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Original Article

Backgrounds/Aims: Optimal intravenous fluid management during the perioperative period for patients undergoing pancreaticodu-
odenectomy (PD) within the framework of enhanced recovery after surgery (ERAS) is unclear. Studies have indicated that excessive 
total body salt and water can contribute to the development of oedema, leading to increased morbidity and extended hospital stays. 
This study aimed to assess the effects of an intravenous therapy regimen during postoperative day (POD) 0 to 2 in PD patients within 
ERAS.
Methods: A retrospective interventional cohort study was conducted, and it involved all PD patients before and after implementation 
of ERAS (2009–2017). In the ERAS group, a targeted maintenance fluid regimen of 20 mL/kg/day with a sodium requirement of 0.5 
mmoL/kg/day was administered. Outcome measures included the mmol of sodium and chloride administered, length of stay, and 
morbidity (postoperative pancreatic fistula, POPF; acute kidney injury, AKI; ileus).
Results: The study included 169 patients, with a mean age of 64 ± 11.3 years. Following implementation of the intravenous fluid thera-
py protocol, there was a significant reduction in chloride and sodium loading. However, in the multivariable analysis, chloride admin-
istered (mmoL/kg) did not independently influence the length of stay; or rates of POPF, ileus, or AKI (p > 0.05).
Conclusions: The findings suggested that a postoperative intravenous fluid therapy regimen did not significantly impact morbidity. 
Notably, there was a trend towards reduced length of stay within an increasingly comorbid patient cohort. This targeted fluid regimen 
appears to be safe for PD patients within the ERAS program. Further prospective research is needed to explore this area.
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INTRODUCTION

Pancreatic cancer is the 8th most commonly diagnosed can-
cer in Australia [1]. Typically, malignancies of the pancreatic 
head and periampullary region are managed via pancreati-
coduodenectomy (PD), a procedure that has historically been 

associated with high postoperative morbidity and mortality. 
Advancement in surgical and anaesthetic techniques in periop-
erative care has led to the evolution of PD into a procedure 
with a significantly low mortality of less than 2% [2] but mor-
bidity ranging from 30% to 60% [3]. Common postoperative 
complications include postoperative pancreatic fistula (POPF), 
ileus, delayed gastric emptying, and wound infections. To im-
prove patient outcomes, in recent times, research has been di-
rected towards optimal perioperative care known as ‘enhanced 
recovery after surgery’ (ERAS). ERAS is a single program in-
corporating evidence-based multimodal interventions during 
the perioperative period in order to attenuate the loss of, and 
improve the restoration of, functional capacity after surgery [4].

Perioperative f luid management is a core domain of ERAS 
pathways that has undergone significant developments; how-
ever, it still remains highly contested. Many pathways have 
moved away from the traditional liberal fluid therapy. Current 
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evidence has highlighted the association of liberal f luid man-
agement with the most harm-causing increased complications 
and length of stay (LOS) [5,6]. On the other hand, a recent large 
trial comparing a restrictive versus liberal f luid regimen con-
cluded that overall, a restrictive regimen led to increased rates 
of acute kidney injury (AKI) [7]. Hyperchloraemia is thought 
to occur secondary to salt and water excess (particularly hyper-
chloraemic acidosis) causing multisystemic effects, including 
interstitial oedema with implications for pulmonary function, 
renal function, gastrointestinal motility, impaired wound 
healing, and anastomotic breakdown [8,9]. Recent therapies 
have favoured a more restrictive f luid administration, which 
conversely can be complicated by imposing a state of hypovo-
laemia leading to impaired oxygen delivery, haemodynamic 
compromise, and subsequent organ dysfunction [10]. Both 
insufficient or excess f luid delivery has been shown to have a 
direct link with perioperative morbidity, leading to increased 
postoperative complications [11]; therefore, a number of stud-
ies have suggested using a goal-directed therapy approach to 
perioperative fluid management in order to achieve a net zero 
balance [12]. Until recently, most studies have assessed IV fluid 
regimens in the context of colorectal surgery, and it remains 
unclear whether these findings can be translated to PD pa-
tients. In a recent single center retrospective study, Weinberg et 
al. [5] found that those with complications post PD had a high-
er median volume of IV therapy, greater cumulative positive 
f luid balance, and longer median LOS. This finding was also 
echoed by Kulemann et al. [13].

To date, data on multiple interventions of enhanced recovery 
programs after PD remain sparse and literature assessing the 
benefits of targeted IV therapy in this arena is very rare. In this 
pre-post study, we aim to assess the clinical impact of our post-
operative IV fluid therapy protocol between postoperative day 
(POD) 0 to 2 within the enhanced recovery program for PD.

MATERIALS AND METHODS

Ethics approval for this study was provided by the South 
Metropolitan Health Service Human Research Ethics Commit-
tee (HREC ref: 15-040-1). A retrospective pre-post study was 
performed in a prospectively maintained database of 169 con-
secutive patients who underwent PD at the South Metropolitan 
Health Service in Western Australia (WA). In alignment with 
the guidelines released by the ERAS Society, we formulated our 
initial ERAS protocol (Table 1) and implemented it in a cohort 
of 140 patients between 2011–2017, which was divided into a 
transition phase (n = 14) and an ERAS (n = 126) phase. In the 
transition phase, patients received total parenteral nutrition 
rather than enteral nutrition, which was introduced in the later 
ERAS phase. The ERAS group was compared to a reference 
cohort of patients who underwent PD prior to the implementa-
tion of ERAS from 2009 to 2011 (n = 29).

Targeted IV therapy was delivered with the aim to maintain 

central euvolaemia whilst avoiding salt and water excess. As 
part of our ERAS protocol, a postoperative maintenance IV 
f luid regimen of concurrent administration of compound 
sodium lactate (CSL) and 5% dextrose, amounting to a total 
f luid requirement of 20 mL/kg/day f luid and sodium admin-
istration of 0.5 mmoL/kg/day was prescribed (Appendix 1). 
Additionally, patients received nasojejunal feeds at 40 mL/h 
from day 0. Intraoperatively, we aimed for euvolaemia with the 
aid of non-invasive techniques, such as Oesphageal Doppler, 
LiDCO, or pulse pressure variation alongside observations, 
strict input/output measures, arterial blood gas analysis, and 
central venous pressure. Fluid deficits, including electrolyte 
and blood loss, were corrected with appropriate blood products 
with a target of Hb ≥ 70 and electrolytes within normal limits. 
The regimen was tapered once enteral intake was established 
(typically beyond POD 2). Preferred maintenance regimen of 
dextrose and CSL plus further total IV f luid intake (colloid/
crystalloid) was recorded from POD 0 to 2. Then, the total so-
dium and chloride in mmol per kilogram from POD 0 to 2 was 
calculated. Patients in the pre-ERAS period did not have a pre-
scribed fluid protocol and management was at the discretion of 
the treating surgeon and anaesthetist.

All operations were performed by a consistent team of three 
consultant surgeons specialised in hepatobiliary surgery. Uni-
form surgical techniques, including pancreaticojejunostomy 
reconstruction, were employed for all patients.

To compile the necessary information, a manual review of 
health records was conducted. Histopathology and biochemi-
cal results were obtained from a designated application system 
utilised by the Department of Health, WA. The data were col-
lected and organised using REDCap electronic data capture 
tools hosted at The University of Western Australia [14].

Clinical variables and surgical outcomes were assessed. Clin-
ical variables consisted of sex, age, body mass index (BMI), 
Charlson score, American Society of Anaesthesiologists (ASA) 
score, and histopathology. Postoperative morbidity included 
any post-surgical complications up to the day of discharge, 
and they were assessed according to the Clavien-Dindo classi-
fication [15]. Specific morbidity outcomes measured included 
POPF, AKI, and ileus. POPF was defined and classified ac-
cording to the guidelines put forth by the International Study 
Group of Pancreatic Fistula [16]. Postoperative ileus was de-
fined as sustained non-mechanical obstruction for more than 4 
days after the operation, and it was confirmed by plain abdom-
inal radiography. AKI was defined according to the criteria of 
the Kidney Disease: Improving Global Outcomes Group [17].

IBM SPSS Statistics for Mac, version 23 (IBM Corp.) was 
utilised for statistical analysis. Categorical variables were com-
pared using chi-square tests, while continuous variables were 
assessed using one-way analysis of variance. Descriptive data 
were presented as medians with ranges or as the number of 
patients and percentage. General linear modelling, specifically 
analysis of covariance, was employed to determine if any pre-
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dictors significantly inf luenced the LOS. Logistic regression 
models were employed to assess the association between pre-
dictors and the occurrence of POPF, ileus, and AKI. All statis-
tical tests were two-tailed, and a significance level of p < 0.05 
was considered statistically significant.

RESULTS

In this study, a cohort of 169 patients with a mean age of 64 
± 11.3 years was included. Among these patients, 98 (58.0%) 

were male. The demographic and clinical characteristics of the 
cohort are presented in Table 2. Importantly, demographics 
and pathology were not significantly different between groups 
except for the Charlson score, which demonstrated that the 
ERAS group had a three-fold increase in the comorbidity bur-
den (p = 0.03). The total mmol per kg of sodium and chloride 
administered from POD 0 to 2 was significantly reduced at all 
measured timepoints in the ERAS group compared to the pre-
ERAS group (Fig. 1).

The ERAS cohort had median LOS of 12 days (IQR 8–19 

Table 1. Summary of the ERAS protocol implemented

Day Intervention

Day of surgery Oral PPI
Admission Octreotide 200 mcg

Fasted minimum 6 hours for food, 2 hours for clear fluids
preOp® drinks complete (not for IDDM)
No bowel preparation

Day of surgery Antimicrobial prophylaxis
Insertion of NJ tube, urinary catheter, surgically placed intrabdominal drains
Normothermia maintained ≥ 37℃
Anti-embolic stockings or calf compression pumps in situ
PCA analgesia and wound catheters
Subcutaneous Octreotide
Subcutaneous Heparin
Sips of clear fluid
IV therapy–0.5 mmoL sodium/kg via CSL and 5% dextrose
Jejunostomy feeds commenced with 4 hourly flush
Respiratory exercises
Monitored in HDU overnight

Day 1 Water 90 mL/h
IV therapy as per regime
Jejunostomy feeds increased as per regime
Mobilise 5 metres with assistance
Stepdown to ward level care

Day 2 Cessation of IV antibiotics
Commence clear fluids
Jejunostomy (enteral) feeds increased as per regime to target rate
Out of bed minimum 1 hour BD, with assistance on ambulation
Indwelling catheter removed

Day 3 Commence nourishing fluidsa)

Jejunostomy feeds at target rate
Nasogastric tube spigotteda)

Cease PCA
Drain bottles changed and sent for amylase and lipase

Day 4 Wound catheters removed
APS oral protocol
Jejunostomy feeds ceased
Removed NJT/NGT

Day 5 Drain bottles changed and sent for amylase and lipase
Removal of intra-abdominal drains if no evidence of POPF

Day 6+ Once tolerating nourishing fluids, diet progressed to 1-week pureed diet and then 1-week soft diet

ERAS, enhanced recovery after surgery; PPI, proton pump inhibitor; IDDM, insulin dependent diabetes mellitus; NGT, nasogastric tube; NJT, nasojejunal 
tube; PCA, patient-controlled analgesia; IV, intravenous; CSL, compound sodium lactate; HDU, high dependency unit; BD, bis in die (twice daily); APS, acute 
pain service; POPF, postoperative pancreatic fistula.
a)if no sign of ileus.
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days) compared to the pre-ERAS group with a median LOS of 
15 days (IQR 14–23 days) (p = 0.53) (Table 3). With respect to 
the morbidity outcomes in the ERAS group, the percentage of 
overall morbidity was 31.7% (n = 38), ileus was 19% (n = 23), 
clinically significant POPF was 9.5% (n = 12), respectively, 

out of which all patients had a grade B fistula (Table 3). These 
values were not statistically significantly different when com-
pared to those in the pre-ERAS group (Table 3). There was no 
significant difference in the percentage of AKI observed in the 
ERAS group in comparison to the pre-ERAS group, which was 

Table 2. Patient characteristics, pathology, and preoperative variables

Pre-ERAS (n = 29) Transition (n = 14) ERAS (n = 126) p

Age (yr) 62.1 ± 10.9 61.3 ± 10.3 65.1 ± 11.5 0.27
Sex (M/F) 14/15 7/7 77/49 0.37
BMI (kg/m2) 26.1 (19.8–36.4) 27.5 (18.8–40.7) 26.3 (18.7–43.1) 0.63
ASA grade 0.10
   I 3 (10.3) 0 (0) 4 (3.2)
   II 20 (69.0) 10 (71.4) 64 (50.8)
   III 6 (20.7) 4 (28.6) 53 (42.1)
   IV 0 (0) 0 (0) 5 (4.0)
Charlson grade 0.03*
   Mild (< 3) 6 (20.7) 4 (28.6) 16 (12.7)
   Moderate (3–4) 20 (69.0) 8 (57.1) 64 (50.8)
   Severe (≥ 5) 3 (10.3) 2 (14.3) 46 (36.5)
Biliary drainage 20 (69.0) 9 (64.3) 50 (40.0) 0.58
Neoadjuvant therapy 0 (0) 0 (0) 11 (8.7) 0.13
Pathology 0.19
   Benign 3 (10.3) 3 (21.4) 9 (7.1)
   Malignant 26 (89.7) 11 (78.6) 117 (92.9)
Malignant lesion classification
   Pancreatic adenocarcinoma 19 (73.1) 5 (45.5) 51 (43.5)
   Cholangiocarcinoma 2 (7.7) 3 (27.2) 16 (13.7)
   Duodenal adenocarcinoma 1 (3.8) 0 (0) 10 (8.5)
   Ampullary adenocarcinoma 3 (11.5) 2 (18.2) 21 (17.9)
   Other 1 (3.8) 1 (9.1) 19 (16.2) 0.47

Values are presented as mean ± standard deviation, median (interquartile range), or number (%).
ERAS, enhanced recovery after surgery; BMI, body mass index; ASA, American Society of Anaesthesiologists.
p-value based on one-way ANOVA or chi-square test.
*p < 0.05.
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Fig. 1. Total intravenous fluid administration of (A) chloride and (B) sodium. Values are expressed as mmol per kg on POD 0, 1, and 2. POD, postoperative 
day; ERAS, enhanced recovery after surgery.
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15.1% (n = 19) and 13.8% (n = 4), respectively. With respect to 
the severity of AKI noted in the ERAS group, 63.2% (n = 12) of 
cases were classified into stage 1, 15.8% (n = 3) into stage 2, and 
21.1% (n = 4) into stage 3.

On further analysis of the entire database cohort, sodium and 
chloride were highly correlated (Pearson R = 0.986); therefore, 
only chloride (mmoL/kg) was applied to logistic regression and 
general linear modelling. On general linear modelling of LOS 
against various predetermined variables, total chloride load 
(mmoL/kg) was not found to be a significant factor (Appendix 
2). On further multivariable regression analysis, the level of 
chloride administered did not significantly impact POPF, ileus, 
or AKI (Appendix 3–5). Interestingly, the development of AKI 
was independently affected by male gender, higher BMI, higher 
ASA, and a longer time to indwelling catheter removal (p < 0.05) 
(Appendix 5).

DISCUSSION

Within the context of enhanced recovery programs, optimal 
perioperative IV f luid therapy remains contentious. Due to 
complications, such as organ dysfunction and interstitial oede-
ma linked to liberal and restrictive IV therapies, there has been 
a shift to targeted IV therapy.

Targeted IV therapy is delivered with the aim to maintain 
central euvolaemia whilst avoiding salt and water excess. In-
traoperatively, we aimed for euvolaemia with the aid of non-in-
vasive techniques alongside observations, strict input/output 
measures, arterial blood gas analysis, and central venous pres-
sure. Postoperatively, a maintenance fluid prescription was ad-
ministered in addition to further fluid to maintain euvolaemia. 
The value of 0.5 mmoL sodium/kg/day was used in this study, 
as we recognised that there is a significant amount of addition-
al sodium load routinely included with administration of other 
f luids in the immediate postoperative period (e.g., electrolyte 
replacement, antibiotics, and other medications). Together with 
the normal physiological response to surgical stress and con-
sequential sodium retention, opting for a lower target would 
allow room for a safety net to account for these factors. In our 
centre, our IV fluid regimen led to a significant reduction in 
the total IV fluid volume administered on POD 0 and 2 and a 

significant reduction in the total sodium and chloride IV load 
administered between POD 0 and 2 between the pre-ERAS and 
ERAS phases. There was also a notable reduction in interpa-
tient variability during the ERAS phase. Nevertheless, in this 
current study, we found that our postoperative regimen did not 
significantly reduce the LOS, nor did it grossly impact the inci-
dence of ileus, POPF, AKI, or overall morbidity. Notably, there 
was a non-significant downward trend in the LOS and POPF.

Several studies have demonstrated that implementation of 
targeted therapy in isolation has the potential to reduce both 
LOS and complications. Unfortunately, as demonstrated in our 
study, this has not been translated to studies within the context 
of ERAS [18]. Consistent with our study findings, a meta-anal-
ysis by Huang et al. [19] did not establish a correlation between 
the perioperative volume of IV fluid administered and postop-
erative complications in patients undergoing PD. Furthermore, 
in one of the largest multicentre trials, the OPTIMISE study, 
a non-significant trend towards decreased complications and 
180-day mortality was observed in the targeted therapy group 
[12]. A recent retrospective study by Sulzer et al. [20] found 
that restrictive goal-directed therapy was associated with lower 
rates of delayed gastric emptying and pancreatic leak, a finding 
that was not observed in our study. It is important to note that 
this study employed a restrictive regimen only in the intraop-
erative period.

The lack of translation of positive benefits of targeted IV 
therapy into the context of ERAS may highlight that a targeted 
regimen within the context of multiple interventions that take 
place in enhanced recovery programs, may play a smaller role, 
or rather work in conjunction with other interventions in im-
proving the overall morbidity. It is important to acknowledge 
that although we did not identify an added benefit or harm in 
our study, the ERAS phase comprised a markedly more com-
plex cohort, which may have masked the potential statistical 
significance.

As noted earlier, one of the most recent large trials compar-
ing a restrictive versus liberal f luid regimen was the RELIEF 
study, which noted an overall increase in rates of AKI with a 
restrictive fluid regimen [7]. Although we did not observe this 
finding in our study, it is important to note that the conclu-
sions drawn by Myles et al. [7] examined all types of abdom-

Table 3. Postoperative outcomes

Pre-ERAS (n = 29) Transition (n = 14) ERAS (n = 126) p

Length of stay (day) 15 (14–23) 14 (12–24) 12 (8–19) 0.53
Ileus 4 (13.8) 0 (0) 23 (18.3) 0.22
POPF 4 (13.8) 2 (14.3) 12 (9.5) 0.78
AKI 4 (13.8) 1 (7.1) 19 (15.1) 0.07
Overall morbidity (CD ≥ 3) 7 (24.1) 5 (35.7) 38 (30.2) 0.71

Values are presented as median (interquartile range) or number (%).
ERAS, enhanced recovery after surgery; POPF, postoperative pancreatic fistula; AKI, acute kidney injury; CD, Clavien-Dindo Classification.
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inal surgeries out of context of ERAS. Interestingly, we did 
find that patients who were in the later part of our ERAS study 
experienced less AKI than those in the earlier part of ERAS as 
protocols became more established. It is possible that although 
a restrictive regimen or targeted regimen may not be favour-
able in some surgical disciplines, it may be more beneficial in 
other settings, such as in pancreatic surgery. This is reflected in 
further analysis of the RELIEF study, when a further subgroup 
analysis of hepatobiliary surgery was assessed, and for oper-
ations performed in Australia, generally the rise in AKI was 
not demonstrated. Thus, our findings may not be conflicting 
regarding PD specifically.

The chief limitation of this study was its retrospective nature. 
Clinical details were based on documentation, and therefore, 
certain biases could not be avoided. Furthermore, oral f luid 
intake could be a confounding factor and it is difficult to deter-
mine the amount absorbed. A further limitation encountered 
was that additional elements implemented as part of the ERAS 
phase besides the f luid protocol may have contributed to the 
results. This is further discussed in our previously published 
paper [21]. Additionally, the small number of cases in the pre-
ERAS group is ref lective of our centre emerging as a higher 
volume centre for PD procedures in recent years. Our findings 
could be further improved in a prospective review; however, 
this would require careful consideration. This is especially 
challenging, as most elements of ERAS in PD performed in the 
department are now embedded in daily practice as standard of 
care (e.g., early mobilization and multimodal analgesia). This 
was a challenge noted by other retrospective studies on ERAS.

Our findings suggest that our postoperative IV fluid therapy 
regimen can be delivered without an increase in harm. We be-
lieve future studies should make further consideration not only 
of the volume of IV fluid but also of the type and duration of 
therapy. In our study, we hypothesised that cumulative sodium 
and chloride load across formulaic solutions deserved specific 
consideration above a volume-based approach alone in eval-
uating morbidity, as done in previous studies. A combination 
therapy of CSL and dextrose, as used in our study, allows the 
avoidance of excess salt postoperatively, a time when patients 
exhibit impaired ability to excrete sodium and chloride [22]. 
Therefore, administering low-sodium, low-volume fluids expe-
dite the patient’s return to a zero sodium and fluid balance in 
the postoperative period. The administration of normal saline 
has been observed to induce a predictable hyperchloraemic 
metabolic acidosis, which has been associated with potential 
adverse effects [9]. Furthermore, to date, most studies have 
focused on targeted IV therapy primarily in the intraoperative 
period. Fluid type was not included in this study given the 
plethora of fluids employed over the nine-year period, but to-
gether with total volume administered, they deserve inclusion 
as additional variables in future studies. We assessed the effect 
of a postoperative fluid regimen until the second POD, as be-
yond this timepoint, patients were typically commenced on en-

teral hydration. Miller et al. [23] also agreed that consideration 
should be given to continue goal-directed therapy in patients 
(particularly those who are at high risk) in the postoperative 
period until oral intake is established.

In summary, our study supports the notion that targeted IV 
therapy can be safely delivered to patients undergoing PD with-
in an ERAS program in the perioperative period, and without 
increased morbidity. It is possible that with continued research 
in the form of larger studies, added benefits may be revealed.
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Appendix 1. Intravenous fluid calculation

Item Calculation
Example

–70 kg patient

A. Patient weight (kg) A 70
B. Target sodium requirement per kg (mmol) 0.5 0.5
C. Sodium requirement per kg (mmol) A × 0.5 35 
D. Total fluid requirement (mL/kg/day) 20 20
E. Total water volume (mL/day) A × D 1,400
Hartmanns (CSL)
   F. Sodium content (mmol/L) 131 131
   G. CSL volume (mL) (C × 1,000)/H 267
   H. CSL rate (mL/hr) I/24 11
Dextrose 
   I. Dextrose volume (mL) E–G 1,173
   J. Dextrose rate (mL/hr) I/24 49
Final rate prescribed postoperatively run concurrently not sequentially CSL at 11 mL/hr

5% Dextrose at 49 mL/hr

CSL, compound sodium lactate.
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Appendix 2. Length of stay

Predictor Response
Univariable Multivariable

Estimate (95% CI) p-value Estimate (95% CI) p-value 

Surgeon Overall
A
B
C

–0.102 (–0.338, 0.134)
0.242 (0.028, 0.456)

1.00 (Ref )

0.002***
0.395
0.027***

–0.02 (–0.25, 0.2)
0.12 (–0.11, 0.34)
1.00 (Ref )

0.354
0.839
0.320

Anastomosis Blumgart
Others

–0.172 (–0.387, 0.043)
1.00 (Ref )

0.117 0.1 (–0.2, 0.41)
1.00 (Ref )

0.498

Surgeon access Open
Laparoscopic

0.257 (0.01, 0.505)
1.00 (Ref )

0.042** 0.15 (–0.08, 0.37)
1.00 (Ref )

0.195

Nasogastric feeds No
Yes 

0.227 (0.01, 0.505)
1.00 (Ref )

0.042** 0.15 (–0.08, 0.37)
1.00 (Ref )

0.337

Total chlorine per kg Range (0.2, 14.8) 0.023 (–0.005, 0.05) 0.105 –0.01 (–0.05, 0.03) 0.663
Mobilisation Range (1,11) 0.071 (–0.013, 0.154) 0.097 0.03 (–0.04, 0.1) 0.435
Time to oral analgesia Range (1, 23) 0.021 (–0.01, 0.053) 0.185 –0.02 (–0.05, 0.01) 0.194
IDC removal Range (1,24) 0.062 (0.036, 0.087) <0.001*** 0.03 (0, 0.06) 0.045**
Nourishing fluid postoperatively Range (0, 63) 0.048 (0.034, 0.062) <0.001*** 0.07 (0.05, 0.1) < 0.001***

General linear modelling of length of stay (in days) against various pre-, during and post-operative variables. Only the variables that met the inclusion 
threshold in the univariable models are presented. Length of days was log-transformed.
CI, confidence interval; 1.00 (Ref ), reference level.
**p < 0.05, ***p < 0.01.
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Appendix 3. Postoperative pancreatic fistula

Predictor Response Overall 
Grade A vs. No POPF Grade B and C vs. No POPF

OR (95% CI) p-value OR (95% CI) p-value

Univariable
   Surgeon

A
B
C

0.059*
0.24 (0.09, 0.66)
0.39 (0.17, 0.91)
1.00 (Ref )

0.006***
0.030**

0.36 (0.07, 1.83)
0.69 (0.19, 2.56)
1.00 (Ref )

0.220
0.578

   Anastomosis
Blumgart
Others

0.014**
4.29 (1.4, 13.15) 
1.00 (Ref )

0.011* 1.03 (0.30, 3.52)
1.00 (Ref )

0.967

   Portal vein resection (PVR)
No 
Yes

0.014**
6.03 (1.34, 27.1)
1.00 (Ref )

0.019* 1.67 (0.35, 8.04)
1.00 (Ref )

0.523 

   Surgeon access Open
Laparoscopic

< 0.001*** 0.13 (0.04, 0.38)
1.00 (Ref )

< 0.001*** 0.39 (0.07, 2.2) 
1.00 (Ref )

0.286 

   Nasogastric feeds No
Yes 

0.011** 0.28 (0.11, 0.73)
1.00 (Ref )

0.009*** 1.24 (0.41, 3.72)
1.00 (Ref )

0.703 

   Total chlorine per kg Range (0.2, 14.8) 0.004*** 0.78 (0.66, 0.92) 0.003*** 0.89 (0.72, 1.11) 0.300
   Mobilisation Range (1,11) 0.005*** 0.31 (0.12, 0.83) 0.019** 0.82 (0.43, 1.56) 0.550
   Time to oral analgesia Range (1, 23) 0.182 0.87 (0.73, 1.04) 0.115 0.93 (0.84, 1.17) 0.536
   IDC removal Range (1,24) 0.001*** 0.75 (0.63, 0.9) 0.001*** 0.98 (0.83, 1.15) 0.786
   Nourishing fluid postoperatively Range (0, 63) 0.108 0.91 (0.81, 1.02) 0.095* 1.02 (0.96, 1.09) 0.524
Multivariable
   Surgeon

A
B
C

0.015**
0.14 (0.04, 0.51)
0.78 (0.23, 2.69)
1.00 (Ref )

0.003***
0.695

0.54 (0.05, 5.35)
1.24 (0.16, 9.79)
1.00 (Ref )

0.595
0.839

   Anastomosis
Blumgart
Others

0.924
1.42 (0.20, 10.04)
1.00 (Ref )

0.725 1.42 (0.09, 22.77)
1.00 (Ref )

 
0.803

   Portal vein resection (PVR)
No 
Yes

0.009***
11.04 (1.74, 69.86)

1.00 (Ref )
0.011** 2.93 (0.31, 27.32) 

1.00 (Ref )

 
0.346 

   Surgeon access
Open
Laparoscopic

0.001***
0.09 (0.02. 0.37)
1.00 (Ref )

< 0.001*** 0.26 (0.03, 1.99)
1.00 (Ref )

0.194

   Nasogastric feeds
No
Yes 

0.664 
0.94 (0.018, 4.74) 
1.00 (Ref )

0.936 2.40 (0.33, 17.48)
1.00 (Ref )

0.387

   Total chlorine per kg Range (0.2, 14.8) 0.455 0.95 (0.73, 1.25) 0.730 0.78 (0.52, 1.17) 0.238
   Mobilisation Range (1,11) 0.038** 0.31 (0.10, 1.00) 0.051* 0.84 (0.38, 1.85) 0.661
   Time to oral analgesia Range (1, 23) 0.656 0.97 (0.79, 1.18) 0.759 0.87 (0.64, 1.19) 0.393
   IDC removal Range (1,24) 0.234 0.84 (0.67, 1.05) 0.123 1.01 (0.80, 1.27) 0.940
   Nourishing fluid postoperatively Range (0, 63) 0.120 1.02 (0.87, 1.20) 0.791 1.22 (1.01, 1.48) 0.043**

Logistic regression modelling of post-operative pancreatic fistula (POPF) against various pre-, during and post-operative variables. Only the variables that 
met the inclusion threshold in the univariable models are presented. Patients with no POFP are defined as the reference outcome level. POPF grade of A is 
classified as not clinically significant. POPF of grade B and C are classified as clinically significant.
OR, odds ratio; CI, confidence interval; 1.00 (Ref ), reference level.
*p < 0.10,  **p < 0.05, ***p < 0.01.
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Appendix 4. Ileus

Predictor Response
Univariable Multivariable

OR (95% CI) p-value OR (95% CI) p-value

Nasogastric feeds (Yes/No) No
Yes

2.34 (0.76, 7.20)
1.00 (Ref )

0.139 1.35 (0.35, 5.18)
1.00 (Ref )

0.659

Total chlorine per kg Range (0.2, 14.8) 0.87 (0.74, 1.02) 0.091* 0.84 (0.67, 1.07) 0.156

Logistic regression modelling of ileus against various pre-, during and post-operative variables. Only the variables that met the inclusion threshold in the 
univariable models are presented. ‘No ileus’ is defined as the reference outcome level.
OR, odds ratio; CI, confidence interval; 1.00 (Ref ), reference level.
*p < 0.10.
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Appendix 5. Acute kidney injury

Predictor Response
Univariable Multivariable

OR (95% CI) p-value OR (95% CI) p-value

Age (in years) Range (16, 84) 1.03 (0.99, 1.08) 0.131 1.02 (0.95, 1.09) 0.662
Sex Female

Male
1.00 (Ref )
2.44 (0.91, 6.50)

0.075* 1.00 (Ref )
4.77 (1.32, 17.31)

0.017**

BMI Range (18.7, 43.1) 1.11 (1.01, 1.21) 0.023** 1.12 (1.01, 1.23) 0.027**
ASA Range (1,4) 2.49 (1.21, 5.15) 0.014** 2.53 (1.04, 6.15) 0.041**
Charlson score Overall

Mild
Moderate
Severe

1.00 (Ref )
3.75 (0.46, 30.28)
6.87 (0.84, 56.55)

0.131

0.215 
0.073

1.00 (Ref )
5.00 (0.22, 115.59)
7.85 (0.23, 271.49)

0.515

0.315
0.254

IDC removal Range (1, 24) 1.12 (1.00, 1.25) 0.058* 1.32 (1.12, 1.57) < 0.001***

Logistic regression modelling of AKI against various pre-, during, and post-operative variables. Only the variables that met the inclusion threshold in the 
univariable models are presented. No AKI is the reference outcome level.
OR, odds ratio; CI, confidence interval; BMI, body mass index; ASA, American Society of Anaesthesiologists; 1.00 (Ref ), reference level.
*p < 0.10,  **p < 0.05, ***p < 0.01.




