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Timing of Urinary Catheter Removal

Following Kidney Transplantation: A

Retrospective Study
To the Editor:
Kidney transplant outcomes have improved over recent

decades because of medical and surgical advances.1 Bladder
catheterization has remained constant.2-6 Foley catheter
use facilitates bladder identification by retrograde saline
infusion into the bladder before anastomosis. After trans-
plantation, the Foley catheter prevents tension on the new
anastomosis by continuous drainage of urine and is typi-
cally maintained in place for 4-10 days to prevent urinary
complications.2,5 However, the optimal Foley duration to
minimize urinary complications is unknown.

Earlier Foley catheter removal after kidney trans-
plantation may reduce length of stay. Foley catheters may
cause patient discomfort and inhibit early ambulation.7

Early ambulation mitigates risks of deep venous throm-
bosis, atelectasis, and pneumonia. Length of stay is the
most significant contributor to the cost of transplantation.8

Early catheter removal might be an inexpensive way to
reduce length of stay and the overall cost of kidney
transplantation while benefiting patient recovery and
satisfaction.9

In prior comparative studies (Table 1), a few have
shown that Foley removal on posttransplant days 2 or 3 has
had comparable urinary leakage to longer Foley dura-
tions.3,4 Only one study investigated Foley removal 1 day
after kidney transplantation6; however, the study sample
was entirely living-donor kidney recipients, limiting
generalizability.

Over the past 5 years, our kidney transplant program
has progressively encouraged early Foley removal through
practice guidelines, as previously described.9 In this study,
we examined differences in outcomes after Foley durations
of 1 day (d1) versus longer (>d1) among recipients of
predominantly deceased-donor kidneys, specifically focusing
Table 1. Summary of Comparative Studies of Foley Catheter Dur

Study Foley Duration (n) Ureteral Stent U
Siskind et al (2013)6 (81) =1 d

(39) >1 d
NA F

Bezherano et al (2022) (186) =1 d
(327) >1 d

12%
28%

F

Cole et al (2007)3 (66) =2 d
(75) >2 d

100%
100%

N

Glazer et al (2009)4 (30) 3 d
(27) >3 d

0%
0%

F

Hoy (1985)11 (100) =2-3 d
(168) ≥3 d

NA
NA

N

Akbari et al (2017)2 (66) <5 d
(43) ≥5 d

100%
100%

N

Abbreviations: DGF, delayed graft function; FT, full thickness; FT+, full thickness
significant; UVA, ureterovesicular anastomosis.
aDefined as need for posttransplant dialysis within 2 weeks3 or any time post-trans
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on urinary leak and length of stay. Institutional review
board approval was obtained (University at Buffalo
00001969) and informed consent waived before
commencing this retrospective study.

Single-center data of consecutive adult kidney-only
transplant recipients between June 2014 and May 2020
were retrospectively reviewed with follow-up of 3 months
minimum. Exclusions were death or graft failure within 30
days of kidney transplantation (none of whom had urine
leaks), Foley not placed, and unknown Foley duration
because of nonfunctional electronic medical records dur-
ing an institutional cyberattack. Foley duration was
determined by the operating surgeon, who in our program
employs the full-thickness ureteroneocystostomy tech-
nique.10 Outcomes assessed were as follows: (1) urine leak
(defined as wound creatinine 2× serum, renal scintigraphy
scan showing leak, or nephrostomy, stent, or reoperation
for urine leak), (2) Foley reinsertion or intermittent
catheterization, (3) hospital length of stay greater than
median, (4) 30-day readmission, and (5) 90-day bacte-
riuria. Comparisons were examined with Fisher exact or χ2

tests for categorical and unpaired t tests for continuous
variables.

Foley d1 recipients (n=186) versus Foley >d1 re-
cipients (n = 327) were significantly less likely to have
pretransplant antibodies against human leukocyte anti-
gens and have a ureteral stent placed at transplantation
(Table 2).2-4,6 Urine leak occurred in 1.1% of Foley d1
and 1.2% of Foley >d1 recipients (P > 0.99). The d1
group was significantly more likely to experience Foley
reinsertion or intermittent catheterization after removal
(11% vs 5%, P = 0.02) and less likely to have length of
stay >4 days (47% vs 57%, P = 0.03). There were no
significant differences in 30-day hospital readmission
and 90-day bacteriuria.

Our findings add to the literature examining shorter
Foley duration after kidney transplantation.3,4,6 We
found similar urine leak rates between groups with
Foley durations of 1 day versus >1 day. Prior studies have
ation in Kidney Transplantation

VA
Living
Donor DGFa

Urine
Leak Foley Reinsertion LOS

T 100%
100%

NA
NA

7.4%
7.7%ns

NA
NA

NA
NA

T 8.6%
6.1%

49%
48%ns

1.1%
1.2%ns

12%
5.8%s

47%
58%s

A 0%
51%

33%
16%s

0%
0%ns

1.5%
2.6%ns

3.2 d
5.0 ds

T+ 0%
0%

10%
44%ns

0%
0%ns

NA
NA

R2 0.41ns

A 68%
0%

NA
NA

NA
NA

NA
NA

NA
NA

A 100%
100%

NA
NA

NA
NA

NA
NA

NA
NA

with nipple valve; LOS, length of stay; NA, not available; ns, not significant; s,

plantation4
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Table 2. Donor and Recipient Characteristics and Kidney Transplant Outcomes by Foley Duration

Characteristic,
% or Mean ± SD

Foley
Day 1 (n=186)

Foley
>Day 1 (n=327) P

Recipient Age, y 54.6 ± 12.9 54.4 ± 12.9 0.86
Race, Black 51 (27.4%) 106 (32.4%) 0.50
Sex, F 74 (39.8%) 125 (38.2%) 0.79
Body mass index >30 kg/m2 97 (52.2%) 189 (57.85%) 0.25
Ureteral stent useda 22 (11.8%) 92 (28.1%) <0.01b

Diabetes 76 (40.9%) 140 (42.8%) 0.73
Previous kidney transplant 22 (11.8%) 47 (14.4%) 0.49
Calculated panel reactive antibody >0%c 44 (23.7%) 116 (35.5%) <0.01b

Pretransplant dialysis >3 y 55 (30.0%) 92 (28.1%) 0.80
Cold ischemia time ≥30 hd 111 (65.3%) 221 (72.0%) 0.15

Donor Age, y 41.0 ± 14.2 40.0 ± 14.0 0.43
Live donor 16 (8.6%) 20 (6.1%) 0.37
Race, Black 24 (12.9%) 40 (12.2%) 0.93
Sex, F 80 (43.0%) 125 (38.2%) 0.33
Donation after circulatory deathd 73 (42.7%) 112 (36.5%) 0.21
Kidney donor profile index 52.8 ± 22.0 52.0 ± 23.5 0.17

Outcomes Urine leak 2 (1.1%) 4 (1.2%) >0.99e

Catheter reinsertion 22 (11.8%) 19 (5.8%) 0.02b

Length of stay >4 d 88 (47.3%) 189 (57.8%) 0.02b

Delayed graft function 91 (48.9%) 158 (48.3%) 0.96
30-d readmission 47 (25.3%) 89 (27.2%) 0.70
90-d bacteriuriaf 90 (48.4%) 162 (49.5%) 0.87

Abbreviation: SD, standard deviation.
aStent usage: was determined by surgeon preference and was generally employed universally or very minimally. The frequency of stent usage by surgeon was Surgeon
A 4.6%, B 0%, C 100%, D 95%, E 100%, F 4.0%
bSignificant (P < 0.05).
cCalculated panel reactive antibody: peak percent of antibodies against human leukocyte antigens identified before transplantation.
dDeceased donor only (n = 171 vs 307)
eFisher exact test
fBacteruria was defined as ≥10 white/cells/high-power field, with 0-3 squamous epithelial cells/high-power field, and a predominant organism at ≥103 or mixed
nonspecified organisms at ≥105 organisms/mL or with ≥104 yeast/mL in patients with functioning allografts without indwelling Foley or percutaneous nephrostomy. All
patients received antibiotic prophylaxis for 3 months posttransplantation consisting of trimethoprim-sulfamethoxazole double strength 3 times a week or dapsone or
atovaquone if sulfa allergic.
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also found similar urine leak occurrence with short Foley
durations of 1-3 days versus longer durations, with or
without the use of ureteral stents, and nonsignificant dif-
ferences in downstream events of Foley reinsertion3 and
urinary tract infection.4 Notably, a full-thickness ureter-
oneocystostomy was employed in all but one of these
studies, potentially suggesting surgeon confidence in early
Foley removal with this technique.

We found that shorter duration of urethral catheteri-
zation was associated with shorter length of hospital stay.
Similarly, Cole et al3 noted significantly shorter length of
stay with 2-day versus >2-day Foley durations. Glazer
et al4 noted a trend toward lower length of stay with
shorter (3-day) versus longer (>3-day) Foley duration.
The lower length of stay in these studies may have been
enabled by an absence of urine leak in both groups and did
not appear to be influenced by differential rates of delayed
graft function between groups.

The generalizability of our findings may be limited by
type of ureterovesicular anastomosis, which may differ
among centers and surgeons. Multivariate analyses were
not performed; potential associations can only be inferred.
Use of ureteral stent and timing of Foley catheter removal
2

and rationale for reinsertion was subjective and not pro-
tocol-based.

In conclusion, kidney transplant recipients who un-
derwent Foley catheter removal on postoperative day 1 did
not experience higher leak rates than those with longer
Foley durations in this single-center study with low ure-
teral stent usage and the use of the full-thickness ureter-
oneocystostomy technique. Despite greater Foley
reinsertion for urinary retention, the Foley removal day 1
group had reduced length of stay and similar 30-day
readmission and 90-day bacteriuria.

Itai Bezherano, BS, Liise K. Kayler, MD, MS
ARTICLE INFORMATION

Authors’ Affiliations: Jacobs School of Medicine and Biomedical
Sciences at the University at Buffalo, Buffalo, New York (IB);
Transplant and Kidney Care Regional Center of Excellence, Erie
County Medical Center, Buffalo, New York (LKK); and Department
of Surgery, University at Buffalo, Buffalo, New York (LKK).

Address for Correspondence: Itai Bezherano, BS, Jacobs School
of Medicine and Biomedical Sciences, 955 Main Street, Buffalo
NY, 1420. Email: itaibezh@buffalo.edu
Kidney Med Vol 4 | Iss 7 | July 2022 | 100484

mailto:itaibezh@buffalo.edu


Correspondence
Authors’ Contributions: Research area and study design: LKK;
data acquisition: IB, LKK; data analysis and interpretation: IB,
LKK; statistical analysis: IB, LKK; supervision or mentorship: LKK.
Each author contributed important intellectual content during
manuscript drafting or revision and accepts accountability for the
overall work by ensuring that questions pertaining to the accuracy
or integrity of any portion of the work are appropriately
investigated and resolved.

Support: None.

Financial Disclosure: The authors declare that they have no
relevant financial interests.

Peer Review: Received December 24, 2021. Evaluated by 1
external peer reviewer, with direct editorial input by the Statistical
Editor, an Associate Editor, and the Editor-in-Chief. Accepted in
revised form March 13, 2022.

Publication Information: © 2022 The Authors. Published by
Elsevier Inc. on behalf of the National Kidney Foundation, Inc. This is
an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/). Published online May 19,
2022 with doi 10.1016/j.xkme.2022.100484
REFERENCES
1. Hariharan S, Israni AK, Danovitch G. Long-term survival after

kidney transplantation. N Engl J Med. 2021;385(8):729-743.
2. Akbari R, Rahmani Firouzi S, Akbarzadeh-Pasha A. Old habits

die hard; does early urinary catheter removal affect kidney size,
bacteriuria and UTI after renal transplantation? J Renal Inj Prev.
2017;6(1):43-48.

3. Cole T, Hakim J, Shapiro R, Kayler LK. Early urethral (Foley)
catheter removal positively affects length of stay after renal
transplantation. Transplantation. 2007;83(7):995-996.
Kidney Med Vol 4 | Iss 7 | July 2022 | 100484
4. Glazer ES, Akhavanheidari M, Benedict K, James S,
Molmenti E. Cadaveric renal transplant recipients can safely
tolerate removal of bladder catheters within 48 h of transplant.
Int J Angiol. 2009;18(2):69-70.

5. Rabkin DG, Stifelman MD, Birkhoff J, et al. Early catheter
removal decreases incidence of urinary tract infections in
renal transplant recipients. Transplant Proc. 1998;30(8):
4314-4316.

6. Siskind E, Sameyah E, Goncharuk E, et al. Removal of foley
catheters in live donor kidney transplant recipients on post-
operative day 1 does not increase the incidence of urine leaks.
Int J Angiol. 2013;22(1):45-48.

7. Smart NJ, White P, Allison AS, Ockrim JB, Kennedy RH,
Francis NK. Deviation and failure of enhanced recovery
after surgery following laparoscopic colorectal surgery:
early prediction model. Colorectal Dis. 2012;14(10):e727-
e734.

8. Villa M, Siskind E, Sameyah E, et al. Shortened length of stay
improves financial outcomes in living donor kidney trans-
plantation. Int J Angiol. 2013;22(2):101-104.

9. Espino KA, Narvaez JRF, Ott MC, Kayler LK. Benefits of
multimodal enhanced recovery pathway in patients undergo-
ing kidney transplantation. Clin Transplant. 2018;32(2):
e13173.

10. Kayler L, Kang D, Molmenti E, Howard R. Kidney transplant
ureteroneocystostomy techniques and complications: re-
view of the literature. Transplant Proc. 2010;42(5):1413-
1420.

11. Hoy WE, Kissel SM, Freeman RB, Sterling WA Jr. Altered
patterns of posttransplant urinary tract infections associated
with perioperative antibiotics and curtailed catheterization. Am
J Kidney Dis. 1985;6(4):212-216.
3

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.xkme.2022.100484
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref1
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref1
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref2
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref2
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref2
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref2
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref3
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref3
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref3
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref4
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref4
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref4
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref4
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref5
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref5
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref5
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref5
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref6
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref6
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref6
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref6
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref7
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref7
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref7
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref7
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref7
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref8
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref8
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref8
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref9
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref9
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref9
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref9
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref10
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref10
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref10
http://refhub.elsevier.com/S2590-0595(22)00100-5/sref10
http://refhub.elsevier.com/S2590-0595(22)00100-5/optyjguIEiZpy
http://refhub.elsevier.com/S2590-0595(22)00100-5/optyjguIEiZpy
http://refhub.elsevier.com/S2590-0595(22)00100-5/optyjguIEiZpy
http://refhub.elsevier.com/S2590-0595(22)00100-5/optyjguIEiZpy

	Timing of Urinary Catheter Removal Following Kidney Transplantation: A Retrospective Study
	References


