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POSTOPERATIVE gastrointestinal dysfunction that 
occurs in absence of surgical complications, frequently 

defined as primary postoperative ileus, is one of the major 
determinants of in-hospital recovery after colorectal sur-
gery.1,2 Despite advancements in surgical and perioperative 
care, primary postoperative ileus remains an unpleasant 
complication that not only delays early enteral feeding 
and increases caregivers’ workload but also increases mor-
bidity,3 prolongs hospitalization,4 and increases medical 
costs.5,6

Experimental and clinical trials have shown that both 
fluid excess7–15 and hypovolemia16 can significantly affect 
the recovery of bowel function and impair anastomotic 
healing.11,17,18 Early studies have shown that individualiza-
tion of fluid therapy based on more objective measures of 

What We Already Know about This Topic

• Individualization of intraoperative fluid administration  
(goal-directed fluid therapy) has been shown to be of benefit 
in many studies

• The majority of these studies were uncontrolled, and 
confounding factors might have affected the results

What This Article Tells Us That Is New

• This randomized blinded trial assessed effects of goal-directed 
fluid therapy on primary postoperative ileus after laparoscopic 
colorectal surgery, within a well-established Enhanced 
Recovery After Surgery program

• The incidence of primary postoperative ileus was identical 
(22%) in the goal-directed fluid therapy control groups

• Previous benefits of goal-directed fluid therapy may have 
been offset by subsequent improvements in perioperative and 
surgical care
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ABSTRACT

Background: Inadequate perioperative fluid therapy impairs gastrointestinal function. Studies primarily evaluating the impact 
of goal-directed fluid therapy on primary postoperative ileus are missing. The objective of this study was to determine whether 
goal-directed fluid therapy reduces the incidence of primary postoperative ileus after laparoscopic colorectal surgery within an 
Enhanced Recovery After Surgery program.
Methods: Randomized patient and assessor-blind controlled trial conducted in adult patients undergoing laparoscopic 
colorectal surgery within an Enhanced Recovery After Surgery program. Patients were assigned randomly to receive intraop-
erative goal-directed fluid therapy (goal-directed fluid therapy group) or fluid therapy based on traditional principles (control 
group). Primary postoperative ileus was the primary outcome.
Results: One hundred twenty-eight patients were included and analyzed (goal-directed fluid therapy group: n = 64; control 
group: n = 64). The incidence of primary postoperative ileus was 22% in the goal-directed fluid therapy and 22% in the con-
trol group (relative risk, 1; 95% CI, 0.5 to 1.9; P = 1.00). Intraoperatively, patients in the goal-directed fluid therapy group 
received less intravenous fluids (mainly less crystalloids) but a greater volume of colloids. The increase of stroke volume and 
cardiac output was more pronounced and sustained in the goal-directed fluid therapy group. Length of hospital stay, 30-day 
postoperative morbidity, and mortality were not different.
Conclusions: Intraoperative goal-directed fluid therapy compared with fluid therapy based on traditional principles does 
not reduce primary postoperative ileus in patients undergoing laparoscopic colorectal surgery in the context of an Enhanced 
Recovery After Surgery program. Its previously demonstrated benefits might have been offset by advancements in periopera-
tive care. (Anesthesiology 2017; 127:36-49)

This article is featured in “This Month in Anesthesiology,” page 1A. Supplemental Digital Content is available for this article. Direct URL citations 
appear in the printed text and are available in both the HTML and PDF versions of this article. Links to the digital files are provided in the HTML 
text of this article on the Journal’s Web site (www.anesthesiology.org). This article has an audio podcast.

Submitted for publication July 23, 2016. Accepted for publication April 3, 2017. From the Department of Anesthesia ( J.C.G.-I., A.T., D.M., 
F.C., G.B.), Department of Surgery (B.L.S., A.S.L., P.C., N.P., L.S.F.), and Steinberg–Bernstein Centre for Minimally Invasive Surgery and Inno-
vation, Department of Surgery (N.P., L.S.F.), McGill University Health Centre, Montreal, Quebec, Canada.

Goal-directed Fluid Therapy Does Not Reduce Primary 
Postoperative Ileus after Elective Laparoscopic 
Colorectal Surgery

A Randomized Controlled Trial

Juan C. Gómez-Izquierdo, M.D., Alessandro Trainito, M.D., David Mirzakandov, R.R.T., B.Sc.,  
Barry L. Stein, M.D., Sender Liberman, M.D., Patrick Charlebois, M.D., Nicolò Pecorelli, M.D.,  
Liane S. Feldman, M.D., Franco Carli, M.D., Gabriele Baldini, M.D., M.Sc.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/127/1/36/519559/20170700_0-00014.pdf by guest on 20 M
arch 2024

www.anesthesiology.org


Copyright © 2017, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Anesthesiology 2017; 127:36-49 37 Gómez-Izquierdo et al.

PERIOPERATIVE MEDICINE

hypovolemia (goal-directed fluid therapy) accelerates the 
recovery of bowel function19,20 and reduces hospitaliza-
tion21,22 and overall complications,22 especially in high-risk 
patients.23,24 However, the majority of these studies were 
conducted in an uncontrolled clinical setting, where sev-
eral perioperative confounding factors might have affected 
postoperative outcomes. In fact, more recent evidence25–29 
has not confirmed these results in patients treated with 
Enhanced Recovery After Surgery programs, especially when 
the laparoscopic approach is used. In these patients, the 
implementation of several integrated evidence-based periop-
erative interventions, each shown to improve clinical out-
comes after colorectal surgery, may provide similar benefits 
as those observed with goal-directed fluid therapy.25–29 It also 
must be considered that the number and type of interven-
tions included in the Enhanced Recovery After Surgery pro-
grams vary between different centers, making it difficult to 
determine and generalize the impact of a single intervention 
on postoperative outcomes.

In light of this controversial evidence, the impact of 
goal-directed fluid therapy on specific postoperative com-
plications and in a context of an Enhanced Recovery After 
Surgery program remains unknown. Specifically, there is a 
lack of high-quality studies primarily investigating the effect 
of goal-directed fluid therapy on the recovery of bowel func-
tion28 in a controlled clinical setting in which perioperative 
interventions influencing bowel function are standardized.

The aim of this study was to determine the impact of 
goal-directed fluid therapy on the incidence of primary 
postoperative ileus in patients undergoing laparoscopic 
colorectal surgery and treated with a well-established, center-
specific Enhanced Recovery After Surgery program. It was 
hypothesized that patients treated with goal-directed fluid 
therapy would experience less primary postoperative ileus 
than patients receiving fluid therapy based on traditional 
principles.

Materials and Methods

Trial Design and Study Subjects
This randomized (1:1) parallel-group patient and assessor-
blinded trial was approved by the Research Ethics Board of 
the McGill University Health Centre, Montreal, Quebec, 
Canada (study No. 12-177-SDR), and the study proce-
dures were carried out in accordance with ethical standards 
(ClinicalTrials.gov registration: NCT01818375). Patients 
were recruited between January 2013 and August 2015 at 
the Montreal General Hospital, a university-affiliated ter-
tiary center. Consecutive patients scheduled for elective 
laparoscopic colorectal resection were approached by the 
research investigators (A.T., D.M., J.C.G.-I.) at the preop-
erative clinic, and written consent was obtained from eligible 
patients. Patients were excluded if they were younger than 
18 yr old, required emergency surgery, had undergone previ-
ous esophageal or gastric surgery, had esophageal varices or 

cancer, coarctation of the aorta, chronic atrial fibrillation, 
severe aortic stenosis, preoperative bowel obstruction, coag-
ulopathies, contraindications to epidural analgesia, if they 
were chronically treated with opioids, and if they did not 
read or communicate in French or English.

The morning of surgery, eligible patients were assigned 
randomly by a stratified computer-based block randomiza-
tion to receive goal-directed fluid therapy based on near-
maximal stroke volume optimization (goal-directed fluid 
therapy group)30 or fluid therapy based on traditional prin-
ciples31 (control group). These include the replacement of 
preoperative fasting deficit (4/2/1 rule), volume expansion 
after the induction of anesthesia, and the replacement of 
insensible blood loss and third-space loss (Supplemental 
Digital Content 1, http://links.lww.com/ALN/B446, which 
includes a table that describes the fluid management in the 
two groups). Randomization was stratified by the surgical 
indication of creating a stoma. Group allocation was con-
cealed using sequentially numbered sealed brown envelopes, 
opened the morning of surgery by the research investigators 
(A.T. and D.M.).

Perioperative Care
Patients were treated according to a well-established 
Enhanced Recovery After Surgery program specific for 
patients undergoing elective colorectal surgery initially 
implemented at our institution in 200832 and subsequently 
modified (Supplemental Digital Content 2, http://links.
lww.com/ALN/B447, which includes a table that describes 
the Montreal General Hospital Enhanced Recovery After 
Surgery program for colorectal surgery).
Anesthesia and Analgesia Management. On the day of 
surgery, patients were transferred to the preoperative anes-
thesia area, where preoperative weight was measured and 
an intravenous catheter was inserted. After the recording of 
baseline hemodynamic variables, lactated Ringer’s 27 ml/
kg33 was infused before induction of anesthesia in patients of 
the control group who received mechanical bowel prepara-
tion (4 l polyethylene glycol electrolyte lavage; GoLytely®, 
Braintree Laboratories, USA). A thoracic epidural catheter 
was inserted between T8 and T12 and a test dose of 3 ml 
lidocaine 2% with epinephrine (5 µg/ml) was used to con-
firm the correct placement. Presence of sensory block was 
assessed before surgery with an ice test, and in presence 
of primary failure epidural catheters were replaced before 
induction of anesthesia. No subsequent epidural local anes-
thetics were administered intraoperatively to minimize the 
hemodynamic effects of epidural blockade. General anesthe-
sia was induced with propofol (2 mg/kg) and remifentanil 
(1 µg/kg) and maintained with desflurane or sevoflurane 
in a mixture of 40% oxygen and 60% air. Intraoperatively, 
analgesia was provided with remifentanil infusion (0.05 to 
0.25 µg · kg−1 · min−1) titrated to keep heart rate and blood 
pressure within ±20% of the baseline values. Rocuronium 
was used to facilitate orotracheal intubation and maintain 
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adequate neuromuscular blockade during surgery (train-of-
four count less than 2). Lungs were ventilated with a tidal 
volume of 8 ml/kg and with a positive end-expiratory pres-
sure of 5 cm H2O. End-tidal carbon dioxide was maintained 
between 35 and 40 mmHg by adjusting the respiratory rate. 
Postoperative nausea and vomiting prophylaxis was achieved 
with dexamethasone (8 mg) and droperidol (0.625 mg). At 
the end of surgery, remifentanil was discontinued, 10 ml 
lidocaine 2% was bolused in the epidural catheter, and 
ketorolac (30 mg) was administered if not contraindicated. 
Then, an epidural mixture of bupivacaine (0.1 mg/ml) and 
fentanyl (3 μg/ml) was started and infused for 48 h. Celebrex 
and acetaminophen also were prescribed for the entire hos-
pitalization, unless contraindicated. Systemic opioids were 
administered after the epidural was discontinued or before 
if clinically required.
Intraoperative Hemodynamic Monitoring and Manage-
ment. Electrocardiogram activity, invasive blood pressure, 
and oxygen saturation were measured in every patient. After 
induction of anesthesia, a disposable esophageal Doppler 
probe (DP12 Probe; Deltex Medical Ltd., United Kingdom) 
was inserted into the distal third of the esophagus in every 
patient. Optimal blood flow signal was identified from the 
descending aorta in the supine position and displayed on the 
esophageal Doppler monitor (CardioQ-ODM; Deltex Med-
ical Ltd.) by the treating anesthesiologist in the goal-directed 
fluid therapy group and by two research investigators (A.T. 
and D.M.) in the control group. The machine was calibrated 
to provide data averaged more than 10 cycles.34

In the goal-directed fluid therapy group, the patient was 
positioned in steep Trendelenburg, and after 30 s from the 
change in position esophageal Doppler–derived hemody-
namic variables and standard cardiovascular parameters were 
recorded. If stroke volume increased by more than 10%, 
the patient was repositioned flat, 200 ml of 6% hydroxy-
ethyl starch 130/0.4 in 0.9% sodium chloride (Voluven®, 
Fresenius Kabi, Ltd., United Kingdom) was administered 
in 5 min, and a new stroke volume measurement obtained. 
This process was repeated until changing in position did not 
result in an increase of more than 10% in stroke volume. At 
this point, it was assumed that stroke volume had reached 
the plateau of the Frank-Starling curve (near-maximal stroke 
volume), and the patient was considered volume optimized. 
The final head-down cardiovascular measurement that did 
not result in an increase in stroke volume by more than 
10% was recorded (Trendelenburg), the patient was repo-
sitioned flat, and surgery commenced. This method was 
described previously to minimize the cardiovascular effects 
of the pneumoperitoneum and of the changes in position 
during surgery.35 After having established the pneumoperi-
toneum and positioned the patient in Trendelenburg, near-
maximal stroke volume was maintained during surgery30 
(Supplemental Digital Content 3, http://links.lww.com/
ALN/B448, which includes the goal-directed fluid therapy 
algorithm). A background maintenance infusion of lactated 

Ringer’s 1.5 ml · kg−1 · h−1 was administered until the end of 
surgery.36

In the control group, the esophageal Doppler monitor 
was turned away from the anesthesia care provider, and the 
screen was covered with a surgical towel soon after the induc-
tion of anesthesia. The cardiovascular response obtained 30 s 
after positioning the patient in steep Trendelenburg and 
before starting the pneumoperitoneum was measured and 
recorded (Trendelenburg). Anesthesiologists were blinded 
to the measurements obtained with the esophageal Doppler 
for the entire duration of the study. Additional fluids were 
administered if clinically deemed based on the judgment of 
the anesthesiologist in charge.

In both groups, blood products were administered 
when clinically indicated and based on previously reported 
laboratory cutoffs.19 Vasopressors and inotropes also were 
administered based on the clinical judgment of the treating 
anesthesiologist.
Surgical Technique. Surgery was performed by three experi-
enced fellowship-trained colorectal surgeons (S.L., P.C., and 
B.L.S.) as previously described37

Postoperative Care. At the end of surgery, patients were 
transferred into the postanesthesia care unit, and an intra-
venous infusion of lactated Ringer’s 1.5 ml · kg−1 · h−1 was 
started. After meeting the postanesthesia care unit discharge 
criteria, patients were discharged to the surgical unit and lac-
tated Ringer’s infusion was reduced to 15 ml/h (to keep the 
vein open) until 8:00 AM the following morning, when intra-
venous fluids were discontinued. Additional intravenous flu-
ids were administered by the anesthesiologist in charge in the 
postanesthesia care unit or by the surgical team on the surgi-
cal unit as per usual care. The day of surgery patients were 
encouraged to drink clear fluids (1.5 l/day), and a solid diet 
as tolerated was started the morning after surgery. The acute 
pain service visited patients daily to optimize pain control. 
The surgical team and the acute pain service were blinded 
to patients’ randomization. Patients were discharged if they 
were afebrile, they tolerated an oral diet, their pain was well 
controlled (Numeric Rating Score less than 4), and they 
ambulated independently.

Study Outcomes, Measurements, and Data Collection
The primary outcome was the incidence of primary postopera-
tive ileus during the hospital stay. There is a lack of a standard 
and validated definition of primary postoperative ileus. Tradi-
tional criteria used to define primary postoperative ileus com-
monly include time-based endpoints such as the time required 
to pass gas and/or bowel movements or time to tolerate oral 
diet. These criteria poorly identify patients with significant 
postoperative gastrointestinal dysfunction in the context of an 
Enhanced Recovery After Surgery program, as after colorectal 
surgery patients are fed as tolerated in the immediate postop-
erative period, independently of the presence of such criteria. 
Based on these considerations and after having performed a 
literature review, in 2012 an interdisciplinary consensus was 
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achieved among anesthetists and colorectal surgeons working at 
the Montreal General Hospital on how to diagnose and man-
age postoperative ileus in the context of an Enhanced Recovery 
After Surgery program. It was found that primary postopera-
tive ileus in the absence of postoperative complications was 
associated with a median increase of 2 days in length of hos-
pital stay. Beginning on postoperative day 1, patients with pri-
mary postoperative ileus were identified by the presence of two 
or more clinical indicators of gastrointestinal dysfunction, at 
least one for each of the two following criteria: (1) presence of 
vomiting OR abdominal distension and (2) absence of flatus/
stool OR not tolerating oral diet, in the absence of any pre-
cipitating complications. Secondary outcomes included Qual-
ity of Recovery score,38 30-day complications, readiness to be 
discharged, length of hospital stay, and readmission rates. Post-
operative complications were defined a priori (Supplemental 
Digital Content 4, http://links.lww.com/ALN/B449, which 
includes the definitions of postoperative complications) and 
their severity graded by using the Clavien–Dindo classifica-
tion39 and the Comprehensive Complication Index.40

Hemodynamic variables were measured by the treating 
anesthesiologist in the goal-directed fluid therapy group and 
by the two research investigators (A.T. and D.M.) in the con-
trol group, all well trained on how to obtain and interpret 
esophageal Doppler–derived hemodynamic measurements. 
The esophageal Doppler probe was refocused if necessary, and 
esophageal Doppler–derived hemodynamic variables were 
measured 5 min after induction of anesthesia (baseline), in 
steep Trendelenburg (Trendelenburg), and every 15 min until 
the end of surgery (end of surgery), before the epidural was 
bolused. Postoperatively, patients were instructed to drink from 
a specific 250-ml cup to measure daily oral fluid intake. Patients 
also were weighed every morning before breakfast. Postopera-
tive gastrointestinal function was assessed by the research inves-
tigator (J.C.G.-I.) after dinner was served to the patient. The 
amount of systemic opioid consumption was measured daily 
and converted to intravenous morphine equivalents.41

Preoperative and intraoperative data were collected by 
two study investigators (A.T. and D.M.), whereas postopera-
tive data were collected by a third study investigator (J.C.G.-
I.), who was blinded to patients’ randomization and to the 
entire intraoperative management. The study investigators 
were not involved in clinical decision-making and did not 
have access to the data collected by the other investigators. 
Data were recorded initially on specific data-collection sheets 
and then transferred into two separate databases, one con-
taining preoperative and intraoperative data and the other 
postoperative data. The two databases were merged only 
when the study was terminated.

Sample Size Calculation and Statistical Analysis
Based on 40% incidence of primary postoperative ileus observed 
in 114 patients who underwent elective colorectal surgery in 
the context of an Enhanced Recovery After Surgery program 
at the Montreal General Hospital, by using the same criteria 

previously described, a power analysis indicated that a sample 
size of 64 patients in each group was required to show a 50% 
primary postoperative ileus reduction in patients treated with 
goal-directed fluid therapy (one-sided Student’s t test), with a 
power of 0.8 and a type 1 error (α) = 0.05. The hypothesis that 
goal-directed fluid therapy would reduce to 20% the incidence 
of primary postoperative ileus was based on the observation 
that in 2012, the incidence of primary postoperative ileus at 
our institution was higher (40%) than that reported in other 
centers,42 despite a well-established Enhanced Recovery After 
Surgery program that included several perioperative interven-
tions shown to accelerate the bowel recovery (e.g., selective use 
of mechanical bowel preparation, carbohydrate-rich beverage, 
early feeding, laparoscopic surgery, epidural, chewing gum, 
opioid-sparing strategies, and others). At that time, periopera-
tive fluid management was the only element that was not stan-
dardized. We therefore hypothesized that goal-directed fluid 
therapy, by administering intravenous fluids based on more 
objective measures of hypovolemia, would significantly reduce 
the incidence of primary postoperative ileus.

Analysis was performed on an intention-to-treat basis 
and as per protocol. The primary outcome was evaluated 
with the chi-square test or Fisher exact test if appropriate. 
A preplanned subgroup analysis of the primary outcome 
was conducted in patients not receiving a stoma, in patients 
undergoing colonic surgery, and in patients undergoing 
rectal surgery. As the proportion of patients who received 
mechanical bowel preparation was significantly different 
between the two groups (P = 0.021), a nonplanned adjusted 
analysis was conducted to calculate the relative risk (RR) 
of primary postoperative ileus, by adjusting for the use of 
mechanical bowel preparation. Secondary outcomes were 
evaluated with the Student’s t test for normally distributed 
data, the Wilcoxon–Mann–Whitney U test for not normally 
distributed, and the chi-square test or Fisher exact test when 
appropriate. Repeated-measures linear mixed model analysis 
was used to assess and compare intraoperative hemodynamic 
variables, postoperative pain intensity, opioid consumption, 
and time spent out of bed over time and between groups. 
The Tukey post hoc test was used for post hoc analysis.

Continuous variables are reported as mean ± SD or 
median (interquartile range), and categorical and ordinal 
variables as absolute number (percentage). RR with 95% CI 
also is reported for categorical variables.

Statistical analysis was performed with SPSS, version 23 
(IBM Corp., USA) or STATA, version 14 (StataCorp, USA). 
All statistical tests were two-sided, and P < 0.05 was consid-
ered to indicate statistical significance.

Results

Patients’ Characteristics, Operative Data, and Anesthesia 
Care
A total of 196 patients were assessed for eligibility, of 
whom 135 were randomized, 68 to the goal-directed fluid 
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therapy group and 67 to the control group. One patient 
in each group did not receive the allocated intervention 
(goal-directed fluid therapy group: one patient withdrew 
the consent before starting surgery; control-group: in one 
patient planned laparoscopic surgery was changed to lapa-
rotomy). Two patients in each group dropped out as sur-
gery was aborted because of intraperitoneal carcinomatosis. 
The intervention was discontinued in one patient in the 
goal-directed fluid therapy group because the intravenous 
catheter through which intravenous fluids were adminis-
tered was disconnected accidentally during the interven-
tion, and this was recognized only at the end surgery. A 
total of 128 patients were analyzed on an intention-to-treat 

basis (64 in the goal-directed fluid therapy and 64 in the 
control group) and 115 patients were analyzed per protocol 
(56 in the goal-directed fluid therapy and 59 in the con-
trol group), as in eight patients in the goal-directed fluid 
therapy group and in five patients in the control group 
laparoscopic surgery was converted to laparotomy (fig. 1). 
Baseline patients’ characteristic, operative data, and anes-
thesia care were similar between the two groups, except for 
the use of mechanical bowel preparation that was more fre-
quent in the goal-directed fluid therapy group (P = 0.021; 
table 1 and Supplemental Digital Content 5, http://links.
lww.com/ALN/B450, which includes a table reporting 
patients’ comorbidities in the two groups).

Fig. 1. Consolidated Standards of Reporting Trials (CONSORT) diagram. ITT = intention to treat.
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Table 1. Baseline Patients’ Characteristics, Operative Data, and Anesthesia Care

 
Goal-directed Fluid Therapy 

(n = 64)
 Control  
(n = 64) P Value

Age, yr 63 ± 15 61 ± 15
Sex M/F, n 31/33 40/24
Weight, kg 71.1 (62.2–85.1) 76.5 (67.6–84.7)
BMI 24.9 (22.4–28.6) 26.1 (23.4–29.1)
BSA, m2 1.8 ± 0.2 1.9 ± 0.2
ASA physical status (I/II/III/IV), n 6/42/14/2 8/38/18/0
CR-POSSUM score    
  Physiology 8 (7–10) 8 (7–9)
  Operative 7 (7–7) 7 (7–7)
  Predictive mortality (%) 1.8 (0.9–9.3) 1.8 (0.9–2.6)
Charlson comorbidity index 2 (2–3) 2 (1–3)
Preoperative hemoglobin, g/dl 12.8 13.4
Indication for surgery, n (%)    
  Colorectal cancer 48 (75) 43 (67)
  Inflammatory bowel disease 6 (9.4) 9 (14)  
  Diverticulitis 4 (6.3) 7 (10)  
  Others* 6 (9.4) 5 (7.8)  
Type of surgery, n (%)    
  Colonic 39 (61) 39 (60)
   Ileocecal resection 1 (1.6) 7 (10.9)
   Right hemicolectomy 20 (31) 19 (30)
   Left hemicolectomy 5 (7.8) 4 (6.3)
   Subtotal colectomy 0 (0) 3 (4.7)
   Sigmoidectomy 11 (17) 6 (9.4)
   Total colectomy 2 (3.1) 0 (0)
  Rectal 25 (39) 25 (39)
   Rectal anterior resection 10 (16) 8 (12)
   Rectal low anterior resection 8 (12) 9 (14)
   Proctocolectomy 6 (9.4) 5 (7.8)
   Abdominal perineal resection 1 (1.6) 3 (4.7)
Stoma, n (%) 18 (28) 19 (30)
Bowel preparation, n (%)   
  4 l GoLYTELY® 36 (56) 23 (36)
  2 Fleet enemas 12 (19) 17 (27)
Preoperative carbohydrate drinks,† n (%)   
  Yes‡ 47 (73) 45 (71)
  Yes, according to the quantity indicated§ 23 (36) 26 (42)
Preoperative fasting time, h    
  Solid‖ 36 (19–40) 34 (17–38)
  Fluid# 4 (3–6) 4 (3–6)
Duration of surgery, min 189 (144–269) 183.5 (133–254) 0.564
Laparoscopic time, min 108 (68–146) 101 (71–143) 0.506
Conversion to open, n (%) 8 (12) 5 (7.8) 0.380
Final temperature, °C 36.1 ± 0.8 35.9 ± 0.6 0.269
Et desflurane, % 4.4 ± 0.6 4.6 ± 0.7 0.103
Et sevoflurane, %** 1.4 ± 0.3 1.3 ± 0.3 0.617
Remifentanil, μg · kg−1 · min−1 0.1 (0.1–0.2) 0.1 (0.1–0.2) 0.083
Intraoperative ketorolac (30 mg), n (%) 49 (77) 50 (78) 0.754

Data are presented as mean ± SD, median (interquartile range), or absolute numbers (percentage).
*Benign adenoma (six patients in the goal-directed fluid therapy group and three patients in the control group), fecal incontinence (one patient in the control 
group) terminal ileum stricture (one patient in the control group). †Morning dose. ‡Data from one patient in the control group is missing. §Data from two 
patients in the control group are missing. ‖Data from two patients in the control group and one patient in the goal-directed fluid therapy is missing. #Data 
from one patient in the control group is missing. **Eighteen patients received sevoflurane (nine patients in the goal-directed fluid therapy and nine patients 
in the control group). 
ASA = American Society of Anesthesiologists; BMI = body mass index; BSA = body surface area; CR-POSSUM = Colorectal-Physiological and Operative 
Severity Score for the enUmeration of Mortality and morbidity; Et = end-tidal; M/F = male/female. 
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Intraoperative Fluid Administration, Vasopressors, and 
Hemodynamic Data
Patients in the goal-directed fluid therapy group received less 
intravenous fluids (P < 0.001; mainly less crystalloids, P < 
0.001) but a greater volume of colloids (P < 0.001). Estimated 
blood loss was not different, phenylephrine was used more 
frequently in the control group (P = 0.020), and none of the 
patients required inotropes (table 2). At baseline, stroke volume 
and cardiac output were higher in the control group (differences 
of least squares means, −9.6 ml; 95% CI, −16.6 to −2.6; P = 
0.008, and differences of least squares means, −0.6 l/min; 95% 
CI, −1.2 to −0.1; P = 0.024, respectively). Overall, stroke vol-
ume and cardiac output changes over time significantly differed 
between the two groups (P < 0.001). This difference was driven 
mainly by a more pronounced increase of stroke volume and 
cardiac output from baseline to Trendelenburg position in the 
goal-directed fluid therapy group (stroke volume goal-directed 

fluid therapy group: differences of least squares means, 24.3 ml; 
95% CI, 18 to 30.5; stroke volume control group: differences 
of least squares means, 12.1 ml; 95% CI, 6 to 18.3; cardiac 
output goal-directed fluid therapy group: differences of least 
squares means, 1.1 l/min; 95% CI, 0.7 to 1.6; cardiac output 
control group: differences of least squares means, 0.4 l/min; 
95% CI, −0.1 to 0.86). Only in the goal-directed fluid therapy 
group did stroke volume and cardiac output remain signifi-
cantly higher compared with baseline throughout surgery (P < 
0.001). Intraoperative stroke volume and cardiac output values 
were higher in the goal-directed fluid therapy group; however, 
the differences between the two groups did not reach statisti-
cal significance at any of the other time intervals (Supplemental 
Digital Content 6, http://links.lww.com/ALN/B451, which 
includes two figures reporting stroke volume and cardiac output 
between groups during surgery). Mean arterial pressure changes 
over time were similar between the two groups.

Table 2. Preoperative and Intraoperative Intravenous Fluids, Vasopressors, Blood Loss, and Transfusions

 
Goal-directed Fluid Therapy 

(n = 64)
Control  
(n = 64) P Value

Preoperative period    
  Replacement of preoperative intravascular deficit due to MBP,* ml — 2,094 ± 395 —
Intraoperative period    
  Total volume of intravenous fluid, ml 1,535 (1,000–2,272) 2,370 (1,779–3,071) < 0.001
   Lactated Ringer’s    
    ml 500 (323–687) 2,102 (1,600–2,528) < 0.001
    ml · kg−1 · h−1 2 (2–2) 8.6 (7–11) < 0.001
   Colloids, ml 900 (400–1,400) 0 (0–500) < 0.001
     Prepneumoperitoneum boluses 400 (200–400)† —‡ —
   NaCl 0.9%,§ ml 194 (150–268) 179 (146–234) 0.132
  Total volume of intravenous fluids, ml    
   Colonic surgery 1,375 ± 667 2,243 ± 874 < 0.001
   Rectal surgery 2,342 ± 981 2,958 ± 978 0.031
  EBL, ml 175 (100–400) 150.0 (100–400) 0.708
   Colonic surgery 100 (100–200) 100 (100–200) 0.519
   Rectal surgery 400 (125–850) 400 (200–800) 0.914
  Erythrocytes    
   Patients receiving erythrocytes, n (%) 5 (7.8) 1 (1.6) 0.094
   Number of units (2/4/8) 3/1/1 1/0/0 0.100
   Volume, ml 0 (0–0) 0 (0–0) na‖
  Vasopressor, n (%)    
   Phenylephrine 53 (83) 58 (91) 0.193
    n (%) 39 (61) 51 (80) 0.020
    µg 80 (0–300) 180 (80–440) 0.016
   Ephedrine    
    n (%) 40 (62) 43 (67) 0.496
    mg 10 (0–25) 10 (0–20) 0.947
   Phenylephrine continuous infusion, n (%) 0 (0) 0 (0) na
  Urine output, ml · kg-1 · h-1 1.2 (0.8–1.8) 1.4 (0.8–2.6) 0.148

Data are presented as mean ± SD, median (interquartile range), or absolute numbers (percentage). P values in bold represent statistically significant results 
(P < 0.05).
*Preoperative intravenous fluids (4 l GoLYTELY®) were administered only in patients of the control group who received mechanical bowel preparation 
(35.9%). In two patients, the preoperative deficit due to the use of mechanical bowel preparation could not be completed before surgery because the 
operating room schedule was changed at the last minute. †In the goal-directed fluid therapy group, 55 patients (86%) needed stroke volume optimization 
before pneumoperitoneum. ‡In the control group, 40 patients (62.5%) increased stroke volume at baseline by more than 10% when positioned in steep 
Trendelenburg before pneumoperitoneum. §Amount of normal saline solution used to dilute antibiotics, potassium chloride when needed, and remifentanil. 
‖No statistics were computed because there were not enough valid cases to perform the Mann–Whitney U test.
EBL = estimated blood loss; MBP = mechanical bowel preparation; na = not applicable; NaCl 0.9% = normal saline. 
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Postoperative Data
In the postanesthesia care unit, the two groups were com-
parable with regard to the amount of intravenous fluids, 
systemic opioids, and vasopressors received. Postoperative 
nausea and vomiting, the number of hypotension episodes, 
urine output, and length of stay in the postanesthesia care 
unit also were similar.

On the surgical unit, patients received a similar amount 
of intravenous fluids, and oral intake was not different. Post-
operative weight gain and urine output were higher in the 
control group on day 1 (P = 0.002 and P = 0.004, respec-
tively; table 3). Postoperative pain intensity at rest and while 
ambulating, systemic opioid consumption, and time spent 
out of bed were similar between the two groups. Postopera-
tive pain scores were significantly lower in the goal-directed 
fluid therapy group on day 0 (P = 0.018), but this difference 
was not clinically significant (table 4).

Outcomes
Primary Outcome and Gastrointestinal Function. Overall, 
the incidence of primary postoperative ileus was similar 
between the two groups, on intention-to-treat analysis (22% 
in the goal-directed fluid therapy group and 22% in the con-
trol group, RR, 1; 95% CI, 0.5 to 1.9; P = 1.000) and per 
protocol (P = 1.000). By adjusting for the use of mechanical 
bowel preparation, the risk of developing primary postopera-
tive ileus did not change (RRadjusted, 1; 95% CI, 0.5 to 1.9; P 
= 0.094). Recovery measures of gastrointestinal function and 
gastrointestinal symptoms also were similar (table 5).

Secondary Outcomes. Quality of Recovery score, readiness 
to be discharged, length of hospital stay, overall 30-day 
medical and surgical complications, emergency depart-
ment visits, and readmission rates were not different. More 
patients in the goal-directed fluid therapy developed intra- 
or retroperitoneal abscesses (P = 0.048; table 6 and Sup-
plemental Digital Content 7, http://links.lww.com/ALN/
B452, which includes a table that describes medical mor-
bidity in the two groups).

Discussion
The results of this study indicate that intraoperative goal-
directed fluid therapy aiming to achieve near-maximal 
stroke volume optimization compared with fluid therapy 
based on traditional principles does not reduce the inci-
dence of primary postoperative ileus in patients undergoing 
laparoscopic colorectal surgery in the context of a well-
established Enhanced Recovery After Surgery program.

Several trials conducted in patients undergoing abdomi-
nal surgery but treated with conventional care have shown 
that inadequate fluid therapy delays the recovery of gastroin-
testinal function.7–11 Experimental and clinical studies have 
demonstrated that intestinal edema as a result of excessive 
fluid administration inhibits gastrointestinal transit and 
impairs anastomotic healing.7–10,13,14,17,18,43 In contrast, fluid 
restriction has been shown to accelerate the recovery of bowel 
function and to facilitate the early intake of oral diet.11,13,14 
However, due to the heterogeneity of the study designs, the 

Table 3. Postoperative Fluid Balance, Weight Balance, and Postoperative Hypotension

 
Goal-directed Fluid Therapy 

(n = 64)
Control  
(n = 64) P Value

Patients receiving intravenous infusion after 
day 0, n (%)

31 (48) 28 (44) 0.723

Input, ml    
  Total intravenous crystalloids,* ml 319 (247–2,967) 607 (291–3,234) 0.269
  Total oral fluid intake,† ml 7,681 (5,625–10,350) 6,525 (3,968–10,050) 0.571
Output    
  Urine output, day 0‡ 700 (450–1,440) 1,450 (700–2,000) 0.004
  Total gastrointestinal losses,§ ml 75 (0–1,475) 50 (0–1,912) 0.984
Weight balance,‖ kg    
  Day 1 – day 0 1.1 ± 1.9 2.1 ± 1.7 0.002
  Day 2 – day 1 0.6 ± 1.6 0 ± 1.7 0.054
  Day 3 – day 2 −0.8 ± 1.4 −0.5 ± 1.4 0.321
Hypotension,# n (%) 15 (23) 16 (25) 1.000
Orthostatic hypotension,** n (%) 2 (3.2) 8 (12) 0.096

Data are presented as mean ± SD, median (interquartile range), or as absolute numbers (percentage). P values in bold represent statistically significant 
results (P < 0.05).
*Total amount of intravenous crystalloids received from surgical unit admission until hospital discharge. †Total oral fluid intake measured from surgical unit 
admission until hospital discharge. ‡Urine output on day 0 measured from surgical unit admission until 8:00 AM of day 1 (Foley catheters were removed on 
the morning of day 1 as per Enhanced Recovery After Surgery protocol). Urine output on day 0 could not be measured in seven patients of the goal-directed 
fluid therapy group and in 10 patients of the control group as Foley catheters were removed in postanesthesia care unit because of patients’ discomfort. 
§Total gastrointestinal losses measured from surgical unit admission until hospital discharge. ‖Postoperative weight could not be measured 11 times in the 
goal-directed fluid therapy group and six times in the control group because of patients’ refusal or because patients were discharged early on day 2 or day 
3 (day 1: two patients in goal-directed fluid therapy group and 1 patient in control group; day 2: one patient in the goal-directed fluid therapy group and 
one patient in the control group; day 3: eight patients in goal-directed fluid therapy group and four patients in the control group). #Systolic blood pressure 
less than 90 mmHg or less than 20% of the baseline value. **A decrease of at least 20 mmHg in systolic blood pressure on assuming an upright posture 
from a supine position. 
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lack of a universal definition characterizing a restrictive fluid 
management, and the absence of a standardized periopera-
tive care,44 it remains difficult to establish the real impact of 
fluid restriction on postoperative morbidity.45–47

Individualization of fluid therapy based on more objec-
tive measures of hypovolemia, commonly called goal-directed 
fluid therapy, has shown not only to accelerate the recovery 
of gastrointestinal function19,22 but also reduce postoperative 
complications22 and hospitalization,21,22 especially in high-risk 
patients,23,24 and mainly when compared with liberal fluid 
administration.21 Because of these benefits, it has been recom-
mended in patients undergoing major abdominal surgery.36,48–50

The results of the present study do not support the use 
of goal-directed fluid therapy to reduce the incidence of 
primary postoperative ileus in this specific patient popu-
lation and perioperative clinical context, despite a larger 

intraoperative volume of intravenous fluids in the control 
group and a more pronounced and sustained increase of 
stroke volume and cardiac output in the goal-directed fluid 
therapy group during surgery.

Several reasons can explain these findings. First, patients 
were treated with several perioperative Enhanced Recovery 
After Surgery interventions that have been shown to facilitate 
the recovery of gastrointestinal function after abdominal sur-
gery, such as the use of preoperative carbohydrate drinks, lap-
aroscopic surgery, thoracic epidural analgesia, opioid-sparing 
analgesia, and early feeding, which might have contributed 
to minimizing the occurrence of primary postoperative ileus 
in both groups.2 This also has been demonstrated by two 
recent meta-analyses that have shown that when patients are 
treated with a more rational fluid management, and in the 
context of an Enhanced Recovery After Surgery program, the 

Table 4. Postoperative Pain Intensity and Management and Time Spent Out of Bed

 
Goal-directed Fluid Therapy 

(n = 64)
Control  
(n = 64) P Value

Pain, static   0.189
  NRS day 0 1 ± 2 2 ± 2  
  NRS day 1 2 ± 2 2 ± 2  
  NRS day 2 2 ± 2 2 ± 2  
  NRS day 3 2 ± 2 2 ± 2  
Pain, coughing   0.018
  NRS day 0 2 ± 2 3 ± 3 0.018
  NRS day 1 4 ± 2 4 ± 2 0.491
  NRS day 2 4 ± 3 4 ± 2 0.435
  NRS day 3 3 ± 3 3 ± 2 0.575
Pain, ambulating   0.189
  NRS day 0 1 ± 2 2 ± 2  
  NRS day 1 2 ± 2 2 ± 2  
  NRS day 2 2 ± 2 2 ± 2  
  NRS day 3 2 ± 2 2 ± 2  
Days with thoracic epidural analgesia, days 3 (2–3) 3 (2–3) 0.840
Systemic opioids,* mg   1.000 
  Total, in the first 3 days 10 (3–21) 12.4 (7–25) 0.344
  Day 0 0 ± 0 0 ± 0
  Day 1 3 ± 7 1 ± 3  
  Day 2 6 ± 7 9 ± 8  
  Day 3 7 ± 9 7 ± 9  
Celebrex† with thoracic epidural analgesia, n (%) 9 (14) 10 (16) 1.000
Celebrex† after thoracic epidural analgesia, n (%) 48 (75) 51 (80) 0.673
No. patients receiving milk of magnesia, n (%) 52 (81) 45 (72) 0.297
Time spent out of bed, min   0.935
  Day 0 26 ± 68 23 ± 54  
  Day 1 167 ± 189 232 ± 220  
  Day 2 185 ± 177 255 ± 387  
  Day 3 163 ± 151 198 ± 136  

Data are presented as mean ± SD or as absolute numbers (percentage). Linear mixed model analysis: P values refer to the group main effect, and to the 
pairwise comparison; P values in italic: Wilcoxon–Mann–Whitney U test. P values in bold represent statistically significant results (P < 0.05).
Postoperative pain (NRS 0 to 10) could not be assessed 15 times because patients’ refusal or because patients were discharged early on day 2 or day 3 (day 
0: one patient in the control group; day 1: one patient in the control group; day 2: one patient in the goal-directed fluid therapy group; day 3: eight patients 
in the goal-directed fluid therapy group and four patients in the control group). Systemic opioids consumption could not be measured 14 times because 
missing data or patients were already discharged (day 1: one patient in the goal-directed fluid therapy group; day 2: one patient in the goal-directed fluid 
therapy group; day 3: eight patients in the goal-directed fluid therapy group and four patients in the control group). Time spent out of bed could not be 
assessed 12 times because patients were already discharged (eight patients in the goal-directed fluid therapy group and four patients in the control group).
*Intravenous morphine equivalents. †Celebrex 200 mg per os every 12 h. 
NRS = Numeric Rating Scale.
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benefits of goal-directed fluid therapy are offset by advance-
ments in perioperative care.28,29 Second, patients in the con-
trol group were able to eliminate fluid excess, as indicated 
by a higher urine output the day of surgery and by a mar-
ginal weight gain (less than 2.5 kg) on day 1. This suggests 

that the volume of intravenous fluids received in the control 
group might have not been high enough to cause sufficient 
interstitial edema to determine a high incidence of primary 
postoperative ileus or postoperative complications. Finally, 
approximately two thirds of patients in both groups were at 

Table 5. Incidence of PPOI and Recovery Gastrointestinal Function

 
Goal-directed Fluid 

Therapy (n = 64) Control (n = 64) RR (95% CI) P Values RRadjusted (95% CI) P Values

Primary postoperative ileus,* n (%)       
   ITT analysis 14 (22) 14 (22) 1 (0.5–1.9) 1.000 1 (0.5–1.9) 0.094
   Per protocol 12 (21) 12 (20) 1 (0.5–2.1) 1.000 1.1 (0.5–2.1) 0.225
  No stoma, n (%)       
   ITT analysis 9 (17) 7 (16) 1.2 (0.5–3.1) 0.615 1.3 (0.5–3.1) 0.316
   Per protocol 7 (17) 7 (16) 1.1 (0.4–2.8) 0.882 1.1 (0.4–2.7) 0.272
  Stoma, n (%)       
   ITT analysis 5 (28)  (37) 0.7 (0.3–1.9) 0.556 0.8 (0.3–2) 0.226
   Per protocol 5 (31) 5 (31) 1 (0.3–2.8) 1.000 1.1 (0.4–2.9) 0.477
  Colonic surgery n (%)       
   ITT analysis 9 (23) 6 (15) 1.5 (0.6–3.8) 0.389 1.4 (0.6–3.5) 0.370
   Per protocol 7 (21) 6 (16) 1.3 (0.5–3.5) 0.597 1.2 (0.5–3.3) 0.385
  Rectal surgery n (%)       
   ITT analysis 5 (20) 8 (32) 0.6 (0.2–1.6) 0.333 0.7 (0.3–1.7) 0.147
   Per protocol 5 (23) 6 (29) 0.8 (0.3–2.2) 0.661 0.9 (0.3–2.3) 0.298
Primary postoperative ileus       
  Diagnosis, day 1/2/3/≥4, n       
   ITT analysis 3/5/4/2 4/7/1/2 na 0.517 na —
   Per protocol 3/3/4/2 4/5/1/2 na 0.486 na —
  Duration, days       
   ITT analysis 2 (1–3) 3 (2–3) na 0.318 na —
   Per protocol 2 (1–4) 3 (2–4) na 0.389 na —
Time to first flatus, h       
  ITT analysis 20 (12–26) 20 (12–24) na 0.843 na —
  Per protocol 20 (13–26) 19 (13–24) na 0.796 na —
Time to first bowel movement, h       
  ITT analysis 21 (16–36) 22 (16–28) na 0.884 na —
  Per protocol 22 (16–36) 22 (15–28) na 0.784 na —
Nausea, n (%)       
  ITT analysis 41 (64) 37 (58) 1.1 (0.8–1.5) 0.469 1.2 (0.9–1.6) 0.697
  Per protocol 37 (66) 33 (56) 1.2 (0.9–1.6) 0.265 1.3 (0.9–1.7) 0.660
Vomiting,† n (%)       
  ITT analysis 25 (39) 25 (39) 1 (0.6–1.5) 1.000 1.1 (0.7–1.6) 0.492
  Per protocol 23 (41) 21 (36) 1.1 (0.7–1.8) 0.547 1.3 (0.8–2.1) 0.601
Abdominal distension, n (%)       
  ITT analysis 49 (77) 55 (86) 0.9 (0.7–1) 0.257 0.9 (0.8–1.1) 0.938
  Per protocol 43 (77) 51 (86) 0.9 (0.7–1.1) 0.230 0.9 (0.8–1.1) 0.856
Diet intolerance,‡ n (%)       
  ITT analysis 15 (23) 17 (27) 0.9 (0.5–1.6) 0.839 0.9 (0.5–1.6) 0.582
  Per protocol 14 (25) 14 (24) 1 (0.5–2) 1.000 1.1 (0.6–2.1) 0.967
Nasogastric tube insertion, n (%)       
  ITT analysis 9 (14) 11 (17) 0.8 (0.4–1.8) 0.808 0.8 (0.4–1.8) 0.293
  Per protocol 8 (14) 8 (14) 1 (0.4–2.6) 1.000 1.2 (0.5–2.9) 0.770
Number of skipped meals, n       
  ITT analysis 1 (0–2) 1 (0–5) na 0.551 na -
  Per protocol 1 (0–2) 1 (0–4) na 0.770 na -

Data are presented as median (interquartile range), as absolute numbers (percentage), or as RR (95% CI); P values in italic: Fisher exact test. The analysis 
was adjusted for the use of mechanical bowel preparation.
*Absence of gas but presence of stool was not considered a clinical indicator of gastrointestinal dysfunction. †Including patients who did not meet the cri-
teria for primary postoperative ileus. ‡Diet intolerance: at the end of the day patients were asked to judge whether they tolerated the meals they ate during 
the day. Patients who did not eat any meal during the day were considered not tolerating diet. 
ITT = intention to treat; na = not applicable; PPOI = primary postoperative ileus; RR = relative risk. 
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low risk for postoperative complications, and the benefits of 
goal-directed fluid therapy have been demonstrated mainly 
in high-risk patients.23,24

The main strength of this study is that it specifically 
evaluates the impact of goal-directed fluid therapy on the 
recovery of bowel function in the context of standardized 
and evidence-based perioperative care, limiting the risk of 
bias due to several perioperative confounding factors. How-
ever, it must be acknowledged that Enhanced Recovery After 
Surgery programs include variable interventions, different 
among institutions, potentially limiting the generalizability 
of these results in centers with different perioperative care. 
For example, the impact of goal-directed fluid therapy on 
the recovery of bowel function might have produced favor-
able results in patients treated with systemic opioids and not 
with epidural analgesia, as it is well established that thoracic 
epidural analgesia facilitates the recovery of bowel function. 

Our institutional protocol is to use epidural analgesia for 
patients undergoing laparoscopic rectal surgery but not 
colonic surgery, based on results of a previous study show-
ing better pain control with epidural analgesia in the first 
48 h after laparoscopic rectal surgery compared with sys-
temic opioids plus intravenous lidocaine.37 In the current 
study, it was decided to standardize the analgesia technique 
to minimize the risk of bias, providing epidural analgesia to 
all patients. Although the use of epidural analgesia in laparo-
scopic colorectal surgery remains controversial, it is still used 
in established Enhanced Recovery After Surgery programs.49

Several limitations must be acknowledged. First, patients in 
the control group received a large volume of intravenous fluids, 
greater than what currently is recommended,36 but similar to 
what is still infused in clinical practice.51–54 Although the fluid 
regimen used is based on outdated perioperative fluid therapy 
principles,45,48 it is consistent with what is recommended in 

Table 6. QoR Score, LOS, 30-day Postoperative Complications, 30-day ED Visits, and 30-day Readmissions

 
Goal-directed Fluid 

Therapy (n = 64) Control (n = 64) RR (95% CI) P Value

QoR on day 2 14 (13–16) 14 (13–16) na 0.648
Readiness to be discharged, days 3 (2–4) 3 (3–5) na 0.561
LOS, days 4 (3–5) 4 (3–5.7) na 0.922
30-day mortality, n (%) 0 (0) 0 (0) na na
Patients with at least one 30-day  

complication, n (%)
28 (44) 25 (39) 1.1 (0.7–1.7) 0.590

  In-hospital 22 (34) 20 (31) 1.1 (0.7–1.8) 0.707
  Postdischarge 9 (14) 8 (12) 1.1 (0.5–2.7) 0.795
Patients with at least one 30-day medical 

complication, n (%)
18 (28) 14 (22) 1.3 (0.7–1.3) 0.414

  Cardiovascular 3 (4.7) 2 (3.1) 1.2 (0.3–8.7) 1.000
  Respiratory 3 (4.7) 0 (0) na 0.244
  Infectious 12 (19) 8 (12) 1.5 (0.7–3.4) 0.330
  Other 9 (14) 9 (14) 1 (0.4–2.3) 1.000
Patients with at least one 30-day surgical 

complication, n (%)
20 (31) 18 (28) 1.1 (0.6–1.9) 0.699

  Primary postoperative ileus 14 (22) 14 (22) 1 (0.5–1.9) 1.000
  Anastomotic leakage 3 (4.7) 0 (0) na 0.244
  Bleeding 3 (4.7) 3 (4.7) 1 (0.2–4.8) 1.000
  Bowel perforation 1 (1.6) 0 (0) na 1.000
  Mechanical bowel obstruction 0 (0) 1 (1.6) na 1.000
  Wound dehiscence 0 (0) 1 (1.6) na 1.000
  Other 0 (0) 2 (3.1) na 0.496
Patients admitted to ICU,* n (%) 2 (3.1) 1 (1.6) 2 (0.2–21.5) 1.000
Patients reoperated within 30 days, n (%) 1 (1.6) 3 (4.7) 0.3 (0–3.1) 0.619
30-day Clavien–Dindo classification, n 

(%)
    

  I 10 (16) 10 (16) 1 (0.4–2.3) 1.000
  II 11 (17) 10 (16) 1.1 (0.5–2.4) 0.811
  IIIa 5 (7.8) 2 (3.1) 2.5 (0.5–12.4) 0.440
  IIIb-IVb 2 (3.1) 3 (4.7) 0.7 (0.1–3.9) 0.648
30-day CCI 0 (0–20.9) 0 (0–11.3) na 0.483
Patients visiting ED within 30 days, n (%) 13 (20) 9 (14) 1.4 (0.7–3.1) 0.349
Patients readmitted within 30 days, n (%) 8 (12) 6 (9.4) 1.3 (0.5–3.6) 0.571

Data are presented as median (interquartile range), as absolute numbers (percentages), or as RR (95% CI); P value in italic: Fisher exact test.
*ICU admission during primary LOS. 
CCI = Comprehensive Complication Index; ED = emergency department; ICU = intensive care unit; LOS = length of hospital stay; na = not applicable;  
QoR = Quality of Recovery; RR = relative risk. 
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widely used anesthesia textbooks.31 The two groups also dif-
fered in the type of fluids, and this might have affected the 
primary outcome more than the infusion regimen. However, 
to the best of our knowledge, colloid use alone has not been 
associated with postoperative gastrointestinal dysfunction, as 
also demonstrated by the results of our secondary analyses 
(data unsubmitted with the current manuscript). Similarly, 
the fluid regimen (volume and timing of fluid administration) 
was also significantly different between the two groups, fur-
ther confounding the interpretation of these results.

Second, a more rational goal-directed fluid therapy pro-
tocol based on stroke volume optimization when clinically 
deemed, rather than on preemptive near-maximal stroke 
volume optimization, might have led to better results, as 
many patients in the control group were able to maintain 
adequate systemic perfusion (cardiac output), despite a sub-
maximal stroke volume. Third, despite randomization, a 
higher proportion of patients in the goal-directed fluid ther-
apy group received mechanical bowel preparation. However, 
after adjustment for the use of mechanical bowel prepara-
tion, the risk of developing primary postoperative ileus was 
unchanged (RRadjusted, 1; 95% CI, 0.5 to 1.9.; P = 0.094), 
although the study was not powered to detect a significant 
difference is this subgroup of patients. Fourth, although we 
did not exclude obese patients, the average body mass index 
in the study population may be lower than in other popula-
tions, and these results may not be generalizable. Fifth, in 
the absence of a universal and validated definition of ileus, 
we used a definition based on an interdisciplinary consensus 
achieved among anesthesiologists and surgeons, based on lit-
erature review and focusing on clinically relevant symptoms. 
However, the incidence of primary postoperative ileus was 
similar to what has been reported previously in the context 
of an Enhanced Recovery After Surgery program.

15 More-
over, a secondary analysis including all patients of the study 
has shown that patients with primary postoperative ileus, but 
without any other complications, had a median increase in 
length of hospital stay of 4 days, and that primary postopera-
tive ileus was an independent predictor of delayed readiness 
for discharge and prolonged hospital stay (P < 0.001 and 
P = 0.001, respectively; data unsubmitted with the current 
manuscript). Although the sample size is limited and these 
results need further validation, these findings suggest that 
this definition of primary postoperative ileus might accu-
rately identify patients with a clinically meaningful gastroin-
testinal dysfunction in the context of an Enhanced Recovery 
After Surgery program. Finally, this study might have insuf-
ficient statistical power to determine whether goal-directed 
fluid therapy can reduce primary postoperative ileus, as its 
incidence was lower than expected. The expected incidence 
of primary postoperative ileus in the control group might 
have been overestimated, probably because some patients in 
the historical group used to calculate the sample size received 
intravenous morphine patient-controlled analgesia or had 
open surgery, factors known to delay the recovery of bowel 

function after colorectal surgery.2 It also is possible that the 
volume of fluids received in the historical group might have 
been significantly higher or lower than what was infused 
in the control group, contributing to a higher incidence of 
primary postoperative ileus. Unfortunately, we could not 
accurately retrieve this information, as the volume and type 
of fluids infused during surgery was poorly reported in the 
anesthetic charts. In addition, these results might be in part 
explained by the participation effect, as patients in clinical 
trials tend to have better outcomes regardless of the treat-
ment they receive.55

In conclusion, within its limitations, this study shows 
that intraoperative goal-directed fluid therapy compared 
with fluid therapy based on traditional fluid management 
does not reduce the incidence of primary postoperative ileus 
in patients undergoing laparoscopic colorectal surgery in the 
context of an Enhanced Recovery After Surgery program. Its 
previously demonstrated benefits might have been offset by 
advancements in perioperative and surgical care. Nonethe-
less, fluid therapy always should be based on physiologic and 
scientific principles, to minimize the risk of complications 
associated with fluid overload and hypovolemia, especially 
in high-risk surgical patients.
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