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ABSTRACT

Background: Associations of narcotic use before kidney transplantation with post-transplant

clinical outcomes are not well described.

Methods: We examined integrated national transplant registry, pharmacy records, and
Medicare billing claims to follow 16,322 kidney transplant recipients, of whom 28.3% filled a
narcotic prescription in the year before transplantation. Opioid analgesic fills were normalized
to morphine equivalents (ME) and expressed as mg/kg exposures (approximate quartiles: 0.1—
1.7, 1.8-5.4, 5.5-23.7, and >23.8 mg/kg, respectively). Post-transplant cardiovascular,
respiratory, neurological, accidents, substance abuse, and non-compliance events were
identified using diagnosis codes on Medicare billing claims. Adjusted associations of ME level

with post-transplant complications were quantified by multivariate Cox regression.

Results: The incidence of complications at 3 years post-transplant among those with the
highest pre-transplant ME exposure compared to no use included: ventricular arrhythmias,
1.1% vs. 0.2% (p<0.001); cardiac arrest, 4.7% vs. 2.7% (p<0.05); hypotension, 14% vs. 8%
(p<0.0001); hypercapnia, 1.6% vs. 0.9% (p<0.05); mental status changes, 5.3% vs. 2.7%
(p<0.001); drug abuse/dependence, 7.0% vs. 1.7% (p<0.0001); alcohol abuse, 1.8% vs. 0.6%
(p=0.0001); accidents, 0.9% vs. 0.3% (p<0.05); and non-compliance, 3.5% vs. 2.3% (p<0.05). In
multivariate analyses, transplant recipients with the highest level of pre-transplant narcotic use
had approximately 2-to-4-times the risks of post-transplant ventricular arrhythmias, mental
status changes, drug abuse, alcohol abuse, and accidents compared with non-users, and 35% to

45% higher risks of cardiac arrest and hypotension.
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Conclusion: Although associations may reflect underlying conditions or behaviors, high-level
prescription narcotic use before kidney transplantation predicts increased risk of clinical

complications after transplantation.
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INTRODUCTION

In the last decade, prescription rates for opioid analgesics have increased dramatically in the
United States [1,2]. While these trends may reflect increased awareness of acute and chronic
pain as treatable conditions, many studies have shown correlations between the rise in
prescription narcotic use and increasing rates of opioid-related deaths, addictions, overdoses,
adverse drug events such as somnolence and respiratory depression, as well as health care
costs [1,3-5]. Patients with kidney failure may experience pain that is often multifactorial and
related to their underlying co-morbidities, such as polycystic kidney disease or diabetic
neuropathy, complications of renal failure, such as calciphylaxis or renal osteodystrophy, and
renal replacement therapy, such as vascular access use, steal syndrome during hemodialysis, or
abdominal discomfort during peritoneal dialysis [6—8]. Prescriptions narcotics can be effective
for the management of moderate-to-severe pain in patients with end-stage renal disease
(ESRD) when applied as part of the World Health Organization’s three-step analgesic ladder
[6,9]. However, because kidney failure and dialysis can affect opioid pharmacokinetics and
pharmacodynamics, patients with advanced renal disease may face a higher risk of adverse
events due to the accumulation of the drugs and their metabolites, drug interactions with
concurrent medications, and patient characteristics, such as age-related effects on drug
metabolism in an older population [10,11].

One cross-sectional study reported that the prevalence of pain in hemodialysis patients
was similar to that in kidney transplant recipients (63% vs. 62%) suggesting that kidney
transplantation does not lead to a significant reduction in pain [12]. There is limited information

on prescription narcotic use in patients with ESRD who subsequently receive a kidney
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transplant. Barrantes et al. performed a retrospective single-center study of 1064 kidney
transplant recipients followed for a median of 48 months (interquartile range [IQR], 34 to 63),
and found that 452 recipients (42%) had a history of chronic pain prior to transplantation and
108 (10%) reported chronic opioid use prior to transplantation [13]. In the adjusted analyses,
recipients with a history of chronic opioid use had a 2-fold higher risk of death, but similar risk
of graft loss compared to matched recipients without a history of chronic opioid use. Recently,
we examined a unique linkage of national U.S. transplant registry and pharmacy claims data to
follow 31,197 kidney transplant recipients of whom 9047 (29%) filled a narcotic prescription in
the year prior to transplant [14]. We found that the highest quartile of narcotic use prior to
transplantation was associated with increased post-transplant death and graft loss (adjusted
hazard ratio [aHR] 2.3; 95% confidence interval [CI] 1.7 to 3.1; and aHR 1.7; 95% Cl 1.4 to 2.3;
respectively) [14]. However, the clinical events that may mediate associations of narcotic use

with post-transplant mortality and graft loss have not yet been examined in this population.

In the current study, we expanded our prior database of linked transplant registry and
pharmacy fill records by merging administrative billing claims from Medicare that capture
provider-reported clinical diagnoses. Using this integrated database, we sought to determine
whether pre-transplant narcotic exposure predicts post-transplant clinical complications
including cardiovascular, respiratory, neurological, substance abuse, accidents, and non-

compliance events.

Page 42 of 70
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METHODS

Data Sources

The Organ Procurement and Transplantation Network (OPTN) data system captures
information on all solid organ transplant recipients in the United States as submitted by OPTN
member centers, including transplant date, demographic information, and annual follow-up
surveys that query information on patient vital status and allograft function. The Health
Resources and Services Administration (HRSA), United States Department of Health and Human

Services provides oversight to the activities of the OPTN contractor.

Pharmacy fill data were assembled by linking OPTN records for kidney transplant
recipients with billing claims from a large pharmaceutical claims data (PCD) clearinghouse that
captures prescription drug fill records including those reimbursed by public payers, private
payers, and self-paid fills in the United States. The PCD comprises National Council for
Prescription Drug Program (NCPDP) 5.1-format prescription claims aggregated from multiple
sources including data clearinghouses, retail pharmacies, and prescription benefit managers for
approximately 60% of retail pharmacy transactions in the United States. Individual claim
records include the date of a given pharmacy fill with the National Drug Code (NDC) identifying
agent and dosage. After Institutional Review Board and HRSA approvals, PCD records were
linked with anonymous OPTN identification numbers for kidney transplant recipients using
anonymous linkage tokens. We applied a de-identification strategy wherein patient identifiers
(last name, first name, sex, date of birth, and zip code of residence) were transformed before
delivery to the Saint Louis University researchers with encryption technology from

Management Science Associates, Inc. The Patient De-ldentification Software employs multiple
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encryption algorithms in succession to guarantee that the resulting “token” 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.

Medicare billing claims data include diagnostic and procedure codes for patients with
Medicare fee-for-service primary or secondary insurance (service information is submitted to
and tracked by Medicare even if Medicare is not the primary payer). After regulatory approvals,
beneficiary identifier numbers from Medicare’s electronic databases were linked using Social
Security Number, sex, and birthdates to unique OPTN identification numbers. Finally, patients
with PCD data before transplant and Medicare claims data after transplant were selected for

inclusion using anonymous OPTN identification numbers.

Because of the large sample size, the anonymity of the patients studied, and the non-
intrusive nature of the research, a waiver of informed consent was granted per the Department
of Health and Human Services Code of Federal Regulations (Title 45, Part 46, Paragraph 46.116).
Analyses were performed using Health Information Portability and Accountability Act (HIPAA)-
compliant, limited datasets from which all direct identifiers were removed. The Institutional

Review Board of Saint Louis University approved this study.

Sampling and Exposure Definitions

We selected kidney transplant recipients with at least one year of captured pharmaceutical fill
records before transplant and Medicare benefits beginning at the time of transplant. As PCD

data were available beginning in 2005, patients with linked pre-transplant PCD data were

8
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transplanted beginning in 2006. The final analytic sample included patients transplanted in
2006 to 2008, based on overlap with the available Medicare claims data that ended in
December 2008. Transplant recipient clinical and demographic characteristics, as well as
characteristics of the donated organ and other transplant factors, were defined by the OPTN
Transplant Candidate Registration (TCR) and Transplant Recipient Registration (TRR) forms

(Table 1).

Pharmacy fills for narcotic medications in the year prior to transplant were normalized
to morphine equivalents (ME), according to conversion ratios as previously described [14]. Pre-
transplant ME were aggregated for each transplant recipient and expressed as mg/kg ME
exposure over the year. For comparability to our prior study, we maintained the same cut-
points of annual ME among those who filled narcotic prescriptions pre-transplant as: 0.1 to 1.7,
1.8 to 5.4, 5.5 to 23.7, and 223.8 mg/kg [14]. Diagnoses of post-transplant ventricular
arrhythmias, cardiac arrest, hypotension, hypercapnia, aspiration pneumonia, mental status
change, drug abuse/dependence, alcohol abuse, and associated complications, accidents, and
non-compliance outcomes were defined by identification of billing claims with corresponding
International Classification of Diseases, 9™ Revision, Clinical Modification (ICD-9-CM) diagnosis

codes (Supplemental Appendix 1).

Statistical Analyses

Data management and analyses were performed with Statistical Analysis Software (SAS) for

Windows software, version 9.3 (SAS Institute Inc., Cary, NC). Distributions of clinical and
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demographics traits among patients with each level of pre-transplant narcotic exposure,

compared with no narcotic use, were compared by the Chi-square test.

The incidence of each clinical complication, and a composite of any study complication,
was estimated at 3 years post-transplant according to level of pre-transplant ME exposure by
the Kaplan-Meier method. The log-rank test was used to assess the statistical significance of
differences in unadjusted incidence across narcotic use levels. At-risk time for all models was
censored at loss to follow-up, end of Medicare enrollment, end of study (December 31, 2008),
death for patients without concurrent study complication on date of death, or 3 years post-

transplant.

Propensity scores for the likelihood of pre-transplant narcotic use were estimated by
logistic regression as previously described [14]. Adjusted associations of ME with each post-
transplant complication (adjusted hazards ratio, aHR) were quantified by multivariate Cox
regression including adjustment for recipient, donor, and transplant clinical factors captured in
the OPTN registry. Outcome models were stratified by quintile of propensity for pre-transplant
narcotic use as previously described [14]. Separate analyses were also performed among

recipients of living donor (LD) and deceased donor (DD) organs.

10
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RESULTS

Sample Characteristics and Correlates for Pre-transplant Narcotic Use

There were 31,197 kidney transplant recipients from 2006 to 2010 with linked transplant
registry and pharmacy claims in the year prior to transplantation [14]. Of these, we identified
16,322 recipients (5,174 from LD and 11,148 from DD) with linked Medicare claims data from
2006 to 2008 for the current analysis. Twenty-eight percent (n=4624 recipients) in this study
sample filled a narcotic prescription in the year prior to transplant. Using a priori defined
thresholds [14], patients with pre-transplant narcotic fills were categorized into four levels of
annual ME use: 0.1 to 1.7 (Level 1, n=1120); 1.8 to 5.4 (Level 2, n=1144); 5.5 to 23.7 (Level 3,

n=1206); and >23.8 mg/kg (Level 4, n=1154).

Baseline clinical characteristics according to pre-transplant narcotic use level are shown
in Table 1. Compared with transplant recipients who did not use narcotics prior to
transplantation, those with Level 4 narcotic use were more often aged 45 to 59, women, white
race, not working, publicly insured, and less likely to be college-educated. Recipients with Level
4 pre-transplant narcotic use were also more likely to have longer duration of pre-transplant
ESRD and higher rates of sensitization. Distributions of clinical traits according to narcotic use

showed similar patterns among LD and DD recipients when considered separately by organ

type.

Incidence of Post-Transplant Complications According to Pre-transplant Narcotic Use Level

The 3-year incidences of each clinical complication after transplant according to level of pre-

transplant narcotic use are presented in Figure 1. Recipients with Level 4 pre-transplant

11
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narcotic use had higher 3-year incidence of post-transplant complications compared to
recipients without narcotic use, including ventricular arrhythmias (1.1% vs. 0.2%; p<0.001),
cardiac arrest (4.7% vs. 2.7%; p<0.05), hypotension (14% vs. 8%; p<0.0001), hypercapnia (1.6%
vs. 0.9%; p<0.05), mental status changes (5.3% vs. 2.7%; p<0.001), drug abuse/dependence
(7.0% vs. 1.7%; p<0.0001), alcohol abuse (1.8% vs. 0.6%; p=0.0001), accidents (0.9% vs. 0.3%;
p<0.05), and non-compliance (3.5% vs. 2.3%; p<0.05). Aspiration pneumonia was most common

among those with the Level 3 pre-transplant narcotic use.

Patterns were similar when considered separately among recipients of LD and DD
transplants (Table 2). Compared to LD recipients without pre-transplant narcotic exposure, LD
recipients with Level 4 pre-transplant narcotic use more frequently experienced cardiac arrest
(5.7% vs. 2.4%; p<0.05), hypotension (11.7% vs. 6.5%; p<0.0001), mental status changes (3.6%
vs. 1.4%; p<0.05), and drug abuse/dependence (7.4% vs. 1.6%; p<0.0001) by 3 years post-
transplant. The frequency of aspiration pneumonia was higher among those with Level 3 pre-
transplant narcotic use compared with no use (8.5% vs. 0.7%; p<0.0001). Overall, a composite
of any of the study complications increased in a graded manner among LD recipients with Level
3 (20.7%; p<0.05) and Level 4 (25.3%; p<0.0001) pre-transplant narcotic use compared to non-

users (12.2%).

DD recipients with Level 4 pre-transplant narcotic exposure more commonly
experienced ventricular arrhythmias (1.4% vs. 0.2%; p<0.0001), drug abuse/dependence (6.8%
vs. 1.8%; p<0.0001), alcohol abuse (2.1 vs. 0.8%; p<0.001), and non-compliance (4.0% vs. 2.5%;
p<0.05) by 3 years post-transplant compared to those who did not use prescription narcotics

before transplant. Further, graded increases in the post-transplant complications beginning

12
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with Level 3 pre-transplant narcotics exposure were observed for hypotension (non-users:
9.4%, Level 3: 12.6%, Level 4: 15.0%), mental status changes (non-users: 3.3%, Level 3: 4.7%,
Level 4: 6.0%), and accidents (non-users: 0.3%, Level 3: 1.1%, Level 4: 1.3%). Compared to non-
users, the 3-year incidence of cardiac arrest was higher among recipients with Level 3 (4.1% vs.
2.8%; p<0.05) and Level 4 (4.1% vs. 2.8%; p<0.05) pre-transplant ME. Patterns for hypercapnia
and aspiration pneumonia were inconsistent and not significant. Overall, in DD recipients, the
3-year incidence of a composite of any study complications was 22.6% (p<0.05) and 29.6%
(p<0.0001) among those with Level 3 and Level 4 pre-transplant ME use, respectively,

compared with 17.7% among non-users.

Adjusted Associations of Pre-transplant Narcotic Use with Post-Transplant Complications

After multivariate adjustment for recipient, donor, and transplant factors, as well as propensity
adjustment for the likelihood of pre-transplant narcotic use, transplant recipients with Level 4
pre-transplant ME use had approximately 2- to 4-times the risk of post-transplant ventricular
arrhythmias (aHR 3.92; 95% Cl 1.74 to 8.84), mental status changes (aHR 2.03; 95% ClI 1.46 to
2.83), drug abuse/dependence (aHR 3.17; 95% Cl 2.35 to 4.28), alcohol abuse (aHR 2.41; 95% ClI
1.38 to 4.20), and accidents (aHR 3.09; 95% CI 1.28 to 7.45) compared with non-users (Figure
2). Recipients with Level 4 pre-transplant narcotic use also had 43% higher likelihood of post-
transplant cardiac arrest (aHR 1.43; 95% Cl 1.00 to 2.05) and a 35% relative increase in
hypotension (aHR 1.35; 95% Cl 1.10 to 1.65). A trend for increased non-compliance diagnoses
for those with Level 4 pre-transplant narcotic use was nearly significant (aHR 1.51; 95% Cl 0.99

to 2.29; p=0.06). Overall, the adjusted 3-year risk of any study complication was increased by

13
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61% amongst transplant recipients with Level 4 ME use compared to non-users (aHR 1.61; 95%
Cl 1.41 to 1.85). Complete regression results for associations of pre-transplant narcotic use and
baseline recipient, donor and transplant factors with the composite outcome are provided in

Supplemental Appendix 2.

LD transplant recipients with Level 3 pre-transplant ME use had higher adjusted risk of
aspiration pneumonia (aHR 5.96; 95% Cl 2.61 to 13.6) compared to non-users, although
pneumonia patterns were not graded across other levels (Table 3). LD recipients with Level 4
pre-transplant ME use had 69% higher adjusted risk of post-transplant hypotension (aHR 1.69;
95% Cl 1.16 to 2.46), 2.7-times the risk of mental status changes (aHR 2.68; 95% Cl 1.24 to
5.77), and 4-times the risk of drug abuse/dependence (aHR 4.06; 95% Cl 2.38 to 6.93). The
adjusted 3-year risk of any study complication was increased by 83% amongst LD transplant

recipients with Level 4 ME use compared to non-users (aHR 1.83; 95% ClI 1.40 to 2.38).

Among DD transplant recipients, mental status changes were 53% higher in those with
Level 3 pre-transplant ME use (aHR 1.53; 95% Cl 1.04 to 2.25) and 92% higher in those with
Level 4 ME use (aHR 1.92; 95% Cl 1.33 to 2.78) compared to non-users. DD recipients with Level
4 pre-transplant ME use also had significantly increased adjusted risk of ventricular arrhythmias
(aHR 5.58; 95% Cl 2.19 to 14.21), drug abuse/dependence (aHR 2.79; 95% Cl 1.94 to 4.02),
alcohol abuse (aHR 2.39; 95% Cl 1.31 to 4.38), accidents (aHR 4.73; 95% Cl 1.85 to 12.1), and
non-compliance diagnoses (aHR 1.76; 95% Cl 1.11 to 2.79). Although there was a trend towards
increased risk of hypotension among DD transplant recipients with higher pre-transplant

narcotic exposure, this pattern did not reach statistical significance. The adjusted risk of any

14
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study complication was increased by 56% in DD transplant recipients with Level 4 pre-

transplant ME use compared to non-users (aHR 1.56; 95% Cl 1.33 to 1.82).

15
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DISCUSSION

Public health advocates have highlighted an epidemic of both use and complications of
prescription opioid analgesics in the United States and Canada, two of the highest prescription
opioid consumers in the world [15]. In the United States, narcotic prescriptions have increased
300% from 1999 to 2010 [16]. In this context, the annual rate of documented deaths from
accidental narcotic overdoses increased from 4000 to nearly 17,000 [17]. One case-cohort study
of the Veterans Health Administration found that the frequency of fatal opioid overdoses was
directly related to the maximum prescribed daily dose of opioid medication [4]. Recently, the
Centers for Disease Control and Prevention (CDC) issued a press release emphasizing concern
for the public health impacts of prescription opioid painkillers, noting that deaths involving such
painkillers were much more common than heroin-related deaths [18]. Underlying mechanisms
of opioid analgesic-related fatal and non-fatal complications include cardiac arrhythmias,
respiratory depression, mental status changes, and aberrant behaviors resulting in accidents
and overall poor self-care. For example, in a retrospective cohort study of older patients
receiving opioid therapy in the United States, adverse events occurred in 40% of cases including
mental status changes (16%), lethargy (9%), and abuse/misuse behaviors (3%) [19]. Reflecting
concerns for common misuse and complications of opioid pain medications, the Food and Drug
Administration (FDA) Drug Safety and Risk Management Advisory Committee recently
recommended re-classifying hydrocodone-containing products from Schedule Il to the more

restrictive Schedule Il level of controlled substances [20].

To date, there is little information available on the clinical outcome implications of

narcotic use among kidney transplant patients. A single center study recently found

16
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associations of pre-transplant opioid use identified from chart review with post-transplant
death [13], while we recently found associations of pre-transplant narcotic use defined by
pharmacy fill records with increased risks of post-transplant death and graft loss in a larger
national sample [14]. In the current study, we expanded our linkage of national transplant
registry data and outpatient pharmacy fill records to incorporate Medicare billing claims as
measures of clinical conditions diagnosed after transplantation. To our knowledge, this is the
first study to identify associations between narcotic use and relevant clinical complications in
the kidney transplant population, specifically, cardiovascular (ventricular arrhythmias, cardiac
arrest, hypotension), respiratory (hypercapnia, aspiration pneumonia), neurological (mental
status change), substance abuse, accidents, and non-compliance events. In the adjusted
analyses, transplant recipients with the highest level pre-transplant narcotic use had
approximately 2- to 4-times the risks of post-transplant ventricular arrhythmias, mental status
changes, drug abuse/dependence, alcohol abuse, and accidents compared with non-users, and
approximately 35% to 45% higher likelihood post-transplant cardiac arrest and hypotension.
Overall, compared to non-users, LD recipients with Level 4 pre-transplant narcotic exposure use
had 83% increased relative risk of a composite of any study complication, while DD recipients

had a 56% increased risk of any clinical complication over 3 years.

For transplant recipients, compliance with medical care is of particular concern and
includes the need to adhere to immunosuppression therapy and other transplant-related
medications, perform regular lab testing and attend follow-up appointments [21,22]. Non-
compliance among transplant recipients is often difficult to diagnose, but when recognized, has

been shown to correlate strongly with preventable allograft loss and poor patient outcomes
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[23-26]. While diagnostic codes for non-compliance were found in less than 5% of our study
sample, we suspect that clinically-coded non-compliance is an under-estimate and that more
subtle cases are not captured in diagnostic claims. Our results suggest that high-level pre-
transplant narcotic use is a marker for patients with increased risk for non-compliance after
transplantation. Drug and alcohol abuse are likely also under-reported to providers and under-
estimated in billing claims, but it is notable that we detected significant associations between
high-level pre-transplant narcotic use and diagnoses of post-transplant substance abuse. This
correlation of prescription narcotics and other substance abuse problems is consistent with a
recent study reporting that the most important risk factor for opioid dependence, abuse and
overdose in the general population was not a feature of the individual patient, but rather use of
a prescription narcotic [17]. Given potential biases in self-reported narcotic use, prescription fill
records may be a useful tool for determining narcotic use patterns before and after
transplantation. However, further study is needed to determine which strategies may be
effective in improving compliance and reducing complications in transplant recipients requiring
high levels of pre-transplant narcotic medications.

Our study has strengths including the use of a novel linkage of large databases to
investigate the outcome implications of pre-transplant medication exposure. Electronic
pharmacy claims and fill records have been shown to be highly accurate records of physician
prescribing that circumvent some of the limitations of self-reported medication use [27-29].
However, there are also important limitations to our study. Due to the observational nature of
our study design, we are able to describe associations but are not able to prove causality.

Unmeasured factors, including patient behaviors, may affect the outcomes described. Although

18
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electronic pharmacy claims and fill records have been found to be highly accurate records of
physician prescribing, we are unable to account for illicit drug use or over-the-counter
medication use [27]. The degree of opioid exposure may be under-estimated if patients
engaged in “pharmacy shopping” behaviors and filled narcotic prescriptions at other
pharmacies not captured in our database; however, these patients would likely be categorized
as high-level users if they submitted the majority of their narcotic prescriptions at the same
pharmacy where they filled their immunosuppression prescriptions. Additionally, physical
examination measurements (such as blood pressure readings), laboratory values (such as
arterial gas results), and diagnostic test results (such as electrocardiograms and chest x-rays)
were not available to adjudicate the clinical outcomes in our study. Since we relied on physician
diagnoses, diagnostic codes, and outpatient prescriptions to define our outcomes and primary
exposure, there is a possibility of misclassification. Lastly, it may be that recipients with a
known history of chronic opioid use are more likely to be diagnosed with opioid-related adverse
events than non-users.

Despite these limitations, our study illustrates that integration of national transplant
registry, pharmacy fill records, and medical billing claims databases can enable examination of
new risk factors for clinical complications after kidney transplantation. Risk stratification is
particularly important in the era of public reporting and regulatory scrutiny of transplant
recipient patient and graft survival. Notably, the risk-adjusted equations developed by the
Scientific Registry of Transplant Recipients (SRTR) for the prediction of expected 1-year and 3-
year post-transplant patient and graft survival in the United States do not adjust for narcotic

use, pain, or compliance behaviors [30]. Our a priori study design is based on pre-transplant

19



American Journal of Nephrology

narcotic use, a relevant exposure given that regulatory risk assessment considers pre-transplant
factors. However, future study should also examine the outcome implications of narcotic use
after kidney transplantations.

In conclusion, we found that high level opioid analgesic use before kidney
transplantation is associated with adverse clinical events after transplantation, including
cardiovascular, respiratory, neurological, substance abuse, and compliance complications.
Further research is needed to identify kidney transplant recipients who are most likely to
experience narcotic-related complications after transplantation and management strategies to
mitigate risks of these complications. Currently, we recommend that kidney transplant
candidates with moderate-to-severe pain undergo a careful evaluation of pain management
strategies utilizing a multi-disciplinary team approach, possibly including pain management

specialists.
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FIGURE LEGENDS

Figure 1. Three-year incidence of post-transplant complications according to pre-transplant

narcotic use level, all transplants. * p<0.05-0.002; ¥ p<0.0001.

Figure 2. Adjusted associations of pre-transplant narcotic use with post-transplant

complications (adjusted for recipient, donor, and transplant factors in Table 1).
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Table 1. Distributions of clinical traits in the study sample of transplant recipients according to pre-transplant narcotic use level.

Clinical Factors No Narcotics Narcotics Level 1 | Narcotics Level 2 | Narcotics Level 3 | Narcotics Level 4
n=11,698 n=1120 n=1144 n=1206 n=1154
% % % % %
Recipient Characteristics
Age, years ¥ ¥ * ¥
<18 3.5 1.6 1.4 1.6 1.0
18to 30 7.2 10.8 9.9 7.6 7.9
31to 44 18.7 19.6 23.0 20.2 21.6
45to 59 38.2 40.2 36.6 38.7 44.7
260 324 27.9 29.1 31.9 24.9
Male 61.4 65.4* 60.6 53.0% 53.8%
Race t ¥
White 57.0 52.1 58.8 59.5 65.3
Black 24.4 29.9 23.0 23.5 22.3
Other race 18.7 18.0 18.2 17.0 12.5
Body mass index, kg/m? ¥ * t *
<18.5 4.2 1.3 2.7 3.0 4.3
18.5to 25 32.0 26.0 31.8 33.8 36.5
25to0 30 335 32.6 33.6 30.0 29.2
>30 29.4 39.8 31.6 33.0 29.6
Highest level of education * * ¥
Grade school 6.0 4.6 4.9 5.5 4.9
High school 38.5 43.0 41.4 42.3 46.6
Some college or higher 39.5 37.9 37.2 35.1 33.3
Unknown 16.1 14.6 16.5 17.2 15.2
Employment status ¥ ¥ ¥
Working 26.6 24.8 20.6 17.1 15.0
Not working 57.4 58.8 62.2 67.7 69.7
Unknown 16.0 16.3 17.2 15.2 15.3
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Table 1, continued. Distributions of clinical traits in the study sample of transplant recipients according to pre-transplant narcotic use level.

Insurance type t ¥ ¥ ¥
Public 65.1 71.1 71.7 73.6 76.3
Private 34.7 28.8 28.2 26.4 23.7
Other/unknown 0.2 0.1 0.1 0.1 0.1

Pre-transplant ESRD duration, months * ¥ ¥ ¥
None (pre-emptive) 12.7 9.6 8.4 6.1 9.5
>0to 24 30.0 33.8 37.7 35.1 29.1
25to 60 35.5 32.8 324 33.3 33.0
>60 20.4 224 20.1 24.6 27.3

Cause of ESRD * * *
Diabetes 23.9 26.2 27.0 27.6 25.7
Glomerulonephritis 19.8 19.3 22.6 20.3 19.8
Hypertension 23.6 25.5 21.7 20.9 19.0
Polycystic kidney disease 7.9 7.6 7.3 6.9 9.0
Other 24.8 215 214 24.3 26.6

Co-morbidities
Diabetes 34.0 36.2 36.6 37.9* 35.2
Coronary disease/angina 4.4 3.8 4.3 4.3 4.4
COPD 1.2 1.0 1.3 2.0* 2.0*
Hypertension 57.2 57.6 57.2 57.1 55.3
Cerebral vascular disease 2.2 2.1 2.3 2.0 3.5%
Peripheral vascular disease 4.5 5.4 4.1 4.7 5.6

Previous transplant 14.1 14.4 16.5* 17.2* 17.1*

Peak PRA level i i
<10 69.9 68.7 68.9 63.8 64.9
10to 79 17.8 19.5 19.6 22.6 20.5
>80 8.2 8.3 7.7 10.0 12.1
Missing 4.2 3.6 3.9 3.7 2.6




American Journal of Nephrology

Page 64 of 70

Table 1, continued. Distributions of clinical traits in the study sample of transplant recipients according to pre-transplant narcotic use level.

Transplant Characteristics

HLA mismatches *
Zero A, B, and DR 10.5 10.2 12.3 11.7 12.1
Zero DR 45.0 44.6 43.6 45.1 47.2
Other 44.5 45.2 44.1 43.2 40.7

Donor race *
White 71.7 68.8 72.3 73.4 75.3
Black 12.2 13.5 12.9 11.8 12.5
Other race 16.1 17.8 14.8 14.8 12.2

Female donor 45.6 46.1 47.1 48.5 44.9

CMV sero-pairing *
Recipient -, Donor - 15.5 14.7 16.0 13.0 135
Recipient +, Donor - 22.8 22.7 224 23.9 26.6
Recipient -, Donor + 17.5 16.3 16.6 15.9 16.2
Recipient +, Donor+ 38.1 39.5 38.6 41.2 38.7

Donor type
Living 31.9 313 34.2 30.4 28.9
Standard criteria deceased 55.7 57.0 54.6 57.6 58.7
Expanded criteria deceased 12.4 11.8 11.3 11.9 12.4

Abbreviations: CMV, cytomegalovirus; COPD, chronic obstructive pulmonary disease; ESRD, end-stage renal disease; HLA, human leukocyte

antigen; PRA, panel reactive antibody.

P-values for differences of distributions of clinical traits among patients in a given narcotic use level compared to those with no pre-
transplant narcotic use: * p<0.05—0.002; t p=0.001-0.0002; ¥ p<0.0001.
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Table 2. Three-year incidence of post-transplant complications according to pre-transplant
narcotic use level, by transplant donor type.

LD Transplant Recipients

DD Transplant Recipients

n=5174 n=11,148
Complication Narcotic Use Level % %
None 0.2 0.2
1 0.6 0.2
Ventricular arrhythmias 2 0.3 0.1
3 NA 0.3
4 0.3 1.4%
None 2.4 2.8
1 0.3 2.7
Cardiac arrest 2 2.4 2.1
3 1.6 4.1*
4 5.7* 4.1*
None 6.5 9.4
1 8.7 7.8
Hypotension 2 7.5 10.6
3 8.8* 12.6*
4 11.7% 15.0*
None 0.9 0.8
1 0.3 0.1
Hypercapnia 2 0.3 2.2
3 0.6 0.5
4 1.4 1.7 (0.8-3.5)
None 0.7 1.9
1 1.9 2.2
Aspiration pneumonia 2 0.3 4.7*
3 8.5% 1.9
4 1.2 2.0
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Table 2, continued. Three-year incidence of post-transplant complications according to pre-

transplant narcotic use level, by transplant donor type.

Page 66 of 70

None 1.4 3.3
1 4.5 1.3
Mental status changes 2 1.7 4.7
3 2.5 4.7*
4 3.6* 6.0t
None 1.6 1.8
1 1.5 1.7
e :
3 2.9* 3.3*
4 7.4% 6.81
None 0.4 0.8
1 NA 0.9
Alcohol abuse 2 0.6 2.0*
3 0.6 1.4*
4 0.9 2.1*
None 0.3 0.3
1 NA 0.7
Accidents 2 NA NA
3 NA 1.1*
4 NA 1.3%
None 1.8 2.5
1 1.4 3.8
Non-compliance 2 1.8 2.4
3 3.6 21
4 2.0 4.0*
None 11.3 17.2
1 14.2 16.2
Any study complication 2 15.7 17.3
3 20.7* 22.6*
4 25.3t 29.67
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Abbreviations: Cl, confidence interval; DD, deceased donor; LD, living donor; NA, not available
due to lack of events in a given stratum.

P-values for incidence in a given narcotic use level compared with no use: * p<0.05-0.0001;
tp<0.0001.
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Table 3. Adjusted associations of pre-transplant narcotic use with post-transplant complications
by transplant donor type (adjusted for recipient, donor, and transplant factors in Table 1).

LD Transplant Recipients
n=5174

DD Transplant
Recipients

n=11,148

Complication

Narcotic Use Level

aHR (95% Cl)

aHR (95% Cl)

None Reference Reference
1 3.32(0.62-17.91) 0.72 (0.09-5.68)
Ventricular arrhythmias 2 1.99 (0.21-19.02) 0.96 (0.12-7.52)
3 NA 0.74 (0.09-5.83)
4 1.38 (0.14-13.42) 5.58 (2.19-14.21)t
None Reference Reference
1 0.16 (0.02-1.19) 1.16 (0.73-1.85)
Cardiac arrest 2 1.13 (0.51-2.49) 0.85 (0.50-1.44)
3 0.90 (0.38-2.13) 1.47 (0.99-2.19)
4 1.83 (0.94-3.54) 1.31 (0.85-2.01)
None Reference Reference
1 1.14 (0.73-1.78) 0.92 (0.69-1.23)
Hypotension 2 0.98 (0.62-1.55) 0.93 (0.70-1.24)
3 1.26 (0.84-1.88) 1.22 (0.97-1.55)
4 1.69 (1.16-2.46)* 1.24 (0.98-1.58)
None Reference Reference
1 0.53 (0.07-4.08) 0.22 (0.03-1.57)
Hypercapnia 2 0.44 (0.06-3.40) 1.83 (0.89-3.77)
3 0.80 (0.18-3.59) 0.55 (0.17-1.77)
4 1.61 (0.45-5.73) 1.75 (0.84-3.64)
None Reference Reference
1 2.27 (0.72-7.14) 1.20 (0.62-2.32)
Aspiration pneumonia 2 0.62 (0.08-4.80) 1.69 (0.97-2.93)
3 5.96 (2.61-13.6)% 0.89 (0.45-1.77)
4 1.02 (0.22-4.65) 1.29 (0.71-2.33)
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Table 3, continued. Adjusted associations of pre-transplant narcotic use with post-transplant
complications by transplant donor type (adjusted for recipient, donor, and transplant factors in

Table 1).
None Reference Reference
1 1.98 (0.8-4.85) 0.56 (0.29-1.10)
Mental status changes 2 1.13 (0.39-3.28) 1.18 (0.74-1.87)
3 1.79 (0.78-4.13) 1.53 (1.04-2.25)*
4 2.68 (1.24-5.77)* 1.92 (1.33-2.78)t
None Reference Reference
1 1.31 (0.55-3.11) 0.96 (0.53-1.74)
32:@:;’;‘:';/ 2 2.21(1.15-4.22) * 0.83 (0.45-1.55)
3 1.83 (0.91-3.67) 1.61 (1.02-2.54)*
4 4.06 (2.38-6.93)% 2.79 (1.94-4.02)%
None Reference Reference
1 NA 1.22 (0.52-2.87)
Alcohol abuse 2 2.77 (0.73-10.59) 2.27 (1.16-4.43)*
3 1.93 (0.37-9.98) 2.04 (1.05-3.97) *
4 1.41 (0.28-7.06) 2.39(1.31-4.38)t
None Reference Reference
1 NA 2.39(0.77-7.39)
Accidents 2 NA NA
3 NA 2.65 (0.94-7.43)
4 NA 4.73 (1.85-12.1)*
None Reference Reference
1 0.49 (0.15-1.66) 1.24 (0.75-2.05)
Non-compliance 2 0.39(0.11-1.34) 0.90 (0.49-1.63)
3 0.50 (0.15-1.67) 0.87 (0.48-1.58)
4 0.85 (0.29-2.48) 1.76 (1.11-2.79)*
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None Reference Reference
1 1.00 (0.71-1.41) 0.96 (0.78-1.17)
Any study complication 2 1.18 (0.87-1.60) 1.03 (0.85-1.24)
3 1.25(0.93-1.68) 1.26 (1.07-1.49)*
4 1.83 (1.40-2.38)t 1.56 (1.33-1.82)t

Abbreviations: aHR, adjusted hazard ratio; DD, deceased donor; LD, living donor; NA, not
available due to lack of events in a given stratum.

P-values: * p<0.05-0.002; * p=0.001-0.0002; % p<0.0001



Supplementary Appendix 1. International Classification of Disease, Ninth Revision, Clinical
Modification (ICD-9-CM) diagnosis codes used to define medical diagnoses from billing claims

data.
Diagnosis ICD-9-CM Diagnostic Codes
Ventricular arrhythmias 427.41, 427.42
Cardiac arrest 427.5,997.1
Hypotension 458, 458.9
Hypercapnia 276.4

Aspiration pneumonia

507.0, 507.1, 507.8, 997.32

Mental status changes

780.0, 780.01, 780.02, 780.03, 780.09, 800.x, 801.x, 803.x,
804.x, 850.x

Accidents

E806, E807, E826, E827, E829, E830, E831, E836, E838,
E841, E842, E844, E845, E916, E918, E921, E928, E928.x,
E929, E929.x, V714

Drug abuse / dependence

304.2,304.0, 304.7,304.3, 304.1, 304.4, 304.5,
304.6,304.8,304.9, 305.6, 305.5, 305.2, 305.3, 305.4, 305.7,
305.8, 305.9, 292.x

Alcohol abuse and
associated complications

303.0, 303.9, 305.0, 291.x, 571.0, 571.2, 571.3, 535.3

Non-compliance

V158.1




Supplementary Appendix 2. Adjusted associations of pre-transplant narcotic use with risks of the

composite of any study complication over three years after kidney transplantation.

Clinical factor

All Transplants

LD Recipients

DD Recipients

aHR (95% Cl)

aHR (95% Cl)

aHR (95% Cl)

Pre-transplant narcotic use

None

Reference

Reference

Reference

Level 1

0.97 (0.81-1.15)

1.00(0.71-1.41

0.96 (0.79-1.17)

Level 2

1.07 (0.91-1.26)

1.03 (0.85-1.25)

Level 3

1.26 (1.09-1.46)*

)
1.18 (0.87-1.60)
1.25(0.93-1.68)

1.26 (1.07-1.49)*

Level 4

1.62 (1.42-1.85)%

1.83 (1.40-2.38)%

1.56 (1.33-1.82)%

Recipient characteristics

Age, years

<18

0.84 (0.53-1.34)

0.59 (0.24-1.48)

0.97 (0.56-1.69)

18 to 30

Reference

Reference

Reference

31to 45

0.91 (0.75-1.11

0.87 (0.64-1.19

0.98 (0.76-1.26)

46 to 60

1.05 (0.87-1.27

0.94 (0.69-1.28

1.14 (0.89-1.46)

>60

1.03(0.82-1.30

0.91 (0.61-1.35

Male

)
)
)
1.00 (0.91-1.10)

)
)
)
0.95 (0.79-1.14)

(
1.12 (0.83-1.50)
1.03 (0.92-1.15)

Race

White

Reference

Reference

Reference

Black

0.80 (0.71-0.91)+

0.63 (0.35-1.12)

0.78 (0.68-0.90)}

Other race

0.68 (0.57-0.79)%

0.92 (0.59-1.42)

0.66 (0.55-0.79)%

Body mass index, kg/m2

<18.5

1.16 (0.92-1.47)

1.18 (0.75-1.84)

1.16 (0.88-1.53)

18.5to 25 Reference Reference Reference
25to 30 0.99 (0.89-1.10) 1.00 (0.81-1.25) 0.99 (0.88-1.12)
>30 0.97 (0.86-1.09) 1.08 (0.86-1.36) 0.94 (0.82-1.08)

Highest level of education

Grade school

Reference

Reference

Reference

High school

1.14 (0.93-1.39)

0.98 (0.60-1.58)

1.19 (0.96-1.48)

Some college or higher

1.00 (0.82-1.22)

1.06 (0.65-1.72)

0.97 (0.78-1.22)

Unknown

1.01 (0.81-1.24)

1.00 (0.60-1.66)

0.99 (0.79-1.26)

Employment status

Working 0.71 (0.60-0.84)% 0.79 (0.58-1.07) 0.68 (0.56-0.84)t

Not working Reference Reference Reference

Unknown 0.86 (0.75-0.98)* 0.91 (0.69-1.21) 0.84 (0.72-0.98)*
Insurance type

Public Reference Reference Reference

Private 0.51 (0.43-0.59)4+ 0.47 (0.35-0.62) 0.54 (0.45-0.66)4+

Other/unknown 0.91 (0.33-2.52) NA 1.13(0.40-3.19)

Pre-transplant ESRD duration,
months

None (pre-emptive)

0.76 (0.61-0.95)*

0.82 (0.57-1.20)

0.79 (0.59-1.06)

>0to 24 Reference Reference Reference
25 to 60 0.98 (0.85-1.14) 1.07 (0.82-1.41) 0.96 (0.81-1.14)
>60 1.4 (1.23-1.59) 1.61 (1.19-2.18)t 1.39 (1.20-1.61)%




Supplementary Appendix 2, continued. Adjusted associations of pre-transplant narcotic use with risks

of the composite of any study complication over three years after kidney transplantation.

Cause of ESRD

Diabetes

1.16 (0.97-1.38

1.11 (0.78-1.59)

1.17 (0.95-1.44)

Glomerulonephritis

0.89 (0.77-1.03

0.75 (0.57-0.99)*

Hypertension

1.02 (0.89-1.17

0.98 (0.75-1.28)

(
0.94 (0.79-1.12)
1.05 (0.90-1.22)

Polycystic kidney disease

)
)
)
0.91 (0.75-1.11)

0.88 (0.59-1.30)

0.93 (0.74-1.16)

Other

Reference

Reference

Reference

Recipient co-morbidities

Diabetes

1.21 (1.05-1.39)*

1.06 (0.79-1.42

1.26 (1.08-1.48)*

Coronary disease/angina

1.07 (0.89-1.29)

0.96 (0.63-1.46

1.11 (0.91-1.37)

COPD

1.32 (0.96-1.82)

1.35(0.72-2.52

1.32(0.91-1.93)

Hypertension

0.88 (0.80-0.96)*

0.88 (0.79-0.97)*

Cerebral vascular disease

1.26 (1.01-1.58)*

1.17 (0.70-1.97

1.26 (0.98-1.62)

Peripheral vascular disease

1.08 (0.90-1.29)

1.06 (0.73-1.53

1.08 (0.88-1.33)

Previous transplant

1.1 (0.95-1.26)

)
)
)
0.88 (0.73-1.05)
)
)
)

1.03 (0.78-1.36

1.12 (0.95-1.32)

Peak PRA level

<10 Reference Reference Reference

10to 79 1.00 (0.89-1.13) 0.94 (0.74-1.20) 1.02 (0.89-1.17)
>80 1.26 (1.08-1.46)* 1.24 (0.87-1.77) 1.28 (1.08-1.51)*
Missing 1.27 (1.04-1.56)* 1.08 (0.74-1.57) 1.38 (1.09-1.75)*

Transplant Characteristics

HLA mismatches

Zero A, B, and DR

0.93 (0.80-1.07)

1.08 (0.78-1.49)

0.88 (0.75-1.04)

Zero DR 0.95 (0.87-1.04) 1.07 (0.90-1.28) 0.92 (0.83-1.02)
Other Reference Reference Reference
Donor age, per year 1.00 (1.00-1.01)* 1.00 (1.00-1.01) 1.00 (1.00-1.01)*

Donor race
White Reference Reference Reference
Black 1.07 (0.94-1.23) 1.53 (0.85-2.75) 1.02 (0.88-1.18)
Other race 1.01 (0.89-1.14) 0.69 (0.45-1.05) 1.04 (0.91-1.19)

Female donor

1.05 (0.96-1.14)

1.03 (0.87-1.23)

1.06 (0.95-1.17)

CMV sero-pairing

Recipient -, Donor -

Reference

Reference

Reference

Recipient +, Donor -

1.03 (0.89-1.20)

0.99 (0.76-1.29)

1.06 (0.88-1.28)

Recipient -, Donor +

1.18 (1.01-1.37)*

1.11 (0.83-1.47)

1.22 (1.02-1.47)*

Recipient +, Donor+

1.15 (1.00-1.33)*

1.07 (0.83-1.38)

1.20 (1.01-1.43)*

Donor Type
Living 0.87 (0.78-0.98)* NA NA
Standard criteria deceased Reference Reference Reference
Expanded criteria deceased 0.95 (0.82-1.10) NA NA

Abbreviations: aHR, adjusted hazard ratio; CMV, cytomegalovirus; COPD, chronic obstructive pulmonary
disease; DD, deceased donor; ESRD, end-stage renal disease; HLA, human leukocyte antigen; LD, living
donor; NA, not available due to lack of events in a given stratum; PRA, panel reactive antibody

P-values: * p<0.05-0.002; t p=0.001—-0.0002; ¥ p<0.0001
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