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Abstract
Introduction: Enhanced Recovery After Surgery (ERAS) has consistently led to decreased need for
hospitalisation and risk of complications without increased readmission rates. ERAS has recently
spread to Radical Cystectomy (RC), but so far with limited data.
Methods: We introduced an aggressive ERAS program for RC as one step. The results from two
cohorts, each consisting of 25 consecutive patients undergoing RC before and after introducing
our ERAS program were compared. The ERAS program focused on preoperative education of
patient and intra-/postoperative care, with normovolemia, accelerating mobilization and removal
of gastric tube facilitating early oral feeding. Analgesia was secured by local anaesthesia, avoiding
epidural, and low dose opioid, combined non-opioid analgesics and antiemetics, including highdose preoperative methylprednisolone.
LOS was reduced from 7 to 4 days, and positive fluid balance and duration of nasogastric suction
were reduced (p<0.05) after introducing ERAS. In-hospital rate of serious complications (ClavienDindo grade above 2) was 6%, similar in both groups. After 90 days, 1 patient had died, and further
14 patients (28%) suffered serious complications. Readmission occurred in 22 patients (44%), but
one third required no or minor non-surgical intervention, similar in both groups. There was no
difference in outcomes between open vs. robot-assisted RC.
Conclusions: Introduction of an aggressive RC ERAS program reduced LOS to about 4 days without
increasing morbidity or readmissions, calling for future large-scale safety studies.

Introduction
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Fast-track or Enhanced Recovery After Surgery (ERAS) programs have been developed during
the last 20 years in a variety of procedures [1] and consistently leading to decreased need for
hospitalisation, risk of medical complications and without increased readmission rates. Although
most scientific and well-documented outcomes originally came from colorectal procedures, the
success has spread to major urological procedures including cystectomy [2-4]. However, a review on
ERAS programs for cystectomy concluded that data were limited, but that translational data from
similar procedures were so encouraging that future studies should be done [2] and as emphasised
in a recent consensus review [5]. Consequently, several programs have been developed, but with
a variable emphasis on the different multimodal components of a fast-track program and most
often as observational studies. However, despite the agreement that an RCT may be a gold standard
in clinical research in developing areas of interest, a detailed prospective observational study may
be appropriate [6]. The data from recent reported fast-track cystectomy programs are variable
with a reported length of stay (LOS) between 3 days in one 30 patient robotic cystectomy study
[7] but otherwise between 7-9 days [2-4,7-12] and with different programs and often lacking full
implementation of the important components documented in colorectal procedures including
opioid-sparing multimodal analgesia, focus on avoiding a fluid overload or hypovolaemia,
early mobilisation, anti-ileus regimens etc. The topic is getting even more complicated after the
introduction of robot-assisted cystectomy [2,7,10,13-15] and so far with inconclusive results in a
fully implemented fast-track program.
The aim of the present 2-stage combined retrospective – prospective setup was to assess an
aggressive fast-track cystectomy program regarding feasibility and safety, serving as a basis for a
subsequent RCT or comparative robot vs. open setup.

Material and Methods
In August 2015 an ERAS protocol for patients undergoing radical cystectomy (RC) for
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Table 1: Differences in Pre-ERAS and Post-ERAS programs.
Pre-ERAS

Pre-operative

Post-ERAS
Extensive verbal information by the surgeon and specialist nurse, including
surgical details, hospital stay, expectations for each day, stoma education
and patient expectations. Supplementary written information, including flow
sheet expectations for the hospital stay, is handed out.
On the morning of surgery: Oxycodone 20 mg; Ibuprofen 600 mg;
Gabapentin 600 mg. Methylprednisolone 125 mg iv.

Standard verbal and written information by the surgeon.

On the morning of surgery: Ondansetrone 4 mg and
Dexamethasone 8 mg, on individual indication.

Antibiotics (cefuroxime 3 g) at induction of anaesthesia. Arterial line and
beat to beat monitoring of stroke volume, systemic vascular resistance and
cardiac output using Flow-trac/Nexfin. Fluid therapy intra-operatively and
Antibiotics for 3 days (cefuroxime 1.5 g x 2 and metronidazole 0.5 g
during PACU stay followed the principles of Gold Directed Fluid Therapy,
x 3) started at induction of anaesthesia.
GDFT [17].
Intra-operative

Lactated Ringers solution as a crystalloid and Human Albumin 5%
as a colloid administrated as IV drip in no predetermined pace.
Human albumin as substitution to bleeding not meeting the
transfusion criteria.
At end of surgery infusion of bupivacaine/morphine in thoracic
epidural catheter for 3 days.

Basic infusion and lactate Ringer`s solution 1.5 ml/kg/h. Stroke Volume (SV)
optimized by bolus Human Albumin 5% (HA) 250 ml. A 10 % increase in SV
on fluid bolus or a 10% decrease from optimal SV triggered a fluid bolus.
The SV were kept at an optimum from continuous monitoring and repeated
HA boluses as needed.
Tranexamic acid 1 g. At end of surgery local anaesthesia bupivacaine 2 mg/
kg in subcutaneous, fascial and muscular wound layers.
Paracetamol 1 g; Morphine 0.2 mg/kg; Ondansetrone 4 mg.
Oxycodone 20 mg*2; Gabapentin 300+600 mg; Ibuprofen 600 mg 8-hourly;
Paracetamol 1 g 6-hourly. Metoclopramide 10 mg 8-hourly.

Ondansetrone 4mg on individual indication.
Ondansetrone 4 mg on indication. Removal of central venous line on
PACU discharge. Early mobilization, starting at day of surgery, following
standardized plan.

Opioid treatment on individual indication.
Mobilization when patient feels comfortable.
Postoperative

Nasogastric tube removed after passing gas. Oral feeding after
passing gas.
Discharge after bowel movement, mobilized and able to drink and
eat.

Nasogastric tube removed day after surgery if tolerating 6 h closure.
Oral feeding, liquid at day of surgery, full diet as tolerated.
Discharge when mobilized and able to drink.

Follow-up in out-patient clinic after 3 weeks.
Follow-up by phone 3-5 days after discharge, and in out-patient clinic after
3 weeks.

bladder neoplasia was introduced at Rigshospitalet, Copenhagen. A
retrospective analysis of 25 consecutive patients undergoing RC from
March to July 2015 (Pre-ERAS cohort) and 25 prospective consecutive
patients from August to October 2015 (Post-ERAS cohort) was
performed. Two patients operated after the Pre-ERAS regime ended,
acted as run-out patients for the Pre-ERAS regime/run-in patients for
the Post-ERAS regime, and were not included in the study. Details
on differences in perioperative care according to the Pre-ERAS vs.
Post-ERAS programs appear from Table 1. Significant parts of the
perioperative regime including surgical technique, being robotassisted or open RC, as well as urinary diversion were standardized
for all patients, and remained unchanged during the study period.
1) Pre-operatively, any medical co-morbidity were addressed and
optimized if relevant. The patients were fasting 6 h for solid foods and
2 h for liquids and had a phosphate enema at the morning of surgery.
No mechanical bowel preparation was applied. Before induction
of anaesthesia the patient received iv 125 mg methylprednisolone
due to the previously demonstrated positive recover effect [16].
2) Intra-operatively the patients had Deep Venous Thrombosis
(DVT) prophylaxis using TED-stockings and low molecular weight
heparin to be continued for 1 month postoperatively. General
anaesthesia was induced using propofol and remifentanil supported
by cicatracurium. All patients had an intraoperative nasogastric
tube. Surgery included removal of the bladder, prostate and seminal
vesicles in men and bladder, uterus, anterior vaginal wall and
adnexae in women. For both genders pelvic lymph node dissection
was performed including common and external iliac and obturator
nodes bilaterally. Nephroureterectomy or pelvic exenteration was
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performed on specific indication. Urine diversion was performed
as ileal conduit, pouch or neobladder, according to the surgeon’s
recommendations and patient’s request. The transfusion trigger was
Hb 4.3 mM or uncontrolled bleeding. For patients with pre-existing
cardiac disease the trigger was 5mM. A drain was placed close to
ureteric anastomoses. 3) Post-operatively patients stayed at the
PACU until the morning after surgery. The tube drain was removed
when producing less than 50 ml, and ureteric tubes were removed
after 1 week. All patients were offered chewing gum.
Statistical analysis
Quantitative parameters were compared using the MannWhitney test, and binomial results were compared using Fischer’s
exact test. Calculations were based on two-sided tests, and level of
significance was chosen as 0.05.

Results
Both the Pre-ERAS and Post-ERAS regime were applied to all
patients according to time of surgery, irrespective of age, cancer stage
or comorbidity. Patient demographics and details on pathology and
surgery are given in Table 2, and perioperative details in Table 3.
Groups were comparable according to demographics and details on
pathology and surgery, as well as duration of surgery, perioperative
bleeding and transfusion.
In the Post-ERAS group, fluid administration was guided by
the principles of individualized goal directed therapy [17] in order
to avoid hypovolaemia and overhydration, and the fluid balance
at end of surgery showed a significantly lower fluid administration
2
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Table 2: Gender, age, BMI, American Society of Anesthesiologists score (ASA), surgical technique, urinary diversion and pathology.

Gender (male/female)
Age (years), median (range)
2

BMI (kg/m ), median (range)

Pre-ERAS

Post-ERAS

p

19/6

19/6

ns

70(49-79)

68(33-82)

ns

24.7(15.3-35.6)

25.4(18.0-46.3)

ns

ASA score 1-2 / 3-4

14/11

14/11

ns

Open RC
Robot-assisted RC

15
10

16
9

ns

Preoperative neoadjuvant chemotherapy

8

5

ns

RC
RC and nephroureterectomy
RC and pelvic exenteration
Urinary diversion
Ileal conduit
Neobladder
Pouch
Ureterocutaneostomy
Pathology
Urothelial/sarcomatoid+sqamous
<pT1a
pT1b
pT2
pT3
pT4
Positive lymph nodes

24
1
0

23
1
1

ns

24
0
0
1

21
3
1
0

23/2
2
8
6
6
3
7

23/2
3
10
7
3
2
3

ns
ns

1

0

ns

Positive surgical margins

ns

ns

Table 3: Perioperative data.
Pre-ERAS

Post-ERAS

p

Operative duration, (min), median (range)
Open RC (min), median (range)
Robot-assisted RC (min), median (range)

220 (140-406)
188 (140-312)
285 (241-406)

230 (125-513)
180 (125-317)
354 (289-513)

ns

Intraoperative bleeding, (ml), median (range)

700 (100-1750)

650 (100-2600)

ns

+ 1970 (250-3000)

+ 700 (-700-2450)

<0.01

20
3
1
0
1

20
3
1
1
0

Intraoperative fluid balance, (ml), median (range)
Transfusion (units)
0
1
3
4
5

in the Post-ERAS group (p <0.01) (Table 3). The use of continued
nasogastric suction was reduced from 2 days to 1 day (p <0.01) in the
Post-ERAS group. Implementation of the Post-ERAS regime allowed
the patients to be mobilized earlier and to return to regular oral diet.
The median LOS was reduced from 7 to 4 days (p <0.01).

When separating the Pre- ERAS and Post-ERAS groups according
to surgical technique (open or robot-assisted), no differences were
found in LOS, morbidity and readmissions (data not shown).

Discussion
The main goal of ERAS programs is to optimize perioperative
care in order to improve patient recovery as indicated by decrease in
LOS with no negative effect on complications nor re-admission rate
[1,2,8]. In the present study an aggressive one step ERAS program
was introduced with simultaneous inclusion of all changes and
modifications of our standard Pre-ERAS regime. Previous studies
have demonstrated a variable feasibility of different ERAS programs
[1,3,4,8-10,18]. Our program was revised according to recent
literature, and all parts of the standard program were re-evaluated by
a multidisciplinary group of health professionals, including surgeons,
anaesthesiologist, nurse staff in PACU, outpatient department and
ward, stoma care specialist and physiotherapist involved in care and
treatment of these patients. Focus for the changes were preoperative
education of patient (and relatives), securing a detailed knowledge
and rationale for all phases in the program, and expected day to day
progress, intra- and postoperative routines, accelerating postoperative
mobilization, early removal of the gastric tube and early oral feeding
and finally, adjusting anaesthesia avoiding hypovolemia and over

Complications showed no differences between groups. Thus,
during hospitalization 56% in the Pre-ERAS group and 76% in the
Post-ERAS group suffered no complications according to the ClavienDindo classification, and the majority of patients (96%) suffered no
or only minor complications, grade 1 or 2. Two patients had major
complications grade 3 (fascial dehiscence) or 4 (septicaemia).
The readmission rate within 90 days was 44%, with a median
length of stay of 4 days, ranging from 1 to 71 days (p> 0.05 between
groups). Reasons for re-admissions are given in Table 4. In 8 of the
readmitted patients, 36% in both groups, no intervention, or only
minor changes in medication were indicated. After 90 days 36% in
the Pre-ERAS group and 44% in the Post-ERAS group suffered no
complications according to the Clavien-Dindo classification, and the
majority of patients (70%) suffered no or only minor complications,
grade 1 or 2. Although 15 patients had grade 3 to 5 complications,
amongst whom 1 died (Table 4), there were no differences between
the groups.
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[20,21] and limiting interpretation in many studies.

Table 4: Number of complications (Clavien-Dindo) and readmissions within 90
days.
Pre-ERAS

Post-ERAS

p

9
1
8
6
1
0

11
1
5
7
0
1

ns

Readmissions within 90 days n (%)

10 (40)

12 (48)

ns

Duration of readmission

3(1-71)

5(1-35)

ns

Clavien-Dindo (90 days)
0
1
2
3
4
5

Reason for readmission
Pain
Melaena
Suspicion of DVT
Superficial wound infection
Retention in ilealconduite
Urinary tract infection
Fascial dehiscence
Ureteric retention
Leakage from neobladder
Lymphocele
Fever unknown reason
Pelvic abscess
Septicemia
Vaginal prolapse
Aspiration pneumonia, death

1
0
1
2
0
0
1
1
0
2
1
1
0
0
0

The majority of complications in the present study were related
to wound problems and infection, but the number and character of
complications showed no difference between the two groups, nor did
they seem related to the ERAS program. One patient died because
of aspiration during reoperation for fascial dehiscence resulting in a
90 days mortality of 2 percent, but not different from international
series, reporting mortality rates up to 4.5 percent in unselected series,
and even higher in elderly and after 90 days [3,4,8,19,21,24]. Current
results from all Danish RC’s performed from 2006 to 2013 showed a
30-day mortality of 1.3 percent [20], but obviously, documentation
of the safety of the Post-ERAS program will require a larger study
population.

1
1
0
0
1
1
1
0
1
1
1
1
1
1
1

Most previous studies have introduced ERAS in RC stepwise or
only in simple RC with ileal conduit and omitting patients requiring
more complicated procedures [3,4,8,11,18]. In the present study, all
patients having RC performed during the study period were included.
Consequently, 7 patients underwent more complicated surgery; 1
of which was in the Pre-ERAS and 6 in the Post-ERAS cohort. It is
well known, that these more extensive procedures are followed by a
higher risk of complications. Accordingly, all these 7 patients suffered
complications according to Clavien-Dindo classification, ranging
from 1-5, median 2; and 5 (71%) of these patients were readmitted
within 90 days.

hydration. Analgesia was standardised, replacing epidural analgesia
by local anaesthetic infiltration in the wound, low dose opioid and
intensified non-opioid analgesics and antiemetics, including a high
preoperative dose of methyl prednisolone [16]. Consequently, this
new multimodal strategy was theoretically aimed to reduce pain and
nausea and to improve early mobilization and bowel function.

Even though the present ERAS program was introduced fully in
one step, this does not preclude later adjustments and improvements.
Classically, ERAS are described as an extensive program, including
more than 20 individual elements, but not all these parts were
included in our program according to previous debates [1-3,8,10].
However, after the initial positive results given herein, revision of
our ERAS program is planned, considering omitting postoperative
drainage and nasogastric suction [2-4,8,10,18].

LOS after RC has traditionally been long and recent European
studies report approximately 1-2 weeks, while American studies
often report shorter LOS, but without details of discharge location
[3,8,18,19]. However, LOS has declined during recent years, and a
recent Danish study showed a fall from approximately 2 weeks in 2006
to 9 days in 2013 – still without implying the aggressive principles
of ERAS [20]. Consequently, studies comparing ERAS cohorts with
historical controls should be taken with care [3,9,18]. In the present
study the LOS was 7 days during the Pre-ERAS program, and after the
modifications were introduced a decrease in LOS to 4 days was seen.

During recent years robot-assisted RC has been introduced
rapidly, and even though minimal invasive technique from a
theoretically point of view should reduce surgical stress and trauma,
this has not currently translated into improved outcome after RC
[2,7,10,13,14]. The present study was not designed to demonstrate
any difference between classical open RC and robot-assisted RC, but
when data were split up between these 2 techniques no difference in
end-points could be demonstrated.

However, RC is a morbid procedure, and decreasing the need
for hospitalization should not be seen as the main target for ERAS
programs, but only as one of several required improvements in the
patient course [2-4,21,22]. Thus, the major focus should be directed
to patient safety. In our program, all patients were contacted by phone
by a nurse specialist a few days after leaving hospital, which allowed
patients to discuss potential problems and concerns. All patients had
free access to the department after discharge if required. Overall,
44 percent of patients were readmitted within 90 days, but with no
difference between Pre- and Post-ERAS groups. More than one third
of these patients required no treatment or only minor changes in
medication during readmission. The readmission rate given in the
literature is high, with reported rates up to 40 percent [3,9,18,19,23].
However, the rate of readmission in Denmark may potentially be
influenced by organizational issues, as access to hospital is easy in
Denmark – and free of any costs – and all readmissions were directed
to the operating hospital, in contrast to potential readmissions
directed to ‘other hospitals’, adding up one fifth of readmissions
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In conclusion, introduction of an aggressive RC ERAS program
reduced LOS from 7 to 4 days without increasing morbidity or
readmissions, calling for large-scale detailed outcome studies.
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