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Abstract

Prediction of the risk of cardiovascular events (CVE'’s) is important to optimize out-
comes after kidney transplantation. Aortoiliac stenosis is frequently observed during
pre-transplant screening. We hypothesized that these patients are at higher risk of
post-transplant CVE'’s due to the joint underlying atherosclerotic disease. Therefore,
we aimed to assess whether aortoiliac stenosis was associated with post-transplant
CVE’s. This retrospective, single-center cohort study included adult kidney trans-
plant recipients, transplanted between 2000 and 2016, with contrast-enhanced imag-
ing available. Aortoiliac stenosis was classified according to the Trans-Atlantic Inter-
Society Consensus (TASC) Il classification and was defined as significant in case of
>50% lumen narrowing. The primary outcome was CVE-free survival. Eighty-nine of
367 patients had significant aortoiliac stenosis and were found to have worse CVE-
free survival (median CVE-free survival: stenosis 4.5 years (95% confidence interval
(Cl) 2.8-6.2), controls 8.9 years (95% Cl 6.8-11.0); log-rank test P < .001). TASC Il C
and D lesions were independent risk factors for a post-transplant CVE with a hazard
ratio of 2.15 (95% Cl 1.05-4.38) and 6.56 (95% Cl 2.74-15.70), respectively. Thus, kid-
ney transplant recipients with TASC Il C and D aortoiliac stenosis require extensive

cardiovascular risk management pre-, peri,- and post-transplantation.

KEYWORDS
cardiovascular diseases, kidney transplantation, mortality, risk factors

an important cause of morbidity and mortality with a 3-4 times higher

incidence of CVE's compared to the general population.~? The eti-

Kidney transplantation is the preferred treatment for end-stage renal
disease because of improved survival and quality of life compared to
dialysis.1~3 The most important cause of mortality among patients with
end-stage renal disease is cardiovascular disease.* The risk of dying
from a cardiovascular cause increases shortly after transplantation and
decreases thereafter when compared to waitlisted patients.” How-

ever, following transplantation, cardiovascular events (CVE’s) remain

ology is complex and consists of traditional risk factors, such as dia-
betes, advanced age and smoking, and disease-specific factors, such
as dialysis.®10-15 |dentification of these risk factors is important to
predict the patient-specific risk of a cardiovascular event in the post-
transplantation period.

Aortoiliac stenosis could be an additional risk factor for CVE’s con-

sidering the joint underlying atherosclerotic disease. Patients are often
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screened for the presence of aortoiliac stenosis because it can cause
technical difficulties during graft arterial anastomoses,’¢~18 insuffi-
cient blood perfusion of the graft,””1® and exacerbation of lower
extremity ischemia in the perioperative period.'® Technical difficulties
can occur in a twofold manner. In case of unforeseen conditions, arte-
rial repair may be required during transplantation.’® This additional
intervention may lead to prolonged cold and warm ischemia time,
which is associated with an increased risk of complications and infe-
rior graft outcomes.®'? In case severe aortoiliac stenosis is diagnosed
before transplantation, vascular surgery may be indicated.’¢2° How-
ever, an additional operation may lead to an increased risk of cardiac
morbidity and mortality in these high-risk patients.2*

Besides the role of these intermediate factors, there is evidence
for the association between aortoiliac stenosis itself and CVE’s. Aor-
toiliac stenosis as well as systemic vascular disease could lead to an
increased risk of CVE’s,2223 |imiting post-transplant success. A pre-
vious study from our own center found an independent association
between Trans-Atlantic Inter-Society Consensus (TASC) Il C and D aor-
toiliac stenosis and mortality.2* Due to liberalization of acceptance
criteria for kidney transplantation, we are confronted with increasing
age of transplant candidates and with an increasing burden of comor-
bidities. Although it pays to transplant patients with high comorbidity
scores, as they are far better off compared to remaining on the waiting
list,2> this may also lead to a growing number of kidney transplant can-
didates presenting with aortoiliac stenosis.2é Thus, it is important to
investigate whether this vascular condition is associated with a higher
risk of CVE’s in order to optimize preexisting cardiovascular disease
and cardiovascular monitoring after transplantation.?” Therefore, we
performed a retrospective cohort study with the following objectives:
firstly, to evaluate whether preexisting aortoiliac stenosis is associated
with CVE’s after kidney transplantation and secondly, to identify other
factors associated with post-transplant CVE’s.

2 | MATERIALS AND METHODS

2.1 | Study design and population

A retrospective, single-center, cohort study was conducted at the
Erasmus University Medical Center in Rotterdam, The Netherlands.
The cohort included adult kidney transplant recipients, transplanted
between January 1, 2000 and December 31, 2016, who had under-
gone contrast-enhanced imaging in the pre-transplantation work-up to
assess the presence of aortoiliac stenosis. The indication for contrast-
enhanced imaging was not determined by a standardized protocol, but
the decision was made by the transplant surgeon based on coexistence
of risk factors for vascular disease. High-risk patients had, for example,
a long history of smoking or dialysis, symptoms of systemic vascular
disease or multiple comorbidities such as diabetes and cerebrovascu-
lar disease. Grading of aortoiliac stenosis was standardized according
to the TASC Il classification. This classification takes the extent of aor-
toiliac stenosis into account with TASC Il A being the least and TASC

11 D being the most extensive aortoiliac disease.?® A significant steno-

sis was defined as a stenosis with a minimum of 50% lumen narrowing.
In order to achieve a satisfactory anastomosis of the graft artery with
theiliac arterial system, some patients with significant aortoiliac steno-
sis required a pre-transplant intervention. Based on the TASC Il classi-
fication, the decision was made for percutaneous transluminal angio-
plasty with or without stenting, endarterectomy or vascular bypass
as described in our previous study regarding aortoiliac stenosis.?* If
the stenosis was unilateral and asymptomatic, the donor kidney was
often transplanted on the contralateral side without further treatment.
Patients without aortoiliac stenosis or with less than 50% lumen nar-

rowing were used as controls.

2.2 | Data sources and ethical approval

A clinical database containing all patients who received contrast-
enhanced imaging together with electronic patient records contain-
ing health administrative data were used to obtain patient character-
istics and survival data. Contrast-enhanced abdominal magnetic res-
onance angiography, abdominal computed tomography, and conven-
tional angiography were used for the assessment of aortoiliac steno-
sis. The presence of a significant aortoiliac stenosis was determined
by a trained researcher and checked and classified according to the
TASC |l classification by an interventional radiologist. The following
pre-transplant patient characteristics were collected to correct for
potential confounders in the association between aortoiliac stenosis
and CVE'’s based on literature: age, sex, body mass index (BMI), race,
smoking status, type of donor, total duration of dialysis (including pre-
vious time on dialysis), a history with a cerebrovascular accident (CVA)
or transient ischemic attack (TIA), ischemic cardiac disease, dyslipi-
demia (a positive history or lipid-lowering therapy prior to transplan-
tation), chronic obstructive pulmonary disease (COPD), diabetes mel-
litus (DM), history of peripheral arterial disease (PAD) and obstruc-
tive sleep apnea syndrome (OSAS).6:8:10-14.23.29-32. A positive history
of PAD included Fontaine stage I1-1V.33 Ethical approval for this study
was obtained from the Ethics Committee of the Erasmus Medical Cen-
ter University in Rotterdam (MEC-2019-0373).

2.3 | Outcome measures

The primary outcome was CVE-free survival, defined as the time
between transplantation and the first event, with CVE as a com-
posite endpoint of ischemic heart disease, non-hemorrhagic cere-
brovascular disease and PAD. Ischemic heart disease included myocar-
dial infarction, percutaneous coronary intervention, coronary artery
bypass graft and angina pectoris with coronary angiography showing
stenosis or with medication as treatment for coronary artery disease
which resolved the angina pectoris. Non-hemorrhagic cerebrovascu-
lar disease included non-hemorrhagic stroke, TIA and amaurosis fugax.
Ischemic cardiovascular death or death with an unknown cause also
counted as a CVE. Secondary outcomes were the risk of a CVE within

90 days and patient survival.
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2.4 | Statistical analyses (A)
1,0 TASC Il stenosis
= No
Descriptive statistics consisted of demographic and clinical character- 2 o8 —Yes
istics. Continuous variables were presented with mean and standard Z Y Logrank test: p < 0.001
deviation (SD) since means were normally distributed in case of a sam- ; 06 o
- Median estimate
ple size greater than thirty according to the central limit theorem. 3 Vo iR Graase)
o
Frequencies and corresponding percentages were used for categori- TE 04
cal variables. The unpaired t-test was used for differences between E 0s
T 2
continuous variables and chi-square test for categorical variables. If 8
categorical variables had an expected count of less than five, Fisher’s 0,0

exact test was used. Fisher-Freeman-Halton exact test was used in case
variables had more than two categories and an expected count below
five. Cumulative CVE-free survival and patient survival were illustrated
with Kaplan-Meier curves and these were compared with the log-rank
test. To correct for confounding, multivariate cox proportional hazards
regression analysis was used for CVE-free survival. Patients without an
event were censored at the last follow-up date. The proportional haz-
ard assumption for variables in the final model was tested visually with
log minus log plots for categorical variables and scatterplots of residu-
als for continuous variables. For the risk of a CVE within 90 days, logis-
ticregression analysis was used. Patients without an event and with the
last follow-up date within 90 days were excluded from this analysis.
For model development of both the cox regression model and logistic
regression model, potential confounders were first tested in univariate
analysis and were then included in multivariate analysis if the P-value
was <.2. To reach the final model, backward stepwise selection of vari-
ables was used and models were compared with likelihood ratio tests.
Screening for two-way interactions between each of the variables took
place with Bonferroni correction. Missing values were handled with a
complete case analysis. IBM SPSS statistics software version 25 was
used for the statistical analyses. A P value less than .05 was considered
statistically significant.

3 | RESULTS

3.1 | Patient characteristics

In the period studied, 373 kidney transplant recipients had under-
gone pre-transplant contrast-enhanced imaging with a median time
between imaging and transplantation of 4.7 months (interquartile
range (IQR) 1.4-10.4). Median follow-up time after transplantation
was 7.2 years (IQR 5.1-11.1). Complete case analysis for missing values
excluded six patients reducing the total number of patients included
to 367. Eighty-nine patients (24.3%) had significant aortoiliac stenosis
and were classified according to the TASC Il classification: 52 TASC Il
A, 19 TASC 11 B, 11 TASC Il C and 7 TASC |l D. A pre-transplant vas-
cular intervention was needed in 20 patients with aortoiliac stenosis.
Two hundred seventy-eight patients (75.7%) without significant steno-
sis were used as controls. Table 1 gives an overview of patient char-
acteristics. Patients with aortoiliac stenosis were significantly older at
the time of transplantation (stenosis 63.9 (SD 8.5) years, controls 58.3
(SD 13.4) years; P < .001), had more often a smoking history (never
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FIGURE 1 Kaplan-Meier curves of cumulative cardiovascular
event-free survival. (A). Cardiovascular event-free survival of patients
with stenosis and patients without stenosis. (B). Cardiovascular
event-free survival of patients with different TASC Il lesions and
patients without stenosis

smoked: stenosis 13.5%, controls 35.3%; P < .001), a history of symp-
tomatic PAD (stenosis 46.1%, controls 15.5%; P < .001) and ischemic
cardiac disease (stenosis 48.3%, controls 32.4%; P = .006). Other base-

line characteristics were not significantly different.

3.2 | Cardiovascular event-free survival

The last follow-up date was June 30, 2020. A total of 174 first events
had occurred, with 55 events in the stenosis group (61.8% of all
patients with stenosis) and 119 in the control group (42.8% of all
patients without stenosis). Figure 1A illustrates the cumulative CVE-
free survival of patients with and without pre-transplant aortoiliac
stenosis. Patients with aortoiliac stenosis had worse CVE-free survival
compared to patients without stenosis (log-rank test P <.001). Median
CVE-free survival was 4.5 years (95% confidence interval (Cl) 2.8-6.2)
in patients with any stenosis and 8.9 years (95% Cl 6.8-11.0) in patients
without stenosis. Figure 1B shows the Kaplan-Meier curve stratified
according to the TASC Il classification, which showed a clear effect
of severity with inferior CVE-free survival in patients with TASC Il B
(median CVE-free survival 4.9 years (95% Cl 0.00-10.23); P = .007),
C (median CVE-free survival 1.9 years (95% Cl 0.20-3.55); P < .001)
and D (median CVE-free survival 0.11 years (95% Cl.00-.30); P <.001)

compared to the controls. Significance remained after Bonferroni
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TABLE 1 Characteristics of kidney transplant recipients

Overall (N=367) TASC Il stenosis (N = 89) Control (N = 278)
Variables Mean (SD) N (%) Mean (SD) N (%) Mean (SD) N (%) P-value
Year of KTx 451
2000-2008 96(26.2) 26(29.2) 70(25.2)
2009-2016 271(73.8) 63(70.8) 208 (74.8)
Age at KTx in years 59.7 (12.6) 63.9 (8.5) 58.3(13.4) <.001°
Sex 378
Male 250(68.1) 64 (71.9) 186 (66.9)
Female 117 (31.9) 25(28.1) 92(33.1)
BMI at KTx in kg/m? 26.4(4.7) 25.9(4.7) 26.5(4.6) 266
Race .905
Europe 263(71.7) 65 (73.0) 198(71.2)
South America 53(14.4) 13(14.6) 40 (14.4)
Middle East 17 (4.6) 5(5.6) 12(4.3)
North Africa 14(3.8) 2(2.2) 12(4.3)
Africa 10(2.7) 3(34) 7(2.5)
Asia 9(2.5) 1(1.1) 8(2.9)
North America 1(.3) 0(.0) 1(4)
Smoking status <.0012
Never smoked 110 (30.0) 12 (13.5) 98 (35.3)
Currently smoking 83(22.6) 29(32.6) 54(19.4)
Quit smoking 174 (47.4) 48(53.9) 126 (45.3)
COPD 36(9.8) 11(12.4) 25(9.0) .353
CVA/TIA 54 (14.7) 18(20.2) 36(12.9) 092
DM 133(36.2) 36 (40.4) 97 (34.9) .342
OSAS 16 (4.4) 2(2.2) 14 (5.0) .376
Dyslipidemia 164 (44.7) 46 (51.7) 118 (42.4) 127
Peripheral arterial disease 84(22.9) 41 (46.1) 43(15.5) <.0012
Ischemic cardiac disease 133(36.2) 43 (48.3) 90 (32.4) .0062
Time between imaging and KTx in .60 (.64) .51(.60) .63(.65) 118
years
Cause of ESRD .069
DiverseP 117 (31.9) 22(24.7) 95(34.2)
Hypertension 89(24.3) 29(32.6) 60(21.6)
DM 87(23.7) 22(24.7) 65(23.4)
Polycystic kidney disease 42(11.4) 11(12.4) 31(11.2)
Glomerulonephritis 19(5.2) 5(5.6) 14 (5.0)
Autoimmune 13(3.5) 0(.0) 13(4.7)
Type of donor .840
Living 226 (61.6) 54 (60.7) 172 (61.9)
Deceased 141(38.4) 35(39.3) 106 (38.1)
KTx in the past 35(9.5) 13(14.6) 22(7.9) 061
Dialysis .203
Preemptive 64(17.4) 11(12.4) 53(19.1)
HD 190(51.8) 48(53.9) 142 (51.1)
PD 62(16.9) 20(22.5) 42(15.1)
Both; HD and PD 51(13.9) 10(11.2) 41(14.7)
Time on dialysis, inclusive the pastin ~ 30.1(29.9) 33.3(31.5) 29.0(29.4) 243
months

Abbreviations: TASC, Trans-Atlantic Inter-Society Consensus; SD, standard deviation; KTx, kidney transplantation; BMI, body mass index; COPD, chronic
obstructive pulmonary disease; CVA, cerebrovascular accident; TIA, transient ischemic attack; DM, diabetes mellitus; OSAS, obstructive sleep apnea syn-
drome; ESRD, end-stage renal disease; HD, hemodialysis; PD, peritoneal dialysis.

2P-value < .05.

bDiverse includes IgA nephropathy, vesico-ureteral reflux, congenital disorders, vascular disease and infections.
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TABLE 2 Separate outcomes of the composite cardiovascular endpoint

Overall

(N=174)
Cardiovascular events N (%)
Ischemic heart disease 92 (52.6)
Non-hemorrhagic cerebrovascular disease 25 (14.3)
Peripheral arterial disease 58(33.1)

correction for four tests (significance level set at .013). Outcomes of
the composite cardiovascular endpoint are presented in Table 2, show-
ing that ischemic heart disease was the most frequent cardiovascular

event in both groups.

3.3 | Cox proportional hazards regression model

Toinvestigate whether the association of aortoiliac stenosis with CVE’s
would remain significant when corrected for various confounders, mul-
tivariate cox regression analysis was performed (Table 3). The following
potential confounders were selected based on a P value <.2 on univari-
ate analysis: the presence of aortoiliac stenosis, age, sex, race, smoking
status, COPD, CVA/TIA, DM, dyslipidemia, PAD and ischemic cardiac
disease. In the final model, having TASC |1 C or D aortoiliac stenosis was
a significant, independent risk factor for a CVE with a hazard ratio (HR)
of 2.15(95% Cl 1.05-4.38) and 6.56 (95% C| 2.74-15.70), respectively.
Other risk factors that remained significant in the final model were age
(HR 1.03; 95% Cl 1.01-1.04), smoking status (currently smoking: HR
2.01; 95% Cl 1.27-3.18), CVA/TIA (HR 1.56; 95% Cl 1.05-2.31), PAD
(HR 1.57; 95% CI 1.09-2.25) and ischemic cardiac disease (HR 1.63;
95% Cl 1.18-2.24). None of these variables in the final model were
time-dependent (Figures S1 and S2). Interaction terms were not signif-

icant after correction for multiple testing.

3.4 | Logistic regression model

A total number of 36 events occurred in the 90-day postoperative
period. Eight patients were lost to follow-up in the 90-day postop-
erative period without the occurrence of an event and were there-
fore excluded. Univariate and multivariate logistic regression analy-
sis were performed to identify risk factors for a CVE within 90 days
(Table 4). The presence of a stenosis, age, sex, race, CVA/TIA, dyslipi-
demia, PAD, ischemic cardiac disease, and type of donor were included
in the multivariate analysis due to a P value <.2 on univariate analy-
sis. The final model consisted of TASC Il D stenosis as a risk factor for
a CVE within 90 days after transplantation with an odds ratio (OR) of
17.70 (95% Cl 3.16-99.19). Other significant risk factors in the final
model were age (OR 1.05; 95% CI 1.00-1.09), male sex (OR 3.45; 95%
Cl 1.13-10.56), dyslipidemia (OR 2.51; 95% CI 1.14-5.55), and type of
donor (deceased: OR 2.74; 95% CI 1.25-5.98). No significant interac-
tion terms were found.

TASC |l stenosis Control
(N =55) (N=119)
N (%) N (%) P-value
26 (46.4) 66 (55.5) 311
7(12.5) 18(15.1)
23(41.1) 35(29.4)
(A)
10 TASC |l stenosis
No
—~Yes
08
= Log-rank test: p < 0.001
g 0,6
2 Median estimate
- No:  11.97 (10.32-13.63)
g Yes: 6.42 (4.28-8.55)
'g 0,4
o
0,2
0,0
0 4 8 12 16

Time (years)

TASC Il classification

TASC Il A
TASCII B
TASCIIC
~ITASCII D
~MNo TASC Il lesion

Log-rank test

A - No lesion: p = 0.303
B - No lesion: p = 0.003
C - No lesion: p < 0.001
A |D - No lesion: p < 0.001

Median estimate
A:

B 623
g: g'ig 73
0.0 c B No: 11.97 (10.32-13.63)

0,4

Patient survival

0,2

Time (years)

FIGURE 2 Kaplan-Meier curves of cumulative patient survival
with all-cause mortality as event. (A). Patient survival for stenosis and
no stenosis. (B). Patient survival for different TASC Il lesions and no
stenosis

3.5 | Patient survival

A total of 158 patients died; 55 in the stenosis group and 103 in the
control group. Figure 2A shows the Kaplan-Meier survival curves of
patients with and without stenosis. Kidney transplant recipients with
any stenosis had significantly inferior survival compared to patients
with no TASC Il lesion (log-rank test P < .001). The median patient sur-
vival of patients with stenosis was 6.4 years (95% Cl 4.3-8.6), whereas
the median survival of the control group was almost twice as long
(median survival 12.0 years (95% ClI 10.3-13.6). Figure 2B demon-
strates the differences between the Kaplan-Meier patient survival
curves of the various TASC Il lesions. Patient survival of patients with
a TASC Il A stenosis did not differ from the survival of patients with-
out a TASC Il lesion (P = .303). Patients with TASC Il B, C or D stenosis

had a significantly inferior survival compared to the controls (P =.003,
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TABLE 3 Univariate and multivariate cox proportional hazards regression model analysis of cardiovascular event-free survival in kidney

transplant recipients (N = 367)

Univariate analysis

Multivariate analysis

Variables HR 95%Cl
Stenosis

No Ref -

TASCIIA 1.33 (.87-2.01)
TASCIIB 2.23 (1.25-3.97)
TASCIIC 3.73 (1.87-7.44)
TASCIID 11.52 (4.92-26.99)
Age at KTx per year 1.04 (1.02-1.05)
Sex

Female Ref _

Male 1.42 (1.01-1.98)
BMI per kg/m? 99 (.96-1.02)
Race

Caucasian Ref -

Non-Caucasian .68 (.48-.98)
Smoking status

Never smoked Ref —

Currently smoking 2.24 (1.44-3.47)

Quit smoking 1.94 (1.31-2.86)
COPD 1.89 (1.22-2.92)
CVA/TIA 1.90 (1.29-2.81)
DM 1.56 (1.14-2.13)
OSAS .85 (.35-2.08)
Dyslipidemia 1.53 (1.13-2.06)
Peripheral arterial disease 2.36 (1.71-3.24)
Ischemic cardiac disease 1.98 (1.46-2.68)
Type of donor

Living Ref -

Deceased 1.19 (.87-1.63)
Time on dialysis, inclusive the past 1.00 (1.00-1.01)

per month

P-value HR 95% Cl P-value

<.001° <.001P

.188? Ref - -

.007° .82 (.53-1.28) .382

<.001P 1.06 (.57-1.99) .853

<.001° 2.15 (1.05-4.38) .036P
6.56 (2.74-15.70) <.001P

<.001° 1.03 (1.01-1.04) <.001°

041° - - -

514 = = =

.037° - - -

.001° 011°

= Ref = =

<.00001° 2.01 (1.27-3.18) 003
1.39 (.92-2.09) 118

.004° - - -

.001° 1.56 (1.05-2.31) 027°

006 - - -

724 - - -

.006° - - -

<.001° 1.57 (1.09-2.25) 015

<.001° 1.63 (1.18-2.24) .003P

284 = = =

.968 - - -

Abbreviations: HR, hazard ratio; Cl, confidence interval; TASC, Trans-Atlantic Inter-Society Consensus; KTx, kidney transplantation; Ref, reference; BMI, body
mass index; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; TIA, transient ischemic attack; DM, diabetes mellitus; OSAS,

obstructive sleep apnea syndrome.
aP-value <.2.
bp-value < .05.

P <.001, and P < .001, respectively). The results remained significant

after Bonferroni correction for four tests (significance level .013).

4 | DISCUSSION

This study demonstrated that the presence of a TASC |l C or D stenosis
was arisk factor for cardiovascular events after kidney transplantation.
The association remained significant even after adjustment for various
confounders, proving an independent association between TASC 11 C/D
lesions and cardiovascular events. The increased cardiovascular risk
could be explained by the presence of systemic atherosclerosis in these
patients.22 Other significant independent risk factors associated with

post-transplant CVE were increasing age, smoking, CVA/TIA, PAD and

ischemic cardiac disease; these have been demonstrated in other stud-
ies to be well-known risk factors for CVE’s.6:10-14.29.30 The presence of
a TASC Il D stenosis was also found to be associated with a short-term
risk of CVE within 90 days post-transplantation. In addition, age, male
sex, dyslipidemia and deceased donor transplantation were significant
risk factors for a CVE within 90 days.

One unexpected finding was that neither the univariate nor the
multivariate analysis showed time on dialysis to be associated with
CVE'’s, independent of including dialysis time as a continuous or cat-
egorical parameter within the model. Time on dialysis has proven to
be an important non-traditional risk factor for CVE’s in kidney trans-
plant recipients in prior studies.®19-12 The reason why we did not
observe this may be due to a low incidence of preemptive transplanted

patients combined with a high incidence of CVE’s in this high-risk
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TABLE 4 Univariate and multivariate logistic regression analysis for 90-days cardiovascular event (N = 359)

Univariate analysis

Multivariate analysis

WILE

Y 7 of 10

Variables OR 95%Cl
Stenosis

No Ref -

TASCIIA .90 (.30-2.71)
TASCIIB .57 (.07-4.49)
TASCIIC 2.30 (.47-11.24)
TASCIID 25.83 (4.76-140.35)
Age at KTx per year 1.06 (1.02-1.10)
Sex

Female Ref -

Male 413 (1.43-11.98)
BMI per kg/m? 97 (.90-1.05)
Race

Caucasian Ref -

Non-Caucasian 47 (.19-1.17)
Smoking status

Never smoked Ref -

Currently smoking 1.00 (.36-2.82)

Quit smoking 1.46 (.64-3.34)
COPD 1.14 (.38-3.42)
CVA/TIA 1.77 (.76-4.12)
DM 1.28 (.63-2.57)
OSAS 217 (.59-8.00)
Dyslipidemia 275 (1.33-5.69)
Peripheral arterial disease 2.34 (1.14-4.82)
Ischemic cardiac disease 1.94 (.97-3.87)
Type of donor

Living Ref (+.08-4.35)

Deceased 2.17
Time on dialysis, inclusive the past 1.00 (.98-1.01)

per month

P-value OR 95%Cl P-value
.003P .010P
- Ref - -
849 68 (21-2.14) 504
597 47 (.06-3.82) 476
.305 243 (46-12.99) 298
<.001P 17.70 (3.16-99.19) .001P
.003P 1.05 (1.00-1.09) .041P
- Ref - -
.009P 3.45 (1.13-10.56) .030P
495

.106° - -

564

.996 = = =
.368 - - -
820 - - -
.1882 = = =
497 - - -
245 - - -
.006P 2.51 (1.14-5.55) .023P
021 - - -
062° - - -

- Ref - -
029 2.74 (1.25-5.98) 011°
535 - - -

Abbreviations: OR, odds ratio; Cl, confidence interval; TASC, Trans-Atlantic Inter-Society Consensus; KTx, kidney transplantation; Ref, reference; BMI, body
mass index; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; TIA, transient ischemic attack; DM, diabetes mellitus; OSAS,

obstructive sleep apnea syndrome.
2P-value <.2.
bp-value < .05.

cohort, which could have affected the association. An interesting pre-
dictor of 90-day CVE was a deceased donor transplant compared to a
living donor kidney transplantation. Consistent with Ponticelli et al.,2
type of donor was not a significant predictor of CVE’s on the long term
after transplantation. The increased risk of deceased donor transplan-
tation on short-term CVE has been shown in previous studies with-
out explanation.3%3134 One explanation for this finding could be that
unfavorable clinical and socioeconomic factors were overrepresented
in patients who received a deceased donor kidney transplant.3> Our
present study corrected only partially for these factors. Also, post-
transplant factors may have contributed to an increased CVE risk
after deceased donor kidney transplantation. Graft survival?43¢ and
renal function3¢ are worse after deceased donor kidney transplanta-

tion compared to living donor transplantation, which are associated

with cardiovascular mortality and events.®37:38 Finally, it may be that
recipients of a deceased donor kidney transplantation could have had
their pre-transplant cardiovascular screening less recently than recipi-
ents of living donor transplantation, which could have resulted in more
CVE’s shortly after transplantation.

Different authors found an association between the prevalence
of CVE’s and PAD in kidney transplant recipients or patients on
dialysis, 233037 put studies about aortoiliac stenosis in particular are
lacking. We recently showed that the presence of TASC Il C or D
stenosis was an independent risk factor for mortality.2* Other stud-
ies on aortoiliac vascular disease mainly focused on aortoiliac calci-
fication instead of stenosis, possibly because patients with stenosis
are less often transplanted. A meta-analysis indicated inferior progno-

sis in patients with any degree of aortoiliac calcification.*® A recently
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published article investigated the association between aortoiliac calci-
fication score and cardiovascular events.*! They found a significant and
independent association between calcification score and cardiovascu-
lar events with a HR of 2.04 (95% Cl, 1.20-3.45). Five year cardiovas-
cular event-free survival was about 75% in the group with the highest
calcification score. Cardiovascular event-free survival in our study was
worse, which probably means that stenotic vascular disease indicates a
more advanced stage of disease.

The strength of our study, compared to other studies on aortoil-
iac vascular disease, was that our analysis was stratified on sever-
ity of stenosis. This way, we could show that severe TASC Il lesions
have more impact on cardiovascular risk. A disadvantage of the ret-
rospective design of this study was documentation source-if cardio-
vascular events were not registered or not registered comprehensively
enough, the event could not be included in the outcome. Furthermore,
post-transplant risk factors were not included, because this study
aimed to find pre-transplant cardiovascular risk factors. Nonethe-
less, exclusion of these variables does not mean post-transplant risk
factors did not influence the risk of CVE’s in our cohort. Delayed
graft function, graft failure and rejection episodes after transplanta-
tion are associated with CVE’s810-3042 35 well as post-transplant DM,
which has been described as a cardiovascular risk factor in multiple
studies.1114.1529.3043 Additionally, immunosuppressive agents used
after transplantation, in particular calcineurin inhibitors and steroids,
increase cardiovascular risk.** However, the same immunosuppression
regimen including tacrolimus, mycophenolate mofetil and steroids was
used for all patients. Another limitation of this study was selection
bias. As mentioned before, patients included in the study had under-
gone contrast-enhanced imaging because of a high a priori probability
of aortoiliac stenosis, which means our study population consisted of
patients with high numbers of comorbidities and cardiovascular risk
factors. In addition, it is important to realize that our control group
did not only consist of patients without stenosis, but also of patients
with less than 50% stenosis, such as calcifications. The 5-year patient
survival rate of our control group was worse than the 5-year survival
rate of all Erasmus MC patients transplanted between 2010 and 2015,
namely 75% compared to 86%.%° This finding supports the hypothesis
that selection bias played an important role leading to overrepresen-
tation of cardiovascular risk factors in our control cohort. Despite our
high-risk population, the independent risk of TASC Il C and D stenosis
could be determined because of our large cohort with enough events
making adjustment possible for many confounders.

Currently, the Framingham Risk Score is often used to predict car-
diac events,*® but the usability in kidney transplant recipients has
been controversial.*”#8 We believe that transplant-specific risk factors
should be added to risk models for the kidney transplant population in
order to prevent underestimation of cardiovascular risk. Improvement
of prognostic powers have been achieved by studies moving beyond
the Framingham Risk Score, but some refinement is still needed.*’ In
our study, the presence of a TASC Il C or D lesion had the highest
hazard ratio in the multivariate model, indicating the strength of the
association and the importance of this additional risk factor in pre-

transplantation risk prediction.

Our previous article found that aortoiliac stenosis with TASC Il C
or D lesions was associated with uncensored graft loss, although not
with death-censored graft loss.2* According to our current study find-
ings, TASC Il C and D lesions are also significant risk factors for post-
transplant CVE’s, but TASC Il A and B lesions, and on short-term also
TASC Il C, are not independently associated with CVE'’s. Yet, aortoiliac
vascular disease is the main reason for kidney transplant ineligibility.*?
A survey of Rijkse et al.® among transplant surgeons found that 29.8%
of all respondents considered the increased mortality risk because of
cardiovascular comorbidity as the most important concern in case of
transplanting a patient with severe aortoiliac vascular disease. How-
ever, the present study showed that aorto-iliac stenosis is only an inde-
pendent risk factor for CVE’s in case of TASC Il C or D disease. There-
fore, the intention should be to accept patients with TASC Il A or
B disease for kidney transplantation if there are no technical limita-
tions. Close collaboration with vascular surgeons could help in accept-
ing these patients for transplantation. On the other hand, patients with
TASC Il C or D stenosis deserve extra attention in the cardiovascular
work-up because of worse CVE-free survival as well as patient survival.
Especially the serious impaired patient survival raises ethical concerns
and doubts about proceeding with transplantation. Factors that may
contribute to the inferior outcomes of this subgroup of kidney trans-
plant recipients are the cardiovascular toxicity of various immunosup-
pressive agents and the high prevalence of frailty (17.1%), which is

associated with increased mortality, morbidity and hospital costs.?1>2

Comprehensive cardiovascular screening with multiple procedures?’
as well as changes in immunosuppression regimen such as avoidance or
withdrawal of steroids®® or replacement of tacrolimus by belatacept®*
are options which could be considered for patients with extensive
aortoiliac stenosis, although long-term evidence is currently lacking.
Strategies to improve pre-transplant frailty status should be inves-
tigated with randomized controlled trials to assess whether these
could improve outcomes in this specific group of high-risk transplant
patients. Multidisciplinary team meetings including surgeons, nephrol-
ogists and cardiologists are recommended for these patients at high
risk. Discussion of surgical-technical aspects as well as the possibil-
ities of pre-, peri,- or post-transplant risk management could lead
to correct decision-making concerning patients with TASC Il C or D

stenosis.

5 | CONCLUSIONS

Preexisting aortoiliac TASC Il A and B lesions were not independently
associated with inferior cardiovascular outcomes after kidney trans-
plantation. Therefore, these patients do not need additional cardio-
vascular monitoring. The presence of TASC Il C or D aortoiliac stenosis
was independently associated with post-transplant CVE’s. Successful
cardiovascular risk management is needed pre-, peri- and post-

transplantation for patients with TASC Il C or D aortoiliac stenosis.
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