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a b s t r a c t

Background: Six percent of opioid-naïve patients develop opioid dependence post-operatively. We
implemented a protocol in our renal transplant recipients that eliminated opioid patient-controlled
analgesia (PCA) and included a multi-modal non-opioid regimen. The purpose of this study was to
examine the impact of PCA elimination on opioid requirements at discharge in renal transplant
recipients.
Methods: We reviewed adult renal transplant recipients for the three months prior to, and following, the
protocol’s implementation. Patients with an intra-abdominal transplant, pancreas-renal transplant, or
chronic pain were excluded. The number of opioid pills prescribed on the day prior to discharge were
categorized as A) 0, B) 1e3, and C) �4. Discharge opioid prescriptions were then evaluated based on a
recent recommendation that group A receive 0 pills, group B 15 pills, and group C 30 pills, to satisfy the
outpatient pain needs of 85% of patients. Pre- and post-intervention metrics were compared using in-
dependent t-tests and Chi squared tests.
Results: 150 recipients were included (79 pre-intervention, 71 post; 51% male). PCA use decreased
significantly (81% vs. 4.2%, p < 0.001). Post-intervention, gabapentin, topical lidocaine, and acetamino-
phen increased significantly (6.3%e69%, p < 0.001, 5.1%e66.2%, p < 0.001, 73.4%e93% respectively,
p ¼ 0.003.) PCA use did not impact the amount of opioids prescribed at discharge (median 75 OMEs in
both groups). Of patients requiring no opioids on the day prior to discharge regardless of PCA use, 51.5%
of pre- and 35.5% of post- were prescribed excess opioids at discharge. Of patients prescribed 1e3 pills on
the day prior to discharge regardless of PCA use, 24.2% of pre- and 25.8% of post patients were prescribed
excessive opioids at discharge.
Conclusions: A multidisciplinary approach to developing an opioid-reducing protocol significantly
decreased the use of PCAs and increased the use of non-opioid adjunct medications in renal transplant
recipients. Patients continued to be prescribed excess opioids at discharge compared to inpatient opioid
use the day prior to discharge. Ongoing communication with all providers caring for renal transplant
recipients and protocolization of the different stages of a patient’s post-operative hospitalization are
crucial.

© 2020 Elsevier Inc. All rights reserved.
Introduction

Opioid consumption during a patient’s hospitalization has been
directly linked to future opioid dependence. In the surgical popu-
lation, 6% of opioid-naïve patients develop new opioid dependence
post-operatively.1 It has also been shown that renal transplant re-
cipients who fill opioid prescriptions for �90 days in the first year
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).
after transplant have an increased risk of death and graft loss.2 In
light of these findings, it is critically important to the transplant
community to find ways to minimize opioid use in the post-
transplant setting.

One opioid delivery system commonly used is the patient-
controlled analgesia (PCA) pump. The PCA was developed in the
1960s based on the hypothesis that patients would experience less
pain and anxiety if they had control over their pain medication.3

Since their introduction, PCAs have become widely used in the
post-operative setting across the United States. While PCA use has
been associated with improved patient satisfaction, it also
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Table 1
Patient demographics.

Pre-protocol
(n ¼ 79)

Post-protocol
(n ¼ 71)

p-
value

Age, median (range) 51 (22e80) 56 (20e80) 0.06
Female sex, % (n) 46.8% (37) 50.7% (36) 0.76
Race/Ethnicity, % (n) 0.03
African American 12.7% (10) 12.7% (9)
American Indian/Alaska Native 0 1.4% (1)
Asian 30.4% (24) 22.5% (16)
Hispanic 12.7% (10) 23.9% (17)
Pacific Islander 0 2 (1.3%)
White 19% (15) 28.2% (20)
Unknown 25.3% (20) 8.5% (6)
ESRD etiology, % (n) 0.002
Type 2 DM 19 (24.1%) 24 (33.8%)
Hypertension 13 (16.5%) 15 (21.1%)
Primary GN 23 (29.1%) 4 (5.6%)
Secondary GN 9 (11.4%) 9 (12.7%)
Interstitial 1 (1.3%) 2 (2.8%)
Congenital/Genetic 3 (3.8%) 11 (15.5%)
Other 11 (13.9%) 6 (8.5%)
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correlates with an increased opioid consumption during the hos-
pitalization and an unchanged length of hospitalization in post-
operative patients.4 As the opioid crisis continues to demonstrate
a devastating impact on addiction and overdoses throughout the
United States, minimizing opioids in surgical patients is para-
mount.1 We postulated that renal transplantation would mirror
other surgical specialties where it has been demonstrated that
common surgical procedures are associated with an increased risk
of chronic opioid use following discharge.5

The purpose of this study was to examine the impact of PCA
elimination and the introduction of non-opioid adjuncts on opioid
requirements at discharge in renal transplant recipients, at a single
high volume transplant center. The amount of opioids prescribed at
discharge was evaluated using the classification system described
by Hill et al. which characterizes the needs of post-operative pa-
tients based on the number of opioid pills received on the day prior
to discharge; this has previously been shown to satisfy the outpa-
tient pain needs of 85% of patients.6

Material and methods

Institutional Review Board approval was obtained from the
University of California, San Francisco Committee on Human
Research (IRB #19e29209).

A clinical pain protocol was developed which removed the
automatic post-operative order for a PCA pump and prescribed an
opioid-sparing, multimodal pain control regimen after renal
transplantation. This included scheduled Tylenol, Lidocaine
patches, and Gabapentin. The protocol detailed in a stepwise
fashion which opioids should be prescribed post-operatively,
allowing opioids for uncontrolled pain. If the patient’s pain
continued to be uncontrolled, a PCA pump could then be pre-
scribed. This protocol was circulated to all providers and nurses
in the transplant unit and education was provided to staff in the
post-anesthesia care unit as necessary. The protocol was insti-
tuted for all adult recipients of a living or deceased donor renal
transplant at our institution beginning in June 2019. After the
protocol was initiated, a two-week adjustment period was
allowed prior to data collection. A retrospective chart review was
then performed for the three months prior to protocol initiation
(March, April, May 2019) and the three months following pro-
tocol implementation (July, August, September 2019). Addition-
ally, we performed a retrospective chart review of patients who
received a renal transplant during a “long-term study period”,
defined as seven months after protocol initiation (February 2020),
to assess whether providers continued to follow the protocol over
time. Manual review was used to collect the following: patient
demographics, history of pre-operative opioid use, operative de-
tails, duration and usage of PCA (if applicable), length of hospi-
talization, oral morphine equivalents (OMEs) on the day prior to
discharge, and OMEs prescribed at discharge. OMEs were trans-
lated into number of pills, where one pill was defined as one
Oxycodone 5 mg tablet.

The number of opioid pills prescribed on the day prior to
discharge were categorized according to the classification by Hill
et al.: A) 0 pills, B) 1e3 pills, and C) �4 pills.6 The recommendation
for opioid prescription at discharge is as follows: 0 pills for group A,
15 pills for group B, and 30 pills for group C.6

Patients were excluded if they received an intra-abdominal
transplant, simultaneous pancreas renal transplant, or had a pre-
existing diagnosis of chronic pain. Patients with chronic pain
were defined as those who were prescribed opioids on a regular
basis prior to transplantation. Statistical analysis was performed
using R software (version 1.2.5019). Pre-protocol era and post-
protocol era metrics were compared using Mann Whitney tests,
Chi squared tests, and Pearson correlations where applicable, with
statistical significance set at p < 0.05.

Results

One hundred sixty-nine patients received a living or deceased
donor renal transplant during the study period. Eleven percent
(n ¼ 19) had a history of chronic pain and were thus excluded from
the analysis. One hundred and fifty patients were included, with 79
in the pre-protocol implementation era and 71 in the post-protocol
implementation era.

Demographics

The median patient age was 54 (range 20e80 years old), and
48.7% were female, with no significant differences between the
pre- and post-groups (Table 1). There was a significant difference in
race/ethnicity between the pre-protocol and post-protocol eras;
the majority of the pre-protocol era patients were Asian (30.4%,
n ¼ 24) and the majority of the post-protocol era patients were
White (28.2%, n ¼ 20). Patients were transplanted by one of ten
surgeons at our institution. The most common indications for renal
transplant were diabetes (28.7%, n ¼ 43) and hypertension (18.7%,
n ¼ 28).

Opioids during the hospitalization

There was no significant difference in the amount of opioids
given intra-operatively between the pre-protocol era and post-
protocol era patients. Pre-protocol patients received a median of
225mcg of fentanyl intra-operatively, versus post-protocol patients
who received a median of 200 mcg of fentanyl (p-value 0.07).

Prior to the implementation of the new pain protocol, 81%
(n ¼ 64) of renal transplant recipients received a PCA pump. After
the protocol was introduced, only 4.2% (n¼ 3) of the “post-protocol
era” patients were prescribed a PCA (p < 0.001). During the pre-
protocol era, patients received a median of 220 mcg of fentanyl
from the PCA. During the post-protocol era, the 3 patients who
required a PCA received a median of 150 mcg of fentanyl (p-value
0.6).

During the post-protocol era, gabapentin prescriptions
increased from 6.3% to 69% (p < 0.001), while topical lidocaine use
increased from 5.1% to 66.2% (p < 0.001), and acetaminophen



Fig. 1. Non-opioid adjunct medications pre-protocol and post-protocol introduction.
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increased from 73.4% to 93% (p-value 0.003, Fig. 1).
During the “long-term study period”, 19 patients underwent

renal transplantation and none were prescribed a PCA.
Opioids at discharge

To assess the impact of PCA use on discharge medications, we
compared patients who utilized PCA analgesia versus those who
did not, regardless of pre or post-protocol era. The median amount
of opioids received on the day prior to discharge was 7.5 OMEs in
the PCA group and 5 OMEs in the non-PCA group (p-value 0.11). The
median amount of opioids prescribed upon discharge was 75 OMEs
in the PCA group and 75 OMEs in the non-PCA group (p-value 0.06).
The median length of hospitalization was similar in both groups: 4
days in the PCA group and 3 days in the non-PCA group (p-value
0.08).

Patients were further categorized into one of three groups based
on the number of opioid pills received on the day prior to discharge,
according to Hill et al.’s classification,6 irrespective of whether they
received a PCA (Fig. 2). Group A received 0 pills on the day prior to
discharge and made up 36.7% of the pre-protocol era patients and
42.3.% of the post-protocol era patients. Group B received 1e3 pills
on the day prior to discharge andmade up 41.8% of pre-protocol era
patients and 42.3% of post-protocol era patients. Group C received
�4 pills on the day prior to discharge and made up 16.5% of pre-
protocol era patients and 14.1% of post-protocol era patients.

The number of opioids prescribed at discharge was analyzed for
each of the three groups (Fig. 3), again irrespective of whether they
had received a PCA. Group A should have been prescribed 0 pills at
discharge, per Hill’s classification6: 50% of pre-protocol era and
35.5% of post-protocol era patients were prescribed excessive opi-
oids (more than 0) at discharge (Fig. 3). Group B should have been
Fig. 2. Opioids prescribed (as number of pills) on the day prior to discharge, in the pre-
protocol and post-protocol eras.
prescribed 15 pills at discharge per the classification: 24.3% of pre-
protocol era and 25.8% of post-protocol era patients were pre-
scribed excessive opioids (more than 15) at discharge (Fig. 4). And
group C should have been prescribed 30 pills at discharge per the
classification: only one patient in the pre-protocol era was pre-
scribed excessive opioids (more than 30) at discharge (Fig. 5).

Discussion

Post-operative opioid use is a significant problem in the United
States, however, the impact of opioids on transplant recipients re-
mains poorly studied. The purpose of this study was to investigate
the impact of a protocol that eliminated routine PCA use and
implemented aggressive multimodal post-operative pain control in
renal transplant recipients. The notable findings were threefold: 1)
multimodal analgesia increased significantly following imple-
mentation of a formal post-operative pain control protocol; 2) PCA
use decreased significantly; 3) patients with and without a PCA
who required minimal opioids on the day prior to discharge were
prescribed a disproportionate amount of opioids at the time of
discharge.

The transplant community has been largely impacted by the
opioid epidemic because the number of deceased donors has
increased dramatically in the setting of more opioid overdoses.7

More recently, however, investigation has turned towards the
impact of opioids on transplant recipients, as research has repeat-
edly demonstrated the perils of opioid-based pain control after
surgical procedures in a variety of different populations.1,6 Other
authors have focused on the relationship between pre-transplant
opioid usage and the increased risk for post-transplant opioid
addiction, graft failure, and death.2,8,9

Establishing accurate expectations regarding post-operative
pain has proven essential in other studies of opioid reduction.10,11

However, this was challenging in our patient population for
several reasons. First, all transplant recipients in our program are
counseled extensively prior to transplant, but the majority of our
renal transplant recipients receive deceased donor grafts and
typically spend 8e10 years on our waiting list. As a result, their
most recent interaction with the outpatient pre-transplant pro-
viders could have occurred many months prior to their transplant
admission and therefore left little room for counseling regarding
post-operative pain control. Second, while we worked extensively
to educate the inpatient providers, we did not engage the outpa-
tient providers with the same vigor. As a result, patients admitted
for transplant who had recently been seen in the transplant clinic
came in with the expectation that they would receive a button to
control their pain after the transplant.

Flyers were widely distributed and posted on the transplant
floor at the start of the study, to ensure all providers were aware of
the new protocol. However, we could have better communicated
the ultimate goal of the intervention, which was to decrease opioid
prescriptions at discharge. Furthermore, we did not maintain
ongoing communication with providers after the start of the study.
Other groups have successfully relayed the purpose of their efforts
by disseminating guidelines and giving presentations throughout
the study period to their providers.6,12

We did not see a decrease in the amount of inpatient or
discharge opioids prescribed in patients who did not receive PCA
analgesia. Most notably, patients with and without a PCA who
required minimal opioids on the day prior to discharge were pre-
scribed more opioids at discharge than recommended, in both the
pre- and post-intervention eras. We believe that the lack of pro-
tocolization of opioids prescribed at discharge played a role in this
finding. While we implemented a specific intervention to eliminate
inpatient PCA use, we did not extend the protocol to regulate the



Fig. 3. Opioids prescribed (as number of pills) at discharge during the Pre-protocol and Post-protocol eras in Group A patients who received 0 opioid pills on the day prior to
discharge. The red bar indicates the recommended number of pills to be prescribed at discharge for this patient group.6. (For interpretation of the references to colour in this figure
legend, the reader is referred to the Web version of this article.)

Fig. 4. Opioids prescribed (as number of pills) at discharge during the Pre-protocol and Post-protocol eras in Group B patients who received 1e3 opioid pills on the day prior to
discharge. The red bar indicates the recommended number of pills to be prescribed at discharge for this patient group.6. (For interpretation of the references to colour in this figure
legend, the reader is referred to the Web version of this article.)
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amount of opioids to be prescribed at discharge. Recent legislative
efforts to quantify discharge medications, such as the “7-day sup-
ply”6 may be too imprecise and may have a deleterious effect on
opioid reduction protocols.

In a meta-analysis of interventions for postsurgical opioid pre-
scribing that encompassed eight studies, Wetzel et al. found that
direct methods in the form of organizational interventions were
more effective than indirect, clinician-mediated interventions.13

Following this present study and the finding that patients were
prescribed excessive amounts of opioids at discharge regardless of
their inpatient opioid requirements, we initiated a new protocol
wherein all patients, regardless of how many opioids received
while inpatient, receive 10 opioid pills at discharge. Patients with a
history of chronic pain pre-operatively will be excluded. We plan to
analyze the number of refills needed, to evaluate whether this
opioid-sparing approach at discharge leads to sufficient pain con-
trol in the short post-operative term.

This study highlights the importance of communication.
Transplantation is a true multidisciplinary endeavor that involves
extensive pre-transplant evaluation, intense care during the
transplant hospitalization, and long-term follow-up with the
transplant program. As a result, there are an enormous number of
providers involved in just a single patient’s care. Better communi-
cation with the outpatient services, and additional education for
the inpatient providers on the individual nature of discharge opioid
requirements would have added substantially to this protocol.



Fig. 5. Opioids prescribed (as number of pills) at discharge during the Pre-protocol and Post-protocol eras in Group C patients who received � 4 opioid pills on the day prior to
discharge. The red bar indicates the recommended number of pills to be prescribed at discharge for this patient group.6. (For interpretation of the references to colour in this figure
legend, the reader is referred to the Web version of this article.)
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There are several limitations to this study. First, the data is from
a single transplant center and therefore the findings may be limited
in their generalizability. The small sample size could have led to a
type II error. However, the single center data enabled a detailed
review of patient medications, which is not possible with large
database research. Second, this was not a randomized study and
we, therefore, cannot claim a causal relationship between PCA
elimination and opioid reduction or increased use of non-opioid
analgesics. Despite these limitations, we think this study demon-
strates the importance of a collaborative approach to opioid
reduction and highlights the need for providers to continually work
to decrease opioid use in the inpatient setting and at discharge.

Conclusions

The introduction of a protocol that eliminated PCA usage and
added non-opioid adjunct medications significantly increased the
use of non-opioid adjuncts in renal transplant recipients. Patients
continued to be prescribed excess opioids at discharge compared to
inpatient opioid use the day prior to discharge. Ongoing commu-
nicationwith all providers caring for renal transplant recipients and
protocolization of the different stages of a patient’s post-operative
hospitalization are crucial. Providers should continue to question
the status quo with regards to pain management policies and
continue working to minimize opioid use in surgical patients.
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Appendix 1. . Opioid reduction protocol

� Providers writing post-operative orders
- Scheduled PO Acetaminophen 1000 mg q8h
- Gabapentin 300 mg PO qhs (for 7 days)
- Lidoderm patch PRN moderate pain
- PO Oxycodone 5e10 mg q4h prn severe pain
- IV Dilaudid 0.4 mg q3h prn breakthrough pain
- No Toradol

� Providers writing orders on the ward:
- If pain not controlled: ok for IV Dilaudid 0.4 mg breakthrough
dose �2 prn

- If requires additional narcotic after breakthrough dosing,
change frequency to IV Dilaudid 0.4 mg q2h prn

- If pain still not controlled, increase dosing to IV Dilaudid
0.6 mg q2h prn

- If pain still not controlled, start PCA
- Timing of transition to POmedications will be the same (when
advanced to diet, typically on POD1)

- Scheduled PO Acetaminophen 1000 mg q8h
- PO Oxycodone 5e10 mg q4h prn severe pain

- IV Dilaudid 0.4 mg q4h prn severe pain not controlled by
Oxycodone
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