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Background: Determine the effect of intraoperative fluids (IOFs) administered during cytoreductive 
surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) on postoperative patient outcomes.
Methods: Retrospective cohort study of patients that underwent CRS/HIPEC from February 2010 to 
June 2017. 
Results: A total of 335 patients formed the cohort study. Patients who received higher IOFs had longer 
hospital length of stay (LOS) (34 vs. 22.5 days; P<0.001), extended intensive care unit (ICU) admission (5.3 
vs. 3.2 days; P<0.001) and a 12% increase in grade 3/4 complications (P<0.001). Greater amounts of blood 
product transfusion were associated with longer hospital LOS (33.7 vs. 23 days; P<0.001), and ICU admission 
(5 vs. 3.4 days; P<0.001) and 12% increase in grade 3/4 complications (P<0.001). When corrected for weight 
and peritoneal cancer index (PCI), increased transfusion of blood products still resulted in longer hospital 
LOS (31.2 vs. 25.2 days; P=0.04) and longer ICU admission (4.7 vs. 3.6 days; P=0.03). On multivariable 
analysis, less blood product transfusions demonstrated a decreased LOS in hospital by 4.8 days (P=0.01) and 
fewer grade 3/4 complications (OR 0.59; 95% CI, 0.35–0.99; P=0.05).
Conclusions: Greater IOF administration is associated with an increase in postoperative morbidity, 
including hospital LOS, ICU admission and grade 3/4 complications, in patients undergoing CRS/HIPEC.
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Introduction

Cytoreduct ive  surgery (CRS) with hyperthermic 
intraperitoneal chemotherapy (HIPEC) is an established 
treatment for patients with metastatic cancer that has 
spread to the peritoneum. The procedure involves 
removing all macroscopically visible tumour, which often 
necessitates the need for resection of multiple organs. This 
is then followed by administration of chemotherapy into 
the abdominal cavity at 42 ℃ for up to 90 minutes (1). Due 
to the extensive nature of this procedure, morbidity can be 
as high as 50% (2). 

Strategies and outcomes of intraoperative fluid (IOF) 
administration have been widely studied in various 
surgical specialties. Determining the effect of liberal, 
restrictive or goal directed therapy on patient outcomes 
has been the focus. Inadequate fluid resuscitation during 
surgery can expose patients to tissue hypoperfusion and 
subsequent organ damage. On the other hand, excessive 
fluid administration can have adverse effects on cardiac 
and lung function, lead to tissue oedema resulting in 
organ dysfunction, as well as impair wound healing and 
coagulation (3). The most recent randomized control trials 
in major abdominal surgery have demonstrated decreased 
perioperative morbidity in patients that receive restrictive 
fluid regimens (4-7). 

IOF management in CRS/HIPEC has been less studied 
compared to other major abdominal surgery. Limited 
data exists on the effect that various types of fluids have 
on postoperative patient outcome. Appropriate practices 
regarding fluid administration are yet to be defined. Thus, 
our unit aimed to investigate the association between 
different IOF administration practices and whether or 
not these influenced postoperative outcomes in patients 
undergoing CRS/HIPEC. 

Methods

Patient selection

Patients who underwent CRS/HIPEC from February 2010 
to June 2017 at St George Hospital (Sydney, Australia) 
were identified. Data was collected from a database at the 
Peritonectomy Unit of St George Hospital. Patients were 
thoroughly staged preoperatively by contrast-enhanced 
computer tomography (CT) of chest, abdomen and pelvis, 
fluorodeoxyglucose positron emission tomography (PET), 
and either CT portography or gadoxetate disodium-
enhanced (PrimovistTM) magnetic resonance imaging 

(MRI). All patients were discussed at a multidisciplinary 
team meeting prior to surgery, which included radiologists, 
surgeons, medical oncologists, as well as allied health staff 
to determine suitability for treatment. All patients received 
three sachets of sodium picosulfate (PicoPrep®) for bowel 
preparation on the day prior to surgery. 

F lu id  adminis trat ion data  was  retrospect ive ly 
collected from anaesthetic charts. Those with missing or 
incomplete anaesthetic charts were excluded. There was 
no standardized approach to IOF administration among 
anaesthetists, however, consultant anaesthetists adhered 
to established practices of fluid resuscitation. Standard 
monitoring was implemented by anaesthetists across all 
cases including the use of central venous catheter (CVC), 
arterial lines and indwelling catheters (IDC). Coagulation 
status was regularly checked using both formal laboratory 
assessment and Thromboelastography (ROTEM/TEG). 
No continuous cardiac output monitoring was used at the 
time of the study. No patients received epidurals due to 
concerns regarding coagulopathy.

Because this was regarded as service development by the 
local research and development committee, formal ethical 
approval for this retrospective analysis was not required.

 

Data collection

Preoperative data collected included age, sex, weight, 
albumin and American Society of Anaesthesiologists (ASA) 
physical status score. Intraoperative variables collected 
included volume of crystalloid, 4% albumin, packed 
red blood cells (PRBCs), fresh frozen plasma (FFP) and 
cryoprecipitate administered. Operative time, tumour type 
and tumour volume as depicted by the peritoneal cancer 
index (PCI) were also recorded. PCI is a score from 0 to 
39 to determine the extent of disease within 13 regions of 
the peritoneal cavity. A score of 0 to 3 is allocated to each 
region based on the size and confluence of the tumour (8).  
IOF administration was converted to millilitres per 
kilogram per hour (mL/kg/h) to account for variations in 
patient weight and operative time. For certain analyses, 
fluid administration rates were corrected for PCI to account 
for variation in fluid administration with increasing disease 
volume. Patients were divided into high and low transfusion 
groups for each fluid type according to the median. 

Postoperative data collected included length of intensive 
care unit (ICU) admission, total hospital length of stay 
(LOS) and patient morbidity according to the Clavien-
Dindo classification system (9). 
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Statistical analysis

Continuous variables were compared using Student’s t-test, 
Wilcoxon rank-sum, one-way analysis of variance ANOVA, 
and/or Kruskal-Wallis-tests as appropriate. Where 
necessary, log- transformation of data was performed 

to achieve normal distribution. Differences between 
proportions derived from categorical data were compared 
using Pearson’s χ2- or Fisher’s exact test where appropriate. 
Data are reported as median with inter-quartile range (IQR) 
unless denoted otherwise. To determine the impact of IOF 
administration patterns on patient outcomes, patients were 
stratified into low- vs. high-groups according to the fluid-
type administered (crystalloid, colloid, blood products, 
etc.) and split by the cohort median. For LOS data (both 
ICU and total hospital LOS) uni- and multivariable linear 
regression modeling was conducted, whereas for factors 
predicting high-grade (grade 3/4) complications uni- and 
multivariable logistic regression analysis was performed. All 
P values <0.05 were regarded as statistically significant and 
all analyses were performed using R Statistical Packages (10). 

Results

Patient demographics 

A total of 335 patients who underwent CRS/HIPEC were 
identified. An overview of patient demographics is provided 
in Table 1. Of these patients, 185 (55%) were female and 
150 (45%) were male. The median age was 56 (IQR, 
46–63). The median weight was 75 (IQR, 64–88) kg and 
most patients [224 (67%)] had an ASA score of 3 or more. 
Median total operative time was 9.3 (IQR, 8–10.7) hours. 
The median PCI was 24 (IQR, 15–33). The majority of 
patients [200 (60%)] had a diagnosis of appendiceal cancer.

The median hospital LOS and ICU admission was 23 
(IQR, 16–34) days and 2 (IQR, 2–4) days respectively. A 
total of 166 (50%) patients had grade 3/4 complications 
postoperatively. There were 4 in-hospital deaths (1% 
procedure specific mortality rate).

Fluids administered 

Median total volume (TV) of fluid administered per case 
was 11,050 (IQR, 8,500–15,200) mL which when corrected 
for weight and operative time, equated to a median rate of 
17 (IQR, 12–23) mL/kg/h. Median crystalloid and albumin 
(CA) transfused was 7,500 (IQR, 6,000–9,000) mL at a 
rate of 11 (IQR, 9–14) mL/kg/h. The median TV of blood 
products (BPs) transfused (including PRBCs, FFP and 
cryoprecipitate) was 3,300 (IQR, 1,700–6,400) mL at a rate 
of 5 mL/kg/h. Patients that received increasing volumes of 
BPs were likely to receive less CA and vice versa (data not 
shown).

Table 1 Patient demographics and perioperative data

Characteristic Value

No. of patients 335

Median age, yrs (IQR) 56 [46–63]

Sex, No. (%)

Female 185 [55]

Male 150 [45]

Median weight, kg (IQR) 75 [64–88]

Median preoperative serum albumin, g/L (IQR) 37 [33–39]

ASA, No. (%)

1–2 104 [31]

3–4 224 [67]

Missing data 7 [2]

Median total operative time, h (IQR) 9.3 (8–10.7)

Type of malignancy, No. (%)

LAMN 81 [24]

HAMN 119 [36]

Colorectal cancer 76 [22]

Ovarian cancer 13 [4]

Mesothelioma 30 [9]

Other 16 [5]

Median PCI (IQR) 24 [15–33]

Median ICU LOS, days (IQR) 2 [2–4]

Median hospital LOS, days (IQR) 23 [16–34]

Morbidity, No. (%)

Grade 1/2 169 [50]

Grade 3/4 166 [50]

In hospital mortality, No. (%) 4 [1]

IQR,  in te rquar t i le  range;  ASA,  Amer ican Soc ie ty  o f  
Anesthesiologists; PCI, peritoneal cancer index; ICU, intensive  
care unit; LOS, length of stay; LAMN, low-grade appendiceal  
mucinous neoplasms; HAMN, high-grade appendiceal  
mucinous neoplasms. 
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The effect of TV transfused on patient outcomes

Totally, 170 (51%) patients were considered in the high 
TV group and 165 (49%) in the low TV group. Those 
who received larger volumes of IOFs had longer hospital 
LOS (mean, 34 vs. 22.5 days; P<0.001), extended ICU 
admission (mean, 5.3 vs. 3.2 days; P<0.001) and a 12% 

increase in grade 3/4 complications (P<0.001) (Table 2). 
Even when corrected for patient weight and operative time, 
higher TVs administered still resulted in longer hospital 
LOS (mean, 31.8 vs. 24.6 days; P=0.01) and longer ICU 
admission (mean, 4.9 vs. 3.5 days; P=0.005), but there was 
no statistically significant difference in rates of grade 3/4 

Table 2 IOF transfusion groups and patient outcomes

Transfusion group
ICU LOS Hospital LOS Complications 

Mean, days P value  Mean, days P value Grade 3/4, n (%) P value

TV*

High (n=170) 5.3 <0.001 34 <0.001 103 [31] <0.001

Low (n=165) 3.2 22.5 63 [19]

CA

High (n=182) 4.6 0.008 32.1 <0.001 101 [31] 0.01

Low (n=148) 3.9 24 62 [19]

BP

High (n=168) 5 <0.001 33.7 <0.001 103 [31] <0.001

Low (n=167) 3.4 23 63 [19]

TV (mL/kg/h)

High (n=163) 4.9 0.005 31.8 0.01 84 [26] 0.44

Low (n= 163) 3.5 24.6 77 [24]

CA (mL/kg/h)

High (n=161) 4.5 0.81 27.9 0.02 70 [22] 0.04

Low (n=160) 3.8 28.7 88 [27]

BP (mL/kg/h)

High (n=163) 4.8 0.002 31.9 <0.001 95 [29] 0.001

Low (n=163) 3.6 24.5 66 [20]

TV (mL/kg/h/PCI)

High (n=163) 3.7 0.11 24.8 <0.001 69 [21] 0.01

Low (n=163) 4.6 31.6 92 [28]

CA (mL/kg/h/PCI)

High (n=160) 3.7 0.02 23.9 <0.001 61 [19] <0.001

Low (n=161) 4.7 32.7 97 [30]

BP (mL/kg/h/PCI)

High (n=163) 4.7 0.03 31.2 0.04 87 [27] 0.15

Low (n=163) 3.6 25.2 74 [23]

*, volumes stratified by cohort median. IOF, intraoperative fluid; ICU, intensive care unit; LOS, length of stay; TV, total volume; CA,  
crystalloid and albumin; BP, blood product.
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complications (mean, 84 vs. 77; P=0.44).

The effect of crystalloid & albumin transfusions on patient 
outcomes

Totally, 182 (55%) patients were deemed high volume and 
148 (45%) low volume. Patients who received a high volume 
of CA demonstrated an increased hospital LOS (mean, 
32.1 vs. 24 days; P<0.001), longer ICU admission (mean, 
4.6 vs. 3.9 days; P=0.008) and a 12% increase in grade 
3/4 complications (P=0.01). However, when corrected for 
weight, operative time and PCI, the lower volume cohort 
had increased hospital LOS (mean, 32.7 vs. 23.9 days; 
P<0.001), prolonged ICU admission (mean, 4.7 vs. 3.7 days; 
P=0.02) and an 11% increase in grade 3/4 complications 
(P<0.001).

The effect of BP transfusion on patient outcomes 

A total of 163 (50%) patients were in the high-volume 
cohort and 163 (50%) in the low volume cohort. Higher 
transfusion volumes of BPs resulted in longer hospital LOS 
(mean, 33.7 vs. 23 days; P<0.001), extended ICU admission 
(mean, 5 vs. 3.4 days; P<0.001) and an 11% increase in 

grade 3/4 complications (P<0.001). When corrected for 
weight and operative time, higher BP transfusion rates 
resulted in longer hospital LOS (mean 31.9 vs. 24.5 days; 
P<0.001), prolonged ICU admission (mean, 4.8 vs. 3.6 days; 
P=0.002) and a 9% increase in grade 3/4 complications 
(P=0.001). Even when corrected for patient PCI, the 
administration of higher volumes of BPs resulted in longer 
hospital LOS (mean, 31.2 vs. 25.2 days; P=0.04) and longer 
ICU admission (mean, 4.7 vs. 3.6 days; P=0.03). 

Analysis of factors contributing to total hospital and ICU 
LOS and postoperative morbidity

Regression analysis was performed for three outcomes; total 
hospital LOS, ICU LOS and development of postoperative 
complications. The results of the univariable analysis are 
provided in Table 3. On multivariable analysis (Table 4) 
age, PCI, BP transfusion and the occurrence of grade 3/4 
complications were associated with increased hospital LOS. 
Only PCI was associated with extended ICU admission on 
multivariable analysis. With regards to complications, age, 
increased BP transfusions and PCI were independently 
associated with increased grade 3/4 complications on 
multivariable analysis.

Table 3 Univariable analysis of perioperative variables and patient outcomes

Variable
ICU LOS Hospital LOS Complications

Estimate (95% CI) P value  Estimate (95% CI) P value  OR (95% CI) P value

Age 0.03 (−0.03 to 0.09) 0.29 0.29 (0.13 to 0.45) <0.001 1.03 (1.01 to 1.05) <0.001

Sex 0.09 (−1.52 to 1.71) 0.90 3.78 (−0.52 to 8.08) 0.08 1.52 (0.99 to 2.35) 0.10

Low albumin 2.27 (0.67 to 3.86) 0.005 10.60 (6.43 to 14.76) <0.001 2.28 (1.47 to 3.56) 0.90

Hb >100 g/dL 0.55 (−2.76 to 3.86) 0.74 −5.56 (−14.41 to 3.26) 0.02 1.09 (0.45 to 2.68) 0.19

Low CA (mL/kg/h/PCI) −0.72 (−2.31 to 0.87) 0.37 0.85 (−3.49 to 5.19) 0.7 1.59 (1.02 to 2.47) 0.98

Low BP (mL/kg/h/PCI) −1.10 (−2.67 to 0.46) 0.17 −5.93 (−10.17 to −1.70) 0.006 0.73 (0.47 to 1.12) 0.05

Colorectal ca −1.37 (−3.71 to 0.97) 0.25 −6.77 (−12.94 to −0.60) 0.03 0.54 (0.28 to 1.02) 0.06

High grade appendix ca 0.50 (−1.62 to 2.61) 0.66 4.22 (−1.34 to 9.79) 0.14 1.35 (0.76 to 2.38) 0.30

Mesothelioma ca 1.24 (−1.90 to 4.37) 0.44 −0.80 (−9.05 to 7.46) 0.85 0.85 (0.37 to 1.98) 0.71

Ovarian ca −1.93 (−6.31 to 2.45) 0.39 −0.65 (−12.19 to 10.89) 0.91 1.56 (0.48 to 5.55) 0.47

Other ca −1.33 (−5.34 to 2.68) 0.51 −5.23 (−15.80 to 5.34) 0.33 0.76 (0.25 to 2.23) 0.62

PCI 0.14 (0.05 to 0.22) <0.001 0.76 (0.56 to 0.96) <0.001 1.07 (1.04 to 1.09) 0.001

Grade 3/4 complication 3.96 (2.41 to 5.50) <0.001 21.05 (17.40 to 24.69) <0.001 − −

ICU, intensive care unit; LOS, length of stay; Hb, haemoglobin; CA, crystalloid and albumin; BP, blood product; ca; cancer; PCI, peritoneal 
cancer index.
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Discussion

The optimal approach to fluid administration during 
surgery has been extensively studied. However, limited data 
exists for CRS/HIPEC and a recommended approach to 
fluid administration in this type of surgery is lacking. Due 
to the unique physiological changes that occur with CRS/
HIPEC, it is uncertain whether evidence-based strategies 
of fluid administration in general abdominal surgery also 
apply to CRS/HIPEC. Large abdominal access, lengthy 
operative time and extensive debulking predispose patients 
to hypothermia and enormous protein loss. At the time of 
HIPEC, the rise in body temperature results in increased 
metabolic rate and oxygen demands (11-14). These 
homeostatic changes affect fluid balance and coagulopathy 
and thus provide anaesthetists with a unique challenge in 
maintaining balanced fluid resuscitation. 

Traditionally, a more aggressive approach to fluid 
resuscitation during surgery was applied. This was in 
part based on the premise that a preoperative patient was 
hypovolaemic as a result of fasting with continuing ongoing 
losses, as well as concepts of replacing insensible fluid losses 
during surgery such as ‘third spacing’ (15). However, in light 
of emerging data there has been a shift away from liberal 
and toward restrictive regimens. The adverse effects of fluid 

overload on morbidity date back to 1990 (16). Excessive 
fluid resuscitation has been associated with pulmonary 
oedema, prolonged mechanical ventilation and ileus, cardiac 
dysfunction, impaired wound healing and coagulation (3,17). 
Our study also demonstrated similar unfavourable effect 
with greater IOF administration increasing patients’ ICU 
admission, hospital LOS and grade 3/4 complications. 

The paradigm shift supporting a restrictive approach 
to fluid resuscitation during surgery came in the wake 
of a number of studies demonstrating favourable patient 
outcomes with less fluid administration (4-6,18). However, 
none of these studies have specifically looked at CRS/
HIPEC. 

Currently, a limited number of studies exist examining 
IOF administration on patient outcomes in CRS/HIPEC. 
Recently, Eng et al. (19) analysed 133 patients undergoing 
CRS/HIPEC. Using the comprehensive complication 
index (CCI) (20) as a marker for patient outcomes they 
demonstrated a significant increase in perioperative morbidity 
with greater IOF administration. Patients that received 
an IOF rate of greater than or equal to 15.7 mL/kg/h  
developed a 43% increase in CCI compared to those whose 
rate was lower than 15.7 mL/kg/h. Another study looking 
at CRS/HIPEC in ovarian cancer showed increased patient 

Table 4 Multivariable analysis of perioperative variables with outcomes

Variable
ICU LOS Hospital LOS Complications 

Estimate (95% CI) P value Estimate (95% CI) P value OR (95% CI) P value

Age 0.04 (−0.02 to 0.11) 0.17 0.16 (0.02 to 0.30) 0.02 1.02 (1 to 1.04) 0.02

Sex −0.43 (−2.12 to 1.27) 0.62 1.69 (−2.09 to 5.48) 0.38 1.53 (0.92 to 2.58) 0.10

Low albumin 1.38 (−0.38 to 3.14) 0.12 3.01 (−0.92 to 6.94) 0.13 1.57 (0.93 to 2.64) 0.09

Hb <100 −2.03 (−5.44 to 1.37) 0.24 1.99 (−5.60 to 9.58) 0.61 0.5 (0.18 to 1.43) 0.19

Low CA (mL/kg/h/PCI) −1.12 (−3.42 to 1.18) 0.34 −2.16 (−7.27 to 2.96) 0.41 0.99 (0.49 to 1.96) 0.98

Low BP (mL/kg/h/PCI) −1.12 (−2.80 to 0.57) 0.19 −4.80 (−8.57 to −1.03) 0.01 0.59 (0.35 to 0.99) 0.05

Colorectal ca −0.45 (−3.12 to 2.23) 0.74 −0.83 (−6.77 to 5.11) 0.78 1.05 (0.47 to 2.36) 0.90

High grade appendix ca 0.11 (−1.99 to 2.21) 0.92 0.80 (−3.88 to 5.46) 0.74 1.19 (0.63 to 2.25) 0.59

Mesothelioma ca −0.08 (−3.20 to 3.04) 0.96 −3.56 (−10.49 to 3.37) 0.31 0.69 (0.26 to 1.81) 0.45

Ovarian ca −2.36 (−6.67 to 1.94) 0.28 −2.54 (−12.13 to 7.05) 0.60 1.97 (0.55 to 7.59) 0.30

Other ca −0.15 (−4.36 to 4.06) 0.95 −0.75 (−10.12 to 8.63) 0.88 1.86 (0.51 to 6.69) 0.34

PCI 0.13 (0.00 to 0.26) 0.05 0.45 (0.15 to 0.74) 0.003 1.07 (1.03 to 1.11) 0.001

Grade 3/4 complication − − 16.44 (12.62 to 20.27) <0.001 − −

ICU, intensive care unit; LOS, length of stay; Hb, haemoglobin; CA, crystalloid and albumin; BP, blood product; ca; cancer; PCI, peritoneal 
cancer index.
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morbidity with perioperative fluid excess. In particular, 
greater IOF administration was independently associated 
with surgical site infection (21). These studies are consistent 
with our findings that increased IOF administration over 
17 mL/kg/h results in adverse patient outcomes in CRS/
HIPEC. 

However, our findings offer the novel perspective of 
assessing the types of fluid administered separately and 
its effect on patient outcomes. Specifically, our study 
demonstrated the deleterious effect increased BP transfusion 
has on patient outcomes. Even when corrected for PCI, 
increased administration of BPs resulted in longer hospital 
LOS and ICU admission. On multivariable analysis, BP 
transfusion was independently associated with increased 
grade 3/4 complications. In a previous study from our 
unit, a review of 936 patients undergoing CRS/HIPEC by 
Saxena et al. (22) also demonstrated the negative impact of 
intraoperative blood transfusion on patient outcome. These 
authors only examined the effect of PRBC and found that 
with massive allogenic blood transfusion (defined as greater 
than or equal to 5 units), patient’s experienced prolonged 
hospital LOS, extended ICU admission and increased grade 
3/4 complications. Single centre studies by Kajdi et al. (23) 
and Cascales-Campos et al. (24) have also shown blood 
transfusions to be an independent risk factor for grade 3/4 
complications in patients undergoing CRS/HIPEC. The 
adverse effect of BP transfusion on patient outcomes has 
been well established in surgical literature (25-31) and our 
findings provide further evidence of this in the context of 
CRS/HIPEC. 

The adverse effects evident with greater intraoperative BP 
transfusion could explain the finding of increased hospital 
LOS, ICU admission and grade 3/4 complications in the 
low volume CA transfusion group. We noted that with 
increasing PCI, the proportion of BPs to CA administered 
was greater. Because these patients were receiving greater 
amount of BPs, they in turn received less CA. Thus, this 
variation in proportionality could explain the longer 
hospital LOS, extended ICU admission and increased grade 
3/4 complications in the low CA transfusion group. 

In regards to liberal and restrictive fluid regimens during 
surgery, goal-directed therapy (GDT) has emerged as a 
viable approach to fluid resuscitation. The use of GDT has 
demonstrated fewer complications in surgery (32). In major 
abdominal surgery, GDT is associated with significant 
reduction in patient morbidity and improved outcomes  
(33-35). Recently, a prospective, randomized controlled 
study comparing goal directed and standard fluid therapy 

was conducted by Colantonio et al. (36) in patients 
undergoing CRS/HIPEC. Eighty patients were randomized 
to goal-directed (n=38) and standard (n=42) fluid therapy 
arms. The control group received a baseline fluid rate of 4 to  
10 mL/kg/h whilst the GDT group received a baseline 
fluid rate of 4 mL/kg/h with boluses of colloid to maintain 
a set cardiac index threshold. Those in the GDT group 
received a significantly lower amount of fluid than the 
control group. The incidence of major abdominal and 
systemic complications was less in the GDT group and 
hospital LOS was also reduced. These findings show the 
benefit of GDT in CRS/HIPEC and thus a potential 
approach to future fluid resuscitation. It was interesting 
to note that in this study, the baseline fluid rate of 4 to  
10 mL/kg/h was significantly lower than our median fluid 
rate of 17 mL/kg/h. This discrepancy could be explained 
by the greater volume of high PCI procedures undertaken 
at our institution, the inclination of anaesthetists to over 
resuscitate in order to avoid hypovolaemia and subsequent 
kidney injury, and the small number of patients in the GDT 
arm of the randomized control trial. 

Our findings are consistent with other studies that 
demonstrate increased IOF administration results in 
unfavourable patient outcomes. We have shown that with 
increasing IOF administration patients are subject to 
prolonged hospital LOS, extended ICU admission and 
more grade 3/4 complications. In particular, our study 
highlighted the deleterious effect BPs has on patient 
outcomes. 

Limitations

Limitations of this study included its retrospective design 
which did not allow us to establish a causal effect between 
fluid administration and patient outcome. Pre-operative 
patient data that was not captured which could influence 
peri-operative fluid balance included presence of ascites, 
ostomies and adherence to bowel preparation prior to 
surgery. Regarding anaesthetic data, even though vasoactive 
support is minimally used at our institution during CRS/
HIPEC, it can affect fluid resuscitation and was not 
presented in our data. Although not mentioned in our study, 
varying chemotherapeutic agents and types of cancer may 
also influence fluid homeostasis and will be subject to future 
investigation at our institution. The authors recognize that 
fluid resuscitation in the post-operative period, especially 
in the first 24 hours, could potentially influence patient 
outcomes and was not recorded or subject to analysis in 
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the current study. Finally, although global recording of 
complications through the Clavien-Dindo classification 
system were conducted, the specific type of complications 
was not described. 

Conclusions

Increasing IOF administration is associated with an 
increase in patient morbidity in CCRS/HIPEC. Greater 
use of IOF results in longer hospital LOS, longer ICU 
admission and increased grade 3/4 complications. This is 
particularly evident with increasing use of BPs. Designing 
fluid protocols that favour a more restrictive approach may 
reduce postoperative patient morbidity in those undergoing 
CRS/HIPEC. We believe the presented data allows for 
a more informed discussion about the potential effects 
of different fluid administration strategies on short-term 
patient outcomes and may provide the rationale for future 
prospective studies into this topic. 
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