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Incidence and correlates
of testicular pain after
kidney donation

Nisarg V. Gandhi 1, Dina N. Murad 1, Sean A. Hebert 1,
Monica Morgan 2, Duc T. Nguyen 3,
Edward A. Graviss 3,4 and Hassan N. Ibrahim 1*

1Department of Medicine, Houston Methodist Hospital, Houston, TX, United States, 2Department of
Urology, Houston Methodist Hospital, Houston, TX, United States, 3Department of Pathology and
Genomic Medicine, Institute for Academic Medicine, Houston Methodist Research Institute,
Houston, TX, United States, 4Department of Surgery, Houston Methodist Hospital, Houston,
TX, United States
Some kidney donors experience testicular pain after donation. We studied the

presence of testicular pain in male donors from The Renal and Lung Donor

Evaluation (RELIVE) Study which investigated short- and long-term outcomes

of 8922 kidney donors. Of the 2551 male donors with available testicular status

data included in the analysis, 54 (2.12%) developed testicular pain 19 days (IQR

7, 40) after donation: 34 had testicular pain only, 6 had epididymitis, and 14 had

both. Donors developing pain were 4 years older and pain occurredmore often

in those undergoing laparoscopic nephrectomy; 3.6% vs. 1.1% for open

nephrectomy. Non-Hispanic White ethnicity and undergoing laparoscopic

nephrectomy were associated with increased risk of testicular pain; RR 5.56

(95% CI 1.35, 22.84), p=0.02, RR 3.11 (95% CI 1.71, 5.65), p<0.001, respectively.

Laterality of nephrectomy, however, was not associated with increased risk of

testicular pain. Testicular pain is not infrequent and contrary to previous

reports, left nephrectomy was not associated with a higher incidence of

testicular pain. Donors should be routinely asked about this potentially

bothersome complication.

KEYWORDS

retrospective observational study kidney, nephrectomy, testicular pain, kidney
donors, outcomes of kidney transplantation
Introduction

Post-operative complications after donor nephrectomy have been studied extensively

(1, 2). Short term complications include pain, infection, thrombotic events, anesthesia

reactions, hernia, intestinal obstruction, and testicular pain. While many of these

complications have been studied, testicular pain has not received much attention.
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The etiology of testicular pain has been postulated to be

largely due to ligation of the gonadal vein and the prevailing

belief is that this complication is less likely to occur after right

uninephrectomy (3). Most retrospective studies addressing

testicular pain and epididymitis have either reported a low

incidence (0.02%-2.86%) or did not address it at all (1, 2, 4–10).

In contrast, prospective studies consistently reported a much

higher incidence of testicular pain (44- 55%) (3, 11, 12). Since

previous studies combined have totaled less than 100 cases of

testicular pain after donation, more information is needed to

determine the incidence of this complication as this data would

aid in the informed consent process for kidney donors. Herein, we

describe the incidence of testicular pain after kidney donation in

2551 donors and explore factors associated with its development.
Patients and methods

Study design and participants

The Renal and Lung Living Donor Evaluation (RELIVE)

Study was a National Institutes of Health sponsored effort that

studied short- and long-term outcomes of 8922 kidney donors

from the University of Minnesota, Mayo Clinic-Rochester and

the University of Alabama-Birmingham, as previously described

(13). Baseline demographic, laboratory measurements, operative

and perioperative complications at donation were abstracted

from centers’ records. Family history of hypertension, diabetes

mellitus, kidney disease, stroke, or heart disease in donors’ first-

degree relatives were recorded. For ascertainment of long-term

post-donation events, donors were contacted between 2010-

2012 via telephone and multiple mailings for health updates,

Quality of Life surveys and any laboratory data that took place

after donation was obtained. Post-donation events were also

supplemented from centers’ records. The following post-

operative variables were abstracted directly from operative

reports, hospital stay and post-operative follow-up visits: type

of nephrectomy (laparoscopic vs. open), laterality of donated

kidney, lowest post-operative hematocrit, intensive care unit

admission, time in operating room, requirement for

intraoperative blood transfusions, estimated blood loss volume,

occurrence, location and timing of testicular pain, epididymitis,

or both. Conventional angiograms, computed tomography and

magnetic resonance angiogram reports were reviewed by study

personnel to provide number of renal arteries in both donated

and non-donated kidneys. The donor selection process was
Abbreviations: BMI, Body Mass Index; BP, Blood Pressure; CKD-EPI,

Chronic Kidney Disease Epidemiology Collaboration; CI, Confidence

Interval; eGFR, Estimated Glomerular Filtration Rate; ESKD, End-Stage

Kidney Disease; GLM, Generalized Linear Model; IQR, Interquartile Range;

LASSO, Least Absolute Shrinkage and Selection Operator; RELIVE, The

Renal and Lung Living Donor Evaluation Study; RR, Relative Risk.
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highly comparable between centers and none of the centers

accepted any donors with proteinuria, measured glomerular

filtration rate or creatinine clearance <80 ml/min. This study

was exempt from institutional review board approval as it used

de-identified data from the publicly available RELIVE Study

dataset. The dataset is available at https://immport.org/shared/

study/SDY289.
Statistical analysis

Baseline characteristics are reported as frequencies and

proportions for categorical variables and median and interquartile

range (IQR) for continuous ones. Differences between donors with

and without testicular pain were compared using chi-squared for

categorical variables and the Wilcoxon rank-sum test for

continuous variables. Univariate, bivariate and multivariate

generalized linear model (GLM) were used to determine factors

associated with having testicular pain. The variable selection for the

GLMmodel was conducted using the Least Absolute Shrinkage and

Selection Operator (LASSO) method with the cross-validation

selection option and by the clinical importance of the identified

variable (14, 15). All analyses were performed on Stata version 17.0

(StataCorp LLC, College Station, TX, USA). A p-value of <0.05 was

considered statistically significant.
Results

General characteristics of the cohort

There was a total of 8922 live kidney donations between

1963-2007 at the 3 participating centers. After excluding 5023

female donors and an additional 1348 male donors due to

missing data in the medical records on the occurrence of

testicular pain, a total of 2551 donors were studied (Figure 1).

Excluded male donors were generally younger, predominantly

White, spent a longer time in the operating room, and were

more likely to have undergone open nephrectomy (Table 1).

Median age of the 2551 included male donors was 38 years, 81%

were non-Hispanic White, 13% were non-Hispanic Black, 1.4%

were Hispanic, 0.9% were Asian and 3.7% were categorized as

other or unknown. The majority (81%) donated to a family

member. The median body mass index (BMI) was 27 kg/m2 and

median estimated glomerular filtration rate (eGFR) at donation

was 87 ml/min/1.73m2.
General characteristics of donors with
testicular pain

Of the 2551 donors included in the study, 54 (2.12%)

developed ipsilateral testicular pain 19 days (IQR 7, 40) after
frontiersin.org
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TABLE 1 Baseline characteristics of male donors included vs. excluded from the analysis.

Donors with available data Donors with unavailable data p-value
(n = 2551) (n = 1348)

Age (years) 38 (30, 47) 36 (29, 46) <0.001

Race/ethnicity (%) <0.001

White 2068 (81) 1213 (90)

Black 330 (13) 43 (3.2)

Hispanic 35 (1.4) 43 (3.2)

Asian 24 (0.9) 13 (1.0)

Other 26 (1.0) 32 (2.4)

Unknown 68 (2.7) 4 (0.3)

Related to recipient 2048 (81) 1174 (87) <0.001

BMI (kg/m2) 27 (24, 30) 26 (23, 29) <0.001

Hypertension (%) 403 (16) 137 (10) <0.001

Smoking (%) 1403 (57) 773 (60) 0.08

Fasting plasma glucose (mg/dL) 95 (87, 102) 94 (87, 101) 0.02

eGFR (mL/min/1.73m2) 87 (76, 99) 94 (83, 106) <0.001

Laparoscopic Nephrectomy 1045 (41) 313 (23) <0.001

Left Kidney Removed 1820 (72) 930 (73) 0.51

1 artery in donated kidney 2135 (85) 1122 (88) 0.06

Lowest post-operative hematocrit (%) 37 (35, 40) 37 (34, 39) <0.001

ICU admission (%) 6 (0.2) 6 (0.5) 0.22

Time in operating room (hours) 3.7 (3.3, 4.3) 4.6 (4.1, 5.2) <0.001

Intraoperative blood transfusions (n) 45 (1.8) 20 (1.6) 0.62

Estimated blood volume loss (mL) 200 (100, 300) 200 (100, 300) <0.001
Frontiers in Urology
 03
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Values are in frequency and % for categorical variables and median (IQR) for continuous variables; IQR, interquartile range; BMI, body mass index; eGFR, estimated glomerular filtration
rate; ICU, intensive care unit.
FIGURE 1

Study participants.
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donation; 34/54 (63.0%) developed testicular pain only, 6/54

(11.1%) developed epididymitis only and 14/54 (25.9%) had

both testicular pain and epididymitis. Donors with testicular

pain were older (42 versus 38 years), non-Hispanic White (96%),

and were more likely to have undergone a left nephrectomy

(82% versus 72%), Table 2. The incidence of testicular pain and

trend of open vs. laparoscopic nephrectomy over time is shown

in Figure 2. Given that laparoscopic nephrectomy is becoming

the norm, a sub-analysis was done including only donors

undergoing laparoscopic nephrectomy. The baseline

characteristics are shown in Table S1. In kidney donors with

testicular pain, 38 (70.4%) underwent laparoscopic nephrectomy

and 32 (84%) underwent left nephrectomy, p =0.61 for left vs.

right. In the remaining 16 (29.6%) donors who underwent open

nephrectomy, 12 (75%) underwent left nephrectomy, p =0.42 for

left vs. right (Figure 3).
Correlates of testicular pain

In the univariable generalized linear model, there was no

significant association between testicular pain and BMI at

donation, lipid profile, serum creatinine, eGFR at donation, or

lowest post-operative hematocrit. The unadjusted relative risk

(RR) of developing testicular pain in non-Hispanic White
Frontiers in Urology 04
donors was 6.07 (95% CI 1.48, 24.84), p=0.01. Laparoscopic

nephrectomy was associated with a RR of 3.38 (95% CI 1.90,

6.04), p<0.001. Longer operative time was also associated with

testicular pain; RR 1.30 (95% CI 1.13, 1.48), p<0.001. Lastly, the

presence of multiple renal arteries in the donated kidney was

associated a higher likelihood of having testicular pain; RR 2.03

(95% CI 1.11, 3.68), p=0.02 (Table 3).

Multiple renal arteries in the donated kidney was more

prevalent in those with testicular pain; 25.9% versus 14.5%

(p=0.02). In addition, time spent in the operating room also

was longer in donors with testicular pain; 4.2 vs 3.7 hours

(p<0.001). Estimated blood loss volume, intensive care unit

admission and need for intra-operative blood transfusions

were similar in those with and without testicular pain (Table 4).
Multivariable risk of testicular pain

Post-donation testicular pain was more likely to be

experienced by non-Hispanic White donors; RR 5.56 (95% CI

1.35, 22.84), p=0.02 and those undergoing laparoscopic

nephrectomy; RR 3.11 (95% CI 1.71, 5.65), p<0.001. Neither

laterality of the kidney removed nor the number of renal arteries

in the donated kidney were associated with an increased risk of

pain; RR 1.35 (95% CI 0.67, 2.72), p=0.40 and 1.73 (95% CI 0.94,
TABLE 2 Baseline characteristics of donors with testicular pain.

No testicular pain (n = 2497) Testicular pain (n = 54) p-value

Age (years) 38 (30, 47) 42 (37, 49) 0.01

Race/ethnicity (%) 0.12

White 2016 (81) 52 (96)

Black 329 (13) 1 (2.0)

Hispanic 35 (1.4) 0 (0.0)

Asian 24 (1.0) 0 (0.0)

Other 26 (1.0) 0 (0.0)

Unknown 67 (2.7) 1 (2.0)

Related to recipient 2005 (81) 43 (80) 0.84

BMI (kg/m2) 27 (24, 30) 27 (25, 29) 0.55

Hypertension (%) 395 (16) 8 (15) 0.84

Smoking (%) 1368 (57) 35 (65) 0.23

Fasting plasma glucose (mg/dL) 95 (87, 102) 97 (90, 103) 0.16

eGFR (mL/min/1.73m2) 87 (76, 99) 84 (76, 96) 0.26

Left nephrectomy 1776 (72) 44 (82) 0.11

Donation year 0.20

1963-1973 139 (6.0) 4 (7.4)

1974-1983 356 (14) 6 (11)

1984-1993 432 (17) 4 (7.4)

1994-2003 987 (40) 22 (41)

2004-2007 583 (23) 18 (33)
fronti
BMI, body mass index; eGFR, estimated glomerular filtration rate.
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3.18), p=0.08, respectively (Table 5). A sub-analysis is done for

only donors undergoing a laparoscopic nephrectomy and shown

in Table S2.
Discussion

These results show that the incidence of testicular pain is

2.12% in kidney donors in whom the outcome was documented

in the medical records. Correlates of testicular pain include being
Frontiers in Urology 05
non-Hispanic White and undergoing a laparoscopic

nephrectomy. Having a left nephrectomy, the number of renal

arteries in the donated kidney or the amount of blood loss intra-

operatively were not associated with this outcome.

A few previous reports have studied testicular pain after

donation. The results from these studies are summarized in

Table 6. Of the 3 largest retrospective registry studies from

Switzerland and the United States, only 2 reported on the

occurrence of testicular pain; 0.49% (8 donors out of 1649) in

the study from Switzerland and 0.02% (3 donors out of 14694) in
FIGURE 2

Incidence of testicular pain and trend of open vs. laparoscopic nephrectomy over time.
FIGURE 3

Incidence of testicular pain: right vs. left nephrectomy and open vs. laparoscopic nephrectomy.
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the U.S. study (1, 2, 8). In 6 other retrospective studies totaling

3837 donors, the incidence ranged from 0.48% to 2.36% (4–7, 9,

10). We are aware of 3 prospective studies addressing peri- and

post-operative complications after donation. Garcia-Ochoa et al.

studied post-operative complications in 1042 donors from 12

Canadian and 5 Australian centers using structured case report

forms, but did not comment on testicular pain (12). The other

two prospective studies by Jalali et al. and Gjerston et al. reported

an incidence of 44% and 55%, respectively (3, 12). This
Frontiers in Urology 06
significant difference in incidence between prospective and

retrospective studies is perhaps largely due to recall bias as

testicular pain is often mild and self-limited. One should

consider the possibility that we do not ask male kidney donors

about this complication routinely and perhaps that

should change.

Non-Hispanic White donors were more likely to complain

of testicular pain. Previously, Lentine et al. found that African

American were more likely to have perioperative complications
TABLE 3 Characteristics associated with testicular pain: univariable generalized linear model (GLM).

RR (95% CI) p-value

Age (years) 1.03 (1.00, 1.05) 0.02

Race/ethnicity

Non-White (reference)

White 6.07 (1.48, 24.84) 0.01

BMI (kg/m2) 1.01 (0.96, 1.08) 0.63

Fasting plasma glucose (mg/dL) 1.01 (0.99, 1.02) 0.38

eGFR (mL/min/1.73m2) 0.99 (0.97, 1.01) 0.20

Nephrectomy procedure

Laparoscopic 3.38 (1.90, 6.04) <0.001

Open (reference)

Kidney removed

Right (reference)

Left 1.73 (0.87, 3.41) 0.12

Number of renal arteries in donated kidney

1 (reference)

>1 2.03 (1.11, 3.68) 0.02

Lowest post-operative hematocrit (%) 0.94 (0.88, 1.00) 0.053

Time in operating room (hours) 1.30 (1.13, 1.48) <0.001

Intraoperative blood transfusions (%) 1.03 (0.15, 7.31) 0.97

Estimated blood volume loss (mL) 1.00 (1.00, 1.00) 0.52
fronti
Values are in frequency and % for categorical variables and median (IQR) for continuous variables; IQR, interquartile range; BMI, body mass index; eGFR, estimated glomerular
filtration rate.
TABLE 4 Peri- and post-surgery factors and testicular pain: bivariate analysis.

No testicular pain (n = 2497) Testicular pain (n = 54) p-value

Nephrectomy procedure <0.001

Laparoscopic 1007 (40.3) 38 (70.4)

Open 1473 (59.0) 16 (29.6)

Number of renal arteries in donated kidney 0.02

1 2095 (85.5) 40 (74.1)

>1 355 (14.5) 14 (25.9)

Lowest post-operative hematocrit (%) 37.4 (35, 40) 36.8 (34, 38.4) 0.047

ICU admission (%) 6 (0.2) 0 (0.0) 0.72

Time in operating room (hours) 3.7 (3.3, 4.3) 4.2 (3.5, 4.8) <0.001

Intraoperative blood transfusions (n) 44 (1.8) 1 (1.9) 0.97

Estimated blood volume loss (mL) 200 (100, 300) 100 (75, 250) 0.07
Values are in frequency and % for categorical variables and median (IQR) for continuous variables; IQR, interquartile range; ICU, intensive care unit.
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after kidney donation (2). Similar observations were made by

Segev et al. (1) Testicular pain, however, was more likely to occur

inWhite donors in this analysis. Of note, the study by Segev et al.

did not specifically comment on testicular pain (1).

Donors with multiple renal arteries in the donated kidney

were more likely to develop testicular pain (25.9% vs 14.5%,

p=0.02). In a recent report by Gandhi et al., donors with multiple

renal arteries were less likely to undergo a left nephrectomy (83%

vs. 51%, p<0.001) (16). If left nephrectomy is indeed more likely

to be associated with testicular pain as commonly held, one

would’ve expected the incidence of testicular pain to be lower in

individuals with multiple renal arteries. It is conceivable that

individuals with multiple renal arteries would likely require a

more complex procedure resulting in a longer surgical time. Our

study did indeed find that donors who developed testicular pain
Frontiers in Urology 07
spent on average 4.2 hours in the operating room versus 3.7

hours in those who did not develop testicular pain (p<0.001).

The biology of the development of testicular pain following

nephrectomy is not entirely understood. Several explanations

have been offered. In the prospective analysis of testicular pain

by Gjerston et al. of 64 individuals who underwent nephrectomy

(20 of whom were kidney donors), 55% of donors developed

testicular pain compared to 20% in those undergoing

nephrectomy for a non-donation related indication (3). It is

conceivable that the lesser likelihood of testicular pain after

laparoscopic nephrectomy for purposes other than donation

stems from the common practice of not dividing the gonadal

vein during non-donor nephrectomy and the fact that the ureter

is divided early during the surgery thus avoiding the retraction of

the ureteric pedicle (10). Of note, in the study by Gjerston et al.,
TABLE 5 Characteristics associated with having testicular pain: multivariable generalized linear model (GLM).

RR (95% CI) p-value

White 5.56 (1.35, 22.84) 0.02

Laparoscopic nephrectomy 3.11 (1.71, 5.65) <0.001

Kidney removed

Right (reference)

Left 1.35 (0.67, 2.72) 0.40

Number of renal arteries in donated kidney

1 (reference)

>1 1.73 (0.94, 3.18) 0.08
fronti
TABLE 6 Summary of published reports of testicular pain after donation.

Retrospective
Studies

Year of
report

No. of
donors

Surgical
approach

Donors with testicular
pain (n%)

Method of outcome ascertainment

Brook et al. (4) 2004 70 LN: 100% 2 (2.86%) Chart review

Su et al. (5) 2004 381 LN: 100% 9 (2.36%) Chart review

Pareek et al. (6) 2006 1660 LN: 100% 8 (0.48%) Meta-analysis of 73 reports

Akoh et al. (7) 2008 58 LN: 10%
Open: 90%

1 (1.72%) Chart review

Segev et al. (1) 2010 80347 Not reported Not reported OPTN

Lentine et al. (2) 2015 14694 LN: 96.2% 3 (0.02%) ICD-9 Codes, OPTN

Felix et al. (8) 2017 1649 LN: 79.9% 8 (0.49%) Mandatory survey of transplant centers

Permpongkosol et al.
(9)

2017 777 LN: 100% 17 (2.17%) Chart review

Gregorio et al. (10) 2017 961 LN: 32%
Open; 68%

2 (0.20%) Chart review

Prospective Studies

Jalali et al. (11) 2012 50 LN: 50%
Open: 50%

LN: 11/25 (44%) Open: 2/25 (8%) Prospective structured interview

Gjerston et al. (3) 2018 20 LN: 100% 11/20 (55%) Prospective structured interview

Garcia-Ochoa et al.
(12)

2019 1042 LN: 87%
Open: 13%

Not reported Pre-operative, intraoperative and post-operative case
report forms
ICD, International Classification of Disease; LN, laparoscopic nephrectomy; OPTN, Organ Procurement and Transplantation Network.
ersin.org
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13 (33%) of patients who had ligation of the gonadal vein

experienced testicular pain while only 1 (3.4%) of the donors

without gonadal vein ligation experienced testicular pain (3).

The left gonadal vein drains into the left renal vein while the

right gonadal vein drains into the inferior vena cava and current

literature suggests that testicular pain is more likely to occur in

kidney donors undergoing a left nephrectomy. The removal of

the gonadal vein and associated lymphatic channels could lead to

vascular congestion resulting in testicular pain. The strong

association with laparoscopic nephrectomy may be due to the

inability to dissect out the gonadal vein while with an open

approach preserving the gonadal vein may be more possible.

Alternately, Kim et al. suggested that potential damage to the

sensory nerves of the testicle, the superior spermatic nerve, may

be responsible for the pain (17). A study by Sureka et al.

suggested that testicular pain is related to injury to the

spermatic plexus during gonadal vein or ureteral ligation and

can be prevented by ligation of the ureter and gonadal vein above

the bifurcation of the aorta (18). Similarly, Shirodkar et al.

reported an incidence of orchalgia at 6.2% of 129 donors and

found this complication to be eradicated after modification of

surgical technique to a gonadal vein sparing approach (19). As

the development of more robot-assisted minimally invasive

techniques for precise dissection of tissue, this potential

complication may eventually be preventable (20). Our study

did not show any association between nephrectomy laterality

and testicular pain. Given that laparoscopic nephrectomy is the

norm now, this complication needs to be studied further.

While minor and self-resolving testicular pain may be just a

nuisance, in some cases it may prove problematic. Akoh et al.

reported a case of a donor who had unrelenting testicular pain

following right nephrectomy and eventually required an

orchidectomy for symptomatic control (7). Felix et al. also reported

a donor who required orchiectomy in their analysis of post-operative

complications from the Swiss Organ Living Donor Health Registry

(8). Moreover, in the series of 145 donors (95% of whom underwent

left nephrectomy), reported by Kim et al., one donor required

surgical exploration for undetectable testicular blood flow (17).

This study is limited by its retrospective nature, recall bias and

lack of information regarding the severity and the duration of

testicular pain. We were unable to analyze 1348 male donors due

to missing data on testicular pain which may bias the reported

incidence. In fact, Pinar et al. has reported an incidence of

testicular pain as high as 31.9% of 69 donors (21). Additionally,

the RELIVE Study dataset did not record data on gonadal vein

ligation. In addition, the dataset does not have information on

how the gonadal artery was handled. The latter is highly relevant

as most surgeons would ligate the left gonadal artery and almost

universally spare the right gonadal artery. Another potential

limitation of these analyses is not knowing how the testicular

pain was treated by the participating centers and its severity.

In summary, testicular pain is a complication that is perhaps

underappreciated. Factors associated with testicular pain include
Frontiers in Urology 08
being non-Hispanic White and undergoing laparoscopic

nephrectomy. Importantly, these results do not support the

prevailing view that testicular pain is more common in

individuals undergoing left nephrectomies. Donors should be

routinely asked about this potentially bothersome complication.
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