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Purpose: Enhanced Recovery After Surgery (ERAS) has become standard of care in colorectal surgery. However, there is 
not a universally accepted colorectal ERAS protocol and significant variations in care exist between institutions. The aim 
of this study was to examine the impact of variations in ERAS interventions and complications on length of stay (LOS). 
Methods: This study was a single-center review of the first 200 consecutive patients recruited into our prospectively col-
lected ERAS database. The primary outcome of this study was to examine the rate of compliance to ERAS interventions 
and the impact of these interventions on LOS. The secondary outcome was to assess the impact of complications (anasto-
motic leak, ileus, and surgical site infections) on LOS. ERAS interventions, rate of adherence, LOS, readmissions, morbid-
ity, and mortality were recorded, and statistical analysis was performed. 
Results: ERAS variations and complications significantly influenced patient LOS on both univariate and multivariate 
analysis. ERAS interventions identified as the most important strategies in reducing LOS included laparoscopic surgery, 
mobilization twice daily postoperative day (POD) 0 to 1, discontinuation of intravenous fluids on POD 0 to 1, upgrading 
to solid diet by POD 0 to 2, removal of indwelling catheter by POD 0 to 2, avoiding nasogastric tube reinsertion and re-
moving drains early. Both major and minor complications increased LOS. Anastomotic leak and ileus were associated 
with the greatest increase in LOS.
Conclusion: Seven high-yield ERAS interventions reduced LOS. Major and minor complications increased LOS. Reduc-
ing variations in care and complications can improve outcomes following colorectal surgery.
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INTRODUCTION

Enhanced Recovery After Surgery (ERAS) protocols have become 

standard practice in colorectal surgery since it was first intro-
duced over 20 years ago. ERAS was first described in 1997 by 
Kehlet [1]. Six factors were identified; preoperative information 
and teaching, attenuation of stress, pain relief, exercise, enteral 
nutrition, and growth factors. In 2005, Fearon et al. [2] published 
a consensus of 17 main elements of the ERAS protocol. In 2017, 
Ljungqvist et al. [3] updated the ERAS consensus, dividing it into 
4 categories (preadmission, preoperative, intraoperative, and 
postoperative). Preadmission nutritional support, cessation of 
smoking and control of alcohol intake, anesthetic medical optimi-
zation and preoperative counseling; preoperative selective bowel 
preparation, carbohydrate loading, no nil by mouth and postop-
erative nausea & vomiting prophylaxis; intraoperative minimally 
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invasive surgery, minimization of drains and tubes, regional anal-
gesia, opioid-sparing anesthesia, balanced fluids, and temperature 
control; postoperative early removal of drains and tubes, stopping 
intravenous (IV) fluids, multimodal opioid-sparing pain control, 
early mobilization, early oral intake of fluids and solids, post dis-
charge follow-up [3].

While most institutions have adopted the ERAS principle of op-
timizing patient care pre-, intra-, and postoperatively to improve 
outcomes and reduce the length of stay (LOS), there have still 
been significant variations in care and outcomes between colorec-
tal units, and even between colorectal surgeons. There may be 
several reasons for this. Firstly, ERAS principles are not specific to 
colorectal surgery, but rather principles to improve postoperative 
outcomes in general. This has led to an approach to ERAS where 
institutions prioritize specific ERAS principles into their existing 
programs of care rather than implementing all of the principles. 
Secondly, ERAS interventions are guided by a set of principles 
and must be guided by the best available evidence in the literature. 
Of the 17 ERAS interventions described in 2005 by Fearon et al. 
[2], 2 of the interventions have been challenged by level 1 evi-
dence. Several meta-analyses have shown that while nonsteroidal 
anti-inflammatory drugs (NSAIDs) may improve ileus rates, 
NSAIDs may lead to increased risk of anastomotic leak [4-7]. 
Similarly, several meta-analyses and a network meta-analysis have 
demonstrated that avoidance of bowel preparation is associated 
with increased rates of infectious complications postoperatively, 
and that mechanical bowel preparation with oral antibiotics was 
associated with better outcomes [8-11]. Studies using interna-
tional databases such as the National Surgical Quality Improve-
ment Program (NSQIP) [12] have reported that avoidance of 
bowel preparation may be associated with increased risk of anas-
tomotic leak following left-sided restorative procedures [13]. Of 
note, the ERAS society has recently changed its recommendation 
of avoiding bowel preparation to selective bowel preparation. Fi-
nally, variations in care and outcomes may be due to differences 
in adherence to ERAS strategies and deficiencies in audit of com-
pliance and outcomes.

In this study, we studied the variations in care and complications 
for the first 200 consecutive patients recruited into our prospec-
tive ERAS database at our institution. 

METHODS

Patients and data collection
A prospectively collected database divided into 4 sections consist-
ing of 55 data points (11, 33, 1, and 10) was created on the Re-
search Electronic Data Capture (REDCap) data management 
platform [14, 15]. The REDCap data management platform was 
developed in 2004 at Vanderbilt University and has since been 
used as a valid database management platform by research teams. 
The database was de-identified, with each patient assigned a pa-
tient identification (ID) number. Institutional Review Board ap-

proval for this study was granted (No. 5878-AU RED LNR/18/
WMEAD/424). 

Consecutive patients from mid-2017 to 2018 suitable for ERAS 
were identified at the preadmission clinic by ERAS nurses. All 
elective major colorectal surgery were included. Emergencies, mi-
nor procedures, and palliative procedures and cases associated 
with bowel obstruction were excluded. Of the 200 patients in-
cluded, 29 were excluded from the analysis. These patients were 
excluded from analysis as they were emergency cases, reversal of 
stoma, laparoscopic appendicectomy only, transanal endoscopic 
microsurgery/transanal minimally invasive surgery, did not pro-
ceed with surgical procedure, or incorrectly identified for ERAS. 

The ERAS interventions included in our ERAS pathway between 
2017 and 2018 and the updated pathway from 2019 have been in-
cluded in Supplementary Figs. 1, 2. Where appropriate, the ERAS 
nurses generated a patient ID and completed the first section con-
sisting of details on patient demographic, preadmission and pre-
operative ERAS interventions at the preadmission clinic. Once 
the ID has been generated, junior medical officers, registrars, and 
fellows on the colorectal unit were prompted to complete the sec-
ond section which evaluated intraoperative and postoperative 
care including ERAS interventions. Issues with the data were 
raised and clarified at regular ERAS meeting every 2 to 4 weeks 
attended by a specialist consultant colorectal surgeon with the 
medical officers and nurses on the colorectal unit. At these meet-
ings, complications, readmissions, and mortality were discussed 
within the group and checked via the hospital Electronic Medical 
Record Powerchart. On reaching consensus, complications based 
on Clavien-Dindo classification (CD) [16, 17] (section 3) as well 
as 8 complications (superficial, deep, organ/space occupying sur-
gical site infection [SSI], anastomotic leak, urinary tract infection 
[UTI], pneumonia, deep venous thrombosis/pulmonary embo-
lism (DVT/PE), prolonged ileus (POI) as well as readmission 
within 30 days and death within 30 days were recorded by the 
colorectal consultant supervising the ERAS database. The RED-
Cap ERAS database was then linked to the NSQIP data which at 
the time of linkage collected 176 data points.

The primary outcome of this study was to examine the rate of 
compliance to ERAS interventions and the impact of these inter-
ventions on LOS. The secondary outcome was to assess the im-
pact of complications based on CD (minor, CD I/II; major, CD 
III/IV) and type of complication (anastomotic leak, ileus, and 
SSIs) on LOS.

Statistical analysis
Data on ERAS interventions, complications, and LOS were ana-
lyzed using IBM SPSS Statistics ver. 26.0 for Windows (IBM 
Corp., Armonk, NY, USA)  and STATA (Stata/MP, ver. 15; Stata-
Corp LLC, College Station, TX, USA). The normality of data dis-
tribution was evaluated and summarized using descriptive statis-
tics. Continuous data were presented by means with their stan-
dard deviations or medians and interquartile ranges (IQR). The 
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chi-square test or Mann-Whitney U-tests was used to test for dif-
ferences. 

With ERAS interventions and complications as predictors, LOS 
was analyzed both as a continuous outcome variable as well as 
converted to a binary outcome based on median ( ≤ 6 and > 6 
days). Subsequently, both a univariate and multivariate linear and 
logistic regression analysis was performed respectively. Where 
there were more than 2 categories for the independent variable, a 
1-way analysis of variance was performed instead of univariate 
linear regression. All tests were 2-tailed and a P-value of < 0.05 
was considered significant.

RESULTS

Study population
In total, 171 patients were suitable for inclusion for analysis. Table 
1 shows patient demographics, indications for surgery, and proce-
dural characteristics. Ninety-nine patients (57.9%) were male. 
The majority of patients (81.3%) had cancer, 7.6% had diverticuli-
tis, and 1.2% had Crohn disease; there were no patients with vol-
vulus and 8.2% had other indications. The median age was 69.1 
years (IQR, 57.7–66.6 years). In terms of preanesthetic comorbid-
ities, the American Society of Anesthesiologist (ASA) physical 
status (PS) classification system was used. The majority of patients 
were ASA PS grade I or II (healthy or mild systemic disease; 
54.4%) or ASA PS grade III (severe systemic disease; 40.9%). 
There were no patients classified as ASA PS grade V (moribund 
patient not expected to survive) or VI (brain-dead). The median 
body mass index (BMI) was 27.8 kg/m2 (overweight). The most 
common procedure performed was a right hemicolectomy 
(33.3%) followed by high anterior resection (26.3%) and low or 
ultra-low anterior resection (22.8%). The rates of nonrestorative 
proctectomies were low (Hartmann’s procedure, 1.8%; abdomi-
noperineal resection, 0.6%). Univariate analysis of LOS based on 
patient, disease, and surgical characteristics have been provided in 
Supplementary Table 1, and these were included for assessment in 
fitting the multivariable model (see Discussion).

Compliance with and impact of ERAS interventions on LOS
Compliance with ERAS interventions within our cohort is de-
tailed in Table 2. There was good compliance with preadmission 
counseling (100%), carbohydrate loading (97.1%), and preopera-
tive bowel preparation (91.2%) (Fig. 1). During the period of this 
study, immunonutrition and preoperative oral antibiotics had not 
been introduced (0% and 1.2%, respectively). Approximately 70% 
of patients had liquids up to 3 hours prior to surgery, and 6.3% of 
patients required preoperative iron transfusion for anemia. It is 
not known how many patients had iron deficiency anemia but 
did not receive iron transfusion.

Intraoperatively, the majority of operations were performed lap-
aroscopically. Robotic surgical platforms were not available dur-
ing the study period. Of the operations, 74.3% were commenced 

by minimally invasive laparoscopic surgery with 11.1% subse-
quently requiring conversion to open surgery. Fourteen percent 
of cases were hybrid, where both laparoscopic and open surgery 
were performed (i.e., where the splenic flexure was mobilized lap-
aroscopically, and rectal dissection was performed open). Hand-
assisted operations were also considered hybrid.

Postoperatively, there was good compliance with multimodal 
pain management (88.2%). Patients of 82.9% were mobilized 
twice daily by postoperative day (POD) 1 and 85.4% were pre-
scribed postoperative antiemetics. 

However, there were also ERAS interventions with a lower 

Table 1. Patient demographics, indications for surgery, and proce-
dural characteristics (n=171)

Variable Dataa

Age (yr) 69.1 (57.7–66.6)

Female sex 42.1

ASA PS classification

   I 8.8

   II 45.6

   III 40.9

Body mass index (kg/m2) 27.8 (24.2–31.7)

HbA1c (%) 5.6 (5.3–6.3)

Indication for surgery

   Cancer 81.3

   Crohn disease 1.2

   Ulcerative colitis 0.5

   Diverticulitis 7.6

   Recurrent volvulus 0

   Others 8.2

Procedure

   Right hemicolectomy 33.3

   Transverse colectomy 0.6

   Left hemicolectomy 2.3

   High anterior resection 26.3

   Low anterior resection 12.3

   Ultra-low anterior resection 10.5

   Anterior resection unspecified 4.1

   Hartmann’s procedure 1.8

   Abdominoperineal resection 0.6

   Total/subtotal colectomy 1.2

   Total proctocolectomy ± IPAA 1.8

   Others 5.3

Values are presented as median (interquartile range) or percentage. 
ASA, American Society of Anesthesiologist; PS, physical status; HbA1c, glycosyl-
ated hemoglobin A1c; IPAA, ileal pouch anal anastomosis.  
aDoes not include missing data (minimal); see Supplementary Table 2. 
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agreement rate. 28.6% of patients had not started solid diet by 
POD 2. 20.5% of patients had their indwelling catheter (IDC) re-
moved POD ≥ 3 and 8.8% had their nasogastric tube (NGT) re-
moved POD ≥ 3. The IDC and NGT reinsertion rate were 8.8% 

and 14.6%, respectively. Few patients had epidurals (5.3%). 
NSAIDs were prescribed in 31.8% of cases. While approximately 
half the patients did not have a drain, 14.6% had drains removed 
POD ≥ 5.

Of the 18 ERAS intervention (preoperative 7, intraoperative 2, 
and postoperative 9), this study identified 7 ERAS interventions 
that influenced LOS on univariate linear regression, of which 4 
maintained a statistically significant difference on multivariate 
analysis. On univariate logistic regression analysis, 10 ERAS inter-
ventions influenced LOS (Table 3), of which 5 remained statisti-
cally significant on multivariate analysis. Several of the preopera-
tive ERAS interventions were not estimable as there was a close to 
100% agreement rate.

On univariate linear regression analysis, laparoscopic surgery 
when compared to open (7.0 [5.1–9.0] vs. 10.8 (6.3–15.3), P =  
0.068), mobilization twice a day (bis die, BD) on POD 0 to 1 (7.6 
[5.9–9.3] vs. 13.0 [9.1–16.9], P= 0.013), discontinuation of IV flu-
ids on POD 0 to 1 (5.9 [3.5–8.4] vs. 10.4 [8.4–12.4], P= 0.006), 
upgrading to solid diet by POD 0 to 2 (6.3 [4.6–8.1] vs. 14.2 
[11.5–17.0], P< 0.0001), removing the IDC by POD 0 to 2 (7.6 
[5.9–9.3] vs. 12.7 [9.3–16.2], P= 0.009), avoiding NGT reinsertion 
(7.2 [5.6–8.8] vs. 16.8 [12.9–20.7], P < 0.0001), and removing 
drains early (P< 0.0001) was associated with a statistically signifi-
cant reduction or trend in reduction of LOS. On multivariate lin-
ear regression analysis, laparoscopic surgery (when compared 
with patients who had open surgery with epidurals), upgrading to 
solid diet by POD 0 to 2, avoiding NGT reinsertion and removing 
drains prior to POD 4 were associated with a statistically signifi-
cant reduction in LOS.

On univariate logistic regression analysis ( ≤ 6 and > 6 days), 
laparoscopic surgery (P= 0.024), multimodal pain management 
(odds ratio [OR], 4.48; 95% confidence interval [CI], 1.25–16.02; 
P= 0.021), patient controlled analgesia (PCA) duration (OR, 1.63; 
95% CI, 1.22–2.17; P= 0.001), BD mobilization (OR, 0.28; 95% 
CI, 0.11–0.71; P = 0.007), IV fluid duration (OR, 2.21; 95% CI, 
1.60–3.07; P< 0.0001), time to solid diet (OR, 0.16; 95% CI, 0.08–
0.34; P < 0.0001), IDC duration POD ≥ 3 (OR, 5.37; 95% CI, 
2.32–12.46; P < 0.0001), NGT reinsertion (OR, 46.48; 95% CI, 
6.09–354.53; P< 0.0001), drain placement (P= 0.005), and time to 
removal POD ≥ 5 (OR, 5.34; 95% CI, 2.12–13.45, P< 0.0001) im-
pacted on LOS. On multivariate logistic regression analysis, epi-
dural, BD mobilization, time to solid diet, IDC duration, and 
NGT duration were factors associated with LOS. 

Impact of complications on LOS
Overall, 56.1% of patients did not have any complications. Of 
those who had complications, 33.9% of patients had minor (CD I–
II) complications. Only 8.2% of patients had major (CD III–IV) 
complications and the mortality rate was 1.2%. The most common 
complication was ileus (13.5%). The overall SSI rate was 11.1% 
and the leak rate was 4.7%. The rate of UTI, pneumonia, and 
DVT/PE were 5.3%, 2.9%, and 1.2%, respectively (Table 4, Fig. 2). 

Table 2. Compliance with ERAS interventions (n=171)

ERAS intervention Agreement rate (%)a

Preadmission counseling 100

Carbohydrate loading 97.1

Immunonutrition 0

Surgical access

   Open 11.7

   Laparoscopic 63.2

   Laparoscopic converted to open 11.1

   Hybrid 14

Bowel preparation 91.2

Oral antibiotics 1.2

Liquids up to 3 hr prior to surgery 73.7

Epidural 5.3

Multimodal pain management 88.2

NSAIDs 31.8

Preoperative iron transfusion for anemia 6.3

Postoperative antiemetics 85.4

Mobilization POD 0–1 83

Mobilization BD POD 0–1 82.9

IV fluids discontinued POD 0–1 40.1

Upgraded to solid diet POD 0–2 71.4

IDC

   IDC out POD 0–2 79.5

   IDC out POD ≥ 3 20.5

   Failed TOV, IDC reinsertion required 8.8

NGT

   NGT out POD 0–2 3.5

   NGT out POD ≥ 3 8.8

   No NGT 87.7

NGT reinsertion 14.6

Drain 

   No drain 54.7

   Drain removed POD 0–2 10.6

   Drain removed POD 3–4 17.6

   Drain removed POD ≥ 5 14.6

ERAS, Enhanced Recovery After Surgery; NSAIDs, nonsteroidal anti-inflammatory 
drugs; POD, postoperative day; BD, twice a day; IV, intravenous; IDC, indwelling 
catheter; TOV, trial of void; NGT, nasogastric tube.
aDoes not include missing data (minimal); see Supplementary Table 3.
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Fig. 1. Compliance with Enhanced Recovery After Surgery (ERAS) interventions. POD, post-operative day; IDC, indwelling catheter; 
NSAIDs, non-steroidal anti-inflammatory drugs; BD, twice a day.
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 Immunonutrition   Multimodal pain management
 IVF discontinued POD 1  Upgraded to solid diet POD 1
 IDC out within 48 hr  Day 1 BD mobilisation
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Complications had a significant impact on LOS on both linear 
regression (P< 0.0001) and logistic regression (P< 0.0001) (Table 
5). The mean LOS without complication was 4.9 days (4.5–5.3 
days). For patients who had CD I, II, III, and IV complications, 
the LOS was 8.2 days (6.5–9.9 days), 12.9 days (8.4–17.3 days), 
14.4 days (6.9–21.9 days), and 38.0 days (8.8–67.2 days), respec-
tively. Importantly, both minor (CD I/II) and major (CD III/IV) 
complications increased the risk of LOS ≥ 6 days. For CD I, the 
OR was 2.88 (95% CI, 1.19–6.96; P= 0.019); and for CD II, the 
OR was 6.11 (95% CI, 2.56–14.62; P< 0.0001).

Anastomotic leak increased LOS by 23 days (31.0 [8.8–53.2] vs. 
7.5 [6.3–8.6], P< 0.0001). Ileus increased LOS by 13 days (20.2 
[12.9–27.5] vs. 6.7 [5.5–7.9], P < 0.0001) (Fig. 3). SSI increased 
LOS by 7 days (15.4 [7.9–23] vs. 8.0 [6.5–9.6], P= 0.016). UTI also 
significantly increased LOS, but it was usually associated with 
other complications and its effect on LOS was complex. Organ/

space SSI shared a similar complication profile to anastomotic 
leak both by definition and its effect on LOS (24.3 [14.0–34.8] vs. 
8.1 [6.6–9.6], P< 0.0001) (Table 5).

DISCUSSION

This retrospective review of a prospectively collected database has 
provided an insight into the preoperative, intraoperative, and 
postoperative variables including patient demographics, disease 
state, and surgical technique that may influence the outcomes 
achieved in a colorectal ERAS program. Of the 18 ERAS inter-
vention, the most important predictors of decreased LOS were 
laparoscopic surgery, mobilization BD POD 0 to 1, discontinua-
tion of IV fluids on POD 0 to 1, upgrading to solid diet by POD 0 
to 2, removing the IDC by POD 0 to 2, avoiding NGT reinsertion 
and removing drains early. Several of these interventions were 
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Table 3. Univariate linear and logistic regression of ERAS interventions and hospital length of stay (LOS)

ERAS intervention
Univariate linear regression 

LOS (95% CI) (day)
P-value

Univariate logistic regression 
for LOS of ≤ 6 vs. > 6 days 

OR (95% CI)
P-value

Preadmission counseling Not estimable Not estimable

Carbohydrate loading Not estimable 1.01 (0.18–6.77) 0.917

Immunonutrition Not estimable Not estimable

Preoperative iron transfusion for anemia 7.0 (0.04–14.0) vs. 8.8 (7.1–10.5) 0.620 1.49 (0.41–5.38) 0.541

Surgical access

   Open 10.8 (6.3–15.3) (ref) Reference 0.024

   Laparoscopic 7.0 (5.1–9.0) 0.070 0.51 (0.19–1.33) 0.167

   Conversion to open 10.6 (6.0–15.2) 2.17 (0.59–7.99) 0.246

   Hybrid 12.2 (8.1–16.4) 1.09 (0.33–3.62) 0.887

Bowel preparation 8.6 (7.0–10.3) vs. 8.1 (2.8–13.3) 0.838 0.81 (0.28–2.36) 0.702

Oral antibiotics Not estimable Not estimable

Liquids up to 3 hr prior to surgery 7.9 (6.1–9.7) vs. 10.4 (7.4–13.4) 0.158 0.74 (0.37–1.48) 0.394

Epidural for open surgery (non-open surgery) 9.9 (3.6–16.2) vs. 10.8 (9.4–13.2) vs. 6.8 (4.7–8.9) 0.044 6.45 (1.27–32.91) 0.025

Multimodal pain management 9.1 (7.5–10.8) vs. 4.5 (–0.6–9.1) 0.064 4.48 (1.25–16.02) 0.021

PCA duration 1.63 (1.22–2.17) 0.001

NSAIDS 7.0 (4.3–9.8) vs. 9.4 (7.5–11.3) 0.173 0.84 (0.44–1.64) 0.615

Postoperative antiemetics 8.9 (7.2–10.6) vs. 6.8 (2.7–10.8) 0.329 0.83 (0.35–1.99) 0.682

Mobilization POD 0–1 8.0 (6.3–9.6) vs. 11.8 (8.0–15.6) 0.068 0.48 (0.21–1.09) 0.080

Mobilization BD POD 0–1 7.6 (5.9–9.3) vs. 13.0 (9.1–16.9) 0.013 0.28 (0.11–0.71) 0.007

IV fluids discontinued POD 0–1 5.9 (3.5–8.4) vs. 10.4 (8.4–12.4) 0.006 0.28 (0.14–0.55) < 0.0001

IV fluids duration (day) B 1.426 (SE 0.221) < 0.0001 2.21 (1.60–3.07) < 0.0001

Upgraded to solid diet POD 0–2 6.3 (4.6–8.1) vs. 14.2 (11.5–17.0) < 0.0001 0.16 (0.08–0.34) < 0.0001

IDC

   IDC out POD 0–2 7.6 (5.9–9.3) 0.009 5.37 (2.32–12.46) < 0.0001

   IDC out POD ≥ 3 12.7 (9.3–16.2)

   Failed TOV, IDC reinsertion required 11.9 (6.7–17.1) vs. 8.3 (6.7–9.9) 0.197 4.26 (1.30–14.00) 0.017

NGT

   NGT out POD 0–2 11.0 (5.9–16.1) 0.334 Reference 0.130

   NGT out POD ≥ 3 9.7 (7.0–12.3) 0.50 (0.07–3.43) 0.481

   No NGT 8.3 (6.7–10.0) 0.32 (0.11–0.99) 0.048

NGT reinsertion 7.2 (5.6–8.8) vs. 16.8 (12.9–20.7) < 0.0001 46.48 (6.09–354.53) < 0.0001

Drain

   No drain 6.5 (4.5–8.4) Reference 0.005

   Drain removed POD 0–2 6.2 (1.6–10.8) < 0.0001 1.63 (0.58–4.54) 0.353

   Drain removed POD 3–4 8.5 (5.1–11.9) 1.18 (0.50–2.79) 0.711

   Drain removed POD ≥ 5 16.9 (13.4–20.4) 5.34 (2.12–13.45) < 0.0001

ERAS, Enhanced Recovery After Surgery; CI, confidence interval; OR, odds ratio; PCA, patient controlled analgesia; NSAIDs, nonsteroidal anti-inflammatory drugs; POD, 
postoperative day; BD, twice a day; IV, intravenous; IDC, indwelling catheter; TOV, trial of void; NGT, nasogastric tube.

also statistically significant on multivariate analysis including lap-
aroscopic surgery (when compared with patients who had open 

surgery with epidurals), upgrading to solid diet by POD 0 to 2, 
avoiding NGT reinsertion, and removing drains prior to POD 4. 
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When we analyzed the data based on a binary outcome (LOS of 
≤ 6 and > 6 days), laparoscopic surgery, multimodal pain man-
agement, PCA duration, BD mobilization, IV fluid duration, epi-
dural, time to solid diet, IDC duration, avoidance of NGT place-
ment and NGT reinsertion, drain placement and time to removal 
were associated with LOS ≤ 6 days. On multivariate analysis, epi-
dural, BD mobilization, time to solid diet, IDC duration, and 
NGT duration were factors associated with LOS. 

There was a low rate of perioperative mortality and major com-
plications. However, there was a higher rate of minor complica-
tions (CD I/II) than expected. This, in part, corresponded to the 
patients who had POI, UTI, and SSI. The rate of POI in our co-
hort was 13.5%, total SSI was 11.1%, and UTI rate was 5.3%. The 
Binational Colorectal Cancer Audit (BCCA) database reported a 
lower ileus rate of 8% and a wound infection rate of 4%; the rate 
of UTI was not reported [18]. We used the international consen-
sus definition of POI in our study. POI was defined as 2 or more 
of the following on or after day 4; nausea or vomiting, inability to 
tolerate oral diet over 24 hours, no flatus over 24 hours, abdomi-
nal distension; and radiological confirmation of ileus.

In this study, ileus increased LOS by approximately 13 days, SSI 

increased LOS by 7 days, UTI increased LOS by 11 days, and 
anastomotic leak increased LOS by 23 days. These results are sim-
ilar to the study by Iversen et al. [19] which reported an increased 
LOS by 16 days with anastomotic leak as well as the study by Lluis 
and Biondo [20] which reported an increased LOS by 9 days with 
ileus.

Based on the low leak rate, low major complication rate, and the 
LOS, this indicated that the quality of surgery and postoperative 
management was satisfactory. In this study, the leak rate (4.7%) 
and LOS (8.56 days) were comparable to the results reported in 
the BCCA (2017) for Australia and New Zealand. In this report, 
the anastomotic leak rate was 4%, mean LOS was 8.5 days, and the 
surgical complication rate was 31.1% [18]. While the ALCCaS 
(Australasian Laparoscopic Colon Cancer Study) trial reported a 
lower anastomotic leak rate as 1.4% for laparoscopic and 3.4% for 
open [21], overall, the MRC CLASICC (Medical Research Council 
Conventional versus Laparoscopic-Assisted Surgery in Colorectal 
Cancer) trial (anastomotic leak rate for colon surgery as 3% [open 
and laparoscopic], 7% [open], and 10% [laparoscopic] for rectal 
surgery) [22], the 2010 Dutch Surgical Colorectal Audit (anasto-
motic leak of 8.7% after restorative colorectal surgery [n= 9,192] 
in the Netherlands) [23], and the ALaCaRT (Australasian Laparo-
scopic Cancer of the Rectum Trial) randomized clinical trial 
(anastomotic leak rate following rectal cancer surgery, 7% [3% for 
grade 3/4 leaks]) [24] reported higher anastomotic leak rates. 

The rate of conversion to open in this study was 11.1%. This was 
better than the rate of conversion to open reported in the MRC 
CLASICC trial (colon and rectal surgery, 29%) [22] and ALCCaS 
(colon surgery, 14.6%) [21], but slightly higher than the recent 
ALaCaRT (rectal surgery, 9%) [24] and the BCCA [18].  

We included patients with a median BMI of 27.8 kg/m2 (IQR, 

Table 4. Postoperative length of stay, morbidity, mortality, and read-
missions (n=171)

Variable Data (%)a

Length of stay (day)

   Median (interquartile range) 6 (4–9)

   Mean ± standard deviation 8.56 ± 10.22

Clavien-Dindo classification 

   No complications 56.1

   I 14.6

   II 19.3

   III 4.7

   IV 3.5

   V 1.2

Complication

   Superficial SSI 7.0

   Deep SSI 1.2

   Organ space SSI 2.9

   Anastomotic leak 4.7

   Urinary tract infection 5.3

   Pneumonia 2.9

   DVT/PE 1.2

   Ileus 13.5

Readmission within 30 days 7.6

Death within 30 days 1.2

SSI, surgical site infection; DVT, deep vein thrombosis; PE, pulmonary embolism.
aNo data missing. 

Fig. 2. Rate of postoperative complications, readmissions and mor-
tality. SSI, surgical site infection; UTI, urinary tract infection; DVT, 
deep venous thrombosis; PE, pulmonary embolism.
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Table 5. Univariate linear and logistic regression of complications and hospital length of stay

Variable Univariate linear regression P-value Logistic regression P-value

Clavien-Dindo classification

   No complications 4.9 (4.5–5.3) Reference < 0.0001

   I 8.2 (6.5–9.9) < 0.0001 2.88 (1.19–6.96) 0.019

   II 12.9 (8.4–17.3) 6.11 (2.56–14.62) < 0.0001

   III 14.4 (6.9–21.9) 4.43 (0.87–22.64) 0.074

   IV 38.0 (8.8–67.2) 7.35 (0.84–64.34) 0.072

   V No estimate No estimate No estimate

Type of complication

   Superficial SSI 15.4 (7.9–23.0) vs. 8.0 (6.5–9.6) 0.016 2.98 (0.86–10.33) 0.084

   Deep SSI No estimate No estimate No estimate No estimate

   Organ space SSI 24.3 (14.0–34.8) vs. 8.1 (6.6–9.6) < 0.0001 2.12 (0.35–13.02) 0.418

   Anastomotic leak 31.0 (8.8–53.2) vs. 7.5 (6.3–8.6) < 0.0001 No estimate No estimate

   Urinary tract infection 19.1 (4.7–33.6) vs. 8.0 (6.5–9.4) 0.001 12.32 (1.50–100.88) 0.019

   Pneumonia 20.8 (1.9–39.7) vs. 8.2 (6.7–9.7) 0.006 No estimate No estimate

   Deep venous thrombosis/pulmonary embolism No estimate No estimate No estimate No estimate

   Ileus 20.2 (12.9–27.5) vs. 6.7 (5.5–7.9) < 0.0001 No estimate No estimate

Readmission within 30 days 8.9 (5.7-12.1) vs. 8.6 (6.9-10.3) 0.908 2.34 (0.73–7.47) 0.152

Death within 30 days No estimate No estimate No estimate No estimate

Values are presented as days (95% confidence inteval [CI]) for linear regression and odds ratio (95% CI) for logistic regression.
SSI, surgical site infection.

24.2–31.7 kg/m2) which is high and a typical reflection of the pa-
tient population in our local health district. BMI was not shown 
to be a significant predictor of LOS or major complications. 

The median LOS for our ERAS cohort was 6 days. At the same 
institution, prior to commencement of ERAS, the median LOS 
for the unit was 8 days (no nonmedical reason for delay) to 15 
days (medical reason for delay) [25]. Since the commencement of 
ERAS, the overall median LOS of 6 days demonstrated a signifi-
cant improvement in outcome (Table 6). 

Consistently, in this study, the most important ERAS interven-
tions associated with of decreased LOS on all analysis were lapa-
roscopic surgery, BD mobilization from POD 0 to 1, early discon-
tinuation of IV fluids by POD 0 to 1, upgrading to solid diet by 
POD 2, removal of IDC by POD 2, avoidance of NGT placement 
and reinsertion and removal of drain by POD 4.

Other ERAS studies have identified avoidance of oral opiates 
[26], duration of use of epidurals [26], age [27], complications 
[27], nasogastric and IDC reinsertion, continued IV fluid infu-
sion and inability to mobilize [28], and reduced compliance to 
ERAS protocols [29] to be associated with increased LOS.

The majority of deviations from the ERAS pathway were in the 
postoperative period. While lack of agreement or noncompliance 
was due to medical necessity in a majority of cases, approximately 
30% of deviations could have been improved. This was a similar 
finding to the study by Roulin et al. [30] (n= 76). 

While our median LOS is better than the median LOS reported 
in the BCCA and several randomized controlled trials and equiv-
alent to the LOS reported in NSQIP studies, several ERAS pro-
grams have reported median LOS of between 3 and 5 days [31-
34]. Future studies are required to evaluate which patients can be 
further fast-tracked safely without increasing readmission rates 
and morbidity.

The emphasis of this study was quality of data with team and 
specialist consensus of patient outcomes collected prospectively at 
ERAS meetings with strict criteria for outcome assessments. This 
study has driven several quality improvement programs at our in-
stitution including an SSI reduction bundle (SSIRB), a project to 
reduce ileus and UTIs. Our SSIRB consists of bowel preparation 
and oral antibiotics [8, 13], IMPACT (Nestle, Vevey, Switzerland) 
immunonutrition, the use of chlorhexidine and alcohol prepara-
tion, wound protectors, separate closing tray and change of gloves 
prior to closure, and avoidance of nonselective NSAIDs to reduce 
the risk of anastomotic leak. Our ileus project consists of reducing 
opiate use and optimizing multimodal analgesia and decreasing 
the duration of PCA. To reduce UTIs, IDC removal as early as 
medically possible has been prioritized. It is anticipated that im-
provements in outcomes achieved by successful ERAS and quality 
improvement programs will be associated with cost savings [32-
34].  

This study has the limitations as follows. Due to the size of the 
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study, many factor variables fell out of the multivariable model 
(P> 0.1) despite displaying a trend to significance, influencing the 
multivariate statistical model. For this reason, we have included 

the univariate linear and logistic regression models as tables, with 
the multivariate results reported in discussion and appendix 
rather than being formally tabled. We anticipate that our multi-
variate statistical model will improve as the prospectively collected 
database increases in size and in subsequent studies provide accu-
rate multivariate modeling of ERAS interventions and LOS. The 
association between ERAS strategies that had a near 100% or 0% 
agreement rate and LOS (mainly preoperative) could not be esti-
mated in this study. These included preadmission counseling, 
carbohydrate loading, immunonutrition, and oral antibiotics. 
There were missing data the NSQIP database collects different 
variable data for targeted colectomies and proctectomies, and 
when linked with our ERAS database which collects the same da-
taset for both colectomies and proctectomies, this resulted in 
missing data in various fields. 

This study reported 7 high-yield ERAS interventions that influ-
enced patient LOS the most—laparoscopic surgery, mobilization 
BD POD 0 to 1, discontinuation of IV fluids on POD 0 to 1, up-
grading to solid diet by POD 0 to 2, removing the IDC by POD 0 
to 2, avoiding NGT reinsertion, and removing drains early. Both 
major and minor complications increased LOS. Anastomotic leak 
and ileus were associated with the greatest increase in LOS.  
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Table 6. Comparison of postoperative length of stay, readmission, 
and mortality pre-ERAS and with ERAS

Variable
Pre-ERAS 
(n = 161)

ERAS 
(n = 171)

P-value

Length of stay (day)

   Median (IQR) 8.0 (6.0–11.3) 6.0 (4.0–9.0) < 0.0001

   Mean ± SD 11.16 ± 10.73 8.56 ± 10.22 0.032

Readmission within 30 days (%) 9.3 7.6 0.590

Death within 30 days (%) 1.9 1.2 0.680

ERAS, Enhanced Recovery After Surgery; IQR, interquartile range; SD, standard 
deviation.

Fig. 3. The association between complications (by CD, anastomotic 
leak and ileus) and length of stay. (A) Complications by CD score 
and LOS, (B) Prolonged ileus and LOS, (C) Anastomotic leak and 
LOS.
CD, Clavien-Dindo; LOS, length of stay.
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SUPPLEMENTARY MATERIALS

Supplementary materials for this study are presented online 
(available at https://doi.org/10.3393/ac.2020.11.23).
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Supplementary Table 1. Univariate linear and logistic regression of patient, disease and surgical variables and hospital length of stay (LOS)

Patient variable
Univariate linear regression 

LOS (95% CI) (day)
P-value

Univariate logistic regression for 
LOS of ≤ 6 vs. > 6 days OR (95% CI)

P-value

Male sex 8.4 (6.4–10.5) vs. 8.8 (3.6–14.0) 0.819 2.048 (1.097–3.825) 0.024

Age   B 0.108 (S.E. 0.063) 0.093 No estimate

ASA PS classification

   I 7.4 (1.4–13.4) 0.023 Reference 0.267

   II 6.6 (5.6–7.5) 1.755 (0.512–6.021) 0.371

   III 11.2 (7.8–14.6) 2.521 (0.731–8.694) 0.143

BMI No estimate 0.987 (0.930–1.047) 0.659

HbA1c No estimate 1.076 (0.734–1.579) 0.707

Disease variable

   Cancer 8.8 (7–10.5) vs. 7.8 (4.3–11.3) 0.619 1.261 (0.571–2.782) 0.566

   Crohn disease 5.5 (0–37.3) vs. 8.6 (7.0–10.2) 0.671 1.386 (0.085–22.534) 0.819

   Ulcerative colitis No estimate No estimate No estimate No estimate

   Diverticulitis 7.7 (5.2–10.2) vs. 8.6 (7.0–10.3) 0.751 1.200 (0.385–3.737) 0.753

   Volvulus No estimate No estimate No estimate No estimate

   Others 9.2 (1.3–17.2) vs. 8.5 (6.9–10.1) 0.804 0.749 (0.240–2.339) 0.619

Surgical variable

   Surgical access 10.8 (6.3–15.26) 0.0697 Reference 0.024

      Open 7.0 (5.1–9.0) 0.51 (0.19–1.33) 0.167

      Laparoscopic 10.6 (6.0–15.2) 2.17 (0.59–7.99) 0.246

      Conversion to open 12.2 (8.1–16.4) 1.09 (0.33–3.62) 0.887

      Hybrid

   Type of procedure

      Right 6.7 (5.4–7.9) 0.419 Reference 0.098

      Left 6.5 (3.5–9.6) 1.714 (0.225–13.086) 0.603

      High anterior resection 9.5 (4.6–14.5) 0.719 (0.310–1.669) 0.442

      Low anterior resection 11.0 (7.7–14.3) 2.743 (1.184–6.354) 0.019

      Unspecified 8.7 (4.7–12.7) 1.286 (0.262–6.310) 0.757

      Other 8.6 (7–10.1) 1.371 (0.468–4.015) 0.564

ASA, American Society of Anesthesiologist; PS, physical status; HbA1c, glycosylated haemoglobin A1c; BMI, body mass index; LOS, length of stay.
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Supplementary Table 2. Patient demographics, indications for sur-
gery and procedural characteristics  

Patient characteristics %a Data not available (n)

Ageb 66.7 (57.6–74.9)

Female sex 42.1

ASA PS classification  8

   I 8.8

   II 45.6

   III 40.9

Body mass indexb 27.8 (24.2–31.7)

HbA1cb 5.6 (5.3–6.3)

Preadmission counselling 100 1

Carbohydrate loading 97.1 1

Immunonutrition 100 6

Indication for surgery 0

   Cancer 81.3

   Crohn disease 1.2

   Ulcerative colitis 0.5

   Diverticulitis 7.6

   Recurrent volvulus 0

   Others 8.2

Procedure 0

   Right hemicolectomy 33.3

   Transverse colectomy 0.6

   Left hemicolectomy 2.3

   High anterior resection 26.3

   Low anterior resection 12.3

   Ultralow anterior resection 10.5

   Anterior resection unspecified 4.1

   Hartmann’s procedure 1.8

   Abdominoperineal resection    0.6

   Total/Subtotal colectomy 1.2

   Total proctocolectomy ± IPAA 1.8

   Others  5.3

ASA, American Society of Anesthesiologist; PS, physical status; HbA1c, glycosyl-
ated haemoglobin A1c; IPAA, ileal pouch anal anastomosis. 
aDoes not include missing data. bMedian (interquartile range).
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Supplementary Table 3. Compliance with ERAS interventions 

ERAS intervention
Agreement 
rate (%)a

Data not 
available (n)

Preadmission counselling 100 1

Carbohydrate loading 97.1 1

Immunonutrition 0 11

Surgical access 0

   Open 11.7

   Laparoscopic 63.2

   Laparoscopic converted to open 11.1

   Hybrid 14.0

Bowel preparation 91.2 0

Oral antibiotics 1.2 0

Liquids up to 3 hr prior to surgery 73.7 0

Epidural 5.3 0

Multimodal pain management 88.2 1

NSAIDs 31.8 1

Preoperative iron transfusion for anemia 6.3 12

Postoperative antiemetics 85.4 0

Mobilization POD 0–1 83.0 0

Mobilization BD POD 0–1 82.9 19

IV fluids discontinued POD 0–1 40.1 4

Upgraded to solid diet POD 0–2 71.4 0

IDC

   IDC out POD 0–2 79.5 0

   Failed TOV, IDC reinsertion required 8.8 0

NGT

   NGT out POD 0–2 3.5

   NGT out POD ≥ 3 8.8

   No NGT 87.7

NGT reinsertion 14.6 0

Drain 1.0

   No drain 54.7

   Drain removed POD 0–2 10.6

   Drain removed POD 3–4 17.6

   Drain removed POD ≥ 5 14.6 0

ERAS, Enhanced Recovery After Surgery; NSAIDs, nonsteroidal anti-inflammatory 
drugs; POD, postoperative day; BD, twice a day; IV, intravenous; IDC, indwelling 
catheter; TOV, trial of void; NGT, nasogastric tube.
aDoes not include missing data.
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Supplementary Fig. 1. Westmead ERAS (2017–2018). ERAS, Enhanced Recovery After Surgery; TED, thrombo-embolus deterrent; PEG, polyeth-
ylene glycol; QID, quater in die (4 times each day); PRN, pro re nata (as needed); COX-II, cyclo-oxygenase-2; DVT, deep venous thrombosis; IV, in-
travenous; IDC, indwelling catheter; FiO2, fraction of  inspired oxygen; PCA, patient controlled analgesia; RMO, resident medical officer; PACE, 
patient with acute condition for escalation.

Preoperative

ERAS education; Discharge planning; incentive spirometry 

Carbohydate loading: 4 cartons of Nutricia Preop™ evening before 
surgery, 2 cartons 3 hr prior to surgery, unless contra-indicated

Intraoperatively

Normothermia with bair-hugger. 
Regional field block for open surgery. 
DVT prophylaxis.

Day 0

Fluids as tolerated orally. PCA

Day 1

Full blood count/electrolytes/glucose/creatinine 
Free fluids as tolerated, regular ensure
2 L of 0.18 NaCl, 4% dextrose IV IDC out 
Mobilize to 80 m

Day 2

Normal diet. FiO2 discontinued. PCA discontinued, oral 
analgesia only. IV fluids stopped, cannula capped. 
Mobilize 80 to 100 m

Day 3–4

Increase distance mobilized to 100 m. Continue 
regular Ensure.

Day 5

Criteria for discharge: Tolerating ward diet. Mobilizing 
adequately. Passing stool/flatus. Pain controlled with 
oral analgesia. Home supervision

Bowel preparation

NOT ROUTINE for right side.

Left-sided resections: bowel 
preparation day before 
surgery with glycoprep (PEG) 
or sodium phosphate prep

DVT prophylaxis

TED stockings; clexane 
20 mg daily for low-risk 
patients, 40 mg daily for high-
risk patients

Oral analgesia

Paracetamol 1 g QID

Oxycodone 
< 50 yr: 5–10 mg 2–4 hr PRN 
50–70 yr: 5 mg 2–4 hr PRN 
> 70 yr: 2.5 mg 2–4 hr PRN 

COX-II inhibitor once oral 
intake re-established

Discharge orders

Oxycodone (Endone)

< 50 yr: 5–10 mg 2–4 hr PRN 
50–70 yr: 5 mg 2–4 hr PRN 
> 70 yr: 2.5 mg 2–4 hr PRN  

Paracetamol 1 g QID 
Follow-up appointment made 
Discharge summary 
completed

Notify RMO/PACE call

Temperature > 38°C 
Pulse > 120 beats/min  
Blood pressure 
< 100 or > 160 mmHg 
Urine output < 20 mL/hr 

Stoma patients

Patients with a stoma formed 
should have the same ERAS 
protocol, but commence 
stoma education after day 4 
or whenever stoma active.
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Supplementary Fig. 2. Westmead ERAS (2019–). ERAS, Enhanced Recovery After Surgery; PEG, polyethylene glycol; DVT, deep venous thrombo-
sis; TED, thromboembolus deterrent; NSAIDs, non-steroidal anti-inflammatory drugs; MDT, multidisciplinary team; SC, subcutaneous; qid, quar-
ter in die (4 times each day); PCA, patient controlled analgesia; NGT, nasogastric tube; PRN, pro re nata (as needed); IV, intravenous; FBC, full 
blood count; UEC, urea electrolytes and creatinine; BSLs, blood sugar levels; IDC, indwelling catheter; FiO2, fraction of inspired oxygen; bd, bis die 
(twice a day); CRP, C-reactive protein; D, day; CT, computed tomography.

Preoperative 

ERAS education  Smoking counselling
Incentive spirometry  Immunonutrition
Identify patients who may need rehab/placement early

Patient will be asked to take up to 5 days of 
immunonutrition (IMPACT) × 3 per day prior to
surgery (with breakfast, lunch, and dinner)

Intraoperatively

Clexane 20 mg or heparin 5,000 U SC
IV antibiotics at induction
Normothermia with bair-hugger

Betadiene/Chlorhexidine± alcohol preparation
Wound protectors, closing tray, change of gloves prior to closure

Day 0

Remove NGT
Free fluids as tolerated orally. PCA. Regular Maxolon and PRN
Ondansetron IV 48 hr, then oral for 3 days

Day 1

FBC/UEC/check baseline BSLs (+diabetes mx)
Free fluids as tolerated, regular Ensure
4% dextrose and 1/5 normal saline per 12 hr
Continue oxygen supplementation (FiO2) nasal prongs
IDC out. For proctectomies, IDC may be removed D2–3
Mobilize to at least 80 m (± physiotherapy) bd

Day 2

Normal diet. Continue Ensure. Discontinue oxygen
Stop PCA. Stop IV fluids. Oral analgesia only
Mobilize at least 80 to 100 m (± physiotherapy)
Commence stoma therapy education if indicated

Day 3–5

FBC/UEC/CRP on D3. If CRP > 200, please notify surgeon
Goal to achieve: Tolerating oral intake/independent mobility/

physiotherapy clearance
Continue Ensure until discharge
Stoma therapy education if indicated
Clexane education if indicated
If ileus or CRP > 300 at D5, CT abdomen/pelvis

Criteria for discharge: Tolerating ward diet. Mobilizing adequately.
Passing stool/flatus. Pain controlled with oral analgesia. Cleared by 
physio/stoma therapist. Home supervision adequate. Please contact 
rehab/geriatrics on D3 if patient is likely to be a rehabilitation/
placement candidate

Bowel preparation/oral
antibiotics

All patients undergoing elective colorectal 
surgery suitable should be prescribed:

1 g neomycin + 400 mg metronidazole at  
7 am, 3 pm, 10 pm the day before surgery 
with glycoprep (PEG) or picoprep (sodium 
phosphate) 11, 2, 5 pm.

DVT prophylaxis

TED stockings; clexane 20 mg daily for low-
risk
patients, 40 mg daily for high-risk patients.
Cancer patients may benefit from 20 mg
clexane daily SC for 2–4 wks post discharge

Oral analgesia (day 2–)

Multimodal

As per pain team (see separate pain protocol)

Avoid non-selective NSAIDs

Selective NSAIDs as per surgeon/pain team

Discharge orders

Paracetamol 1 g qid 5 days

± Selective NSAIDs

Oxycodone
< 70 yr: 5 mg/4 hr PRN
> 70 yr: 2.5 mg/4 hr PRN

Follow-up appointment made

Cancer patients should be referred to MDT 
for discussion

Cancer patients may benefit from 20 mg 
clexane SC daily for 2–4 wks

Preoperative patient instructions:

7 am  Duration
1 g neomycin  1 day
400 mg metronidazole  1 day

3 pm
1 g neomycin  1 day
400 mg metronidazole  1 day

10 pm
1 g neomycin  1 day
400 mg metronidazole  1 day

On day before surgery, take your 
bowel preparation at 11 am, 2 pm, 
and 5 pm

IMPACT drink with breakfast lunch and
dinner for up to 5 days before surgery

Ileus

If patient is not tolerating oral intake/
vomiting/abdominal distension D2–5, 
then notify treating surgeon and may 
need to continue IV fluids, SC 
morphine for analgesia and perform 
appropriate investigation.

Ensure all patients are on regular 
Maxolon and PRN Ondansetron

Optional: chewing gum

Drain

No drain for right sided colectomy

For left sided colectomy or 
proctectomy, please follow appropriate 
guidance from surgeon in charge

Notify RMO/PACE call

Temperature > 38°C
Pulse > 120 beats/min 
Blood pressure < 100 or > 160 mmHg
Urine outcome < 15 mL/hr 


