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BACKGROUND: Delay in the return of bowel function often prolongs hospitalization after kidney transplan-
tation, leading to increased patient morbidity and health care costs. Polyethylene glycol
(PEG) solution has been observed to aid the return of bowel function in postoperative pa-
tients undergoing abdominal surgery.

STUDY DESIGN: Using a 2-arm, single-surgeon, nonrandomized study, we compared the addition of PEG
along with early resumption of diet with a control group using only early resumption of diet
in kidney transplantation patients.

RESULTS: There were 51 subjects in the control group and 47 subjects in the PEG intervention group.
The primary outcomes measure, time to bowel movement, was significantly shorter than the
control group by an entire day (2.9 ! 1.1 days vs 4.0 ! 1.3 days; p < 0.001). In propensity
score analysis, patients receiving PEG had bowel movements sooner ("1.06 ! 0.25 days;
p < 0.001) and decreased lengths of stay ("1.16 ! 0.27 days; p < 0.001).

CONCLUSIONS: Polyethylene glycol significantly reduced time to return of bowel function and postoperative
length of stay. By adding PEG to the postoperative protocol, we can help to reduce costs of
hospitalization and improve overall outcomes in renal transplantation patients. (J Am Coll
Surg 2016;222:798e804. ! 2016 by the American College of Surgeons. Published by Elsev-
ier Inc. All rights reserved.)

In the United States, more than 29,000 patients with end-
stage renal disease underwent kidney transplantation in
2014.1 These patients require postoperative hospital
admission for recuperation, which incurs additional
expense to the overall transplantation procedure cost.
Hospital lengths of stay after kidney transplantation
have decreased to a mean of 7 days, however, mean daily

costs of hospitalization have risen substantially.2 There-
fore, continued development of safe and effective innova-
tions in postoperative care to minimize length of
hospitalizations are needed to reduce the overall burden
of transplantation to the health care system.
Amajor determinant of length of stay is postoperative re-

turn of normal bowel function. Multiple randomized
controlled studies involving nontransplantation abdominal
surgery patients have demonstrated improved return of
early bowel function and decreased lengths of hospitaliza-
tion using different strategies, such as early refeeding
(within 24 hours), chewing gum, and bisacodyl administra-
tion.3-6 In one retrospective study, patients given polyeth-
ylene glycol (PEG) within 48 hours after open partial
colectomy were found to have significantly decreased times
to first bowel movement and hospital stay when compared
with patients who did not receive this intervention.7 To our
knowledge, no studies in kidney transplantation have
directly assessed strategies for expediting return of bowel
function and shortening length of hospitalization.
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This study aims to measure the impact of using PEG
solution on postoperative kidney transplantation recov-
ery. In particular, we hypothesize that early postoperative
use of PEG in kidney transplant recipients will decrease
the time to first bowel movement and the overall length
of the transplantation hospitalization. Additional out-
comes will also be assessed, including patient-reported
pain scores, opioid analgesic use, graft function, surgical
and medical complications, and readmission rates.

METHODS
Study population
All patients with end-stage renal disease older than the age
of 18 years undergoing renal transplantation (living and
deceased donors) at a single academic referral center by
a single surgeon (HG) were eligible for this study. Only
multi-organ transplant recipients were excluded. The
routine postoperative protocol for resuming diet was
modified with the addition of PEG on a specific day in
October 2013. Therefore, the control cohort included
all eligible consecutive patients undergoing transplanta-
tion before October 2013 and the PEG treatment cohort
included all eligible consecutive patients undergoing
transplantation after October 2013. Outcomes measures
were analyzed with an intention to treat design. The sam-
ple size for each cohort was estimated a priori by the dif-
ference between 2 independent means for time to first
bowel movement, as a 2-tailed test, with an effect size
of 0.5, a of 0.05, and power of 0.8, allocated 1/1.
Approximately 64 subjects in each group were estimated.
In post hoc, the achieved power was 0.99 (1 " b error
probability) having an effect size of 0.89 using the sample
sizes reported here. This study was approved by the IRB
(IRB#14-000231) and conducted following the principals
set forth in the Declaration of Helsinki.

Intervention
The standard of care protocol for advancing the diet for
control cohort patients was as follows: npo postoperative
day 0; clear liquid diet (as tolerated) postoperative day
0 to 1; then advanced to a regular diet per the patient’s
discretion. The same protocol was used for the PEG treat-
ment cohort. Additionally, they were given 100 mL PEG
(sulfate-free polyethylene glycol electrolyte lavage solu-
tion, GoLytely, pineapple flavor; Braintree Laboratories,
Inc.) every hour when awake and once started on a clear
liquid diet. This was continued until they achieved a
bowel movement. They also were advanced to a regular
diet per their discretion as tolerated, irrespective of having
had a bowel movement.

Data collection and outcome measures
Patient demographics and characteristics were collected
from the institutional electronic medical records. Cause
of end-stage renal disease and number of days on dialysis
(date starting dialysis minus date of surgery) were recorded
as reported to the United Network for Organ Sharing for
transplant listing. The length of surgery was calculated
from the time of intubation to extubation. Bodymass index
was measured on the day of transplantation. Estimates of
blood loss, peritoneal violation during surgery, and intrao-
perative complications were noted as recorded by the sur-
geon. Induction immunosuppression medications and
intraoperative transfusions were noted from anesthesia re-
cords. The time to first ambulation, flatus, bowel move-
ment, clear diet, and regular diet where measured from
the time of extubation. Pain scores were patient reported
using the 0 to 10 visual analog scale and recorded by the
bedside nurse per standard of care protocol. Narcotic
patient-controlled analgesia was used until transition to
oral pain medication. Administered medications were
retrieved from the medicine administration record.
Morphine equivalents were calculated by using standard
conversions.8 Length of hospitalization was measured as
date and time of extubation to date and time of discharge.
Rejection episodes were defined by biopsy findings accord-
ing to the most recent Banff criteria for rejection, and sub-
sequently requiring medical treatment within the first 30
days postoperatively.9 Functioning grafts were defined by
the patient’s need for dialysis at postoperative day 30.
Delayed graft function was defined as need for dialysis
within the first postoperative week. Postoperative compli-
cations were defined as any deviation from routine postop-
erative care during the transplantation admission (see full
list of complications in Table 1). Reasons for readmission
were the presenting diagnosis that prompted admission
to the hospital after discharge. The primary outcomes mea-
sure was time to first bowel movement. Secondary out-
comes included length of hospitalization, patient-
reported pain, total opioid analgesic use, postoperative
complications, and readmission rates.

Statistical analysis
Basic descriptive statistics were performed using Welch 2-
sample t-test, Wilcoxon signed rank test, chi-square test,
and Fisher’s exact test. Data were analyzed for normaliza-
tion and log conversion was used in variables to achieve
normal distribution. Significance was determined at the
p < 0.05 level. Time to bowel movement and length of
stay were estimated in PEG and control groups by the
Kaplan-Meier estimator. Additionally, propensity score
analysis was performed to adjust estimation of a causal
treatment effect for confounding between treatment
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assignment and subject characteristics. Inverse probability
weighing was used for adjustment. An over-identification
test for covariate balance verified that the propensity score
model was correctly specified.Only covariates related to the
outcomes (or both outcomes and treatment) were included
in the model. Clinical data were stored in REDCap
(Research Electronic Data Capture) at University of
California-Los Angeles according to IRB and institutional
guidelines. All analysis was performed using R software,

version 3.0.2 (R Project for Statistical Computing) and
SAS software, version 9.4 (SAS Institute Inc).

RESULTS
From June 2013 through April 2014, enough patients were
accumulated to achieve 51 subjects in the control group
and 47 subjects in the PEG intervention group. The study
population characteristics are shown in Table 2. The PEG

Table 1. Postoperative Outcomes
Variable Polyethylene glycol group (n ¼ 47) Control group (n ¼ 51) p Value

Days to first flatus, mean (SD) 2.4 (1.0) 2.2 (1.1) 0.303

Days to first bowel movement, mean (SD) 2.9 (1.1) 4.0 (1.3) <0.001

Days to first ambulation, mean (SD) 1.7 (1.1) 1.4 (1.3) 0.011*

Days to starting clear liquids, mean (SD) 0.8 (0.2) 1.0 (0.5) 0.007

Days to starting regular diet, mean (SD) 1.5 (0.4) 2.2 (0.8) <0.001

Length of hospitalization, d, mean (SD) 5.6 (2.9) 6.7 (4.4) 0.042*

Readmit within 30 d of discharge, n (%) 5 (10.6) 14 (27.5) 0.065

Functioning graft at 30 d, n (%) 46 (97.9) 49 (96.1) 1

Rejection episodes within 30 d, n (%) 1 (2.1) 0 (0) 0.480y

Serum creatinine POD 4, mean (SD) 3.94 (4.07) 3.76 (3.25) 0.81

Serum creatinine POD 30, mean (SD) 1.74 (1.19) 1.60 (0.92) 0.525

Reasons for readmission, n (%)

Subjects without readmission 42 (89) 37 (72)

Allograft biopsy 0 2

Fever 0 2

Diarrhea 1 1

Hyperkalemia 1 1

Atrial fibrillation with rapid ventricular rate 0 1

Hematoma requiring evacuation 0 1

Hyperglycemia 0 1

Nausea and vomiting 0 1

Perinephric fluid collection 0 1

Upper-extremity deep vein thrombosis 0 1

UTI 0 1

Venous access removal 0 1

Acute kidney infection 1 0

Fluid overload 1 0

Shortness of breath 1 0

Postoperative complication, n (%)

Subjects without complication 37 (79) 34 (67)

Delayed graft function 9 13

Atrial fibrillation 0 1

Non ST-segment elevation MI 0 1

Ileus 0 1

Pyelonephritis 0 1

UTI 0 1

Allograft nephrectomy 1 0

*Log converted value used for normalized distribution.
yFisher’s exact test.
POD, postoperative day; UTI, urinary tract infection.
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Table 2. Study Population Characteristics
Variable Polyethylene glycol group (n ¼ 47) Control group (n ¼ 51) p Value

Age, y, mean (SD) 50.1 (13.7) 51.3 (14.0) 0.66

BMI, n (%) 0.109*

Underweight (<18.5 kg/m2) 3 (6) 0 (0)

Healthy weight (18.5e24.9 kg/m2) 12 (26) 22 (43)

Overweight (25e29.9 kg/m2) 22 (47) 21 (41)

Obese ($30 kg/m2) 9 (19) 7 (14)

Sex, male, n (%) 31 (66) 30 (59) 0.604

Race, n (%) 0.039

Caucasian 15 (32) 21 (41)

African American 18 (38) 8 (16)

Other 14 (30) 22 (43)

Ethnicity, n (%) <0.001*

Non-Hispanic 38 (81) 24 (47)

Hispanic 9 (19) 25 (49)

Unknown 0 (0) 2 (4)

Cause of end-stage renal disease, n (%) 0.328*

Diabetes 6 (13) 8 (16)

Hypertension 16 (34) 13 (25)

Cystic disease 6 (13) 1 (2)

Glomerulonephritis 5 (10) 10 (20)

Urologic disease 1 (2) 3 (6)

Other 9 (19) 12 (24)

Unknown 4 (9) 4 (8)

Diabetic, n (%) 13 (28) 24 (47) 0.077

Type of dialysis, n (%) 0.085*

Pre-emptive 4 (9) 3 (6)

Hemodialysis 31 (66) 43 (84)

Peritoneal dialysis 12 (26) 5 (10)

Days on dialysis, mean (SD)y 1,884 (1,331) 2,040 (1,310) 0.579

Earlier abdominal surgery, n (%) 19 (40) 27 (53) 0.299

Length of surgery, min, mean (SD) 232 (34) 244 (39) 0.112

Donor type, n (%) 0.370*

Living 21 (45) 19 (37)

Standard criteria donor 22 (47) 23 (45)

Donor after cardiac death 4 (9) 4 (8)

Expanded criteria donor 0 (0) 2 (4)

Other (en bloc) 0 (0) 3 (6)

Estimated blood loss, n (%)z 0.396

<100 mL 11 (23) 16 (31)

100e299 mL 32 (68) 28 (55)

$300 mL 4 (9) 7 (14)

Intraoperative complication, n (%) 1 (2) 4 (8) 0.277*

Peritoneum entered, n (%) 2 (4) 2 (4) 1

Induction, n (%) 0.732

Basiliximab 32 (68) 32 (63)

Thymoglobulin 15 (32) 19 (37)

Intraoperative transfusion, n (%) 0 (0) 4 (8) 0.119*

*Fisher’s exact test.
yExcluding pre-emptive patients.
zOne value missing replaced with mean of existing variables.
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group had a significantly higher proportion of African-
American and non-Hispanic subjects. There was also a
nonsignificant trend toward diabetic and nonperitoneal
dialysis subjects in the control group. Otherwise, the 2 co-
horts were fairly well balanced with regard to preoperative
characteristics.
Postoperative outcomes for the 2 study groups are

shown in Table 1. The primary outcomes measure, time
to bowel movement, for subjects receiving PEG was
significantly shorter than that for the control group, by
approximately 1 entire day (2.9 ! 1.1 vs 4.0 ! 1.3
days; p < 0.001). Figure 1 shows the Kaplan-Meier
plot demonstrating this significant difference in the time
to having a bowel movement between the 2 groups
(log-rank p < 0.001). In the propensity score analysis, pa-
tients receiving PEG had bowel movements earlier
("1.06 ! 0.25 days; p < 0.001).
For our secondary outcomes measure, mean length of

hospitalization was shorter in the PEG group by approx-
imately 1 day (5.6 ! 2.9 vs 6.7 ! 4.4 days; p ¼ 0.042).
After adjustment via the propensity score analysis, there
remained a clinically significant difference of more than
1 day in the hospital ("1.16 ! 0.27 days; p < 0.001).
Interestingly, the control group patients were more

likely to start ambulating sooner (1.7 ! 1.1 vs 1.4 !
1.3 days; p ¼ 0.011). Important to note is that the
time to starting a clear liquid diet was slightly sooner in
the PEG group compared with the control, however,
the time difference was small (18.0 ! 5.6 hours vs 23.3
! 12.2 hours; p ¼ 0.007).
The total opioid analgesic use (in morphine equiva-

lents) during the transplantation admission is shown in

Figure 2. Propensity analysis showed no relationship be-
tween PEG administration and narcotic use ("0.87 !
1.1; p ¼ 0.43). Mean patient-reported pain scores are
shown in Figure 3. No relationship emerged between
PEG administration and pain ("0.16 ! 0.21 days;
p ¼ 0.44). The addition of time to bowel movement
and the other covariates (as mentioned) into the model
and adjusting for clustering effects demonstrated that
there was no significant difference between the 2 groups.
The graft function between the 2 groups was similar

with regard to serum creatinine levels and rejection
episode rates (Table 1). The PEG group trended toward
having fewer postoperative complications, however, this
was not significantly different between the 2 groups
(21% vs 33%; p ¼ 0.268). Also, the PEG group had a
lower readmission rate within 30 days, which was almost
significantly less than the control group (11% vs 27%;
p ¼ 0.065).

DISCUSSION
This study, to our knowledge, is the first to specifically
address the use of PEG in kidney transplantation patients.
We found that the use of PEG solution significantly
reduced the time to return of bowel function in patients
recovering from kidney transplantation when compared
with a contemporary historic cohort. Our results showed
a significant decrease in both time to a bowel movement
and length of hospitalization. When potentially con-
founding patient variables were accounted for in propen-
sity score models, PEG administration still decreased the
time to bowel movements and length of hospitalization.
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Figure 1. Kaplan-Meier plot of time to first bowel movement.
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Figure 2. Use of narcotics during the postoperative period.

802 Treat et al Bowel Function after Kidney Transplantation J Am Coll Surg



No difference was found in patient-reported pain scores
or narcotic use. Even though this study was not designed
or powered to assess differences in readmission and post-
operative complication rates, these occurred notably less
frequently for patients given PEG when compared with
the control group, suggesting that early bowel movements
reduce additional perioperative complications and
implying safety in use of PEG postoperatively in this pa-
tient population.
A number of factors specific to kidney transplantation

and the kidney transplantation population inhibit return
of bowel function. Kidney transplantation requires
inhaled anesthetics along with paralytics for several hours,
which contribute to postoperative bowel dysfunction.10

Opioid analgesic use for pain control also contributes to
slowing bowel movement through inhibition of the
gastrointestinal m-opioid receptors, particularly in the
colon.11 Even though the peritoneum is not routinely
entered, irritation of the peritoneum is considered a major
factor in bowel dysmotility after surgery.12 Often, trans-
plantation patients have advanced diabetes, which is asso-
ciated with enteric nervous system dysfunction, which
also contributes to poorer bowel motility.13 In this study,
PEG administration showed significant improvement in
return to bowel function even when accounting for these
factors (ie length of surgery, peritoneal involvement, use
of peritoneal dialysis, diabetes, and opioid analgesic use).
The advantages of using PEG solution are the low cost,

ease of administration, that it is well-tolerated, and has
minimal side effects. The mean cost of daily PEG admin-
istration has been estimated to be approximately $1.00,

and some of the newer, targeted pharmaceutical agents
can cost in excess of $1,000.14 In a clinical trial describing
the pharmacokinetics of PEG, they showed minimal ab-
sorption of the drug overall, with no substantial differ-
ences in sex and age.15 In our study, patients were noted
to tolerate PEG well, particularly the pineapple flavor,
although we did not measure if they were actually
consuming the drug in an intention to treat model. We
did not directly measure the impact of PEG on the dosing
of immunosuppression agents directly in this study, how-
ever, clinical measures of graft function and rejection
showed no overall difference between the 2 groups.
The interpretation of this study’s results needs to be the

context of the study design. The limitations in design
(2-arm, single surgeon, nonrandomized) need to be
considered as potential sources. However, the use of
consecutive patients from a change in practice date, pro-
vided a quasi-randomization, and the 2 groups’ character-
istics were notably similar in this study. Of note, there was
a trend toward more patients with diabetes in the control
group. Intraoperative bleeding time and tranfusion re-
quirements also trended toward being different between
the 2 groups. However, we controlled for these variables
in a multivariable model. Additionally, propensity score
analysis was implemented to more aptly mimic a random-
ized design and eliminate selection bias. Care was taken in
building models based on hypothesis testing to account
for potential confounding factors.
Another potential limitation of the study surrounds the

finding of decreased hospital stay by more than 1 day for
patients who were given PEG. For renal transplantation
patients, renal allograft function, immunosuppressant
management, and social issues all have an effect on patient
discharge. The individual needs and situations of each pa-
tient could have confounded the results. However, we
attempt to adjust for this by controlling for complications
(including delayed graft function) in the propensity score
modelling.
Additional investigations should include analysis about

the extent to which the PEG solution protocol was
adhered to by the subjects, more specific information
about narcotic pain medication administration (timing)
in relation to patient-reported pain scores would also
help refine our understanding of the impact of this treat-
ment on patient recovery. Additionally, future studies
should investigate the impact of PEG on transplant
immunosuppression medications. Lastly, although a large,
randomized, blinded, controlled study was beyond our
initial investigative effort, we believe the findings in this
study are strongly in favor of the treatment intervention
and we have since adopted this practice as part of our
routine postoperative care.
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Figure 3. Patient-reported pain scores during the postoperative
period.
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CONCLUSIONS
Administration of PEG postoperatively decreased time to
first bowel movement and length of hospitalization. There
is potential for decreased readmissions and postoperative
complications with using this strategy for postoperative
care, all of which lead to reduced patient morbidity and
overall health care costs.
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