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Abstract

Introduction—Although enhanced recovery after surgery (ERAS) components include both
anesthesia and surgical care processes, it is unclear whether a multidisciplinary approach to
implementing ERAS care processes improves clinical outcomes. The addition of multidisciplinary
care with anesthesiology-related components to an existing ERAS protocol for radical cystectomy
at a US comprehensive cancer center provided an opportunity to compare short- and long-term
outcomes.

Methods—\We retrospectively compared the outcomes of 116 consecutive patients who
underwent cystectomy after implementation of a multidisciplinary ERAS protocol with those of a
historical control group of 143 consecutive patients who had been treated with a surgical ERAS
protocol. Length of stay, return of bowel function, rate of blood transfusion, nausea, pain, and
readmission rates were examined.

Results—Implementation of a multidisciplinary ERAS protocol was associated with better
postsurgical symptom control, as indicated by lower rates of patient-reported nausea (P < .05).
Multivariate Poisson regression analysis showed a decrease in estimated intraoperative
transfusions (P < .001) after adjusting for the effects of potential confounding variables. There
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were no statistically significant differences noted in length of stay, return of bowel function, 30-
and 90-day complications, or readmissions.

Conclusion—This is the first study to investigate the effects of adding anesthesia ERAS
components to an existing surgical ERAS protocol for radical cystectomy. We found that with the
addition of anesthesia-related interventions, there was a decrease in transfusions and nausea.

Introduction

The standardization of care processes through clinical pathways improves outcomes,
increases patient safety, and improves physician efficiency [1]. The enhanced recovery after
surgery (ERAS) study group, which was assembled in Denmark in 2000, developed a
perioperative pathway based on evidence-based surgical and anesthesia practices. Previous
studies have consistently shown that patients managed with ERAS pathways have shorter
lengths of hospital stay and fewer postoperative complications following major surgery [2].
Although ERAS pathways were first implemented in colorectal surgery [2], they have also
been linked to decreased lengths of stay in pancreatic [3, 4], gynecologic [5], head and neck
cancer [6], and urologic surgery [7, 8].

Each ERAS pathway traditionally comprises a large number of individual components.
Although all components are supported by evidence [9], it is difficult to quantify the
individual contribution of each intervention to the overall effectiveness of ERAS protocols.
Furthermore, few of the reported ERAS studies have audited compliance to the protocol. Of
those that have, they found that increased compliance reduces length of stay and
complications [10].

Although it is difficult to isolate each intervention’s contribution to outcomes, we have been
able to distinguish surgical- and anesthesia-related components, due to the implementation
of a multidisciplinary ERAS (mdERAS) program following the use of a surgical ERAS
(SERAS) protocol at our institution (both are described in detail below), making this the first
study to examine outcomes after adding anesthesia components to an existing surgical
ERAS protocol. To date, most ERAS studies have focused on length of stay and
complications, but more granular aspects of postoperative care and outcomes have received
far less attention. Given these gaps, the objectives of this study were to compare nausea and
pain in the immediate postoperative period, the incidence of transfusion, and traditional
outcomes such as length of stay and return of bowel function between cohorts of patients
who experienced each ERAS protocol.

Patients and methods

After obtaining approval from an Institutional Review Board, a database was queried for
open radical cystectomy cases from a single high-volume US comprehensive cancer center.
A total of 259 were identified, involving 143 patients who had been treated consecutively
with a standard SERAS protocol from May 2014 to June 2015 (the study control group) and
116 who had been treated consecutively from July 2015 to July 2016 after the
implementation of a mMdERAS program that expanded pre- and intraoperative anesthesiology
care processes. All patients were treated in the same institution, and the data were collected

World J Surg. Author manuscript; available in PMC 2020 December 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Patel et al.

Page 3

and recorded consistently, making direct comparisons of outcomes between the groups valid,
despite the asynchronous time frames of treatment.

Study variables

Clinical and pathologic demographic variables included age, sex, American Society of
Anesthesiology (ASA) class, pathologic stages, use of neoadjuvant chemotherapy,
preoperative hemoglobin, epidural use, and types of diversion. Outcome variables included
estimated blood loss, total intravenous fluids, length of stay, return of bowel function, 30-
and 90-day readmission, intraoperative and postoperative transfusion. Immediate
postoperative outcomes of interest included assessment of postoperative pain, nausea, and
length of stay in the post-anesthesia care unit (PACU). Pain was assessed by a 0—10 numeric
pain rating scale performed every 15 min. Evaluation of presence and severity of nausea was
conducted by nursing inquiry. Both demographic and outcome variables were derived from
explicit abstraction from medical records.

ERAS protocols

The sERAS protocol encompassed surgeon-directed preoperative administration of the -
opioid receptor blocker alvimopan, no mechanical bowel preparation, early feeding,
avoidance of nasogastric decompression, and early ambulation.

The mdERAS protocol added anesthesiologist participation and allowed for limited fasting
time, epidural analgesia, multimodal analgesia, and goal-directed fluid therapy (Table 1).
Patients were instructed to drink clear liquids up to 2 h before surgery, thereby avoiding the
fasting state. Thoracic epidurals were placed preoperatively, and a dilute local anesthetic was
used during the procedure to allow for minimal narcotic administration in the intraoperative
period. Multimodal analgesia consisted of 600 mg of preoperative gabapentin and 1000 mg
acetaminophen. Acetaminophen was given every 6 h during the intraoperative and
postoperative periods. Goal-directed fluid therapy consisted of using a fluid management
algorithm with a minimally invasive volume status monitor to guide fluid resuscitation. The
fluid resuscitation algorithm employed a balanced crystalloid solution for maintenance
fluids and an isosmotic colloid for fluid bolus [11-13].

Statistical analyses

Descriptive statistics for all demographic variables were stratified by ERAS group.
Continuous variables were tested using Wilcoxon rank-sum tests. Categorical variables were
summarized in frequency tables with counts and percentages and were tested using Pearson
Xz tests for normally distributed variables and the Fisher’s exact test where necessary.
Bivariate comparisons were conducted on all outcomes of interest between ERAS groups.
For PACU lengths of stay and peak pain scores, generalized linear regression modeling was
conducted. Logistic regression was conducted with regard to the nausea variable.
Multivariate Poisson regression was used to investigate the effects of ERAS on
intraoperative transfusion after adjusting for other variables. Multivariate models were then
built for all three outcomes, using a backwards elimination procedure that required a P value
of <.05 to enter the model and < .15 to stay in the model. All statistical analyses were
conducted in SAS 9.4 (SAS Institute Inc, Cary, NC, USA).
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Of the 259 patients included, clinical and demographic variables (Tables 2, 3) were similar
in both groups. The mean age at the time of radical cystectomy was 68.6 years and similar in
SERAS and mdERAS groups (69.3 vs. 67.8, respectively; P=.15). Likewise, there were no
significant differences in sex distribution (P=.95) or ASA status (P =.31). Patients in the
control group had a slightly higher starting hemoglobin (12.7 vs. 12.1 g/dL; £P=.02). Total
intraoperative fluids (4000 vs. 3600 mL; P=.03) were less with the mdERAS group. In
addition, with the mdERAS approach, epidural use (35 vs. 60.3%; £ =< .001) was
substantially higher. There was no difference in the distribution of pathologic stage or
diversion type between the two groups.

The mean number of intraoperative transfusions for the entire cohort was 1.2 (standard
deviation [SD] 1.8), while the mean number of postoperative units transfused was 0.6 (SD
1.3). There was no difference in the total number of combined intraoperative and
postoperative transfused units between the two groups (£ = .66). Univariate analyses showed
that estimated blood loss, sex, pathology stage, preoperative hemoglobin, and postoperative
transfusion were all individually statistically associated with intraoperative transfusion units.
When controlling for sex, estimated blood loss, postoperative transfusion units, preoperative
hemoglobin, and the interaction between postoperative transfusion units and administration
of an epidural, multivariate Poisson regression analysis demonstrated that use of mMdERAS
was associated with a lower mean number of intraoperative transfusion units (P < .001;
Table 4 and Fig. 1). When taking these variables into account, the estimated number of units
transfused was 0.97 (SD 0.09) and 0.58 (SD 0.12) for the SERAS and mdERAS groups,
respectively. Interestingly, despite the standardization of protocol via fluid resuscitation
algorithm, there was no difference in the variances of transfusion rates between the SERAS
and mdERAS groups (P=.77).

Immediate postoperative outcomes were also examined in the PACU. Multivariate analyses
demonstrated improvement only in nausea (Table 5), which was significantly reduced (8.1
vs. 3.1%; P=.05). Despite this, mean PACU length of stay did not differ between the before
and after groups (128 vs. 130 min; £ =.89). Adjusted analysis showed that in the immediate
postoperative period, patients in the SERAS group were nearly three times more likely to
report nausea than patients managed with the multidisciplinary ERAS protocol (odds ratio
2.7, 95% confidence interval, 1.1-6.7). Univariate analysis of peak pain scores did not
uncover a significant difference between the SERAS and mdERAS groups (4.4 vs. 4.1; P
=.66). Further analysis demonstrated nausea, PACU length of stay, epidural, and age were
good predictors of peak pain scores. However, pain scores were not significantly different
between groups on adjusted analyses (P = .89). In addition, there was not a statistically
significant difference in the variance of the peak pain scores between groups.

There was no difference in time to first flatus between the groups, with a mean of 3.4 days
(SD 1.4) for the entire cohort. In addition, hospital stay was similar between the SERAS and
mdERAS groups, with a median length of stay of 6 days (range 5-8). Readmission rates at
30 and 90 days were similar and showed no statistical significance (P=.34 and P= .14,
respectively).
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Discussion

Our study demonstrates the value of a multidisciplinary approach in the execution of an
ERAS protocol. It is still unknown which components are most significant; however, this is
the first study to isolate anesthesia variables after implementation of surgical interventions.

We did not see a significant difference in time to first flatus and length of hospital stay
clinical outcomes, which may have been due to the incorporation of alvimopan in the
SERAS protocol. Indeed, previous studies have reported accelerated gastrointestinal
recovery after radical cystectomy with alvimopan [14]. As is well established, the major
driver of length of hospital stays is recovery of bowel function. We therefore did not expect
to see a large difference in these clinical outcomes, as the gains may already have been
achieved in the control group.

Compliance with anesthetic interventions was high in both categories with multimodal
analgesia and goal-directed fluid therapy being administered to 100 and 98% of the
mdERAS group, respectively. Despite the use of a restrictive fluid hydration algorithm with
the use of a vasopressor drip during euvolemia, we only demonstrated a 10% decrease in
total intravenous fluid. The anesthetic interventions did have a significant impact on nausea,
which is supported by a large body of evidence that correlates use of multimodal analgesia
and goal-directed fluid therapy with a decreased incidence of nausea [15, 16]. Alleviating
nausea can be viewed as a relevant clinical outcome as it may lead to a decrease in PACU
length of stay despite not being able to demonstrate this in the mdERAS group.

Interestingly, although we would expect pain control to improve with anesthetic
intervention, peak pain scores in the immediate postoperative periods were similar in both
groups. Even with a statistically significant increase in epidural usage in the mdERAS
group, patients experienced equivalent pain control. This may be attributed to the large
percentage of patients (40%) in the mdERAS group who did not receive an epidural, due to
patient refusal or current anticoagulation use or because they were not deemed a candidate
by the anesthesiologist.

Previous studies using ERAS and restrictive fluid strategy protocols have demonstrated
decreases in transfusions [17, 18]. These studies also found statistically significant decreases
in blood losses, which explain the lower transfusion rates. Our study uniquely demonstrated
a decrease in the intraoperative transfusion rate after adjusting for confounding factors, such
as blood loss and preoperative hemoglobin. Similarly, a recent analysis from the National
Surgical Quality Improvement Program database showed a consistent decline in length of
stay and transfusion rates after implementation of ERAS in radical cystectomy [19]. What
remains to be determined is the explanation for a decrease in blood transfusion when blood
loss remains the same. Most have attributed decreases in transfusion rates to changes in
operating room culture and the standardization of teams and protocols. Standardization of
operating room teams has been shown to reduce procedure duration and improve teamwork
and the safety climate [20]. Recently, Jaeger et al. [21] showed that standardization can also
lead to lower readmission rates when implemented in anesthesia teams. When
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standardization is combined with a change in transfusion culture, a lower transfusion rate
may be achievable.

Even though we were not able to improve clinical outcomes such as length of stay,
anesthetic interventions should still be considered to be a crucial portion of a complete
ERAS protocol. Analgesic techniques can provide long-term benefits that may not be
captured in traditional outcomes such as length of stay, return of bowel function, and
complications. Epidural analgesia has been associated with reducing the severity of residual
postoperative pain and optimizing quality of life for up to 3 months after surgery [22].
Similarly, the use of multimodal analgesia has been associated with decreased chronic pain
syndromes after breast and thoracic surgeries [23, 24].

Limitations of this study include its retrospective nature, the implementation of multiple
interventions, and a lack of patient-reported outcomes. Nevertheless, this is the first study to
examine the effects of the anesthetic portion of an ERAS protocol. Although our study
found that there was a decrease in transfusions and nausea with the addition of anesthesia-
related interventions, further prospective work is needed to examine the interventions’
impact on patient-reported outcomes, such as quality of life and quality of recovery.
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Table 1

Compliance to anesthetic interventions in mdERAS group

Intervention Compliancerate
Limited NPO status Unable to obtain
Epidural 60% (70/116)
Goal-directed fluid therapy ~ 98% (114/116)
Multimodal analgesia 100% (116/116)

World J Surg. Author manuscript; available in PMC 2020 December 29.

Page 9



Page 10

Patel et al.

159) 10X3 S, JaysiH ay Buisn pajenafes sajgeren [eatlofasied 1oy sanfend

159) WINS-3u.l UOX0D|IAN Buisn paje|noes sajgeriea snonuuod 10y SsanfeAd

q
sdnoif SwyH3pw snsian m<w_m_wm

uoneInap plepuels gs ‘dnoib A1ebins Jslye A1anodal pasuryus [ed1bins SH&/Fs ‘dnolb Alebins Jaye A1anodal pasueyus Areuljdiosipiinw Sy&/gpw ‘sseld ABojoisayisauy 40 A19100S UeILIBWY /S

Author Manuscript

JueolIuBIS A][2o1ISIIRIS 81RIIPUI SANJeA plog

40

100>

cL

1€

S6°

ST

(r'e1-L°0T) S0°2T (y1-€11) 08°2T

(s6'1) 212t (68'T) 0L°2T
(2'6€) o7 (59) €6
(€°09) 0L (s€) 05
(791) 6T (9zT) 8T

€vs 67 L
(e'6L) 26 (g28) 81T

e (998
(L'%9) 5L (7'69) 58
(9€e) 6 (e've) 67

(0)o Lot
(52) 62 (s21) 8¢
(52) 18 (gz8) 81T
(9/-85) 69 (L1-€9) TL
(zo01) 8°29 (901) £'69

abuel ‘ueipa|N
as ‘uesN
Tp/6 ‘uigojboway aniresadoald
ON
SOA
(%) ¢ ‘eanpid3
13ppejqoaN
yonod
1Npuod [ea]|
(%) v ‘uoissanip Areunin Jo adAL
¥ VSV
€ VSV
VSV
TVSV
(%) u *ssepd WSV
alewaS
3JeIN
(%) v *xes
abue. ‘uelpaN
as ‘uesN

Jeak ‘aby

PNeAd

(OTT=U)SVYIPW  (ePT = U)SVYYIS

o1yde JBowsp Wwa1red

¢ dlqeL

Author Manuscript

salydesBowsap usned :sajqelien Apnis

Author Manuscript

Author Manuscript

World J Surg. Author manuscript; available in PMC 2020 December 29.



Page 11

Patel et al.

8¢’ (09) 2 (se)s € Z uaIne|D
(Aep 06) suonealjdwo)

og’ e v (€9) 6 € T Ualne|D
(Rep og) suonreardwo)

(ss1) 81 (L12) 18 SOA

YT (5'v8) 86 (e'8)etT ON
(%) u ‘sAep 06 Ul UOISSILIPRY

(Ten vt Lv1) 12 SOA

o€ (6°28) 201 (e's8) ezt oN
(%) u ‘sAep Qg Ul uoIssiwpeay

(e (e abues ‘ueIpa

80° (ezT) 9v'E (6v'T) 0EE as ‘uesin
sAep ‘snyejy 1114 0 awi ]

(8-9) 9 (8-9) 9 abues ‘ueIpa

8 (rneLL (09v) €L, as ‘uesin
sAep ‘Aels Jo yibua

(c-0)0 (z-0)0 abuel ‘uelpa N

1€ T (2L1)8€eT as ‘uesin
sHun uoisnysuel) anneladoesiu|

(1-0)0 (1-0)0 aBuel ‘ueipsN

6C (eST) 20 (26'0) ¥S'0 as ‘uesin

sHuN uoisnysuel) anleIadoIsod

(00z1-525) 008 (00zT-0S%) 008 dbuel ‘UeIPAIN

ST (66'9€9) £€286 (05'2v9) 98716 as ‘uesin
“w ‘sso| poolg

(005v-000€) 009€  (809%—00€EE) 0007  dbuEl ‘UBIPAIN

gt (eg'682T) €'888¢  (90°SSET) ¥S'OLTY as ‘uesiy

Tw ‘pinyy sAneladoenul (@101

"PAd (9T =u)SvyIPW (ST = U)SYHTS awo2INQ

S9]qeLIBA 8WO02INO

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

World J Surg. Author manuscript; available in PMC 2020 December 29.



Page 12

Patel et al.

159) 108X S, Jaysi4 oy} Buisn payenafed sajqerieA [eatiobales 1oy sanend

159) WINS-yuBl UOXO0JIAN Buisn parejnofes sajgetieA snonuiuod oy wm:_m>mQ

sdnoib Syy3pw snsian w<mm_mm
uoneIAap plepuels gs ‘dnolb A1abins Jaye A1anodal pasueyua [ed16Ins S17&/Fs ‘dnolb A1abins Jaye A1anodal pasueyus Aseuldidsipiinw Sy&/gow
edIHIUBIS AJ[e21ISIeIS SaTedIpul anjeA pjog

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

World J Surg. Author manuscript; available in PMC 2020 December 29.



Page 13

Patel et al.

Author Manuscript

A1361ns Jaige A1an02al paoueyus [ea16ins S1/a/Fs ‘A1abins Jaie A1aA02a) paoueyua Ateuljdiosipninw Sy&Fow

JueolIUBIS A][2O1SIIRIS 81RIIPUI SANJeA plog

€0 2920'0- 9TYE0- 70800 6E8T'0-  SHun uolsnysuel} aniesadolsod
€00° 9809°0 #reT0 GETT0 G9EE'0 a[ewad
I

X8S

100> Y¥L20- eIy 0- 67€0°0 62v€0-  1p/6 ‘uigojBowsay annesedoald

100> €865'T L€8T'T 850T°0 0T6E'T 7w ‘ss0] PoO|q parewnss
100> ¥0€L°0 §¥92°0 68TT0 71670 Svy3s
Svy3pw

snjels Sy

aneAd  SHWI|ISOUBPLUOD %G6 PleM 1048 plepuels  ajews3 BRWwe red

uoisnjsues anneladornui 1oy SisAjeue uoissalBal uossiod ajeLIeAIINW JO S1|NSaYy

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript

World J Surg. Author manuscript; available in PMC 2020 December 29.



Page 14

Patel et al.

Author Manuscript

1un aJed evIsayisaue-1sod Nove

JueoiIuBIS A][eonsiiels salealpul anfea pjog

68" 200 67 870 8102s ured sead
0 10 S0 18°€ BasneN
8 €00 6L L00  Aexs Jo yibual NOVd
anfend N»\v_m>> anfend N»\Em>>
s)nsaJsisAfeuealeleAlN N S}NS3JSAfeue arelfeAlun awooINO

so|qerien dnoub Sy Areurdiosipninw 1o} S} Nsal aleLIRAINW pUe d)eLIBAIUN

G 9lqeL

Author Manuscript Author Manuscript Author Manuscript

World J Surg. Author manuscript; available in PMC 2020 December 29.



	Abstract
	Introduction
	Patients and methods
	Study variables
	ERAS protocols
	Statistical analyses

	Results
	Discussion
	References
	Fig. 1
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

