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ABSTRACT

Background: Postoperative ileus is a common complication of intraabdom-
inal surgeries, including radical cystectomy with reported rates as high as
32%. Perioperative fluid administration has been associated with improve-
ment in postoperative ileus rates, but it is difficult to generalize because earlier
studies lacked standardized definitions of postoperative ileus and other rele-
vant outcomes. The hypothesis was that targeted individualized perioperative
fluid management would improve postoperative ileus in patients receiving
radical cystectomy.
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Goal-directed versus
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Methods: This is a parallel-arm, double-blinded, single-center randomized 9
trial of goal-directed fluid therapy versus standard fluid therapy for patients §
undergoing open radical cystectomy. The primary outcome was postoperative §
ileus, and the secondary outcome was complications within 30 days post-sur- %
gery. Participants were at least 21 yr old, had a maximum body mass index of 2
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Results: Between August 2014 and April 2018, 283 radical cystectomy§
patients (142 goal-directed fluid therapy and 141 standard fluid therapy) were
included in the analysis. Postoperative ileus occurred in 25% (36 of 142) of %
patients in the goal-directed fluid therapy arm and 21% (30 of 141) of patients g
in the standard arm (difference in proportions, 4.1%; 95% Cl, —5.8 to 13.9; é\’
P =0.418). There was no difference in incidence of high-grade complications ;:’t
between the two arms (20 of 142 [14%)] vs. 23 of 141 [16%]; difference in?‘?L
proportions, —2.2%; 95% CI, —10.6 to 6.1; P = 0.602), with the exception of :3“
acute kidney injury, which was more frequent in the goal-directed fluid therapy §
arm (56% [80 of 142] vs. 40% [56 of 141] in the standard arm; difference in é
proportions, 16.6%; 95% Cl, 5.1 t0 28.1; P= 0.005; P = 0.170 after adjust-
ment for multiple testing).

EDITOR’S PERSPECTIVE

What We Already Know about This Topic

e Postoperative ileus is a common complication after intraabdominal
surgeries

e Previous studies have found mixed evidence for benefit in goal-
directed intraoperative fluid therapy over standard fluid therapy

What This Article Tells Us That Is New

e |n a randomized trial of goal-directed versus standard fluid therapy
in patients having radical cystectomy, there was no difference in the
primary outcome of postoperative ileus

e There was no difference between fluid therapies in the secondary
outcome of high-grade complications
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Conclusions: Goal-directed fluid therapy may not be an effective strategy 8
for lowering the risk of postoperative ileus in patients undergoing open radical S
cystectomy.

(AnesTHEsIoLogY 2020; 133:293-303)

evaluating postoperative ileus in radical cystectomy have
been retrospective.*
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Postoperative ileus is a common complication affecting
patients after intraabdominal surgery,'? including radi-
cal cystectomy, for which the rate has been reported in the
range of 2 to 32%.” Postoperative ileus can prolong hospi-
talization; therefore multiple studies have evaluated poten-
tial risk factors and perioperative and intraoperative care
pathways to find preventative interventions. Most studies

Individualized goal-directed fluid therapy guided
by patient hemodynamic values seems to be the logical
approach to avoid the extremes of fluid administration
that can be associated with postoperative complications.
However, data on the effect of goal-directed fluid ther-
apy are still inconclusive, and even though some tri-
als have shown benefits in outcome,”” other trials have
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shown no benefit or even a negative impact on renal
function.'™!"

More recently, a large-scale randomized goal-directed
fluid therapy study by Pearse et al.'’ included 734 patients
undergoing major gastrointestinal surgery and did not show
a statistically significant benefit for goal-directed fluid ther-
apy; however, an updated meta-analysis including this pop-
ulation demonstrated benefit for goal-directed fluid therapy
in preventing infectious complications in patients above the
age of 65. The recently published, prospective, random-
ized study by Calvo-Vecino ef al. (commonly known as
FEDORA trial’) included 500 patients undergoing major
elective abdominal surgery and showed that Doppler-
guided goal-directed hemodynamic therapy reduced post-
operative complications and hospital length of stay but did
not show a difference in mortality.

The studies reported by Pillai ef al.'? and Wuethrich et al."
suggest that individualized goal-directed fluid therapy intra-
operative fluid management in radical cystectomy patients
may further reduce gastrointestinal and cardiac complications.
Because our institution had already standardized postopera-
tive care but intraoperative care was largely practitioner-de-
pendent, we designed a three-part goal-directed fluid therapy
algorithm combining stroke volume (SV) optimization and
SV variation minimization to guide fluid administration
during perioperative care for patients undergoing open rad-
ical cystectomy. Our hypothesis was that using goal-directed
fluid therapy instead of our institution’s standard care during
open radical cystectomy would have an impact on postoper-
ative ileus and perioperative outcomes.

Materials and Methods

Study Design and Participants

This double-blinded, prospective randomized trial was
conducted under a Memorial Sloan Kettering Cancer
Center Institutional Review Board—approved protocol
(ClinicalTrials.gov NCT02145871; principal investigator, V.
Arslan-Carlon; registration date, May 23, 2014; protocol can
be accessed by request). All eligible patients with planned
open radical cystectomy at Memorial Sloan Kettering
Cancer Center were approached. Exclusion criteria
included age less than 21 yr, active atrial fibrillation, and
body mass index above 45 kg/m? because of the limitations
of SV variation reading. Because of possible differences in
complication rates between open and minimally invasive
surgical approaches, the protocol was limited to patients

undergoing open radical cystectomy.

Randomization and Masking

A trained research assistant evaluated eligibility, written
informed consent was obtained by a consenting professional,
and patients were randomly assigned in a 1:1 ratio to the
goal-directed fluid therapy or standard fluid therapy arm.
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Randomization was performed via the Memorial Sloan
Kettering Clinical Research Database using randomly sized
permuted blocks; allocation was concealed by the database
system. Patients and assessors of the primary outcome were
blinded as to the study arm. Unblinding occurred after the
trial was closed and data on all patients were collected.

Procedures

Preoperative and Intraoperative Care. Patients in both arms
received a radial artery catheter and were connected to an
advanced hemodynamic monitor (EV1000 clinical platform
via a Flotrac sensor; Edwards Lifesciences, USA). Treatment in
the standard fluid therapy arm was based on Memorial Sloan
Kettering historic fluid administration data for open radical
cystectomy: maintenance of 10ml - kg™ - h™' of balanced
crystalloid solution (Normosol-R, ICU Medical Inc., USA)
with blood loss replaced 1:1 with albumin 5% or packed red
blood cells to maintain a hemoglobin level of at least 7mg/dl.

Patients in the goal-directed fluid therapy arm under-
went a passive leg raise in the operating room before
induction to determine fluid responsiveness, based on SV
augmentation of more than 10% (Supplemental Digital
Content 1, preinduction algorithm, http://links.lww.com/
ALN/C391). Patients with positive results from the pas-
sive leg raise were optimized with 250-ml balanced crystal-
loid boluses until their SV was no longer responsive. After
induction, fluids were administered at 3ml - kg”' - h™', and
albumin 5% was administered to maintain SV variation less
than 13% (Supplemental Digital Content 2, operating room
algorithm, http://links lww.com/ALN/C391); packed red
blood cells were used instead of albumin to maintain a
hemoglobin level of at least 7mg/dl. No blood loss was
replaced unless accompanied by an increase in SV variation.

All bowel anastomoses were stapled and performed in a
standard side-to-side fashion using either a 60- or 80-mm
gastrointestinal anastomosis stapler and a thoracoabdominal
stapler. None of the anastomoses were hand-sewn.

In total, 225 patients received an epidural catheter; epi-
dural infusion was started once specimen was removed.
Infusions were standardized by the pain service and started
at 6ml/h of bupivacaine 0.05% with 8 pg/ml of hydro-
morphone; additional boluses of 6ml every 30 min were
permitted at the discretion of the anesthesia practitioner.

In the standard fluid therapy arm, the anesthesia team
was blinded to the reading of the advanced hemodynamic
monitor. To keep uniformity of procedures, the anesthesiol-
ogists participating in the trial were limited to four; if none
were available, the patient was excluded from the study
population as prespecified in the protocol.

Postoperative Care. All patients were transported to the pos-
tanesthesia care unit (PACU) unless the intensive care unit
was indicated because of intraoperative events or preoper-
ative comorbidities. The protocol fluid administration con-
tinued for the first 6h in the PACU, with all patients in the

standard fluid therapy arm receiving 1.5ml - kg™ - h™" of
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balanced crystalloid solution and those in the goal-directed
fluid therapy arm receiving 1ml - kg™ - h™' of maintenance
and any additional boluses given based on SV optimization.
In cases of high potassium levels, balanced crystalloid solu-
tion was substituted with normal saline. All patients received
colloid 250-ml boluses for systolic blood pressure less than
90 mmHg and/or urine output less than 0.5ml - kg™' - h™
over 2h (Supplemental Digital Content 3, PACU algorithm,
http://links.Iww.com/ALN/C391). Patients were discharged
from the PACU at the end of the 6-h protocol (or longer
if required by preoperative comorbidities). On the floor,
all patients were treated on our standardized postoperative
enhanced recovery pathway (outline shown in Supplemental
Digital 4, http://links.Iww.com/ALN/C391),
adjusted only as necessary for individual allergies, renal func-

Content
tion, medical comorbidities, and acute medical events.

Outcome Measures

The primary endpoint of postoperative ileus was defined as
intolerance of oral intake by postoperative day 5, the ces-
sation of diet, or placement of a nasogastric tube for clin-
ical signs or symptoms associated with postoperative ileus,
including one or more of the following: nausea, emesis,
abdominal bloating or distension, or excessive burping.” In
addition to separate causative versus secondary postoperative
ileus we added: “primary postoperative ileus” as a gastroin-
testinal dysfunction that occurred in the absence of major
grade 3 to 5 surgical or medical complications, defined
based on the modified Clavien system.>'*'> Although this
was not a protocol-specified endpoint, we defined and con-
sidered primary postoperative ileus as a secondary outcome
before unblinding and data analysis. Protocol-defined sec-
ondary outcomes were total hospitalization fluid admin-
istration, blood transfusion rates, total dose of vasoactive
agents, and pattern of overall and specific 30-day postop-
erative complications. Additional secondary outcomes were
vasopressor use in the operating room, high-grade compli-
cations, and length of stay. Thirty-day complications were
captured prospectively using the modified Clavien system'*
and the definitions described in our group’s prior article.?
Renal function was assessed by both serum creatinine and
calculated estimated glomerular filtration rate using both
the Modification of Diet in Renal Disease and Chronic
Kidney Discase Epidemiology Collaboration formulas;
values were recorded at baseline (within 1 month before
surgery) and at the time of hospital discharge, in addition
to frequent serum creatinine evaluations during the hos-
pitalization. We used the standard National Kidney Center
classification system to describe the stages of chronic kidney

disease.'®

For the purposes of the study, preexisting renal
insufficiency was defined as baseline renal function less than
60ml/min, consistent with stage 2 chronic kidney disease;
the 60-ml/min cutoff is often used to determine whether

patients are candidates for neoadjuvant chemotherapy.

Goal-directed Therapy and Postcystectomy lleus

Statistical Analysis

All analyses were performed in a modified intention-
to-treat population, which included all patients who
had undergone both randomization and anesthesia with
advanced hemodynamic monitoring for eligible surgery. All
evaluable patients were followed for 30 days postoperatively,
and none were lost to follow-up.

With a historical institutional postoperative ileus rate of
32%'7 and a two-sided type I error of 0.05, we calculated
that 283 evaluable patients would provide 80% power to
detect a 15% absolute difference in the proportions of
patients with postoperative ileus between the two arms
(hypothesized postoperative ileus rate of 17% in the goal-di-
rected fluid therapy arm). This sample size also allowed
for an interim analysis, using O’Brien—Fleming boundar-
ies for both efficacy and futility. Pooled variance and the
Casagrande—Pike—Smith continuity correction were uti-
lized in the sample size calculation.The interim analysis was
performed once the accrual reached 144 evaluable patients,
but because it did not meet protocol-specified futility or
efficacy thresholds, the trial continued to full enrollment.

The distributions of patient characteristics and outcomes
were summarized as the number (proportion) for categor-
ical factors and the median (interquartile range) for con-
tinuous factors. The primary outcome was proportion of
patients with postoperative ileus within 30 days of opera-
tion, which was compared between the randomized arms
using the chi-square test and quantified as the difference
in proportions with the corresponding 95% CI. All binary
secondary outcomes were assessed similarly. Secondary
outcomes measured on a continuous scale were compared
between the randomized arms using the Wilcoxon rank
sum test and quantified as differences in means with corre-
sponding 95% CI. A natural-log transformation was applied
to outcomes that displayed a skewed distribution. In these
instances, the estimated size of differences on the log scale
were converted to the ratio of means on the original scale.
The widths of the CI have not been adjusted for multiple
testing, so the intervals should not be used for inference. No
stratification was used in the analyses. Neither multivariable
analyses to adjust for preoperative risk nor preplanned sub-
group analyses were planned or performed.

Multiple testing was addressed by applying the Holm—
Bonferroni adjustment to P values from all secondary out-
comes with a family-wise significance level of 0.049 to
account for the interim analysis. Statistical tests are two-
sided. Analyses were conducted with Stata 13.1 (StataCorp,
USA).

Results
Patients

Between August 5, 2014, and April 9, 2018, 320 patients
soon to undergo open radical cystectomy consented to the
protocol and were randomized (fig. 1). Of the 320 patients,
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[ Enrollment ]

Assessed for eligibility:
all patients undergoing open
radical cystectomy (n=773)

A

Excluded (n=453)

«+ Ineligible (n=234)

+ Declined to participate (n=18)
+ Other reasons (n=201)

Randomized (n=320)

[ Allocation ]

Allocated to goal-directed fluid therapy (n=160)

+ Evaluable (n=142)
e Received allocated intervention (n=141)
e Did not receive the allocated intervention (n=1)

+ Excluded based on protocol-defined criteria (n=18)
(these patients did not receive any intervention)
e Unavailable anesthesiologist (n=12)
e Withdrew consent (n=1)
e Protocol violation (n=1)
e Change in surgical plan (n=4)

Allocated to standard fluid therapy (n=160)

+ Evaluable (n=141)
e Received allocated intervention (n=139)
¢ Did not receive the allocated intervention (n=2)

+ Excluded based on protocol-defined criteria (n=19)
(these patients did not receive any intervention)
e Unavailable anesthesiologist (n=9)
e Withdrew consent (n=3)
e Protocol violation (n=3)
e Change in surgical plan (n=4)

|

Lost to follow-up (n=0)
Discontinued intervention (n=0)

\

Analyzed (n=142)
+ Excluded from analysis (n=0)

Follow-Up

Analysis

l

Lost to follow-up (n=0)
Discontinued intervention (n=0)

l

Analyzed (n=141)
+ Excluded from analysis (n=0)

Fig. 1. Consolidated Standards of Reporting Trials diagram of patient flow.

37 excluded after randomization based on protocol-defined
exclusion criteria: 21 because of unavailability of participat-
ing anesthesiologists, 8 because of change in surgical plan, 4
patients withdrew consent, and 4 were found ineligible after
consent because of atrial fibrillation on preoperative electro-
cardiogram. In total, 283 patients were considered evaluable
and included in the analyses (142 in the goal-directed fluid
therapy arm and 141 in the standard fluid therapy arm).

Baseline demographics, clinical characteristics, and pre-
operative risk factors for postoperative ileus were similar for
both arms (table 1). Intraoperative characteristics are shown
in table 2.

Fluid management (volume and type), weight differences
and changes, and fluid balance characteristics are shown in

Anesthesiology 2020; 133:293-303

table 3. The goal-directed fluid therapy arm reported lower
total fluid output (median [interquartile range]) than the
standard fluid therapy arm (13,380 ml [10,405 to 19,093]
vs. 15,445ml [11,920 to 21,015]; P = 0.044) and higher
colloid intake intraoperatively (1,000ml [750 to 1,250] vs.
750ml [500 to 1,000]; P = 0.005) although not over the
whole protocol period, which included the 6h of recovery
(1,000ml [750 to 1,500] vs. 975 ml [500 to 1,350]; P= 0.053).
The goal-directed fluid therapy arm also had a lower intra-
operative and 6-h recovery room crystalloid intake (median
[interquartile range], 2,892 ml 2,340 to 3,450] vs. 5,580ml
[4,650 to 6,730]; P < 0.0001) than the standard arm. The
total dose of intraoperative vasopressors (ephedrine or
phenylephrine) was comparable between arms, similarly
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Table 1. Demographic and Preoperative Characteristics of Patients

Goal-directed Therapy and Postcystectomy lleus

Both Arms Goal-directed  Standard Fluid
Combined Fluid Therapy Therapy

Characteristics (N =283) (N=142) (N=141)
Sex

Female 62 (22%) 30 (21%) 32 (23%)

Male 221 (78%) 112 (79%) 109 (77%)
Age at surgery, yr 69 (63-76) 70 (63-77) 69 (62-75)
Charlson Comorbidity Index (excluding 2 points for cancer) 1(0-2) 1(0-2) 1(0-2)
Charlson Comorbidity Index adjusted for age 4 (3-6) 5(3-6) 4 (3-6)
Anesthesia category (ASA score I—II* vs. ASA score lll—IV): highest value between presurgical testing

and preoperative day

—Ir* 85 (30%) 44 (31%) 41 (29%)

lI—Iv 198 (70%) 98 (69%) 100 (71%)
Body mass index at surgery 28.7 (25.4-31.8) 28 7(25.0-32.0) 28.7 (25.8-31.4)
Body mass index above 30 kg/m? (obesity) 111 (39%) 57 (40%) 54 (38%)
Number of patients with renal insufficiency by estimated glomerular filtration rate less than 60 ml/min 95 (34%) 42 (30%) 53 (38%)
Number of patients with abnormal creatinine 48 (17%) 20 (14%) 28 (20%)
Preoperative albumin 5% less than 3 g/dl 2(0.7%) 2 (1.4%) 0 (0%)
Smoking within the 6 months before surgery 34 (12%) 4 (10%) 20 (14%)
Number of pack-years (N = 282) 15 (0-40) 5 (0—-40) 15 (0-40)
History of COPD (emphysema, asthma, chronic bronchitis) 46 (16%) 29 (20%) 17 (12%)
History of coronary artery disease 58 (20%) 37 (26%) 21 (15%)
Myocardial infarction in past 16 (5.7%) 2 (8.5%) 4(2.8%)
Longstanding arrhythmia 9(3.2%) 7 (4.9%) 2 (1.4%)
Prior venous embolic event (deep vein thrombosis, pulmonary embolism) 36 (13%) 6 (11%) 20 (14%)
Non-insulin-dependent diabetes 49 (17%) (1 7%) 25 (18%)
Insulin-dependent diabetes 12 (4.2%) 6 (4.2%) 6 (4.3%)
Diabetes-related peripheral neuropathy 6(2.1%) 3(2.1%) 3(2.1%)
Hyperlipidemia 179 (63%) 84 (59%) 95 (67%)
Hypertension 174 (61%) 89 (63%) 85 (60%)
History of colitis 20 (7.1%) 9(6.3%) 11 (7.8%)
History of gastroesophageal reflux disease 94 (33%) 46 (32%) 48 (34%)
Prior pelvic surgeryt 102 (36%) 46 (32%) 56 (40%)
History of prior bowel or abdominal surgery 54 (19%) 29 (20%) 25 (18%)
Prior abdominal or pelvic radiation therapy 30 (11%) 14 (10%) 16 (11%)
Received neoadjuvant chemotherapy 124 (44%) 65 (46%) 59 (42%)

The values are presented as n (%) or median (interquartile range).

*No patient had an ASA score of |. tPrior pelvic surgery included radical retropubic prostatectomy and total abdominal hysterectomy.

ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease.

for proportions of patients who received vasopressors in
the operating room or in the PACU (table 4). All but five
patients were extubated in the operating room (table 2).
Transfusion rates were also comparable between arms
(table 3).

Postoperative lleus

The overall postoperative ileus rate in this study was 23.3%
(66 of 283), with 68% (45 of 66) of those suffering from
postoperative ileus requiring nasogastric tube decompres-
sion for treatment (table 4).The incidence of postoperative
ileus was 25% (36 of 142) in the goal-directed fluid therapy
arm and 21% (30 of 141) in the standard arm (difference
in proportions, 4.1%; 95% CI, —5.8 to 13.9; P = 0.418).
The arms were also similar in proportion of patients requir-
ing nasogastric tubes (15% [22 of 142] in the goal-directed
fluid therapy arm vs. 16% [23 of 141] in the standard arm;

difference in proportions, —0.8, 95% CI, —=9.3 to 7.7,
p =
ileus in the absence of a major grade 3 to 5 complication)
occurred in 18% (52 of 283) of patients overall, with no sta-
tistically significant difference between treatment arms: 20%

0.851). Primary postoperative ileus (postoperative

(28 of 142) in the goal-directed fluid therapy arm wversus
17% (24 of 141) in the standard arm (difference in propor-
tions, 2.7%; 95% CI, —6.3 to 11.7; P = 0.558).

Other Complications

Overall, 92% (261 of 283) of patients experienced at least
one complication (grades 1 to 5) within 30 days of sur-
gery; the goal-directed fluid therapy arm had a higher rate
than the standard arm (96% [136 of 142] vs. 89% [125 of
141]; difference in proportions, 5.7%; 95% CI, —0.8 to 12.2;
P = 0.085; table 4). However, only 15% (43 of 283) of
all patients experienced a high-grade (grade 3 to 5)

Anesthesiology 2020; 133:293-303
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Table 2. Intraoperative Management

Both Arms Combined  Goal-directed Fluid Therapy  Standard Fluid Therapy

Characteristics (N = 283) (N =142) (N=141) PValue
Type of diversion 0.306

lleal conduit 180 (64%) 85 (60%) 95 (67%)

Neobladder 99 (35%) 54 (38%) 45 (32%)

Continent stomal diversion 4 (1.4%) 3(2.1%) 1(0.7%)
Ureteral stents used 0.031

None 76 (27%) 46 (32%) 30 (21%)

One side 15 (5.3%) 4 (2.8%) 11 (7.8%)

Both sides 192 (68%) 92 (65%) 100 (71%)
Size of bowel anastomotic stapler 0.084

60 mm 144 (51%) 65 (46%) 79 (56%)

80 mm 139 (49%) 77 (54%) 62 (44%)
Length of surgery, min 314.0 (275.0-355.0) 319.0 (288.0-352.0) 310.0 (267.0-358.0) 0.551
Length of anesthesia, min 402.0 (350.0-445.0) 416.0 (370.0-444.0) 391.0 (337.0-445.0) 0.096
Extubated in operating room 278 (98%) 140 (99%) 138 (98%) 0.646
Extubated in recovery room 5(1.8%) 2 (1.4%) 3(2.1%)
Type of anesthesia (general, epidural, combined)

General 283 (100%) 142 (100%) 141 (100%)

Epidural for postoperative pain control (N = 282) 0.700

No 57 (20%) 30 (21%) 27 (19%)
Yes 225 (80%) 112 (79%) 113 (81%)

The values are presented as n (%) or median (interquartile range).

complication within 30 days of surgery: 20 of 142 (14%)
in the goal-directed fluid therapy arm vs. 23 of 141 (16%)
in the standard arm (difference in proportions, —2.2%; 95%
CI, —10.6 to 6.1; P = 0.602). The proportions of patients
with specific complications were similar between the two
arms (table 4). In addition, 50% (141 of 283) of patients
suffered a complication within 30 days after their hospital
discharge, 39% (109 of 283) of patients required a visit to
urgent care, and 25% (70 of 283) required readmission. The
30-day perioperative mortality rate was 0.7% (2 of 283).
Acute kidney injury was more frequent in the goal-
directed fluid therapy arm (56% [80 of 142] vs. 40% [56 of
141] in the standard arm; difference in proportions, 16.6%;
95% CI, 5.1 to 28.1; P = 0.005; P = 0.170 after adjustment
for multiple testing; table 4), but all patients recovered to
their baseline renal function by the time of hospital dis-
charge as reflected by serum creatinine and glomerular fil-
tration rate; no patient required dialysis. The imbalance in
acute kidney injury incidence also accounted for the higher
rate of overall genitourinary complications in the goal-
directed fluid therapy arm (table 5). Overall, 34% (95 of
283) of patients had preoperative renal insufficiency defined
as estimated glomerular filtration rate less than 60 ml/min,
and this occurrence was similar between the two arms: 42
of 142 (30%) in the goal-directed fluid therapy group vs. 53
of 141 (38%) in the standard group (table 1). Unlike some
of the large abdominal surgery trials, we did not find sta-
tistically significant differences between treatment arms in
terms of wound infection (23% [32 of 142] in the goal-di-
rected fluid therapy arm vs. 30% [42 of 141] in the standard
arm; difference in proportions, —7.3%;95% CI,—17.5 to 3.0;

Anesthesiology 2020; 133:293-303

P = 0.165) or intraabdominal abscess (8.5% [12 of 142] in
the goal-directed fluid therapy arm vs. 7.8% [11 of 141] in

the standard arm; difference in proportions, 1.3%; 95% CI,

—7.4 to 10.0; P = 0.842; table 4). In exploratory analyses, the
primary endpoint, postoperative ileus incidence, was evalu-
ated in relation to single preoperative comorbidities but no
statistically significant association was found (table 6).

The length of stay was similar between the two treat-
ment arms: median (interquartile range), 7 (6 to 9) days in
the goal-directed fluid therapy arm versus 7 (6 to 10) days in

the standard arm (ratio of means, 0.99;95% CI,0.91 to 1.08;

P = 0.551; table 4). The incidence of urgent care visits was
not statistically significantly different between the two arms
(42% [59 of 142] for goal-directed fluid therapy vs. 35% [50
of 141] for standard fluid therapy; difference in proportions,
6.1%; 95% CI, —5.2 to 17.4; P = 0.293).

Discussion

This prospective randomized trial failed to demonstrate an
advantage in using goal-directed fluid therapy to prevent
postoperative ileus in patients undergoing radical cystec-
tomy on an enhanced recovery pathway. Postoperative ileus
is one of the most common postoperative complications
after radical cystectomy: reported incidence was 2 to 32%
in a recent collaborative review of radical cystectomy series,
including the Memorial Sloan Kettering experience.’ The
incidence of postoperative ileus and other complications
can be affected by the patient population and their comor-
bidities, time period examined, definitions utilized, method
and quality of data collection, and use of perioperative

Copyright © 2020, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.

Arslan-Carlon et al.

20z UdIel €1 uo 1senb Aq ypd €1000-0'00800202/62E 1 5/€62/2/EE L/Ppd-aloiue/ABojoIsayisauR/WoD IBYDIBA|IS ZESE//:dRY Wol) papeojumod



Arslan-Carlon et al.

Goal-directed Therapy and Postcystectomy lleus

Table 3. Administered Fluid Volume, Postoperative Weight Change, and Blood Loss

Both Arms  Goal-directed Standard Fluid
Combined Fluid Therapy Therapy P
Results (N = 283) (N=142) (N =141) Value
Fluid volumes
Protocol crystalloid, ml 4,019 2,892 5,580 < 0.0001
(2,890-5,730) (2,340-3,450) (4,650-6,730)
Protocol colloid (albumin 5%, packed red blood cells, FFP, and platelets), mi 1,000 1,000 975 0.053
(750-1,500) (750-1,500) (500-1,350)
Operating room crystalloid, ml 2,900 1,800 4,850 < 0.0001
(1,750-4,900) (1,400-2,220) (3,800-5,900)
Operating room colloid (albumin 5%, packed red blood cells, FFP, and platelets), ml 800 1,000 750 0.005
(500-1,250) (750-1,250) (500-1,000)
PACU crystalloid, ml 840 1,018 750 < 0.0001
(700-1,090) (791-1,370) (650-875)
PACU colloid (albumin 5%, packed red blood cells, FFP and platelets), ml 0 0 0 0.823
(0-250) (0-250) (0-250)
Total fluid intake during hospitalization, ml 12,768 12,657 13,072 0.736
(9,658-17,224)  (9,912-17,280) (9,363-17,157)
Total fluid output during hospitalization, ml 14,045 13,380 15,445 0.044
(10,875-20,335)  (10,405-19,093)  (11,920-21,015)
Net fluid during hospitalization, ml -1,689 -1,296 —1,986 0.020
(-4,027t0693)  (-3,146t0933)  (-5,337 to 605)
Number of patients with negative fluid balance 191 (67%) 93 (65%) 98 (70%) 0.472
Weight
Peak weight during hospitalization, kg 86.1(76.0-98.3) 86.2(74.0-98.6) 86.1(77.0-96.9) 0.759
Maximum weight change, kg 2.9 (1.4-4.7) 2.7 (1.0-4.5) 3.0 (1.7-4.8) 0.103
Transfusion management
Total estimated blood loss, ml 700 (480-1,000) 600 (400-900) 750 (500-1,000) 0.020
Number of patients with estimated blood loss of more than 1 | 57 (20%) 26 (18%) 31(22%) 0.441
Number of patients transfused packed red blood cells in operating room 43 (15%) 18 (13%) 25 (18%) 0.236
Number of patients transfused packed red blood cells in recovery room 70 (25%) 31 (22%) 39 (28%) 0.256
Number of patients transfused packed red blood cells on the floor 90 (32%) 47 (33%) 43 (30%) 0.638
Number of patients transfused packed red blood cells during hospitalization 142 (50%) 69 (49%) 73 (52%) 0.593
Number of patients transfused more than 4 units of packed red blood cells during hospitalization 10 (3.5%) 3(2.1%) 7 (5.0%) 0.194
Number of patients transfused FFP during hospitalization 12 (4.2%) 4 (2.8%) 8 (5.7%) 0.233
Number of patients transfused platelets during hospitalization 10 (3.5%) 4 (2.8%) 6 (4.3%) 0.512

The values are presented as n (%) or median (interquartile range). Colloids are defined as albumin 5% + transfusion volume. Fluids reflect the crystalloids + colloids.

Bold indicates statistically significant P values.
FFP, fresh frozen plasma; PACU, postanesthesia care unit.

pathways.?'® We designed this study based on our institu-
tion’s retrospective data for postoperative ileus after rad-
ical cystectomy that demonstrated rates ranging from 25
to 32% between 2000 and 2015. In this protocol, as in all
recent radical cystectomy protocols at Memorial Sloan
Kettering, we used standardized definitions of complica-
tions and a prospective data capture methodology as pre-
viously described.>" In this study, individual risk factors
for postoperative ileus were captured and analyzed, but no
differences were observed between the goal-directed and
standard fluid therapy arms, as shown in table 1.

Our study is a single-population randomized goal-di-
rected fluid therapy trial evaluating perioperative outcomes
in patients undergoing radical cystectomy for bladder can-
cer with a new three-part algorithm designed to optimize
fluid status (Supplemental Digital Content 1-3, http://
links.Iww.com/ALN/C391). Using SV before induction of

anesthesia to establish normovolemia, minimizing SV vari-
ation intraoperatively to maintain normovolemia, and opti-
mizing SV again once the patient reaches recovery ensure
a more comprehensive approach to obtain a normovolemic
status in the whole perioperative period.

In contrast to other radical cystectomy studies, such as
the study by Pillai ef al.'? reporting on 66 patients using
Doppler-optimized intraoperative fluid management and
the study by Wuethrich et al.*” of 166 patients using restric-
tive deferred hydration combined with preemptive norepi-
nephrine infusion during radical cystectomy, we did not
find that goal-directed fluid therapy was associated with any
improvement in perioperative postoperative ileus, length of
stay, or other perioperative/postoperative outcomes. When
it comes to secondary outcomes, our findings are more in
line with a fairly recent randomized trial in colorectal sur-
gery that showed no difference in perioperative outcomes
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Table 4. Primary and Secondary Outcomes

Goal-directed Standard Fluid

Fluid Therapy Therapy P Effect Size
Results (N =142) (N =141) Value* (95% Cl)t
Protocol-defined primary outcome
Postoperative ileus, either primary or secondary 36 (25%) 30 (21%) 0.418 4.1% (-5.810 13.9)
Secondary outcomes
Primary postoperative ileus (absence of other >Grade 3 complications) 28 (20%) 24 (17%) 0.558 2.7% (-6.3t0 11.7)
Required nasogastric tube replacement during hospitalization or prolonged use postop 22 (15%) 23 (16%) 0.851 -0.8% (-9.3107.7)
Total fluid intake during hospitalization, ml 12,657 13,072 0.736  Ratio: 0.99 (0.89 t0 1.12)
(9,912-17,280)  (9,363-17,157)
Number of patients transfused packed red blood cells during hospitalization 69 (49%) 73 (52%) 0.593 -3.2% (-14.8 10 8.5)
Dose of vasopressors given intraoperatively
Ephedrine dose, mg 5(0-20) 5(0-20) 0.813  Ratio: 0.96 (0.67 t0 1.37)
Phenylephrine dose, ug 80 (0—-200) 100 (0-240) 0.284  Ratio: 0.68 (0.35 t0 1.33)
Number of patients who received vasopressors in operating room
Ephedrine 82 (58%) 84 (60%) 0.755 -1.8% (-13.310 9.6)
Phenylephrine 79 (56%) 88 (62%) 0.246 —6.8% (—-18.210 4.7)
Number of patients who received vasopressors in PACU 4 (2.8%) 7 (5.0%) 0.350 —2.1% (-6.6 t0 2.4)
Any complications within 30 days of surgery 136 (96%) 125 (89%) 0.085% 5.7% (-0.8 t0 12.2)
High-grade (grades 3 to 5) complication 20 (14%) 23 (16%) 0.602 —2.2% (-10.6 t0 6.1)
Complications postdischarge (at 30-day follow-up) 72 (51%) 69 (49%) 0.766 1.8% (9.9 t0 13.4)
Symptomatic postoperative arrhythmia 10 (7.0%) 10 (7.1%) 0.987  -0.05% (-6.0t0 5.9)
Postoperative congestive heart failure 1(0.7%) 2 (1.4%) 0.557 -0.7% (-3.1101.7)
Postoperative pulmonary issue (atelectasis, pneumonia, or hypoxia) 28 (20%) 33 (23%) 0.451 -3.7% (-13.2t0 5.9)
Postoperative pulmonary embolus 4 (2.8%) 9 (6.4%) 0.283 -3.6% (-8.4101.3)
Postoperative deep vein thrombosis 4 (2.8%) 5 (3.5%) 0.727  -0.07% (-4.8 t0 3.4)
Postoperative acute kidney injury 80 (56%) 56 (40%) 0.005§  16.6% (5.1 t0 28.1)
Discharge creatinine, mg/d| 0.9 (0.8-1.1) 0.9 (0.7-1.1) 0.371  Ratio: 1.04 (0.98 to 1.09)
Discharge estimated glomerular filtration rate (Modification of Diet in Renal Disease 80 (64-95) 81 (62-98) 0.809  Ratio: 1.09 (0.96 to 1.24)
formula), ml/min
Urinary obstruction 4 (2.8%) 6 (4.3%) 0.512 —1.4% (-5.7 t0 2.9)
Urinary leak 8 (5.6%) 6 (4.3%) 0.593 1.4% (-3.7 t0 6.4)
Symptomatic postoperative urinary tract infection 5 (18%) 3 (16%) 0.772 1.3% (-7.41010.3)
Intraabdominal abscess 2 (8.5%) 1(7.8%) 0.842 1.3(-7.41010.0)
Sepsis 14 (10%) 14 (10%) 0.984  —-0.07% (-7.0t06.9)
Wound infection 32 (23%) 42 (30%) 0.165 -7.3(-17.5103.0)
Wound dehiscence 3(2.1%) 5 (3.5%) 0.467 —1.4% (-5.3t02.4)
Length of stay in hospital, days 7 (6-9) 7 (6-10) 0.551  Ratio: 0.99 (0.91 to 1.08)
Required urgent care center visit within 30 days of surgery 59 (42%) 50 (35%) 0.293 6.1% (-5.210 17.4)
Required readmit to hospital within 30 days 35 (25%) 35 (25%) 0.973 0.2% (-10.2109.9)
Required return to operating room as inpatient 6 (4.2%) 2 (1.4%) 0.154 2.8% (-1.0t0 6.6)
Required operating room procedure within 30 days as outpatient or during readmission 0 (0%) 3(2.1%) 0.081 -2.1% (-4.5100.3)
to Memorial Sloan Kettering
Required interventional radiology procedure during primary hospitalization 6 (4.2%) 7 (5.0%) 0.766 -0.7% (-5.6 to 4.1)
Required outpatient interventional radiology procedure within 30 days of surgery 10 (7.0%) 11 (7.8%) 0.808 —0.8% (-6.9t0 5.3)

The values are presented as n (%) or median (interquartile range).

*The P values (before multiple-testing adjustments) were calculated using the chi-square test for categorical outcomes and the Wilcoxon rank sum test for continuous outcomes.
TEffect sizes were based on difference in proportions for binary outcomes and ratio of means for continuous outcomes. The width of 95% CI have not been adjusted for multiple
testing. FAfter adjustment for multiple testing, the P value = 0.938 for any complications within 30 days of surgery. §After adjustment for multiple testing, the P value = 0.170 for

acute kidney injury.
PACU, postanesthesia care unit.

with goal-directed fluid therapy.”® Unlike the FEDORA
trial,” which is a more recent study comparing the use of
goal-directed hemodynamic therapy to predefined standard
care and which showed an outcome benefit for the use of
goal-directed therapy, our results did not confirm a benefit
and actually showed an increased risk of acute kidney injury
with goal-directed therapy. This dissimilarity could be
attributed to the different algorithm used in the FEDORA
trial, with a more comprehensive hemodynamic approach

Anesthesiology 2020;
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to optimization using inotropic and pressure support
driven by the algorithm.” Another recent study, RELIEF
(Restrictive vs. Liberal Fluid), reported by Myles et al.,"
compared the use of liberal versus restricted fluid manage-
ment in major abdominal surgery and found no difference
in disability-free survival at 1 yr but found an increased rate
of acute kidney injury in the restrictive arm. Our study’s
algorithm more closely resembled the algorithm in the
RELIEF trial," with additional fluid in the restrictive arm
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Table 5. Frequency of 30-day Postoperative Complications by Category

Overall Goal-directed Fluid Therapy Standard Fluid Therapy
Complication Category (N =283) (N =142) (N=141) PValue
Surgical 11 (3.9%) 4 (2.8%) 7 (5.0%) 0.350
Wound 104 (37%) 46 (32%) 58 (41%) 0.127
Pulmonary 56 (20%) 27 (19%) 9 (21%) 0.743
Neurologic 64 (23%) 39 (27%) 25 (18%) 0.050
Genitourinary 1 44 (51%) 84 (59%) 60 (43%) 0.005
Infection 76 (27%) 39 (27%) 37 (26%) 0.816
Gastrointestinal 103 (36%) 55 (39%) 48 (34%) 0.412
Cardiac 61 (22%) 31 (22%) 30 (21%) 0.910
Bleeding 106 (37%) 54 (38%) 52 (37%) 0.842
Miscellaneous 29 (10%) 14 (10%) 15 (11%) 0.829
Thromboembolic 20 (7.1%) 7 (4.9%) 13 (9.2%) 0.159

The patients were recorded more than once if they had more than one complication within a category. Please refer to Shabsigh et al.® for specific complications in each category.
Bold indicates statistically significant P values.

Table 6. Relationship of Preoperative Comorbidities to Postoperative lleus

Postoperative lleus No Postoperative lleus

Characteristics (N = 66; 23%) (N =217; 77%) PValue
History of COPD (emphysema, asthma, chronic bronchitis) 12 (18%) 34 (16%) 0.628
History of coronary artery disease 9 (14%) 49 (23%) 0.115

Myocardial infarction in past 3 (4.5%) 13 (6.0%) 0.656
Longstanding arrhythmia 3 (4.5%) 6 (2.8%) 0.470
Prior venous embolic event (deep vein thrombosis, pulmonary embolism) 8 (12%) 28 (13%) 0.867
Diabetes

Non-insulin-dependent diabetes 10 (15%) 39 (18%) 0.596

Insulin-dependent diabetes 3(4.5%) 9 (4.1%) 0.888
Peripheral neuropathy 0.796

None 54 (82%) 182 (84%)

Diabetes-related neuropathy 1(1.5%) 5 (2.3%)

Non-diabetes-related neuropathy 11 (17%) 30 (14%)
Hyperlipidemia 43 (65%) 136 (63%) 0.715
Hypertension 39 (59%) 135 (62%) 0.648
History of colitis 3 (4.5%) 17 (7.8%) 0.361
History of gastroesophageal reflux disease 20 (30%) 74 (34%) 0.566
Prior pelvic surgery* 21 (32%) 81 (37%) 0.414
History of prior bowel or abdominal surgery 11 (17%) 43 (20%) 0.569
Prior abdominal or pelvic radiation therapy 10 (15%) 20 (9.2%) 0.170
Charlson Comorbidity Index 1(0-2) 1(0-2) 0.848

The values are presented as n (%) or median (interquartile range).
*Prior pelvic surgery included radical retropubic prostatectomy and total abdominal hysterectomy.
COPD, chronic obstructive pulmonary disease.
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driven by cardiac output monitoring, than the FEDORA’
algorithm. This could explain the similarity of our results to
RELIEF and the dissimilarity with FEDORA. Moreover,
the RELIEF liberal arm had a fluid administration very
similar to our standard arm; in both our data and RELIEE,
there was no harm in the more liberal fluid administration;
this might suggest that the initial teaching of fluid restric-
tion in Enhanced Recovery After Surgery pathways might
not be beneficial."

Differences in postoperative ileus and perioperative out-
comes between studies may also be partly explained by

variations between studies in definitions, data capture, post-
operative enhanced recovery pathways, time of follow-up,and
patient comorbidities.'® For instance, the study by Wuethrich

et al.®®

never clearly defined what they considered postop-
erative ileus and had a relatively high 22% rate of “consti-
pation” (also not defined) in the control arm. The study by
Pillai et al.™* defined ileus by the subjective measures “absence
of bowel sound with a painful abdomen,” with no delinea-
tion of parameters regarding time to tolerance of oral intake,
radiographic results, or intervention (i.e., nasogastric tube

use), which may have led to an underestimated ileus rate. We

Anesthesiology 2020; 133:293-303
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had a highly comorbid population (table 1), with 70% of our
population having an American Society of Anesthesiologists
score of IIT to IV, the overall population having an age-ad-
justed Charlson Comorbidity Index 4 or higher, and few
medical restrictions to study entry (only active atrial fibril-
lation or body mass index of more than 45 kg/m? because
of the limitations of SV variation reading). Despite this, there
were no statistically significant differences in high-grade
complications (15% overall) or categories of complications
between treatment groups. There was a higher incidence of
transient acute kidney injury in the goal-directed fluid ther-
apy group (56% vs. 40%; multiple testing adjusted P = 0.170).
As in the recent goal-directed fluid therapy study reported
by Gémez-lzquierdo et al.,"”> we also showed a statistically
significant difference in intraoperative fluid administration,
but when comparing the total fluid administration during
the hospital stay, the difference disappears even more dra-
matically in our population, raising the question of whether
perioperative fluid administration is too small of a propor-
tion compared with the full hospital stay to make a consider-
able outcome difference. This would strengthen the theory
that the success in postoperative enhanced recovery path-
ways lies in multiple changes and not a solitary intervention.
A more in-depth analysis of the overall population regard-
less of treatment arm showed no association between any of the
preoperative comorbidities and the occurrence of postopera-
tive ileus (table 6).This would confirm that no prior condition
or surgery predisposes any patient to developing postoperative
ileus, and as such we cannot establish any early interventions
for high-risk patients based on preoperative comorbidities.
There are several limitations in this study. This is a
single-center trial with a very homogeneous population and
a single surgery; however, this actually reduces variability in
algorithm execution, allowing us to draw more precise con-
clusions regarding fluid administration and its effects. The
algorithm used intraoperatively was based on SV variation
minimization. More recent studies have used SV optimi-
zation even during the intraoperative phase; however, our
thought was that SV variation was easier to implement in
the operating room and that compliance to the execution
of the algorithm would be higher. Moreover, the prein-
duction optimization based on a passive leg raise and fluid
optimization might seem time-consuming, but considering
the average length of this procedure, we believe that the
additional time could be offset by performing the optimi-
zation during room set-up, decreasing the impact on overall
operating room utilization. Another limitation, if trying to
apply this technique to different abdominal surgeries, can be
the relatively long PACU stay, but we believe this technique
is better designed for more complex surgeries that require
longer postoperative observation to begin with. A third lim-
itation was that the control arm was designed with a fixed
algorithm, but we believed that creating an algorithm for the
standard arm would minimize the variability in fluid admin-
istration still found in different practitioners, allowing us to
draw more specific conclusions with a smaller population.

Anesthesiology 2020; 133:293-303

Finally, the two arms received different types of fluids; we
designed our protocol similarly to the one used by Ramsingh
et al.® and decided to maintain the volume expansion with
albumin 5% for both arms, one guided by cardiac output
monitoring and the other guided by blood loss. The study
by Pearse ef al. (commonly known as OPTIMISE trial) that
was published in 2014 used a similar approach.' The more
recent study by Kabon et al.?' looked specifically at the effect
of colloid versus crystalloid in a goal-directed fluid therapy
setting and found no difference in either complications or
toxicity, which confirms the safety of this approach.

In conclusion, we did not find that individualized
goal-directed fluid therapy had a benefit for radical cystec-
tomy patients; therefore, this method has not been adopted
as a standard of care at our institution. Fluid management
is now based on standard monitoring, with the adoption of
advanced hemodynamic monitoring in cases with excessive
blood loss or patients with multiple comorbidities.
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