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Abstract
Background: The relationship between post-operative urine output (UO) following kidney transplantation and long-term 
graft function has not been well described.
Objective: In this study, we examined the association between decreased UO on post-operative day 1 (POD1) and post-
transplant outcomes.
Design: This is a retrospective cohort study.
Setting: Atlantic Canada.
Patients: Patients from the 4 Atlantic Canadian provinces (Nova Scotia, New Brunswick, Newfoundland, and Prince Edward 
Island) who received a live or deceased donor kidney transplant from 2006 through 2019 through the multiorgan transplant 
program at the Queen Elizabeth II Health Sciences Centre (QEII) hospital in Halifax, Nova Scotia.
Measurements: Using multivariable Cox proportional hazards models, we assessed the association of low POD1 UO 
(defined as ≤1000 mL) with death-censored graft loss (DCGL). In secondary analyses, we used adjusted logistic regression 
or Cox models as appropriate to assess the impact of UO on delayed graft function (DGF), prolonged length of stay (greater 
than the median for the entire cohort), and death.
Results: Of the 991 patients included, 151 (15.2%) had a UO ≤1000 mL on POD1. Low UO was independently associated 
with DCGL (hazard ratio [HR] = 4.00, 95% confidence interval [CI] = 95% CI = 1.55-10.32), DGF (odds ratio [OR] = 
45.25, 95% CI = 23.00-89.02), and prolonged length of stay (OR = 5.06, 95% CI = 2.95-8.69), but not death (HR = 0.81, 
95% CI = 0.31-2.09).
Limitations: This was a single-center, retrospective, observational study and therefore has inherent limitations of 
generalizability, data collection, and residual confounding.
Conclusions: Overall, reduced post-operative UO following kidney transplantation is associated with an increased risk of 
DCGL, DGF, and prolonged hospital length of stay.

Abrégé 
Contexte: Le lien entre la diurèse postopératoire après une transplantation rénale et la fonction du greffon à long terme 
n’a pas été bien décrit.
Objectif: Dans cette étude, nous avons examiné l’association entre la diminution de la diurèse au jour 1 postopératoire et 
les résultats après la transplantation.
Conception: Étude de cohorte rétrospective,
Cadre: Canada atlantique
Patients: Des patients des quatre provinces du Canada atlantique (Nouvelle-Écosse, Nouveau-Brunswick, Terre-Neuve et 
Île-du-Prince-Édouard) ayant reçu une greffe de rein provenant d’un donneur vivant ou décédé entre 2006 et 2019 dans le 
cadre du programme de transplantation multiorganes de l’hôpital QEII d’Halifax (Nouvelle-Écosse).
Mesures: À l’aide de modèles à risques proportionnels de Cox multivariés, nous avons évalué l’association entre une faible 
diurèse (définie comme ≤ 1 000 ml) et la perte du greffon censurée par le décès (PGCD). Dans les analyses secondaires, 
nous avons utilisé des modèles de Cox ou des modèles de régression logistique ajustés, selon le cas, pour évaluer l’effet de 
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la diurèse sur la fonction retardée du greffon, la durée prolongée du séjour (supérieure à la médiane pour l’ensemble de la 
cohorte) et le décès.
Résultats: Des 991 patients inclus, 151 (15,2%) présentaient une diurèse inférieure à 1 000 ml au jour 1 postopératoire. Une 
faible diurèse a été indépendamment associée à la PGCD (rapport de risque [RR]: 4,00; IC 95 %: 1,55-10,32), à une fonction 
retardée du greffon (rapport de cotes [RC]: 45,25; IC 95 %: 23,00-89,02) et à un séjour prolongé à l’hôpital (RC: 5,06; IC 95 
%: 2,95-8,69), mais pas au décès (RR: 0,81; IC 95 %: 0,31-2,09).
Limites: Il s’agissait d’une étude observationnelle rétrospective monocentrique. L’étude présente ainsi des limites inhérentes 
à la généralisabilité, à la collecte des données et aux facteurs confondants résiduels.
Conclusion: Dans l’ensemble, une diminution de la diurèse postopératoire après une transplantation rénale est associée à 
un risque accru de PGCD et de fonction retardée du greffon, ainsi qu’à un séjour prolongé à l’hôpital.
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Introduction

Kidney transplantation is the gold standard for kidney 
replacement therapy in eligible patients with end-stage kid-
ney disease, with well-established improvements in quality 
of life and survival.1-3 Long-term graft survival rates have 
improved steadily over time in Canada, with 1-year graft sur-
vival rates for kidney transplants from deceased and living 
donors of 95% and 98%, respectively, and 5-year graft sur-
vival rates of 81% and 91%.4 What predicts long-term graft 
survival is multifactorial and incompletely understood, but 
includes perioperative factors such as organ quality, cold and 
warm ischemia time (CIT and WIT),5,6 as well as post-trans-
plant events, such as delayed graft function (DGF),5 acute 
rejection7,8 and viral infections.9-11

Early post-operative urine output (UO) is a marker of 
graft function and intuitively, decreased post-operative UO 
has been associated with an increased need for dialysis in the 
perioperative period. For example, Maier et al12 showed that, 
in a cohort of 170 patients, a relatively higher UO on post-
operative day 1 (POD1) was associated with lower risk of 
DGF in univariable analysis (odds ratio [OR] = 0.87; 95% 
confidence interval [CI] = 0.8-0.9 per 100 mL). Furthermore, 
there have been reports describing an association between 
UO on the first POD following kidney transplantation and 
graft function at 1 year and 5 years.13-15 For example, 
Schnuelle et al14 showed that, in a cohort of 300 patients, a 
UO >630 mL on POD1 was associated with a reduced risk 
of death-censored graft loss (DCGL) at 5 years (adjusted 
hazard ratio [HR] = 0.43; 95% CI = 0.26-0.72). The conclu-
sions of these studies were limited by small sample sizes and 
were conducted in patient populations outside of North 
America. Whether low UO early post-transplant is a mani-
festation of poor post-operative graft function in a patient 
destined to experience DGF and/or graft failure, or repre-
sents a modifiable risk factor to be intervened on is unknown.

Ultimately, the associations between early post-operative 
UO and long-term outcomes including graft failure and death 
have not been fully explored. Therefore, the purpose of this 

study was to determine whether early post-operative UO fol-
lowing kidney transplantation is associated with subsequent 
graft failure. Secondary outcomes included the association of 
post-operative UO with DGF, hospital length of stay (LOS), 
and death.

Methods

Setting and Population

We conducted a retrospective cohort study at the Queen 
Elizabeth II Health Sciences Centre (QEII) in Halifax, Nova 
Scotia of patients who received a live or deceased donor kid-
ney transplant from 2006 through 2019. The multiorgan 
transplant program at the QEII hospital performs kidney 
transplants for patients from 4 Atlantic Canadian provinces 
(Nova Scotia, New Brunswick, Newfoundland, and Prince 
Edward Island); however, follow-up data beyond the index 
hospitalization is only available for the cohort of patients 
from Nova Scotia. Patients were excluded from the study if 
they were <18 years of age, undergoing repeat kidney trans-
plantation, or if they experienced primary non-function 
(PNF; defined as undergoing graft nephrectomy within 1 
week of transplant; Figure 1). Importantly, those with fol-
low-up outside of Nova Scotia were excluded in our analyses 
that examined long-term outcomes (graft loss and death), 
given that long-term outcomes would not be captured in 
Nova Scotia provincial records for these patients. Patients 
were identified using a pre-existing multiorgan transplant 
database at the QEII used for quality care in Atlantic Canada, 
which contains information on patient demographics, date of 
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transplantation, and transplant outcomes such as death and 
graft failure.16 Electronic health records were used to collect 
additional donor and recipient data for variables that were 
not included in the pre-existing database.

Exposure

The exposure of interest was UO in the first day post-kidney 
transplantation defined as low (POD1 UO ≤1000 mL/day) 
or high (POD1 UO >1000 mL/day). Urine output data were 
recorded by nursing staff in the post-anesthetic care unit and 
on the ward on an hourly basis for the first 12 hours post-
operatively, then on a 4-hourly basis. This was then docu-
mented as 12-hour intervals of UO on standardized fluid 
balance reporting sheets, which were used for data collection 
in our study. Post-operative day 1 refers to the day after sur-
gery has taken place, and POD1 UO refers to UO from 07:00 
hours POD1 until 07:00 hours the next day.

Outcomes

The primary outcome was DCGL (defined as either requiring 
kidney replacement therapy or pre-emptive re-transplant) in 
patients with follow-up data from Nova Scotia (“NS only 
cohort”; Figure 1). We also examined time to death and 

all-cause graft loss (ACGL) (the composite of death or graft 
loss) at 6 months, 1 year, and 5 years post-transplant in 
patients with follow-up in Nova Scotia (“NS only cohort”; 
Figure 1). Other secondary outcomes included DGF (defined 
as the need for dialysis within 7 days following transplanta-
tion) and prolonged LOS (defined as an index hospitalization 
at time of transplant longer than the median)16 in all patients 
undergoing kidney transplant in Atlantic Canada (“Study 
cohort”; Figure 1).

Covariates

Data were collected for additional variables with known 
associations with the outcomes of interest, including recipi-
ent age, sex, weight, comorbidities (diabetes, hypertension, 
coronary artery disease, cerebrovascular disease, congestive 
heart failure), cause of end-stage kidney disease, residual 
patient-reported pre-transplant UO, pre-emptive status, dial-
ysis modality (peritoneal or hemodialysis [HD]), human leu-
kocyte antigen (HLA) mismatch with donor, WIT, CIT, and 
donor status (living donor, deceased donation after neuro-
logic determination of death [NDD], or donation after car-
dio-circulatory death [DCD] status), donor age, donor sex, 
donor weight, and hemodynamic instability (defined as nadir 
systolic blood pressure <90 mm Hg in the first 48 hours 

Figure 1. Consort diagram of patients undergoing kidney transplantation in Atlantic Canada between 2006 and 2019.
UO = urine output; DGF = delayed graft function; LOS = length of stay; DCGL = death-censored graft loss; NB = New Brunswick; PEI = Prince 
Edward Island; NL = Newfoundland; NS = Nova Scotia.
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post-operative following transplantation). Of note, volume 
of intravenous fluid administered was not included as a 
covariate due to expected collinearity with post-transplant 
UO, given the protocol at our institution is to determine the 
volume of intravenous fluid based on the preceding hour’s 
UO (see Supplemental Methods 1). No data were available 
for maintenance immunosuppression regimen, but our insti-
tution follows a standardized protocol following transplanta-
tion (see Supplemental Methods 2).

Analysis

Baseline characteristics for the cohort, stratified by POD1 
UO ≤1000 mL or >1000 mL were described using means/
standard deviations, medians/interquartile range, and num-
ber/proportion where applicable. The primary analysis used 
adjusted Cox proportional hazards models to examine the 
outcome of DCGL. Secondary analyses included adjusted 
Cox proportional hazards models for the outcome of death 
and adjusted logistic regression for the outcomes of DGF and 
prolonged LOS. To examine the temporal association with 
graft loss, we used adjusted logistic regression to assess the 
odds of ACGL at 6 months, 1 year, and 5 years post-trans-
plant. The proportion of patients with DCGL, DGF, pro-
longed LOS, and death stratified by POD1 UO (<1000 mL, 
1000-1500 mL, and >1500 mL) was also examined and 
depicted graphically.

We performed several sensitivity analyses by repeating 
our primary and secondary analyses with the following 
modifications:

1. Using an exposure variable of ≤500 mL of UO on 
POD1.

2. Using an exposure variable of ≤0.5 mL/kg/h of UO 
on POD1.

3. Excluding those with pre-emptive kidney 
transplantation.

4. Including self-reported residual UO (patients’ best 
estimate of their pre-transplant native UO, reported at 
the time of admission) as a covariate. Pre-transplant 
UO was averaged if patients provided a range for 
their best estimate.

5. Excluding patients with (rather than adjusting for) 
hypotension, defined as a systolic blood pressure 
<90 mm Hg in the first 48 hours post-op, given the 
confounding effect this might have on UO and DGF 
risk.

6. Using linear regression to estimate the reduced length 
of hospital stay associated with each additional 500 
mL of UO on POD1.

7. Defining POD1 UO as a continuous variable (per 0.1 
mL/kg/h).

8. Including DGF as a covariate (primary analysis 
only).

9. Using fewer covariates (5) in the multivariable model 
for the primary outcome.

All statistical analyses were performed using STATA 
(version 14.2, StataCorp, College Station, TX). For statisti-
cal comparisons, a P < .05 was deemed the threshold for 
statistical significance. Ethics approval for this study was 
provided though the Nova Scotia Health Research Ethics 
Board. The requirement for patient consent was waived as 
this was a retrospective chart review.

Results

Demographics

A total of 991 patients were included in the study (Figure 1), 
and baseline characteristics—stratified by UO are reported 
in Table 1. A total of 451 patients resided in Nova Scotia, 
which was the cohort used for the primary analysis (Figure 
1). The low UO group had a higher median age (57 years vs 
51 years in high UO group; P < .001), higher burden of 
comorbidities including diabetes (37.1% vs 24.5% in high 
UO group; P = .001) and heart failure (4.6% vs 1.1% in high 
UO group; P = .002), was more likely to be dialysis depen-
dent prior to transplant (0.7% pre-emptive transplant vs 
14.6% in high UO group; P < .001), and had longer median 
WIT (36 min vs 30 min in high UO group P < .001) and CIT 
(9.4 hours vs 7.8 hours in high UO group; P = .001). In 
terms of donor characteristics, the low UO group had a 
higher proportion of DCD donors (19.9% vs 5.2% in high 
UO group; P < .001), and a higher median donor age (54 
years vs 48 years in high UO group; P < .001). Perioperative 
hypotension occurred more frequently in the low UO group 
(25.8% vs 7.7% in high UO group, P < .001).

Of the total study cohort, 151 (15.2%) had a UO ≤1000 
mL on POD1. Overall, the median UO was 2335 mL (Q1 = 
1475; Q3 = 3500 mL); with median UO 520 mL (Q1 = 251; 
Q3 = 808 mL) in those with ≤1000 mL. One patient (0.1%) 
was completely anuric on POD1.

Graft Failure

Amongst patients residing in Nova Scotia for whom long-
term outcome data were available, 12/70 (17.1%) with UO 
≤1000 mL developed DCGL over a median of 8.3 years (Q1 
= 4.7; Q3 = 11.3) years compared with 7/53 (13.2%) with 
UO 1000 to 1500 mL, and 26/328 (7.9%) of those with UO 
>1500 mL (P = .005; Figure 2). In adjusted Cox regression 
analysis (Table 2) adjusting for the covariates listed above, 
UO ≤1000 mL was associated with DCGL (HR = 4.00, 95% 
CI = 1.55-10.32). In adjusted logistic regression analysis, 
UO ≤1000 mL was significantly associated with ACGL at 6 
months (OR = 4.3, 95% CI = 1.12-16.4), but not at 1 year 
(OR = 2.72, 95% CI = 0.91-8.16) or 5 years (OR = 1.87, 
95% CI = 0.87-4.02).

Delayed Graft Function

In the entire study cohort (those with follow-up in any 
Atlantic province), 107/151 (70.9%) of patients with UO 
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Table 1. Baseline Characteristics of Study Cohort by Post-operative Day 1 Urine Output Following Kidney Transplantation.

Variable UO > 1000 (n = 840) UO ≤ 1000 (n = 151) P

Age: median (IQR), years 51 (41, 59) 57 (47, 65) <.001
Sex  
 Male 549 (65.4%) 92 (60.9%) .294
 Female 291 (34.6%) 59 (39.1%)
Weight: median (IQR), kg 80 (69, 91) 83 (71, 96) .075
Comorbidities  
 Diabetes 206 (24.5%) 56 (37.1%) .001
 Hypertension 798 (95.0%) 144 (95.4%) .849
 Coronary artery disease 38 (4.5%) 10 (6.6%) .269
 Heart failure 9 (1.1%) 7 (4.6%) .002
 Cerebrovascular disease 18 (2.1%) 6 (4.0%) .384
Cause ESKD .072
 PCKD 170 (20.2%) 25 (16.6%)
 Diabetes 159 (18.9%) 45 (29.8%)
 Glomerulonephritis 259 (30.8%) 36 (23.8%)
 Ischemic/hypertension 61 (7.3%) 14 (9.3%)
 Obstruction 62 (7.4%) 9 (6.0%)
 Other 48 (5.7%) 11 (7.3%)
 Inherited 45 (5.4%) 5 (3.3%)
 Unknown 36 (4.3%) 6 (4.0%)
Residual UO: median (IQR), mL 500 (225, 1000) 250 (40, 500) <.001
Dialysis modality  
 Pre-emptive transplant 123 (14.6%) 1 (0.7%) <.001
 Hemodialysis 514 (61.2%) 121 (80.1%)
 Peritoneal dialysis 203 (24.2%) 29 (19.2%)
Number of HLA mismatches  
 0 37 (4.4%) 2 (1.3%) .318
 1 20 (2.4%) 4 (2.7%)
 2 90 (10.7%) 12 (8.0%)
 3 163 (19.4%) 24 (15.9%)
 4 178 (21.2%) 38 (25.2%)
 5 195 (23.2%) 28 (23.2%)
 6 113 (13.5%) 8 (18.5%)
WIT: median (IQR), minutes 30 (24, 40) 36 (26, 47) <.001
CIT: median (IQR), hours 7.8 (4.0, 12.1) 9.4 (6.9, 13.0) .001
 <6 hours 181 (21.6%) 20 (13.3%) <.001
 6-12 hours 173 (20.6%) 47 (31.1%)
 >12 hours 128 (15.2%) 35 (23.2%)
Donor status  
 Living 305 (36.3%) 11 (7.3%) <.001
 DCD 44 (5.2%) 30 (19.9%) <.001
Donor age: median (IQR), years 48 (34, 57) 54 (45, 59) <.001
Donor sex—female 468 (55.6%) 73 (47.1%) .279
Induction Immunosuppression  
 Basiliximab 669 (79.7%) 105 (67.7%) .001
 Anti-thymocyte globulin 156 (18.6%) 49 (31.6%)  
 Methylprednisolone monotherapy 14 (1.7%) 1 (0.7%)  
Province or residence  
 Nova Scotia 381 (45.4%) 70 (46.4%) .269
 New Brunswick 229 (27.3%) 49 (32.5%)
 Prince Edward Island 70 (8.3%) 7 (4.6%)
 Newfoundland 160 (19.1%) 25 (16.6%)
Hypotension 65 (7.7%) 40 (25.8%) <.001
 PACU 26 (3.1%) 22 (14.2%) <.001
 Floor 44 (5.2%) 35 (22.6%) <.001

Missing: heart failure 5/991 (0.5%), cerebrovascular disease 5/991 (0.5%), HLA mismatch 52/991 (5.3%), CIT 407/991 (41.1%), hypotension 49/1032 
(4.8%), hypotension—PACU 40/1032 (3.9%), hypotension—floor 14/1032 (1.4%).
POD1 = post-operative day one; UO = urine output; BMI = body mass index; ESKD = end-stage kidney disease; PCKD = polycystic kidney disease; 
HLA = human leukocyte antigen; WIT = warm ischemia time; CIT = cold ischemia time; DCD = donation after circulatory death; PACU = post-
anesthetic care unit; CI = confidence interval.
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Table 2. Adjusted Risk of Death-Censored Graft Loss for 
Urine Output <1000 mL Post-operative Day 1 Following Kidney 
Transplantation.

Variable HR (n = 396) 95% CI

UO ≤1000 mL POD1 4.00 1.55-10.32
Age 0.95 0.91-0.99
Sex  
 Male (reference) Reference —
 Female 1.31 0.61-2.83
Weight (kg) 0.98 0.96-1.00
Comorbidities  
 Diabetes 0.30 0.08-1.14
 Coronary artery disease 4.77 0.89-25.48
 Heart failure 0.28 0.03-2.46
 Cerebrovascular disease 1.43 0.16-12.92
Cause ESKD  
 PCKD (reference) Reference —
 Diabetes 0.29 0.05-1.67
 Glomerulonephritis 1.99 0.72-5.49
 Ischemic/hypertension 1.15 0.26-5.07
 Other 1.10 0.25-4.84
 Inherited 2.68 0.65-11.14
 Unknown 1.37 0.38-5.00
Dialysis modality  
 Pre-emptive transplant (reference) Reference —
 Hemodialysis 0.87 0.29-2.63
 Peritoneal dialysis 0.55 0.16-1.88

Figure 2. Incidence of death-censored graft loss, delayed graft function, prolonged length of stay, and death following kidney 
transplantation—stratified by post-operative day 1 urine output.
DCGL = death-censored graft loss; DGF = delayed graft function; LOS = length of stay; UO = urine output.

Variable HR (n = 396) 95% CI

Number of HLA mismatches  
 0 (reference) Reference —
 1 — —
 2 0.50 0.04-5.67
 3 0.68 0.07-6.65
 4 0.73 0.07-7.42
 5 1.30 0.14-12.10
 6 0.81 0.08-8.15
WIT 1.01 0.04-5.67
CIT  
 <6 hours (reference) Reference —
 6-12 hours 1.49 0.46-4.79
 >12 hours 1.13 0.33-3.83
Donor status  
 Deceased (vs live) 3.66 1.15-11.60
 DCD (vs non-DCD) 0.96 0.28-3.24
Donor age 1.05 1.02-1.08
Donor weight 0.98 0.96-1.00
Donor sex—female 1.53 0.71-3.30
Hypotension  
 PACU 0.97 0.23-4.03
 Floor 3.15 1.10-8.99

POD1 = post-operative day one; UO = urine output; BMI = body mass 
index; ESKD = end-stage kidney disease; PCKD = polycystic kidney 
disease; HLA = human leukocyte antigen; WIT = warm ischemia time; CIT 
= cold ischemia time; DCD = donation after circulatory death; PACU = 
post-anesthetic care unit; HR = hazard ratio; CI = confidence interval.(Continued)

Table 2. (Continued)
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≤1000 mL had DGF compared with 20/103 (19.4%) with 
UO 1000 to 1500 mL, and 21/738 (2.9%) of those with UO 
>1500 mL (P < .001, Figure 2). In adjusted logistic regres-
sion analysis (Table 3), UO ≤1000 mL was strongly associ-
ated with DGF (OR = 45.25, 95% CI = 23.00-89.02).

Length of Stay

In the entire study cohort (those with follow-up in any 
Atlantic province), 126/151 (83.4%) patients with UO 
≤1000 mL had an LOS greater than the median for the 
cohort (9 days) compared with 65/103 (63.1%) with UO 
1000 to 1500 mL, and 229/737 (31.1%) of those with UO 
>1500 mL (P < .001, Figure 2). Median LOS was 16 (Q1 = 
11, Q3 = 27) days in the low UO group and 8 days (Q1 = 7, 
Q3 = 11) in the high UO group. In adjusted logistic regres-
sion (Table 3), UO ≤1000 mL was associated with prolonged 
LOS (OR = 5.06, 95% CI = 2.95-8.69). Using linear regres-
sion, each additional 500 mL of UO on POD1 reduced the 
expected index hospitalization by 1.41 days (95% CI = 0.98-
1.85 days).

Death

Amongst patients residing in Nova Scotia for whom long-
term outcome data were available, 14/70 (20.0%) of patients 
with a UO <1000 mL died compared with 12/53 (22.6%) 
with UO 1000 to 1500 mL, and 33/328 (10.1%) of those with 
UO >1500 mL (P= .005, Figure 2). In adjusted Cox regres-
sion analysis (Table 3), UO ≤1000 mL was not associated 
with death (HR = 0.81, 95% CI = 0.31-2.09).

Sensitivity Analyses

Sensitivity analyses are reported in Supplemental Table 1. 
For our primary outcome, a significant association between 
POD1 UO and DCGL persisted when excluding pre-emptive 
transplantation (HR = 3.71, 95% CI = 1.39-9.92), when 
accounting for baseline patient-reported UO (HR = 4.38, 
95% CI = 1.60-11.97), when excluding rather than adjusting 
for hypotension (HR = 4.34, 95% CI = 1.30-14.49), and 
when defining low POD1 UO as ≤0.5 mL/kg/h (HR = 3.17, 
95% CI = 1.13-8.90). In a deviation from our previous 
results, when a threshold of POD1 UO ≤500 mL was used, 
there was a loss of significance for the association between 
UO and DCGL (HR = 3.73, 95% CI = 0.92-15.07) acknowl-
edging low event rates (n = 5) in the ≤500 mL UO category, 
but a significant and strong association between UO and 
DGF (OR = 373.67, 95% CI = 69.07-2021.53) and LOS 
(OR = 11.99, 95% CI = 3.99-36.00) persisted. For the out-
come of death, the results were similar to our initial analysis 
with no significant association. When including DGF as a 
covariate in our primary analysis, we found neither a statisti-
cally significant association between low UO and DCGL 
(HR = 2.84, 95% CI = 0.95-8.52) or between DGF and 

DCGL (HR = 2.04, 95% CI = 0.65-6.42). Each 0.1 mL/kg/h 
of UO on POD1 was independently associated with an HR 
for DCGL of 0.49 (95% CI = 0.27-0.90), with adjusted risk 
ratios for secondary outcome shown in Supplemental Table 
2. When reducing the number of covariates included in our 
primary multivariable analysis to 5 variables, we found simi-
lar results (HR = 2.97, 95% CI = 1.38-6.39; Supplemental 
Table 3).

Discussion

In this study, we demonstrate that reduced early post-opera-
tive UO is associated with an increased risk of DCGL, DGF, 
and prolonged hospital LOS. These findings are consistent 
with previous studies that have demonstrated an association 
between early post-operative UO and graft function, 
although previous reports have been limited to small sample 
sizes (n ≤ 300) and restricted to regions outside of North 
America.13-15 Even after accounting for traditional predic-
tors of graft dysfunction including warm and cold ischemia 
time, DCD donor status, and dialysis modality,6,17-19 we 
found that POD1 UO ≤1000 mL was the strongest predictor 
of DCGL, with a 4-fold increase in the hazard of DCGL. 
The independent effect of post-operative UO on DCGL was 
found to persist at 6 months, but not at 1 year, suggesting the 
association between early post-operative UO and DCGL 
relates to early graft loss events within the first year; nota-
bly, we excluded individuals with PNF. Our results were 
similar to previous studies examining POD1 UO and long-
term graft outcomes, with some notable differences (see 
Table 4 for a summary of studies examining UO and graft 
outcomes).13-15 In particular, Schnuelle et al14 conducted a 
study in Germany of 300 NDD kidney transplant recipients 
from 1989 to 2005, and similarly reported higher POD1 UO 
(>630 mL) was protective against DCGL in adjusted analy-
sis (HR = 0.44, 95% CI = 0.28-0.69). However, a number 
of covariates were not adjusted for, such as recipient comor-
bidity, residual UO, pre-emptive status, dialysis modality, 
WIT, CIT, or post-operative hypotension. In addition, this 
study was restricted to NDD donors, whereas our current 
study examined NDD, DCD, and live donors in a contempo-
rary cohort. Other similar studies have demonstrated con-
flicting results, as described in Table 4, and there is a need 
for larger studies to clarify these discrepancies.

We also found that POD1 UO ≤1000 mL was an excep-
tionally strong predictor of DGF, with a 45-fold increased 
odds of DGF in those with low UO. The magnitude of this 
relationship is apparent when comparing this with previously 
studied predictors of DGF, such as those included in the cal-
culator derived by Irish et al19—a well-known tool used to 
estimate risk of DGF. The strongest predictor of DGF 
included in this calculator was a DCD donor, with an OR of 
3.06 (95% CI = 2.61-3.59)19 and an OR of 5.07 (95% CI = 
2.08-12.36) in our study. Therefore, the risk of DGF associ-
ated with early post-operative UO is likely 9- to 14-fold 
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Table 3. Adjusted Risk of Delayed Draft Function, Prolonged Length of Stay, and Death, for Urine Output ≤1000 mL Post-operative 
Day 1 Following Kidney Transplantation.

Variable
DGF OR (95% CI)  

n = 742
LOS >9 days OR (95% CI)  

n = 851
Death HR (95% CI)  

n = 396

UO ≤ 1000 mL POD1 45.25 (23.00-89.02) 5.06 (2.95-8.69) 0.81 (0.31-2.09)
Age 0.99 (0.96-1.01) 1.01 (0.99-1.02) 1.06 (1.02-1.10)
Sex  
 Male (reference) Reference Reference Reference
 Female 1.77 (0.96-3.25) 0.76 (0.54-1.06) 2.16 (0.98-4.77)
BMI  
“Body weight” 1.00 (0.98-1.02) 1.00 (0.99-1.01) 1.01 (0.99-1.03)
Comorbidities  
 Diabetes 0.55 (0.20-1.55) 0.33 (0.17-0.63) 0.48 (0.15-1.51)
 Hypertension 4.22 (0.98-18.11) 0.46 (0.22-0.97) 0.22 (0.06-0.83)
 Coronary artery disease 0.38 (0.09-1.61) 0.77 (0.36-1.67) 1.80 (0.56-5.79)
 Heart failure 1.89 (0.36-9.80) 1.85 (0.48-7.10) 0.30 (0.04-2.31)
 Cerebrovascular disease 1.50 (0.29-7.74) 1.27 (0.45-3.56) 1.21 (0.18-8.29)
Cause ESKD  
 PCKD (reference) Reference Reference Reference
 Diabetes 0.90 (0.22-3.65) 0.74 (0.33-1.66) 0.80 (0.18-3.50)
 Glomerulonephritis 1.49 (0.58-3.85) 1.21 (0.74-1.95) 0.24 (0.07-0.85)
 Ischemic/hypertension 1.49 (0.43-5.15) 1.61 (0.80-3.24) 0.75 (0.20-2.80)
 Obstruction 3.13 (0.91-10.80) 1.34 (0.66-2.72) 0.96 (0.30-3.03)
 Other 4.85 (1.44-16.34) 0.96 (0.44-2.09) 1.57 (0.43-5.67)
 Inherited 0.78 (0.13-4.61) 0.65 (0.27-1.57) 0.60 (0.07-5.27)
 Unknown 2.40 (0.59-9.80) 1.30 (0.58-2.88) 0.45 (0.08-2.71)
Dialysis modality  
 Pre-emptive transplant (reference) Reference Reference Reference
 Hemodialysis 3.65 (1.67-8.00) 1.37 (0.78-2.40) 2.87 (0.63-13.09)
 Peritoneal dialysis - 1.36 (0.74-2.50) 1.86 (0.35-9.79)
Number of HLA mismatches  
 0 (reference) Reference Reference Reference
 1 2.31 (0.13-40.66) 1.42 (0.36-5.58) 5.06 (0.45-57.56)
 2 1.65 (0.12-21.79) 2.09 (0.73-5.98) 1.74 (0.18-16.75)
 3 1.79 (0.15-21.73) 1.70 (0.62-4.67) 1.33 (0.14-12.89)
 4 2.11 (0.17-25.72) 1.63 (0.59-4.51) 1.97 (0.21-18.89)
 5 1.66 (0.14-20.51) 2.34 (0.85-6.44) 1.29 (0.13-12.59)
 6 2.75 (0.22-33.95) 1.80 (0.63-5.15) 2.90 (0.30-27.85)
WIT 1.02 (1.00-1.03) 1.02 (1.01-1.03) 1.00 (0.98-1.02)
CIT  
 <6 hours (reference) Reference Reference Reference
 6-12 hours 1.36 (0.53-3.51) 0.93 (0.53-1.64) 0.61 (0.19-1.96)
 >12 hours 0.99 (0.37-2.70) 1.13 (0.62-2.05) 0.66 (0.20-2.16)
Donor status  
Deceased (vs live) 1.41 (0.54-3.69) 1.59 (1.00-2.53) 1.12 (0.40-3.17)
DCD (vs non-DCD) 5.07 (2.08-12.36) 10.26 (4.25-24.77)  
Donor age 1.01 (0.99-1.03) 1.00 (0.99-1.01) 1.03 (1.00-1.06)
Donor weight 1.01 (1.00-1.03) 1.00 (0.99-1.01) 0.99 (0.97-1.01)
Donor sex  
 Male (reference) Reference Reference Reference
 Female 0.45 (0.22-0.94) 1.20 (0.83-1.75) 2.16 (0.98-4.77)
Hypotension  
 PACU 2.28 (0.74-7.02) 1.38 (0.61-3.13) 0.77 (0.20-2.96)
 Floor 1.07 (0.41-2.84) 2.30 (1.21-4.36) 3.41 (1.31-8.89)

POD1 = post-operative day one; UO = urine output; BMI = body mass index; ESKD = end-stage kidney disease; PCKD = polycystic kidney disease; 
HLA = human leukocyte antigen; WIT = warm ischemia time; CIT = cold ischemia time; DCD = donation after circulatory death; PACU = post-
anesthetic care unit; DGF = delayed graft function; LOS = length of stay; CI = confidence interval.
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Table 4. Summary of Studies Examining the Impact of Post-operative Urine Output Following Kidney Transplantation of Graft 
Outcomes.

Study Date Location N Donor Exposure Outcome Results

Schnuelle et al14 1989-2005 Germany 300 NDD only UO >630 mL POD1 DCGL at 5 
years

Adjusted HR = 0.43
(95% CI = 0.26-0.72)

Lai et al13 2006-2008 Italy 82 Deceased UO ≤500 mL POD1 ACGL at 1 
year

MV analysis
P = .692

 UO ≤500 mL POD7 ACGL at 1 
year

MV analysis
P < .001

Kim et al15 2008-2017 South Korea 291 Living + 
deceased

UO POD1 1 year eGFR P < .001*

 UO POD1 DGF AUC = 0.913
Maier et al12 2010-2012 Austria 170 Living + 

deceased
POD1 UO per 100 mL DGF Unadjusted OR = 0.87

(95% CI = 0.8-0.9)
Parikh et al20 NA USA 53 Living + 

deceased
UO <1 L POD1 DGF Adjusted OR = 11.7

(95% CI = 0.1-913)
Hall et al21 NA USA 91 Deceased UO <1 L POD1 DGF Adjusted OR = 2.8

(95% CI = 0.66-12.3)

NDD = neurological determination of death; UO = urine output; POD = post-operative day; DCGL = death-censored graft loss; HR = hazard ratio; 
ACGL = all-cause graft loss; MV = multivariable; eGFR = estimated glomerular filtration rate; AUC = area under curve; NA = not available.
*Details of statistical analysis are not available.

greater than that for DCD kidney donor status, which has 
been shown to influence decision making regarding induc-
tion immunosuppression regimens.22

Reduced UO intuitively may predispose to DGF, but the 
mechanism underpinning this relationship is not entirely 
clear. Reduced UO may represent early graft injury through 
mechanisms of ischemia reperfusion or may simply repre-
sent a vulnerability to volume overload or a predisposition to 
metabolic derangements by way of reduced post-transplant 
kidney function, necessitating dialysis. Ultimately, a rela-
tionship between post-operative UO and DGF is not surpris-
ing and low post-operative UO likely contributes to DGF via 
multiple mechanisms.

Delayed graft function is known to increase the risk of 
long-term graft dysfunction.5,19,23,24 The mechanisms by 
which this occurs are not fully understood, but it has been 
postulated that increased allograft immunogenicity and 
chronic fibrosis may be contributing factors to long-term 
graft dysfunction.25 Extrapolating from the DGF literature, 
similar mechanisms may explain the observed relationship 
between post-operative UO and long-term graft dysfunction 
in our study. A low post-operative UO may reflect periopera-
tive ischemic injury with subsequent downstream effects on 
long-term graft function, regardless of whether that injury 
resulted in DGF. Independent of perioperative factors, 
decreased UO may rather represent a more vulnerable 
allograft, serving as a surrogate marker for inherent risk prop-
erties of the donor kidney. Our study controlled for donor sta-
tus (living or DCD status), donor age, donor weight, and 
donor sex, but not other donor factors that could correlate 
with graft quality. Identifying UO as an independent predictor 
of long-term graft function may be advantageous over using 
DGF, given that there is a subjective component to DGF 

(clinician discretion is required to decide when to initiate 
dialysis post-transplant) versus the objective nature of POD1 
UO. In addition, POD1 UO may serve as an earlier predictor 
than DGF, which can occur up to 7 days post-transplant.

Donation after cardio-circulatory death transplantation is 
associated with an increased risk of DGF, and therefore a risk 
of increased immunogenicity and subsequent risk of rejec-
tion.19,26 Given this, some institutions choose to use a more 
potent induction immunosuppression regimen that includes a 
lymphocyte depleting agent, such as rabbit anti-thymocyte 
globulin (ATG), rather than an interleukin antagonist, such 
as basiliximab, to mitigate this risk.22 In addition, in some 
centers, if high immunological risk features develop after 
transplantation (such as DGF), converting from basiliximab 
induction (following administration of the first dose) to ATG 
induction post-operatively has been practiced.27 Given the 
strong associations between UO and DGF demonstrated in 
this study, as well as UO and DCGL, an area of future 
research could be examining the role of converting to ATG 
from basiliximab when low post-operative urine occurs in an 
attempt to intervene in the pathway from low UO to graft 
loss. This would be particularly relevant as low UO may be 
an early harbinger of DGF that allows the opportunity for 
earlier intervention.

We also found that low post-operative UO was associ-
ated with a prolonged LOS with each additional 500 mL of 
UO on POD1 reducing the expected index hospitalization 
by 1.41 days. The average cost of a standard hospital stay in 
Canada is $7619,28 and prolonged admission would be 
expected to increase these costs further. Prolonged hospi-
talization may also lead to decreased bed flow, greater risk 
of health care–associated infection, and impact patient 
quality of life.29,30
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We conducted a number of sensitivity analyses examining 
differing UO cut-offs, differing methods of adjusting for 
baseline UO, and restricting to a hemodynamically stable 
cohort. Overall the results were similar for each outcome of 
DCGL, DGF, prolonged LOS, and death. Of note, using a 
UO threshold of ≤500 mL resulted in a loss of statistical 
significance for the association between POD1 UO and 
DCGL; however, this likely reflects the low number of event 
rates with only 27 patients total with follow-up in Nova 
Scotia recorded as having a POD1 UO ≤500. Notably, the 
magnitude of the relationship between UO and DGF was 
dramatically increased when using a UO cut-off of ≤500 
mL, with an OR of 373 compared with an OR of 45 when 
using a cut-off of ≤1000 mL. This is intuitive as lower UO 
may reflect worse graft function and greater susceptibility to 
volume overload or lack of potassium clearance, but is none-
theless an impressive relationship. When using a UO cut-off 
of 0.5 mL/kg/h, a similar trend was seen to our primary and 
secondary analyses. Notably, a variety of definitions of “low 
UO” have been proposed, with previous studies using weight 
based and absolute cut-offs, including those using a cut-off 
of 1000 mL following kidney transplant.20,21 Regardless, the 
consistency in our sensitivity analyses supports similar clini-
cal implications across these definitions.

In our primary analyses, we did not account for residual 
UO prior to transplantation. Despite this, our findings were 
unchanged in sensitivity models that accounted for pre-oper-
ative residual UO (as defined by patient best report) or that 
excluded pre-emptive transplants. This suggests that base-
line native kidney function is not driving the association 
between post-operative UO and short and long-term 
outcomes.

In a sensitivity analysis, we repeated our primary analysis 
including DGF as a covariate and found neither a statistically 
significant association between low UO and DCGL or 
between DGF and DCGL. Of patients with UO <1000 mL 
on POD1, 70.8% went on to develop DCGL and a high 
degree of collinearity is expected. This collinearity may have 
led to the loss of statistical significance, acknowledging that 
the association between low UO and DCGL approached sta-
tistical significance.

When examining baseline characteristics of the UO 
≤1000 mL and >1000 mL groups, there were a number of 
differences noted. Several of these differences have a plau-
sible impact on the quality of the donor organ pre-opera-
tively, such as a higher donor age and a greater proportion of 
DCD donors in the low UO group—known risk factors for 
graft dysfunction.19,24 Similarly, there were differences in 
perioperative factors in those with lower post-op UO that 
likely impact graft function, such as prolonged WIT, pro-
longed CIT, and greater incidence of hypotension.6,19,24,31 
Finally, differences in recipient factors likely predisposed to 
worse graft outcomes, such as higher median age, higher 
burden of comorbidities including diabetes and heart failure, 

and greater likelihood of being dialysis dependent prior to 
transplant.19,32,33 However, we adjusted for these factors in 
our multivariable analyses and the signal of independent risk 
associated with low post-operative UO persisted despite 
accounting for these potential confounders.

Hypotension in the perioperative period may indepen-
dently lead to reduced UO and serve as a trigger for clini-
cians to enact interventions such as IV fluid administration 
or vasopressors. In addition, hypotension may independently 
influence graft function.31 Given this, our multivariable anal-
yses were adjusted for hypotension, defined as a systolic 
blood pressure <90 mm Hg in the first 48 hours post-trans-
plant. This decreases the likelihood that the risk of graft loss 
observed in our study is related to perioperative volume 
depletion or hemodynamic stress.

While our study has many strengths including being the 
largest to examine the implications of post-op UO on pre-
dicting short and long-term graft outcomes, there are impor-
tant limitations to consider. We conducted a retrospective 
chart review with inherent limitations of data collection 
including potential misclassification and miscoding; how-
ever, we would anticipate any information bias to be distrib-
uted at random. Baseline UO was collected as a self-reported 
measure, which may correlate poorly with actual baseline 
UO, but it is reflective of data available to clinicians at the 
time of transplant and has been shown to be associated with 
outcomes such as mortality in HD patients.34 Similarly, in-
hospital UO measurements are subject to error as they rely 
on consistent and accurate recording by nursing staff. Data 
regarding rejection risk, cause of graft loss, and indication 
for dialysis in those with DGF were not available and there-
fore not incorporated into our analyses, but this represents an 
area for potential future investigation and may provide 
insight into the factors driving graft loss in our study. 
Although donor age, sex, weight, and donor status (DCD vs 
living donor data) were collected, comprehensive data 
regarding donors were not available, limiting our ability to 
evaluate the impact of additional pre-operative factors on 
graft loss. Data on the administration of diuretics were not 
available, but of note local practice at our institution is to 
avoid diuretics in the first 48 hours post-op, and thus, diuretic 
use is anticipated to have been inconsequential. In addition, 
data regarding the cause of graft loss were not available, and 
this would be an area to explore in future prospective studies. 
This was a single-center study; therefore, local protocols, 
such as diuretic use and intravenous fluid administration, 
may not be consistent with other centers and may impact 
generalizability. Although we included a number of covari-
ates in our multivariable models to maximize control of con-
founding variables, we acknowledge that the event rate in 
our study was suboptimal for the number of covariates 
included. Despite this, we felt important confounding vari-
ables would be excluded were the number of covariates to be 
further reduced, and the signal for risk with low UO 
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was preserved in a sensitivity analysis restricted to fewer 
variables. Further to this, the relatively small event rate may 
be contributing to the loss of statistical significance for 
ACGL at 1 and 5 years, limiting our ability to draw conclu-
sions about timing of graft loss, and future prospective stud-
ies would be useful to explore this further. Finally, our study 
was not designed to assess whether interventions aimed at 
improving UO, such as diuretics, vasopressors, or intrave-
nous fluid, would impact DCGL, DGF, or LOS and this rep-
resents an area for potential future study.

The results of this study help to inform clinicians of the 
significance of post-operative UO on both short-term and 
long-term graft outcomes in kidney transplant patients. These 
findings may be used to inform future prediction models for 
graft failure in kidney transplantation. Whether these findings 
serve in a predictive capacity alone or whether they may have 
a role to guide intervention remains to be seen. There are sev-
eral aspects of this work that could be expanded upon further 
with future study, but it would be of particular interest to pro-
spectively examine the role of UO as a predictor of long-term 
outcomes and explore the role of subsequent intervention, 
such as modification of immunosuppression regimen.

In summary, reduced post-operative UO following kidney 
transplantation is associated with an increased risk of DCGL, 
DGF, and prolonged hospital LOS. These findings highlight 
the impact of perioperative factors on not only short-term 
outcomes but also long-term graft function. To our knowl-
edge, this is the largest and most comprehensive study to 
examine the impact of post-operative UO on long-term graft 
outcomes. Further work to investigate this finding prospec-
tively and to explore possible interventions is warranted.
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