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Implications of opioid use in living kidney donors for
key outcomes, including readmission rates after
nephrectomy, are unknown. We integrated Scientific
Registry of Transplant Recipients data with records
from a nationwide pharmacy claims warehouse and
administrative records from an academic hospital
consortium to quantify predonation prescription opi-
oid use and postdonation readmission events. Asso-
ciations of predonation opioid use (adjusted odds
ratio [aOR]) in the year before donation and other
baseline clinical, procedural, and center factors with
readmission within 90 days postdonation were
examined by using multivariate logistic regression.
Among 14 959 living donors, 11.3% filled one or
more opioid prescriptions in the year before dona-
tion. Donors with the highest level of predonation
opioid use (>305 mg/year) were more than twice as
likely as nonusers to be readmitted (6.8% vs. 2.6%;
aOR 2.49, 95% confidence interval 1.74–3.58).

Adjusted readmission risk was also significantly
(p < 0.05) higher for women (aOR = 1.25), African
Americans (aOR = 1.45), spouses (aOR = 1.42),
exchange participants (aOR = 1.46), uninsured
donors (aOR = 1.40), donors with predonation esti-
mated glomerular filtration rate <60 mL/min/1.73 m2

(aOR = 2.68), donors with predonation pulmonary
conditions (aOR = 1.54), and after robotic nephrec-
tomy (aOR = 1.68). Predonation opioid use is inde-
pendently associated with readmission after donor
nephrectomy. Future research should examine
underlying mechanisms and approaches to reducing
risks of postdonation complications.

Abbreviations: aOR, adjusted odds ratio; BMI, body
mass index; CDC, Centers for Disease Control and
Prevention; CI, confidence interval; CKD-EPI, Chronic
Kidney Disease Epidemiology Collaboration; eGFR,
estimated glomerular filtration rate; HRSA, Health
Resources and Services Administration; ICD-9, Inter-
national Classification of Diseases, Ninth Revision;
ME, morphine equivalents; mGFR, measured
glomerular filtration rate; NEC, not elsewhere classi-
fied; NIS, Nationwide Inpatient Sample; OPTN,
Organ Procurement and Transplantation Network;
SAS, Statistical Analysis Software; SHS, Symphony
Health Solutions; SID, State Inpatient Databases;
SRTR, Scientific Registry of Transplant Recipients;
UHC, University HealthSystem Consortium
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Introduction

In the United States, approximately 6000 living kidney

donations occur every year to help meet the growing

demand for available organs (1). Over time, the charac-

teristics of accepted donors have changed, including

older age, greater racial and ethnic diversity, and more

common predonation comorbidity including obesity,

hypertension, and even reduced renal function (2,3).

Despite the importance of understanding the outcomes

of an evolving donor population, identification of short-

and long-term complications by the national transplant

registry has been hampered by frequent missing data

and underreporting. Readmission after surgical proce-

dures is a commonly used measure of care quality and
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healthcare utilization that may serve as a proxy for sub-

sequent morbidity and reduced quality of life (4). The

Organ Procurement and Transplantation Network (OPTN)

registry for U.S. kidney donors reported that from 2005

to 2012, 2.1% of donors were readmitted within

6 weeks of nephrectomy (5). Unfortunately, transplant

center reporting to the OPTN underestimates early surgi-

cal complications (5), supporting a need to expand collec-

tion of postdonation outcomes with other information

sources.

Using the State Inpatient Databases (SID) from four U.S.

states, Schold et al identified a sample of 4524 living kid-

ney donors from 2005 to 2010 based on Interna-

tional Classification of Diseases, Ninth Revision (ICD-9)

diagnosis and procedure codes (6). Readmission within

1 year occurred for 5% of donors and was more com-

mon among women, African American and Hispanic

donors, and donors with predonation depression or

hypothyroidism. Similarly, using the Nationwide Inpatient

Sample (NIS), perioperative mortality was estimated as

0.17%, which, while low, is more than five times greater

than the 90-day mortality estimates generated from link-

ing the OPTN registry to national death records (7,8).

This suggests that the lack of confirmation of donor sta-

tus through patient-level linkages to the national trans-

plant registry may lead to inadvertent inclusion of

patients who underwent nephrectomy for indications

unrelated to donation. These studies also lacked some

information collected in the national transplant registry,

such as type of surgical procedure and transplant center

donor nephrectomy volume.

Presurgical use of opioid analgesics is increasingly recog-

nized as a predictor of postoperative complications and

resource utilization in diverse patient populations, includ-

ing those undergoing general and orthopedic surgery pro-

cedures (9,10). Pharmacy fill records offer a nonobtrusive

measure of medication use in epidemiologic investiga-

tions of populations, including living donors and trans-

plant recipients (11–13). We recently linked the national

transplant registry with fill records from a large pharmacy

claims clearinghouse and found that prescription opioid

fills in the year before kidney transplantation were asso-

ciated with increased risk of complications after the

transplant procedure (14,15). Given the growing concern

about risks related to use of prescription opioids in the

general population (16), we sought to examine whether

prescription opioid use before living kidney donation was

associated with readmission as a measure of postdona-

tion morbidity and resource utilization needs. Opioid fills

were considered with regard to total exposure over

1 year predonation and the timing of fills in relation to

donation. We also assessed whether readmission risk

varied with other demographic, clinical, procedure, and

center factors. To do this, we examined a unique data-

base combining the national transplant registry with hos-

pital administrative and pharmacy fill records.

Methods

Data sources

We conducted a retrospective cohort study using linked healthcare data-

bases in the United States to ascertain patient characteristics, pharmacy

fill records, and outcome events for living kidney donors. This study

used data from the Scientific Registry of Transplant Recipients (SRTR).

The SRTR system includes data on all donors, waitlist candidates, and

transplant recipients in the United States, submitted by the members of

the OPTN. The Health Resources and Services Administration (HRSA),

U.S. Department of Health and Human Services, provides oversight to

the activities of the OPTN and SRTR contractors. Baseline demographic

information ascertained for living kidney donors from the OPTN at the

time of donation included age, sex, and race as reported by the trans-

plant center.

Pharmacy fill data were assembled by linking SRTR records for living kid-

ney donors with billing claims from Symphony Health Solutions (SHS), a

large U.S. pharmaceutical claims data warehouse that captures prescrip-

tion drug fill records including self-paid fills and those reimbursed by pri-

vate and public payers. SHS includes National Council for Prescription

Drug Program format prescription claims aggregated from multiple

sources including claims warehouses, retail pharmacies, and prescription

benefit managers for approximately 60% of U.S. retail pharmacy transac-

tions. Individual claim records include the date of a given pharmacy fill

with the national drug code identifying agent and dosage. After institu-

tional review board and HRSA approvals, SHS records were linked with

SRTR records for living kidney donors. We applied a deterministic deiden-

tification strategy wherein patient identifiers (last name, first name, date

of birth, sex, and ZIP code of residence) were transformed before deliv-

ery to the Saint Louis University researchers with Health Information

Portability and Accountability Act and HITECH-certified encryption tech-

nology from SHS. The patient deidentification software uses multiple

encryption algorithms in succession to guarantee that the resulting “to-

ken” containing encrypted patient identifiers can never be decrypted.

However, the algorithm yields the same results for a given set of data

elements, such that linkages by unique anonymous tokens are possible.

Baseline comorbid conditions and readmission events were ascertained

from the University HealthSystem Consortium (UHC). The UHC is an alli-

ance of 107 academic medical centers and 234 of their affiliated hospitals

(approximately 90% of the nation’s nonprofit academic medical centers,

including approximately 50% of U.S. transplant centers). UHC administra-

tive records are based on data submitted from the UB-04 billing forms,

which include patient demographics and the ICD-9 diagnosis and proce-

dure codes. The data from UHC were linked to the SRTR using transplant

center, date of donation, and donor age and sex. Residential ZIP codes

were available for verification of duplicate matches (no duplicates were

identified for this sample). All direct identifiers were removed before the

final data set was available for analysis.

Population and covariates

Figure 1 and Table S1 summarize information for the study covariates

including the source databases, definitions, and sample frequencies. We

included all living kidney donors who donated between 2008 and 2012 at

UHC centers and who had 1 year of predonation pharmacy fill records in

SHS. Baseline donor demographic and clinical information ascertained

from the SRTR at the time of donation included age, sex, race, donor–

recipient relationship, presence of health insurance, body mass index

(BMI), estimated glomerular filtration rate (eGFR, based on the Chronic

Kidney Disease Epidemiology Collaboration [CKD-EPI] equation), physical

limitations, education level, employment status, hypertension (defined as

a reported condition, use of hypertension medication, systolic blood
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pressure ≥140 mmHg, or diastolic blood pressure ≥90 mmHg), and his-

tory of smoking as reported by the transplant center.

Baseline comorbid conditions were augmented from UHC diagnosis

codes indicated as “present on admission” including supplementation of

SRTR-reported hypertension, obesity, and smoking; additional clinical con-

ditions were categorized by organ system (Table 1). Intended procedure

type (laparoscopic or open) and side of nephrectomy (left or right) were

identified from the SRTR registry; further characterization of robotic-

assisted nephrectomy procedures was based on ICD-9 procedure codes

from the UHC database. The payer for donation (which in the U.S. health

system is the recipient’s insurance) was classified as commercial, Medi-

care, or other per UHC reports. Average annual living donor nephrectomy

volume for the included centers was obtained from SRTR reports.

Pharmacy fills for opioid analgesics in the year before donation were ascer-

tained from the SHS records. Opioid use was normalized to morphine

equivalents (ME), according to conversion ratios, as previously described

(17,18) (Table S2). Predonation ME were aggregated for each living donor

and expressed as dose (mg) of ME exposure over the year. We ranked

annual ME exposure among donors who filled opioid prescriptions predo-

nation by tertiles as <130, 130–305, and >305 mg/year, similar to previous

methods (14,15). We performed sensitivity analyses considering any opioid

fill and filling patterns within 6 months and in months 7–12 before dona-

tion. Additional sensitivity analyses were performed among a subset of

donors who had 2 years of predonation prescription drug eligibility in SHS,

considering associations with both quantity of exposure (as defined by ME

level) and filling patterns within each of the 2 years before donation.

Outcome measurements

The primary outcome was hospital readmission within 90 days after

donor nephrectomy, as identified by the UHC database. UHC records also

include (ICD-9) diagnosis codes associated with the readmission events.

We performed sensitivity analyses by using hospital readmission rates

within 180 days and 1 year after donation as the outcome.

Statistical analyses

Data sets were merged and analyzed with the use of SAS (Statistical

Analysis Software) version 9.4 (SAS Institute Inc., Cary, NC). Distributions

of clinical and demographic traits among donors with each level of predo-

nation opioid exposure, versus no opioid use, were compared by use of

the v2 test. Associations of predonation opioid use (adjusted odds ratio

[aOR]) and other baseline clinical, procedural, and center factors with

readmission events within 90 days postdonation were examined using

multivariate logistic regression. In all outcome analyses, we interpreted

two-tailed p-values <0.05 as statistically significant.

Results

Baseline characteristics of the living donor sample
Between 2008 and 2012, 30 026 living kidney donors in

the United States were recorded in the SRTR database.

Of these, 14 959 (49.8%) were also found in the linked

UHC and SHS records. The baseline characteristics of

the study sample were similar to those of all donors

recorded in the SRTR database during the same period

(Table S3). In the study sample, mean age at the time of

donation was 42.1 years (standard deviation, 11.8 years);

61.7% were female, 72.6% were white, and 11.7%

were African American (Table 1). Nearly half of donors

were unrelated to their recipients, including exchange

Donor Socio-demographic Information
SRTR Live Donor Registry
• Age, Sex, Race
• Donor/recipient relationship
• Donor insurance
• Physical capacity
• Education, Employment status

Pre-Donation Clinical Information
SRTR Live Donor Registry
• Height, Weight (for BMI)
• HTN, Blood pressure
• Smoking
• Serum creatinine (for eGFR)
UHC ‘Present on Admission’ Diagnoses
• HTN, Obesity, Genitourinary, 

Cardiac, Respiratory, 
Gastrointestinal, Hematologic, 
Neurologic, Endocrine, 
Rheumatologic, Psychiatric, Smoking

Procedure and Center Information
SRTR Live Donor Registry
• Procedure: Laparoscopic, Open
• Side of nephrectomy
• Annual volume
UHC Intended Procedure
• Robotic
UHC Payer Information (Donation)
• Private, Medicare, Other

Hospital Readmissions
UHC Hospitalization Records
• Diagnoses and Procedures

Prescription Narcotic Use
SHS Database
• Agent
• Dose (for ME)

Figure 1: Data integration to capture baseline donor characteristics, procedure information, and hospital readmissions. BMI,

body mass index; eGFR, estimated glomerular filtration rate; HTN, hypertension; ME, morphine equivalents; SHS, Symphony Health

Solutions; SRTR, Scientific Registry of Transplant Recipients; UHC, University HealthSystem Consortium.
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Table 1: Baseline characteristics of the living kidney donor sample by level of predonation opioid use

Baseline characteristics

Full cohort

(N = 14 959)

No use

(n = 13 267)

Level 1

(n = 550)

Level 2

(n = 614)

Level 3

(n = 528)

Age at donation, years 42.1 (11.8) 42.1 (11.8) 40.7 (11.4)* 41.8 (11.5) 43.5 (11.3)*

Female 61.7 60.9 68.9† 69.7‡ 65.5*

Race * * ‡

White 72.6 72.0 72.6 76.6 82.6

African American 11.7 11.5 15.8 12.1 11.2

Hispanic 10.9 11.3 8.2 9.1 4.2

Other 4.9 5.2 3.5 2.3 2.1

Donor–recipient relationship *

First-degree relative 45.3 45.8 43.6 41.9 37.7

Other biological relative 7.6 7.5 7.8 8.6 8.5

Spouse/partner 12.6 12.5 10.9 14.5 14.4

Paired/nondirected 9.4 9.4 9.8 9.3 10.4

Other unrelated 25.1 24.8 27.8 25.7 29.0

Donor health insurance

Insured 73.1 73.0 72.6 74.8 73.3

Uninsured 11.6 11.6 13.1 10.8 10.8

Not reported 15.4 15.4 14.4 14.5 15.9

Body mass index, kg/m2 *

<18.5 1.1 1.1 0.7 1.0 1.5

18.5 to <25 34.3 34.7 33.3 30.8 29.9

25 to <30 40.1 40.2 38.4 39.9 38.3

≥30 21.1 20.7 23.3 24.1 25.4

Not reported 3.4 3.2 4.4 4.2 4.9

Predonation eGFR, mL/min per 1.73 m2

>90 67.5 67.5 68.9 67.8 65.7

60–90 29.5 29.5 28.4 29.0 30.3

<60 1.5 1.5 1.3 1.5 2.1

Not reported 1.5 1.5 1.5 1.8 1.9

Physical capacity * ‡

No limitations 96.2 96.2 95.8 98.1 95.8

Limitations 0.4 0.3 0.2 0.3 1.9

Not reported 3.4 3.5 4.0 1.6 2.3

Highest level of education †

College or higher 64.5 65.0 62.9 63.2 55.1

Grade school or high school 25.6 25.3 27.5 26.6 31.8

Not reported 9.9 9.7 9.6 10.3 13.1

Employment status *

Working 80.1 80.4 79.6 79.0 76.0

Not working 16.8 16.6 16.6 17.9 20.5

Not reported 3.1 3.0 3.8 3.1 3.6

Comorbid conditions

Hypertension 12.2 12.1 12.2 11.7 13.8

Genitourinary 2.0 1.9 2.0 2.0 3.4*

Cardiac 0.9 0.9 0.9 0.7 1.5

Respiratory 5.5 5.2 7.5* 7.5* 8.0*

Gastrointestinal 8.1 7.9 9.1 9.0 11.4*

Hematologic 1.6 1.6 2.0 2.0 2.1

Neurologic 0.3 0.3 0.0 0.5 0.8

Endocrine 11.8 11.6 13.3 13.2 14.8*

Rheumatologic 0.2 0.2 0.2 0.3 0.2

Psychiatric 7.3 7.0 9.3* 9.8* 11.2†

Smoking 8.9 8.5 11.1* 10.4 13.8‡

Procedure and center characteristics

Nephrectomy approach, intended

Open 3.7 3.6 4.2 3.3 5.5

Laparoscopic (non-robotic) 93.9 94.0 92.7 94.3 91.3

Laparoscopic (robotic) 2.4 2.4 3.1 2.4 3.2

(Continued )
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participants or nondirected donations (9.4%). Nephrec-

tomy procedures were predominantly laparoscopic

(93.9%); 2.4% were robotic, and 3.7% were planned

open procedures.

In the study sample, 11.3% of donors filled one or more

opioid prescriptions in the year before donation. Com-

pared with donors who did not use opioids before dona-

tion, those with the highest level of use (level 3) were

more often women, of white race, spouses of their recipi-

ents, obese, and less likely to be employed (Table 1).

These donors were also more likely to have genitourinary,

respiratory, gastrointestinal, psychiatric, and endocrine

diseases and a smoking history. Length of stay for the ini-

tial nephrectomy hospitalization was modestly but signifi-

cantly longer in donors with level 3 predonation opioid use

compared with nonusers (2.8 vs. 2.7 days, p = 0.008).

Incidence of postdonation hospital readmission
according to predonation opioid use level
Median time from donation to any readmission within

1 year was 12 days (mean 53 days). Overall, 2.9% of

donors were readmitted to hospital within 90 days of

donation. After adjustment for demographic, clinical, and

procedure factors, the lowest level of predonation opioid

use was not associated with 90-day readmission (aOR

0.90, 95% confidence interval [CI] 0.52–1.55). However,

living kidney donors with the second level of predonation

opioid use were 92% more likely to be readmitted (5.2%

vs. 2.6%; aOR 1.92, 95% CI 1.32–2.80), and those with

the highest level use were more than twice as likely to

be readmitted as were nonusers (6.8% vs. 2.6%; aOR

2.49, 95% CI 1.74–3.58) (Figure 2). Readmission risk

was significantly (p < 0.05) higher for women than for

men (3.1% vs. 2.5%; aOR 1.25, 95% CI 1.01–1.55), for
African American donors than for white donors (4.1% vs.

2.8%; aOR 1.45, 95% CI 1.10–1.92), and for donors to

their spouses/partners (3.5% vs. 2.5%; aOR 1.42, 95%

CI 1.05–1.92) and exchange/nondirected donors (3.5%

vs. 2.5%; aOR 1.46, 95% CI 1.05–2.04) than for first-

degree relatives. Readmission rates were also higher for

uninsured donors (3.8% vs. 2.7%; aOR 1.40, 95% CI

1.05–1.87), markedly higher for donors with predonation

eGFR <60 vs. >90 mL/min/1.73 m2 (6.5% vs. 2.8%; aOR

2.68, 95% CI 1.54–4.66), and higher after robotic versus

laparoscopic nephrectomy (4.7% vs. 2.9%; aOR 1.68,

95% CI 1.00–2.81) and in donors with a predonation his-

tory of pulmonary condition (4.4% vs. 2.8%; aOR 1.54,

95% CI 1.08–2.20). Predonation cardiac conditions had a

near-significant association with 90-day readmission

(5.8% vs. 2.9%; aOR 2.06, 95% CI 0.99–4.30; p = 0.05).

We did not detect significant associations between the

risk of 90-day readmission and donor BMI, education

level, employment status, side of nephrectomy, or payer

for donation. There were no significant interactions of

baseline factors and predonation opioid use for 90-day

readmission.

Patterns were similar for associations of opioid use level

in the year before donation with readmissions within

180 days and 1 year of donation, although effect sizes

were attenuated compared to associations with 90-day

readmission rates (Table S4). Opioid fills within

6 months (aOR 1.69, 95% CI 1.15–2.46) and in months

7–12 (aOR 1.62, 95% CI 1.11–2.36) only before dona-

tion were associated with 90-day readmission, but read-

mission risk was highest for donors who filled opioid

prescriptions in both periods (aOR 2.19, 95% CI 1.36–
3.51). Among the subsample (n = 8802) with 2 years of

predonation pharmacy records, prescription opioid fills

within 2 years before donation were also associated

with readmission risk, although the association was sig-

nificant only for those with the highest level of use

(aOR 1.97, 95% CI 1.05–2.39). Considered by timing of

fill, opioid fills 0–12 months before donation (aOR 1.54,

95% CI 1.11–2.13) and in both the 0–12-month and

13–24-month predonation periods (aOR 1.59, 95% CI

1.05–2.39) were associated with 90-day readmissions,

Table 1. Continued

Baseline characteristics

Full cohort

(N = 14 959)

No use

(n = 13 267)

Level 1

(n = 550)

Level 2

(n = 614)

Level 3

(n = 528)

Side of nephrectomy

Left 86.3 86.5 84.2 84.9 84.7

Right 13.7 13.5 15.8 15.2 15.3

Payer for donation * *

Private 29.5 29.7 30.6 27.9 24.6

Medicare 13.7 13.5 13.3 17.4 16.7

Other 56.8 56.8 56.2 54.7 58.7

Average annual center volume

≤10 1.8 1.9 1.3 1.3 1.7

11–50 41.4 41.1 40.4 44.1 44.9

>50 56.8 57.0 58.4 54.6 53.4

Data presented as percentages (%) except for age, which is presented as mean (standard deviation).

eGFR, estimated glomerular filtration rate.

*p < 0.05–0.002; †p = 0.001–0.0001; ‡p < 0.0001.
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while use only in the period 13–24 months before

donation was not associated with readmission risk

(aOR 1.01, 95% CI 0.67–1.50).

Among donors who did not fill opioid prescriptions before

donation, the most common primary diagnoses for 90-

day readmission included infection (11.7%), digestive

system complications not elsewhere classified (NEC;

10.6%), constipation (7.2%), abdominal pain (6.9%),

nausea with vomiting (4.3%), dehydration (4.3%), and

hernia (4.0%). Among donors with the highest level of

predonation opioid use, leading readmission diagnoses

included infection (25.0%), a variety of gastrointestinal

complaints (digestive system complications NEC

[16.7%], abdominal pain [5.6%], nausea with vomiting

[5.6%], paralytic ileus [5.6%], other disorders of the peri-

toneum [5.6%]), and hernia (7.9%) (Table S5). Among

donors with the second level of predonation opioid use,

opioid abuse was the diagnosis for 3.1% of hospital read-

missions within 90 days of nephrectomy.

Figure 2: Readmission rates within 90 days after living donor nephrectomy according to predonation prescription opioid use

and other baseline factors. Adjusted for donor age, body mass index, education, employment, and predonation comorbid conditions

(as per Table 1). eGFR, estimated glomerular filtration rate.
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Discussion

A current understanding of the complications associated

with living kidney donation is vital for tailoring the

informed consent process for future potential donors and

to guide development of strategies to reduce risks (19).

To improve understanding of the frequency and corre-

lates of readmission after donor nephrectomy, we inte-

grated the national U.S. donor registry with a pharmacy

claims database and administrative records from a large

academic hospital consortium and identified several

important, novel findings. (1) More than 11.3% of donors

filled at least one opioid prescription in the year before

donation. (2) While the lowest level of prescription opioid

use in the year before donation was not associated with

90-day readmission, living kidney donors with the second

level of opioid use were 92% more likely to be readmit-

ted, and those with the highest level of use were more

than twice as likely as were nonusers to be readmitted.

(3) Considered by timing, opioid fills within 6 months and

in months 7–12 only in the year before donation were

associated with 90-day readmission, but readmission risk

was highest for donors who filled opioid prescriptions in

both periods. During a 2-year predonation timeframe, pat-

terns of use in both the 0–12-month and 13–24-month

periods, as well as use in the more recent period were

associated with readmission risk, while use only in the

more remote predonation period was not associated with

postdonation readmission. Adjusted readmission risk was

also higher for women, African Americans, spouses,

exchange participants, uninsured donors, and donors

with predonation eGFR <60 mL/min/1.73 m2 or histories

of pulmonary or cardiac conditions, and after robotic

nephrectomy.

The 90-day hospital readmission rate of 2.9% in our

study is comparable to that found in previous studies.

Patel et al identified records for 3074 living kidney

donors between 2004 and 2005 in the UHC data set

(based on diagnosis and procedure codes) and reported

that the incidence of hospital readmission was 1.4% at a

mean of 8.7 days after initial discharge (excluding re-

hospitalizations for incisional hernia, which occurred at a

mean of 266 days after discharge) (20). More than half

of the cases (65%) were due to gastrointestinal causes,

such as ileus, constipation, or emesis, and only one case

of a hospital readmission was due to pain, which

occurred 5 days after the initial discharge. In the previ-

ously described study by Schold et al, the 1- and 3-year

cumulative incidence of rehospitalization was 5% and

11%, respectively (6). Neither of these studies linked to

the transplant registry to confirm donor status.

To the best of our knowledge, ours is the first study to

describe an association between predonation opioid use

and postdonation readmission rates. We previously

reported that pretransplantation prescription opioid use in

16 322 kidney transplant recipients was associated with

a higher 3-year incidence of posttransplantation clinical

complications, including adverse cardiac and respiratory

events, as well as death and graft loss (14,15). Presurgi-

cal use of opioid analgesics is increasingly recognized as

a predictor of postoperative complications and resource

utilization in diverse populations, including those undergo-

ing general, orthopedic, and transplant surgery proce-

dures (9,10,14,15). The current work extends these

associations to donor nephrectomy by identifying correla-

tions of higher-level predonation prescription opioid use

with slightly longer lengths of stay for the initial surgical

hospitalization and substantially higher hospital readmis-

sion rates. Importantly, the pattern of use matters, as

increased readmission risk was observed with higher-

level opioid exposure and for fills across longer periods

predonation but not for low-level exposure or use

>1 year before donation that was not sustained.

In the current study, the most common diagnoses at read-

mission for donors with the highest predonation opioid

use were for infection and gastrointestinal complaints

such as digestive system complications, abdominal pain,

nausea with vomiting, paralytic ileus, and other disorders

of the peritoneum. Opioid use has well-established gas-

trointestinal side effects, which may exacerbate the risk

of gastrointestinal complications postoperatively. Although

the opioid receptor antagonist naltrexone has been shown

to accelerate fibroblast proliferation and wound healing,

classic opioid receptor agonists have not been found to

impair healing (21). Our study design did not assess opioid

use after donation, and it is likely that our findings, at least

in part, reflect predonation opioid use as a marker for

underlying patient factors associated with higher risks of

perioperative complications.

In the general population, the growing use and misuse of

prescription opioids have become a public health con-

cern. The Centers for Disease Control and Prevention

(CDC) issued a press release highlighting the risk of pre-

scription opioid–related morbidity and mortality (16). As a

result, the CDC proposed a new Guideline for Prescribing

Opioids for Chronic Pain including recommendations for

assessing risks of prescription opioid use such as opioid

use disorders and overdoses (22), and the U.S. Congress

is proposing legislation to address the nation’s opioid epi-

demic (23). In an open letter to physicians about con-

fronting the opioid crisis, the president of the American

Medical Association advised that “physicians should

avoid initiating opioids for new patients with chronic non-

cancer pain and should limit the amount of opioids pre-

scribed in post-operative and acute settings by prescrib-

ing the lowest effective dose for the shortest period of

time if opioids are necessary” (24). Our study suggests

that even in the selected healthiest segment of the pop-

ulation, prescription opioid use is associated with

adverse clinical outcomes.
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With regard to other correlates of readmission risk, as in

our study, Schold et al reported that rehospitalizations

were more common among female and African Ameri-

can donors (6). The most common diagnoses at rehospi-

talization within 3 years were pregnancy-related causes

(21%), digestive system diseases (14%), and injuries and

poisoning (13%). Schold et al suggested that the

increase in rehospitalizations within 3 years for female

donors was largely due to pregnancy-related causes

rather than excess morbidity. This does not apply to our

current study, as our readmission outcomes were

assessed over a period up to 1 year, when few female

donors would be expected to be pregnant so close to

their nephrectomy surgery, and no readmissions for

pregnancy were observed. Our study confirms a higher

readmission rate for African American than for white

donors as previously reported by Schold et al (6). Simi-

larly, we recently reported that African American donors

were more likely to experience perioperative complica-

tions (aOR 1.26) and more severe complications (aOR

1.56) after donor nephrectomy than white donors (25).

This A higher risk of perioperative complications in Afri-

can Americans has been observed in other donor studies

(26) and in the nondonor population after surgical proce-

dures (27,28). The higher readmission risk in uninsured

donors is notable and may reflect less access to outpa-

tient or primary care services. Although Medicare and

other insurance plans include provisions to cover early

postdonation care under the recipient’s insurance, these

benefits generally extend only to 90 days and are limited

to conditions deemed “donation-related,” a designation

that may be disputed. Future work should attempt to

determine mediators of racial variation in early risks after

donor nephrectomy and examine whether early complica-

tions correlate with longer-term risks among African

American donors.

We also identified a strong association between predona-

tion eGFR <60 mL/min/1.73 m2 with 170% increased

readmission risk. An eGFR of ≥80 mL/min/1.73 m2 is

commonly considered to be the minimum threshold for

donor acceptance (29). The SRTR registry collects predo-

nation serum creatinine (which can be used to compute

eGFR) but not other measures of renal function expected

to be obtained during the donor evaluation. Currently,

OPTN policy requires either measured glomerular filtra-

tion rate (mGFR, by an exogenous filtration marker) or

measured creatinine clearance as part of the living donor

evaluation (30). Since eGFR may underestimate mGFR at

higher ranges (31), it is expected that accepted donors in

our study with low eGFR had demonstrations of higher

levels of renal function by other testing. Nonetheless,

our findings show that low eGFR has prognostic signifi-

cance for postdonation outcomes.

In our study, donors who underwent robotic nephrec-

tomy had an increased risk of hospital readmission

(aOR 1.68, compared with nonrobotic laparoscopic

procedures). This likely reflects surgical experience with

donor nephrectomy and management of its potential

complications. In 2003, as laparoscopic nephrectomies

were becoming more widely accepted, Matas et al sur-

veyed 171 transplant centers that performed 10 828 liv-

ing donor nephrectomies (5660 open nephrectomies and

5168 laparoscopic nephrectomies) between 1999 and

2001 (32). They found that the readmission rate was

higher for donors who underwent laparoscopic nephrec-

tomy than for those who underwent open nephrectomy

(1.6% vs. 0.6%, p < 0.001), mainly due to increased gas-

trointestinal complications. They hypothesized that the

shorter length of hospital stay for donors undergoing

laparoscopic nephrectomy may be a tradeoff for a slightly

increased risk of readmission. In another recent study,

donors who underwent robotic laparoscopic nephrec-

tomy had a higher risk of perioperative complications

(aOR 2.07, compared with nonrobotic laparoscopic

nephrectomy) (25), and in our current study, robotic

laparoscopic nephrectomy was also associated with an

increased risk of readmissions, suggesting that newer

surgical techniques may have increased perioperative

adverse outcomes initially, as experience is being

developed.

An important strength of our study is the novel linkage

of multiple data sources to enable investigation of the

relationship between predonation opioid use and postdo-

nation hospital readmission rates. There are also limita-

tions to the study design. Although we were able to

confirm living donor status through the SRTR registry,

our linkage with an academic hospital consortium

resulted in a donor cohort that represents approximately

half of those registered in the SRTR in the same period.

Thus, while our study is larger than prior studies, our

results may not be generalizable to living donor nephrec-

tomies performed at nonacademic hospitals where pro-

cedural and center factors may differ or to patients not

identified in the pharmacy database. Notably, the base-

line characteristics of the study sample were similar to

characteristics of all U.S. living kidney donors registered

in the SRTR during the same period (Table S3). Elec-

tronic pharmacy claims, the source of predonation opioid

use information, have been shown to be highly accurate

records of physician prescribing that circumvent some of

the limitations of self-reported medication use, including

underreporting (33–36). However, we were unable to

account for illicit drug use or “pharmacy shopping”

behaviors, possibly underestimating true drug exposure.

For the primary outcome, we used the UHC data set

rather than the national registry, which is limited to trans-

plant center reports of donor nephrectomy complications

within the first 6 weeks. Complete identification of early

readmissions in UHC data was recently reported in a vali-

dation study (37). Nonetheless, readmissions in the UHC

data are limited to the same center, and postdonation

hospitalizations at other facilities (which may become

more likely with increasing time after donation) are not
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included. Last, due to the observational nature of our

study design, we are only able to describe associations

and we cannot prove causality or define underlying

mechanisms. While high identification rates for many

comorbid conditions and complications in the UHC have

been reported (37), residual confounding is possible in

any observational design.

In summary, linkage of the national transplant registry

with administrative records from a pharmacy claims

database and an academic hospital consortium enabled

characterization of readmission after living donor nephrec-

tomy in a contemporary sample, including frequency and

clinical correlates. We identified predonation opioid use

as a novel risk factor for readmission after donation.

While associations may in part reflect opioid use as a

measure of predonation comorbidity, the observation is

relevant to risk stratification and counseling. Future work

should investigate possible underlying mechanisms and

approaches to optimizing postdonation outcomes.

Acknowledgments

This work was conducted under the auspices of the Minneapolis Medical

Research Foundation (MMRF), contractor for the SRTR, as a deliverable

under contract HHSH250201000018C (U.S. Department of Health and

Human Services, HRSA, Healthcare Systems Bureau, Division of Trans-

plantation). As a U.S. government–sponsored work, there are no restric-

tions on its use. The interpretation and reporting of these data are the

responsibility of the author(s) and in no way should be seen as an official

policy of or interpretation by the SRTR or the U.S. government. This work

was supported by grants from the National Institutes of Health (NIH)/

National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK)

R01-DK096008 and K24-DK101828. N.N.L. was supported by a KRES-

CENT New Investigator Award. A.X.G. was supported by the Dr. Adam

Linton Chair in Kidney Health Analytics. The opinions, results, and conclu-

sions reported in this article are those of the authors and are independent

of the funding sources. The authors thank SRTR colleague Nan Booth,

MSW, MPH, ELS, for manuscript editing.

Disclosure

The authors of this manuscript have conflicts of interest

to disclose as described by the American Journal of

Transplantation. A.X.G. received an investigator-initiated

grant from Astellas and Roche to support a CIHR-funded

prospective study on living kidney donation, and his insti-

tution receives unrestricted funding from Pfizer. The

other authors have no conflicts of interest to disclose.

References

1. OPTN (Organ Procurement and Transplantation Network)/UNOS

(United Network for Organ Sharing). National Data Reports,

Transplants by Donor Type, Latest Data. [cited 2016 Jul 26].

Available from: https://optn.transplant.hrsa.gov/data/view-data-

reports/national-data/#.

2. Reese PP, Feldman HI, McBride MA, Anderson K, Asch DA,

Bloom RD. Substantial variation in the acceptance of medically

complex live kidney donors across US renal transplant centers.

Am J Transplant 2008; 8: 2062–2070.
3. Taler SJ, Messersmith EE, Leichtman AB, et al. Demographic,

metabolic, and blood pressure characteristics of living kidney

donors spanning five decades. Am J Transplant 2013; 13: 390–398.
4. Healthcare Cost and Utilization Project. HCUP Method Series.

Overview of key readmission measures and metrics. [cited 2016

Jul 26]. Available from: http://www.hcup-us.ahrq.gov/reports/

methods/2012_04.pdf.

5. Wainright J. UNOS Research Department. Short-term living

donor complications. 2013 [cited 2013 Jul 24]. Available from:

unos.org.

6. Schold JD, Goldfarb DA, Buccini LD, et al. Hospitalizations fol-

lowing living donor nephrectomy in the United States. Clin J Am

Soc Nephrol 2014; 9: 355–365.
7. Davis CL, Cooper M. The state of U.S. living kidney donors. Clin

J Am Soc Nephrol 2010; 5: 1873–1880.
8. Segev DL, Muzaale AD, Caffo BS, et al. Perioperative mortality

and long-term survival following live kidney donation. JAMA

2010; 303: 959–966.
9. Menendez ME, Ring D, Bateman BT. Preoperative opioid mis-

use is associated with increased morbidity and mortality after

elective orthopaedic surgery. Clin Orthop Relat Res 2015; 473:

2402–2412.
10. Cron DC, Englesbe MJ, Bolton CJ, et al. Preoperative opioid

use is independently associated with increased costs and worse

outcomes after major abdominal surgery. Ann Surg 2016; doi:

10.1097/SLA.0000000000001901 [Epub ahead of print].

11. Lentine KL, Schnitzler MA, Garg AX, et al. Understanding antihy-

pertensive medication use after living kidney donation through

linked national registry and pharmacy claims data. Am J Nephrol

2014; 40: 174–183.
12. Lam NN, Garg AX, Segev DL, et al. Gout after living kidney

donation: Correlations with demographic traits and renal compli-

cations. Am J Nephrol 2015; 41: 231–240.
13. Lentine KL, Schnitzler MA, Xiao H, et al. Depression diagnoses

after living kidney donation: Linking U.S. Registry data and

administrative claims. Transplantation 2012; 94: 77–83.
14. Lentine KL, Yuan H, Tuttle-Newhall JE, et al. Quantifying prog-

nostic impact of prescription opioid use before kidney transplan-

tation through linked registry and pharmaceutical claims data.

Transplantation 2015; 99: 187–196.
15. Lentine KL, Lam NN, Xiao H, et al. Associations of pre-

transplant prescription narcotic use with clinical complications

after kidney transplantation. Am J Nephrol 2015; 41: 165–176.
16. Centers for Disease Control and Prevention. Heroin overdose

deaths increased in many states through 2012. [cited 2016 Jul

26]. Available from: http://www.cdc.gov/media/releases/2014/

p1002-heroin-overdose.html (released October 4, 2014).

17. Pereira J, Lawlor P, Vigano A, Dorgan M, Bruera E. Equianal-

gesic dose ratios for opioids: A critical review and proposals for

long-term dosing. J Pain Symptom Manage 2001; 22: 672–687.
18. Inturrisi CE, Lipman AG. Opioid analgesics. In: Ballantyne JC,

Rathmell JP, editors. Bonica’s Management of Pain. Baltimore/

Philadelphia: Lippincott Williams & Wilkins, 2010; p. 1172–1182.
19. Tan JC, Gordon EJ, Dew MA, et al. Living donor kidney trans-

plantation: Facilitating education about live kidney donation–
recommendations from a consensus conference. Clin J Am Soc

Nephrol 2015; 10: 1670–1677.
20. Patel S, Cassuto J, Orloff M, et al. Minimizing morbidity of organ

donation: Analysis of factors for perioperative complications after

752 American Journal of Transplantation 2017; 17: 744–753

Lentine et al

https://optn.transplant.hrsa.gov/data/view-data-reports/national-data/#
https://optn.transplant.hrsa.gov/data/view-data-reports/national-data/#
http://www.hcup-us.ahrq.gov/reports/methods/2012_04.pdf
http://www.hcup-us.ahrq.gov/reports/methods/2012_04.pdf
http://dx.doi.org/10.1097/SLA.0000000000001901
http://www.cdc.gov/media/releases/2014/p1002-heroin-overdo
http://www.cdc.gov/media/releases/2014/p1002-heroin-overdo


living-donor nephrectomy in the United States. Transplantation

2008; 85: 561–565.
21. Immonen JA, Zagon IS, McLaughlin PJ. Selective blockade of

the OGF-OGFr pathway by naltrexone accelerates fibroblast pro-

liferation and wound healing. Exp Biol Med (Maywood) 2014;

239: 1300–1309.
22. Federal Register Notice. Proposed 2016 guideline for prescribing

opioids for chronic pain. [cited 2016 Jul 26]. Available from:

https://www.federalregister.gov/articles/2015/12/14/2015-31375/

proposed-2016-guideline-for-prescribing-opioids-for-chronic-pain.

23. O’Keeffe K. House Passes Bills to Combat Opioid Abuse in U.S.

The Wall Street Journal, May 12, 2016 [cited 2016 Jul 26]. Avail-

able from: http://www.wsj.com/articles/house-passes-bills-to-

combat-opioid-abuse-in-u-s-1463090994.

24. Stack SJ. Confronting a Crisis: An Open Letter to America’s

Physicians On the Opioid Epidemic. Huffington Post Healthy Liv-

ing, May 11, 2016 [cited 2016 Jul 26]. Available from: http://

www.huffingtonpost.com/steven-j-stack/confronting-a-crisis-an-o_

b_9911530.html.

25. Lentine KL, Lam NN, Axelrod D, et al. Perioperative complica-

tions after living kidney donation: A national study. Am J Trans-

plant 2016; 16: 1848–1857.
26. Friedman AL, Cheung K, Roman SA, Sosa JA. Early clinical and

economic outcomes of patients undergoing living donor

nephrectomy in the United States. Arch Surg 2010; 145: 356–
362.

27. Schold JD, Goldfarb DA, Buccini LD, et al. Comorbidity burden

and perioperative complications for living kidney donors in the

United States. Clin J Am Soc Nephrol 2013; 8: 1773–1782.
28. Esnaola NF, Hall BL, Hosokawa PW, et al. Race and surgical

outcomes: It is not all black and white. Ann Surg 2008; 248:

647–655.
29. Delmonico F. A report of the Amsterdam forum on the care of

the live kidney donor: Data and medical guidelines. Transplanta-

tion 2005; 79(6 Suppl): S53–S66.
30. OPTN (Organ Procurement and Transplantation Network)/UNOS

(United Network for Organ Sharing). OPTN Policies, Policy 14:

Living Donation. [cited 2016 Jul 26]. Available from: http://optn.

transplant.hrsa.gov/governance/policies/.

31. Levey AS, Stevens LA, Schmid CH, et al. A new equation to

estimate glomerular filtration rate. Ann Intern Med 2009; 150:

604–612.
32. Matas AJ, Bartlett ST, Leichtman AB, Delmonico FL. Morbidity

and mortality after living kidney donation, 1999-2001: Survey of

United States transplant centers. Am J Transplant 2003; 3:

830–834.

33. Levy AR, O’Brien BJ, Sellors C, Grootendorst P, Willison D.

Coding accuracy of administrative drug claims in the Ontario

Drug Benefit database. Can J Clin Pharmacol 2003; 10: 67–71.
34. Lau HS, de Boer A, Beuning KS, Porsius A. Validation of phar-

macy records in drug exposure assessment. J Clin Epidemiol

1997; 50: 619–625.
35. Boethius G. Recording of drug prescriptions in the county of

Jamtland, Sweden. II. Drug exposure of pregnant women in

relation to course and outcome of pregnancy. Eur J Clin Pharma-

col 1977; 12: 37–43.
36. Morral AR, McCaffrey D, Iguchi MY. Hardcore drug users claim

to be occasional users: Drug use frequency underreporting.

Drug Alcohol Depend 2000; 57: 193–202.
37. Sutton JM, Hayes AJ, Wilson GC, et al. Validation of the Univer-

sity HealthSystem Consortium administrative dataset: Concor-

dance and discordance with patient-level institutional data. J

Surg Res 2014; 190: 484–490.

Supporting Information

Additional Supporting Information may be found in the

online version of this article.

Table S1: Databases and coding definitions for baseline

characteristics.

Table S2: Conversions used to standardize doses of opi-

oid medications as morphine equivalents.

Table S3: Baseline characteristics of the study sample

of living kidney donors compared with all living kidney

donors recorded in the SRTR during the study period

(2008–2012).

Table S4: Adjusted associations of predonation opioid

fills, including use level and timing of fills, with hospital

readmission within 90 days, 180 days, and 1 year of

donation.

Table S5: Most common primary medical diagnoses for

readmission within 90 days after donor nephrectomy,

according to predonation opioid use level.

American Journal of Transplantation 2017; 17: 744–753 753

Opioid Prescriptions and Readmissions in Living Donors

https://www.federalregister.gov/articles/2015/12/14/2015-3
https://www.federalregister.gov/articles/2015/12/14/2015-3
http://www.wsj.com/articles/house-passes-bills-to-combat-o
http://www.wsj.com/articles/house-passes-bills-to-combat-o
http://www.huffingtonpost.com/steven-j-stack/confronting-a
http://www.huffingtonpost.com/steven-j-stack/confronting-a
http://www.huffingtonpost.com/steven-j-stack/confronting-a
http://optn.transplant.hrsa.gov/governance/policies/
http://optn.transplant.hrsa.gov/governance/policies/

