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Abstract
Background There is contradictory evidence regarding the merits of restricted versus liberal perioperative intravenous (IV) fluid
administration in bowel surgery. This study sought to audit perioperative fluid management in elective colectomy in Ireland and
to analyse the impact of such on operative outcomes.
Methods A national surgical trainee collaborative audit of perioperative fluid management was performed. Data from each site was
collected prospectively over a selected 3-week period within a pre-defined 2-month block. Collected variables included demographics,
type of operation/anaesthethic, volume/type of fluid administration pre-, intra- and post-operatively, 30-day morbidity and mortality.
Primary outcomewas fluid balance 24-h post-operatively with further analysis to identify the impact of this on 30-daymorbidity. ROC
curves were generated to identify the critical volume at which fluid balance was associated with 30-day morbidity.
Results Ninety-four patients were enrolled from 17 hospitals. Mean age was 64 years. A total of 48.9% (N = 46) were managed by
ERAS and 51.1% (N = 48) received bowel preparation. Almost 70% of cases (N = 63) were completed by minimally invasive
techniques. Significant 30-day morbidity requiring hospital readmission was low [6.4% (n = 6)]. Median fluid balance at 24 h was
+ 715 ml (IQR 165–1486 ml). On multivariate analysis, high BMI (p = 0.02), indication for surgery (p = 0.02) and critical care
admission (p = 0.008) were significantly predictive of 30-day morbidity. Twenty-four hour fluid balance >+ 665 ml was associated
with increased risk of 30-day morbidity on univariate but not multivariate analysis, implying association but not causation.
Conclusion Overall, perioperative fluid management was within an acceptable range with minimal impact on 30-day morbidity
following elective colorectal surgery.
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Introduction

Surgery remains the cornerstone of treating malignant colo-
rectal neoplasia with over 2 500 new cases diagnosed in
Ireland annually [1]. Of these, 74% will undergo surgery
within a year of initial diagnosis [1]. Treatment of rectal
cancer has been standardised in Ireland through the devel-
opment of dedicated rectal cancer centres with a subsequent

improvement in outcomes [2]. Colon cancer and benign
disease including Crohn’s and ulcerative colitis still ac-
count for the vast majority of colorectal resections.
Indeed, almost three quarters of patients with Crohn’s
disease will require a surgical intervention (including
colectomy) due to their inflammatory bowel disease
(IBD) [3].

The introduction of enhanced recovery after surgery
(ERAS) programmes to colorectal surgery has significantly
improved outcomes [4, 5]. Within this, perioperative fluid
use has remained contentious. A number of randomised con-
trolled trials (RCTs) have attempted to ascertain whether the
use of perioperative fluid restriction is beneficial within the
context of the ERAS protocol [6–9]. Excess of fluids can
result in hyperchloremia, fluid overload, and renal vasocon-
striction [10]. Furthermore, certain studies have suggested that
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such an excess of fluid promotes bowel wall oedema, resulting
in increased rates of anastomotic complications [11]. Yet,
more recent reviews have suggested that fluid restriction does
not confer the benefit initially proposed by the ERAS protocol
[12, 13]. Indeed, a recent study of over 3000 patients in the
New England Journal of Medicine suggested that too restric-
tive a fluid regimen is as bad as too liberal, with increased
acute kidney injury and no improvement in morbidity [14].
There remains a paucity of evidence regarding the use of
fluids in the perioperative period as well as its sequelae on
outcomes for patients undergoing colorectal resection. The
available evidence would suggest a large variation in practice
between different institutions [15]. Identifying perioperative
fluid practice variations and the effect of this on patient out-
comes is important to guide practice.

The increasing output from surgical research collabora-
tives, primarily formulated and managed by trainees, within
the United Kingdom in the last 10 years has provided a new
wave of high-quality research [16]. Such collaboratives have
provided highly useful information on common surgical prob-
lems such as gallstone disease [17], using data from across
multiple institutions. This study represents a landmark within
Ireland as it is the first study to be carried out by the Irish
Surgical Research Collaborative and follows the example set
by other such collaboratives in the United Kingdom and
Internationally.

The primary aim of this study was to audit perioperative
fluid management in elective colorectal surgery in Ireland, in a
multi-centre, prospective cohort study and to analyse the im-
pact of perioperative fluid practice on operative outcomes.

Methods

As a cross-sectional prospective cohort study, the STROBE
(Strengthening of the Reporting of Observational Studies in
Epidemiology) consensus statement was adhered to [18].

Collaborative study design

This study was the first collaborative study performed by the
Irish Surgical Research Collaborative (ISRC). The ISRC is a
trainee-led surgical research collaborative established by
Surgical Trainees in the Republic of Ireland with the aim of
undertaking high-quality collaborative multicentre research pro-
jects. All surgical trainees in all hospitals in Ireland were invited
to participate in this study through registered Royal College of
Surgeons in Ireland (RCSI) mailing lists to ensure inclusivity.
Lead trainees who agreed to participate in each centre established
a local network including a Consultant Surgeon (local Principal
Investigator), Consultant Anaesthetist and other participating sur-
gical trainees. Ethical approval was sought prospectively from
each regional clinical ethics committee prior to commencing data

collection. Authorship was assigned in keeping with the
Association of Surgeons in Training (ASiT)/National Research
Collaborative (NRC) authorship model.

Study timeline and patient selection

Participating centres could select a 3-week period for data col-
lection within a predefined 2-month study window as outlined in
the study protocol. All patients over the age of 18 years under-
going elective colonic or rectal resection in each centre were
eligible for screening for inclusion. Both benign and malignant
indications for surgery were included. Patients undergoing emer-
gency operationswere excluded. Patients were identified through
elective theatre operating lists and informed consent obtained
prospectively.

Data collection

A full study data collection sheet is included as Appendix 1.
Basic demographic information was recorded and a combina-
tion of pre-, peri- and post-operative data tabulated. Data was
collected in a standardised database across all centres. Each
local PI coded data prior to central submission and all patient
identifiers were removed. Patient identifiers were maintained
onsite only in a secure local server to facilitate accurate patient
identification for recording 30-day follow-up outcomes. Pre-
operative data was collected from patients’ medical notes.
Operative data was recorded by a trainee present in/assisting
in procedures and post-operative data collection continued for
the 30 days post-operatively.

The primary endpoint was an analysis of fluid balance at 24 h
post-operatively by subtraction of IV fluid input and output and
the impact of fluid balance at 24 h on 30-day morbidity. Fluid
balance at 24 h post-operatively was defined from the time at
which the operation ended to 24 h post-operatively. Secondary
endpoints included change in patient’s baseline weight (where
available); demographics; method of operation; use of ERAS
protocols and bowel preparation; use of GDFT; hospital length
of stay (LOS); all cause 30-day morbidity; all cause 30-day
mortality. Further analysis sought to examine the impact of
ERAS and bowel preparation practices on 30-day morbidity.

Outcome analysis

The statistical data from this study is reported in accordance
with the guidelines set by the STROBE (Strengthening of the
Reporting of Observational Studies in Epidemiology) consen-
sus statement [13]. Data was divided into clinically relevant
categories. Categorical variables were analysed using Fisher
exact or Chi-square test where appropriate and continuous
variables were analysed using Student’s t test. Statistical sig-
nificance was observed at p < 0.05. All variables achieving
p < 0.25 on univariate analysis were entered into a
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multivariate analysis to assess impact of predictive variables
on outcomes. An ordinal regression model was used to pro-
duce odds ratios (OR), i.e., the odds of an adverse event which
in this case was the odds of developing morbidity by day 30
post-operatively. A receiver operating curve (ROC) was gen-
erated to calculate Youden’s Index (J), the critical point at
which 24-h fluid balance predicts 30-day morbidity.
Statistical analysis was performed using SPSS, version 21.

Pilot study

Prior to study rollout, a 2-week pilot study was undertaken to
assess feasibility of study design and to validate data collec-
tion techniques. Following the pilot study, a number of chang-
es were made to data collection variables due to practical
considerations.

Results

Demographics and clinical parameters

A total of 94 patients were recruited across 17 hospitals in the
Republic of Ireland. Demographics are outlined in Table 1.
Fifty-three percent (n = 9) was model 3 hospitals and 47%
(n = 8) model 4. Sixty-one percent (n = 57) of patients were
male and 39% (n = 37) were female. Mean age was 64 years
(range: 23–89 years). Most patients were ASA grade III or
less, with the majority assessed as ASA II [63.8% (n = 60)].
Over three-quarters of patients underwent surgery for malig-
nancy [78.7% (n = 74)], 13.8% (n = 13) for benign causes and
7.4% (n = 7) for dysplasia.

Summary of operative outcomes

Figure 1 summarises the procedures performed with break-
down by operative technique (open, laparoscopic (lap), lap-
assisted, converted, robotic). Anterior resection [41.5% (n =
39)] and right hemi colectomy [27.7% (n = 26)] were the most
commonly performed procedures. Most procedures were per-
formed laparoscopic or lap-assisted [69.1% (n = 65)], with
one quarter performed open [25.5% (n = 24)] and five cases
robotic (5.3%). A 10% conversion rate was observed for min-
imally invasive procedures (n = 7). Thirty-six covering stomas
were formed (42%) along with nine definitive (n = 7 APR and
n = 2 completion proctectomy). Sixty-nine percent of cover-
ing stomas were performed for anterior resections (n = 25).
Median operative time was 210 min (IQR 144–289 min).
Less than 50% of patients were managed using standardised
enhanced recovery protocols [48.9% (n = 46)]. Fifty percent
(n = 47) of patients received bowel preparation pre-
operatively 48.9% (n = 23) as part of ERAS pathway.

Perioperative fluid balance

Median fluid balance at 24 h post-op was 714.5 ml
(IQR = 165–1486) as outlined in Table 2. GDFT was de-
scribed in only 17% (n = 16) of cases and no cases utilised
oesophageal Doppler monitoring. The median 24-h fluid
input was 2593 ml (IQR 2205–3178 ml) and median 24-h
output was 1710 ml (IQR 1271–2473 ml). No significant
difference was observed in median fluid balance at 24 h
post-op between those managed by ERAS protocols (+
832 v 857, p = 0.91), those who received bowel prep (+
802 v + 886, p = 0.71) and those managed using GDFT (+
455 v + 937, p = 0.10). Pre- and post-operative weight
was available for 47 patients as a measure of perioperative
fluid balance. There was no median change in weight
from pre- to post-operative day 1.

Table 1 Summary of patient demographics and clinical parameters

Total N = 94 N (%)

Gender

Male 57 (60.6)

Female 37 (39.4)

Age

Mean 64 years

Range (23–89)

ASA

I 12 (12.8)

II 60 (63.8)

III 21 (22.3)

IV 1 (1.1)

Indication for surgery

Benign 13 (13.8)

Cancer 74 (78.7)

Dysplasia 7 (7.4)

Enhanced recovery

Yes 46 (48.9)

No 48 (51.1)

Bowel preparation

Yes 47 (50)

No 47 (50)

HDU admission

Yes 15 (16)

Planneda 13 (13.8)

ICU admission

Yes 18 (19.1)

Plannedb 16 (17)

ASA American Society of Anaesthesiologists, HDU high dependency
unit, ICU intensive care unit
a 87% of HDU admitted planned
b 89% of ICU admitted planned
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Operative complications and 30-day outcomes

Six intra-operative complications occurred (6.4%): two bowel
injuries, one bladder injury, one significant haemorrhage and
two others (not defined). At 30-day follow-up, 32 (34%) mor-
bidities were reported as outlined in Table 3. A 6.4% (n = 6) SSI
rate was reported, 2.1% (n = 2) anastomotic leak rate and 5.3%
(n = 5) intra-abdominal collections. Six patients (6.4%) devel-
oped a post-operative ileus with median time to return of gut

function as 2 days (IQR= 1–3 days). Median hospital length of
stay (LOS) was 9 days (IQR 6–13). No significant difference in
LOS was observed in those managed by ERAS (median 8 days;
IQR 6–13) versus traditional pathways [median 9 days; IQR 7–
12 (p= 0.159)]. During 30-day follow-up, 11.7% (n = 11) repre-
sented to ED, 6.4% were re-admitted and there were no deaths.

Impact of perioperative fluid balance, ERAS
and bowel preparation on 30-day morbidity

On univariate analysis BMI, indication for surgery and oper-
ation performed, requirement for critical care admission and
24-h fluid balance were all significantly associated with 30-
day morbidity. When a multivariate analysis was further per-
formed only BMI [OR 5.65 (95% CI 0.018–0.192) p = 0.02],
indication for surgery [OR 3.39 (95% CI − 0.089–2.871) p =
0.02] and critical care admission [OR 7.045 (95% CI 0.767–

Table 3 Summary of 30-day outcomes

N (%)

30-day morbidity
Total 32 (34)
SSI 6 (6.4)
Collection 5 (5.3)
Anastomotic leak 2 (2.1)
Ileus 6 (6.4)
Stoma complication 3 (3.2)
Cardiac 1 (1.1)
Respiratory 2 (2.1)
Other 5 (5.3)

30-day mortality 0
30-day ED attendance
Yes 11 (11.7)
No 83 (88.3)

30-day re-admission rate
Yes 6 (6.4)
No 88 (93.6)

SSI surgical site infection; other = 1 × DVT, 1× symptomatic anaemia
requiring blood transfusion, 3× not defined

Table 2 Summary of perioperative fluid balance and patient weight

Median volume [p value]

Fluid balance 24 h post-op
Median 714.5 ml
IQR 165–1486

24-h fluid input
Median 2769 ml
IQR 1000–5860

24-h fluid output
Median 1910 ml
IQR 280–4650

ERAS
Yes + 832 ml
No + 857 ml

[p = 0.91]
Bowel Prep
Yes + 802 ml
No + 886 ml

[p = 0.71]
Goal-directed fluid therapy
Yes + 455 ml
No + 937 ml

[p = 0.10]
Weight (kg)
Pre-op [median (IQR)] 77.84 (50–119)
Post-op [median (IQR)] 74 (50–106)

Change in weighta

Median 0
IQR − 0 .3 kg to + 0 .9 kg

IQR interquartile range, ERAS enhanced recovery after surgery
a Pre- and post-operative weight available in 50% (N = 47) of patients
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5.095) p = 0.008] maintained significance. A receiver-
operating curve was generated to identify the critical point at

which fluid balance volume is significantly associated with
30-day morbidity (Fig. 2a). With an area under the curve

a) Critical cut-off in 24 hours fluid balance to predict 30-day overall morbidity 

b) Impact of 24 hour fluid balance >1L and >1.5L on 30-D morbidity

AUC=0.625
Critical Cut-Off: 665mls

Figure 2 Receiver-operating
curve (ROC) using fluid balance
at 24 h post-operatively to predict
30-day morbidity. AUC= area
under the curve. a Critical cut-off
in 24-h fluid balance to predict
30-day overall morbidity. b
Impact of 24-h fluid balance > 1 l
and > 1.5 l on 30-day morbidity
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(AUC) of 0.625, the critical cut-off was identified at 665 ml
(sensitivity 62.9%, specificity 60%) [Youden’s index (J) =
0.229]. Therefore, in this cohort of elective colectomy pa-
tients, when fluid balance at 24 h exceeded + 665 ml, risk of
developing morbidity within the first 30 days post-operatively
significantly increased [OR 2.05 [− 0.01–0.10] 0.152].
Figure 2b further shows that the risk of 30-day morbidity is
three times higher than the risk at the critical cut-off point
when fluid balance exceeds 1 l [OR 7.14 (95% CI 2.86–
17.8) p < 0.001] and risk almost doubles again > 1.5 l [OR
14.76 (95% CI 3.87–16.32) p < 0.001] Table 4.

Table 5 summarises the impact of ERAS protocol and pre-
operative bowel preparation use on 30-day morbidity. Thirty-
day morbidity was observed in 39% (n = 18) of patients man-
aged with ERAS protocols compared to 29% (n = 14) of pa-
tients not managed by strict ERAS protocols. This was not
statistically significant (p = 0.308). No difference was ob-
served in patients treated with pre-operative bowel preparation
with an identical 30-day morbidity rate observed in each
group [34% (n = 16)].

Discussion

This study is the first to nationally examine peri-operative
fluid use as well as its impact on surgical outcomes in patients
undergoing elective colorectal surgery in Ireland. A number of
studies have previously examined variation in fluid use within
colorectal surgery, but only at an institutional level [19, 20].
Our study demonstrates that across 17 hospitals in the
Republic of Ireland, there remains a significant variation in
the volume of fluid being administered perioperatively in pa-
tients undergoing elective colorectal resections, but that this
did not significantly affect morbidity. There was a high rate of
minimally invasive surgery reported (70%), which may have
improved fluid balance overall.

Our study demonstrated that the overall median fluid bal-
ance in the 24-h period after surgery was + 714.5 ml; yet, the
interquartile range of 165–1486 ml shows a significant differ-
ence in fluid administration between cases. Only 18% of pa-
tients had a negative fluid balance, making the numbers too
small to determine whether this impacted morbidity. Previous
evidence has demonstrated that morbidity is lowest when a
Bzero balance^ regarding fluid status [21] is achieved.
Although this study showed higher complications in those
with a positive fluid balance, this was not significant on mul-
tivariate analysis and caution must be exercised in interpreta-
tion. A recent NEJM publication highlighted the dangers of an
overly restrictive fluid policy [14], and as mentioned, our
study did not have sufficient numbers to interpret the impact
of a negative fluid balance. On a national level, surgical and
anaesthetic bodies need to continue to work together to con-
tinually update and improve guidelines to improve consisten-
cy in perioperative care.

A cornerstone of fluid use within the ERAS protocol in-
volves goal-directed fluid therapy (GDFT) to guide both
anaesthetists and surgeons. Previous randomised controlled
trials have attempted to assess the efficacy of GDFT and in
particular the use of intra-operative oesophageal doppler

Table 4 Factors associated with
30-day morbidity Univariate analysis

OR [95% CI] p value
Multivariate analysis
OR [95% CIa] p value

Age 2.56 [0.992–1.085] 0.144 2.33 [− 0.11–0.09] 0.127
Gender 1.57 [0.811–3.038] 0.122 0.075 [− 0.75–1.44] 0.53
BMI 1.34 [0.976–1.097] < 0.001 5.65 [0.018–0.192] 0.02

Indication for surgery 5.88 [1.310–17.484] 0.018 3.39 [− 0.089–2.871] 0.02
Operation performed 3.73 [0.996–1.623] 0.048 2.56 [− 3.76–0.77] 0.20
Stoma performed 1.48 [0.617–3.556] 0.255 –

ERAS 1.59 [0.660–3.822]0.208 1.42 [− 0.434–1.777] 0.234
Bowel preparation 1.40 [0.580–3.354] 0.301 –

Critical care admission 3.93 [1.32–11.72] 0.02 7.045 [0.767–5.095] 0.008

24-h fluid balance 5.06 [0.999–1.000] 0.024 2.05 [− 0.01–0.10] 0.152

a 95% confidence interval of difference

Table 5 A comparison of 30-day morbidity between those managed
and not managed following enhanced recovery after surgery (ERAS)
protocols and those who did and did not receive pre-operative bowel
preparation

30-day morbidity

Yes N (%) No N (%) p value

ERAS

Yes 18 (39) 28 (61) 0.308

No 14 (29) 34 (71)

Bowel preparation

Yes 16 (34) 31 (66) –

No 16 (34) 31 (66)
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monitoring as a guide to fluid status and subsequent fluid
administration [22–24]. These trials demonstrated a signifi-
cant reduction in post-operative morbidity in patients treated
in such a manner. Our study shows that few institutions (17%)
in Ireland routinely use GDFT for guiding fluid use and none
of the hospitals involved reported using intraoperative oe-
sophageal dopplers to monitor fluid status. This is in keeping
with a survey of anaesthetists in the United Kingdom that
examined the prevalence of GDFT as part of an ERAS pro-
gramme [25], with only 33% of those surveyed stating they
used GDFT within the setting of colorectal surgery, although
NICE guidelines advocate the use of GDFT [26]. Our study
also demonstrates that fluid balance was lower in the GDFT
group compared to the non-GDFT group, but this was not
statistically significant (median: 455 ml vs 927 ml; p = 0.10).
This may also be due to a type 2 error due to the small sample
size, or there may not be a difference between the two groups.

There are multiple other findings of interest within this
study. The laparoscopic approach was the most common op-
erative technique utilised, consistent with previous evidence
demonstrating an advantage to this approach [27, 28]. Five
cases were performed robotically indicating the increasing
role of such an approach in Ireland. This figure is likely to
increase and this group of patients will become a new focus
for investigation when considering perioperative fluid use in
the future. Less than half of patients were treated within an
enhanced recovery protocol even though there is now a strong
body of evidence to support the use of such a protocol, even if
there remains controversy regarding some aspects [4, 5].
However, the 30-day morbidity rate was not significantly dif-
ferent between those managed by ERAS and those managed
by a more traditional approach with similar findings observed
with pre-operative bowel preparation use. This may be due to
the adoption of ERAS principles by units that do not adhere
formally to an ERAS protocol.

This project is the first trainee-run collaborative study
carried out in the Republic of Ireland. Performed across
17 hospitals, data was collated by trainees under the su-
pervision of surgical consultants. Such a study has
allowed us to attempt to add to the literature regarding
the issue of fluid use in elective colorectal surgery at a
national level, which has not been done before, demon-
strating the benefit of such a collaborative. This follows
from large collaborative studies in the United Kingdom,
such as the CholeS study [16], which provided invaluable
information regarding gallbladder surgery. Although the
number of cases in this study is smaller than previously
published collaborative studies, we believe it provides
useful information regarding fluid use in elective colorec-
tal surgery going forward. We also believe that this study
will act as an important platform for developing future
collaborative studies to develop internationally with the
Irish Surgical Research Collaborative.

Conclusion

Practice variation is observed in the administration of
intravenous fluid in patients undergoing elective colorectal
resection across hospitals in Ireland but no significant impact
on 30-day morbidity is observed on multivariate analysis.
Variation also exists in patient management by ERAS and
use of pre-operative mechanical bowel preparation.
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Appendix

Pre-operative

MRN (for data collection only)
Age (years)
Gender
ASA
Indication
Admission date
Enhanced recovery (Y/N)
Pre-op weight (kg)
BMI
Diabetic (Y/N)
Baseline creatinine
Baseline haemoglobin
Baseline diuretic
Type
Dose

IV fluid preop
Type
Volume

Pre-op bowel prep (Y/N)
Type

Intra-operative
Date of surgery
Time of induction
Time of skin closure
Lap/converted/open/robotic
Operation
Operation duration (min)
General anaesthesia (Y/N)
Spinal anaesthesia (Y/N)
Epidural (Y/N)
Cannula
Size
Number

Urinary catheter
Goal-directed fluid therapy (Y/N)
Type

Oesophageal Doppler use (Y/N)
IV fluids
Type
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