Kidney Transplantation Confers Survival Benefit
for Candidates With Pulmonary Hypertension
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Background. Kidney transplantation (KT) is controversial in patients with pretransplant pulmonary hypertension (PtPH).
We aimed to quantify post-KT graft and patient survival as well as survival benefit in recipients with PtPH. Methods. Using
UR Renal Data System (2000-2018), we studied 90819 adult KT recipients. Delayed graft function, death-censored graft fail-
ure, and mortality were compared between recipients with and without PtPH using inverse probability weighted logistic and Cox
regression. Survival benefit of KT was determined using stochastic matching and stabilized inverse probability treatment Cox
regression. Results. Among 90819 KT recipients, 2641 (2.9%) had PtPH. PtPH was associated with higher risk of delayed
graft function (odds ratio, 1.23; 95% ClI, 1.10-1.36; P<0.01), death-censored graft failure (hazard ratio [HR], 1.23; 95% Cl,
1.11-1.38; P<0.01), and mortality (HR, 1.56; 95% ClI, 1.44-1.69; P<0.01). However, patients with PtPH who received a KT
had a 46% reduction in mortality (HR, 0.54; 95% Cl, 0.48-0.61; P<0.01) compared with those who remained on the waitlist.
Conclusions. Although PtPH is associated with inferior post-KT outcomes, KT is associated with better survival compared
with remaining on the waitlist. Therefore, KT is a viable treatment modality for appropriately selected patients with PtPH.
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INTRODUCTION

Pulmonary hypertension (PH), a common comorbidity in
patients with chronic kidney disease (CKD), has important
prognostic implications for postkidney transplantation (KT)
outcomes. Several cross-sectional studies have reported PH
in 13% to 50% of transplant candidates.!”® Driven by left
heart failure, high cardiac output, hypoxic lung diseases,
and metabolic derangements, the incidence and severity of
PH is closely linked to CKD stage, volume status, and mode
and duration of dialysis.>'® The hemodynamic changes
and alterations in vasoactive substances that contribute to
pulmonary arterial vasoconstriction can lead to right ven-
tricular dysfunction and further activation of neurohormo-
nal pathways, which can convey significant mortality risk
in transplant candidates, particularly those who are on
chronic hemodialysis.!'"'> The pathophysiology linking PH
with CKD has been hypothesized to affect the vasculature
of renal grafts after KT and can contribute to increased risk
of delayed graft function (DGF) leading to increased mor-
bidity and subsequent decreased long-term graft and patient
survival.'®?> As a result, PH remains an important clinical
risk factor in patients undergoing assessment for KT.
Although recipients with pretransplant PH (PtPH) are at
higher risk for adverse outcomes compared with those with-
out PtPH, successful KT has been associated with reductions
in volume overload and reversal of hemodynamic abnormali-
ties, especially with well-functioning allografts in the imme-
diate postoperative period.**¢3° Further, patients with CKD
and PH often have additional comorbidity that influences the
progression of renal dysfunction and can be associated with
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an increased waitlist mortality.!3!-** Therefore, it is important
to weigh the relative risks of graft dysfunction and mortality
among KT recipients with PtPH in the context of high mortal-
ity faced by transplant candidates with PtPH who remain on
the waitlist.

To further define PH as a pretransplant clinical risk factor,
we used national longitudinal Medicare claims data to evalu-
ate outcomes and survival benefit of KT in recipients with
PtPH. These results may inform risk prediction and improve
patient counseling for transplant candidates with PtPH.

MATERIALS AND METHODS

Posttransplant Population

We studied 123983 first-time adult KT-only recipients
between January 1,2000 and December 31,2016, as reported
by the Organ Procurement and Transplantation Network
and linked to Medicare claims data by the US Renal Data
System (USRDS). We excluded those who did not have
Medicare as their primary payer within 1 y before transplant
(N=33164), resulting in a study cohort of 90819 recipients.
Recipient, donor, and transplant factors were extracted from
Centers for Medicare and Medicaid Services-2728 Medical
Evidence Report, waitlist, donor registration records, trans-
plant records, and claims (for obstructive sleep apnea [OSA])
as listed in Table 1. For complete case analysis within the
models, 1168 were excluded because of missing variables.
Recipients were followed from date of transplant to date of
death-censored graft failure (DCGF), death, or administrative
censorship on July 31, 2018. Follow-up duration was 0-18
y posttransplant. The median (interquartile range [IQR]) of
follow-up was 4.3 y (2.4-7.1) for PtPH recipients and 6.7
(3.6-10.6) for those without PtPH.

PtPH Ascertainment

PtPH was defined by a 2-component algorithm requiring
(1) at least 1 inpatient or 2 outpatient diagnosis codes 30 d
apart during listing (ICD-9: 4160,4168; ICD-10:1270,12789;
1272x); and (2) right heart catheterization (RHC) procedure
codes within 1y of PH diagnosis and before transplant (ICD-9:
3721, 3723; ICD-10: 4A023N6, 4A023N8; CPT10: 93501,
93526,93527,93528,93529; CPT11: 93451, 93453, 93454,
93455, 93456, 93457, 93460, 93461; HCPCS: C9741), as
previously described.®® Recipients who did not have eligible
claims for either component were classified as unexposed. The
median (IQR) duration between earliest date of Medicare-
primary coverage and earliest KT was 3.4 (2.1-5.3), 4.8
(3.2-7.0), and 3.4 (2.1-5.2) y in recipients with and without
PtPH, respectively. The median (IQR) duration between eli-
gible RHC claim and transplant was 495 (225-938) d, with
the median (IQR) duration between eligible diagnosis of PtPH
and transplant of 746 (338-1313) d.

Association Between PtPH and DGF

We defined DGF as recipient dialysis within 7 d following
transplant. We used stabilized inverse probability of treatment
weights (IPTW) to create balanced populations of recipients
with versus without PtPH, weighting on recipient factors
(age, sex, race, body mass index (BMI), glomerulonephritis,
coronary artery disease, diabetes [DM], hypertension [HTN],
years on dialysis), donor type (living donor [LDKT] versus
deceased donor [DDKT]), and transplant calendar year. We
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then compared the risk of DGF between the weighted popu-
lations of recipients with versus without PtPH using logistic
regression.

Association Between PtPH and DCGF and Mortality

We used weighted Cox proportional hazards regression
to estimate the weighted hazard ratio (HR) of mortality and
DCGF comparing recipients with and without PtPH, using
the weights calculated as described above. We then performed
subgroup analysis comparing LDKT and DDKT recipients
with PtPH, recalculating IPTW for each subgroup using the
same variables as described earlier, except for donor type for
which we stratified. Additionally, we tested for interaction
between donor type (LDKT and DDKT) and PtPH by exam-
ining the significance of interaction coefficient in unweighted
multivariable regression models.

Survival Benefit of KT for Candidates With PtPH

To quantify the benefit of KT in the PtPH population, we
analyzed the survival benefit of KT among waitlisted PtPH
candidates, using a stochastic extension of the sequential
stratification method of Schaubel.’* We excluded PtPH can-
didates who had neither activation date, nor transplant, nor a
record of active candidate status. Including ever-active PtPH
candidates from 2000 to 2016 (n=5618), we defined time
origin as the latter of listing date and earliest PtPH diagno-
sis claim date. Each transplant recipient was matched with a
single randomly chosen transplant candidate with PtPH who
was still on the waitlist who had accrued the same amount of
waiting time since the time origin. This candidate became the
counterfactual waitlist counterpart of the respective recipi-
ent. Recipients were then followed from time of transplant
to death or administrative censorship. Counterfactual waitlist
counterparts were followed from time of matching to death,
censorship for KT, or administrative censorship. We com-
pared mortality in KT recipients versus counterfactual waitlist
counterparts using Cox regression, applying IPTW based on
age at listing, sex, cause of end-stage renal disease (ESRD),
race and ethnicity, peak panel-reactive antibody (PRA), BMI,
blood type, and dialysis vintage.

Sensitivity Analyses

With regard to the potential confounding nature of
obstructive sleep apnea (OSA) and congestive heart failure
(CHF) on PtPH and posttransplant outcomes, we performed
2 sensitivity analyses to understand how OSA and CHF could
affect our inference. In the first analysis, we added OSA into
the model used to calculate IPTW, whereas in the second, we
added both OSA and CHEF. Pretransplant OSA was identified
by at least 1 inpatient or 2 outpatient diagnosis codes 30 d
apart (ICD-9: 32723; ICD-10: G4733), as it was not reported
in the Centers for Medicare and Medicaid Services-2728 form
and therefore not available in the USRDS database.

Transplant candidate and recipient characteristics were
compared using t-test for normally distributed continuous var-
iables, Wilcoxon rank-sum test for skewed distributed continu-
ous variables, and Fischer’s exact test for binary or categorical
variables. Weighted risk ratios and coefficients from multivari-
able adjustment models were obtained through complete case
analysis. Weighted confidence intervals were reported as per
the method of Louis and Zeger.’” All analyses were performed
using Stata 16.0/MP for Linux (College Station, TX).
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| TABLE 1. |
Characteristics of kidney transplant recipients with and without PtPH
Without PtPH With PtPH
(n=88178) (n=2641) P
Recipient
Age at transplant, mean (SD), y 52.5(13.5) 55.7 (12.1) <0.001
Female, n (%) 33861 (38.4) 1004 (38.0) 0.69
Race, n (%) <0.001
White 49015 (55.6) 1325 (50.2)
Black 31756 (36.0) 1110 (42.0)
Asian 4351 (4.9) 122 (4.6)
Others 2928 (3.3) 80 (3.0)
Not reported 128 (0.1) 4(0.2
Hispanic ethnicity, n (%) 16497 (18.8) 460 (17.5) 0.081
BMI, median (IQR) 27.7 (24.0-31.8) (n=81954) 27.1(23.7-31.3) (n=2514)  <0.001
Pretransplant dialysis, n (%) 88177 (100.0) 2641 (100.0) 1.0
Dialysis vintage, median (IQR), y 4.3(2.8-6.1) (n=88177) 5.9 (4.0-8.1) (n=2641) <0.001
Comorbidities, n (%) <0.001
HTN 76415 (86.8) 2352 (89.2)
DM 32950 (37.4) 1252 (47.5) <0.001
COPD 1458 (1.8) 66 (2.6) 0.001
CAD 7289 (8.4) 308 (11.7) <0.001
CHF 10576 (12.8) 493 (19.7) <0.001
0SA 7303 (8.3) 574 (21.7) <0.001
Primary ESRD diagnosis, n (%) <0.001
Glomerular diseases 18568 (21.1) 469 (17.8)
DM 25639 (29.1) 969 (36.7)
HTN 25820 (29.3) 819 (31.0)
PCKD 5773 (6.5) 120 (4.5)
Neoplasm/tumor 362 (0.4) 13(0.5)
Other 3736 (4.2) 79 (3.0)
Not reported 8280 (9.4) 172 (6.5)
Donor
Age, mean (SD), y
Female, n (%) 39.8 (15.3) (n=88177) 41.2 (14.6) (n=2641) <0.001
Race, n (%) 38502 (43.7) 1164 (44.1) 0.68
White 71483 (81.1) 2104 (79.7) 0.21
Black 13494 (15.3) 442 (16.7)
Asian 2232 (2.5) 69 (2.6)
Others 955 (1.1) 25(0.9)
Not reported 4(<1) 1(1)
Ethnicity, n (%) 13741 (15.6) 367 (13.9) 0.018
BMI, median (IQR), kg/m? 26.5 (23.2-30.4) (n=284534) 6.8 (23.4-30.9) (n=2546)  0.030
Comorbidities, n (%) 0.001
HTN 20640 (24.7) 704 (27.5)
DM 5054 (6.0) 164 (6.4) 0.46
Donor type, n (%) 0.011
Living donor 15194 (17.2) 405 (15.3)
DCD 9357 (12.8) 357 (16.0) <0.001
Transplant

HLA mismatches, median (IQR)
CIT, median (IQR), h
CIT over 24h,n (%)

5.0 (4.0-6.0) (1=87 066)
15.0 (9.0-22.0) (1=80743)
15691 (19.4)

50 (5.0-6.0) (1=2611)  <0.001
15.0 (9.0-22.0) (1=2489)  0.93
464 (18.6) 0.43

BMI, body mass index; CAD, coronary artery disease; CHF, congestive heart failure; CIT, cold ischemia time; COPD, chronic obstructive pulmonary disorder; DCD, donation after circulatory death;
DM, diabetes mellitus; ESRD, end-stage renal disease; HTN, hypertension; IQR, interquartile range; OSA, obstructive sleep apnea; PCKD, polycystic kidney disease; PtPH, pretransplant pulmonary

hypertension.

RESULTS

Posttransplant Study Population
Among 90819 KT recipients, 2641 (2.9%) had PtPH.

Recipients with PtPH were older (55.7 versus 52.5y, P<0.001),
more often Black (42% versus 36%, P<0.001), had lower

BMI (27.1 versus 27.7, P<0.001), longer dialysis vintage (5.9
versus 4.3 y, P<0.001), and higher rates of comorbidities,
such as HTN (89.2% versus 86.8%, P<0.001), DM (47.5%

versus 37.4%, P<0.001), chronic obstructive pulmonary dis-
order (COPD) (2.6% versus 1.8%, P=0.001), coronary artery
disease (11.7% versus 8.4%, P<0.001), CHF (19.7% versus



4 Transplantation DIRECT m 2021

12.8%, P<0.001), and OSA (21.7% versus 8.3%, P<0.001)
compared with those without PtPH. The primary ESRD diag-
noses of DM (36.7% versus 29.1%) and HTN (31% versus
29.3%) were more common in recipients with PtPH. With
regard to donor characteristics, recipients with PtPH received
organs from older donors (41.2 versus 39.8 y, P<0.001), and
donors with higher rates of HIN (27.5% versus 24.7% v,
P=0.001), and circulatory death (donation after circulatory
death [DCD]) (16% versus 12.8%, P<0.001). There were no
differences in HLA mismatch or cold ischemia time between
recipients with or without PtPH (Table 1).

PtPH and Post-KT Outcomes

DGF

Overall, 23484 (25.9%) recipients experienced DGE. DGF
occurred in 857 (32.5%) of recipients with PtPH and 22 627
(25.7%) without PtPH. Weighted for recipient and donor fac-
tors, recipients with PtPH were more likely to experience DGF
compared with those without PtPH (odds ratio [OR], 1.23;
95% CI, 1.10-1.36; P<0.001) (Table 2).

DCGF

Overall, 23520 (25.9%) experienced DCGF including 581
(22%) of recipients with PtPH and 22939 (26%) without
PtPH. KT recipients with PtPH had a higher DCGF rate at
1y (8.3% versus 6.2%), 3 y (14.6% versus 11.8%), and 5 y
(21.6% versus 17.8%) compared with those without PtPH.
After adjusting for recipient and donor factors, recipients with
PtPH were more likely to experience DCGF compared with
those without PtPH (HR, 1.23; 95% CI, 1.11-1.38; P<0.001)
(Figure 1, Table 2).

Mortality

Overall, 32989 (36.3%) of all KT recipients died at the end
of follow-up, including 1029 (39%) of recipients with PtPH
and 31960 (36.2%) without PtPH. KT recipients with PtPH
had a higher mortality rate at 1 y (8.3% versus 4.7%), 3 y
(18.7% versus 10.5%), and 5y (29.4% versus 17.9%) com-
pared with those without PtPH. In an adjusted analysis, KT
recipients with PtPH had higher risk of mortality (HR, 1.56;
95% CI, 1.44-1.69; P<0.001) compared with those without
PtPH (Figure 2, Table 2).

Interaction Between PtPH and Donor Type (LDKT
and DDKT)

Recipients with PtPH who received LDKT compared with
those who received DDKT were less likely to experience DGF
(PtPH with DDKT: 822, PtPH with LDKT: 35, non-PtPH
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with DDKT: 21637, non-PtPH with LDKT: 990; OR, 0.14;
95% CI, 0.09-0.22; P<0.001), and DCGF (HR, 0.67; 95%
CIL, 0.50-0.89; P=0.007). There was no significant differ-
ence in mortality among recipients with PtPH who received
LDKT compared with DDKT (HR, 0.87; 95% CI, 0.71-1.07;
P=0.2). In an interaction analysis, the coefficients were not
significant between PtPH and donor type in association with
DGF (P=0.84), DCGF (P=0.83), or mortality (P=0.086)
(Table 2).

Survival Benefit of KT in Recipients With PtPH

Among candidates with PH, those who received KT were
more often male (61.4% versus 54.9%, P<0.001) and White
(50.7% versus 45.2%, P=0.002), had lower BMI (28.2 ver-
sus 28.6, P<0.001), and higher dialysis vintage (1.68 versus
1.50 y, P=0.002) compared with their counterfactual wait-
list counterparts before weighting (Table 3). These differences
were not clinically significant. After applying for the weights,
the waitlist and transplant populations were comparable with
regard to age, sex, race, blood type, primary diagnosis of
ESRD, PRA, and dialysis vintage (Table S1, SDC, http://links.
lww.com/TXD/A350). Patients with PtPH who received a KT
had higher survival rates compared with those who remained
on the waitlist at 1y (92.3% versus 88.3%), 3y (81.9% ver-
sus 68.0%), and 5y (70.9% versus 53.0%). Overall, patients
with PtPH who received a KT had a 46% reduction in mortal-
ity compared with candidates eligible for KT who remained
on the waitlist (HR, 0.54; 95% CI, 0.48-0.61; P<0.001)
(Figure 3).

Sensitivity Analysis

After adding OSA to the list of variables used to calculate
IPTW, the weighted DGF (OR, 1.26; 95% CI, 1.13-1.41;
P<0.001), mortality (HR,1.58;95% CI,1.46-1.72; P<0.001),
and DCGF (HR, 1.26; 95% CI, 1.13-1.40; P<0.001) were
consistent with the main findings. The main findings held true
with the addition of both OSA and CHEF, weighted DGF (OR,
1.25; 95% CI, 1.12-1.41; P<0.001), mortality (HR, 1.59;
95% ClI, 1.46-1.73; P<0.001), and DCGF (HR, 1.25; 95%
CI, 1.11-1.40; P<0.001).

DISCUSSION

In this national study of kidney transplant recipients using
longitudinal Medicare claims data, recipients with PtPH had a
1.2-fold increase in the odds of DGF, 1.2-fold increase in risk
of DCGF, and 1.5-fold increase in the risk of posttransplant
mortality. Importantly, even though recipients with PtPH
had inferior posttransplant outcomes compared with those

Association between PtPH and postkidney transplant outcomes including DGF, DCGF, and mortality

Without PtPH
LDKT vs DDKT

Outcome With vs without PtPH

With PtPH
LDKT vs DDKT

Interaction between PtPH
and donor type (LDKT vs DDKT)

DGF, mean (OR)
DCGF, mean (HR)
Mortality, mean (HR)

1.23 (1.10-1.36); P<0.001
1.23 (1.11-1.38); P<0.001
1.56 (1.44-1.69); P<0.001

0.20 (0.19-0.22); P<0.001
0.72 (0.69-0.75); P<0.001
0.84 (0.81-0.87); P<0.001

0.14 (0.09-0.22); P<0.001
0.67 (0.50-0.89); P=0.007
0.87 (0.71-1.07); P=0.196

0.96 (0.67-1.39); P=0.84
1.03 (0.81-1.30); P=0.83
1.16 (0.98-1.37); P=0.086

In a subgroup analysis, recipients with PtPH who received LDKT had lower odds of DGF and lower risk of DCGF. In an interaction analysis, the benefit in receiving LDKT was not significantly different

in recipients with PtPH compared with those without PtPH.

DCGF, death-censored graft failure; DDKT, deceased donor kidney transplant; DGF, delayed graft function; HR, hazard ratio; LDKT, living donor kidney transplant; OR, odds ratio; PtPH, pretransplant

pulmonary hypertension.
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100%

— — — With PtPH

Without PtPH

40% 60% 80%

Death Censored Graft Loss (%)
20%

0%

HR: (111 1.23 1351 p<0.001

At Risk (n)
With PtPH 2617
Without PtPH 87034

1983
72617

4 6 8
Years
1240 730 425
55243 40221 27535

FIGURE 1. Death-censored graft failure after kidney transplant in recipients with and without PtPH. Recipients with PtPH had a 1.2-fold
increased risk of death-censored graft failure. HR, hazard ratio; PtPH, pretransplant pulmonary hypertension.

without PtPH, they had a 46% reduction in mortality com-
pared with PtPH candidates who remained on the waitlist.
These findings suggest that KT is a viable treatment modality
for appropriately selected ESRD patients with PtPH.

Our findings regarding PtPH and inferior post-KT out-
comes are consistent with other studies on the topic. In a
single-center study of 55 KT recipients, PtPH was identified
in 38% of the cohort. Although DGF did not occur among
LDKT recipients with PtPH, DGF was more common among
DDKT recipients with PtPH (56% versus 11.7%, P=0.01)
compared with those without PtPH. After adjusting for recipi-
ent, donor and other transplant factors, PtPH was associated
with 15-times higher odds of DGE.? In another study of 215
KT recipients, pretransplant PtPH was present in 32% of
transplant recipients. An RSVP >50 on echocardiography was
found to be independently associated with an increased risk
of posttransplant mortality (HR, 3.75; 95% CI, 1.17-11.97;

P=0.016)." These findings, along with ours, support the
notion that PtPH is a strong and independent predictor of
DGF and mortality after KT.

Our study extends these findings and further analyzes the
interaction between PtPH and donor type. Consistent with
other studies, we found that PtPH is associated with DGF,
which may lead to difficulties in optimization of volume status
after transplantation and exacerbate hypertension, increased
central pressure, and pulmonary artery pressure.’® Therefore,
successful KT may afford the opportunity for better volume
control, especially with well-functioning allografts such as
those from living donors. Although our subgroup analysis
demonstrated that recipients with PtPH who received LDKT
had lower odds of DGF and lower risk of DCGEF, the interac-
tion between donor type and PtPH in association with post-
KT outcomes was not significant. In other words, although
LDKT still offers better outcomes compared with DDKT

100%
1

— — — With PtPH

Without PtPH

Mortality (%)
60%  80%

40%
1

20%
1

0%
1

HR: [1.44 1.56 1597 p<0.001

At Risk (n)
With PtPH 2641
Without PtPH 88178

2165
79105

4 6 8
Years
1422 877 534
63313 48798 35710

FIGURE 2. Mortality after kidney transplant in recipients with and without PtPH. Recipients with PtPH had a 1.5-fold increased risk of mortality.

HR, hazard ratio; PtPH, pretransplant pulmonary hypertension.
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Characteristics of candidates with pulmonary hypertension
who received a KT or remained on the waitlist

KT Waitlist
(n=2331) (n=2331) P

Age at listing, mean (SD), y 52.8 (12.3) 52.6 (11.5) 0.67
Female gender, n (%) 900 (38.6) 1051 (45.1) <0.001
Race, n (%) 0.002

White 1181 (50.7) 1054 (45.2)

Black 985 (42.3) 1099 (47.1)

Asian 102 (4.4) 102 (4.4)

Others 63 (2.7) 76 (3.3)
Ethnicity, n (%) 0.97

Non-Hispanic 1908 (81.9) 1901 (81.6)

Probable Hispanic origin 423 (18.1) 423 (18.1)

Missing 0(0.0) 7(0.3)
BMI, mean (SD), kg/m? 28.2 (5.56) (n=2325) 28.6 (5.90) (1=2286) <0.001
ABO blood group, n (%) <0.001

0 1101 (47.2) 1258 (54.0)

A 795 (34.1) 565 (24.2)

B 327 (14.0) 436 (18.7)

AB 108 (4.6) 72(3.1)
Primary ESRD diagnosis, n (%) 0.050

DM 925 (39.7) 983 (42.2)

HTN 675 (29.0) 647 (27.8)

GN 478 (20.5) 419 (18.0)

PCKD 84 (3.6) 75(3.2)

Others 169 (7.3) 201 (8.6)

Missing 0(0.0) 6(0.3)
Dialysis vintage, median (QR),y  1.68 (0.72-3.73)  1.50(0.71-3.05)  0.002
Maximum PRA, median (IQR), % 0(0-26.7) 0.3 (0-45) <0.001

BMI, body mass index; DM, diabetes mellitus; ESRD, end-stage renal disease; GN, glomerulo-
nephritis; HTN, hypertension; IQR, interquartile range; KT, kidney transplant; PCKD, polycystic
kidney disease; PRA, panel-reactive antibody.

100%
1

40% 60% 80%
| 1 1

Survival (%)

20%
1

0%
1

HR: [0480.54 051 p<0.001
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among recipients with PtPH, LDKT did not mitigate the risk
associated with PtPH.

This study has a few notable limitations. Our study popula-
tion is limited to Medicare-primary patients, which may not
be generalizable to non-Medicare patients. However, given
that all ESRD patients requiring dialysis therapy are eligible
for Medicare, this is a common inclusion criterion in stud-
ies of ESRD patients.***! Another important limitation of
this study is the use of administrative claims data to identify
candidates with PtPH. Currently, the gold standard in diag-
nosing PtPH is by RHC measuring mean pulmonary artery
pressure of 25 mm Hg or greater at rest.* These granular
data are not available in large registries to directly measure
the severity of PtPH. Furthermore, it is plausible that patients
with PtPH who are on the waitlist may be less likely to have
severe disease. However, our study population only consists
of candidates with PtPH who were deemed clinically appro-
priate for transplantation, excluding those who were listed
but never active on the waitlist potentially because of disease
severity. Therefore, the estimates of the association between
PtPH and post-KT outcomes are likely conservative. As such,
although we cannot be certain, we do not believe selection
bias is likely to play a large role in our findings. The 2-com-
ponent algorithm method including diagnosis codes and RHC
procedure codes used in this study has been shown to improve
the true-positive cases of PtPH.?* This method likely reduced
our sample size as indicated by the lower percentage of PtPH
recipients compared with other single-center studies. Finally,
this study was based on observational data and therefore
remains unclear whether improved treatment and manage-
ment of PH before transplant would result in improved renal
allograft outcomes and patient survival.

In conclusion, PtPH is a strong and independent risk fac-
tor for inferior post-KT outcomes; however, compared with
remaining on the waitlist, getting transplanted is associated
with better survival. Therefore, KT is a viable treatment
modality for appropriately selected ESRD patients with

= == == Racipients
Candidates

0 2

At Risk (n)
Recipients 2325 1730
Candidates 2282 833

4 6 8
Years

1120 665 376
244 56 17

FIGURE 3. Overall survival in kidney transplant recipients with pretransplant pulmonary hypertension compared with candidates with
pretransplant pulmonary hypertension who remained on the waitlist. Recipients with pretransplant pulmonary hypertension who received a
kidney transplant had a 46% reduction in mortality compared with candidates eligible for kidney transplant who remained on the waitlist. HR,

hazard ratio.
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PtPH. These results inform risk stratification and improve
pretransplant planning and counseling for transplant candi-
dates with PtPH.
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