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Objective: Same day discharge (SDD) is feasible following laparo-
scopic hysterectomy (TLH) in gynecologic oncology patients result-
ing in low complication and re-admission rates. Following vaginal
surgery, backfill or active voiding trials have been shown to reduce
hospital discharge with a catheter. The aim of this study is to deter-
mine if performing an active backfill voiding trial (AVT) vs. passive
voiding trial (PVT) leads to expedited discharge following TLH.Meth-
ods: Subjects scheduled for SDD TLHwere enrolled and randomized
to an AVT or a PVT. The primary outcome was length of stay. Sec-
ondary outcomes include time to void, catheter replacement, admis-
sion to the extended recovery unity (ERU), post-operative pain, and
complications. Results: 121 patients were randomized: 60 to an AVT
and 61 to a PVT. There was a statistically significant reduction inme-
dian length of stay for patients undergoing an AVT vs. PVT (271.5
minutes vs. 329 minutes, P = 0.015). Median time to void was also
decreased with an AVT vs. PVT (30 minutes vs. 289 minutes, P <

0.001). There was no di ference in median pain score (2), catheter
replacement, peri-operative complications, or overnight admissions
between the two groups. Conclusion: There is a significant reduction
in time to void and total length of stay in patients randomized to a
backfill voiding trial followingTLHwithno increasedpatientdiscom-
fort. While the numbers of post-operative admissions were low and
underpowered to detect a di ference in admission rate, these data
will help to streamline post-operative care for SDD gynecologic on-
cology patients.

Keywords

Samedaydischarge; Laparoscopichysterectomy;Voiding trial; Perioperativeout-
comes

1. Introduction
Minimally invasive surgery (MIS) is associated with im-

proved patient outcomes. Total laparoscopic hysterectomy
(TLH) has been demonstrated to be safe in gynecologic on-
cology patients with a reduction in post-operative morbidity
and length of hospital staywith no difference in cancer related
outcomes in endometrial cancer [1–7]. Data have also shown

a reduction in cost of care compared to abdominal hysterec-
tomy such that each 10% increase inMIS equates to $2.8 mil-
lion in cost saving [2, 8–10]. Recent studies have evaluated
strategies to streamline perioperative care and improve pa-
tient outcomes, such as same day discharge (SDD) after TLH.
At the study institution, we have demonstrated that follow-
ing the adoption of SDD, there was no difference in com-
posite complication rates or readmission, which is consistent
with other observational studies [11–13]. Additionally, in a
study utilizing the national Perspective database, SDDwas as-
sociated with a 4% reduction in cost compared to overnight
admission [3].

Post-operative urinary retention (POUR), is reported to
varying degrees following gynecologic surgery and is associ-
ated with increased length of stay [14–17]. Age greater than
50 and the use of opioid medications increase this risk, such
that an oncologic patient populationmay be at higher risk for
voiding dysfunction [14, 18, 19]. Active backfill voiding tri-
als (AVT) have been described after urogynecologic surgery
with a reduction in discharge with a catheter and a correla-
tion with bladder emptying [17, 20, 21]. In a randomized
study, Foster et al. noted that following transvaginal surgery
performing an AVT expedited discharge by 30 minutes, al-
though this was not statistically significant [17].

Evaluating perioperative efficiency endpoints is impor-
tant to improve both quality outcomes and cost of care. There
is no standard method for assuring urinary function prior to
discharge following TLH. We hypothesize that performing
an AVT will lead to a reduction in time to discharge. The
aim of this study is to investigate the impact of AVT versus
PVT on the time to discharge in patients undergoing SDD
laparoscopic hysterectomy for gynecology oncology surgery.
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Fig. 1. Consort Diagram for patient enrollment and analysis.

2. Materials andmethods
A prospective, randomized control trial was conducted

after approval by the Brigham and Women’s Hospital In-
stitutional Review Board on February 21, 2016 (protocol
#2015P000902). Patients were randomized 1 : 1 to either
an AVT or a PVT following TLH. Patients who were sched-
uled to undergo a SDD TLH were recruited beginning Jan-
uary 2017. This population was chosen because of the po-
tential risk for POUR and an overall high adoption of a
SDD model by high volume, minimally invasive gyneco-
logic oncology surgeons. The protocol was retrospectively
registered on Clinicaltrials.gov Trial Registration Number:
NCT04487600. The study design and approval were initi-
ated prior to the “Final Rule” regarding clinical trial registra-
tion and reporting on clinicaltrials.gov. Given the scope of
the study without the use of an FDA approved or investiga-
tional agent or device, it did not meet criteria for an appli-
cable clinical trial under 42 CFR 11.22 and thus it was not
pre-registered. There were no changes to the trial design af-
ter commencement.

Patients who were scheduled to undergo SDD TLH were
identified through the gynecologic oncology clinic and were

assessed for eligibility to participate in this study. Participants
were enrolled and consented prior to their scheduled surgery.
There were no deviations to the planned surgery based on
enrollment in the study. Patients were included in the study
if they were over 18 years of age and were scheduled to un-
dergo a SDD TLH by a gynecologic oncology surgeon for
either benign or malignant disease. Patients were excluded
if they were unable to give informed consent, had a history
of significant urinary dysfunction (such as home catheteriza-
tion), underwent a bilateral radical dissection (defined as bi-
lateral ureterolysis or removal of bilateral parametria), con-
version to laparotomy, or at the end of the procedure, based
on the surgeons or anesthesiologists’ recommendations, were
changed to inpatient status. Patients who stayed in the ex-
tended recovery unit (ERU)with planned observation for less
than 24 hours were included in the final analysis.

A computer-generated blocked randomization schema
was utilized with alternating block sizes to determine study
groups. Voiding trial protocols for each group (AVT and
PVT) as well as data collection sheets were stored in sequen-
tially numbered, opaque, sealed envelopes which were as-
signed after enrollment and were opened in the operating
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Fig. 2. Kaplan-Meier Curves depicting. a) time to discharge for patients randomized to active versus passive voiding trial; median 271 minutes vs. 326
minutes (P = 0.015); b) time to discharge for patients randomized to active versus passive voiding trial excluding patients admitted to the extended recovery
unit (ERU); median 259 minutes vs. 322 minutes (146-496 minutes) (P = 0.02); c) the time to void for patients randomized to active versus passive voiding
trial; median 30 minutes vs. 289 minutes (P < 0.001).

Fig. 3. Flow diagram of patient discharge following active versus passive voiding trial per study protocol.
*TOV = trial of void.
† 2 patients were discharged after voiding< 200 cc (off protocol); however, no documented re-admission or issue related to voiding dysfunction1initial.

room at the completion of surgery by the surgical assistant.
Informed, written consents were obtained from study par-
ticipants as above. Supplemental Figs. 1 & 2 demonstrate
the voiding trial protocols and data collection sheets for each
study group. Attending surgeons were blinded to study al-

location and outcome. Given the nature of the intervention,
patients and nursing staff were not blinded to the allocations;
however, they were blinded to the study outcomes.
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Patients were randomized 1 : 1 to the AVT vs. PVT study
groups. In the AVT group, a Foley catheter was left in place
at the completion of surgery and when the patient was de-
termined to be ambulatory by the recovery room nurse, the
bladder was backfilled with 300 cc of sterile normal saline.
Voiding 200 cc or (2/3) of the backfill amount was consid-
ered passing (Supplemental Fig. 1). In the PVT group, a Fo-
ley catheter was removed at the end of the operation in the
operating room and patients were allowed six hours to void
spontaneously, with 200 cc being considered adequate (Sup-
plemental Fig. 2). If patients were unable to void 200 cc, a
bladder scan was performed, and participants were allowed
additional time if the volume on bladder scan was < 500 cc.
If patients demonstrated a bladder scan 500 cc or greater, a
catheter was replaced. These criteria were based on current
institution standards based on previously published practices
[16, 17]. A pre-enrollment protocol review was conducted
with both providers and perioperative nursing staff of the
voiding algorithms. After arrival to the post-operative acute
care unit (PACU), nursing staff followed the written proto-
cols as outlined in the study data sheets based on randomiza-
tion assignments. Data were collected on void time, bladder
scan data, discharge time, perioperative narcotic use, and any
discomfort with voiding using theWong-Baker FACES Pain
Rating Scale (Wong-Baker) [22].

The primary outcome was length of stay or time to dis-
charge from the PACU following completion of the surgi-
cal procedure. To detect a 30-minute difference in discharge
time with 80% power and a two-sided α of 0.05, 117 pa-
tients were required for enrollment [17]. Secondary out-
comes include time to void, catheter replacement, discomfort
with the voiding trial, and admission to the extended recov-
ery unit (ERU). Demographic, perioperative, and follow up
datawere obtained from the electronicmedical record. Major
post-operative complications within 30 days were extracted
from the medical record and defined as 1) mortality, 2) vas-
cularmorbidity, 3) woundmorbidity, 4) venous thromboem-
bolic event morbidity, 5) respiratory morbidity, 6) infectious
morbidity, 7) renal morbidity, 8) re-operation, 9) 30 day re-
admission, or 10) post-operative blood transfusion [23]. Uri-
nary tract infections within 30 days post-procedure were also
included for secondary analysis.

2.1 Statistical analysis
Continuous variables were evaluated by Student’s t test or

ANOVA. The Mann-Whitney U was used for ranked vari-
ables. Chi square test or Fischer Exact test was used for cate-
gorical variables. All statistical tests were 2 sided and differ-
enceswere considered statistically significant at P< 0.05. Ka-
plan Meier plots of length of stay were constructed for each
treatment group and compared using a log-rank test. A mul-
tivariate analysis was planned for any clinical characteristics
or secondary outcomes which were statistically significant on
univariate analysis. Statistical analyses were performed using
GraphPad v.7.02 (San Diego, CA).

3. Results
A total of 134 patients were assessed for eligibility be-

tween January and August 2017. The follow up period
included 30-day post-operative outcomes through October
2017. The trial was stopped upon completion of the planned
enrollment. Four participants were recruited but did not
meet the inclusion criteria: 1 underwent a bilateral salpingo-
oopherectomy only and three had planned inpatient admis-
sions formedical co-morbidities. One hundred and thirty pa-
tients were randomized, and ultimately, 121 women received
the allocated intervention and are included in the final anal-
ysis. Fig. 1 demonstrates the Consort diagram with enroll-
ment and intervention for the study population. Nine pa-
tients were excluded from the final analysis: two patients de-
clined to participate post-operatively following randomiza-
tion, and seven patients did not receive the study interven-
tion in the PACU. All 121 patients who received the study in-
tervention were included in the final analysis of which sixty
patients were randomized to an active voiding trial and 61
patients were randomized to a passive voiding trial.

Table 1 demonstrates the baseline demographics and clini-
cal characteristics for the study groups. For the entire cohort,
themedian agewas 58 (range 28-86) and themedian BMIwas
30.3 (range 17.4-55.7). There was no difference in median
age, BMI, race, or gravidity/parity among patients undergo-
ing AVT vs. PVT. There was also no significant difference
in other clinical factors such as distance from the hospital
or baseline co-morbidities as demonstrated by Charlson Co-
morbidity Index score (Table 1) [24]. One patient in the PVT
group had a documented urinary tract infection (UTI) thirty
days prior to surgery. The indications for surgery were also
similar between theAVT and PVTgroupswithmost patients
undergoing TLH for uterine pathology [46/60 (76.7%) and
47/61 (77%) respectively] and Stage I disease [32/60, 53.3%
vs. 34/61, 55.7%] (Table 1).

Regarding peri-operative outcomes, there was no differ-
ence in the length or extent of surgery (lymphadenectomy,
omentectomy, ureterolysis) between groups (Table 2). The
median length of surgery was 113 minutes (56-240 minutes)
in the active vs. 128 minutes (61-216 minutes) in the pas-
sive voiding trial group, P = 0.33. Most participants in each
group underwent conventional laparoscopywhile 9/60 (15%)
in AVT and 10/61 (16.4%) in PVT groups had robotic as-
sisted laparoscopic surgery, P = 0.84. In assessing other fac-
tors which may contribute to POUR, there was no signifi-
cant difference in participant history of voiding dysfunction,
diabetes, or antidepressant use (P = 0.24, 0.45, and 0.15 re-
spectively). Similarly, there was no difference in the use of
scopolamine patch as an antiemetic, P =0.49. Regarding peri-
operative narcotic use, the total peri-operative dose of nar-
cotics (oral morphine equivalents) was not significantly dif-
ferent for patients in the AVT group receiving 68.1 mg (12-
225 mg) oral morphine equivalents vs. 64.8 mg (11-152 mg)
in PVT group, P = 0.49. Two patients had a post-operative
UTI, one in the active and one in the passive voiding trial
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Table 1. Baseline demographic and clinical characteristics for patients randomized to active vs. passive voiding trial following
laparoscopic hysterectomy

Active voiding trial Passive voiding trial

Number 60 61
Age (years) 56 (28-84) 60 (31-86)
BMI (kg/m2) 30.1 (17.4-55.7) 32 (18.9-51.5)
Race
White 56 (93) 53 (87)
Black 0 (0) 0 (0)
Hispanic 3 (5) 3 (5)
Asian 1 (2) 5 (8)
Distance from the hospital (miles) 30.5 (2.4-655) 34 (2.4-300)
Gravidity (IQR)∗ 2 (1-3) 2 (2-3)
Parity (IQR) 2 (1-2) 2 (1-3)
Disease Site
Ovary 3 (5) 8 (13.1)
Uterus 46 (76.7) 47 (77.0)
Cervix 7 (11.7) 3 (4.9)
Risk reducing surgery 4 (6.7) 3 (4.9)
FIGO Stage†

Benign 7 (11.7) 11 (18)
Pre-invasive 15 (25) 11 (18)
Stage I 32 (53.3) 34 (55.7)
Stage II 2 (3.3) 1 (1.6)
Stage III 3 (5) 4 (6.6)
Stage IV 1 (1.7) 0 (0)
Charlson Comorbidity Index‡ 4 (0-9) 5 (0-14)

Data are reported as median (range) or n (%) unless otherwise specified.
* IQR = Interquartile range.
† FIGO = The International Federation of Gynecology and Obstetrics. Individual cancer sites were
staged as per FIGO staging. Given multiple disease sites in the cohort stage was collapsed to reflect
local, regional, and distant spread as classified above.
‡ Charlson Comorbidity Index was collected as per validated Charlson comorbidity index tool [26].

group. One patient had major post-operative complications
(in the PVT group) with re-admission within 30 days for
a ureteral injury requiring percutaneous nephrostomy tube
placement. The total major complication rate for the entire
cohort was 0.8% [23].

Table 3 demonstrates the voiding trial outcomes. There
was a statistically significant reduction in length of stay for
patients randomized to AVT compared to PVT (271 min-
utes (136-595 minutes) vs. 326 minutes (146-630 minutes),
P = 0.015) (Fig. 2a). Similarly, there was a significant reduc-
tion in time to void in patients randomized to the AVT with
patients voiding in 30 minutes (15-57 minutes) compared to
289 minutes (range 230-365 minutes) in the PVT group, P <

0.001 (Fig. 2c). Thirteen patients were admitted overnight
to the ERU for observation, 5 (8.3%) in the AVT group and 8
(13.1%) in the PVT group, P = 0.56. Among patients admit-
ted overnight, 10/13 (77%) were admitted for reasons unre-
lated to voiding dysfunction: three for pain control, three for
post-operative nausea/vomiting (PONV), and four for res-
piratory/medical monitoring. Three patients were admitted
for a failed voiding trial, all of whomwere in the PVT group.

Excluding the 13 patients admitted overnight to the ERU,
there remained a statistically significant reduction in length
of stay among patients undergoing anAVTcompared to PVT
(259 minutes (136-468 minutes) vs. 322 minutes (146-496
minutes), P = 0.02) (Fig. 2b). Patient reported discomfort
with the voiding trial was assessed using the Wong-Baker
FACES Pain Rating Scale. Pain score reporting was incon-
sistent, 39 patients had documented pain scores in the AVT
group and 22 in the PVT group. The median pain score for
each group was 2 (0-7) for the AVT group and 2 (0-8) for
the PVT group. In total, six patients (5%) required catheter
replacement of whom three were discharged with a catheter.
There was no association between the type of voiding trial
and catheter replacement, P = 0.68. All patients with POUR
were able void at the time of outpatient repeat voiding trial
with no documented ongoing voiding dysfunction at last fol-
low up.

The voiding trial protocols used in this study utilized pa-
rameters which were slightly relaxed compared to those pre-
viously described in the urogynecologic literature, allowing
additional time to void if a bladder scan demonstrate volume
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Table 2. Perioperative outcomes for patients randomized to active vs. passive voiding trial following laparoscopic
hysterectomy

Active voiding trial Passive voiding trial P value*

Number 60 61
Length of surgery (minutes) 113 (56-240) 128 (61-216) 0.33
Surgical start time

0.56
Prior to 11am 30 (50) 35 (57.4)
11am-3pm 28 (46.7) 22 (36.1)
After 3pm 2 (3.3) 4 (6.6)
Estimated blood loss (mL) 25 (10-150) 50 (10-200) 0.93
Robotic surgery 9 (15) 10 (16.4) 0.84
Lymphadenectomy

0.50
None 26 (43.3) 28 (45.9)
Sentinel lymph node biopsy 27 (45) 33 (54.1)
Complete pelvic +/- para-aortic lymphadenectomy 7 (11.7) 0 (0)
Ureterolysis 5 (8.3) 3 (4.9) 0.69
Omentectomy 8 (13.3) 7 (11.5) 0.76
Total fluid balance (mL) 1448 (-125–4420) 1405 (-630-3670) 0.86
Scopolamine patch 15 (25) 12 (20) 0.49
Total opioid use (oral morphine equivalents, mg)† 68.1 (12-225) 64.8 (11-152) 0.64
Reported history of voiding dysfunction 8 (13) 14 (23) 0.24
History of diabetes 10 (17) 7 (11) 0.45
Pre-op antidepressant use 19 (32) 12 (20) 0.15

Data are reported as median (range) or n (%) unless otherwise specified.
*P values are calculated via Chi Square or Fischer exact for categorical variables and t-test (for parametric
testing) or MannWhitney test (for non-parametric testing) for continuous variables.
† Opioid equivalents were calculated to oral morphine equivalents using opioid conversion calculator [27, 28].

less than 500 cc. Fig. 3 outlines the flow diagram for the time
point during the study protocol when participants su ccess-
fully voided or “passed” the void trial for each study group.
Thirty-five (58.3%) patients in the AVT group passed the ini-
tial trial of void, voidingwithin 30minutes of bladder backfill
compared to 41 (67.2%) in the PVT group, voiding within 6
hours of Foley catheter removal, P = 0.35. An additional 23
(38.3%) patients and 14 (23%) patients voided su ccessfully
with additional time in the active and passive voiding trial
groups respectively. Eight patients had a bladder scan> 300
cc and < 500 cc and all of them voiding spontaneously with
additional time without POUR.

4. Discussion
Overall, patients undergoing an AVT had a significant re-

duction in length of stay compared to patients in the PVT
group. Time to void was also significantly decreased (by over
four hours) in the AVT group, allowing for earlier assess-
ment of voiding dysfunction and identification of at-risk pa-
tients. In total, 10.7% of patients with planned SDD were
admitted overnight for monitoring. This is lower than pre-
viously published rates at this institution and in other studies
[11, 12]. This may reflect the adoption of consistent pre-
operative counseling and a multi-disciplinary approach to
SDD care in this contemporary cohort. Excluding patients
admitted to the ERU, the reduction in length of stay remained
significant in the AVT group with a median length of stay 63

minutes shorter than the PVT group. There were no signif-
icant differences in catheter replacement, pain scores, post-
operative UTIs, or major post-operative complications. Our
overall complication rate (0.8%) was low compared to pub-
lished rates after MIS for gynecologic malignancy (0.7-4%),
further highlighting the feasibility of this model [12, 13].

Randomization resulted in similar baseline characteristics
between the study groups. There were also no significant
differences in perioperative outcomes on univariate analysis,
such that there was no basis for performing a multivariate
analysis. Most patients in this study population were obese
(median BMI 30.3) up to a maximum of 55.7 mg/m2 and al-
most 20% were elderly (age > 65), consistent with expected
demographics for an oncologic population. Factors which
may have contributed to voiding dysfunction based on prior
studies such as intra-operative fluid volume, length of surgery
or surgical complexity, or medical co-morbidities were not
significantly different between the study groups [14, 18, 19].
Regarding perioperative pain management, the total opioid
use was also similar. The range in perioperative narcotics use
was wide in both groups such that perioperative prescribing
practices is an important area of future investigation.

Prior studies have reported rates of POUR in gynecol-
ogy surgery ranging up to 43% (the highest following sub-
urethral sling placement) [14, 18]. Only 5% of patients re-
quired catheter replacement in this study. Given the small
number of patients requiring catheter replacement, individ-
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Table 3. Voiding trial outcomes for patients randomized to active vs. passive voiding trials following laparoscopic
hysterectomy

Active voiding trial (n = 60) Passive voiding trial (n = 61) P value*

Length of stay (minutes) 271.5 (136-595) 326 (146-630) 0.015
Length of stay (minutes) excluding ERU† 259 (136-468) (n = 55) 322 (146-496) (n = 53) 0.02
Time to void (minutes)¥ 30 (15-57) 289 (130-365) < 0.001
Median Pain Score (0-10) 2 (n = 39) 2 (n = 22) 0.72
Catheter replaced 2 (3.3) 4 (6.6) 0.68
Admission to ERU† 5 (8.3) 8 (13.1) 0.56

Data are reported as median (range) or n (%) unless otherwise specified.
*P values are calculated using Fischer Exact testing for categorical variables and MannWhitney test for continuous variables.
†ERU = extended recovery unit.
¥Patients who failed the trial of void (2 in the AVT and 4 in the PVT) were excluded from the time to void analysis.

ual clinical factors which may have influenced POUR could
not be determined. While most patients in each study group
passed the initial trial of void, almost 40% in theAVTand 30%
in the PVT required additional time to void. However, these
patients were still able to be discharged without a catheter
and had no sequela of voiding dysfunction on follow up. In
the absence of concurrent urogynecologic procedures, the re-
laxed parameters in our study protocol appear to result in
lower rates of catheter replacement without impacting func-
tion or discharge time. Laparoscopy in gynecologic oncol-
ogy patients is often complex, requiring at times, extensive
retroperitoneal dissection. This patient population is also in-
nately higher risk for retention due to increased age and BMI.
Thus, these data are particularly important in demonstrating
the safety and feasibility of evaluating POUR in this higher
risk population.

In addition to streamlining peri-operative care, there may
be a potential cost benefit with an AVT. While many PACU
costs are fixed, there are data to suggest that PACU time can
vary between $1 to $8 per minute [25, 26]. If we were to
assume an average PACU cost of $4 per minute, if all pa-
tients undergoing PVT in this series instead had an AVT,
this would result in a cost savings of $15, 372 for the study
population. While a complete cost analysis would require
evaluation of fixed and variable costs within the institution
which is beyond the scope of this study, the improvement of
perioperative efficiency has potential cost benefits that war-
rant further study. Further, while patient reported outcomes
were not included in this study, therewas no difference in pa-
tient discomfort between study groups. An AVT allows for
a ccurate and expedited assessment of voiding dysfunction.
By providing an efficient measure of POUR, discharge plan-
ning may be optimized with reduced anxiety regarding risk
for readmission or subsequent urinary retention.

There are limitations which must be considered when in-
terpreting the results from the current trial. In assessing dis-
comfort as a surrogate for patient satisfaction, pain scores
were reported inconsistently, documented in 2/3 of the AVT
participants and just over 1/3 in the PVT. While there was
no difference in this subset, the current study does not clearly

reflect patient preference. Similarly, due to regional popula-
tion demographics, most women enrolled in the study were
white with no black women enrolled. While prior studies
have not demonstrated a difference in POUR by race, this
does limit the generalizability of this study. The primary
study endpoint of discharge time was chosen as a discrete and
meaningful clinical outcome; however, other factors may in-
fluence length of stay aside from time to void alone. Vari-
ables which may impact discharge time were collected and a
ccounted for with randomization; however, other unknown
variablesmay potentially bias the results. Finally, only a small
number of women in this study (less than estimated in the lit-
erature) demonstrated POUR requiring catheter replacement
or overnight admission. While these were not the primary
study endpoints, the current study is underpowered to detect
significant differences in these outcomes based on the small
number of events. While a larger series may demonstrate a
difference in these outcomes, improvement in perioperative
efficiency with a reduction in time to void and length of stay
provides clinically meaningful incentive for practice reform.

5. Conclusions
An AVT results in a significant reduction in time to void

and length of staywith no increased adverse events compared
to a PVT. Performing anAVT following SDDTLH improves
perioperative efficiency to optimize patient care.
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