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Abstract

Background. Evidence regarding the optimal timing of peritoneal dialysis catheter (PDC) removal in renal
graft recipients is limited. While some centers opt for removal during the transplant procedure, others defer
catheter removal to various time points post-transplantation.

Objectives. Inthis multicenter cardinality-matched cohort study, we aimed to determine the optimal timing
of PDC removal in patients undergoing kidney transplantation.

Materials and methods. Data from 324 patients were collected across 5 centers. We compared patients
who had catheters removed during renal transplant (the PD(-free group) with those who had them removed
after the procedure (the PDC group), matched 1:2 by age, sex, body mass index (BMI), living, and extended
criteria donor statuses. We evaluated: 1) the need for dialysis within 2 post-transplant months, 2) a com-
posite endpoint of catheter-related infection, peritonitis and/or surgical site infection, and 3) the length
of hospitalization.

Results. After cardinality matching, the groups were well-balanced across all matching covariates. Postop-
erative dialysis was required in 14% of patients, with no statistically significant difference observed between
the PDC-free and PDC groups (19% vs 12%; odds ratio (OR) = 1.94; 95% confidence interval (95% Cl):
0.78—4.81;p=10.152). Of the 14 patients in the PDC group who required dialysis postoperatively, only 3 were
managed with peritoneal dialysis. No statistically significant difference was noted for the composite endpoint
(8.6% V5 6.2%; OR = 0.74; 95% (I 0.20—2.77; p= 0.656). Hospitalization was significantly longer in patients
from the PDC group (median [interquartile range (IQR)]: 11 [9-15] vs 9 [7-12]; BM = —3.036; p = 0.003).

Conclusions. This study did not demonstrate any benefits associated with delaying PDC removal in renal
graft recipients. On the contrary, postponing removal was linked to prolonged hospitalization.
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Highlights

recipients.

+ No clear evidence exists on the optimal timing for peritoneal dialysis catheter removal in kidney transplant

« This is the first multicenter, cardinality-matched cohort study comparing outcomes of peritoneal dialysis catheter
removal at the time of transplantation versus delayed removal.

« Study results do not support routine delayed peritoneal dialysis catheter removal after kidney transplantation.

« Peritoneal dialysis catheter management in renal transplant patients should follow an individualized approach,
based on comprehensive risk—benefit analysis and patient-centered care.

Background

The perioperative care of peritoneal dialysis patients
undergoing renal transplantation involves addressing
various challenges across the preoperative, intraoperative
and postoperative phases.! These include but are not lim-
ited to optimizing dialysis, controlling the increased risk
of catheter-related infections, including peritonitis, bal-
ancing fluid volume and nutritional statuses, monitoring
surgical wound healing, ensuring rejection surveillance,
and establishing alternative acute or chronic renal replace-
ment therapy in case of graft failure or loss.? Another di-
lemma that transplant surgeons face is related to provid-
ing peritoneal dialysis catheter (PDC) management that
is most beneficial for the renal recipient. The problem can
be summarized by the clinical question of whether PDCs
should be left intact or removed during the transplant
procedure.?

Unfortunately, there is currently no consensus or robust
evidence to guide transplant teams on the optimal tim-
ing for PDC removal in renal graft recipients.>* Different
centers and individual transplant surgeons follow various
policies. These include routine removal of the catheters
at the time of transplant3-8 or postponing it until various
postoperative time points.”!° The European Best Practice
Guidelines for peritoneal dialysis suggest they can be left
intact for around 3—4 months following transplantation
even if good graft function is observed.! However, these
guidelines, published in 2005, have never been updated
(also by other peritoneal dialysis expert groups or soci-
eties) and faced criticism due to their methodological
constraints.'?

A recent systematic review and meta-analysis concern-
ing 8 non-randomized studies of interventions did not
provide a definitive answer to the question about optimal
catheter removal in renal graft recipients due to the high
risk of bias of the included studies.’ It showed that sev-
eral factors should be taken into account when planning
perioperative and post-transplant catheter management,
i.e., the risk of early graft dysfunction requiring renal re-
placement therapy (including acute and chronic dialysis),
the risk of infectious or other catheter-related complica-
tions, as well as the patient’s preferences.

According to Gardezi et al.,'* patients receiving peri-
toneal dialysis are more likely to undergo kidney trans-
plantation compared to those on hemodialysis. Similar
trends are also observed in Poland where around 4% (4.24%
in 2021 and 4.17% in 2022) of dialyzed patients are treated
with peritoneal dialysis.!” Taking that into account, there
isan increasing need to provide objective evidence to help
clinicians and patients plan optimal dialysis catheter man-
agement to ensure the best possible transplant outcome,
including quality of life, and potentially reduce the number
of subsequent hospitalizations and costs.

Objectives

The objective of this retrospective cohort study was to deter-
mine the optimal timing of PDC removal in renal graft recipi-
ents by comparing patients with catheters removed at the time
of and after kidney transplantation, concerning the incidence
of requiring dialysis after the procedure, infectious complica-
tions and the length of hospitalization.

Materials and methods
Study design

We conducted a multicenter retrospective cardinality-
matched cohort study in peritoneal dialysis patients under-
going kidney transplantation. The reporting of this study
conforms to the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) and Strengthen-
ing the Reporting of Cohort Studies in Surgery (STROCSS)
2021 guidelines.!%1”

Ethical approval

Ethical approval and informed consent collection were
waived by the local Ethics Committee of the Medical Uni-
versity of Warsaw, Poland (decision No. AKBE/26/2021) due
to the retrospective character of this study. This study was
conducted in accordance with the principles of the Declara-
tion of Helsinki.
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Setting and participants

Retrospective data concerning adult (=18 years old) re-
nal graft recipients previously managed with peritoneal
dialysis were collected from patient’s medical records
across 5 kidney transplant centers in Poland. Patients
transplanted between 2010 and 2021 were considered eli-
gible for inclusion, ensuring at least 1 year of follow-up.
We excluded patients with PDCs removed more than 1 day
before the transplant procedure, those who underwent
multiorgan transplantation, or individuals with Bricker
ileal conduit urinary diversion. Patients with unknown
group assignment (no information on whether the PDC
was removed at the time or after kidney transplantation)
or with missing matching variables were also excluded
from the final analyses.

Both deceased donor (all after brain death) and liv-
ing donor renal transplant procedures were included
in the study. The PDC removal timing was at the discre-
tion of the transplant surgeon or other treating physician.
Some of them preferred removing the catheters at the time
of transplantation, while others postponed it. The achieve-
ment of stable graft function most commonly defined
the time of delayed removal.

Variables

Medical records from transplant wards and outpatient
clinics were searched to collect recipients’ and donors’ age,
sex, body mass index (BMI), subjects’ cumulative dialysis
vintage (in months), and number of episodes of peritonitis
before and after transplantation. Donor characteristics,
including extended criteria and living donor status, were
identified. Renal graft’s cold ischemia, vascular anasto-
mosis and operative times (all in minutes), graft storage
modality (including simple cold storage, hypothermic
machine perfusion and their combination), and PDC
placement site were extracted. Information about the use
of central line catheters during surgery, surgical drain-
age placement, as well as length of hospitalization and
surgical drainage use (both in days) were collected. Data
concerning intraoperative peritoneum breaches, ascites,
urinary leakage, urinary tract infections, catheter-related
infections, delayed graft function (defined as the need for
dialysis within 7 post-transplant days), types of dialysis
used following surgery, and peritoneal dialysis removal
time after transplantation (in days), and 1-year graft sur-
vival were evaluated.

Study endpoints

The primary endpoint was the incidence of needing dialy-
sis within 2 post-transplant months.!® Secondary objectives
included a composite endpoint defined as the incidence
of catheter-related infection, peritonitis and/or surgical site
infection, as well as the length of hospitalization.
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Cardinality matching

All patients were assigned to the group of recipients
whose PDCs were removed at the time of renal transplanta-
tion (the PDC-free group) or after the procedure (the PDC
group). Cardinality matching!® was used to match patients
1:2 by 5 covariates, i.e., kidney recipient’s age, sex, BMI,
living, and extended criteria donor statuses. These fac-
tors were selected based on the discussion and consensus
among the co-authors, following the evaluation of a web
of causation and literature search (to identify factors affect-
ing both the peritoneal dialysis removal and the need for
dialysis early after transplantation). Cardinality matching
uses advanced programming techniques to find the larg-
est matched sample balanced by prespecified covariates
without relying on, and thus overcoming some limitations
of, the propensity scores or coarsened covariate values.!*-2!
The matching was performed using the MatchIt package??
in R with the optimization performed by the HiGHs opti-
mization solver.”? An imbalance between the groups was
considered when absolute mean differences were greater
than 0.1.

Study size

Assumptions for sample size calculation were based
on the study by Kwong et al.>* and the recent meta-analysis
of observational studies.’ Setting a error at 0.05, B error
at 0.2, the allocation ratio 1:2 and assuming the propor-
tion for the primary endpoint at 0.19 in the PDC and 0.05
in the PDC-free group, we calculated the required sample
size of 186 (62 subjects in the PDC and 124 in the PDC-free
group). The calculations were performed using a priori
sample size calculation for Fisher’s exact test in G*Power
v. 3.1.9.7 (Heinrich Heine University, Diisseldorf, Germany,
2020).%°

Statistical analyses

Continuous variables were summarized using means
with standard deviations (SDs) or medians with interquar-
tile ranges (IQRs), depending on whether the normal dis-
tribution was determined using the QQ plot, histogram
and the Lilliefors test assessment. The Lilliefors test was
given priority over other assessments when evaluating
the distribution of continuous data. Categorical covariates
were expressed as the number of observations and per-
centages. No imputation was used to replace missing data
(missing data were deleted pairwise). Differences between
the groups for categorical variables were evaluated using
Fisher’s exact (when an expected value was less than 5)
or X2 tests of independence, as appropriate. For continuous
variables, the permuted Brunner—Munzel test was used.

In the matched cohort, the average marginal treatment
effect was evaluated with G-computation using robust
confidence intervals.?® For the primary and secondary
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composite endpoints, logistic regression models with
the matching variables as covariates, and matching weights
included, were created. The results were presented using
odds ratios (ORs) and robust 95% confidence intervals
(95% Cls). Assumptions of the logistic regression models
were verified using the Box—Tidwell test, Variance Inflation
Factor evaluation and Cook’s distance analysis. The Bon-
ferroni correction was applied to account for multiple
comparisons. A two-sided p-value less than 0.0167 (to ac-
count for the multiple tests performed) was considered
statistically significant. All calculations, statistical tests
and visualizations were performed using the Matchlt,??
HiGHS,? cobalt,?” ggplot2,? easyalluvial,?® tableone,*® and
marginaleffects3! packages in R v. 4.3.2 (R Foundation for
Statistical Computing, Vienna, Austria).

Results
Sample characteristics

We collected data from 324 patients from 5 transplant
centers. After excluding those with missing data for
the matching or grouping variables, 324 were considered
eligible for inclusion. In the final analysis, 64 patients from
the PDC-free group were matched 1:2 with 128 patients
assigned to the PDC group (a total sample size of 192).
The flow of patients in the study is summarized in Fig. 1.

After the cardinality matching was conducted, 2 groups
balanced (absolute standardized mean difference
(SMD) <0.1) in terms of all matching variables were estab-
lished (Fig. 2,3). The studied population consisted of 47%
of females (48% in the subgroup of kidney recipients who
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[ 324 patients screened j

39 patients excluded
due to missing
Y matching data

[285 patients with complete

matching data

A

Unmatched groups:

221 patients with PDC left in situ
64 patients with PDC removed during KTx
J
Matched groups:

_ | 93 patients
"| unmached
128 patients with PDC left in situ

64 patients with PDC removed during KTx
J

\i

Fig. 1. Study flowchart

PDC - peritoneal dialysis catheter; KTx — kidney transplantation.

had their PDCs removed after and 45% in those with cath-
eters removed at the time of surgery). The operative time
was longer in patients with catheters removed at the time
of surgery (median [IQR]: 150 [130-181] vs 130 [105-156]
min; BM = 3.403, p = 0.002). The peritoneum was left intact
following the procedure in 66% (84/128) of subjects from
the PDC group and 64% (41/64) of those from the PDC-free
group (x% = 0.046, p = 0.830). A central venous catheter
was inserted more often in the PDC-free group (90% vs
53%; x4 = 25.991, p < 0.001). Surgical drainage was utilized

Fig. 2. Absolute standardized
mean differences before and after

age [years]

sex (male/female)

BMI [kg/m?]{

living kidney |
donor (yes/no)

extended criteria |
donor (yes/no)

cardinality matching

BMI - body mass index.

Sample

All
Matched

0.0 0.1 0.2

0.3

Absolute Standardized Mean

Differences
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in 97% of subjects (98% in the PDC and 95% in the PDC-
free group; p = 0.336). The median [IQR] time to PDC
removal in the PDC group was 64 [42-97] days (the short-
est time was 6 days and the longest one 243). Key baseline
characteristics of the studied population are summarized
in Table 1, while operative and postoperative characteris-
tics are presented in Table 2.

Primary and secondary endpoints

The primary endpoint, defined as the need for dialy-
sis within 2 post-transplant months was observed in 19%
of patients from the PDC-free and 12% of patients from
the PDC group, with no statistically significant differ-
ence noted between the groups (OR = 1.94; 95% CI: 0.78
—4.81; p = 0.152, Table 3). Only 3 out of 14 subjects with
PDCs available underwent peritoneal dialysis (Table 2).
Similarly, no clinically and statistically significant differ-
ence was identified for the secondary composite endpoint
of the incidence of catheter-related infections, peritoni-
tis and/or surgical site infections. It was detected in 6.2%
of patients with PDCs removed at the time of transplant
and in 8.6% of recipients with catheters removed after
the surgery (OR = 0.74; 95% CI: 0.20 — 2.77; p = 0.656,
Table 4). These outcomes are presented graphically in Fig. 4
and Fig. 5. No significant differences were also identified
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(B) Distributional balance for sex

Matched

0.5
é 0.4 Group
20_3. E PDC
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D_ 01 4

0.0
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sex

(D) Distributional balance for extended
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0.8

c
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Group

PDC
PDC-free

Fig. 3. Distributional balance assessment before and after matching
using density plots for recipient’s age (A) and BMI (E), and bar graphs
for recipient’s sex (B), living renal donor (C) and extended criteria donor
statuses (D)

BMI — body mass index; PDC — peritoneal dialysis catheter; KTx — kidney
transplantation.

when catheter-related infections other than peritonitis,
peritonitis and surgical site infections were evaluated sepa-
rately (Table 2).

The length of hospitalization was statistically signifi-
cantly shorter in the PDC-free group (median [IQR],
9 [7-12] vs 11 [9-15] days; BM = -3.036, p = 0.003).

Discussion

In this pragmatic cardinality-matched cohort study,
we showed that there was no statistically significant dif-
ference in the incidence of needing dialysis within the first
2 post-transplant months between patients whose PDCs
were left in situ during kidney transplantation and those
whose catheters were removed at the time of the proce-
dure. Accordingly, we could conclude that the current
decision-making based solely on the surgeon’s discretion
is not optimal and fails to predict which patients could
potentially benefit from postponing the catheters’ removal.
Therefore, we seek to determine more objective factors
to guide the medical practice on the optimal peritransplant
management of peritoneal dialysis patients.

Interestingly, in our study, more patients had
their Tenckhoff catheters left in place than removed
at the time of transplantation. A similar proportion was
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Table 1. Baseline demographic and clinical characteristics of patients before and after matching

Unmatched comparisons

Variable overall
(n=285)

PDC group
(n=221)

PDC-free group overall
(n=64)

Matched comparisons

PDC group PDrCc:free
(n=128) group

(n=192) (n = 64)

Donor’s BMI [kg/m?] 2541[23.1-27.7]  256[23.1-27.7]

Recipient’s age* [years] 48 [35-58] 49 [37-58] 40 [31-54] 0.384 40 [32-54] 40 [33-53] 40 [31-54] 0.051
Recipient’s sex: Female* 146/285 (51%) 117/221 (53%) 29/64 (45%) 0.153 90/192 (47%) 61/128 (48%) | 29/64 (45%) 0.047
Recipient’s BMI* [kg/m?] 24.8 (3.9) 25.1 (3.9) 239 (4.0) 0.306 24.0 (4.0) 24.1 (4.1) 23.9 (4.0) 0.045
Dialysis vintage [months] 19 [12-36] 21 [12-36] 16 [10-25] 0.372 17 [11-33] 18 [12-36] 16 [10-25] 0.256
Donor’s age [years] 48 [35-57] 48 [34-57] 48 [37-54] 0.075 48 [35-56] 48 [34-56] 48 [37-54] 0.010
Donor’s sex: Female 85/284 (30%) 68/221 (31%) 17/63 (27%) 0.084 55/191 (29%) 38/128 (30%) 17/63 (27%) 0.060

25.1[23.1-27.71 = 0.035

Living renal donor* 10/285 (3.5%) 7/221 (3.2%) 3/64 (4.7%) 0.078 9/192 (4.7%) 6/128 (4.7%) 3/64 (4.7%) | <0.001
Extended criteria donor* 68/285 (24%) 56/221 (25%) 12/64 (19%) 0.159 38/192 (20%) 26/128 (20%) 12/64 (19%) 0.039
Cold ischemia time' [min] 1211 (551) 1286 (533) 1005 (552) 0.520 1159 (559) 1259 (542) 1005 (552) 0.465
0 229/265 (86%) 173/202 (86%) 56/63 (89%) 158/183 (86%) = 102/120 (85%)  56/63 (89%)
Episodes 1 26/265 (9.8%) 21/202 (10%) 5/63 (7.9%) 17/183 (9.3%) 12/120 (10%) 5/63 (7.9%)
of peritonitis 0.109 0.121
Before KT 2 6/265 (2.3%) 5/202 (2.5%) 1/63 (1.6%) 4/183 (2.2%) 3/120 (2.5%) 1/63 (1.6%)
3 4/265 (1.5%) 3/202 (1.5%) 1/63 (1.6%) 4/183 (2.2%) 3/120 (2.5%) 1/63 (1.6%)
PDC site: Right 68/228 (30%) 48/179 (27%) 20/49 (41%) 0299 = 50/149(34%)  30/100 (30%) = 20/49 (41%) = 0.228

25.1[22.9-27.5]  25.1[22.9-274] 25.1 [23.1-27.7] 0.043

Continuous variables were summarized using means (standard deviation (SD)) or medians (interquartile range (IQR)), while the categorical ones as n (%).
PDC - peritoneal dialysis catheter; KTx — kidney transplantation; ASMD - absolute standardized mean difference (calculated using the tableone package
in R); BMI — body mass index. * Matching covariates. T Data were missing for 31 subjects from one of the transplant centers participating in the study.

presented in a study by Warren et al,.> who analyzed
data from 2 centers in the UK. Unfortunately, it is im-
possible to retrospectively evaluate why this approach
was preferred. What could give some hints is the longer
cold ischemia time in the PDC group (Table 2) which,
however, was not associated with a higher risk of need-
ing dialysis early after transplantation. Nevertheless,
feasible is the evaluation of whether attempts of peri-
toneal dialysis following transplantation were suc-
cessful. The results are not very promising. Only 3 out
of 14 patients (3 out of 27 in the unmatched cohort,
Table 2) requiring dialysis underwent peritoneal dialysis
despite having Tenckhoff catheters left intact during
their transplant procedures. Reports based on large da-
tabases prove that there is potential to use peritoneal
dialysis more frequently. In France, according to a re-
port by the Biomedicine Agency from 2013, only 5.1%
of patients with failed allografts receive peritoneal dialy-
sis32 while in the USA this figure was at 16% (data from
the United States Renal Data System).3® Furthermore,
the patients’ preferences are also important to consider
when selecting between various dialysis modalities fol-
lowing graft failure. These are highly individualized
and usually depend on various factors, including, i.a.,
individual circumstances, medical history, lifestyle con-
siderations, experience, expectations, and perceptions.3
Nevertheless, this is also influenced by the actual avail-
ability of both dialysis modalities and whether patients
are provided by their healthcare providers or insurers
with the option to choose between them.

Assuming that both the clinical team and the patient
would consider having a PDC left in place during the trans-
plant procedure, a question remains: How to predict the risk
of needing dialysis after the procedure? There are 2 main
different scenarios when dialysis might be needed shortly
after kidney transplantation, i.e., in case of delayed graft
function or primary non-function/early graft loss. Unfor-
tunately, the process of restarting any type of dialysis after
kidney transplant failure is not well addressed in clinical
guidelines.?® In the meta-analysis of 8 non-randomized
studies of intervention from 2022, the pooled prevalence
of needing dialysis early after transplantation for any rea-
son was 15.2% (95% CI: 11.1-20.3%) in patients with PDCs
removed at the time of transplantation and 8.6% (95% CI:
2.7-24%) in the group with Tenckhoff catheters removed
after surgery.!® A similar trend was noted in the current
study (19% vs 12%), despite cold ischemia time being longer
in the PDC group (Table 1). Over a decade ago, a good and
practical concept of using web-based calculators to pre-
dict delayed graft function was proposed by Irish et al.3
A similar tool could be developed to help predict primary
non-function. Considering the better availability of high-
volume real-world data and recent advancements in cal-
culation techniques, we recommend revisiting this idea
and creating newer validated predictive models. Bearing
in mind the high variability in population characteristics
among various continents and countries, it would be appro-
priate to include as diverse and big a population as possible.

Another dilemma that might appear is whether it is safe
to proceed with peritoneal dialysis shortly after kidney
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Table 2. Operative and post-transplant characteristics of the patients

Unmatched comparisons

1953

Matched comparisons

Variable overall PDC group PZrCo—Lrse overall PDC group ngirse
(n = 285) (n=221) (= 64) (n=192) (n=128) (=64
simple cold storage 183/275 (67%)  139/215 (65%) = 44/60 (73%) 122/185 (66%) = 78/125 (62%) = 44/60 (73%)
Graft hypothermic machine | g, >75 3300 | 74/215 (34%) | 16/60 (27%) 62/185 (34%) = 46/125 (37%) | 16/60 (27%)
perfusion
storage 0.223 0.259
modality’ = simple cold storage/
hypothermic machine 2/275 (0.7%) 2/215 (0.9%) 0/60 (0%) 1/185 (0.5%) 1/125 (0.8%) 0/60 (0%)
perfusion
Anastomosis time [min] 35[30-41] 35[29-41] 33 [30-40] 0.100 33 [30-40] 35 [29-40] 33 [30-40] 0.190

Operative time [min]

Intact peritoneum after KTx
Central line used during KTx 178/276 (64%) 121/213 (57%)
Surgical drainage used after KTx 276/283 (98%)  215/219 (98%)

Length of surgical drainage use

135[105-160] ' 130 [105-155] 150[130-181] 0517
189/284 (67%) | 148/220 (67%) = 41/64 (64%) 0.068
57/63 (90%) = 0.827
61/64 (95%) 0.162

135[105-160] = 130 [105-156] 150 [130-181] 0.565
125/192 (65%) | 84/128 (66%) = 41/64 (64%) = 0.033
1217184 (66%)  64/121 (53%) = 57/63(90%) = 0918
186/191 (97%) |« 125/127 (98%) = 61/64 (95%) = 0.179

(days] 3[2-4] 3[2-4] 3[2-5] 0225 32-4] 3[2-4] 3[2-5] 0.361
Length of hospitalization™ [days] 11[8-15] 12[9-17] 9[7-12] 0408 10 [8-14] 11[9-15] 91[7-12] 0.274
Infectious complications* 20/285(10%) = 25/221(11%)  4/64(62%)  0.80  15/192(78%) 11/128 (86%) 4/64(62%) = 0.090
Urinary tract infection 66/273 (24%) | 53/210(25%) = 13/63(21%) = 0.110 | 38/186(20%) = 25/123 (20%) = 13/63 (21%) = 0008
Surgical site infection 17/275(62%)  14/212 (66%) = 3/63 (48%) 0080  10/187 (53%) 7/124 (56%) = 3/63(48%) = 0.040
Episodes of 0 263/272(97%) | 201/210(96%) | 62/62(100%) | 180/183 (98%) | 118/121 (98%) | 62/62100%) |
peritonitis after KTx 1 9/272 (33%) = 9/210 (4.3%) 0/62 (0%) ‘ 3/183 (1.6%)  3/121 (2.5%) 0/62 (0%) '
Eggt’gi';itsejge}g'xo” otherthan | o274 00%) | 7/21263% | 1/62(16%) | 0109 | 4/185(22%) | 3/123(24%) = 1/62(16% | 0059
Ascites 3276 (11%) | 3/213(14%)  0/63(0%) | 0169 = 3/187(16%) = 3/124(24%)  0/63(0%) 0223
Urinary leakage 13/280 (46%) = 6/218 (28%) = 7/62(11%) | 0339 | 9/190 (47%) = 2/128(1.6%) = 7/62(11%) | 0405
Delayed graft function 36/284 (13%)  25/220 (11%)  11/64(17%) = 0.167 | 23/192(12%)  12/128(94%) 11/64(17%) 0232
g:ﬁfgfnf'ﬂéimfhm 2 post- 41/281 (15%) | 29/218(13%) | 12/63(19%) = 0156 | 27/192 (14%) = 15/128(12%) = 12/64(19%) = 0.197
Use of oeritoney| | TEMOCESES | 3639920 24/27(89%) | 1212 (100%) 23/26 (88%) | 11/14(79%)  12/12 (100%)

se O perltonea

se ol » 0.500 0.739
dialysis after KTx giearl';gzea' 3/39 (7.7%) 3/27 (11%) 0/12 (0%) 3/26 (129%) 3/14 21%) 0/12 (0%)

Graft functioning 1 year after KTx 240/261 (92%)  189/207 (91%)  51/54 (94%) 0.122  163/174 (94%) 112/120(93%) = 51/54 (94%) 0.046

69 [42-100] - - - 64 [42-97] - -

PDC removal time [days] -

Continuous variables were summarized using means (standard deviation (SD)) or median (interquartile range (IQR)) while the categorical ones as n (%).
PDC - peritoneal dialysis catheter; KTx — kidney transplantation; ASMD - absolute standardized mean difference (calculated using the tableone package
in R); BMI - body mass index. * the composite secondary endpoint defined as the incidence of catheter-related infections, peritonitis, and/or surgical site

infection; ' the secondary endpoint; * the primary endpoint.

transplantation. Potentially high risk of peritoneal breaches
might be concerning to surgeons. In our study, despite
grafts being implanted extraperitoneally, the peritoneum
was assessed by surgeons to be intact in around 65%
of cases, without any notable differences between the eval-
uated groups. According to Issa and Lakhani,®” a com-
promised peritoneum is an indication to remove the PDC
during a renal transplant. Nevertheless, in the absence
of contraindications, the evidence about peritoneal dialysis
initiation shortly after transplantation is compelling and
suggests that such treatment is safe.3® Furthermore, a ran-
domized controlled trial (RCT) proved that it is feasible
and safe to use PDCs even immediately after insertion.*
In that study, no relevant differences were noted when

patients with urgent and delayed utilization groups were
compared regarding catheter-related complications and
catheter survival within 1 year following the insertion.
Another doubt might be related to the concern of poten-
tial infectious complications, including catheter-related
infections and peritonitis.**> The results of our study did
not show such trends which is consistent with other re-
ports.}> We did not identify clinically relevant increased
rates of peritonitis shortly after transplantation among
patients with catheters left in situ. However, we were not
able to evaluate long-term results.

Unfortunately, there is still insufficient evidence avail-
able to compare the 2 approaches to peritransplant PDC
management in terms of the patient’s outcomes, including
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Fig. 5. Alluvial diagram summarizing rates for the primary and secondary composite endpoints, split by the participating transplant center. Number

of flows: 22. Maximum weight of a single flow: 18.8%

overall graft survival and quality of life, as well as short
and long-term costs. We noticed that the removal of PDCs
during surgery prolongs the procedures by around 20 min.
The costs to the healthcare system can go up when
the catheters are left intact due to the need for subsequent
hospitalizations and procedures required to eventually
remove them. Costs and additional risks might be also

related to potential complications associated with such
interventions, including those related to the use of general
anesthesia that might be used in some cases. Unfortunately,
the retrospective nature of data collection and the vari-
ability in local treatment practices limited our ability
to evaluate such complications in detail. However, what was
identified in our study is that patients with catheters left
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Table 3. Logistic regression model for the primary endpoint analysis

Covariate | OR | 95% ClI | p-value
Peritoneal dialysis catheter removal
After kidney transplant - -
0.152
At the time of kidney transplant 1.94 0.78-4.81
Recipient’s age* 1.00 0.93-1.08 0.963
Recipient’s sex*
Male - -
0.768
Female 124 0.29-5.26
Recipient’s BMI* 1.09 0.88-1.35 0442
Living kidney donor*
No - -
0.539
Yes 317 0.08-126.31
Extended criteria donor*
No - -
0319
Yes 264 0.39-17.89

*Matching variables. OR — odds ratio; 95% Cl - 95% confidence interval
BMI - body mass index.

in situ stayed statistically significantly longer in the hospi-
tal after their transplant procedures. The hospitalization
prolongation was about 2 days, which for patients on im-
munosuppression may be considered clinically significant
due to increased risk of hospital-acquired infections. This
outcome has an uncertain origin and, to our knowledge,
was not described before. We hypothesize that it might be
related to the desire to observe such patients more closely
for signs of potential catheter-related infections early
after transplantation. It could also be related to delayed
graft function or the need for dialysis before the initial
discharge. However, delayed graft function was more fre-
quent in the PDC-free group (17% vs 9.4%, Table 2). It is also
possible that it was due to some other unidentified factors.

With an increasing number of patients using peritoneal
dialysis worldwide, the dilemma of Tenckhoff catheter
removal in such patients might become more frequent
and put a more noticeable burden on healthcare systems
in the future. What is worth pointing out is that based
on various, often negative experiences, some authors de-
clared to switch to a routine of removing PDCs during
kidney transplantation.3->

Limitations

The present study study is limited by its retrospective
design. This issue was mitigated by the use of cardinality
matching, which yielded satisfactory results in terms of get-
ting balanced groups. Nevertheless, the risk of unmeasured
confounding persists.’ Despite including patients from
5 transplant centers and setting a broad data collection
period, the sample size was not very big. This proves that
although an RCT would be the best method to answer
the studied dilemma, it requires a large number of par-
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Table 4. Logistic regression model for the composite secondary endpoint
analysis

Covariate | OR | 95% Cl | p-value
Peritoneal dialysis catheter removal
After kidney transplant - -
0.656
At the time of kidney transplant 0.74 0.20-2.77
Recipient’s age* 0.96 0.90-1.10 0.928
Recipient’s sex*
Male - -
0.217
Female 0.30 0.04-2.05
Recipient’s BMI* 1.00 0.74-1.35 0.993
Living kidney donor*
No - -
15%x10°8 <0.001
~7
Yes 82x10 —44% 105
Extended criteria donor*
No = =
0.192
Yes 6.11 0.40-92.40

*Matching variables. OR — odds ratio; 95% Cl — 95% confidence interval;
BMI - body mass index.

ticipating sites and countries and/or a long enrollment pe-
riod which would significantly increase its potential costs.
In contrast, no external funding was needed to complete
this matched cohort study which to some extent emulates
a true RCT.1*4° Moreover, cardinality matching is thought
to bring some advantages in the setting of a small sample
size when compared to other observational data analysis
methods.*! Our data can be used to power a prospective
study. What should be considered in future research that
could not be evaluated in ours are patient-reported out-
comes, including quality oflife and satisfaction assessments.

Conclusions

We did not identify any significant benefits from post-
poning PDC removal in patients undergoing kidney trans-
plantation. Neither clinically nor statistically significant
differences were noted for the need for dialysis within
2 post-transplant months when patients with catheters
removed at the time and after the procedure were com-
pared. Postponed catheter removal was not associated with
an increased rate of infectious complications. However,
it was associated with prolonged hospitalization. An indi-
vidual approach based on a detailed risk-benefit assessment
and patient preferences should be taken into account when
planning PDC management in renal graft recipients.

Data Availability Statement
The datasetssupporting the findings of the current study

are openly available in the Open Science Framework (OSF)
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