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ABSTRACT

Background. Management of patients undergoing
cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy (CS/HIPEC) has historically favored liberal
fluid administration owing to lengthy duration of surgery
and hyperthermia. This practice has been challenged in
recent years with studies demonstrating improved out-
comes with restrictive fluid administration.

Methods. Patients who underwent CS/HIPEC between
March 2010 and September 2018 were included for anal-
ysis. Patients who received an above-median fluid rate
(high-IVF) versus below-median fluid rate (low-IVF) were
compared, and multivariate analyses were performed for
length of stay, 90-day unplanned readmissions, and major
complications.

Results. The 167 patients had a mean age of
56.7 £ 11.4 years and body mass index of 29.5 £+ 6.9 kg/
m?. The median rate of total intraoperative crystalloid and
colloid was 7.4 mL/kg/h. The low-IVF group had less
blood loss (183 vs. 330 mL, p = 0.002), were less likely to
need intraoperative vasopressor drip (2.4% vs. 11.9%,
p = 0.018), and experienced fewer cardiac complications
(2.4% vs. 10.7%, p = 0.031), pneumonias (0% vs. 6.0%,
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p = 0.024), and Clavien-Dindo grade 3-5 complications
(14.5% vs. 33.3%, p =0.004). Multivariate analyses
identified bowel resection (HR 4.65, p = 0.0008) as a risk
factor for 90-day unplanned readmission, while bowel
resection, intraoperative fluid rate, and estimated blood loss
were associated with increased length of stay.
Conclusion. Higher intraoperative fluid intake was asso-
ciated with multiple postoperative complications and
increased length of stay, and represents a potentially
avoidable risk factor for morbidity in CS/HIPEC.

BACKGROUND

Cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy (CS/HIPEC) is performed for primary peri-
toneal malignancies, as well as peritoneal metastases,
commonly from colorectal, appendiceal, ovarian cancers,
and neoplasms, and selectively for other malignancies.'™
Although these operations are now well accepted for select
patients, they can be associated with high morbidity and
mortality. Early results of patients undergoing CS/HIPEC
at our center showed a median length of stay of 12 days,
60-day morbidity rate of 40%, and mortality rate of 2.7%,°
while data from the National Surgical Quality Improve-
ment Program (NSQIP) found a mean hospital length of
stay of 13 days, 30-day readmission rate of 11.4%, and
30-day mortality rate of 2.3%.’

Despite gains that have resulted from refinements in
technique and increasing experience at high-volume cen-
ters, these operations continue to be associated with
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significant morbidity. Much of the risk associated with CS/
HIPEC is due to patient disease and cancer biology, which
can dictate the extent of surgery and course of postopera-
tive recovery. However, controllable factors such as fluid
administration can play a role by causing tissue edema in
the proinflammatory postoperative state, and result in end-
organ dysfunction.® Hemodynamic changes during CS/
HIPEC can be expected as prominent fluid shifts occur as a
result of resuscitation, especially during HIPEC.’™'?
In vivo measurements have shown transient decrease in
hepatic blood ﬂow,I3 increase in cardiac index, and
decrease in stroke volume variation during HIPEC.”'?

The optimal strategy for intraoperative fluid manage-
ment is a topic of substantial debate. An international
survey of high-volume CS/HIPEC surgeons found that the
most common measure for adequacy of intraoperative fluid
optimization was urine output (95%), followed by blood
pressure and heart rate (86%), while only 32% used Flo-
Trac or Vigileo monitoring.'* In addition to affecting
hemodynamic parameters, HIPEC has the potential to
cause renal injury through intravascular depletion, as well
as direct nephrotoxicity due to platinum agents.® Practice
patterns vary greatly, with some guidelines recommending
intravenous fluid (IVF) rates of 9-12 mL/kg/h and titrating
to urine output of 1 mL/kg/h intraoperatively and postop-
eratively.® Single-institution data from multiple centers
have shown a tendency towards liberal fluid administra-
tion, with mean intraoperative fluid rates ranging from 12.3
to 15.7 mL/kg/h in standard practice.”'*"?

The benefits of restrictive administration of intravenous
fluid (IVF) have been demonstrated with use of both
restrictive fluid protocols and goal-directed fluid therapy
(GDFT). Restrictive protocols typically define a lower
starting fluid rate than standard management, with adjust-
ments per normal practice. GDFT aims to optimize
hemodynamic management based on dynamic feedback
throughout surgery. Meta-analyses of randomized trials in
noncardiac surgery have found that GDFT compared with
standard care was associated with fewer postoperative
complications, including abdominal complications, wound
infections, and hypotension, with no impact on length of
stay or mortality.'® A Cochrane review of randomized
trials showed no significant difference in outcomes
between GDFT versus restrictive fluid protocols.'” The
only randomized trial evaluating intraoperative fluid
administration in CS/HIPEC found that GDFT resulted in
decreased rate of major abdominal complications and
length of stay compared with standard management.'?

In this study, we evaluated the intraoperative IVF
management at our institution to identify predictors of
receipt of higher fluid rate and evaluate the impact on
postoperative morbidity.

METHODS
CS/HIPEC Patients

This study was a retrospective analysis completed at a
National Cancer Institute designated comprehensive cancer
center with approval from the Institutional Review Board.

All sequential patients who underwent CS/HIPEC
between March 2010 and September 2018 were included
for analysis. The CS/HIPEC program was established in
2003 at our institution, and all patients included in this
study are thought to be beyond the learning curve. Surg-
eries were performed by three high-volume CS/HIPEC
surgeons. Patients who underwent multiple CS/HIPEC
were allowed, and each surgery and respective postopera-
tive course was included separately.

Patient management and decision to offer CS/HIPEC
was determined by each surgeon, with input from medical
and radiation oncologists, and consensus at multidisci-
plinary tumor board. General criteria for CS/HIPEC
included disease limited to the abdomen without
hematogenous metastases, Eastern Cooperative Oncology
Group (ECOG) Performance Status'® Grade < 2, and
ability to tolerate extensive surgery. Preoperative systemic
therapy and duration and restaging studies were performed
according to the standard of care at the time of treatment.

Intraoperative Management

No specific intraoperative fluid protocol was in place
during the time period of the study. Management of
intraoperative volume status and goals for resuscitation,
including choice of crystalloid, colloid, vasopressors, and
blood products, were determined by discussion between the
anesthesiologist and surgeon for each case. In our practice,
patients typically receive a small bolus at induction, and
the fluid rate is adjusted to achieve hemodynamic param-
eters within 20% of baseline. Urine output goal is 1 mL/kg/
h during hyperthermic perfusion and 0.5 mL/kg/h during
other portions of the operation. Almost all patients had an
arterial line placed to enable hemodynamic monitoring,
including use of the FloTrac sensor (Edwards Lifesciences,
Irvine, CA). Central venous lines were uncommonly used
and placed on a case-by-case basis.

Most patients underwent preoperative epidural place-
ment, with intraoperative use at the discretion of the
anesthesiologist. Postoperative management was at the
discretion of each operating surgeon but with similar
principles, which was formalized in a clinical pathway
(CPW) to streamline postoperative care at our institution in
June 2016 (Fig. 1). In general, postoperative fluids were
administered with a goal urine output of 0.5 mL/kg/h, and
the IVF rate was adjusted accordingly. Nasogastric tubes
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Phase Preoperative Acute postoperative period Gastrointestinal recovery Cinical stabilization Discharge
POD 1 2-3 4-7 8+
Level of Care Step-down unit | Regular nursing floor Home
Epidural placement .
Acetaminophen Epidural PO acetaminophen
Pain Control K P N Ibuprofen
Gabapentin IV acetaminophen Tramadol PRN
Celecoxib
. CLD after MN . q
Diet NPO 2 hrs preop NPO Clears BRAT or soft diet Regular diet
IV Fluid D5+ NS+K Heplock
V Fluids R@ 9= Decrease rate based on UOP Diuresis PRN
L DC epidural
. DC arterial |
Tubes/Drains arteniat fine DC NGT after ROBF DC Foley
and CVC N
DC drain
CBC .. Lo
Labs No labs unless clinically indicated CBC on POD 7
BMP
Ambulation and out of bed
Activity Incentive spirometry Home PT PRN
PT/OT evaluation
Dietician consult and education
. . Drain, tube feeding teaching PRN .
Nursing/Ancillary 1t . e HE Visiting nurse PRN
Stoma teaching PRN
Social work and case management for disposition planning
Enoxaparin 40 mg daily and teaching for home .
VTE Prophylaxis | SQH 5000 Units S B ey e & Enoxaparin x 4 weeks
equential compression devices
FIG. 1 Postoperative clinical pathway for CS/HIPEC patients. Three maintenance rate, NS normal saline, UOP urine output, DC

postoperative phases of recovery with specific components for each
phase. POD postoperative day, PRN pre re nata (as needed), CLD
clear liquid diet, MN midnight, NPO nil per os, BRAT bananas, rice,
applesauce, toast, IV intravenous, LR lactated Ringer’s, MR

(NGT) were maintained until return of bowel function. Diet
and oral pain medications were started after NGT removal,
epidural was removed after tolerance of oral pain medi-
cations, and Foley was maintained while epidural was in
place due to potential for urinary retention.

Data Acquisition

Data were obtained from an institutional CS/HIPEC
database, including patient demographics, oncologic and
surgical history, operative details, pathology, and postop-
erative course. The indication for surgery was defined as
primary resection if no prior surgery had been performed,
residual disease if prior surgery was performed but com-
plete cytoreduction was not achieved, recurrence if there
had been a disease-free interval after the initial episode of
treatment, palliative if extent of disease was not anticipated
to be resectable to a completeness of cytoreduction (CC)
score of 0 or 1, and neoadjuvant for those undergoing

discontinue, CVC central venous catheter, NGT nasogastric tube,
ROBF return of bowel function, PT/OT physical/occupational
therapy, VTE venous thromboembolism, SOQH subcutaneous heparin

HIPEC without cytoreduction with goal of clearing peri-
toneal disease prior to resection of the primary cancer.

Data regarding intraoperative management, including
intake and output, and vasopressor use were collected from
the anesthesia record. Postoperative complications were
tabulated based on review of provider documentation and
primary sources within the medical record including lab-
oratory and imaging results, and graded according to the
Clavien-Dindo classification."’

Statistical Analysis

Total fluid rate was calculated for all patients,
accounting for intraoperative crystalloid and colloid
received, normalized to units of mL/kg/h. Patients who
received an above-median fluid rate (high IVF) were
compared with patients who received a below-median fluid
rate (low IVF). Baseline and operative characteristics and
postoperative outcomes were compared using the Mann—
Whitney U and Fisher’s exact tests. Multivariable logistic
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regression models were created for clinical outcomes of
Clavien-Dindo grade 3-5 complications and 90-day
unplanned readmission, and linear regression for length of
stay. The variables included in the multivariate models
were significantly associated with one or more outcomes of
interest on univariate analyses. The most clinically relevant
variable was included when collinear variables were sig-
nificant. The variables identified for inclusion were age,
sex, body mass index (BMI), laparoscopic-assisted versus
open approach, estimated blood loss (per 100 mL), small or
large bowel resection, and total intraoperative intake rate
(crystalloid, colloid, and blood products, per 5 mL/kg/h).
All model assumptions were verified graphically. Multi-
variable models were also created for the open surgery
subgroup. All tests were two-sided and performed at a
significance level of 0.05 using SAS version 9.4 (SAS
Institute, Cary, NC).

RESULTS
Baseline Characteristics

A total of 167 patients were identified for inclusion. The
median intraoperative fluid rate, including crystalloid and
colloid, was 7.4 mL/kg/h. The low-IVF group included 83
patients who received less than 7.4 mL/kg/h, while the
high-IVF group included 84 patients who received more
than this rate. Fluid rate trend over time is shown in Fig. 2.

Demographic and preoperative characteristics are
detailed in Table 1. The low-IVF group was slightly

FIG. 2 Total fluid rate

younger in age, more likely male, higher BMI, and less
likely to be undergoing initial resection. In both groups, the
most common primary site of pathology was the appendix,
most common histology was adenocarcinoma, and most
common peritoneal pathology was peritoneal mucinous
carcinomatosis (PMCA).

Operative Data

Operative details including intake and output are
reported in Table 2. The low-IVF group was more likely to
have undergone laparoscopic-assisted HIPEC (13.3% vs.
0%, p < 0.001), more likely to have a CC score of 0 (91.6%
vs. 64.3%, p < 0.001), and less likely to have undergone
diaphragmatic stripping or splenectomy. Almost all
patients received intraperitoneal mitomycin C (100% vs.
96.4%, p = 0.082).

The mean total intraoperative intake rate including
crystalloid, colloid, and blood products was 5.3 &= 1.3 mL/
kg/h in the low-IVF group and 11.1 £ 3.1 mL/kg/h in the
high-IVF group (p < 0.001). The low-IVF group received
less crystalloid and colloid, and was less likely to need red
blood cell transfusion (0% vs. 14.3%, p < 0.001) or
vasopressor drip (2.4% vs. 11.9%, p = 0.018). The low-
IVF group had lower mean urine output (0.7 £ 0.4 vs.
1.1 £ 0.8 mL/kg/h, p < 0.001) and estimated blood loss
(183 £ 148 vs. 330 + 379 mL, p = 0.002).

Fluid Rate Over Time
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TABLE 1 Demographics and Total Low-IVF High-IVF p-Value
preoperative characteristics n= 167 N =83 n= 84
Age at surgery (years) 56.7 (11.4) 53.3 (11.8) 60.0 (10.0) < 0.001
Sex 0.001
Male 76 (45.5) 48 (57.8) 28 (33.3)
Female 91 (54.5) 35 (42.2) 56 (66.7)
Body mass index (kg/m?) 29.5 (6.9) 32.7 (7.0) 26.4 (5.0) < 0.001
Albumin (g/dL) 4.2 (0.5) 4.3 (0.4) 4.1 (0.5) 0.024
Primary site 0.006
Colon/rectum 36 (43.4) 18 (21.4) 54 (32.3)
Appendix 36 (43.4) 50 (59.5) 86 (51.5)
Ovarian 1(1.2) 8 (9.5) 9 (5.4)
Primary peritoneal 4 (4.8) 6 (7.1) 10 (6.0)
Stomach 4 (4.8) 1(1.2) 5(3.0)
Other 224 1(1.2) 3 (1.8)
Histology 0.306
Adenocarcinoma 54 (65.1) 41 (48.8) 95 (56.9)
Mucinous neoplasm 16 (19.3) 22 (26.2) 38 (22.8)
Goblet cell carcinoma 6 (7.2) 6 (7.1) 12 (7.2)
Mesothelioma 4 (4.8) 5 (6.0) 9(5.4)
Serous carcinoma (ovarian) 1(1.2) 5 (6.0) 6 (3.6)
Clear cell (ovarian) 0 1(1.2) 1 (0.6)
Unknown/other 2(2.4) 4 (4.8) 6 (3.6)
Peritoneal pathology 0.689
PMCA 100 (59.9) 53 (63.9) 47 (56.0)
DPAM 45 (26.9) 19 (22.9) 26 (31.0)
Mesothelioma 9(54) 4 (4.8) 5 (6.0)
Goblet cell carcinoma 8 (4.8) 5 (6.0) 3 (3.6)
Other 5 (3.0 2(2.4) 3 (3.6)
Indication 0.011
Primary resection 59 (35.3) 20 (24.1) 39 (46.4)
Residual disease 52 (31.1) 34 (41.0) 18 (21.4)
Peritoneal recurrence 52 (31.1) 26 (31.3) 26 (31.0)
Palliative 2 (1.2) 1(1.2) 1(1.2)
Neoadjuvant 2 (1.2) 2(2.4) 0
Prior therapy
Chemotherapy 89 (53.3) 41 (49.4) 48 (57.1) 0.316
Radiation 3 (1.8) 3 (3.6) 0 0.079
Resection or debulking 114 (68.3) 63 (75.9) 51 (60.7) 0.035
HIPEC 10 (6.0) 4 (4.8) 6 (7.1) 0.527

Postoperative Outcomes

Univariate comparisons of the postoperative outcomes
for the low-IVF and high-IVF groups are detailed in
Table 3. Removal of NGT and timing of diet advancement

Reported as mean (standard deviation) or number (%).

PMCA peritoneal mucinous carcinomatosis, DPAM disseminated peritoneal adenomucinosis, HIPEC
heated intraperitoneal chemoperfusion. Statistically significant results in bold.

was similar in the two groups. Foley catheter was removed
earlier in the low-IVF group (6.2 vs. 8.0 days, p < 0.001).

The rate of 90-day complications of all grades was
similar in the low-IVF and high-IVF groups (49.4% vs.
61.9%, p = 0.104). The rate of Clavien—Dindo grade 3-5
complications was lower in the low-IVF group (14.5% vs.
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TABLE 2 Operative details

Total Low-IVF High-IVF p-Value
n=167 n=283 n=_84
Surgical approach < 0.001
Open 156 (93.4) 72 (86.7) 84 (100.0)
Laparoscopic-assisted 11 (6.6) 11 (13.3) 0
Chemotherapy perfused 0.082
Mitomycin 164 (98.2) 83 (100.0) 81 (96.4)
Carboplatin 3 (1.8) 0 3 (3.6)
Complete cytoreduction (CC-0) 130 (77.8) 76 (91.6) 54 (64.3) < 0.001
Surgery performed
Colorectal resection 85 (50.9) 43 (51.8) 42 (50.0) 0.815
Small bowel resection 28 (16.8) 15 (18.1) 13 (15.5) 0.653
Diaphragm stripping 60 (35.9) 22 (26.5) 38 (45.2) 0.012
Peritoneal stripping 77 (46.1) 33 (39.8) 44 (52.4) 0.102
Splenectomy 25 (15.0) 7 (8.4) 18 (21.4) 0.019
Partial gastrectomy 10 (6.0) 4 (4.8) 6 (7.1) 0.527
Partial hepatectomy 13 (7.8) 9 (10.8) 4 (4.8) 0.142
Stoma 23 (13.8) 10 (12.0) 13 (15.5) 0.520
Intake
Crystalloid (L) 5.0 (2.1) 39 (1.4 6.0 (2.2) < 0.001
Crystalloid (mL/kg/h) 7.5 (3.4) 49 (1.3) 10.0 (3.0) < 0.001
Colloid (L) 0.46 (0.51) 0.38 (0.53) 0.54 (0.49) 0.018
Crystalloid + colloid (mL/kg/h) 8.1 (3.6) 5.3 (1.3) 10.9 (3.0) < 0.001
RBC transfusion 12 (7.2) 0 12 (14.3) < 0.001
Total intake (mL/kg/h) 8.2 (3.7) 5.3 (1.3) 11.1 3.1) < 0.001
Any intraoperative pressor 131 (78.4) 61 (73.5) 70 (83.3) 0.122
Intraoperative pressor drip 12 (7.2) 2124 10 (11.9) 0.018
Output
Urine output (mL/kg/h) 0.9 (0.6) 0.7 (0.4) 1.1 (0.8) < 0.001
Estimated blood loss (mL) 257 (297) 183 (148) 330 (379) 0.002
Duration of surgery (min) 506 (146) 502 (148) 511 (145) 0.770
Date of surgery 0.217
First half 83 (49.7) 37 (44.6) 46 (54.8)
Second half 84 (50.3) 46 (55.4) 38 (45.2)

Reported as mean (standard deviation) or number (%).

RBC red blood cell, CC completeness of cytoreduction. Statistically significant results in bold.

33.3%, p = 0.004). The low-IVF group had significantly
fewer cardiac complications (myocardial infarction and
new arrhythmia), less postoperative hypotension, fewer
pneumonias, and fewer organ space surgical site infections.
There were no statistically significant differences in acute
renal failure, urinary tract infection, pleural effusion
requiring intervention, anastomotic leak, ileus or small
bowel obstruction, deep vein thrombosis, or pulmonary
embolism.

There were nonsignificant trends favoring the low-IVF
group in the rates of reoperation (6.0% vs. 11.9%,
p = 0.184) and unplanned readmission (18.1% vs. 29.8%,
p = 0.092) within 90 days of surgery. Hospital length of

stay was shorter in the low-IVF group (9.6 vs. 12.1 days,
p = 0.007).

Multivariable Models

Multivariate logistic regression models were created for
90-day readmission and 90-day major complications
(Clavien—Dindo grade 3-5), and linear regression model
was created for length of stay (Table 4).

Increased intraoperative fluid rate was significantly
associated with increased length of stay (p = 0.029, esti-
mate +1.52 days per 5 mL/kg/h increase in fluid rate, 95%
CI 0.15-2.89), and association with unplanned readmission
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TABLE 3 Postoperative Total Low-IVF High-IVF p-Value
outcomes n=167 n=2383 n=284
Length of stay (days)
ICU 0.6 (1.8) 0.5 (1.9) 0.8 (1.6) 0.162
Monitored step-down 1.5 (2.0 1.3 (1.5) 1.7 (2.3) 0.225
Overall 10.8 (5.7) 9.6 (4.2) 12.1 (6.6) < 0.001
Epidural 143 (85.6) 65 (78.3) 78 (92.9) 0.007
Diet (POD)
Clear liquid diet 6.5 (2.5) 6.2 (24) 6.8 (2.5) 0.250
Solid diet 8.0 (3.0) 7.6 (2.9) 8.3 (3.0) 0.161
POD of removal
Foley 7.1 (3.6) 6.2 (3.0 8.0 (3.9) < 0.001
Nasogastric tube 5.7 (2.6) 5.3 (2.7) 6.0 (2.5) 0.072
90-day postoperative complications
Any complication 93 (55.7) 41 (49.4) 52 (61.9) 0.104
Clavien-Dindo grade 3-5 40 (24.0) 12 (14.5) 28 (33.3) 0.004
Myocardial infarction or arrhythmia 11 (6.6) 2 (2.4) 9 (10.7) 0.031
Postoperative hypotension® 62 (37.1) 19 (22.9) 43 (51.2) < 0.001
Pneumonia 5 3.0 0 5 (6.0) 0.024
Reintubation 5 (3.0 1(1.2) 4 (4.8) 0.177
Pleural effusion” 10 (6.0) 4 (4.8) 6 (7.1) 0.527
Anastomotic leak® 13/120 (10.8) 4/59 (6.8) 9/61 (14.8) 0.160
Tleus or obstruction 32 (19.2) 14 (16.9) 18 (21.4) 0.454
Total parenteral nutrition 28 (16.8) 11 (13.3) 17 (20.2) 0.227
Acute renal failure® 30 (18.0) 15 (18.1) 15 (17.9) 0.971
Surgical site infection 0.038
None 125 (74.9) 65 (78.3) 60 (71.4)
Superficial incisional 25 (15.0) 15 (18.1) 10 (11.9)
Deep incisional 1 (0.6) 0 1(1.2)
Organ space 16 (9.6) 3 (3.6) 13 (15.5)
Urinary tract infection 6 (3.6) 3 (3.6) 3 (3.6) 0.988
Pulmonary embolism 4(2.4) 2124 224 0.990
Deep vein thrombosis 3(1.8) 1(1.2) 2(2.4) 0.567
Reoperation 15 (9.0) 5 (6.0) 10 (11.9) 0.184
Unplanned readmission 40 (24.0) 15 (18.1) 25 (29.8) 0.092
Mortality 1 (0.6) 0 1(1.2) 0.319

Reported as mean (standard deviation) or number (%)

ICU intensive care unit, POD postoperative day. Statistically significant results in bold

“Systolic blood pressure less than 90 mmHg or use of a vasopressor

PRadiographic evidence plus upgrade in level of care or requiring intervention

“Percentage calculated for patients with anastomoses or partial enteric resection

dCreatinine rise by 0.3 mg/dL within 48 h, any creatinine value more than 1.5 times baseline, or urine
output less than 0.5 cc/kg/h for at least 6 h

and major complications just missed significance (OR 1.86,
p = 0.060, and OR 1.78, p = 0.072, respectively). Bowel
resection was independently associated with increased risk
of unplanned readmission and increased length of stay. The
only independent predictor of major complication was
higher estimated blood loss during surgery. Laparoscopic-

assisted approach was associated with a shorter length of

stay but higher rate of readmission.
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TABLE 4 Multivariable
analyses

Outcome Odds ratio/ estimate 95% CI p-Value
Unplanned readmission®
Age® 0.93 0.66, 1.32 0.696
Sex (ref: male) 1.13 0.51, 2.48 0.763
Body mass index® 1.00 0.94, 1.07 0.986
Laparoscopic-assisted (ref: open) 4.85 1.09, 21.49 0.038
Estimated blood loss® 1.08 0.96, 1.21 0.226
Bowel resection (ref: no) 4.65 1.89, 11.48 0.0008
Total intraoperative fluid rate® 1.86 0.97, 3.53 0.060
Major complication™"
Age” 1.11 0.78, 1.60 0.555
Sex (ref: male) 1.11 0.50, 2.48 0.802
Body mass index® 0.99 0.92, 1.05 0.654
Laparoscopic-assisted (ref: open) 0.77 0.09, 6.88 0.811
Estimated blood loss® 1.17 1.01, 1.34 0.035
Bowel resection (ref: no) 2.34 1.00, 5.49 0.051
Total intraoperative fluid rate® 1.78 0.95, 3.35 0.072
Length of stay®
Age” 0.15 —0.59, 0.89 0.694
Sex (ref: male) 0.19 —1.48, 1.87 0.819
Body mass index® —0.02 —0.15, 0.11 0.758
Laparoscopic-assisted (ref: open) -3.39 -6.77, 0.00 0.050
Estimated blood loss® 0.37 0.08, 0.66 0.012
Bowel resection (ref: no) 1.75 0.09, 3.40 0.039
Total intraoperative fluid rate® 1.52 0.15, 2.89 0.029

CI, confidence interval. Statistically significant results in bold.

“Unplanned readmission and major complications at 90 days.

"OR reported per 10-year increase in age.

“OR reported per 1 kg/m2 increase in BMI.
4OR reported per 100 mL increase in EBL.

“Sum of crystalloid, colloid, and blood products, divided by weight and duration of surgery (mL/kg/h). OR
estimate reported per 5 mL/kg/h increase in fluid intake rate.

"Major complication defined as Clavien—Dindo grade 3-5.

€Length of stay evaluated as continuous variable. Estimates reported reflect expected change in LOS by
days (increased LOS if estimate is negative, decreased LOS if estimate is positive).

Open Surgery Subgroup

Multivariable logistic regression and linear regression
models were created for the same explanatory variables,
including only the 156 patients who underwent open
surgeries.

For 90-day unplanned readmission, only bowel resection
was significantly associated (OR 5.53, 95% CI 2.05-14.92,
p = 0.0007), while fluid rate had marginal significance (OR
1.82 per 5 mL/kg/h increase, CI 0.94-3.52, p = 0.075). For
major complications, only EBL was significantly associ-
ated (OR 1.16 per 100 mL increase, CI 1.01-1.34,
p = 0.034), while fluid rate was again marginal (OR 1.74,
CI 0.93-3.25, p =0.086). For length of stay, EBL

(p = 0.016, estimate 4+0.37 days per 100 mL increase in
EBL, CI 0.07-0.67) and fluid rate (p = 0.033, estimate
+1.54 days in LOS per 5 mL/kg/h increase in fluid rate, CI
0.12-2.97) were significantly associated.

DISCUSSION

Our current analysis of a large cohort of patients at an
experienced CS/HIPEC center demonstrates that patients
who received less IVF intraoperatively, at rates signifi-
cantly lower than previously reported in similar patients,
had fewer major complications, cardiac complications,
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pneumonias, and organ space surgical site infections.
Lower IVF rate was independently associated with shorter
length of stay in multivariable models.

Many risk factors for complications in CS/HIPEC are
determined by disease biology and patient factors rather
than clinical decisions. Patient age, sex, BMI, preoperative
nutritional status, and medical comorbidities can be diffi-
cult or impossible to optimize. Extent of surgery can be
altered by preoperative chemotherapy, but is often prede-
termined by cancer biology. Fluid administration is one of
the few areas where active intent can be applied to change
the complication profile of CS/HIPEC.

The overall outcomes reported in this study compare
favorably with other high-volume centers. Outcomes at 90
days in this cohort showed one mortality (0.6%), 9.0%
reoperation rate, and median length of stay of 9 days. By
comparison, 30-day outcomes in a NSQIP analysis repor-
ted mortality rate of 1.1%, reoperation rate of 6.8% and
median length of stay of 8 days,”” although these numbers
likely underestimate the risk as that publication included
patients who underwent cytoreduction with or without
HIPEC.

Only a handful of studies have examined the impact of
intraoperative IVF on outcomes in CS/HIPEC, and all have
found increasing fluid rate to be a risk factor for compli-
cations. The only randomized trial examining this issue
included 80 patients and compared goal-directed fluid
therapy (GDFT) with standard care'”. GDFT resulted in
lower rates of major abdominal, cardiac, hepatic, and all
complications, and shorter hospital length of stay (19 vs. 29
days, p < 0.0001). The mean total volume rate in the GDFT
group was 8.54 mL/kg/h compared with 12.30 mL/kg/h in
the control group (p < 0.0001). Notably, the fluid rate in
the GDFT group in this randomized trial is higher than the
median rate in our current study.

Comparison of our patients with other retrospective
series from high-volume centers shows that our patients
consistently received less fluid than restrictive or low-IVF
groups from other centers. Given the favorable outcome
demonstrated in this study, adopting an even more
restrictive strategy than previously reported may represent
an opportunity to further improve outcomes. In our
patients, the mean total intraoperative fluid and product
rate was 8.2 mL/kg/h, and blood transfusion was required
in only 7.2%.

An analysis of 133 patients treated at the City of Hope
National Medical Center showed a mean rate of 15.7 mL/
kg/h and blood transfusion in 59.4%.'> Operative times and
extent of organ resection were comparable at the two
centers, but the key differences were blood loss (932 mL at
City of Hope vs. 257 mL at Roswell) and perfusion with
platinum-based agents (27.8% vs. 1.8%). Although
chemotherapy agent was not significant on univariate

analysis in either study, it may have impacted anesthetic
management owing to anticipated nephrotoxicity associ-
ated with platinum-based agents. The rate of Clavien—
Dindo grade 3-5 complications in the overall cohort was
31.6% at City of Hope, which is consistent with 33.3% in
our high-IVF group, but substantially higher than 14.5% in
our low-IVF group. On multivariate analysis, Eng et al.
found that older age, higher fluid rate, and increased blood
loss were associated with increased comprehensive com-
plication index.

Another retrospective analysis of 169 patients from the
University of Massachusetts examined outcomes after
introduction of a restrictive intraoperative fluid protocol.”!
Normalized fluid rates were not reported, but mean crys-
talloid received was 4.4 L in the restrictive group and 8.0 L
in a historical group treated with a permissive strategy,
with 89.9% receiving mitomycin C. The volume received
by the restrictive protocol group in that study is slightly
higher than the low-IVF group in our study (3.9 L). Mul-
tivariate logistic regression showed decreased risk of
Clavien—-Dindo grade 3-5 complications in the restrictive
protocol arm. The addition of our current analysis to the
results reported previously suggests that an ultra-restrictive
fluid protocol in CS/HIPEC is safe and may be superior.

Additional evidence for detrimental effects of IVF
comes from a multi-institutional study looking at risk
factors for readmission amongst 2,017 HIPEC cases. The
30-day readmission rate was 15.9% overall, and the group
of patients without readmission had lower total intraoper-
ative IVF intake (6.5 vs. 7.2 L, p < 0.01).*

Our results show that intraoperative factors associated
with high IVF use included diaphragmatic stripping and
splenectomy, which may reflect the extent of disease. Since
most patients had colorectal and appendiceal cancers, this
finding likely represents patients with higher peritoneal
cancer index (PCI) with disease extending to the upper
abdomen.

There are multiple factors that may prompt an increas-
ing IVF rate, such as length of surgery, extent of resection,
and blood loss. In this study, these factors were accounted
for to the best of our ability by multivariable and linear
regression models. The duration of surgery was normalized
by using the rate rather than volume of fluid received. The
estimated blood loss and extent of surgery including gas-
trointestinal resections were included in the multivariate
model, and other factors associated with differences in fluid
administration were considered for the models. Baseline
characteristics such as age, sex, and BMI were included in
the regression models to compensate for unconscious
decisions and to adjust for baseline differences between
groups, but were not found to be significant predictors of
complications. The high-IVF group was more likely to be
undergoing primary resection, which may reflect greater
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disease burden as these patients would have been referred
for CS/HIPEC prior to surgical exploration and may have
had more extensive disease by imaging. Adjustments for
these differences were made by use of regression models.

In the multivariate models, increased total intraoperative
intake rate was independently associated with increased
hospital length of stay, with near significance for associa-
tion with 90-day readmission rate and major complications.
The finding of higher readmission rate in the laparoscopic
group was likely due to a small sample size of 11 patients,
and two patients with planned readmission for second-look
laparoscopy for repeat HIPEC in the neoadjuvant setting.
Subgroup analysis in the open surgery group demonstrated
similar risk factors to be independently associated with the
three outcomes of interest.

Several limitations to our study should be noted. PCI
scores were missing for the majority of patients and,
therefore, were not included in the analysis; however, CC
scores and extent of resections were included as surrogates
for extent of disease. Data regarding FloTrac parameters
and fluid adjustments were not captured and were unable to
be correlated with the results of this study. Additionally,
this series represents a single institution experience at an
established program, and the outcomes reflect institutional
anesthesia and surgery practices. The outcomes of restric-
tive fluid administration during the learning curve or at
other institutions may be different. There are limitations to
retrospective analysis in the absence of a strictly defined
fluid protocol, and although potential confounders were
explored and significant variables were adjusted for, it is
possible that there is a factor that was not accounted for in
the regression models. Postoperative care may also have
had an impact on outcomes, although all patients were
managed similarly according to institutional practice.
Lastly, due to the heterogeneity of the patient population,
survival analyses were not feasible.

Our experience demonstrates that a restrictive fluid rate,
even lower than previously reported, is safe and may be
superior to liberal fluid administration. Since we primarily
used mitomycin C, the safety of this approach for patients
who receive platinum-based chemotherapy is not clear. The
relative rarity of CS/HIPEC procedures, and heterogeneity
of surgery for each patient, makes it challenging to provide
optimized care, but restrictive or goal-directed fluid man-
agement intraoperatively has been consistently shown to be
beneficial.

CONCLUSION

The historical paradigm of liberal fluid administration
during CS/HIPEC may be unnecessary and is potentially
harmful. The outcomes in this study show that restrictive
fluid use is associated with a reduction in length of stay and
major postoperative complications.
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