration group. This may be
due to the low event rate of this study, and the comparison
with shorter duration of aspirin rather than no prophylaxis.

Importantly, no increase in bleeding events requiring transfu-
sion was identified with an extended protocol of aspirin ther-
apy postoperatively. Research regarding bleeding risk with as-
pirin use in kidney transplant recipients is limited [3]. Multiple
systematic reviews of large-scale randomized controlled trials
have established an increase in rates of major bleeding with
aspirin compared to placebo [10]. In the peri-operative set-
ting, the PeriOperative ISchemic Evaluation-2 (POISE-2) trial by
Devereaux et al (2014) compared aspirin and placebo in 10 010
patients undergoing non-cardiac surgery [26]. An increased rate
of major bleeding (hazard ratio (HR) 1.23, 95% Cl 1.01-1.49),
but not mortality, nonfatal myocardial infarction, or other sec-
ondary outcomes, was observed in the aspirin group [26]. These
findings may not have been reflected in this study due to both
groups receiving some duration of postoperative aspirin therapy.

This study is strengthened by its large sample size, prospec-
tive recording of data in a comprehensive transplant data-
base prior to study design, and management of all patients
according to a uniform protocol. The limitations of this study
include its retrospective, single-center design, which risks re-
call bias and limits the generalizability of findings. The use of
an observational methodology also reduces the ability to draw
causal inferences. Despite the large sample size, the low event
rate observed limits the power of the study and means that
type 2 statistical errors could not be excluded. The low event
rate limits the number of variables that can be included in the
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multivariable analysis, which may have led to overfitting and
unstable estimates. The confidence intervals comparing VTE
events in the 5-day and >6-week aspirin group are wide and
include some values than may be clinically meaningful. Given
the duration of this pre-post study, era or co-intervention bi-
ases with residual confounding may have occurred. Adherence
to the unit protocol throughout this period was also unknown.
Importantly, follow-up was limited to 6 weeks, meaning that
safety and efficacy outcomes were unable to be evaluated be-
yond this time point. Data relating to the concurrent use of
anticoagulation pre- and postoperatively, and prior history of
coagulopathy or VTE, was not available to compare between
the 2 groups which may have led to confounding.

Conclusions

In conclusion, extending the duration of aspirin prophylaxis
from 5 days to >6 weeks did not significantly reduce the in-
cidence of VTE events in the first 6 weeks following kidney
transplantation. Despite this, no increase in bleeding events
requiring blood transfusion was observed. Older age, smoking,
and younger donor age were associated with an increased risk
of VTE. This study also identified an association between the
use of the therapeutic anti-rejection medication, anti-human
thymocyte immunoglobulin, and VTE, which requires further
research. Ongoing evaluation of the efficacy and optimal du-
ration of aspirin prophylaxis following kidney transplantation
by randomized controlled trial is warranted.
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