
lable at ScienceDirect

Clinical Nutrition ESPEN 34 (2019) 73e80
Contents lists avai
Clinical Nutrition ESPEN

journal homepage: http : / /www.cl in icalnutr i t ionespen.com
Original article
Nausea and vomiting in a colorectal ERAS program: Impact on
nutritional recovery and the length of hospital stay

S. Mc Loughlin a, *, S.A. Terrasa b, O. Ljungqvist c, G. Sanchez a, G. Garcia Fornari a,
A.O. Alvarez a

a Anaesthesia Department, Hospital Italiano de Buenos Aires, Buenos Aires, Argentina
b Research Department, Hospital Italiano de Buenos Aires, Buenos Aires, Argentina
c Faculty of Medicine and Health, School of Health and Medical Sciences, Department of Surgery, €Orebro University, €Orebro, Sweden
a r t i c l e i n f o

Article history:
Received 27 June 2019
Accepted 26 August 2019

Keywords:
Guidelines
Postoperative nausea and vomiting
Enhanced recovery after surgery
Complications
Nutrition
* Corresponding author. Anaesthesia Department,
Aires, Peron 4190, Buenos Aires, C1181ACH, Argentina

E-mail address: santiago.mcloughlin@hospitalitalia

https://doi.org/10.1016/j.clnesp.2019.08.010
2405-4577/© 2019 European Society for Clinical Nutr
s u m m a r y

Background & aims: Postoperative nausea and vomiting (PONV) and its impact on the hospital length of
stay (LOS), have been extensively studied. However, most previous publications focused their studies on
PONV during the first 24 h, and less is known about this complication during the ensuing days, its impact
on nutritional recovery or its relation to other complications and the course of care.
Methods: An observational study involving 806 consecutive patients in a colorectal Enhanced Recovery
After Surgery (ERAS) programme was performed. The primary objective was to analyse the incidence of
early PONV on the day of surgery and the following 2 postoperative days (late PONV). Secondary ob-
jectives included evaluation of the influence of late PONV over the LOS and the nutritional recovery
adjusted for confounding factors.
Results: PONV tended to increase over time (7% vs 7% and 10%, postop days 0, 1 and 2, respectively;
p < 0.05). PONV on day 2 was associated in an adjusted analysis with poor oral intake, delayed solid food
tolerance and an average increase in LOS of 2 nights. Risk factors for the presence of PONV on day 2 were
the use of opioids on the same day, PONV on the day of the surgery and rectal procedures.
Conclusions: PONV continues to be frequent after the first 24 h in colorectal surgery despite high
compliance to current anti emetic recommendations. PONV during day 2 negatively affects the nutri-
tional postoperative recovery and independently prolongs the hospital stay. The findings of the current
study highlight the adverse effects of opioids and the need of further discussion on how to best audit,
prevent and treat late PONV in ERAS colorectal programmes.

© 2019 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

The incidence of postoperative nausea and vomiting (PONV) has
been reported to be as high as 30% [1] and has been related to
unanticipated admission after ambulatory surgery [2] and up to a 2
days increase in hospital length of stay [3]. The current state of the
art in enhanced recovery programmes for colorectal surgery
advocate the use of predictive risk scores and antiemetic prophy-
laxis to reduce the frequency and impact of this complication [4,5].
However, guideline recommendations and predictive risk scores
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are focused only on the first 24 h postoperatively [6e8]. Therefore,
we examined the incidence of PONV after colorectal procedures on
the day of surgery, the ensuing first 2 postoperative days and its
influence on the nutritional recovery and the LOS. The study was
carried out in a controlled Enhanced Recovery After Surgery (ERAS)
environment. ERAS is a multi-modal approach to recovery after
major surgery that has been shown to have major impact on out-
comes reducing length of stay and complications by 30e40% [9].

2. Methods

This single-centre study was conducted at a tertiary university
hospital, credited by the Joint Commission International, and
recognized as an ERAS® Centre of Excellence by the ERAS® Society.
De-identified and standardised patient data were collected using
y Elsevier Ltd. All rights reserved.
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the ERAS® Interactive Audit System for continuous auditing of the
peri-operative process [10]. Data was prospectively collected by the
ERAS lead nurse from the electronic medical charts and direct pa-
tient interview. Records were retrospectively reviewed for this
research. Approval was granted from the hospital ethics committee
to review the data for this observational study (Protocol #3758, Res
12/120). Consecutive patients �18 years of age, who underwent
elective colorectal surgery, were included in the analysis. The study
period included consecutive patients who underwent surgery be-
tween January 2015 and November 2018. Patients who underwent
cytoreductive surgery/hyperthermic intraperitoneal chemotherapy
(HIPEC) or remained ventilated after the procedure, were excluded
from the analysis (Fig. 1). The primary objective was to analyse the
incidence of PONV on the day of surgery and the following 2 days of
hospital stay. Secondary objectives included studying the influence
of late PONV on the course of the postoperative care with special
806 adult patients underwent colorectal 
procedures under the ERAS program

753 patients included for initial analysis

741 patients included for analysis of nausea 
or vomiting on Day 2

522 patients included for the analysis of 
liquid consumption on day 2

Fig. 1. Patient flo
attention to nutrition and LOS using multiple regression analysis
adjusted for potentially confounding factors. Additional secondary
objectives included an evaluation of compliance to recommended
PONV prophylaxis, evaluation of risk factors for late PONV and
evaluating the role of late PONV as a potential early sign of a serious
complication.

2.1. Procedure

Patients were treated with the aim to follow the ERAS® Society
colorectal guideline, [11]. All patients underwent general anaes-
thesia. Anaesthesia induction was performed using propofol in all
cases. Anaesthesia maintenance involved total intravenous anaes-
thesia with propofol (TIVA) or sevoflurane according to usual
practice of the attending anaesthesiologist. No specific recom-
mendations were provided for the treatment of haemodynamic
53 patients excluded due to 
type of surgery or 

prolonged ventilation

12 patients excluded due to 
<48 h hospital stay

219 patients excluded due 
to dietary restrictions of 

inadequate register

w diagram.
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abnormalities or for the use of neuromuscular blocking agents.
Postoperative analgesia was provided by intravenous (IV) ketorolac
30 mg every 8 h and IV paracetamol 1 g every 6 h. Laparotomy
procedures maintained continuous epidural analgesia (bupivacaine
0.125% þ fentanyl 2.5 mcg/ml) during the first 48 h. Surgery was
performed by four experienced colorectal surgeons. The type of
surgery was categorized as colonic and small bowel procedures or
as rectal procedure. The group categorized as colonic and small
bowel procedures included: left hemicolectomy; ileocecal/right
hemicolectomy; stoma procedure; total/subtotal colectomy,
sigmoid resection and exploratory laparoscopic or laparotomy
procedures. Rectal procedures included: anterior resection;
abdominoperineal resection; proctocolectomy and Ileo-pouch anal
anastomosis (IPAA). Surgical approach was categorized as mini-
mally invasive when: laparoscopic; hand-assisted; surgery through
existing stoma. Laparotomy and converted surgery where catego-
rized as open surgery approach. Conversion was defined according
to Chan et al. [12] as the need to perform a conventional laparotomy
to accomplish the procedure; or premature abdominal incision for
colorectal dissection or vascular control. Surgical duration was
recorded in hours. Stimulation of gut motility consisted in chewing
gum, laxatives or the combination of both therapies. Immediate
drinking after surgery and normal oral diet on day 1 in patients
with non-diverted colorectal anastomosis was encouraged in all
patients. No patient received postoperative nutritional supple-
mentation. Dietary tolerance was defined as tolerance to intake of
two soft diet subsequent meals without nausea or vomiting. Fluid
intake was measured daily.

Discharge criteria included tolerance to fluids and soft diet,
adequate oral non-opioid analgesia, passage of flatus or stool and
the patients' willingness to leave the hospital with adequate home
support. First and second outpatient visits were scheduled for
postoperative days 7 and 21, respectively. A 30-day telephone
follow-up was performed.

2.2. Anti-emetic prophylaxis and treatment of PONV

PONV prophylaxis was recommended for all patients and con-
sisted of intraoperative dexamethasone 8 mg IV and ondansetron
8 mg IV. After surgery, none of the patients continued to receive
prophylactic antiemetics. Episodes of emesis (vomiting/retching),
nausea and the administration of rescue antiemetic medication
were recorded by site staff. Nausea was also assessed by direct
questioning of the patients every day after wound closure until
discharge. The severity of nauseawas evaluated by the patients on a
Visual Analogue Scale (VAS), with 0 representing no nausea and 10
the worst nausea imaginable. “Significant nausea” was defined as
any score �4. Rescue antiemetic metoclopramide (10 mg IV) was
administered to any patient experiencing “significant nausea”,
retching, or vomiting.

2.3. Data handling

Data in presented in accordance with the Reporting on ERAS
Compliance, Outcomes, and Elements Research (RECOvER) rec-
ommendations [13]. Demographic variables included: date of sur-
gery; age (years); sex; body mass index; American Society of
Anaesthesiologists status; smoking status; and history of diabetes.
Surgical day was defined as day 0 and the following postoperative
days were numbered consecutively (day 1 and day 2). Postoperative
morbidity was stratified according to the Dindo-Clavien classifica-
tion of complications [14]; those graded 3b, 4, and 5 were consid-
ered to be “serious complications”. Serious postoperative
complications included: surgical complications (i.e., wound infec-
tion, anastomotic leak, postoperative bleeding); and general
complications (i.e., cardiovascular, deep venous thrombosis). Post-
operative ileus was defined according to Chen et al. [15] (�2 epi-
sodes of vomiting > 200 ml occurred in the absence of a bowel
movement). Resolution of postoperative ileus was defined as pas-
sage of material in a bowel movement in the absence of abdominal
distension, nausea, or emesis. Compliance with guideline recom-
mendations for antiemetic prophylaxis was recorded as a categor-
ical dichotomous variable (i.e., Yes or No). Patients were considered
to be receiving stimulation for gut motility when receiving chewing
gum and/or laxatives. Daily liquid consumption was registered as
ml of liquid over the patient's pre-operative weight in kg.

2.4. Statistical analysis

Continuous variables are described according to distribution.
Non-parametric data are expressed as median and interquartile
range. Categorical variables are expressed as percentages of the
studied sample. The chi-squared test was used to compare the
incidence on PONV between each postoperative day.

Multiple linear regression analysis was performed to examine
the influence of PONV on day 2 over the LOS. Only patients with a
hospital stay of >48 hwere included in the analysis (Fig.1). To avoid
possible biases in causal inferences, the regression model was
assumed to test the hypotheses of a causal effect of “PONV on day 2”
(independent variable) over the “LOS” (dependent variable). Inde-
pendent variables, other than PONV, were selected due to their
possible influence on both LOS and PONV and were considered to
be confounder variables. Highly correlated independent variables
were removed or summarized into 1 category to avoid possible
multicollinearity. Confounder variables included ASA status, type of
surgery, surgical approach, duration of surgery, postoperative
serious complication, postoperative ileus, total i.v. intraoperative
fluids (ml/kg/h) and postoperative stimulation of gut motility. Type
of surgery and surgical approach were treated as dummy variables
due to their categorical and ordinal nature. Type of surgical
approach was also categorized as minimally invasive and open
surgery. Previous investigations have reported that nausea and
vomiting may be studied as different events regarding their path-
ophysiology and risk factors (16). Therefore, because a significant
association between PONV and LOS was documented, sub-analyses
dividing PONV into two separate variablesdnausea and vomi-
tingdwas performed. Risk factors for the occurrence of PONV on
day 2 were also analysed. A multiple logistic regression was per-
formed for traditionally described risk factors including age, sex,
smoking status, TIVA or sevoflurane, history of PONV, and opioid
use. Type of procedure, approach, and PONV on day 0 were also
included. A multiple logistic regression was performed to analyse
the role of late PONV on day 2 as an early sign of a serious post-
operative complication that will be require reintervention. Vari-
ables analysed as potential confounding factors included, surgery
duration, type of procedure, surgical approach, ASA status, intra-
operative fluids and postoperative ileus. Analysis was performed
using STATA version 13.0 (StataCorp LLC, College Station, TX, USA);
p < 0.05 was considered to be statistically significant.

3. Results

During the period analysed, 806 patients underwent colorectal
procedures guided by the ERAS® Society programme. Fifty-three
patients were excluded from the analysis due to the type of sur-
gical procedure (HIPEC/cytoreductive) or prolonged ventilation
after surgery. A total of 753 patients were analysed. Patient flow
diagram is presented in Fig. 1.

The median LOS was 4 days, and 748/753 (99%) pa-
tients received prophylactic antiemetics in the intraoperative.
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Demographic, surgical characteristics and compliance to ERAS
guideline are presented in Table 1 and Table 2.

During the day of surgery and the ensuing 2 postoperative days,
164/753 (22%) patients experienced at least 1 event of nausea and/
or vomiting. PONV on day 2 continued to be a frequent complica-
tion showing a marginally significant upward trend when
compared to day 0 and day 1 (7% on day 0 vs. 7% on day 1 and 10%
on day 2, respectively; p < 0.05). Some patients had a transient
early PONV episode, while an increasing number of patients
continued or started to present late PONV on day 2 (Fig. 2).

Patients with PONV on day 2 presented a prolonged hospital
stay when compared to the patients without this complication (4
(1) nights vs 7 (6) nights; p < 0.0001). When patients with late
PONV on day 2 were separated into two groups (only late PONV vs.
late PONV and serious complication or paralytic ileus) and
compared to asymptomatic patients, a 2-nights prolonged hospital
stay and a negative impact on nutritional recovery were still
observed in the only late PONV group as compared with asymp-
tomatic patients (Table 3).

In the multiple regression analysis adjusted for possible con-
founding variables, PONV on day 2 was found to significantly
extend hospital stay by 2 nights (p ¼ 0.004) (Table 4).
Table 1
Patients characteristics (n ¼ 753). Values are expressed as mean ± interquartile range
vomiting in a previous anaesthesia; TIVA ¼ Total intravenous anaesthesia with propofol

Demographics Surgical Characteri

Age (years) 64 ± 11 Anaesthesia
Female 52% Previous PONV
BMI 25 ± 3 Intraoperative anti
Preop nutritional assessment performed 75%
Diabetes 8% Length of Surgery
Smoker 15% Surgery
ASA 5% ASA 1

70% ASA 2
23% ASA 3
2% ASA 4

Opioid Use day 1
Opioid Use Day 2

Table 2
Compliance with ERAS guideline's recommendations.

Compliance group Hospital compliance measure

Total
PreAdmission Preadmission patient education
PreOp No Oral bowel preparation done unless applicable
PreOp Preoperative oral carbohydrate treatment
PreOp Preoperative long-acting sedative medication
PreOp Thrombosis prophylaxis
PreOp Antibiotic prophylaxis before incision
PreOp PONV prophylaxis administered
IntraOp Intraoperative epidural used if applicable
IntraOp Minimally invasive surgical approach
IntraOp No long-acting systemic opioids given
IntraOp Upper-body forced-air heating cover used
IntraOp No NG tube used postoperatively
IntraOp No resection-site drainage unless applicable
PostOp Time to termination of urinary drainage (nights)
PostOp Stimulation of gut motility
PostOp Postoperative epidural used if applicable
PostOp Balanced fluids day 0
PostOp Weight change on POD 1
PostOp Duration of IV fluid infusion (nights):
PostOp Energy Intake On day of surgery, postoperatively
PostOp Energy Intake on Postoperative Day 1
PostOp Mobilisation at all on day of surgery
PostOp Mobilisation on postoperative day 1
PostOp Mobilisation on postoperative day 2
PostOp 30 day follow up performed
In a sameway, in the multiple regression analysis evaluating the
postoperative nutritional recovery, PONV on day 2 resulted in a
2 ml/kg reduction in oral liquid consumption and an averaged 2
nights delay in solid tolerance (Table 5 and Table 6).

In the multiple regression sub-analysis examining PONV on
day 2 as 2 separate variables (i.e., nausea and vomiting), an
average 4 nights increase in the LOS was associated with the
presence of vomiting on day 2. Nausea alone presented a
marginally significant association to a 1-night increase in the LOS
(See Table 7).

When evaluating the role of late PONV as a potential early sign
of a serious complication, we observed an unadjusted 3-fold in-
crease risk for a later re-operation in patients presenting PONV on
day 2 (13% in the PONV on day 2 group vs. 5% in other patients; OR
2.95 CI95% 1.4e6.3; p ¼ 0.008). In a multiple logistic regression
analysis, an adjusted 2.5-fold increase risk for reintervention in
patients with PONV on day 2 was confirmed (Table 8). The sub-
analysis dividing patients with PONV on day 2 into two different
categories (late PONV and persistent PONV, Fig. 2) showed that 15%
of patients starting with PONV on day 2 required a reintervention
vs. 6% of patients that continued to have PONV from day 0 or 1 onto
day 2 (persistent PONV group). Nonetheless, the odds risk for
or percentage from total study sample. Previous PONV¼ Postoperative nausea or
; Minimally Invasive ¼ Laparoscopic, Hand-assisted and approach through ostoma.

stics

78% TIVA 22% Sevofluorane
12%

emetic prophylaxis 99.8%

3 ± 1 Hours of Surgery
19% Open Surgery Approach
81%
18%
82%
25%
19%

Minimally Invasive
Rectal Procedures
Colonic and Small Bowel Procedures

Compliance Non-compliance Missing

66,0% 26,0% 8,0%
96,3% 3,2% 0,4%
54,6% 44,4% 1,0%
91,9% 7,3% 0,8%
95,2% 4,4% 0,4%
92,7% 7,3% 0,0%
99,6% 0,4% 0,0%
100,0% 0,0% 0,0%
97,2% 2,8% 0,0%
81,0% 19,0% 0,0%
99,2% 0,4% 0,4%
96,2% 0,3% 3,5%
88,9% 11,1% 0,0%
32,7% 66,7% 0,6%
59,6% 35,2% 5,2%
69,5% 29,3% 1,2%
96,3% 3,7% 0,0%
77,9% 22,1% 0,0%
53,4% 1,6% 45,0%
11,2% 88,5% 0,3%
0,1% 96,2% 3,7%
0,1% 95,3% 4,6%
63,6% 31,9% 4,5%
9,7% 23,3% 67,0%
2,0% 24,4% 73,6%
73,8% 24,8% 1,4%



Day 1Day 0 Day 2

58 pa ents with PONV

8 pa ents with PONV on previous days

46 pa ents without previous PONV

17 with PONV on previous days 6% Re-opera on

(persistent PONV)

60 pa ents without previous PONV 15% Re-opera on

(late PONV)

Fig. 2. Evolution of patients with PONV.

Table 3
Data is expressed as median (interquartile range). LOS ¼ Length of stay measures in nights; PONV ¼ postoperative nausea and/or vomiting; Severe complication or Ileus was
considered presentwhen occurring during the 30 day follow up. Difference between the groupswas analysedwith a KruskaleWallis Test with post-hoc analysis. A p< 0.05was
considered significant.

LOS Intraoperative
I.V. fluids in
ml/kg/h of surgery

Total I.V.
fluids on day
0 ml/kg

Oral fluid
consumption
in ml on day 0

Oral fluid
consumption
in ml on day 1

Oral fluid
Consumption
ml day 2

Days to
passage of
first flatus

Days to
solid food
tolerance

Asymptomatic for PONV
on day 2 without
serious postop complication
or ileus (n ¼ 596)

4 (2) 7 (6) 33 (19) 0 (20) 100 (375) 500 (500) 2 (1) 3 (2)

Patients with PONV on
day 2 without serious postop
complication or ileus (n ¼ 67)

6b (4) 7 (5) 31 (24) 0 (20) 200 (300) 0a (325) 2 (2) 4a (4)

Patients with severe
complication and/or
ileus (n ¼ 78)

14b (10) 7 (6) 38b (37) 0 (10) 0b (250) 0a (100) 3b (4) 9b (7)

a Different from Asymptomatic.
b Different from all groups.

Table 4
Adjusted results of the multiple linear regression analysis showing factors that influence the length of hospital stay (nights in hospital). PONV ¼ Post-operative nausea or
vomiting. CI ¼ Confidence interval (n ¼ 741). A p < 0.05 was considered significant. R2 for multivariate analysis ¼ 0.46.

Independent Variables Univariate b P value Multivariate b CI 95% P value

PONV on Day 2 þ3 (nights) <0.0001 þ2 (nights) 0.5 to 3 0.006
Severe Post-op Complication þ17 (nights) <0.0001 þ15 (nights) 13 to 16 <0.0001
Open surgery approach þ5 (nights) <0.0001 þ2 (nights) 1 to 3 <0.0001
Post-operative Ileus þ6 (nights) <0.0001 þ3 (nights) 1 to 4 <0.0001
Intraoperative i.v. fluids ml/kg/h þ0.1 (nights) 0.02 þ0.1 (nights) 0.08 to 0.20 0.001
Length of surgery in hours þ1 (night) 0.0001 þ1 (night) 0.6 to 1.5 <0.0001
ASA � 3 þ1 (night) 0.005 þ1 (night) 0.3 to 2 0.01
Stimulation of gut motility �4 (nights) <0.001 �2 (nights) �2 to �0.8 <0.001
Rectal Procedure þ2 (nights) 0.0001 0.14 (nights) �0.8 to 1.1 0.7

Table 5
Adjusted multiple linear regression analysis showing the influence of independent variables on the daily oral liquid consumption on postoperative day 2 (ml consumed in one
day/patient weight in kg). PONV¼ Post-operative nausea or vomiting, CI¼ Confidence interval. NA ¼ Not applicable for multivariate analysis due to non-significant univariate
correlation. *p value for univariate correlation. A p � 0.05 was considered significant. R2 for multivariate analysis ¼ 0.22.

Independent Variables Univariate b P value Multivariate b CI 95% P value

PONV on Day 2 �3 (ml/kg) <0.0001 �2.1 (ml/kg) �3.22 to �0.98 0.0002
Severe Post-op Complication �4 (ml/kg) <0.0001 �1.57 (ml/kg) �3 to �0.6 0.04
Open surgery approach �3 (ml/kg) <0.0001 �1.88 (ml/kg) �2.9 to �0.9 0.0003
Post-operative Ileus �4 (ml/kg) <0.0001 �2.3 (ml/kg) �3.7 to �0.9 0.001
Stimulation of gut motility þ3 (ml/kg) <0.0001 þ2 (ml/kg) þ1.18 to þ2.80 <0.0001
Length of surgery in hours �0.8 (ml/kg) <0.0001 �0.4 (ml/kg) �0.7 to �0.06 0.009
ASA � 3 �1 (ml/kg) 0.01 �0.9 (ml/kg) �1.7 to �0.01 0.05
Rectal Procedure �1 (ml/kg) 0.007 �0.6 (ml/kg) �1 to 1 0.96
Intraoperative i.v. fluids ml/kg/h �0,3 (ml/kg) 0.75 NA NA NA
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reintervention in patients with late PONV on day 2 vs. persistent
PONV on day 2 was not statistically significant (OR 3, CI95% 0.33 to
24; p ¼ 0.4).

Risk factors for PONV on day 2 included the use of opioids on
day 2 but not the use of opioids on day 0. However, PONV on day
0 was associated with a 3-fold increased odds ratio of presenting
PONV also in day 2. Rectal procedures compared with colonic and
small bowel interventions presented a 2-fold increased odds ratio
for delayed PONV on day 2. Several of the classical risk factors
associated with early PONV such as gender, smoking, history of
motion sickness, or type of anaesthesia (TIVA vs sevoflurane), were
not associated with PONV on day 2 (Table 9).



Table 6
Adjusted multiple linear regression analysis showing the influence of independent variables affecting the time necessary for patients to tolerate solid food intake. PONV¼Post-
operative nausea or vomiting, CI¼ Confidence interval. NA¼ Not applicable for multivariate analysis due to non-significant univariate correlation (n ¼ 714). A p � 0.05 was
considered significant. R2 for multivariate analysis ¼ 0.20.

Independent Variables Univariate b P value Multivariate b CI 95% P value

PONV on Day 2 þ3 (nights) <0.0001 þ2 (nights) 0.7 to 3 0.001
Severe Post-op Complication þ9 (nights) <0.0001 þ7 (nights) 5 to 9 <0.0001
Post-operative Ileus þ5 (nights) <0.0001 þ4 (nights) 2 to 5 <0.0001
Duration of surgery (hours) þ0.71 (nights) <0.0001 þ0.38 (nights) 0.1 to 0.7 0.005
Intraoperative i.v. fluids ml/kg/h þ0.06 (nights) 0.06 þ0.07 (nights) 0.01 to 0.13 0.01
Open Surgery þ2 (nights) <0.0001 þ1 (night) 0.13 to 2 0.02
Stimulation of gut motility �2 (nights) <0.0001 �1 (night) �1.43 to 0.03 0.06
Rectal Procedure þ1 (night) 0.02 þ1 (night) �0.6 to 1.3 0.47
ASA � 3 þ0.14 (nights) 0.7 NA NA NA

Table 7
Multiple regression analysis showing the effect of various factors on the length of hospital stay when considering Nausea and Vomiting on Day 2 as two separate events.
CI ¼ Confidence interval. NA ¼ Not applicable for multivariate analysis due to non-significant univariate correlation (n ¼ 741). A p < 0.05 was considered significant. R2 for
multivariate analysis ¼ 0.45.

Independent Variables Univariate b P value Multivariate b CI 95% P value

Vomiting on Day 2 þ6 (nights) 0.0001 þ4 (nights) 1 to 6 0.001
Nausea on Day 2 þ2 (nights) 0.004 þ1 (night) �0.1 to 2 0.07
Severe Post-op Complication þ16 (nights) <0.0001 þ14 (nights) 13 to 16 <0.0001
Open surgery approach þ5 (nights) <0.0001 þ3 (nights) 2 to 4 <0.001
Post-operative Ileus þ6 (nights) <0.0001 þ3 (nights) 1 to 4 0.0001
Intraoperative i.v. fluids ml/kg/h þ0.09 (nights) 0.002 þ0.14 (nights) 0.08 to 0.2 <0.0001
Duration of surgery (hours) þ1.4 (nights) <0.0001 þ1 (night) 0.7 to 1.2 <0.0001
ASA � 3 þ1 (nights) 0.01 þ0.6 (nights) 0.07 to 1.2 0.02
Rectal Procedure þ0.7 (nights) 0.001 0.14 �0.8 to 1.2 0.75

Table 8
Multiple logistic regression results for risk factors and their association with a later
serious postoperative complication requiring a re-intervention. CI ¼ Confidence
interval.

Independent Variables Odds Ratio CI 95% P value

PONV on Day 2 2.5 1.1 to 5.5 0.02
Length of surgery in hours 1.3 1.05 to 1.6 0.02
Rectal Procedure 1 0.5 to 2.2 0.9
Open surgery approach 1.7 0.76 to 3.5 0.2
ASA �3 1.4 0.7 to 3 0.3
Intraoperative i.v. fluids (ml/kg/h) 1 0.94 to 1 0.88
Post-operative Ileus 2.33 0.9 to 6 0.06

Table 9
Multiple logistic regression results for risk factors and their association with nausea
or vomiting on Day 2. CI¼ Confidence interval, TIVA¼ total intravenous anaesthesia.

Independent Variables Odds Ratio CI 95% P value

PONV on Day 0 3 1.5 to 6 0.002
Opioid use on Day 2 2.5 1.4 to 4.7 0.002
Rectal Procedure 1.8 1.03 to 3.2 0.03
Opioid use on Day 1 0.6 0.3 to 1.11 0.1
Open Surgery Approach 1.19 0.65 to 2.14 0.56
Female 1.17 0.7 to 2 0.55
Sevofluorane 0.9 0.5 to 1.5 0.6
Smoker 1.09 0.54 to 2.2 0.79
History of PONV or motion sickness 1 0.44 to 2 0.9
Age 1 0.97 to 1.01 0.5
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4. Discussion

PONV is traditionally studied as an immediate and anaesthesia-
related postoperative complication. This study confirmed that
although PONV may present immediately after surgery, it pro-
gressively develops for at least 2 days following a colorectal pro-
cedure, despite the use of prophylaxis and ERAS implementation.
Additionally, the presence of PONV at day 2 negatively affected the
postoperative nutritional recovery and prolonged the hospital stay.

PONV occurring at day 2 can be an early sign of serious com-
plications. However, when these patients were excluded from the
analysis (Table 2) and the confounding variables (including clinical,
surgical, and postoperative features, Table 3) were adjusted, PONV
on day 2 continued to present an average increase of 2 nights in the
LOS. These results suggest that a significant proportion of patients
are at risk of prolonged hospital stays due to delayed or persistent
PONV; this finding opens a discussion on how best to capture and
manage this complication.

Unsurprisingly, a significant reduction of liquid consumption on
day 2 was independently attributed to the presence of late PONV in
an adjusted analysis (Table 5). Similarly, solid food tolerance was
delayed on an average of 2 nights due to the onset of late PONV
(Table 6). These findings suggest that the prolonged hospital stay
observed in patients with late PONV may be attributed to the
negative impact over the nutritional postoperative recovery.

Researchers investigating ambulatory surgery have described
the increased risk of post-discharge nausea or vomiting in patients
that presented with immediate PONV at the postoperative recovery
unit [17]. Their findings correlate with our study, which suggests
that an adequate approach to early PONV may help reduce the
incidence of PONV in the ensuing days. Furthermore, it appears that
antiemetic prophylaxis and ERAS implementation had a beneficial
effect on early PONV since there were only 7% of patients with this
problem. This is lower than the figures reported in previous liter-
ature [1]. Nevertheless, despite nearly all the patients in this study
receiving prophylaxis, there were still patients that experienced
early PONV. It remains unclear if changes in the choices of pro-
phylactic medications or anaesthetic techniques can achieve better
results.

Furthermore, PONV in the later stages may be amore prominent
problem in ERAS, due to the finding that the frequency of PONV
increased with time. Additionally, it is in this stage of patient care
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that patients go from a standardised and prophylactic antiemetic
intervention to an heterogenous strategy that may vary signifi-
cantly from centre to centre. Persistent PONV after the first 24 h
was also observed in a recently published retrospective study in a
colorectal ERAS programme [18]. Similar to the current findings,
the use of morphine was also associated with late PONV [18]. The
impact of opioids on the gastrointestinal tract and with PONV are
well documented [19]. These side effects of opioids also stand out
when ERAS principles are employed. In the current study,19% of the
patients required opioid analgesia during day 2 and the use of
opioids was associated to increased PONV. These findings highlight
that the development of opioid sparring or opioid free analgesia
protocol is essential to address the problem of postpreparative
gastrointestinal dysfunction.

However, some patient will inexorably require rescue pain
medication with opioids. For this group, the use of long-acting 5-
HT3 antagonists has been associated with promising results in
patients receiving postoperative opioid analgesia or those who
experienced delayed chemotherapy-induced nausea and vomiting
[20]. Specifically, palonosetron proved to be effective in controlling
PONV during the first 72 h after gynaecological and laparoscopic
surgery in recent clinical trials [21]. Similarly, prolonging the
antiemetic prophylaxis administered during day 0 onto day 1 and 2
may reduce the incidence of late PONV. Both the use of extended
antiemetic prophylaxis or long-acting 5-HT3 antagonists in colo-
rectal patients should be adequately addressed in future studies.

As discussed above, late PONV may present as the only post-
operative complication; however, it may also indicate a more
serious postoperative complication. Segregating these two separate
entities is of paramount importance in clinical practice. It is
possible that PONV on day 2 in patients that were asymptomatic in
the previous days can be an early warning of a more severe
complication, especially if they are not receiving opioid analgesia
(see Fig. 2). Although this was not statistically supported in this
study; it represents an important question to be addressed in future
studies with larger sample sizes.

It has been commonly assumed that postoperative nausea and
vomiting can be studied as grades of the same phenomenon and
therefore bundled as one outcome in the analysis. However, the
interchangeable use of the terms “nausea” and “vomiting” can lead
to confusion [16]. Contributing to a standardised and clearer study
of PONV, Tram�er et al. proposed that nausea and vomiting should
be reported and analysed separately [22]. Consistent with this and
as expected, the current results demonstrated that vomiting has a
stronger correlation with prolonged LOS than nausea alone.
Nevertheless, we believe that neither should be neglected because
both may affect the outcome and the capacity or willingness of the
patient and health care provider to accept hospital discharge after
colorectal surgery.

The current study had limitations that should be considered
when interpreting the results. First, the single-centre design re-
quires external validation to corroborate our findings; also, it
cannot be immediately extrapolated to patients undergoing other
types of surgeries. Additionally, although antiemetic prophylaxis
was used in almost all patients on day 0; in our centre, no pro-
phylactic anti-emetic is typically indicated after day 0, and nausea
is only treated with metoclopramide when it appears. Hence, this
management may not be aggressive enough, which may result in
difficulties in managing PONV. Nonetheless, the percentage of pa-
tients presenting with PONV on day 0, and during the rest of the
hospital stay is similar to the numbers reported in previous pub-
lications [17]. Patients included in the ERAS® programme were
under strict follow-up, and compliance to guidelines was contin-
uously audited. This may influence daily practice and limit the
generalizability of the results observed to a population undergoing
surgery with more traditional perioperative care. Moreover,
mobilization registers after day 0 were poor, and postoperative
opioid use was not registered quantitatively but as a categorical
variable. Finally, the use of a multimodal approach to PONV pro-
phylaxis according to the estimated risk may have modified the
incidence of PONV in the current study. However, an alternative
strategy employed in many practices is to administer antiemetic
prophylaxis to all patients. This approach is gaining popularity
among anaesthetists given that the cost and side-effect profiles of
commonly used antiemetic drugs are small [23]. In a recent trial the
use of a simplified protocol (female patients receiving triple pro-
phylaxis (dexamethasone and ondansetron plus either a target-
controlled infusion with propofol or droperidol) and male pa-
tients receiving double prophylaxis, dexamethasone, and ondan-
setron) was examined. The authors found a reduced incidence of
PONV and better compliance to antiemetic prophylaxis [24]. In the
current study, 78% of the patients underwent a general anaesthesia
using total intravenous anaesthesia with propofol and received also
dexamethasone and ondansetron during the intraoperative. Of the
remaining 22%, only 10 patients presented �2 risk factors. The
influence of these variables over the results cannot be assessed by
this study.

In summary, although traditionally studied as an anaesthesia-
related postoperative complication, this study demonstrated that
despite a relatively low incidence on day 0, PONV continues to be a
frequent complication after the first 24 h of surgery, even when
employing ERAS principles. This may impact the postoperative
recovery because PONV during day 2 negatively affects the nutri-
tion and independently prolongs the hospital stay. These findings
highlight the need for further studies on how best to audit, prevent,
and treat late PONV in ERAS colorectal programmes.
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