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Background. Since 1998, the Swiss Organ Living-Donor Health Registry (SOL-DHR) has recorded peri- and postop-
erative complications of living kidney (LK) donors, as reported by all Swiss transplant centers and has collected follow-up 
data prospectively. Methods. We analyzed the early complications of 2379 consecutive individuals who donated a 
kidney between January 1998 and June 2022 and assessed their health-related quality of life (HRQoL) 1 y after dona-
tion. Results. In total, 447 early complications in 404/2379 LK donors (17.0%) were reported to the SOL-DHR. The 
frequency of donors with major complications (ie, Dindo-Clavien classification 3/4) was 2.4%. In total, 31 donors needed 
reoperation, and in 13/31 (42%), donors reoperation was necessary because of bleeding complications. Independent risk 
factors for major early complications were older donor age (P = 0.005) and type of surgical approach (ie, the laparoscopic 
retroperitoneal compared with laparoscopic transabdominal surgery; P = 0.01), but not sex. We observed a U-shaped asso-
ciation of body mass index, where very low/high body mass indexes had higher odds of major early complications, without 
reaching statistical significance. Although HRQoL was affected by kidney donation, 96.5% of donors indicated that they 
would donate their kidney again. The only independent risk factor for low HRQoL based on mental health scores was wors-
ening EB after living kidney donation (P < 0.0001). Conclusions. Overall, living kidney donation is a safe procedure, 
however, donor age and type of surgical approach affect the risk of complications. A decline in emotional bonding with the 
recipient after donation may worsen the quality of life of the donor. 
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INTRODUCTION

Kidney transplantation is the therapy of choice for many 
patients with kidney failure (KF) and has evolved rapidly 
worldwide in recent decades. Despite this progress, there 
is still an enormous gap between organ demand and avail-
ability. Efforts to increase the number of deceased donors 
have been insufficient, leading to an increase in living-
donor kidney transplants worldwide. In Switzerland, 
living donations, starting in the 1960s, now account for 
approximately one-third of all donations. To illustrate, in 
2023 109/400 (27%) kidney transplantations were from 
LK donors (https://www.swisstransplant.org).

The advantages of living kidney donation (LKD) for the 
recipient include pre-emptive transplantation, shorter time on 
dialysis, shorter cold ischemia time, and improved allograft 
and patient long-term survival.1-3 However, LKD exposes 
donors to the risks of early complications and long-term 
physical and psychosocial consequences. Therefore, compre-
hensive donor information obtained from prospective cohort/
registry studies is crucial.4 Over time, the selection criteria for 
LK donors have broadened to include elderly donors, as well 
as donors with comorbidities such as obesity and hyperten-
sion, if well controlled.5,6 Thus, detailed and regularly updated 
information regarding the risk of LKD are essential. However, 
prospectively collected cohort data on perioperative short- 
and long-term complications after LKD nephrectomy are 
sparse.7-11 Furthermore, HRQoL after LKD and psychosocial 
outcome risks from prospective studies were reported in only 
two articles.12,13 Because of the lack of these data in the early 

nineties, SOL-DHR was founded in 1993 as the first prospec-
tive registry worldwide. Since then, SOL-DHR has collected 
data from all LK donors of Swiss transplant centers.14

This prospective, multicenter cohort study analyzed SOL-
DHR data to evaluate the incidence of complications, kidney 
function, metabolic parameters, HRQoL, and psychosocial 
outcome risks before and 12 mo after LKD.

MATERIALS AND METHODS

Prospective Cohort Study and Donor Population
SOL-DHR was launched in Switzerland to provide lifelong 

follow-up for kidney donors.14 Since 1993, all Swiss trans-
plant centers have included all LK donors who have con-
sented to participate and since 2007, it has been mandatory in 
accordance with the Swiss Transplantation Act.

This retrospective analysis of prospectively collected 
data from LK donors nested within the national regis-
try was conducted with approval of the ethics committee 
of Northwestern and Central Switzerland (www.eknz.ch;  
project-ID 2022-01413).

From 1993 to 2022, totally 2620 LK donors were regis-
tered in Switzerland, with 199 from before 1998 excluded 
because of missing data on complications. Additionally, 42 
donors with incomplete datasets were excluded from the 
study. The final study population consisted of 2379 individu-
als who donated a kidney between January 1998 and June 
2022. Outcomes were determined on September 30, 2023 
(Figure 1).

FIGURE 1. Study flowchart. Individuals who donated before 1998 (n = 199) as well as donors with incomplete data were excluded (n = 42). 
Early complications classified by Dindo-Clavien classification as well available follow-up data of donors are indicated.

https://www.swisstransplant.org
www.eknz.ch
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Pre- and Postdonation Management
The national registry organizes a follow-up of LK donors 

at 1 y, and then every 2 y lifelong. Data collection princi-
ples before kidney donation, at the time of discharge from 
nephrectomy and thereafter have been described in detail 
previously.14 Briefly, transplant centers inform donors about 
the registry and send data on baseline characteristics, comor-
bidities, and the relationship with recipients to SOL-DHR. 
At the time of discharge from nephrectomy, a questionnaire 
about peri- and postoperative complications during the in-
hospital stay is filled out by transplant centers and sent to 
SOL-DHR. In addition, early complications within the first 
12 mo after nephrectomy are included in the database after 
thorough investigation and confirmation by SOL-DHR’s data 
managers.

In 2002, SOL-DHR introduced questionnaires to assess 
psychosocial factors and HRQoL using the validated Short-
Form 8 Health Survey (SF-8). The SF-8 is a brief form of the 
commonly used Short-Form 36 Health Survey (SF-36), which 
measures eight dimensions of HRQoL and allows the calcula-
tion of two summary scales: physical (PCS) and mental health 
(MCS). Participants first completed the SF-8 and psychosocial 
factors questionnaires 12 mo after donation and then every 
5 y. Additionally, since 2006, these questionnaires have been 
completed before donations. Between January 2002 and June 
2022, n = 955 predonation and n = 1580 1-y postdonation 
SF-8 questionnaires from 1768/2379 donors (74.3%) were 
transmitted to the SOL-DHR database. In total, 767/1768 
donors completed both (predonation and 1 y after donation) 
SF-8 questionnaires (Figure 1).

Data Collection and Objectives
Preoperative donor characteristics include height, weight, 

blood pressure, body mass index (BMI), sex, age, medication, 
and pre-existing comorbidities, such as hypertension. Early 
peri- and postoperative complications include surgical and 
other complications (ie, need for blood transfusions, wound 
infections, urinary tract infections (UTI), other infections, uri-
nary retention, deep vein thrombosis, pulmonary embolism, 
and psychosocial complications). The complication question-
naire includes a visual scale for pain filled out by the donors. 
In addition, transplant centers report the side of nephrectomy, 
the surgical technique used, the length of in-hospital stay, and 
whether donors had high-blood pressure values (>140/90 
mmHg) on at least 2 consecutive days during the postopera-
tive phase. Early complications observed before 2017 were 
retrospectively classified according to the Dindo-Clavien grad-
ing system of surgical complications,15 and those observed 
since 2017 were prospectively classified by the transplant 
centers. Each complication is counted separately, allowing 
the identification of multiple complications per donor. Since 
the notification of complications to the national registry, 5 
different surgical techniques for LKD have been performed.16 
However, in this analysis, the surgical techniques were clas-
sified as either open or laparoscopic (ie, transabdominal or 
retroperitoneal) nephrectomy.

Collected predonation and 1-y lab parameters include 
serum creatinine, eGFR (calculated using CKD-EPI for-
mula), hemoglobin A1c (HbA1c), and urine analysis (urine 
dipstick analysis, urine sediment if dipstick is pathological, 
urine protein-creatinine ratio (UPCR), and urine albumin-
creatinine ratio). Since 1993, blood/urine samples for all 

laboratory parameters have been sent to a core laboratory 
(Viollier AG, Basel, Switzerland), except for urine dipstick 
and sediment examinations. Furthermore, data on weight, 
BMI, blood pressure control, occurrence of hypertension, 
and any medications are collected. Concerning HbA1c, these 
values have been collected in the registry only since August 
2017.

The objectives were to investigate the incidence of early 
peri- and postoperative complications after LKD as well as to 
identify potential risk factors for adverse outcomes. Further 
objectives were to analyze differences in kidney function (ie, 
serum creatinine/eGFR and UPCR/UACR), metabolic param-
eters (ie, weight, BMI, and HbA1c), and HRQoL before and 
12 mo after donation as well as to explore psychosocial out-
come risks.

Statistical Analysis
We used JMP software version 16.0 (SAS Institute Inc., 

Cary, NC) and R version 4.2.2 (www.R-project.org) for statis-
tical analysis. Categorical data were summarized as counts and 
percentages and analyzed using Fisher’s exact test or Pearson’s 
chi-squared test, as appropriate. The distribution of continu-
ous data was analyzed using quantile-quantile plots and sum-
marized as mean and standard deviation. Hypothesis testing 
for variables following a normal distribution was performed 
using a t-test or paired t-test for paired data. Hypothesis 
testing for variables not following a normal distribution 
was performed using the Wilcoxon rank-sum test and data 
summarized as median and interquartile range (IQR). As a 
measure of effect, the mean difference with a 95% confidence 
interval (CI) and corresponding Cohen’s d were calculated. 
For interpretation purposes effect sizes were graded according 
to Cohen (Cohen’s d < 0.2 equals “very small,” between 0.2 
and <0.5 “small,” between 0.5 and <0.8 “medium,” and ≥0.8 
a large effect size).17

Multivariable logistic regression analysis was performed to 
identify potential risk factors for major early complications 
based on the Dindo-Clavien classification (ie, major compli-
cations were defined as Dindo-Clavien classification ≥3a). 
Potential risk factors were selected based on pre-existing 
knowledge, without a P value threshold or automated vari-
able selection. We adhered to the 1:10 rule of thumb, which 
suggests including one variable in the model for every 10 
events to reduce the risk of overfitting. To account for the 
long observation time and potential procedural changes, the 
year of transplantation was chosen a priori as a potential con-
founder and included in the model. The cutoff values for the 
strata were determined based on the number of complications. 
To relax the linearity assumption, BMI and age were modeled 
using restricted cubic splines. The dose-response relationship 
for age and BMI is visualized in the dose-response plots. Based 
on these results and for easier interpretation, an additional 
regression model was built, including BMI as a categorical 
variable. A BMI between 20 and 24.9 kg/m² was chosen as the 
reference group and compared with BMI categories of <20, 
25–29.9, and >30 kg/m². Statistical significance was defined 
as a two-tailed P value <0.05. No imputation was used to 
address the missing values.

Individual values of the SF-8 as well as the sum scales 
(ie, PCS and MCS) are reported as Norm-Based Scores as 
described in.18 Low physical and mental HRQoL was defined 
as a component score ≤30.

www.R-project.org
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RESULTS

Donor Baseline Characteristics
Data on peri- and postoperative complications were 

available for 2379 LK donors (98.3% of all kidney donors 
who were registered between January 1998 and June 2022) 
(Figure 1). The baseline characteristics are summarized in 
Table 1. The mean age at the time of donation was 53 y (SD 
± 11.2 y), and 64.4% of the LK donors were female. Most 
of the donors were partners, parents, or siblings. During 

the study period, three main types of donor nephrectomy 
were performed. The transabdominal laparoscopic method 
was chosen most often. In addition, 55% of open nephrec-
tomies were performed between 1998 and 2008 (Table S1, 
SDC, http://links.lww.com/TXD/A707). In 58% of cases left 
kidney was removed. Mean predonation creatinine was 68 
µmol/L (SD ± 13.5 µmol/L), and the mean eGFR was 92 ml/
min/1.73m2 (SD ± 14.1 ml/min/1.73m2). Thus, most donors 
had normal kidney function, but in n = 20 donors (0.9%), 
predonation eGFR was <60 ml/min/1.73m2 (Figure 2). Of 
the entire donor population, 17.4% had arterial hyperten-
sion that required treatment before donation. The mean 
predonation systolic and diastolic blood pressures were 127 
mmHg (SD ± 13.5 mmHg) and 77 mmHg (SD ± 8.7 mmHg), 
respectively. The mean predonation BMI was 25.5 kg/m2 (SD 
± 3.8 kg/m2) and only 1.2% of the donors had a BMI >35 kg/
m2. In a supplementary table, baseline characteristics strati-
fied according to donors with/without occurrence of any 
early complication are summarized (Table S2, SDC, http://
links.lww.com/TXD/A707).

Early Peri- and Postoperative Complications
As summarized in Table 2, there were 447 early complica-

tions in 404 LK donors (17.0%). In total, 348 (14.6%) had 
minor complications (Dindo-Clavien classification 1/2), and 
only 56 (2.4%) had major complications (ie, Dindo-Clavien 
classification 3/4; in detail: donors with 3a, n = 34, with 
3b, n = 14, with 4a, n = 7, with 4b, n = 1). No perioperative 
mortality was observed during the study period. In total, 31 
donors required reoperation either during hospitalization or 
within the first 12 mo. In 13 donors, reoperation was neces-
sary because of bleeding complications (8 with severe retrop-
eritoneal hematoma, 2 with arterial lesions, and 3 with diffuse 
venous bleeding). Other reasons for reoperation are listed 
in Table 2. Furthermore, 4 hemorrhages needed immediate 
intraoperative revision, and 2 of them were life-treating com-
plications (Table 2). Owing to intraoperative complications, 
0.7% (n = 14) of laparoscopic surgeries required conversion 
to laparotomy. The incidence of major early complications 
was slightly higher in donors who underwent laparoscopic 
nephrectomy than in those who underwent open surgery 
(2.7% versus 0.9%; P = 0.02). In detail, the frequency of 
major complications within the laparoscopic retroperitoneal 
group was 4.2%, and 1.8% within the laparoscopic transab-
dominal group, as well as 0.9% within the open nephrec-
tomy group, respectively. Nevertheless, reoperations were not 
more frequent in donors who underwent laparoscopic sur-
gery (P = 0.43) (data not shown). In total, 30 donors (1.3%) 
received blood transfusions because of significant blood loss.

Early complications were most frequent genitourinary 
problems such as urinary retention and UTI requiring anti-
biotics (25.1% of all complications), followed by wound 
infections (6.1%), bronchopulmonary and other infections 
requiring antibiotics (together 9.0%), and severe hematoma 
requiring blood transfusions (4.3%) (Table 2). Furthermore, 
42 donors indicated a pain scale >7 at discharge, which we 
classified as a Dindo-Clavien 1 complication regardless of 
whether they needed analgesics. In addition, 44 donors expe-
rienced psychological problems (depression and anxiety) 
during hospitalization, which was also defined as a Dindo-
Clavien 1 complication (altogether 19.3% of all complica-
tions) (Table 2).

TABLE 1.

Baseline donor characteristics, n = 2379

Variable Overalla

Mean age at donation (SD), y 52.9 (±11.2)
Age grouping at donation, n (%)
  <30 y 64 (2.7)
  30–40 y 284 (11.9)
  41–49 y 541 (22.8)
  50–60 y 836 (35.1)
  61–70 y 543 (22.8)
  >70 y 111(4.7)
Sex, n (%)
  Female 1532 (64.4)
  Male 847 (35.6)
Donor-recipient relation, n (%)
  Parents 572 (24.0)
  Siblings 513 (21.6)
  Other relatives 117 (4.9)
  Partners 842 (35.4)
  Other nonrelatives 335 (14.1)
KPD, n (%) 51 (2.1)
Surgical method (broad), n (%)
  Nephrectomy open 441 (18.5)
  Laparoscopic transabdominal 1193 (50.2)
  Laparoscopic retroperitoneal 745 (31.3)
Site, n (%)
  Right kidney 598 (25.1)
  Left kidney 1382 (58.1)
  Unknown 399 (16.8)
Kidney function before donation
  Mean creatinine (SD), µmol/l 67.9 (±13.5)
  Mean eGFR, CKD-EPI (SD) (ml/min/1.73m2) 92.3 (±14.1)
  Mean UPCR (SD), mg/mmol 9.2 (±5.5)
  Mean UACR (SD), mg/mmol 1.1 (±2.5)
Arterial hypertension before donation, n (%) 414 (17.4)
Blood pressure before donation, n (%)
  Mean Systolic blood pressure (SD), mmHg 126.7 (±13.5)
  Mean Diastolic blood pressure (SD), mmHg 77.4 (±8.7)
Mean Weight (SD), kg 71.9 (±12.9)
Mean BMI (IQR), kg/m2 25.5 (±3.8)
BMI <30 kg/m2, n (%) 2085 (88.0)
BMI 30–35 kg/m2, n (%) 257 (10.9)
BMI >35 kg/m2, n (%) 27 (1.1)
Mean HbA1c (IQR), % 5.4% (±0.4)

aValues are indicated as mean and standard deviation (SD).
KPD and eGFR = calculated by the CKD-EPI formula; in ml/min/1.73m2 of body surface, which 
was available for 2327 donors. CKD-EPI, UPCR, and UACR = only calculated for donors with undi-
luted urine (ie, urine creatinine ≥3 mmol/l; n = 1796). BMI = available for 2369 donors before 
donation, HbA1c = available for 430 donors before donation since August 2017. Predonation 
systolic/diastolic blood pressure measurements were available for 2363 donors.
BMI, body mass index; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, esti-
mated glomerular filtration rate; HbA1c, hemoglobin A1c; KPD, kidney paired donation; UACR, 
urine albumin-to-creatinine ratio; UPCR, urine protein-to-creatinine ratio.

http://links.lww.com/TXD/A707
http://links.lww.com/TXD/A707
http://links.lww.com/TXD/A707
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Urinary retention was more frequently observed in male 
compared with female donors (36/847 versus 24/1532; 
P = 0.0001) and in donors aged >70 y than in all other donor 
age categories (>70 y old: 10/111 (9%) versus 61–70 y old: 
16/543 (3.0%); versus 50–60 y old: 19/836 (2.3%); versus 
<50 y old: 15/889 (1.7%), respectively; P ≤ 0.005). UTI was 
slightly more frequent in the elderly (>70 y) than in younger 
donors (5.4% versus 2.0%; P = 0.03). Furthermore, there was 
no association between wound infections and a higher BMI 
(P = 0.85) or between open and laparoscopic surgery (P = 1.0) 
(data not shown). The median hospitalization time was 5 d 
(IQR 4–7 d). Only 4.2% of donors were hospitalized for >10 
d. In addition, the median hospitalization time for the 2 lapa-
roscopic approaches was 5 d (IQR 4–7 d), and the median 
hospitalization time for the open nephrectomy approach was 
6 d (IQR 4–8), respectively, indicating a statistically signifi-
cant difference (P = 0.004). Further, the percentage of hospital-
ized donors for >10 d for the 2 laparoscopic approaches was 
lower (ie, 3.2%), than for the open nephrectomy approach (ie, 
5.9%; P < 0.0001).

Course of Kidney Function, Blood Pressure, and 
Metabolic Parameters

Assessment of kidney function, blood pressure, and met-
abolic parameters before and 12 mo after donation only 
included donors with a 1-y follow-up (n = 2049, 86.1%). 
Concerning the evaluated outcome parameters, only eGFR 
showed a meaningful change from before to 12 mo after 
donation with an estimated mean difference of –31.74 ml/
min/1.73m2 (95% CI, –32.24 to –31.24 ml/min/1.73m2), 
according to a mean percentage change of 33.5% (SD 
11.1%).

Nevertheless, the mean eGFR after LKD was still >60 ml/
min/1.73m2 and albuminuria was not higher than predona-
tion (P = 0.13) (Table 3; Figure 2). The decrease in kidney 
function was dependent on donor age, with a higher risk of 
decrease in the elderly than in younger donors (P < 0.0001; 
data not shown).

All other outcome parameters including UPCR showed 
only small mean differences with corresponding small effect 
sizes (ie, Cohen’s d ≤ 0.27) (Table 3). Only 0.8% of donors 
developed a UPCR >50 mg/mmol (ie, with a median UPCR 
of 55 mg/mmol; IQR, 52–63 mg/mmol; data not shown). 
During the postoperative phase, 111 donors (4.7%) had 
high-blood pressure values (>140/90 mmHg) for at least 2 
consecutive days. Of these, 46 donors had been treated for 
hypertension before donation. In 50/111 (45%) donors, the 
blood pressure normalized during follow-up; however, 15 
donors required continuous antihypertensive therapy. The 
rate of donors on antihypertensive medication increased 
from 17.4% before donation to 21.4% 12 mo after 
donation.

Course of Health-related Quality of Life
The evolution of HRQoL from before to 12 mo after kidney 

donation is shown in Table 4. In total, 767 donors from the 
original donor population completed both (pre- and 1-y post-
donation) SF-8 questionnaires. Both component scale scores 
(ie, MCS and PCS) as well as the single scores of the eight 
measured items of the SF-8 questionnaire (ie, general health, 
physical functioning, role physical, bodily pain, vitality, social 
functioning, mental health, and role emotional) were in the 
upper range of the standard normal population before and 
12 mo after LKD (Table 4).19,20 Both component scores and 
single quality of life items showed statistically significant dif-
ferences at the two time points (P ≤ 0.002), except for mental 
health (P = 0.14). However, the decreases were small with cor-
responding small effect sizes (ie, Cohen’s d ≤ 0.38).

In addition, 172/767 (22.4%) donors stated that their 
health status improved (Table 4) after donation, and 66.5% 
(510/767) described their health status as unchanged after 
LKD compared with before donation. In total, 96.5% 
(740/767) of donors indicated that they would donate their 
kidney again if possible (Table 4). Interestingly, 196/767 
(25.6%) donors considered that their emotional bonding (EB) 
to the recipient improved after LKD (Table 4). Most donors 

FIGURE 2. Course of kidney function and albuminuria before and 12 mo after kidney donation. The box plots show (A) eGFR before and 12 
mo after kidney donation as well as UACR at the same timepoints (B). The red line in (A) indicates an eGFR level of 60 ml/min/1.73m2. eGFR, 
estimated glomerular filtration rate (calculated by the CKD-EPI formula; in ml/min/1.73m2 of body surface); CKD-EPI, Chronic Kidney Disease 
Epidemiology Collaboration; UACR, urine albumin-to-creatinine ratio (mg/mmol).
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TABLE 2.

Early donor complications, n = 447

Complications Comments Numbers
Dindo-Clavien 1
  Urinary retention 60
  Other genitourinary problems (3 hydrocele, 1 macrohematuria, 1 penis ulcer) 5
  Pneumothorax Without chest drain 7
  Chyle leakage Without further intervention 4
  Severe hematoma No blood transfusion or intervention 16
  Secondary wound healing Bedside opening 3
  Psychological problems during hospitalization 44
  Pain scale >7 at dischargea 42
  Severe vomitus ≥2 d 14
  Intraoperative positioning-related complications (5 rhabdomyolysis, 2 severe shoulder or back pain, 6 nerve lesion,1 costal fracture) 14
  Anesthesia-related complications (1 teeth damage, 1 glottis lesion, 1 keratitis, 3 severe headache >2 d postoperative) 6
  Severe skin emphysema After retroperitoneoscopic nephrectomy 2
  Allergic skin reaction Only topical treatment 11
  Retained needle Asymptomatic, no further intervention 1
Dindo-Clavien 2
  Urinary tract infection Requiring antibiotics 52
  Wound infection Requiring antibiotics 27
  Bronchopulmonary infection Requiring antibiotics 14
  Epididymitis Requiring antibiotics 5
  Septicemia Venous line associated 3
  Other infections Requiring antimicrobial agents 18
  Acute hepatitis Drug related 1
  Paralytic ileus Prolonged ileus >2 d 6
  Thrombosis Right arm 1
  Pulmonary embolism 1
  Severe hematoma Requiring blood transfusion 19
  Cardiac arrhythmia 1 arterial fibrillation, 1 AV reentry tachycardia 2
  Bronchospasm postsurgery Known asthma bronchiale 2
  Allergic reaction 6
  Other 4
Dindo-Clavien 3a
  Pulmonary edema ICU admission, noninvasive ventilation, loop diuretics 1
  Urethral stricture Need for incision 1
  Pneumothorax Chest drainage 5
  Lymphatic fistula Percutaneous drainage 1
  Chyle leakage Percutaneous drainage 3
  Iatrogenic diaphragm perforation Chest drainage 3
Dindo-Clavien 3b
  Carotid dissection Need for reoperation 1
  Benign prostatic hyperplasia Recurrent urine retention, TURP 1
  Testicular torsion Reoperation with orchiectomy 1
  Lesion of vena cava Intraoperative revision, no blood transfusion 2
  Lymphatic fistula Reoperation 1
  Hydrocele Revision 4 mo after nephrectomy 1
  Hernia Reoperation 4
  Retroperitoneal hematoma Reoperation 8
  Chyle leakage Reoperation 4
  Small bowel perforation Reoperation 1
  Mechanic ileus Reoperation 2
  Anal fistula Reoperation 1
  Arterial lesionb Intraoperative revision 2/4, reoperation 2/4, 1/4 with mass transfusions 4
  Diffuse venous bleeding Reoperation, 2/3 needed blood transfusions 3
  Need for abdominoplasty Reoperation 1
Dindo-Clavien 4a
  Chyle leakage retroperitoneal Percutaneous drainage, need for parenteral nutrition, catheter sepsis 1
  Arterial lesion (vessel with diameter 1mm in the adrenal region) Life-threating intraoperative bleeding, successful embolization 1
  Perforation of the terminal ileum Life-threating intraoperative bleeding, need for evacuation of hematoma 1
  Perforation of the jejunum During the course development of sepsis and pulmonary embolism 1
  Aortic lesion Life-threating intraoperative bleeding 1
  Severe rhabdomyolysis Acute kidney failure, need for hemofiltration, muscle damage after surgery 1
  Myocardial infarction NSTEMI, ICU admission 1
Dindo-Clavien 4b
  Pulmonary embolism Resuscitation, ICU admission, full recovery 1
Total n = 447
aPain scale information was available for 2221 donors in total.
bRenal arterial branches (n = 2), internal iliac artery (n = 1), and epigastric artery (n = 1).
ICU, intensive care unit; NSTEMI, non-ST-elevation myocardial infarction; TURP, transurethral resection of the prostate.
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(68.4%) indicated that EB remained unchanged, and only 
2.1% clearly stated that EB worsened after donation.

Next, we evaluated independent risk factors of low 
HRQoL based on both component scores (ie, MCS and PCS) 
individually, taking all complete postdonation question-
naires 12 mo after LKD into account (n = 1548), as depicted 
in Tables S3 (SDC, http://links.lww.com/TXD/A707; PCS) 
and S4 (http://links.lww.com/TXD/A707; MCS). Potential 
confounders such as sex and age, occurrence of any early 
major complications after LKD, and self-reflected worsen-
ing of EB after donation were considered in the multivari-
able logistic regression models. Importantly, sex, age, and 
the occurrence of any early major complications were not 
independent risk factors for low HRQoL based on both 

component scores as shown in Tables S3 (SDC, http://links.
lww.com/TXD/A707; ie, PCS; P ≥ 0.17) and S4 (SDC, http://
links.lww.com/TXD/A707; ie, MCS; P ≥ 0.05). The only 
independent risk factor for low HRQoL based on MCS was 
worsening EB after LKD (odds ratio [OR], 10.42; 95% CI, 
3.56-30.50; P < 0.0001) as shown in Table S4 (SDC, http://
links.lww.com/TXD/A707).

Independent Risk Factors of Early Major 
Complications

In a multivariable logistic regression analysis, donor 
age and the type of surgical approach were independently 
associated with major early complications based on the 
Dindo-Clavien classification (Table 5). Figure 3A and Table 

TABLE 3.

Course of kidney function, blood pressure and metabolic parameters before and 12 mo after donation, n = 2049

Parameter
Before donation

mean (SD)
12 mo after donation

mean (SD)
Mean Difference

(95% CI) Cohen’s d P value

Kidney function
  Creatinine (µmol/l) 67.9 (±13.5) 100.2 (±19.3) 32.47 (31.86-33.08) 2.36 <0.0001
  eGFR, CKD-EPI (ml/min/1.73m2) 95.3 (±14.2) 62.9 (±13.7) –31.74 (–32.24 to –31.24) 2.84 <0.0001
  UPCR (mg/mmol)a 9.1 (±5.6) 11.8 (±7.8) 2.66 (2.22-3.12) 0.13 <0.0001
  UACR (mg/mmol)a 1.1 (±2.7) 1.2 (±3.0) 0.13 (–0.04 to 0.31) 0.04 0.13
Blood pressure
  Systolic (mmHg) 126.7 (±13.5) 127.8 (±14.7) 0.76 (0.07-1.46) 0.05 0.03
  Diastolic (mmHg) 77.4 (±8.7) 80.5 (±9.1) 2.76 (2.30-3.22) 0.27 <0.0001
Metabolic variables
  HbA1c (%) 5.4 (±0.4) 5.4 (±0.3) 0.05 (0.03-0.07) 0.24 <0.0001
  Body weight (kg) 71.9 (±12.9) 72.3 (±13.4) 0.51 (0.31-0.70) 0.05 <0.0001
  BMI (kg/m2) 25.5 (±3.8) 25.7 (±4.1) 0.26 (0.19-0.34) 0.16 <0.0001

aSamples with a urine creatinine value <3 mmol/l (n = 657) were excluded from the analysis of the UPCR and UACR as well as donors with no available urine sample (n = 471).
For all scores, the mean value (SD) is indicated. The differences between before donation and 12 mo after donation were analyzed by a paired t-test. As a measure of effect, the mean differences (95% 
CI) and corresponding Cohen’s d were calculated.
BMI, body mass index; CI, confidence interval; HbA1c, hemoglobin A1c; SD, standard deviation; UPCR, urine protein-to-creatinine ratio; UACR, urine albumin-to-creatinine ratio.

TABLE 4.

Course of psychosocial parameters before and 12 mo after donation, n = 767

Parameter
Before donation

mean (SD)
12 mo after donation

mean (SD)
Mean Difference

(95% CI) Cohen’s d P value

Summary component scale (SF-8)
  MCS 54.7 (±5.9) 53.6 (±7.7) –0.84 (–1.39 to –0.29) 0.11 0.003
  PCS 56.0 (±4.5) 53.1 (±7.5) –2.68 (–3.19 to –2.17) 0.38 <0.0001
Quality of life questions (SF-8)
  General health 53.4 (±4.6) 51.4 (±6.2) –1.64 (–2.04 to –1.24) 0.29 <0.0001
  Physical functioning 52.7 (±3.4) 50.8 (±5.7) –1.69 (–2.09 to –1.30) 0.31 <0.0001
  Role physical 53.1 (±3.7) 50.8 (±7.3) –2.01 (–2.51 to –1.52) 0.29 <0.0001
  Bodily pain 58.0 (±5.7) 56.1 (±7.5) –1.89 (–2.44 to –1.34) 0.24 <0.0001
  Vitality 56.2 (±5.2) 53.2 (±7.3) –2.71 (–3.21 to –2.21) 0.38 <0.0001
  Social functioning 53.6 (±4.1) 52.8 (±5.5) –0.63 (–1.02 to –0.24) 0.11 0.002
  Mental health 53.1 (±5.8) 52.5 (±7.2) –0.42 (–0.97 to 0.14) 0.05 0.14
  Role emotional 51.2 (±3.6) 50.1 (±5.2) –0.95 (–1.33 to –0.57) 0.18 <0.0001
Transition of health status (improved), n (%)a 172 (22.4)
Emotional bonding (better),b n (%) 196 (25.6)
“Redonation,”c yes/no, n (%) 740 (96.5)/16 (2.1)

aThe question evaluating the transition of health status was “Compared with last year, how would you describe your actual state of health?”
bThe question evaluating emotional bonding was “How did the relationship to the organ recipient change after donation?”
cThe question to evaluate whether a person would donate again was: “If it were possible, would you choose organ donation again?”
For all scores, the mean value (SD) is indicated if not otherwise stated. The differences between before donation and 12 mo after donation were analyzed by a paired t-test. As a measure of effect, the 
mean differences (95% CI) and corresponding Cohen’s d were calculated.
CI, confidence interval; MCS, mental component scale; PCS, physical component scale; SD, standard deviation; SF-8, short-form 8-item health survey.
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S5 (SDC, http://links.lww.com/TXD/A707) show the asso-
ciation between donor age and major classification using 
restricted cubic splines. When modeled continuously, the 
OR for donor age was 1.04 (95% CI, 1.01-1.07; P = 0.005) 
(Table 5). Regarding the surgical approach, laparoscopic 
retroperitoneal compared with laparoscopic transabdominal 
surgery was an independent risk factor for major early com-
plications (OR, 2.13; 95% CI, 1.21-3.82; P = 0.01), whereas 
open nephrectomy compared with the laparoscopic transab-
dominal surgery method was not (OR, 0.50; 95% CI, 0.14-
1.34; P = 0.21; Table 5). BMI showed a U-shaped association 
with major complications, without reaching statistical sig-
nificance (Figure 3B, Table 5; Table S5, SDC, http://links.
lww.com/TXD/A707). Focusing on the nowadays preferred 
laparoscopic surgical approach, we excluded donors with 
open nephrectomy within a sensitivity analysis getting simi-
lar results (Table S6, SDC, http://links.lww.com/TXD/A707).

DISCUSSION

The main observation of this study was that most compli-
cations occurring in LK donors were minor, and only 2.4% 
had major complications. This is consistent with a previous 
analysis of data from the SOL-DHR16 and other studies.4 
LKD-specific mortality is reported to be between 0.02% and 
0.04%.10,21,22 Similar to the Norwegian registry using data 

from 1022 consecutively collected LK donor nephrectomies 
between 1997 and 2008,8 no perioperative mortality was 
observed in our study. The leading early complications were 
genitourinary problems such as urinary retention and UTI, 
followed by wound or other infections.

Interestingly, the independent risk factors for major 
early complications were older donor age and type of surgi-
cal approach, whereas sex was not. For BMI, we observed 
a U-shaped association, where very low and high BMIs had 
higher odds of major early complications, without reaching 
statistical significance. Despite concerns about perioperative 
complications and the long-term risk of metabolic syndrome, 
obese donors have been increasingly accepted for LKD over the 
last decade.23 Other registries did not find any association of 
early complications with obesity.8,23 In contrast, Patel et al. and 
Friedman et al. reported higher incidences of donor complica-
tions in obese individuals (OR 1.92 and 1.76, respectively). 
However, in both studies weight was dichotomized.24,25 Based 
on our national registry data and after thorough review of 
the literature, the Swiss guidelines for living donation of solid 
organs published by the Swiss Academy of Medical Sciences 
were revised and updated recently (https://www.samw.ch/en/
Publications/Medical-ethical-Guidelines.html). There exists 
no strict national protocol for suitability of LK donors in 
Switzerland; however, the guidelines state that in case of an 
increased BMI (ie, >30 kg/m2, but <40 kg/m2) and metabolic 
disorders with an increased risk of diabetes (ie, impaired fast-
ing glucose/ impaired glucose tolerance), it must be assessed on 
a case-by-case basis whether donation is appropriate. Donors 
must be informed about the additional health risks, the devel-
opment of diabetes, the negative effects on the individual kid-
ney and ultimately the occurrence of cardiovascular events.

Compared with laparoscopic transabdominal surgery, the 
retroperitoneal laparoscopic approach was independently 
associated with more major early complications, whereas 
open nephrectomy was not. Comparing these findings with 
previous literature is difficult, because many studies and 
meta-analysis26-28 did not differ in the types of complications 
after donor nephrectomy using the Dindo-Clavien classifica-
tion.15 Besides, the site of nephrectomy was not a risk factor 
of major complications within our study. It is important to 
mention, that SOL-DHR does not retrieve any reasons/com-
ments about which site was chosen for kidney nephrectomy. 
However, because of personal communication between the 
transplant centers, we know that the most important reason 
for choosing the right versus the left kidney is when there are 
anatomical vascular variances on the left kidney. Our study 
lacked the power to differentiate between hand-assisted 
and classical laparoscopic techniques, or open nephrectomy. 
Furthermore, the effect of the robotic approach was minimal 
in the donor group.

Assessing donor health values before and after donation is 
essential for estimating the short- and long-term health risks of 
living donors. Hanson et al. highlighted that kidney function 
is the most important outcome of living donors, underpinned 
by the fear of developing KF after donation.29 In the United 
States, a study of 193 LK donors found that 21% of donors 
reported anxiety about kidney injury or loss after donation.30 
As expected, because of the loss of total nephron mass kid-
ney function significantly decreased 12 mo after kidney dona-
tion. Nevertheless, the mean eGFR after LKD was still >60 ml/
min/1.73m2 and albuminuria was not higher than predonation. 

TABLE 5.

Independent predictors of early major complications, 
n = 2379

Univariate logistic 
regression analysis

(95% CI); P value

Multivariable logistic 
regression analysis
(95% CI); P valuea

Risk factors of major 
complications*

  Sex (male vs 
female)

1.00 (0.57-1.73); 0.99 1.11 (0.62-1.93); 0.73

  Donor age 1.04 (1.01-1.07); 0.002 1.04 (1.01-1.07); 0.005
  BMI
   20.0–24.9 kg/m2 Ref Ref
   <20 kg/m2 2.19 (0.80-5.17); P = 0.09 2.40 (0.86-5.77); 0.07
   25–29.9 kg/m2 0.88 (0.47-1.63); 0.69 0.81 (0.43-1.51); 0.51
   ≥30 1.09 (0.43-2.44); 0.84 1.01 (0.39-2.27); 0.99
  Site of nephrectomy, 

left vs right
0.99 (0.54-1.83); 0.98

  Year of donation
   1998-2008 Ref Ref
   2009-2018 1.32 (0.74-2.39); 0.36 0.99 (0.55-1.83); 0.98
   2019-2022 0.92 (0.36-2.11); 0.85 0.63 (0.23-1.53); 0.34
  Surgical method
   Laparoscopic 

transabdominal
Ref Ref

   Laparoscopic 
retroperitoneal

2.42 (1.39-4.31); 0.002 2.13 (1.21-3.82); 0.01

   Open 
nephrectomy

0.51 (0.15-1.35); 0.22 0.50 (0.14-1.34); 0.21

aThe last column represents the entire multivariable model.
Multivariable logistic regression analysis was performed to analyze the independent risk factors 
for major early complications*, defined as Dindo-Clavien classification ≥3a (n = 56 donors).To 
account for the long observation time and potential procedural changes, the years of trans-
plantations were forced into the model as a potential confounder. Thus, the point effects of the 
multivariable model must be interpreted with caution. The C-statistic of the full model was 0.677.
BMI, body mass index; CI, confidence interval.
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Similar to Suwelack et al.,13 the decrease in kidney function was 
higher in elderly than in younger donors. Compensatory hyper-
filtration of the remaining kidney helps mitigate the impact of 
nephrectomy, such that the net reduction in GFR early after 
donation is much lower than 50% (ie, approximately 30%, 
leading to a GFR decrease of 25–40 ml/min/1.73m231,32). This 
is in line with our study, which showed a mean decline of 
32 ml/min/1.73m2 at 1 y after LKD. In a retrospective matched 
cohort study of LK donors between 2002 and 2016, Lam et 
al. showed that in contrast to the steady age-related decline in 
kidney function in nondonors, postdonation kidney function 
on average increased by 1 ml/min/1.73m2/y and began to pla-
teau at 5-y postdonation.33 Kasiske et al. demonstrated within 
a prospective controlled study of LK donors that between 6 
and 36 mo, the GFR slope declined 0.36 ml/min/y in 194 con-
trols but increased 1.47 ml/min/y in 198 donors.32 However, to 
thoroughly reassure LK donors about their kidney health after 
donation, knowledge about the long-term outcomes of kid-
ney function, especially the risk of KF after LKD is of interest. 
However, this was not within the scope of the present study.

Blood pressure and metabolic parameters showed small but 
statistically significant differences 12 mo after LKD compared 
with predonation levels, although most health parameters 
remained within the normal range, including blood pressure, 
proteinuria/albuminuria, and HbA1c. The mean BMI was 
slightly elevated before and after donation. Interestingly, this 
finding is similar to the finding of Suwelak et al.13 During the 
postoperative in-hospital phase, nearly 5% of donors had 
hypertensive values on at least 2 consecutive days, but blood 
pressure values were typically normalized in those not previ-
ously on medication. The percentage of donors on antihyper-
tensive medication remained stable after donation.

LK donors may experience psychosocial benefits by 
improving recipients’ health. Thus, we not only wanted to 
focus on somatic health outcomes but also HRQoL before 
and 12 mo after donation as well as the willingness to donate 
a kidney again. Previous studies and ours have found that 
donors have high HRQoL before donation, often better than 
that of the general population,18,34 likely because donors 
undergo a stringent medical evaluation process for eligibil-
ity before donation, including exploration of psychoso-
cial functioning. In the present study, 66.5% of the donors 
described their health status as unchanged after LKD, 20% 
felt improved, and 10% experienced deterioration. Nearly 
the same results as for the self-assessment of health status 
were observed for the EB of donors to their recipients after 
donation. Strikingly, 1 y after LKD, 96.5% of donors did 
not regret donating a kidney and would, if possible, do it 
again. Similar results were obtained by Clemens et al. who 
performed a multicenter study to examine the quality of life 
years after donation (ie, median 5.5 y).35 In this study, 97% of 
donors stayed firm on their decision of donating a kidney.35 
The only independent risk factor for low HRQoL based on 
MCS was worsening EB after donation.

The strength of this multicenter cohort study is that our 
data reflect long-term experience with LKD in Switzerland. 
In addition, there is high completeness of data with detailed 
information collected from all donors. However, this study 
has some limitations. Primarily, because of the low frequency 
of major early complications, we were limited by the num-
ber of adjusted variables, which may result in residual con-
founding. Additionally, 1.7% of donors had to be excluded 
because of missing variables. Although this percentage is low, 
we cannot completely exclude the potential for selection bias. 

FIGURE 3. Restricted cubic spline plot of the association between donor age and BMI with major early complications. The dark line indicates 
the predicted odds ratio for age (A) and BMI (B) with major complications modeled by restricted cubic splines. The blue area represents the 95% 
confidence interval. For age a reference value of 50 was chosen, for BMI a reference value of 25 was chosen. BMI, body mass index.
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Furthermore, some analyses were restricted to patients with-
out missing data. Caution is necessary when extrapolating our 
findings to other cohorts of liver kidney donors, as our popu-
lation is predominantly Caucasian and drawn from a country 
with a universal health care system. Therefore, inferences can-
not be applied to other populations.

In conclusion, our data confirm that living-donor nephrec-
tomy is safe with a low rate of major early complications 
and an acceptable rate of minor complications. Although 
the eGFR significantly decreased after donor nephrectomy 
because of the loss of functioning kidney volume, there was 
no increase in albuminuria in living donors at 12 mo after 
donation. Most donors do not regret donating their kidney. 
However, they must be carefully educated about the poten-
tial risks, including worsening of the relationship between the 
donor and the recipient as a potential cause of impaired qual-
ity of life.
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