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Abstract.
Background: Radical cystectomy (RC) is a morbid procedure with frequent complications that may benefit from implemen-
tation of an enhanced recovery after surgery (ERAS) protocol.
Objective: To examine the benefits of a multimodal analgesic plan that uses continuous transversus abdominis plane (TAP)
blockade as part of an ERAS protocol after RC.
Methods: A retrospective comparison of consecutive patients undergoing RC over a 4-year period was conducted. Patients
were designated as having surgery either before or after implementation of an ERAS protocol. A major component of the
ERAS protocol was a multi-modal analgesia plan with TAP blockade. Patient demographics, comorbidities, operative details,
and outcomes, including days to flatus, bowel movement (BM), narcotic usage, and length of stay (LOS) were compared.
Results: In total, 171 patients were included: 100 pre-ERAS and 71 ERAS. There were no differences in age, smoking status,
operative approach, or diversion type. The patients in the ERAS cohort were less likely to be male, had a higher median
BMI, and more likely to have received neoadjuvant chemotherapy. Total and early postoperative narcotic use were lower in
the ERAS cohort: 89 vs. 336 mg (p < 0.001) and 62 vs 203 mg (p = 0.001), respectively. The ERAS cohort had fewer days
to flatus (3 vs. 4, p < 0.001) and fewer days to bowel movement (4 vs. 5, p < 0.001). Median LOS was shorter in the ERAS
cohort (7 vs. 8.5d, p = 0.001). There were no differences in complications or readmission rates between the two cohorts.
Conclusions: TAP blockade as part of an ERAS multi-modal pain plan is associated with low narcotic usage, and significant
improvement in time to flatus, BM, and LOS compared to traditional post-RC pain management.
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INTRODUCTION

Radical cystectomy with pelvic lymph node dis-
section (RC) is the gold standard treatment for muscle

∗Correspondence to: Richard S. Matulewicz, MS, MD, Depart-
ment of Urology, Northwestern University, Feinberg School of
Medicine, 675 North St. Clair Street, Suite 20-150, Chicago, IL
60611, USA. Tel.: +1 312 308 3238; Fax: +1 312 908 7275; E-mail:
Richard.matulewicz@northwestern.edu.

invasive bladder cancer and is associated with a high
risk of complications [1]. Postoperative ileus, result-
ing from a combination of general anesthesia, bowel
manipulation, and opioid pain medications is one of
the most common complications associated with RC
and is frequently the cause of prolonged length of
stay (LOS) [2]. Opioid use increases the inhibitory
neural input to the bowel, which disrupts gastroin-
testinal motility and secretion, leading to hard dry
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stools, straining, incomplete evacuation, abdominal
distention, bloating, and reflux [3].

At our institution, we implemented an enhanced
recovery after surgery (ERAS) protocol in an effort
to standardize care, decrease LOS, and improve out-
comes after RC. Similar to many other protocols
[4, 5], we used several proactive interventions in the
perioperative period aimed specifically at avoiding
narcotic pain medications and reducing the risk of
post-operative ileus. One of the critical components
was the use of regional anesthesia with transver-
sus abdominis plane (TAP) catheters in additional
to other non-narcotic pain management. We sought
to examine the benefits of this multimodal analgesic
plan within our ERAS protocol.

Regional anesthesia offers an alternate treatment
for post-operative pain and play an integral role in
the reduction of opioid usage. TAP catheters block the
neural afferents of the anterolateral abdominal wall
in the dermatomes T6-L1 [6, 7]. Such nerves located
within this plane include the intercostal, subcostal,
illioinguinal, and iliohypogastric which are within the
area of the surgical incision and are thought to be a
significant source of post-operative pain.

We hypothesize that implementation of an opioid-
sparing pain management plan in RC patients would
decrease the incidence of post-operative ileus and
speed return of bowel function and decrease LOS.
It was our goal to reduce median length of stay to
less than or equal to 7 days as this was considered a
surrogate marker of good postoperative outcomes. In
this study, we evaluate opioid and ketorolac usage,
return of bowel function, and LOS in a population of
RC patients prior to and after the implementation of
an ERAS protocol at our institution.

MATERIALS AND METHODS

Study population

A retrospective review of patients undergoing RC
from April 2011 to October 2016 was conducted.
Patients were separated into two cohorts, pre-ERAS
and ERAS. Regional anesthesia became universally
used for patients undergoing RC at our institution in
November 2014 as part of the implementation of our
ERAS protocol. All patients received general anes-
thesia and intraoperative pain management was left
to the discretion of the anesthesia providers. TAPs
were chosen in order to avoid the significant side
effects of epidural analgesia (EA) such as epidu-
ral hematoma, increased hypotension, and excessive

intravenous fluid administration [8]. Bilateral TAP
catheters were placed by the anesthesia team pre-
operatively or immediately post-operatively, and in
rare cases on post-operative day (POD) 1. The acute
pain service evaluated the patients in the recovery
room and on day 1, 2 and 3 and additional boluses
of 0.1% ropivacaine through the catheter were given
for pain score greater than 3 on the visual analogue
pain scale. The TAP catheters were removed on POD
3 per protocol.

The ERAS cohort patients were also managed with
around the clock standing acetaminophen and ketoro-
lac (when renal function allowed). Narcotic use was
limited to severe refractory pain. Other pertinent fea-
tures of our ERAS protocol included avoidance of
bowel preparation preoperatively, no routine use of
postoperative nasogastric (NG) tube, and early feed-
ing (low volume clear liquids on POD 1) as well as
early ambulation. The commonly used medication
alvimopan was not available at our institution and
was therefore not used.

During the pre-ERAS era, neither postoperative
management nor pain management were stan-
dardized. Pain control was achieved using any
combination of opioid patient controlled analge-
sia (PCA), combined opioid/local anesthetic patient
controlled epidural analgesia (PCEA), as well as nar-
cotics, acetaminophen, and ketorolac on an as needed
basis.

Data collection

Patient information including sex, age, smoking
status, BMI, associated medical comorbidities, and
receipt of neoadjuvant chemotherapy was collected
via retrospective chart review. Pertinent operative
details such as surgical approach (open vs. robotic),
urinary diversion type (ileal conduit vs. conti-
nent diversion- either neobladder or catheterizeable
pouch), and operative time were also collected. Nar-
cotic requirements were aggregated for each patient
and converted to oral morphine equivalents (in mil-
ligram) using standard opioid conversions [9, 10].
Narcotic use was assessed in sum total for each
patient’s hospital stay and during the “early post-
operative period” defined as POD 0 through POD
3. Opioids used during induction or maintenance
of general anesthesia were excluded from calcula-
tions. Ketorolac usage was measured by the number
of patients that received any single dose and mean
milligrams used. LOS was determined and return of
bowel function was assessed by time to first flatus
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and time to initial bowel movement (in days). Poten-
tial gastrointestinal complications were considered
by assessing need for postoperative “rescue” NG tube
placement or need for reoperation within 30 days. NG
tubes were placed for refractory nausea and vomiting
or prolonged ileus. In addition, 30-day and 90-day
readmission rates as well as 90-day mortality rates
were collected for each group (evaluation limited
to Emergency Department visits and direct hospital
admissions at our institution).

Statistical analysis

Statistical analysis was performed with STATA
v13. Median days to flatus, bowel movement, LOS,
and narcotic usage (oral morphine equivalents in mg)
were compared using the Mann-Whitney Test. Mean
ketorolac usage was compared using the t-test. Cate-
gorical variables were compared using a chi-squared
test. A binomial logistic regression model was con-
structed to examine the relationship between care era
(pre-ERAS vs. ERAS) and hospital LOS less than
or equal to seven days adjusting for age, gender,
obesity, several medical comorbidities (hypertension,
diabetes, heart disease, lung disease, kidney dis-
ease, history of venous thromboembolism), smoking

status, receipt of neoadjuvant chemotherapy, opera-
tive approach, diversion type, and operative duration.
A LOS of seven or fewer days was chosen a pri-
ori during development of our ERAS protocol as an
institutional goal based on review of multicenter lit-
erature and as an acceptable composite metric of a
typical uncomplicated postoperative course.

RESULTS

In total, 171 consecutive patients who underwent
RC were included: 100 patients in the pre-ERAS
cohort and 71 in the ERAS cohort. There were no dif-
ferences in age, smoking status, operative approach
(open vs. robotic), or urinary diversion type between
the two cohorts (Table 1). The ERAS cohort had a
lower percentage of male patients (69% vs. 83%,
p = 0.03) and more patients who received neoadju-
vant chemotherapy (38% vs. 21%, p = 0.02). In terms
of comorbidities, the ERAS cohort had a signifi-
cantly higher average BMI (28.6 vs 26.3, p = 0.01)
and history of venous thromboembolism (VTE) prior
to surgery (15.5% vs 5.0%, p = 0.02), but otherwise
had similar rates of hypertension, diabetes, and car-
diac or pulmonary comorbidities. Median operative
time was significantly shorter (356 vs. 434 minutes,

Table 1
Comparison of patient demographics including age, sex, smoking status, comorbidities, neoadjuvant chemotherapy,

operative approach, and urinary diversion in the pre-ERAS and ERAS cohorts

Demographics Pre-ERAS (n = 100) ERAS (n = 71) p-value

Age [IQR] 68.9 [63.7–77.7] 71.5 [62.6–78.3] 0.59
Male Sex (%, n) 83.0% (83) 69.0% (49) 0.03
Comorbidities

Median BMI [IQR] 26.3 [23.1–29.9] 28.6 [25.3–32.2] 0.01
Obese (%, n) 24.0% (24) 36.6% (26) 0.07
Hypertension (%, n) 58.0% (58) 52.1% (37) 0.45
Heart Problems (%, n) 23.0% (23) 25.4% (18) 0.72
Diabetes Mellitus (%, n) 22.0% (22) 15.5% (11) 0.29
Lung Disease (%, n) 9.0% (9) 16.9% (12) 0.12
Kidney Disease (%, n) 11.0% (11) 8.5% (6) 0.58
History of VTE (%, n) 5.0% (5) 15.5% (11) 0.02

Smoker
Never (%, n) 22.0% (22) 31.0% (22) 0.38
Former (%, n) 63.0% (63) 57.8% (41)
Current (%, n) 15.0% (15) 11.2% (8)

Neoadjuvant Chemotherapy
Given (%, n) 21.0% (21) 38.0% (27) 0.02

Operative Approach
Open (%, n) 79.0% (79) 81.7% (58) 0.66
Robotic (%, n) 21.0% (21) 18.3% (13)

Diversion
Ileal Conduit (%, n) 69.1% (67) 76.1% (54) 0.32
Continent (IP/NB) (%, n) 30.9% (30) 23.9% (17)

Operative Time
Median minutes [IQR] 434 [338.5–522] 356 [287–441] <0.01

IP = Indiana Pouch, NB = neobladder.



164 R.S. Matulewicz et al. / TAP Catheters in ERAS for Radical Cystectomy

Table 2
Comparison of perioperative outcomes, narcotic usage, and GI recovery in the pre-ERAS and ERAS cohorts

pre-ERAS (n = 100) ERAS (n = 71) p-value

Median LOS (days) [IQR] 8.5 [7–12] 7 [5–11] <0.01
LOS ≤7 days (%, n) 34.0% (34) 59.2% (42) <0.01
Primary Pain Management <0.01

TAPS 0.0% (0) 100% (71)
PCEA/epidural 23.0% (23) 0.0% (0)
PCA 59.0% (59) 0.0% (0)

Ketorolac Used (>0 mg) 30% (30) 78.9% (56) <0.001
Ketorolac Used (mean mg, SD) 40.4 (88.5) 177.2 (179.8) <0.001
Narcotic Usage (oral mg morphine)

Overall (entire hospital stay) 336 [93–678] 89 [0–178] <0.01
POD 0–3 203 [38–418] 62 [24–154] <0.01

Time to Flatus – Days [IQR] 4 [4–6] 3 [2–4] <0.01
Time to BM – Days [IQR] 5 [4–7] 4 [3–6] <0.01
“Rescue” NG Tube Placement 16.0% (16) 26.8% (19) 0.09
30 Day Reoperation 5.0% (5) 4.2% (3) 0.81
30 Day Readmission 20.0% (20) 11.3% (8) 0.13
90 Day Readmission 39.0% (39) 29.6% (21) 0.20
90 Day Mortality 4.0% (4) 2.8% (2) 0.68

p = 0.002) in the ERAS cohort. Anesthesia time was
not affected by TAP catheter placement as this was
performed in the preoperative holding area or PACU
and not within the operating room.

Total and early (POD 0-3) narcotic use were sig-
nificantly lower in the ERAS cohort: 89 vs. 336 mg
(p < 0.01) and 62 vs 203 mg (p < 0.01), respectively.
Any usage of ketorolac was significantly higher in the
ERAS cohort: 78.9% vs. 30% (p < 0.001) as was total
usage (177.2 mg vs. 40.4 mg (p < 0.001)). The ERAS
cohort had better GI recovery with fewer days to flatus
(3 vs 4, p < 0.01) and fewer days to bowel movement
(4 vs. 5, p < 0.01) (Table 2). In addition, the median

LOS was significantly shorter in the ERAS cohort
(7 vs. 8.5d, p < 0.01), with a significantly higher per-
centage of patients with LOS ≤7d (59.2% vs 34%,
p < 0.01). There was no difference in need for rescue
NG tube, reoperation, 30-day/90-day readmission, or
90-day mortality among the two groups. There were
no specific complications related to placement or use
of TAP catheters in any patients.

When adjusting for numerous perioperative and
patient factors, having surgery during the ERAS era
was associated with a higher likelihood of LOS less
than or equal to 7 days (OR 2.51, 95% CI 1.18–5.34)
(Table 3). Additionally, being a former (OR 0.43,

Table 3
Binomial logistic regression model examining factors associated with length of stay less than or equal

to 7 days adjusting for patient demographics, comorbidities, and peri-operative details

Odds Ratio 95% Confidence Interval p-value

ERAS vs. pre-ERAS era 2.51 1.18–5.34 0.02
Age (+1 year) 1.02 0.98–1.06 0.40
Male Sex vs. Female 1.66 0.70–3.93 0.25
Obesity 0.76 0.33–1.75 0.53
Hypertension 0.62 0.31–1.28 0.20
Heart Disease 0.49 0.20–1.20 0.12
Diabetes Mellitus 0.62 0.25–1.57 0.32
Lung Disease 0.69 0.22–2.15 0.52
Kidney Disease 0.77 0.20–2.98 0.70
VTE 2.91 0.79–10.68 0.11
Smoker (vs. non-smoker)

Former 0.43 0.19–0.98 0.05∗
Current 0.25 0.07–0.87 0.03

Neoadjuvant Chemotherapy 1.92 0.86–4.28 0.11
Robotic Approach 2.45 0.85–7.11 0.10
Continent Diversion Type 1.43 0.55–3.70 0.47
Operative Time (each additional 15 mins) 0.97 0.93–1.03 0.32
∗p-value = 0.045 prior to rounding.
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95% CI 0.19–0.98) or current smoker (OR 0.25, 95%
CI 0.07–0.87) was associated with LOS greater than
7 days compared to never smokers.

DISCUSSION

Radical cystectomy is a complex extirpative pro-
cedure commonly performed on elderly patients with
irreversible comorbidities. In order to continue to
improve outcomes, urologists must optimize known,
modifiable factors in the setting of these static hur-
dles. Systemic narcotic usage for postoperative pain
control should no longer be considered a first line
option in RC patients considering their known short
and long term side effects. We report the efficacy of a
multimodal analgesic plan featuring local anesthetic
continuous infusion TAP catheters with scheduled
acetaminophen and ketorolac as able. This pain man-
agement plan was safely associated with patients
receiving significantly lower doses of narcotics and
resulted in improved convalescence in the form of
hastened GI recovery and shorter lengths of stay in
RC patients.

The use of TAP catheters or TAP blocks post-
operatively has been previously explored in other
abdominal surgeries. Randomized controlled trials
in radical retropubic prostatectomy, total abdominal
hysterectomy, and other major abdominal procedures
generally resulted in lower pain scores and opi-
oid usage without obvious widespread benefits in
GI recovery or length of stay [6, 11, 12]. Since
many of these procedures are followed by short
hospital stays and do not include significant bowel
manipulation, the greater efficacy seen in RC in our
study may be inherent to the complexity of the pro-
cedure and prolonged postoperative course in RC
patients.

Efforts to mitigate the downstream effects of nar-
cotics by avoiding them entirely represent one means
of optimizing bowel function. We achieved this
goal through a variety of measures. We significantly
increased ketorolac usage from 30% pre-ERAS to
78.9% in the ERAS cohort (p < 0.001). Additional
alternatives have been explored and include tradi-
tional means of non-narcotic pain control such as
epidural analgesia (EA) and novel agents such as
alvimopan, a selective peripheral mu-opioid receptor
antagonist which prevents opioid related side effects
on the gastrointestinal tract. A recent meta-analysis
of TAP blocks showed comparable pain control to
epidural analgesia (EA) [13], and several smaller

studies have demonstrated less hypotension in the
TAP groups [14–16]. It has been shown that TAP
catheter infusions deliver greater spread of the local
anesthetic in the distribution of the lower intercostal
nerves (T10, 11, 12) and L1 which can provide excel-
lent analgesia after lower abdominal incisions [17].

Alternatively, the efficacy of alvimopan has been
established in multiple clinical trials for open abdom-
inal surgery [18]. Specifically for bladder cancer
patients, a multicenter randomized controlled trial
of alvimopan vs. placebo in patients undergoing RC
showed a shorter mean time to first bowel move-
ment and toleration of solid food (5.5 vs 6.8 days,
HR 1.77; 95% CI 1.4–2.3; p < 0.0001) [19]. In cen-
ters where alvimopan is unavailable such as in the UK
[5], TAP catheters may represent a suitable alternative
though comparative efficacy and cost comparisons
between the two must be further explored. An addi-
tional consideration for TAPs is the necessity of
skilled regional anesthesiologists for TAP placement,
though intraoperative surgeon single-shot blockade
at the conclusion of the case has been reported.
Additionally, the results of our particular ERAS
protocol that did not use alvimopan should be inter-
preted accordingly to other protocols that did use
alvimopan.

Though most likely related to improved GI recov-
ery, in our study, postoperative LOS was decreased
from a median of 8.5 to 7.0 days in the ERAS cohort
without a significant increase in readmission rates or
mortality. This finding is consistent with our hypoth-
esis and prior data that implicates postoperative ileus
as a major contributor to increased complications and
therefore LOS. The use of “rescue” NG tubes for
nausea/vomiting or ileus after surgery was surpris-
ingly similar between the two groups however. One
hypothesis is that ileus is an unavoidable inevitability
in certain patients and ERAS protocols get patients
to their destined short term clinical end points—both
good and bad, faster. This may explain how the LOS
was decreased in the ERAS group with no change
in the percentage of patients who required NG tube
placement for ileus. While there has been concern
regarding the safety of shorter LOS and how it relates
to a greater risk of “at home” complications or read-
missions, our findings are consistent with previous
studies [20, 21] that have demonstrated shorter LOS
to be safe, but this issue must continue to be explored.

In addition to improving return of bowel function,
our study also demonstrated a significant reduction
in the necessity of narcotic pain medications during
patients’ entire hospital stay and particularly in the
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early (POD 0–3) postoperative course. Opioid abuse
has increased substantially over time and various
initiatives have been made to combat the epidemic
[22, 23]. Studies have shown that a small percentage
of opioid naı̈ve patients continue to use opioids long
after surgery, contributing to the number of chronic
opioid users [24–26]. Also of note, current smok-
ing status was associated with an extended length of
stay after adjusting for several patient comorbidities
even in the ERAS cohort. This reinforces the find-
ings of previous studies that smoking cessation prior
to RC can improve both early recovery and long-term
oncologic outcomes [27, 28].

There are a number of limitations in this study.
Due to its retrospective nature and lack of consistent
post-operative pathway prior to the implementation
of the ERAS protocol, there are numerous factors
that we are unable to control for. Though two com-
parative cohorts were well matched with regard to
comorbidities, demographics, operative approach,
and diversion type, the operative time and number
of patients who received neoadjuvant chemotherapy
were different, which may have biased the results.
The ERAS cohort had shorter operative times by
nearly an hour. This may represent improvements
on the surgical learning curve among included sur-
geons. Given the large number of individual surgeons
included and the resulting heterogeneity of the sur-
geon cohort, we were unable to adjust for learning
curve. Longer operative times have been associated
with increased complications rates which lead to
prolonged hospital stay [1, 2, 29] and our findings
must be interpreted with this in mind. Addition-
ally, the phenomenon of increased operative volume
and familiarity with procedures improving outcomes
should also be recognized from the non-surgical
ancillary staff perspective as well.

Most importantly, while our ERAS protocol’s
main theme has been opioid avoidance, our pro-
tocol did include additional interventions such as
eschewing routine bowel preparation, avoiding rou-
tine use of postoperative NG tube, and attempting
earlier feeding which may have contributed to the
outcomes seen in this study and other studies. How-
ever, as part of a multimodal post-operative pain
plan, TAP catheter blockade was associated with
a significant improvement in GI recovery. These
findings warrant further exploration and validation,
especially when compared to other techniques or
medications. TAP catheters should be considered
for study in a controlled prospective multicenter
manner.

CONCLUSIONS

TAP blockade as part of a multimodal postopera-
tive pain plan is safe and associated with low narcotic
usage, and significant improvement in time to fla-
tus, BM, and LOS compared to traditional post-RC
management.
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