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Abstract

Title: “Goal directed fluid therapy and gastrointestinal function after abdominal surgery”
Introduction: Goal directed fluid therapy (GDFT) aims at optimizing oxygen delivery by
administering intravenous fluids, with or without inotropes, based on the assessment of stroke
volume or cardiac output. It has demonstrated to decrease perioperative morbidity mostly in high-
risk patients. However, very few studies have primarily investigated the impact of GDFT on the
occurrence of primary postoperative ileus (PPOI). PPOI in the absence of surgical complications
constitutes an important economic burden for healthcare systems, since it increases postoperative
morbidity and delays hospital discharge. GDFT can prevent the occurrence of both hypovolemia
and fluid overload by administrating intravenous fluids based on more objective measures of the
intravascular volume.

The objectives of this thesis are 1) to review the evidence supporting the use of GDFT to
facilitate the recovery of bowel function after abdominal surgery, 2) investigate whether GDFT
compared to traditional fluid administration can reduce the incidence of PPOI after laparoscopic
colorectal surgery in the context of an Enhanced Recovery After Surgery Program, 3) and
determine the effect of GDFT on sub-lingual microcirculation, as a surrogate measure of
splanchnic tissue perfusion.

Methods: First, a systematic review of the literature and meta-analysis was performed to
evaluate the effects of GDFT on the recovery of bowel function after abdominal surgery. Second,
a randomized controlled trial comparing intraoperative GDFT with a traditional fluid
administration technique was conducted in patients undergoing laparoscopic colorectal surgery in

the context of an ERAS program; PPOI was the primary outcome. Finally, perioperative sub-
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lingual microcirculatory measurements were acquired in a subgroup of patients to analyze the
microcirculatory effects of the 2 different fluid strategies.

Results: the results of the systematic review and meta-analysis indicated that GDFT facilitated
the recovery of bowel function, particularly in patients not treated within an ERAS program and
in those undergoing colorectal surgery. Sub-group analysis including only high-quality studies
showed limited gastrointestinal benefits with GDFT. Only a few trials primarily investigated the
effect of GDFT on the recovery of bowel function. However, the validity of these results was
influenced by a high degree of statistical and clinical heterogeneity.

In the randomized controlled trial, GDFT did not reduce the incidence of PPOI when compared
to fluid therapy based on traditional principles (21.9% in both groups, p=1.000), even though
patients treated with GDFT had a more pronounced and sustained increase of stroke volume and
cardiac output during surgery, and received less intravenous fluids. Sub-lingual microcirculation
analysis demonstrated that GDFT improved the proportion of perfused vessels (PPV) (p = 0.023),
but this effect did not translate into less PPOI and better bowel function. Patients who presented
with PPOI exhibited a lower sub-lingual PPV than patients without PPOI, probably indicating
suboptimal splanchnic perfusion in the former (82.76 £ 3.19 vs 87.29 £ 4.20, p = 0.026).
Conclusions: GDFT might be beneficial to improve bowel function after abdominal surgery,
mainly in patients not treated with an ERAS program. Despite increasing systemic perfusion and
PPV, possibly indicating better splanchnic tissue perfusion and oxygenation, GDFT did not
translate into better recovery of bowel function in patients undergoing colorectal surgery within

an ERAS program.
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Résumé

Titre: « Thérapie des fluides ciblée par objectifs hémodynamiques et la fonction gastro-

intestinale apres une chirurgie abdominale »

Introduction : La thérapie des fluides ciblée par objectifs hémodynamiques (TFCOH) a pour but
I’optimisation de 1’apport d’oxygene par I’administration de liquides intraveineux, avec ou sans
inotropes, sur la base d’une évaluation du volume d’éjection systolique et du débit cardiaque.
Cette technique a démontré la diminution de la morbidité peropératoire, surtout chez les patients
qui ont un risque peropératoire ¢levé. Pourtant, seulement quelques études ont investigué comme
objectif principal I’effet de la TFCOH sur I’incidence d’iléus postopératoire primaire (IPP).
L’IPP, en I’absence de complications chirurgicales, constitue un probléme économique qui
affecte de fagon trés importante les systémes de santé parce qu’il augmente la morbidité
peropératoire et retarde le congé hospitalier des patients. La TFCOH peut prévenir I’occurrence
d’hypovolémie et la surcharge de liquides intraveineux par |’administration de liquides
intraveineux sur la base de parameétres physiologiques plus objectifs du volume intravasculaire.
Les objectifs de cette thése sont les suivants : 1) réviser I’évidence qui appuie 'utilisation de la
TFCOH pour faciliter la récupération de la fonction intestinale apres la chirurgie abdominale ; 2)
investiguer si la TFCOH, comparativement a la fagon traditionnelle d’administration de liquides
intraveineux pendant les chirurgies, pourrait réduire 1’incidence d’IPP aprés les chirurgies
colorectales par laparoscopie dans le contexte d’un programme de « récupération rapide des
patients apres la chirurgie » (RRAC) ; 3) déterminer I’effet de la TFCOH sur la microcirculation
sous-linguale comme mesure indirecte de la circulation splanchnique.

Méthodes : D’abord, une revue systématique de la littérature et une méta-analyse ont été

effectuées pour évaluer les effets de la TFCOH sur la récupération de la fonction intestinale apres
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la chirurgie abdominale. De méme, une étude randomisée contrdlée, laquelle compare la TFCOH
intra-opératoire avec une technique traditionnelle d’administration de liquides intraveineux
pendant les chirurgies, a été effectuée chez des patients subissant des chirurgies colorectales par
laparoscopie dans le contexte d’un programme de RRAC. Le principal objectif de cette étude
¢tait d’évaluer I’incidence d’IPP. Finalement, un sous-groupe de patients a été analysé pour
évaluer I’effet des deux techniques d’administration intra-opératoires de liquides intraveineux sur
la microcirculation sous-linguale.

Résultats : Les résultats de la revue systématique de la littérature et la méta-analyse ont indiqué
que la TFCOH facilitait la récupération de la fonction intestinale, en particulier chez les patients
qui ne sont pas traités avec un programme de RRAC et chez les patients subissant une chirurgie
colorectale. L’analyse des études par sous-groupe, incluant seulement ces études considérées
comme étant de haute qualité, a démontré des avantages limités avec la TFCOH. Aussi, on a
observé que seulement quelques ¢tudes avaient comme objectif principal d’investiguer 1’effet de
la TFCOH sur la récupération de la fonction intestinale apres la chirurgie. Cependant, la validité
des résultats de 1’é¢tude a été influencée par le haut niveau d’hétérogénéité statistique et clinique.
La comparaison de la TFCOH avec 1’administration intra-opératoire de liquides intraveineux de
facon traditionnelle, n’a pas réduit I’incidence IPP apres la chirurgie colorectale par laparoscopie
(21,9 % dans les deux groupes d’intervention, avec une valeur p = 1,000), méme si les patients
traités avec la TFCOH avaient une augmentation plus remarquable et soutenue du volume
d’¢jection systolique et du débit cardiaque pendant la chirurgie et ont recu moins de liquides
intraveineux.

L’analyse de la microcirculation sous-linguale a démontré que la TFCOH améliorait la
proportion de vaisseaux perfusés (PVP) (avec une valeur p = 0,023), mais cet effet n’entrainait

pas moins d’incidence d’IPP ni une meilleure fonction intestinale. Les patients subissant IPP ont
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démontré une PVP inférieur que le patients sans cette complication, ce qui indique une perfusion
splanchnique plus déficient dans ces patients (82.76 + 3.19 vs 87.29 + 4.20, p = 0.026).

Conclusion : La TFCOH pourrait étre utile pour améliorer la fonction intestinale aprés la
chirurgie abdominale, principalement chez les patients qui ne sont pas traités avec un programme
de RRAC. Malgré I’augmentation de la perfusion systémique a été plus remarquable et soutenue
avec la TFCOH pendant la chirurgie et une PVP plus haute avec la TFCOH, ce qui indique
probablement une meilleure perfusion du tissu splanchnique et une meilleure oxygénation, ces

avantages n’ont pas entrainé une meilleure récupération de la fonction intestinale.
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Preface
Goal directed fluid therapy (GDFT) aims at optimizing oxygen delivery by administering
intravenous fluids, with or without inotropes, based on the assessment of stroke volume or
cardiac output. It has demonstrated to decrease overall perioperative morbidity and facilitate
surgical recovery, especially in high-risk patients 2. However, very few studies have primarily
investigated the impact of GDFT on specific complications, such as the occurrence of primary
postoperative ileus (PPOI). PPOI is a physiologic disruption of the normal propulsive motor
activity of the gastrointestinal tract that occurs in the absence of surgical complications. It
constitutes an important economic burden for healthcare systems as it increases postoperative
morbidity and delays hospital discharge™*. GDFT allows the administration of intravenous fluids
based on a more objective assessment of the intravascular volumes’. This intervention may
reduce the incidence of PPOI by preventing the occurrence of hypovolemia or fluid overload,

both important determinants of postoperative gastrointestinal dysfunction.

The content of the present dissertation includes 1) a review of the evidence regarding the use of
GDFT to facilitate the recovery of bowel function after abdominal surgery through a systematic
review of the literature and meta-analysis 2) a randomized controlled trial investigating the effect
of intraoperative GDFT compared to a traditional fluid administration on the incidence of PPOI
after laparoscopic colorectal surgery in the context of an ERP 3) a cohort study investigating the
effect of intraoperative GDFT on sub-lingual microcirculation, as a surrogate measure of
splanchnic tissue perfusion. This dissertation constitutes original research and a distinct
contribution to the knowledge in perioperative fluid administration and Goal directed fluid

therapy.
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Introduction
Enhanced Recovery Programs (ERPs) are multidisciplinary care pathways that include
standardized perioperative evidence-based interventions aiming at attenuating organ dysfunction
induced by surgical stress, reducing morbidity and supporting rapid functional recovery®”.
Evidence-based guidelines for best practices in perioperative care are available for different types
of abdominal procedures, including colon surgery, rectal and pelvic surgery, gastrectomy, radical
cystectomy and pancreaticoduodenectomy'®'®. These guidelines and international consensus
statements on perioperative fluid management emphasize the importance of adequate
perioperative fluid management'>"'’. Adequate perioperative fluid management is essential to
ensure optimal organ perfusion. This should be achieved by avoiding fluid overload or excessive
fluid restriction that can both significantly impair organ function'® . Clinical and experimental
evidence shows that excessive perioperative fluid administration leading to hypervolemia delays
the recovery of bowel function increases overall morbidity and prolongs hospital stay'**. On the
other hand, hypoperfusion secondary to hypovolemia also increases postoperative
complications'®, and it should be avoided particularly in patients undergoing gastrointestinal

surgery, in whom occult splanchnic hypoperfusion frequently occurs®.

Despite its clinical relevance, fluid therapy remains a controversial topic. Over the years there has
been a significant reduction of the amount of fluids commonly infused during abdominal surgery,
as common principles supporting the need of administering large volume of fluids to maintain
normovolemia have been challenged®. In fact, emerging evidence from clinical and experimental
studies has shown that the volume of fluids needed to maintain adequate organ perfusion is

significantly lower than what expected and commonly administered. However, large variability in
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26,27

fluids administration still exists within and between centers™ “’, possibly explaining variability in

clinical outcomes.

PPOI occurs in 20-40 % of patients after abdominal surgery and it represents one of the major
determinants of postoperative convalescence’. Although its pathogenesis is multifactorial,
inadequate fluid therapy can significantly affect its occurrence. Surgical trauma leads to
impairment of gastrointestinal motility, which can be aggravated by both hypovolemia and

24, 28, 29 and as a

excessive fluid administration'®. The former causes splanchnic hypoperfusion
consequence postoperative gastrointestinal dysfunction®, while the latter causes edema of the
intestinal wall and surrounding structures, resulting in a reduction of bowel peristalsis and tissue

1931 Fluid excess also affects tissue perfusion by increasing intra-abdominal pressure”,

hypoxia
directly reduces the absorption of nutrients and prolongs postoperative ileus®> **. Furthermore,
excessive fluid administration or splanchnic ischemia secondary to hypovolemia can both
significantly impair intestinal anastomotic healing and increase the risk of anastomotic

dehiscence®>>°.

Intraoperatively, the clinical need of infusing intravenous fluids to maintain normovolemia is
justified by the reduction of the intravascular volume due to blood loss and to the shifting of
intravascular fluids into the interstitial space due to an increased endovascular permeability
induced by surgery (type II shifting). However, maintaining normovolemia is challenging since
common clinical measures of hypovolemia such as heart rate, blood pressure, urine output,
central venous pressure and pulmonary wedge pressure are inaccurate measures of cardiac
preload®”** and fluid responsiveness®’. During laparoscopy surgery it is even more complicated,

as pneumoperitoneum and frequent changes in position can significantly affect hemodynamic
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variables, independently from the intravascular volume status. These considerations are
particularly important for patients undergoing gastrointestinal surgery as minimal blood loss (10-
15% of the circulating volume) can cause splanchnic hypoperfusion before clinical signs of
hypovolemia are manifested®* *°. It has been found that gastric perfusion measured by tonometry
is reduced in healthy subjects exposed to an acute reduction of 25 to 30% of their circulating
volume, without manifesting any change in heart rate or blood pressure®*. This indicates that the
standard hemodynamic variables used to guide fluid administration during surgery such as heart
rate, blood pressure, urinary output and central venous pressure are not accurate enough to early
detect splanchnic hypoperfusion*™*'. Moreover, the lack of gastrointestinal-specific biomarkers

of splanchnic hypoperfusion, increases the challenge to early detect bowel ischemia.

GDFT aims at optimizing intravascular volume based on more objective measures of
hypovolemia to ensure optimal cardiac output and organ perfusion. Based on the Frank-Starling
curve, the only reason to administer intravenous fluids is to increase cardiac preload to an extent
to produce a significant increase in cardiac output (= 10-15%). This requires cardiac output
measurements before and after volume expansion and, when indicated, the use of inotrope agents
to increase myocardial contractility in patients with poor ventricular systolic function. Dynamic
indices of preload such as pulse pressure variation (PPV), stroke volume variation (SVV), and
systolic pressure variation (SPV) are useful hemodynamic indices that can highly predict fluid
responsiveness before intravenous fluids are administered. However it must be acknowledged
that the accuracy of these indices to predict fluid responsiveness has been validated in paralyzed
mechanically ventilated patients with a tidal volume > of 8 milliliters’ Kilogram™, in sinus
rhythm and without an open thorax or increased abdominal pressure. Unfortunately these

conditions are present in only 53% of the patients undergoing general anesthesia for abdominal
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surgery™, and probably even less during laparoscopic surgery, limiting the clinical applicability
of these indices™™°. In these settings a fluid challenge may be a more valuable alternative to

3947 Several GDFT algorithms have been used. They can be

predict fluid responsiveness
summarized in two categories: GDFT algorithms aiming at pre-emptively maximize stroke
volume (stroke volume maximization), and GDFT algorithms aiming at optimizing stroke
volume when clinically indicated (stroke volume optimization) (Figure 1). Studies comparing
these 2 different approaches are lacking. Similarly, several non-invasive cardiac output monitors
have been used to guide GDFT*®, but most of the evidence available is based on the use of the
esophageal Doppler and on pulse contour analysis**°. Notably, it has been shown that in high-
risk patients the benefit of using GDFT is independent from the type of hemodynamic monitor
used”. Colloids have been mainly used to optimize intravascular volume during GDFT. Although
experimental studies have shown that colloids are superior to crystalloid at improving macro and
microcirculatory splanchnic perfusion®’, clinical studies comparing GDFT with colloid versus
GDFT with crystalloids have failed to reproduce these findings™. Patients treated with GDFT
with crystalloids receive more vasopressors™ and intravenous fluids resulting in a greater

postoperative weight gain’>>*. Nevertheless, large volumes of colloids (2605 ml + 612) can

impair coagulation and increase blood loss™*.

The beneficial impact of GDFT on postoperative outcomes remains controversial, especially
within the context of an ERP™. A recent meta-analysis ', including 31 randomized controlled
trials of patients undergoing major surgery mainly without an ERP, found that GDFT, with or
without inotropes, reduced the number of patients with complications, specifically, renal
impairment (Relative Risk, RR = 0.71, 95% Confidence Interval, CI = 0.57 to 0.90), wound

infection (RR=0.65, 95%CI = 0.50 to 0.84), respiratory failure (RR=0.51, 95%CI = 0.28 to 0.93),
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and shortened the length of hospital stay by approximately 1 day (Weighted Mean Difference,
WMD = -1.16, 95%CI= -1.89 to -1.43). Similarly, the results of another meta-analysis showed
reduction of cardiovascular complications (Odds Ratio, OR=0.54, 95%CI = 0.38 to 0.76,
p=0.0005) and arrhythmias (OR=0.54, 95%CI=0.35 to 0.85, p=0.007)°. However, four

7 mainly conducted in the context of an ERP, and including 2 large

consecutive studies
multicenter RCTs*® *°, did not confirm these findings. It might be possible that the benefits
observed in patients treated with GDFT and reported in the early studies might be offset by
advancement of perioperative and surgical care and a more judicious use intravenous fluids, as
represented by the ERP approach. Nevertheless, GDFT might still be beneficial in patients
undergoing high-risk surgery (associated with large fluid shifts and with extensive blood loss

(ex. > Tmilliliters™” Kilogram™), or in high-risk patients' % '**.

Even though experimental trials’' and inconclusive clinical evidence™ ®"*** have suggested that
GDFT might accelerate the recovery of bowel function after abdominal surgery and reduce the
incidence of PPOI, the role that GDFT can have in attenuating postoperative gastrointestinal
dysfunction remains uncertain, especially in the context of advanced perioperative care. Based
on this considerations, the objectives of this doctoral thesis are 1) reviewing the evidence
supporting the use of GDFT to facilitate the recovery of bowel function after abdominal surgery
through a systematic review of the literature and meta-analysis, 2) investigating whether
intraoperative GDFT compared to traditional fluid administration can reduce the incidence of
PPOI after laparoscopic colorectal surgery in the context of an ERP, 3) determining the effects of

GDFT on sub-lingual microcirculation, as a surrogate measure of splanchnic tissue perfusion.
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Figure 1. Goal Directed Fluid Therapy (GDFT): examples of pre-emptive Stroke Volume (SV)
maximization (A)* and SV optimization (B)®. CI = Cardiac Index; SVI = Stroke Volume Index;

LV = Left Ventricular, MAP = Mean arterial pressure, labs = laboratory results, A\ = increase, v
= decrease.
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Chapter 1

“Meta-analysis of the effect of goal-directed therapy on bowel function after abdominal

surgery”’

Published in the British journal of surgery:
Gomez-Izquierdo JC, Feldman LS, Carli F, Baldini G. Meta-analysis of the effect of goal-
directed therapy on bowel function after abdominal surgery. The British journal of surgery. 2015

May;102(6):577-89. PubMed PMID: 25759947.

Ph. D Experimental Surgery
Juan C. Gomez-Izquierdo, MD

Supervisors: Gabriele Baldini MD, M.Sc; Liane Feldman, MD
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Meta-analysis of clinical trials studying the effect of intraoperative Goal directed Fluid

Therapy (GDFT) on the recovery of bowel function after abdominal surgery

Preamble

While it is well established that avoiding intravenous fluid excess’' and splanchnic
hypoperfusion® attenuate bowel dysfunction, the beneficial impact of GDFT on postoperative

gastrointestinal function remains to be proven, specifically in the context of an ERP.

Animal studies”’ and small RCTs®"™® have suggested that guiding fluid therapy with objective
measures of hypovolemia can accelerate recovery of bowel function and reduce gastrointestinal
complications™ *°, perhaps by limiting the risk of bowel edema or splanchnic hypoperfusion.
However, the results of these studies are inconclusive, and several methodological limitations
need to be considered. First, most of the RCTs were underpowered, as the recovery of bowel

function was mostly reported as a secondary outcome™: ¢'6% 66 ¢7

. Second, gastrointestinal
endpoints used to assess gastrointestinal function were different between the studies, as well as
the definition of PPOI, resulting difficult to determine the clinical impact of GDFT. Third,
clinical studies reporting positive results compared GDFT with fluid regimens that included the
administration of large volumes of crystalloids, and this could have negatively affected the
recovery of bowel function in patients of the control group® > ® ¢ In fact, recent RCTs
comparing GDFT with more rational and evidence-based fluid regimens, failed to demonstrate
the former benefits. Of note, those initial benefits of GDFT were mostly seen in patients

undergoing moderate-major surgery®” ®. Finally, most of the studies were conducted in an

unstandardized clinical setting, and several perioperative confounding factors might have affected
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bowel function, independently from the type of fluid regimen received. When the effect of GDFT
on the recovery of bowel function was evaluated in the context of an ERP, which includes several
standardized perioperative interventions that have shown to accelerate the recovery of bowel

function, these findings were partially confirmed®®.

In light of these several methodological limitations and controversial evidence, establishing the
exact role of GDFT in attenuating postoperative gastrointestinal dysfunction after abdominal
surgery is warranted. As first step, a systematic review and meta-analysis of clinical trials
reporting the effect of intraoperative GDFT on the recovery of bowel function was performed.
Clinical trials were also grouped based on the type of surgery, preoperative risk stratification, and

on the presence of a perioperative ERPs.
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Meta-analysis of the effect of goal-directed therapy on bowel function after abdominal

surgery

Introduction

Gastrointestinal dysfunction is commonly observed after abdominal surgery in the absence of
postoperative complications . Normal gastrointestinal function is an essential prerequisite to

170

ensure early postoperative feeding, which has been proven to be safe and beneficial” and is

10 1214, 707 Tnability to tolerate oral intake

currently recommended after abdominal surgery
prolongs hospital stay’, as tolerance of oral diet is a well-recognized hospital discharge criterion

after abdominal surgery”.

Despite the improvements yielded by enhanced recovery programs, postoperative gastrointestinal
dysfunction still remains a clinically relevant problem following abdominal surgery'* 7® 7’
Postoperative gastrointestinal dysfunction is identified by symptoms such as nausea, vomiting,
abdominal distension, intolerance of oral diet, and absence of flatus or bowel motion, and is
commonly reported as primary postoperative ileus”. Primary postoperative ileus has been

estimated to burden the healthcare system in the USA by approximately $750 million to $1

billion annually” (approximately €600 — 800 million), and prolongs hospital stay®.

The pathogenesis of postoperative gastrointestinal dysfunction is multifactorial, and many
perioperative factors can influence its severity and duration”. Adequate perioperative fluid
management plays a critical role, as fluid overload and mesenteric hypoperfusion caused by

hypovolemia have a negative impact on the recovery of bowel function?'. Goal-directed therapy
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(GDT) aims to optimize organ perfusion to achieve predetermined hemodynamic goals, and has
been shown to decrease the length of hospital stay and postoperative complications, especially in

5, 81, 82

high-risk patients undergoing major abdominal surgery . Evidence from experimental

51,83 62,63,67

studies’ " * and small clinical trials suggests that GDT might facilitate the recovery of bowel
function after major abdominal surgery. A further consideration is the impact of GDT in the

context of enhanced recovery programs.

The aim of this meta-analysis was to determine the effect of intraoperative GDT on recovery of

bowel function in patients undergoing elective abdominal surgery.

Methods

Systematic literature search

The characteristics of this systematic review and meta-analysis were defined following the PICO
(patient/problem, intervention, comparison, outcomes) strategy®*® . The objective was to evaluate
the effect of GDT (I) on bowel function (O) compared with other fluid administration strategies
(C), during elective abdominal surgeries (P), by means of a systematic review of the literature

and meta-analysis.

A systematic search of MEDLINE, Embase, the Cochrane Library and PubMed was performed
including medical subject headings (MeSH) terms associated with GDT, such as monitoring
devices, physiological methods, parameters employed to guide fluid administration and the types
of fluid used. The results were combined with MeSH terms related to surgical procedures in
abdominal and digestive surgery (AppendixS1, supporting information). No language restrictions

were used.
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Inclusion and exclusion criteria

Studies were included if they were: randomized clinical trials or cohort studies, performed
between January 1989 and June 2013 (the lower limit of this time frame was chosen because the

concept of GDT started to appear in the medical literature around that year®*®

), in patients
undergoing elective abdominal and digestive surgery; studies that used an objective physiological

parameter other than urinary output, BP and heart rate as a goal to guide intraoperative fluid

administration with or without inotropes. Patients undergoing emergency surgery were excluded.

Study selection and validity assessment

Two assessors independently evaluated the quality of the retrieved studies, as indicated by the
Cochrane Handbook™ (Cochrane Collaboration’s tool for assessing risk of bias in randomized
clinical trials and the tool to assess risk of bias in cohort studies). High- and low-quality trials
were not defined a priori. Detailed criteria for judgments about the risk of bias (high, uncertain or

1¥ were followed to

low) for each of the items listed in the Cochrane Collaboration’s too
determine which studies to include in the analysis. Based on these criteria, only trials that were
considered independently by the assessors to be of high quality were included. Any disagreement

was resolved by open discussion”. The inter-rater reliability to determine the quality of the

eligible studies was calculated using the % (kappa) statistic™.

Data extraction

Data extraction was achieved by means of a pro forma. The following data were extracted: first
author, year of publication, total number of patients, number of patients per treatment group, type

of surgery, type of GDT, type of intervention received in the control group, primary outcome,
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and measures to estimate bowel function. Bowel function measures included were: time to first
flatus, time to first bowel motion, time to tolerate oral diet, postoperative nausea and vomiting,
and the incidence of primary postoperative ileus. The main authors of the selected articles were
contacted and asked for additional data on bowel function or information about fluid

management when not reported.

Statistical analysis

Statistical analysis was performed only when it was possible to cluster at least two studies that
reported the same bowel function measure, using Review Manager version 5.2 software
(Cochrane Collaboration, The Nordic Cochrane Centre, Copenhagen, Denmark). When not
reported, mean (standard deviation, s.d.) values were calculated from the median (interquartile
range, i.q.r.), using the method described by Hozo et al.”’ The results of studies that compared
multiple groups using GDT were pooled, employing the formula described in the Cochrane
Handbook™. Data were reported as risk difference (RD) with 95 per cent confidence interval (c.i.)
if the incidence of the reported outcome was zero, as the odds ratio (OR) with 95 per cent c.i. for
dichotomous outcomes, and as the weighted mean difference (WMD) with 95 per cent c.i. for
continuous outcomes®’. ORs and RDs were calculated using Mantel-Haenszel models, and WMD
using the generic inverse of variance method. Heterogeneity was measured using the I statistic®
(less than 25 per cent, low heterogeneity; 25-50 per cent, moderate heterogeneity; more than 50
per cent, high heterogeneity). In addition, a 7 analysis for heterogeneity was performed and P<
0.100 was set to determine significance®. Outcomes with moderate and high heterogeneity were
analyzed using a random-effects model, whereas a fixed-effect model was used for outcomes

with low heterogeneity®.
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A subgroup analysis was planned a priori and performed, when possible, by clustering the
studies according to whether or not they were performed in the context of an enhanced recovery

> or, if

program or in high-risk patients. High-risk patients were defined as reported previously
aerobically unfit, by an anaerobic threshold of between 8.0 and 10.9 ml oxygen per kg per min®,
or, in patients undergoing surgery, those with anticipated blood loss greater than 500 ml®. For the
purpose of this investigation, an enhanced recovery program was confirmed when the authors
reported at least seven perioperative elements of an enhanced recovery program in the study”*.
Other subgroup analyses were also planned a priori to establish the effect of thoracic epidural
analgesia, type of surgery and laparoscopic surgery on recovery of bowel function. The volume
and the type of intraoperative intravenous fluids used in each study were analyzed in patients
treated and not treated with GDT. Data were reported as weighted mean (s.d.), and compared
using two independent-samples unpaired ¢ test with a two-tailed statistical significance level set
at P<0.050. A sensitivity analysis was performed to determine the effect of studies with an

unclear risk of bias or the presence of other sources of bias. Publication bias was determined by

visual assessment of funnel plots.

Results

The search identified 27842 records; 139 articles were screened after removal of duplicates and
34 papers were considered for eligibility (Figure. 1). Fifteen studies were excluded because all
patients were treated with GDT, and six were excluded because of low quality (Supplementary

53, 57, 61-64, 66, 67, 95-99 were Selected f()r

material B and C). Overall, 13 randomized clinical trials
analysis (Table I). The « statistic showed substantial agreement between the assessors (x = 0.6, P

< 0.001), and disagreement was found for only six of the 34 studies considered for eligibility.
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Study characteristics

A total of 1399 patients were included in the analysis; 704 patients received GDT and 695 did not.
Bowel function was the primary outcome in only one study®, and bowel function measures were

reported inconsistently (Table 2). Perioperative care in the included studies is reported in Table 3.

Outcomes

Intraoperative GDT shortened the time to the first bowel motion (WMD -0.67, 95 per cent c.i.
—1.23 t0 =0.11; P = 0.020) and the time to tolerate oral intake (WMD -0.95, —1.81 to —0.10; P =
0.030), and decreased the incidence of postoperative nausea and vomiting (RD —0.15, —0.26 to
—-0.03; P = 0.010). GDT did not affect the incidence of primary postoperative ileus (RD —0.02,
—0.10 to 0.06; P = 0.560) or time to the first flatus (WMD —0.41, —-0.85 to 0.04; P = 0.070)
(Figure. 2). Funnel plot asymmetry could not be tested as the number of studies for each
gastrointestinal outcome was less than ten®. Visual inspection of funnel plots did not show major

asymmetries in the distribution of trials.

Sensitivity analysis

When the analysis was repeated excluding studies where the intervention was extended in the

96.99.100 “and those with unclear risk of

postoperative period for a maximum of 24 h after surgery
bias (the primary outcome reported on ClinicalTrials.gov did not correspond to the primary out-
come reported in the study; NCT008161537), intraoperative GDT shortened the time to tolerate
oral intake (WMD -1.18, -2.03 to —0.33; P = 0.006) (Figure. 3), but did not shorten the time to
the first bowel motion (WMD -0.82, —1.76 to 0.11; P = 0.080) or the time to the first flatus

(WMD -0.29, —0.78 to 0.20; P = 0.240). Similarly, GDT did not reduce the incidence of primary
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postoperative ileus (RD —0.02, —0.10 to 0.06; P = 0.560) or post- operative nausea and vomiting

(OR 0.49,0.15 to 1.64; P = 0.250).

Subgroup analysis

Perioperative care and recovery of bowel function

Ten StudieSSS, 61-63, 66, 67, 95-97, 99

were conducted without an enhanced recovery program. In the
absence of an enhanced recovery program, GDT shortened the time to tolerate oral intake (WMD
-1.16,-2.11 to —0.22; P = 0.020), time to the first bowel motion (WMD -0.92, —1.54 to —0.29; P
= 0.004), and the incidence of post-operative nausea and vomiting (RD -0.15, -0.26 to —-0.03; P
= 0.010) (Figure. 4), but did not shorten the time to the first flatus (WMD -0.53, —1.09 to 0.03;
P =0.060) or the incidence of primary postoperative ileus (RD —0.03, —0.10 to 0.04; P = 0.410).

57, 64, 98

Three studies were conducted in a context of an enhanced recovery program. Subgroup

analysis to establish the influence of these programs on recovery of bowel function was possible

for only two studies”*®

reporting the incidence of primary postoperative ileus. When GDT was
used in the context of an enhanced recovery program it did not reduce the incidence of primary

postoperative ileus (OR 1.40, 0.50 to 3.88; P = 0.520).

High-risk patients and recovery of bowel function

Five studies®! %6499

evaluated the effect of intraoperative GDT on postoperative outcomes in
high-risk patients. GDT did not affect the time to first flatus (WMD -0.39, —1.12 to 0.34; P =
0.300), time to the first bowel motion (WMD -0.58, —1.33 to 0.17; P = 0.130) or time to tolerate
oral intake (WMD -0.59, —1.92 to 0.75; P = 0.390), but it did reduce the incidence of post-

operative nausea and vomiting (OR 0.27, 0.13 to 0.57; P<0.001).
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Colorectal surgery and recovery of bowel function

Five studies’’- % 64.67.98

were performed in patients undergoing colorectal surgery. Intraoperative
GDT shortened time to tolerate oral intake (WMD —1.02, —1.52 to —0.51; P<0.001) and time to
the first bowel motion (WMD -1.00, —1.65 to —0.35; P = 0.002) (Forest plot, supplementary

material D), but did not reduce the incidence of primary postoperative ileus (OR 1.40, 0.50 to

3.88; P =0.520).

A subgroup analysis to establish the effect of thoracic epidural analgesia and laparoscopic
surgery on recovery of bowel function was not feasible. Patients received a greater volume of
colloids (P<0.001), but a smaller volume of crystalloids (P<0.001) when a GDT strategy was

adopted (Table 4).

Discussion

The results of this meta-analysis show that intraoperative GDT shortens the time to the first
bowel motion, the time to resume oral intake, and the incidence of post-operative nausea and
vomiting after abdominal surgery. The time to first flatus and the incidence of primary post-
operative ileus were not affected by GDT. When the analysis was repeated by excluding studies
with risk of bias and studies with unclear risk of bias, GDT shortened the time to resume oral
intake but did not impact on other gastrointestinal outcome measures. Although GDT was
compared with different fluid regimens, patients treated with GDT received a greater volume of
intravenous colloid and smaller volume of crystalloids compared with patients not treated with

GDT.

Adequate gastrointestinal function is an essential pre- requisite to ensure early postoperative oral

©Juan C. Gémez-Izquierdo, 2016 32



feeding. It is well known that fluid overload impairs bowel function by causing bowel edema and
impairing bowel motility’'. Similarly, splanchnic hypoperfusion secondary to hypovolemia can
also decrease bowel function®” "', The use of GDT has been shown to reduce postoperative
morbidity, and it is currently recommended in the context of enhanced recovery programs,

especially in moderate- to high-risk patients’ and for prolonged surgical procedures'® '™,

°1% and small single-centre clinical trials®* " has shown

Evidence from experimental studies
that GDT is beneficial in accelerating recovery of bowel function, mainly improving bowel

perfusion and avoiding fluid overload. However, none of these studies was done in a context of

an enhanced recovery program.

The findings of this meta-analysis suggest that GDT impacts on relevant endpoints that indicate
recovery of bowel function, such as time to first bowel motion and time to resume oral intake.

105 that assessed

These gastrointestinal measures seem important, as shown by the study
gastrointestinal transit radiologically after colorectal surgery. The combination of tolerance of

solid food and passage of stool correlated best with the recovery of gastrointestinal function after

colorectal surgery, with a positive predictive value of 93 per cent.

The results of the subgroup analysis indicate that GDT is beneficial mainly when used outside
enhanced recovery programs and in patients undergoing colorectal surgery. These findings are in

agreement with other investigations” '*°

that did not show a faster recovery of gastrointestinal
function in patients undergoing colorectal surgery and treated with an enhanced recovery
program, thereby questioning the need for GDT in this setting” '?°. Enhanced recovery programs
include multimodal interventions such as opioid-sparing strategies, use of thoracic epidural

analgesia; avoidance of fluid overload, minimally invasive surgery, routine use of prokinetics,

and early feeding. It may be hypothesized that these regimens attenuate postoperative
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gastrointestinal dysfunction and therefore decrease the benefits reported with GDT in previous
studies. In contrast, the greater volume of colloid administered to patients treated with GDT may
have a negative effect on recovery of bowel function'”. Patients treated with an enhanced
recovery program are less likely to be volume-depleted, because preoperative carbohydrate
drinks are administered, mechanical bowel preparation avoided and fasting times minimized'”. It
has been shown that a restrictive fluid regimen is as effective as GDT for an adequate cardiac
index throughout surgery, without negatively affecting the recovery of bowel function®. Limiting
the amount of fluids to maintain adequate bowel perfusion might suffice in patients enrolled in

enhanced recovery programs.

Subgroup analysis in high-risk patients showed that intraoperative GDT reduced only

postoperative nausea and vomiting without impacting on other gastrointestinal outcomes.

Although this meta-analysis has shown that intraoperative GDT might facilitate recovery of
bowel function, the validity of these results is influenced by the quality of the included
randomized clinical trials, as indicated by the sensitive analysis, and also by the high degree of
statistical and clinical heterogeneity. Definitions of primary postoperative ileus differed among
studies, and gastrointestinal outcome measures were reported inconsistently. As a result, data that
could be clustered to perform meta-analysis were limited. The included studies used different
GDT strategies and different fluid regimens. Although the purpose of this meta-analysis was to
determine the effect of intraoperative GDT on recovery of bowel function, three studies®® ***
continued GDT in the early postoperative period. The analysis of high-quality studies that did not

include these three articles showed limited gastrointestinal benefits with GDT. It cannot be

excluded that GDT might be more effective if continued in the postoperative period.
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With these limitations, intraoperative GDT seems to facilitate the recovery of bowel function,
particularly in patients undergoing surgery outside an enhanced recovery program and in patients

having colorectal surgery.
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Figures

Figure. 1 PRISMA diagram of included and excluded studies. GDT, goal-directed therapy
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Figure. 2 Forest plots illustrating the effect of goal-directed therapy (GDT) on bowel function

after abdominal surgery:
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Figure. 3 Forest plot illustrating the effect of goal-directed therapy (GDT) on time to tolerate oral intake,

excluding studies with other sources of bias

66, 96,99

or uncertain risk of bias”’.
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(WMDs) are shown with 95 per cent c.i.
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Figure. 4 Forest plots illustrating effect of goal-directed therapy (GDT) on bowel function without an

enhanced recovery program.

GDT non-GDT

Mean Difference

Mean Difference

Test for overall effect: Z = 2.41 (P = 0.02)

a) Time to oral intake

GDT non-GDT

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Gan, 2002 [ref.63] 3 05 50 4.7 0.5 50 26.3% -1.70[-1.90, -1.50] =

Noblett, 2006 [ref.67] 2 6.66 51 4 13.33 52 4.5% -2.00[-6.06, 2.06) —
Ramsingh, 2013 [ref.61] 36 1.5 18 5.6 2.1 20 19.1% -2.00 [-3.15, -0.85) —

Wakeling, 2005 [ref.62] 6 1.48 64 7 1.48 64 24.6% -1.00[-1.51,-0.49] -

Zheng, 2013 [ref.99] 4 0.74 30 4 0.74 30 25.5% 0.00 [-0.37, 0.37] *

Total (95% CI) 213 216 100.0% -1.16 [-2.11, -0.22] -
Heterogeneity: Tau® = 0.88; Chi* = 65.11, df = 4 (P < 0.00001); I’ = 94% _54 _52 s 21 i

Favours GDT Favours non-GDT

Mean Difference

Test for overall effect: Z = 2.86 (P = 0.004)

b) Time to first bowel motion

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Noblett, 2006 [ref.67] 3 6.6 51 4 14.81 52 1.9% -1.00[-5.41, 3.41)

Ramsingh, 2013 [ref.61) 3 1 18 4.7 1.9 20 22.9% -1.70[-2.65, -0.75] —

Wakeling, 2005 [ref.62] 4 2.22 64 5 1.48 64 31.7% -1.00[-1.65, -0.35] -

Zheng, 2013 [ref.99] 3.6 0.59 30 4.04 0.58 30 43.5% -0.44[-0.74,-0.14) L

Total (95% CI) 163 166 100.0% -0.92 [-1.54, -0.29] <&
Heterogeneity: Tau? = 0.21; Chi’ = 7.69, df = 3 (P = 0.05); I’ = 61% _f4 _fz ) 24 A

Favours GDT Favours non-GDT

Test for overall effect: Z = 2.48 (P = 0.01)

c¢) Postoperative nausea and/or vomiting

-1

GDT non-GDT Risk Difference Risk Difference

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Forget, 2010 [ref.97] 0 41 & 41 38.4% -0.10 [-0.20, 0.00] -
GCan, 2002 [ref.63] 7 50 18 50 25.7% -0.22[-0.38, -0.06] —
Zhang, 2012 [ref.53] 8 40 < 20 18.7% 0.00 [-0.21, 0.21) B
Zheng, 2013 [ref.99] 6 30 15 30 17.2% -0.30([-0.53, -0.07] ——
Total (95% CI) 161 141 100.0% -0.15 [-0.26, -0.03] <&
Total events 21 41

s 2 _ . 2 _ _ - I t t {
Heterogeneity: Tau® = 0.01; Chi* = 5.71,df = 3 (P = 0.13); I’ = 47% 05 0 0’5 1

Favours GDT Favours non-GDT

a) Time to tolerate oral intake; b) time to first bowel motion; ¢) postoperative nausea and/or vomiting. a,b
An inverse-variance random-effects model was used for meta-analysis. Weighted mean differences
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Tables

Table 1. Quality assessment and risk of bias of the included studies

Benes, 2010%
Bisgaard, 2013°°
Brandstrup, 2012’
Challand, 2012
Forget, 2010”7
Gan, 2002%
Jammer, 2010
Noblett, 2006°
Ramisingh, 2013°"'
Srinivasa, 2013
Wakeling, 2005%
Zhang, 2012
Zheng, 2013%

4[|+ [+ [~ |+ |+ ]|~ |>|+]|+]|~| Random sequence generation

oo |+ [+ |||+ |||+ |+]|<|+]| Allocation concealment

+[~o|+|+|+|+]|+|+]|+]|+|+]|+|+]| Blinding of patients and surgeons

+ |+ |2 |~o|~o|~2|+|+|+|+]|>|+]|+| Blinding of outcome assessment

+|+ |+ |+ |+|+|+|+|+|+|+]|+]|+| Incomplete outcome data

+ |4 o |+ |+ [~ |+ [~ |~<|~|~]|+]|~]| Selective reporting

Sl ||+ ]| |+ [+ ]|+ |+ ] %]+ | Other sources*

+; low risk of bias, ?; unclear risk of bias, - ; high risk of bias. * For example, the study design
was inappropriate, the study was stopped earlier, extreme baseline imbalance between groups*
Intraoperative goal directed therapy was extended to the postoperative period.
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Table 2. Summary of the included articles

Study/population

Goal directed therapy
(Monitor/type of fluids, inotropes /
volume/ hemodynamic parameters

followed to guide fluid

administration)

Control Group

(Type of fluids, inotropes/clinical and
hemodynamic parameters followed to guide

fluid administration

Assessment of bowel
function/outcome measures

Benes, 2010
n= 120 high-risk
major abdominal
surgery (open)

Vigileo/FloTrac ®

6% HES (130/0.4), 3 ml" kg™
Dobutamine

CVP and Cardiac index, stroke
volume variation

Basal plasmalyte ® infusion 8 ml” kg h'!

Additional intravenous fluids if needed
MAP, HR, CVP, urine output

Any paresis of the gastrointestinal
tract (no peristalsis
distinguishable, intolerance of oral
or enteral feeding or liquids) lasting
more than 3 days after surgery or
its new onset

Bisgaard, 2013
n=70

Open abdominal
aortic surgery

LiDCO plus

Dobutamine (postoperative)
6% HES (130/0.4)

Stroke volume index

6% HES (130/0.4)

Fluid losses, hemodynamic parameters, arterial

blood gas

Incidence of gastrointestinal
paralysis

Brandstrup, 2012°
n=150

Open and
laparoscopic
colorectal surgery

Esophageal doppler
6% HES, 200 ml
Stroke volume

Normal saline infusion if preoperative oral

intake <500 ml
6% HES (130/0.4), 200 ml if needed
BP, HR, CVP

Paralytic postoperative primary
ileus: minimum 5 days without
flatus or feces

Challand, 2012%
n=179,

high-risk (n=56)
Major open and
laparoscopic
colorectal surgery

Esophageal doppler
6% HES, (130/0.4), 200 ml
Stroke volume

Crystalloid, colloid, blood products, and/or

inotropes
Fluid losses, hemodynamic parameters

Time to first flatus
Time to first bowel movement
Time to toleration of oral diet

Forget, 2010”
n=86
Major abdominal

Datex Ohmeda® S/5
6% HES (130/0.4), 250 ml
Pleth variability index

Baseline infusion of crystalloid 4-8 ml” kg™ h™!

Colloid if needed
Acute blood loss, MAP, CVP

Nausea and/or vomiting

surgery
Gan, 2002% Esophageal Doppler Baseline infusion of lactated Ringer’s solution 5 Time to tolerance solid diet, severe
n= 100, high-risk 6% HES (130/0.4) ml" kg' h! postoperative nausea and vomiting
Major open Flow time corrected, stroke volume Intravenous fluids, 200 ml if needed requiring rescue antiemetic
elective general, Urine output, HR, CVP, Systolic blood pressure treatment

urologic,

gynecologic

surgery

Jammer, 2010%
n=241

Open colorectal
surgery

Central venous catheter
6% HES (130/0.4), 3 ml" kg™
Central venous oxygen saturation

Basal infusion of Lactated Ringer’s solution 10-

12ml" kg' b

Lactated Ringer’s solution or 6% HES (130/0.4)

if needed
Blood loss, BP, urine output

Paralytic postoperative primary
ileus defined as “unable to tolerate
enteral diet > 5 days”

Noblett, 2006"
n=103

Elective open and
laparoscopic
colorectal surgery

Esophageal doppler

4% Succinylated gelatin,

3and 7 ml" kg!

Flow time corrected, stroke volume

Crystalloids and/or colloids
Fluid losses, hemodynamic parameters

Return to bowel activity (flatus,
bowel movement and diet
tolerance, defined as patient able to
consume 50% of each meal in a 24
hour period)

Ramsingh, 2013°'
n=38, high-risk
Major open
abdominal non-
vascular surgery

FloTrac/vigileo ®
5% albumin, 250 ml
Stroke volume variation

Intravenous fluids
Hemodynamic parameters

Elapsed time between the end of
the surgery and the first bowel
movement and tolerance of
postoperative of soft diet (defined
by > 50% consumption of breakfast
and lunch or breakfast and dinner)

Srinivasa, 2013
n=74

Elective open or
laparoscopic
colectomy

Esophageal doppler

4% Succinylated gelatin

3and 7 ml" kg!

Flow time corrected, stroke volume

Plasmalyte ®, maximum 1500ml
Gelofusine ®, maximum 500 ml
Blood loss, BP, HR and urine output

Paralytic postoperative primary
ileus: prolonged cessation of bowel
function requiring nasogastric tube
placement, excluding patients with
secondary ileus

Wakeling, 2005%
n=128
Large bowel

Esophageal Doppler
3.5% gelatin polypeptides, 250 ml
4% Succinylated gelatin

Intravenous fluids
CVP

Time to tolerate full diet, passing
flatus and bowel opening

surgery Stroke volume, CVP
Zhang™, 2012 Datex Ohmeda® S/5 Baseline infusion of LR 5 mI” kg” h™! Time to first flatus
n=60 1* group LR 250 ml based on Pulse Lactated Ringer’s solution, 250 ml
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Elective open pressure variation 6% HES (130/0.4)
gastrointestinal 2" group HES 250 ml based on Pulse Blood loss, CVP, urine output
surgery pressure variation

Both groups received 6% HES
(130/0.4) 1:1 to replace blood loss

HES (130/0.4), hydroxyethyl starch (molecular weight 130, degree of substitution 0.4); CVP, central venous pressure; MAP,
mean arterial pressure; HR, heart rate; LiDCO, lithium dilution cardiac output. LiDCO plus® (LiDCO Group, London UK);
Vigileo/FloTrac® (Edwards Lifesciences, Irvine, California, USA); Plasmalyte® (Baxter, Deerfield, Illinois, USA); Datex
Ohmeda® (General Electric, Fairfield, Connecticut, USA); Gelofusine® (B. Braun, Melsungen, Germany).
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Table 3. Perioperative care of patients in the included studies

Study Analgesia ERP Postoperative intravenous fluid management Postoperative nutrition
Benes, 2010” Thoracic epidural analgesia/ lumbar No Not standardized Not standardized
epidural analgesia (local anaesthetic
and opioids): goal directed therapy
group (58%), control group (62 %),
intraoperatively and postoperatively.
Duration not specified.
Alternative analgesia was not
specified
Bisgaard, 2013”° Thoracic epidural analgesia/ lumbar | No Goal directed therapy group: LiDCO until 6 hours | Not reported
epidural analgesia (local anaesthetic postoperatively (bolus of 250 ml of colloid until
and opioids) in all patients SVI>10% for 20 >min. Dobutamine if oxygen
delivery index <600 ml" min™ m?
Control group: 6% HES (130/0.4), blood and
vasopressors at the discretion of the
anaesthesiologist based on fluid losses,
hemodynamic parameters and arterial blood gas
Brandstrup, 2012° Epidural analgesia (only for open Yes Intravenous fluid were administered if oral fluid Oral fluid intake when
surgery) intake was insufficient, in presence of patients could swallow
Analgesia for laparoscopic surgery pathological fluid losses or hypovolemia safely
was not specified Oral nutrition was
encouraged when the
patient could swallow
safely
Parenteral nutrition was
commenced if patients did
not eat sufficiently for 2-3
days and the condition
seemed to continue
Challand, 2012 Epidural analgesia (medications not Yes Not standardized (based on local guidelines that | Free oral fluid, light diet,
specified) for open surgery: goal suggested a daily fluid intake of 2 L) or both the evening of
directed therapy group (n=37), control surgery if tolerated
group (n=31);
Spinal analgesia (local anaesthetic
and opioid), anaesthetic filed blocks
were used for laparoscopic surgery
Forget, 2010° Thoracic epidural analgesia No Not reported Not reported
Gan, 2002 Epidural analgesia (local anaesthetic No Not standardized Patients who had flatus
and opioids): goal directed therapy were started with oral fluid
group (12%) in the control group followed by solid food if
(16%), only postoperatively. Duration tolerated (without emetic
was not specified; symptoms within 4 hours)
Systemic opioids
Jammer, 2010°° Thoracic epidural analgesia (local No Goal directed therapy group: glucose 5% at 80 ml | Not reported
anaesthetic and opioids) for all per hour until day 1 and replacement of losses
patients (except five patients in the from stomas and drains with lactated ringer’s
goal directed therapy group and one in solution 1:1. Extra intravenous fluids in presence
the control group) of clinical signs of hypovolemia central venous
oxygen saturation <75% (maximum 6% HES
(130/0.4) 50 mI"' Kg™' 24h™).
Control group: 5% glucose 1000 ml until the
morning after surgery. Extra fluids in presence of
clinical signs of hypovolemia. 6% HES (130/0.4)
in case of hypotension
In both groups, after 8 am on day 1 fluid
management was left to surgeons, unaware of
patients’ allocation.
Noblett, 2006° Epidural analgesia (medications not No Not standardized. Postoperative fluid Oral fluid from the

specified): goal directed therapy
group (63 %), control group (63%),

administration based on blood pressure, urine

evening of surgery, solid
diet from the first day after
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intraoperatively and postoperatively
for 48 hours;
Systemic opioids

output, fluid losses and oral intake.

surgery

Ramsingh, 2013°T Epidural analgesia (medications not No Not standardized Not standardized
specified): goal directed therapy
group (17%), control group (10%).
Timing of intervention and duration
were not specified;
Systemic opioids
Srinivasa, 2013” Epidural analgesia (local anaesthetic Yes Intravenous fluids were discontinued when Oral intake of food, fluids
and opioids): used intraoperatively patients arrived to the ward. Fluids were and supplements was
and postoperatively for 48 hours administered in presence of oliguria, tachycardia, encouraged when patients
hypotension and in case of complications, poor arrived to the ward
oral intake or paralytic ileus
Wakeling, 2005% Epidural analgesia (medications not No Intravenous fluids were discontinued when oral | Water was allowed on
specified): used in the goal directed intake exceeded 1500 ml per day and in absence | postoperative day land
therapy group (17%), control group of nausea, vomiting. Infusion rates were not | clear fluids on
(17%) postoperatively. Duration was specified. postoperative day 2.
not specified; Progression to soft diet if
Systemic opioids tolerated on postoperative
day 3 and full-unrestricted
diet if tolerated on
postoperative day 4.
Zhang, 2012 Systemic opioids and NSAIDs No Baseline crystalloid infusion 1.5-2 mI" Kg™ h™' Not reported
Zheng, 2013” Not reported No Goal directed therapy group: goal directed Clear liquids were

therapy was used up to 24 hours after surgery.
Control group: not reported

encouraged on
postoperative day 1
(beginning 24 h after
surgery). On postoperative
day 3 and 4 patients could
have a semi-fluid diet and
intravenous feeding was
reduced or discontinued.

ERP, enhanced recovery program; GDT, goal-directed therapy; LiDCO, lithium dilution cardiac output; HES (130/0+4),
hydroxyethyl starch (molecular weight 130, degree of substitution 0+4). LiDCO plus® (LiDCO Group, London, UK); n.r., not
reported; NSAID, non-steroidal anti-inflammatory drug.
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Table 4. Intraoperative volume of colloids) and crystalloids

First author, year

Total volume of colloids (ml)

Total volume of crystalloids (ml)

GDT Non-GDT GDT Non-GDT
(n= 695) (n= 689) (n=677) (n= 669)
Benes, 2010%°§ 1425 (1000-1500) * 1000 (540-1250) * 2321 + 681 2459 + 930
Bisgaard, 2013°°¢ 1683 + 681 1611 +610 2570 + 896 2888 + 996
Brandstrup, 2012° 810 + 543 475 + 598 483 + 419 443 + 480
Challand, 2012% 358 + 676 336 + 623 3479 + 1181 3593 + 1398

Forget, 2010°7#

890 95% c.i. (709-

1003 95% c.i. (779-

1363 95% c.i. (1185-

1815 95% c.i. (1568-2064)+

1072)% 1227)% 1540)%
Gan, 2002 847 + 373 282 + 470 4405 + 2650 4375 + 2452
Jammer, 2010%° 438 £419 285+ 405 Lactated Ringer’s solution: Lactated Ringer’s solution:
649 + 333 2743 + 1020
Other crystalloid: Other crystalloid:
773 + 209 694 + 247
Noblett, 2006°’ 1340 + 838 1209 + 824 2298 + 863 2625 + 1004
Ramsingh, 2013°' 544.4 £ 4935 422.5 +590.8 11.7 + 6.0%* 14.7 + 5.5%%
Srinivasa, 2013% 591 £471 297 + 275 1500 1100
[1000-2000]F [1000-2000]7
Wakeling, 2005% 2000 1500 30007 3000F
[500-5000]F
Zhang, 2012” GDT-C GDT-C
865 +297.4 877.5+1300
GDT-LR 252.5+44.4 GDT-LR 1012.5 +238.4

Zheng, 2013”1+

1000 (900-1100) *

800 (600-1000) *

1550 (1400-1925) *

2350 (2000-2925) *

Total weighted 903.8 +520.5 682.2+461.5 2154.4+1096.8 2614.5+1142.9
mean = SD
p-value p <0.001%% p <0.001%%

Values are mean (s.d.) unless indicated otherwise; values are *median (i.q.r.), median (range, if given), and fmedian (95 per cent
c.i.). §Nine patients from the goal-directed therapy (GDT) group and six from the control group were excluded from the analysis;
Ythree patients from the GDT group and three from the control group were excluded; #two patients from the GDT group and three
from the control group were excluded; **data reported in milliliters per kilogram per hour, and therefore excluded from the final
analysis (18 patients in GDT group and 20 in control group); {ftwo patients from the GDT group and three from the control
group were excluded. LR, lactated Ringer’s solution; GDT-C, goal-directed therapy with colloids; GDT-LR, goal-directed therapy
with lactated Ringer’s solution. £3Two independent-samples ¢ test.
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The impact of intraoperative Goal Directed Fluid Therapy (GDFT) on primary
postoperative ileus (PPOI) after colorectal surgery in the context of an Enhanced Recovery

Program (ERP)

Preamble

Although the results of the previous meta-analysis have shown that intraoperative GDFT might
facilitate the recovery of bowel function, the validity of these results is influenced by the quality
and by the high-degree of clinical and statistical heterogeneity of the included randomized

clinical trials.

It must be also considered that ambiguity about the definition of PPOI still exists, especially in
patients treated with an ERP. Traditionally, PPOI is defined based on the presence of time-based
endpoints such as the time required to pass gas and/or bowel movements after surgery and the
presence of gastrointestinal symptoms. Moreover, in patients treated with traditional surgical care,
clear fluid diet is initiated after establishing that postoperative gastrointestinal dysfunction is
resolving, and then progressively advanced to regular diet as tolerated. In the context of an ERP,
such criteria would poorly identify patients with significant gastrointestinal dysfunction, since
regular diet as tolerated is initiated on postoperative day 1, regardless on the presence of
gastrointestinal symptoms indicating the recovery of bowel function. As a result, it remains
challenging to determine the real effectiveness of perioperative strategies aiming at attenuating
postoperative gastrointestinal dysfunction and reducing the incidence of PPOI, especially in the

context of an ERP.
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Based on these considerations, and after having performed a literature review in 2012, an
interdisciplinary consensus was achieved among anesthetists, colorectal surgeons and nurses
working at the Montreal General Hospital on how to diagnose and manage postoperative ileus in
the context of an ERP. An evidence-based algorithm, mainly focused on the presence of
symptoms more than time-based endpoints, was developed and then implemented for 1 year, in
patients undergoing elective colorectal surgery within an ERP program at the Montreal General
Hospital. Based on this consensus, patients with PPOI were identified by the presence of 2 or
more clinical indicators of gastrointestinal dysfunction, at least 1 for each of the 2 following
criteria 1) presence of vomiting, OR abdominal distension and 2) absence of passing gas or stool,
OR not tolerating oral diet in absence of any precipitating complications. Over this year it was
found that PPOI was present in approximately 40% of the patients, and that in the absence of
postoperative complications, primary postoperative ileus prolonged hospital stay by a median of
2 days (unpublished data). At that time, several perioperative strategies to reduce the incidence of
PPOI had already been implemented as standard of care (laparoscopy, preoperative carbohydrate
beverages, opioid-sparing analgesic strategies, early feeding and avoidance of nasogastric tubes),
except perioperative fluid management that was left to the discretion of the anesthesiologist in

charge and of the surgical team.

In spite of the strong physiologic rational supporting the use of GDFT in major surgical
procedures™*’, as it can prevent both excessive intravenous fluid administration and restriction
and therefore potentially facilitate the recovery of gastrointestinal function, studies primarily
investigating the clinical impact of GDFT as intraoperative intervention to decrease the incidence

of PPOI after colorectal surgery, and specifically in the context of an ERP program are lacking.
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Based on our clinical experience and on the results of the previous systematic review and meta-
analysis'”’, it was decided to design and perform the following randomized controlled trial,
evaluating the effect of intraoperative GDFT on the incidence of PPOI and on the recovery of
bowel function, in patients undergoing laparoscopic colorectal surgery in the context of a well

established ERP, at the Montreal General Hospital.
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Goal-directed fluid therapy does not reduce the incidence of primary postoperative ileus
after elective laparoscopic colorectal surgery in the context of an Enhanced Recovery After

Surgery (ERAS) program: a randomized controlled trial.

Introduction
Postoperative gastrointestinal dysfunction that occurs in absence of surgical complications,

frequently defined as primary postoperative ileus (PPOI), is one of the major determinants of in-

108,109

hospital recovery after colorectal surgery Despite advancements in surgical and

perioperative care, PPOI still remains an unpleasant complication that not only delays early
enteral feeding and increases caregivers’ workload, but also increases morbidity’, prolongs

hospitalization''” and increases medical costs®™ ' .

19, 22,27, 112-117

Experimental and clinical trials have shown that both fluid excess or hypovolemia®*

can significantly affect the recovery of bowel function and impair anastomotic healing 2> ''% '1°.

Early studies have shown that individualization of fluid therapy based on more objective

measures of hypovolemia (goal directed fluid therapy, GDFT) accelerates the recovery of bowel

63, 120 20, 50

function , reduces hospitalization and overall complications™, especially in high-risk
patients™ '*!. However, the majority of these studies were conducted in an uncontrolled clinical
setting, where several perioperative confounding factors might have affected postoperative
outcomes. In fact, more recent evidence®> >">* 12212 hag not confirmed these results in patients
treated with Enhanced Recovery After Surgery (ERAS) programs and thereby receiving a more
standardized perioperative care. In these patients, the implementation of several and integrated

evidence-based perioperative interventions, that by acting synergistically have shown to improve

clinical outcomes after colorectal surgery'>*, might have blunted the historical benefits observed
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with GDFT> "% 122123 1t must be also considered that the number and type of interventions
included in the ERAS programs vary between different centers, making difficult to determine and

generalize the impact of a single intervention on postoperative outcomes.

In light of this controversial evidence, the impact of GDFT on specific postoperative
complications and in a context of an ERAS program remains unknown. Specifically, there is a
lack of high-quality studies primarily investigating the effect of GDFT on the recovery of bowel
function™ in a controlled clinical setting where perioperative interventions influencing bowel

function are standardized.

The aim of this study is to determine the impact of GDFT on the incidence of PPOI in patients
undergoing laparoscopic colorectal surgery and treated with a well-established center-specific
ERAS program. It is hypothesized that patients treated with GDFT would experience less PPOI

than patients receiving fluid therapy based on traditional principles.

Methods

Trials 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 # 12-177-SDR) and the study procedures were carried out in accordance with ethical
standards (ClinicalTrials.gov registration: NCTO01818375). Patients were recruited between
January 2013 and August 2015 at the Montreal General Hospital, a university-affiliated tertiary
center. Consecutive patients, scheduled for elective laparoscopic colorectal resection, were

approached by a research investigator at the preoperative clinic, and written consent was obtained
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in eligible patients. Patients were excluded if they were younger than 18 years old, required
emergency surgery, had undergone previous esophageal or gastric surgery, had esophageal
varices or cancer; coarctation of the aorta, chronic atrial fibrillation, severe aortic stenosis,
preoperative bowel obstruction, coagulopathies, 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 randomly assigned by a stratified computer-based
block randomization to receive GDFT based on near-maximal stroke volume (SV) optimization

(GDFT group)'®® or fluid therapy based on traditional principles'*®

(Control group). These
include the replacement of preoperative fasting deficit (4/2/1 rule), volume expansion following
the induction of anesthesia, and the replacement of insensible blood loss and third space loss
(Supplement I). Randomization was stratified by the surgical indication of creating a stoma.

Group allocation was concealed using sequentially numbered sealed brown envelopes, opened

the morning of surgery by the research investigators.

Perioperative care
Patients were treated according to a well established ERAS program specific for patients
undergoing elective colorectal surgery initially implemented at our institution in 2008'*’, and

subsequently modified (Supplement 2).

Anesthesia and analgesia management: on the day of surgery patients were transferred in the
preoperative anesthesia area where preoperative weight was measured and an intravenous

catheter was inserted. After recording baseline hemodynamic variables, Lactated Ringer’s® 27
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ml” Kg' '*® was infused before induction of anesthesia in patients of the Control group who
received mechanical bowel preparation (4 L of polyethylene glycol electrolyte lavage,
GoLytely®, Braintree, laboratories, MA, USA). A thoracic epidural catheter was inserted
between T8 and T12 and a test dose of 3 ml lidocaine 2% with epinephrine (Spg™ ml™) was used
to confirm 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 anesthetics were administered intraoperatively to
minimize the hemodynamic effects of epidural blockade. General anesthesia was induced with
propofol (2 mg"' kg') and remifentanil (1.0 pg' kg') and maintained with desflurane or
sevoflurane in a mixture of 40% oxygen and 60% air. Intraoperatively, analgesia was provided
with remifentanil infusion (0.05-0.25 pg’ kg’ min™) titrated to keep heart rate and blood
pressure within + 20% of the baseline values. Rocuronium was used to facilitate orotracheal
intubation and maintain adequate neuromuscular blockade during surgery (Train Of Four-TOF
count less than 2). Lungs were ventilated with a tidal volume of 8 ml" Kg™' and with a positive
end-expiratory pressure of 5 cmH,0. End-tidal carbon dioxide was maintained between 35 and
40 mmHg by adjusting the respiratory rate. Postoperative nausea and vomiting (PONV)
prophylaxis was achieved with dexamethasone (8 mg), and droperidol (0.625 mg). At the end of
surgery, remifentanil was discontinued, 10 ml of lidocaine 2% were 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 pg” ml™") was started and infused for 48 h.
Celebrex and acetaminophen were also prescribed for the entire hospitalization, unless
contraindicated. Systemic opioids were administered after the epidural was discontinued or

before if clinically required.

©Juan C. Gémez-Izquierdo, 2016 53



Intraoperative hemodynamic monitoring and management: Electrocardiogram activity, invasive-
blood pressure and oxygen saturation were measured in every patient. Following induction of
anesthesia, a disposable Esophageal Doppler (ED) probe (DP12 probe) 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 ED monitor (CardioQ-Oesophageal
DM; EDT™; Deltex Medical Inc., Irving, TX, USA) by the treating anesthesiologist in the
GDFT group, and by 2 research investigators in the Control group. The machine was calibrated

to provide data averaged over 10 cycles'®’.

In the GDFT group, the patient was positioned in steep Trendelenburg, and after 30 seconds from
the change in position ED-derived hemodynamic variables and standard cardiovascular
parameters were recorded. If SV increased by more than 10% the patient was repositioned flat,
200 ml of 6% hydroxyethyl starch 130/0.4 in 0.9% sodium chloride (Voluven®, Fresenius Kabi,
Ltd, Cheshire, UK) were administered in 5 minutes, and a new SV measurement obtained. This
process was repeated until changing in position did not result in an increase of more than 10% in
SV. At this point it was assumed that SV had reached the plateau of the Frank-Starling curve
(near-maximal SV), and the patient was considered volume optimized. The final head-down
cardiovascular measurement which did not result in an increase in SV by more than 10% was
recorded (Tg), the patient was repositioned flat, and surgery commenced. This method was
previously described to minimize the cardiovascular effects of the pneumoperitoneum and of the
changes in position during surgery'>’. After having established the pneumoperitoneum and
positioned the patient in Trendelemburg, near-maximal SV was maintained during surgery'”
(Supplement 3, Figure A). A background maintenance infusion of Lactated Ringer’s® 1.5 ml

Kg' h'' was administered until then end of surgery'>".
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In the Control group, the ED monitor was turned away from the anesthesia care provider and the
screen was covered with a surgical towel after the induction of anesthesia. The cardiovascular
response obtained 30 seconds after positioning the patient in steep Trendelenburg and before
starting the pneumoperitoneum was measured and recorded (Tg). Anesthesiologists were blinded
to the measurements obtained with the ED 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®. Vasopressors and inotropes were also administered

based on the clinical judgment of the treating anesthesiologist.

Surgical technique: Surgery was performed by 3 experienced fellowship-trained colorectal

surgeons as previously described'

Postoperative care: at the end of surgery patients were transferred into the Post anesthesia care
unit (PACU) and an intravenous infusion of Lactated Ringer’s® 1.5 ml" Kg™' hour” was started.
After meeting PACU discharge criteria, patients were discharged to the surgical unit and Lactated
Ringer’s® infusion was reduced to 15 ml™ hour” (to keep the vein open) until 8.00 AM of the
following morning, when intravenous fluids were discontinued. Additional intravenous fluids
were administered by the anesthesiologist in charge (in PACU) or by the surgical team (on the
surgical unit) as per usual care. The day of surgery patients were encouraged to drink clear fluids
(1.5 L' day™), and solid diet as tolerated was started the morning after surgery. The acute pain
service (APS) visited patients daily to optimize pain control. The surgical team and the APS were
blinded to patients’ randomization. Patients were discharged if afebrile, tolerated oral diet, pain

was well controlled (numeric rating score < 4), and ambulated independently.
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Study outcomes, measurements, and data collection

The primary outcome was the incidence of PPOI during the hospital stay. There is a lack of a
standard and validated definition of PPOI. Traditional criteria used to define PPOI commonly
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 ERAS program, as colorectal patients are fed as
tolerated in the immediate postoperative period, independently on the presence of such criteria.
Based on these considerations and after having performed a literature review, in 2012 an
interdisciplinary consensus was achieved among anesthetists and colorectal surgeons working at
the Montreal General Hospital on how to diagnose and manage postoperative ileus in the context
of an ERAS program. It was found that PPOI in absence of postoperative complications was
associated with a median increase of 2 days in length of hospital stay. Patients with PPOI were
identified by the presence of 2 or more clinical indicators of gastrointestinal dysfunction, at least
1 for each of the 2 following criteria 1) presence of vomiting, OR abdominal distension and 2)
absence of passing gas or stool, OR not tolerating oral diet in absence of any precipitating
complications. Secondary outcomes included Quality of Recovery score'**, 30-day complications,
readiness to be discharged, length of hospital stay and readmission rates. Postoperative
complications were defined a priori (Supplement 4) and their severity graded by using the

Dindo—Clavien classification'** and the Comprehensive Complication Index'*.

Hemodynamic variables were measured by the treating anesthesiologist in the GDFT group, and
by the 2 research investigators in the Control group, all well trained on how to obtain and
interpret ED-derived hemodynamic measurements. The ED probe was refocused if necessary,

and ED-derived hemodynamic variables were measured 5 minutes after induction of anesthesia
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(To), in steep Trendelemburg (Tg), and every 15 minutes until the end of surgery (Tfinal), before
the epidural was bolused. Postoperatively, patients were instructed to drink from a specific 250
ml cup to measure daily oral fluid intake. Patients were also weighed every morning before
breakfast. Postoperative gastrointestinal function was assessed by a research investigator after the
dinner was served. The amount of systemic opioid consumption was measured daily, and

converted to intravenous morphine equivalents'*®

Preoperative and intraoperative data were collected by 2 study investigators, while postoperative
data were collected by a third study investigator 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 initially recorded on specific data collection sheets and then transferred into 2 separate
databases, one containing preoperative and intraoperative data, and the other postoperative data.

The 2 databases were merged only when the study was terminated.

Sample size calculation and statistical analysis

Based on 40% incidence of primary PPOI observed in 114 patients who underwent elective
colorectal surgery in the context of an ERAS program at the Montreal General Hospital, 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% PPOI reduction in patients treated with GDFT (one-
sided-t-test), with a power of 0.8 and a type 1 error (ar) = 0.05. The hypothesis that GDFT would
reduce to 20% the incidence of PPOI was based on the observation that in 2012, the incidence of

PPOI at our institution was exceptionally higher (40%) than what reported in other centers'®’,
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despite a well established ERAS program that included several perioperative interventions that
have shown to accelerate the recovery of bowel function (selective use of MBP, carbohydrate-
rich beverages, early feeding, laparoscopic surgery, epidural, chewing gum, opioid sparing
strategies etc.). At that time, perioperative fluid management was the only element that was not
standardized. We therefore hypothesized that GDFT, by administering intravenous fluids based

on more objective measures of hypovolemia, would significantly reduce the incidence of PPOI.

Analysis was performed on an intention-to-treat basis and as per protocol. The primary outcome
was evaluated using the Chi-square test (%) or Fisher’s exact if appropriate. A pre-planned sub-
group analysis of the primary outcome was conducted in patients not receiving a stoma, and in
patients undergoing colonic surgery, and in patients undergoing rectal surgery. As the proportion
of patients who received MBP was significantly different between the 2 groups (p = 0.021), a
non-planned adjusted analysis was conducted to calculate the relative risk of PPOI, by adjusting
for the use of MBP. Secondary outcomes were evaluated using the Student’s t-test for normally
distributed data, the Wilcoxon-Mann-Whitney’s test for not normally distributed and the Chi-
square test (x°) or Fisher’s exact test when appropriate. Linear mixed model-analysis was used to
assess and compare hemodynamic variables over time and between groups. The Tukey’s test was

used for post-hoc analysis.

Continuous variables are reported as mean + standard deviation or median (interquartile range),

and categorical and ordinal variables as absolute number (percentage). Relative risk with 95%

confidence intervals is also reported for categorical variables.
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Statistical analysis was performed using IBM SPSS statistic® version 23 (IBM, 2015, NY, USA)
or STATA® version 14 (StataCorp, College Station, TX, USA). All statistical tests were 2-sided

and a p-value < 0.05 was considered to indicate statistical significance.

Results

Patients’ characteristics, operative data and anesthesia care

A total of 196 patients were assessed for eligibility, of which 135 patients were randomized, 68 to
the GDFT group and 67 to the Control group. A total of 128 patients were analyzed on an
intention-to-treat basis (64 in the GDFT and 64 in the Control group) and 115 patients were
analyzed per protocol (56 in the GDFT and 59 in the Control group) (Figure ). Baseline patients’
characteristic, operative data, and anesthesia care were similar between the 2 groups (7able 1 and

Supplement 5).

Intraoperative fluid administration, vasopressors, and hemodynamic data

Patients in the GDFT 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 (7able 2). SV and cardiac output (CO) changes over time were
significantly different between the 2 groups (slope difference, p<0.001 and p<0.001,
respectively). At Ty, SV and Cardiac Output (CO) were higher in the Control Group (p = 0.007
and p = 0.024, respectively). SV remained significantly higher compared to baseline (Ty) in both
groups (p<0.0001), but the increase from Ty to Ty was more pronounced in the GDFT group
(estimate GDFT group = 24.02, p<0.001 vs estimate Control group = 12.14, p<0.0001). CO

remained significantly higher compared to baseline (Ty) only in GDFT group (p<0.0001) and the
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increase from Ty to Tg was more pronounced in the GDFT (estimate GDFT group = 1.15,
p<0.001 vs estimate Control group = 0.39, p = 0.179). Intraoperative SV and CO values were
higher in the GDFT group, however the differences between the 2 groups did not reach statistical
significance at any of the other time intervals (Supplement 6, Figures B and C). Mean arterial
pressure changes over time were similar between the 2 groups (slope difference, p = 0.277).

(Supplement 6, Figure, D).

Postoperative data

In PACU, the 2 groups were comparable with regard to the amount of intravenous fluids,
systemic opioids and vasopressors received. PONV, the number of hypotension episodes, urine
output and length of PACU stay were also similar.

On the surgical unit, patients received a similar amount of intravenous fluids and oral intake was
not different. Postoperative weight gain and urine output were higher in the Control group on day
1 (p =0.002 and p = 0.004, respectively) (Table 3). Postoperative pain intensity was similar, but
systemic opioid consumption on day 2 and 3 was slightly higher in patients of the Control group

(p =0.024 and p = 0.035, respectively Table 4).

Outcomes

Primary outcome and gastrointestinal function: overall, the incidence of PPOI was similar
between the 2 groups, on intention to treat analysis (21.9% in the GDFT group and 21.9% in the
Control group, Relative Risk= 1.00, 95% confidence interval = 0.52 to 1.92, p = 1.000), and per
protocol (p = 1.000). By adjusting for the use of MBP, the risk of developing PPOI did not
change (Relative Riskagjusied = 1.00, 95% confidence interval = 0.53 to 1.86, p = 0.094). Recovery

measures of gastrointestinal function and gastrointestinal symptoms were also similar (7able 5).
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Secondary outcomes: Quality of Recovery score, readiness to be discharged, length of hospital
stay, overall 30-day medical and surgical complications, emergency department visits and
readmission rates were not different. More patients in the GDFT developed intra-or-

retroperitoneal abscesses (p = 0.048). (Table 6 and Supplement 7).

Discussion

The results of this study indicate that intraoperative GDFT aiming to achieve near-maximal SV
optimization compared to fluid therapy based on traditional principles does not reduce the
incidence of PPOI in patients undergoing laparoscopic colorectal surgery in the context of a well-

established ERAS program.

Several trials conducted in patients undergoing abdominal surgery but treated with conventional
care have shown that inadequate fluid therapy delays the recovery of gastrointestinal function™
N2 Eyperimental and clinical studies have demonstrated that intestinal edema as a result of
excessive fluid administration inhibits gastrointestinal transit and impairs anastomotic healing''?
H3-5 19, T7 18 119138 11y contrast, fluid restriction has been shown to accelerate the recovery of
bowel function and facilitate early intake of oral diet'”**'"". However, due to the heterogeneity
of the study designs, the lack of a universal definition characterizing a restrictive fluid
management, and the absence of a standardized perioperative care'”, it remains difficult to

establish the real impact of fluid restriction on postoperative morbidity”> '** 4!,

Individualization of fluid therapy based on more objective measures of hypovolemia, commonly

called GDFT, has shown not only to accelerate the recovery of gastrointestinal function®* but

20, 50

also to reduce postoperative complications® and hospitalization , especially in high-risk
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2, 121

patients , and mainly when compared to liberal fluid administration’’. Because of these

benefits, it has been recommended in patients undergoing major abdominal surgery' - 1! 142143,

The results of the present study do not support the use of GDFT to reduce the incidence of PPOI
in this specific patient population and perioperative clinical context, despite a larger
intraoperative volume of intravenous fluids in the Control group, and a more pronounced and

sustained increase of SV and CO in the GDFT group during surgery.

Several reasons can explain these findings. First, patients were treated with several perioperative
ERAS interventions that have shown to facilitate the recovery of gastrointestinal function after
abdominal surgery, such as the use of preoperative carbohydrate drinks, laparoscopic surgery,
thoracic epidural analgesia, opioid-sparing analgesia, and early feeding that might have
contributed to minimize the occurrence of PPOI in both groups'®. This has also been
demonstrated by 2 recent meta-analyses, that have shown that when patients are treated with a
more rational fluid management, and in the context of an ERAS program, the benefits of GDFT
are offset by advancements in perioperative care™ ', Second, patients in the Control group were
able to eliminate fluid excess as indicated by a higher urine output the day of surgery and by a
marginal weight gain (< 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 PPOI or postoperative complications. Finally,
approximately two thirds of patients in both groups were at low-risk for postoperative
complications and the benefits of GDFT have been mainly demonstrated in high-risk patients™ '*'.

Although postoperative systemic opioid consumption on day 1 and 2 was statistically higher in
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patients of the Control group, the clinical relevance of this finding is questionable, as opioid

consumption was minimal in both groups.

The main strength of this study is that specifically evaluates the impact of GDFT on the recovery
of bowel function, in the context of a standardized and evidence-based perioperative care,
limiting the risk of bias due to several perioperative confounding factors. However, it must be
acknowledged that ERAS 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 GDFT on the recovery of bowel function might have produced
favorable 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. It was
decided to standardize the analgesia technique to minimize the risk of bias as patients undergoing
laparoscopic rectal surgery, but not colonic surgery, in our institution frequently received
epidural analgesia. This practice is based on the results of a previous study, showing better pain
control with epidural analgesia in the first 48 h after laparoscopic rectal surgery than with
systemic opioids plus intravenous lidocaine'*>. However, despite the use of epidural analgesia in
laparoscopic surgery still remains controversial, it has been successfully reported in patients

undergoing laparoscopic colorectal surgery and treated with a well-established ERAS program'*.

Several limitations must be acknowledged. First, patients in the Control group received a large
volume of intravenous fluids, greater than what is currently recommended’, Despite the fluid
regimen used in the Control group is based on outdated perioperative fluid therapy principles'” >

it is consistent with what is recommended in widely used anesthesia textbooks'?®. The 2 groups

also differed in the type of fluids, and this might have affected the primary outcome more than
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the infusion regimen. However, to the best of our knowledge, colloids use has never been

associated with postoperative gastrointestinal dysfunction.

Second, a more rational GDFT protocol based on SV optimization when clinically deemed, rather
than on pre-emptive near-maximal SV optimization, might have led to better results, as many
patients in the Control were able to maintain adequate systemic perfusion (CO), despite a sub-
maximal SV. Third, despite randomization patients in the GDFT received more frequently MBP,
and this might have positively influenced the recovery of bowel in this group'**. However, by
adjusting for the use of MBP, the risk of developing PPOI remained unchanged (RRggjusted = 1.00
95%CI= 0.53 to 1.86). Because the incidence of PPOI was similar between the 2 groups despite
the unbalanced used of MBP, it might be argued that in the intervention group either GDFT
might have not adequately compensated the intravascular deficit due to MBP, leading to
splanchnic hypoperfusion and therefore to a higher incidence of PPOI, or that a large volume of
fluids could have been administered because of a greater intravascular deficit, causing bowel
edema and significant gastrointestinal dysfunction. However, none of these hypotheses can be
confirmed, as a subgroup analysis in patients receiving MBP showed that during surgery the
increase of SV and CO was more pronounced and sustained in the GDFT group (slope difference,
p< 0.001 and p<0.001, respectively), and that the volume of fluids administered in the 2 groups
was similar to what reported in the primary analysis. In this subgroup of patients the incidence of
PPOI was 16.4% in the GDFT and 30.4% in the Control group (RR = 0.54, 95% CI = 0.21 to
1.43, p = 0.213) (data not submitted with the current manuscript). Fourth, in absence of a
universal and validated definition of ileus, we used a definition based on an interdisciplinary
consensus achieved among anesthesiologists and surgeons, which might have not accurately

identified patients with PPOI. However, the incidence of PPOI was similar to what has been
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previously reported in the context of an ERAS program®’. Moreover, a secondary analysis
including all patients of the study has shown that patients with PPOI, but without any other
complications, had a median increase in length of hospital stay of 4 days, and that PPOI was an
independent predictor of delayed readiness for discharge and prolonged hospital stay (p<0.001
and p = 0.001 respectively, data not submitted with the current manuscript). Although the sample
size is limited and these results need further validation, these findings suggest that this definition
of PPOI might accurately identify patients with a clinically meaningful gastrointestinal
dysfunction in the context of an ERAS program. Finally, this study might have insufficient
statistical power to determine whether GDFT can reduce PPOI, as its incidence was lower than
expected. The expected incidence of PPOI in the control group might have been overestimated,
probably because patients in the historical group used to calculate the sample size also received
intravenous morphine patient-controlled analgesia and underwent open surgery, factors known to
delay the recovery of bowel function after colorectal surgery'®. In contrast, laparoscopy and
thoracic epidural analgesia used in every patient of this study might have significantly reduced
the occurrence of PPOI. It might be also possible that the volume of fluids received in the
historical group was significantly higher than what infused in control group, causing a higher
incidence of PPOI. 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

undergoing clinical trials tend to have better outcomes regardless of the treatment they receive'*.

In conclusion, within its limitations this study shows that intraoperative GDFT compared to fluid
therapy based on traditional fluid management does not reduce the incidence of PPOI in patients

undergoing laparoscopic colorectal surgery in the context of an ERAS program. Its previously
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demonstrated benefits might have been offset by advancements in perioperative and surgical care.
Nonetheless, fluid therapy should be always based on physiologic and scientific principles, to
minimize the risk of complications associated with fluid overload and hypovolemia, especially in

high-risk surgical patients.

©Juan C. Gémez-Izquierdo, 2016 66



Figure 1

[

Enrollment

)

Assessed for eligibility (n= 196)

Excluded (n=61)
+ Not meeting inclusion criteria (n= 44)
+ Declined to participate (n= 17)

Randomized (n= 135)

Allocation

| [

Allocated to intervention-GDFT (n= 68)
+ Received allocated intervention (n= 68)

+ Did not receive allocated intervention (n=0)
¢ Drop-outs (n= 2)
+ Withdrew consent before 30 day (n= 1)

)

Allocated to intervention-Control (n= 67)

¢ Received allocated intervention (n= 66)

+ Did not receive allocated intervention (n= 1)
¢ Drop-outs (n= 2)

+ Withdrew consent before 30 day (n=0)

| 0

Follow-Up

Lost to follow-up (n= 0)
Discontinued intervention (n= 1)

| !

Lost to follow-up (n=0)
Discontinued intervention (n= 0)

[ Analysis (ITT) ]

Analysed (n= 64)
No Stoma = 46
Stoma =18

¢ Excluded from analysis (n= 0)

Analysed (n=64)
No Stoma =45
Stoma =19

+ Excluded from analysis (n=0)

|

Analysed (n= 56)

Analysis

(Per protocol)

|

Analysed (n=59)

No stoma = 40
Stoma =16

¢ Excluded from analysis (n= 8)

©lJuan C. Gémez-Izquierdo, 2016

No stoma = 43
Stoma =16

+ Excluded from analysis (n= 5)

67




Table 1. Baseline patients’ characteristics, operative data, and anesthesia care

GDFT Control p-value
(n= 64) (n= 64)
Age, years 62.7+15.1 60.9+153
Gender 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, m’ 1.8+0.2 1.9+0.2
ASA (VI/I/IV), n 6/42/14/2 8/38/18/0
CR-POSSUM
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 0.049
Indication for surgery, n (%)
Colorectal cancer 48 (75.0) 43 (67.2)
Inflammatory bowel disease 6(9.4) 9 (14.1)
Diverticulitis 4(6.3) 7 (10.9)
Others® 6(9.4) 5(7.8)
Type of Surgery, n (%)
Colonic 39 (61.0) 39 (60.1)
Ileocecal resection 1(1.6) 7 (10.9)
Right hemicolectomy 20 (31.3) 19 (29.7)
Left hemicolectomy 5(7.8) 4(6.3)
Subtotal colectomy 0(0) 3(4.7)
Sigmoidectomy 11(17.2) 6(9.4)
Total colectomy 2 (3.1 0(0.0)
Rectal 25 (39.0) 25(39.0)
Rectal anterior resection 10 (15.6) 8 (12.5)
Rectal low anterior resection 8 (12.5) 9 (14.1)
Proctocolectomy 6(9.4) 5(7.8)
Abdominal perineal resection 1(1.6) 3(4.7)
Stoma, n (%) 18 (28.1) 19 (29.7)
Bowel preparation, n (%)
4L GoLYTELY® 36 (56.2) 23 (35.9) 0.021
2 Fleet enemas 12 (18.7) 17 (26.6)
Preoperative carbohydrate drinks , 7 (%)
Yes' 47 (73.4) 45 (71.4)
Yes, according to the quantity indicated'’ 23 (35.9) 26 (41.9)
Preoperative fasting time, 4
Solid"" 35.9 (19.0-40.0) 34.4 (16.7-38.0)
Fluid'""" 4.0 (3.1-5.7) 4.0 (3.2-6.3)
Duration of surgery, min 189 (144-269.2) 183.5 (133.5-254.5) 0.564
Laparoscopic time, min 108 (68.2-146.2) 101 (71.2-143.2) 0.506
Conversion to open, 7 (%) 8 (12.5) 5(7.8) 0.380
Final temperature, C’ 36.1 +£0.8 359+0.6 0.269
Et Desflurane, % 4.4+0.6 4.6+0.7 0.103
Et Sevoflurane, % 1.4+03 1.3+03 0.617
Remifentanil, ug”’ Kg”' min” 0.1 (0.1-0.2) 0.1 (0.1-0.2) 0.083
Intraoperative ketorolac (30 mg), n (%) 49 (76.6) 50 (78.1) 0.754
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* Benign adenoma (6 patients in the GDFT group and 3 patients in the Control group), fecal
incontinence (1 patient in the Control group) terminal ileum stricture (1 patient in the Control
group). = Morning dose. ' Data from 1 patient in the Control group is missing. "'Data from 2
patients in the Control group are missing'''Data from 2 patients in the Control group and 1
atient in the GDFT is missing. /"' Data from 1 patient in the Control group is missing.
"Eighteen patients received Sevoflurane (9 patients in the GDFT and 9 patients in the Control
group). ASA= American Society of Anesthesiologists Physical Status. BMI= Body Mass Index;
BSA= Body Surface Area; CR-Colorectal; Et= End Tidal; h= hours; M/F= Male/ Female; n=
number; min= minutes. Data are presented as mean + standard deviation, median (interquartile
range), or absolute numbers (percentage); p-value in Italic: Fisher’s exact test.
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Table 2. Preoperative and intraoperative intravenous fluids, vasopressors, blood loss and

transfusions
GDFT group Control p-value
(n= 64) (n=64)
Preoperative period
Replacement of preoperative intravascular - 2093.6 £394.6 -
deficit due to MBP ?, ml
Intraoperative period
Total volume of intravenous fluid, m!/ 1535.0 (1000.0-2271.7) | 2370.0 (1779.0-3070.8) <0.001
Lactated Ringer’s
ml 500.0 (323-687.1) 2102.0 (1600.0-2528.0) <0.001
ml! kg b 2.0 (1.6-2.4) 8.6 (7.0 - 10.6) <0.001
Colloids, ml 900 (400.0-1400) 0 (0-500.0) <0.001
Pre-pneumoperitoneum (Tg) 400.0 (200.0-400.0)" - -
boluses
NaCl0.9%" ", ml 194.5 (150.0-268.0) 179.0 (145.7-234.2) 0.132
Total volume of intravenous fluids, m/
Colonic surgery 1375.3 £ 667.5 2242.7+873.9 <0.001
Rectal surgery 2342.1 £ 980.6 29579 £ 978.5 0.031
EBL, m/ 175.0 (100.0-400.0) 150.0 (100.0-400.0) 0.708
Colonic Surgery 100 (100-200.0) 100 (100-200.0) 0.519
Rectal Surgery 400.0 (125.0-850.0) 400.0 (200.0-800.0) 0.914
PRBCs
Patients receiving PRBCs, n (%) 5(7.8) 1(1.6) 0.094
Number of Units (2/4/8) 3/1/1 1/0/0 0.100
Volume, m! 0 (0-0) 0 (0-0) na
Vasopressor, n (%) 53 (82.8) 58 (90.6) 0.193
Phenylephrine
n (%) 39 (60.9) 51 (79.7) 0.020
ug 80.0 (0-300.0) 180.0 (80.0-440.0) 0.016
Ephedrine
n (%) 40 (62.5) 43 (67.2) 0.496
mg 10.0 (0-25.0) 10.0 (0-20.0) 0.947
Phenylephrine continuous 0(0) 0(0) na
infusion, n (%)
Urine output, ml”’ Kg' h”! 1.2 (0.8-1.8) 1.4 (0.8-2.6) 0.148
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* Preoperative intravenous fluids were administered only in patients of the Control group who
received Mechanical Bowel Preparation (35.9%). In 2 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 GDFT group, 35 patients (97.2%)
needed stroke volume (SV) optimization before the pneumoperitoneum. ~ In the Control group
40 patients (62.5 %) increased SV by more than 10% when positioned in steep Trendelemburg
before the pneumoperitoneum (Tg) ~ Amount of normal saline solution used to dilute antibiotics,
potassium chloride when needed, and remifentanil. EBL= Estimated Blood loss; Mechanical
Bowel Preparation = MBP, 4 L GoLYTELY®; na= not applicable (no statistics were computed
as there were not enough valid cases to perform the Mann-Whitney Test). NaCl 0.9%= Normal
Saline; PRBCs= Packed Red Blood Cells. Data are presented as mean + standard deviation,
median (interquartile range), or absolute numbers (percentage).
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Table 3. Postoperative fluid balance, weight balance, and postoperative hypotension

GDFT Control p-value
(n= 64) (n= 64)
Patients receiving intravenous 31 (48.4) 28 (43.8) 0.723
infusion after day 0, n(%)
Input, ml
Total intravenous 318.75 (247.0-2967.4) 607.50 (291-3233.7) 0.269

crystalloids®, m/
Total oral fluid intake ®, | 7681.0 (5625.0- 10350.0) | 6525 (3968.7-10050.0) 0.571

ml

Output
Urine output, day 0*® 700.0 (450.0-1440.0) 1450.0 (700.0-2000.0) 0.004
Total gastrointestinal 75.0 (0-1475.0) 50.0 (0-1912.5) 0.984

losses **.ml
Weight balance’, Kg

Day 1 -Day 0 1.08+1.9 2.12 +1.7 0.002
Day 2 - Day 1 0.61+1.6 0.02+1.7 0.054
Day 3 - Day 2 -0.76 £1.4 05114 0.321
Hypotension*, n (%) 15 (23.4) 16 (25) 1.000
Orthostatic hypotension**, n (%) 2(3.2) 8 (12.5) 0.096

#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 ERAS protocol). Urine output
on day 0 could not be measured in in 7 patients of the GDFT and in 10 patients of the Control
group as Foley catheters were removed in PACU because of patients’ discomfort. *® Total
Gastrointestinal losses measured from surgical unit admission until hospital discharge. '
Postoperative weight could not be measured in 12 patients of the GDFT and in 10 patients of the
Control group because of patients’ refusal or because patients were discharged early on Day 2 or
day 3 (Day 1: 2 patients in GDFT and 1 patient in Control group; Day 2: 1 patient in the GDFT
group; Day 3: 9 patients in GDFT and 5 patients in the Control group). * Systolic blood pressure
less than 90 mmHg or less than 20% of the baseline value. ** A fall of at least 20 mmHg in
systolic blood pressure upon assuming an upright posture from a supine position. Data are
presented as mean + standard deviation, median (interquartile range), or as absolute numbers
(percentage).
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Table 4. Postoperative pain intensity and management and time spent out of bed

GDFT Control p-value
(n=64) (n=64)
Pain, static
NRS day 0 0 (0-2) 2 (0-3) 0.138
NRS day 1 2 (0-4) 2 (0-4) 0.486
NRS day 2 3(1-4) 2 (1-4) 0.787
NRS day 3 1.5 (0-3.5) 1 (0-3) 0.617
Pain, coughing
NRS day 0 1.5 (0-4) 3 (1.5-5) 0.028
NRS day 1 3.5(2-5) 4 (2.5-6) 0.588
NRS day 2 4 (2-5.5) 4 (3-6) 0.457
NRS day 3 2 (0-5) 2 (0-5) 0.876
Pain, ambulating
NRS day 0 0 (0-0) 0 (0-0) 0.806
NRS day 1 0 (0-3) 0 (0-2.5) 0.472
NRS day 2 2 (0-4) 2 (0-4) 0.608
NRS day 3 0 (0-2.5) 1 (0-3) 0.390
Days with thoracic epidural
analgesia, n (%) 3(2-3) 3(2-3) 0.840
Systemic opioids’, mg
Total 12 (3.30- 33.25) 18.30 (9.10-34.85) 0.072
Day 0 0 0 1.000
Day 1 0 (0-0) 0 (0-0) 0.024
Day 2 3.30 (0-9.95) 6.60 (3.30-13.20) 0.035
Day 3 3.30 (0-10) 5(0-10) 0.803
Celebrex” with thoracic epidural 9 (14.1) 10 (15.6) 1.000
analgesia, n (%)
Celebrex after thoracic epidural 48 (75.0) 51(79.7) 0.673
analgesia, n (%)
No of patients receiving Milk of 52 (81.3) 45(71.9) 0.297
Magnesia, n (%)
Time spent out of bed, min
Day 0 0 (0-10) 0 (0-3.75) 0.386
Day 1 65 (20-217.50) 127.50 (41.25-491.25) 0.063
Day 2 90 (45-256.25) 122.50 (67-375) 0.248
Day 3 120 (45-236.25) 180 (72.50-240) 0.028

1 Intravenous morphine equivalents. = Celebrex 200 mg per os every 12 h. NRS= Numeric

Rating Score (0-10); Data are presented as median (interquartile range), or as absolute numbers

(percentage).
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Table S. Incidence of Primary Postoperative Ileus (PPOI) and recovery gastrointestinal function

GDFT Control RR p- RRdjusted p-
(n=64) (n=64) (95%CI) values 95% CI) values
Incidence of PPOI*, n
(%)
ITT analysis 14 (21.9) 14 (21.9) 1.00 (0.52 to 1.92) 1.000 1.00 (0.53 to 1.86) 0.094
Per protocol 12 (21.4) 12 (20.3) 1.05 (0.52 to 2.15) 1.000 1.06 (0.53 t0 2.12) 0.225
No Stoma, n (%)
ITT analysis 9 (19.6) 7 (15.6) 1.25 (0.51 to 3.09) 0.615 1.29 (0.54 to 3.07) 0.316
Per protocol 7(17.5) 7 (16.3) 1.07 (0.41 t0 2.79) 0.882 1.09 (0.44 t0 2.73) 0.272
Stoma, n (%)
ITT analysis 5(27.8) (36.8) 0.75 (0.29 to 1.95) 0.556 0.81 (0.33 to 2.00) 0.226
Per protocol 5(31.3) 5(31.3) 1.00 (0.35 to 2.79) 1.000 1.10 (0.42 to 2.94) 0.477
Colonic surgery n
(%)
ITT analysis 9(23.1) 6 (15.4) 1.50 (0.59 to 3.81) 0.389 1.42 (0.57 to 3.55) 0.370
Per protocol 7 (20.6) 6 (15.8) 1.30 (0.49 to 3.50) 0.597 1.24 (0.47 to 3.27) 0.385
Rectal surgery n (%)
ITT analysis 5(20.0) 8(32.0) 0.62 (0.24 to 1.65) 0.333 0.69 (0.28 to 1.71) 0.147
Per protocol 5(22.7) 6 (28.6) 0.79 (0.28 to0 2.22) 0.661 0.90 (0.34 to 2.34) 0.298
PPOI
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 (1-3.5) 3(1.7-3.2) na 0.318 na -
Per protocol 2 (1-3.7) 3(1.2-3.7) na 0.389 na -
Time to first flatus, A
ITT analysis | 20.5 (12-26) | 20 (12.5-24.5) na 0.843 na -
Per protocol | 20 (13-26) 19 (13-24) na 0.796 na -
Time to first bowel
movement, /
ITT analysis | 21.5 (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 (64.1) 37 (57.8) 1.11 (0.83 to 1.47) 0.469 | 1.19 (0.90 to 1.56) 0.697
Per protocol 37 (66.1) 33 (55.9) 1.18 (0.88 to 1.59) 0.265 | 1.30(0.97 to 1.74) 0.660
Vomiting, n (%)
ITT analysis 25 (39.1) 25(39.1) 1.00 (0.65 to1.54) 1.000 | 1.07 (0.70 to 1.64) 0.492
Per protocol 23 (41.1) 21 (35.6) 1.15(0.72 to 1.84) 0.547 | 1.28 (0.80 to 2.07) 0.601
Abdominal distension, »
(%)
ITT analysis 49 (76.6) 55 (85.9) 0.89 (0.75 to 1.05) 0.257 0.91 (0.77 to 1.08) 0.938
Per protocol 43 (76.8) 51 (86.4) 0.89 (0.74 to 1.06) 0.230 0.91 (0.76 to 1.09) 0.856
Diet intolerance , 1 (%)
ITT analysis 15(23.4) 17 (26.6) 0.88 (0.48 to1.61) 0.839 0.87 (0.48 to 1.59) 0.582
Per protocol 14 (25) 14 (23.7) 1.05 (0.55 t0 2.01) 1.000 1.09 (0.56 to 2.11) 0.967
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NGT insertion, n (%)
ITT analysis 9(14.1) 11(17.2) 0.82 (0.36 to 1.84) 0.808 0.82 (0.37 to 1.82) 0.293
Per protocol 8 (14.3) 8 (13.6) 1.05 (0.42 to 2.61) 1.000 1.17 (0.47 to 2.90) 0.770
Number of skipped
meals, n
ITT analysis 1(0-2) 1(0-4.7) na 0.551 na -
Per protocol 1 (0-2) 1 (0-4) na 0.770 na -

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. “Diet
intolerance: at the end of the day patients were asked to judge whether they tolerated or not 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; NGT = Nasogastric tube; na = not applicable; RR =
Relative Risk. Data are presented as median (interquartile range), as absolute numbers
(percentage), or as relative risk (95% confidence interval); p-values in ltalic: Fisher’s exact test.

©Juan C. Gémez-Izquierdo, 2016

75




Table 6. Perioperative morbidity and mortality

GDFT Control RR p-value
(n=64) (n=64) (95%CI)
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 (43.8) 25 (39.1) 1.12 (0.74 t01.69) 0.590
In-hospital 22 (34.4) 20 (31.3) 1.10 (0.67 t01.80) 0.707
Post-discharge 9 (14.1) 8 (12.5) 1.12 (0.46 to 2.73) 0.795
Patients with at least one 30-day medical
complication, n (%) 18 (28.1) 14 (21.9) 1.29 (0.70 to 1.35) 0.414
Cardiovascular 3(4.7) 2(3.1) 1.25 (0.26 to 8.68) 1.000
Respiratory 3(4.7) 0(0) na 0.244
Infectious 12 (18.8) 8 (12.5) 1.50 (0.66 to 3.42) 0.330
Other 9(14.1) 9(14.1) 1.00 (0.42 to 2.35) 1.000
Patients with at least one 30-day surgical
complication, n (%) 20 (31.3) 18 (28.1) [ 1.11(0.651to 1.90) | 0.699
Primary postoperative ileus 14 (21.9) 14 (21.9) 1.00 (0.52 to 1.92) 1.000
Anastomotic leakage 3(4.7) 0(0) na 0.244
Bleeding 3(4.7) 3(4.7) 1.00 (0.21-4.78) 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) 2.00 (0.19 to 21.50) | 1.000
Patients reoperated within 30-days, n (%) 1(1.6) 3@4.7) 0.33 (0.04 t0 3.12) 0.619
30-day Clavien, n (%)
I 10 (15.6) 10 (15.6) 1.00 (0.44 to 2.28) 1.000
I 11(17.2) 10 (15.6) 1.10 (0.50 to 2.40) 0.811
IIa 5(7.8) 2(3.1) 2.50 (0.50to 12.41) | 0.440
[Ib-1Vb 2(3.1) 3(4.7) 0.66 (0.11 to 3.86) 0.648
30-day CCI 0 (0-20.9) 0(0-11.3) na 0.483
Patients visiting ED within 30 days, n (%) 13 (20.3) 9(14.1) 1.44 (0.66 to 3.14) 0.349
Patients readmitted within 30 days, n (%) 8 (12.5) 6(9.4) 1.33 (0.49 to 3.62) 0.571

Quality or recovery score, length of hospital stay, 30-day postoperative complications, 30-day
Emergency Department visits and 30-day readmissions. *Intensive Care Unit admission during

primary length of stay.

CCI = Comprehensive Complication Index; ED = Emergency

Department; ICU = Intensive Care Unit; LOS = Length of Hospital Stay; QoR = Quality of
Recovery Score; RR = Relative Risk. Data are presented as median (interquartile range), as
absolute numbers (percentages) or as relative risk (95% confidence interval); p-value in ltalic:

Fischer’s exact test.
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Sub-lingual microcirculatory effects of Goal-Directed Fluid Therapy as a surrogate of

splanchnic perfusion

Preamble

Perioperative optimization of oxygen delivery is essential to prevent organ dysfunction. Several
perioperative interventions, such as optimization of fluid therapy, perioperative use of inotropes,

and adequate perioperative blood management can be used to ensure optimal oxygen delivery.

It can be hypothesized that optimization of systemic perfusion and oxygenation determines
adequate tissue perfusion and oxygenation, resulting in better outcomes. Perioperative
optimization of systemic perfusion and oxygenation have shown to improve outcomes after

abdominal surgery, mainly in high-risk patients and in patients not treated with an ERAS

146

program®, probably as a result of better tissue perfusion'*®. However, it has been demonstrated

147, 148

that enhancing systemic perfusion does not necessarily increase tissue perfusion , as the

improvement of tissue microcirculation is “context sensitive” and it mainly depends on the

severity of the tissue injury, on the basal state of tissue microcirculation'*, and on the increase in

147

cardiac output "'. Moreover, while several clinical and animal studies have shown an association

148-150

between improvement of microcirculation and better postoperative outcomes , no studies

have confirmed that this relationship is causal.

GDFT, by optimizing stroke volume and cardiac output, ensures adequate oxygen delivery and

tissue perfusion’ '*. It also prevents both hypovolemia secondary to excessive fluid restriction'®
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and interstitial edema as a result of fluid overload, which are responsible of increased

perioperative gastrointestinal morbidity'” *°.

Impairment of splanchnic microcirculation
contributes to the development of gastrointestinal complications after abdominal surgery™ *°.
Commonly, efforts to improve splanchnic microcirculation are based on the optimization of
hemodynamic variables such as cardiac output, mean arterial pressure and lactate levels,
assuming that an improvement of macrocirculation variables determine better splanchnic
perfusion. However, maintaining adequate splanchnic perfusion remains extremely challenging,
because of the lack of adequate monitoring, and absence of gastrointestinal-specific biomarkers™.

Moreover, it must be considered that even minimal blood loss (10-15%) can significantly

decrease splanchnic perfusion, without altering common systemic hemodynamic measures.

The analysis of sub-lingual microcirculation has been proposed as a surrogate measure of
splanchnic perfusion. Clinical and experimental trials conducted in the perioperative setting and
in critically ill patients have shown that sub-lingual microcirculation alterations correlate with

150, 151

splanchnic microcirculatory changes , and that impairment of sub-lingual microcirculation

is associated with splanchnic hypoperfusion and increased mortality in septic patients'" '*%.

Finally, sub-lingual microcirculation shares the same embryological origins of the

gastrointestinal tract, and it is easily accessible to be measured in the perioperative period'>>.

Although the final results of the former randomized control trial have not demonstrated that
GDFT reduce the incidence of PPOI and facilitate the recovery of gastrointestinal function after
major colorectal surgery, the purpose of this pre-planned sub-group analysis is to elucidate the

potential mechanisms through which GDFT might improve gastrointestinal perfusion, and
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therefore attenuate postoperative gastrointestinal dysfunction, by measuring sub-lingual
microcirculation as a surrogate measure of splanchnic tissue perfusion. It is hypothesized that
GDFT leads to better sub-lingual microcirculation resulting in less PPOI and less postoperative
gastrointestinal dysfunction. It was also hypothesized that sub-lingual microcirculation is

significantly impaired in patients with primary postoperative ileus after major colorectal surgery.
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Sub-lingual microcirculatory effects of Goal-Directed Fluid Therapy as a surrogate

measure of splanchnic perfusion: a mechanistic cohort study

Introduction

PPOI is a significantly unpleasant postoperative complication after abdominal surgery, and it

constitutes a huge economic burden for the healthcare system™ *. Its pathogenesis is
multifactorial as several perioperative factors affect the recovery of bowel function after

abdominal surgery.

Inadequate perioperative fluid therapy has been recognized as one of the major determinants of
postoperative gastrointestinal dysfunction. Indeed, both splanchnic hypoperfusion, as a result of
hypovolemia, and excessive fluid administration, lead to an impairment of gastrointestinal
motility. The splanchnic circulation is very sensitive to changes in the intravascular volume. In
fact, subclinical reductions of only 10 to 15% of the circulating volume have demonstrated to
cause splanchnic hypoperfusion, leading to an impairment of the gastrointestinal tract motility".
One of the mechanisms that determines the reduction of gastrointestinal contractility is the
intracellular increase of CO; in the smooth muscle cells of the gastrointestinal tract secondary to
splanchnic ischemia®® '**. Likewise, metabolic acidosis has demonstrated to increase the gastric
fundus tone, disrupt the pyloric contractions and produce arrhythmic antral contractility'>*.
Studies in vitro have also shown that a decreased pH level depresses the myoelectrical and

contractile activity of the muscles of the gastrointestinal tract by impairing the muscular tone,

muscle relaxation and decreasing the amplitude of the contractions'>. Similarly, excessive fluid
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administration causes bowel edema, which impairs tissue oxygenation and consequently bowel
peristalsis'®. Experimental studies have shown that mesenteric venous hypertension caused by
excessive fluid resuscitation with crystalloids determined, interstitial edema, an increase of
mucosal permeability, a decrease of epithelial resistance, and delayed intestinal transit'>®"3" 114,
As a result, intra-abdominal pressure increases reducing the mesenteric blood flow, which further
impairs gastrointestinal motility. Clinical cohort and randomized controlled studies have also

corroborated that fluid overload increased risk of PPOI'!7 1%:22:27,

Goal directed fluid therapy (GDFT) aims at optimizing oxygen delivery by administering fluids
with or without inotropes based on stroke volume and cardiac output measurements'*. Previous
clinical trials and meta-analysis had shown that GDFT decreases the incidence of PPOI and

accelerates the recovery of gastrointestinal function®” = ¢

, and these effects might be related
to improvement of gastrointestinal microcirculation. Jhanji et al. demonstrated that stroke
volume guided fluid administration and low dose inotropic therapy leads to better oxygen
delivery, sublingual microcirculation and tissue oxygenation after major abdominal surgery'*.
However, improving systemic perfusion not always determines better tissue microcirculation as
demonstrated in critically ill patients. In fact, in septic patients gastrointestinal and sub-lingual
microcirculation seem to behave differently in response to improvements of systemic
perfusion'*”'*’. These heterogeneous responses might be related to tissue specific autoregulatory
mechanisms aiming at preventing organ dysfunction, independently from systemic perfusion.
Although better gastrointestinal perfusion has been associated with lower postoperative

146, 150, 158, 159

morbidity and mortality , 1t remains to explore whether or not interventions that

directly improve tissue microcirculation lead to better clinical outcomes.
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The analysis of sub-lingual microcirculation has been proposed as a surrogate measure of

150, 151

splanchnic perfusion in the surgical setting and in critically ill patients since the sublingual

153
1

mucosa shares a common embryogenic origin with the bowel ™, and a strong correlation

between sublingual and bowel microcirculatory measurements have been reported in different

152
2

clinical contexts (r* between 0.74"" and 0.92'°?), and using different type of technologies (e.g.

Sidestream Dark Field (SDF) technology'”"'*?, or measurements of sub-lingual carbon dioxide

160, 161 153

tissue pressure ). Moreover, sublingual microcirculation is easily accessible °°, and does not

required invasive technology to be measured.

Sidestream Dark Field (SDF) technology allows to non-invasively evaluate tissue
microcirculation at the patient’s bedside'®?. SDF technology is based on the principle that a beam
generated by light-emitting diodes with a length wave of 530 nanometers is absorbed by the
hemoglobin of the red cells in small vessels'®*. Then, pulsed illumination allows acquisition of
stroboscopic imagining of the red cells through the use of a microscope connected to a camera,
making possible to measure blood flow velocities'®>. This technology is able to provide
information about at least three different microcirculation indices: Proportion of perfused vessels
(PPV), Perfused vessel density (PVD) and microvascular flow index (MFI). PPV provides
information about tissue flow heterogeneity; PVD reflects functional capillary density, and MFI
adds information about the quality of the flow'®*. SDF has been successfully utilized to measure

149-151

tissue microcirculation in surgical and critically ill patients and it has shown to predict

149

anastomotic leakage'*’, the likelihood of developing postoperative complications'*’, and to

differentiate survivors from non-survivors in severe sepsis'*’.
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The purpose of this pre-planned sub-group analysis is to elucidate the potential mechanisms
through which GDFT might improve gastrointestinal perfusion, and therefore attenuate
postoperative gastrointestinal dysfunction, by measuring sub-lingual microcirculation as a
surrogate index of splanchnic perfusion. It is hypothesized that GDFT leads to better sub-lingual
microcirculation resulting in less PPOI and less postoperative gastrointestinal dysfunction. It was
also hypothesized that sub-lingual microcirculation is significantly impaired in patients with

PPOI after major colorectal surgery.

Methods

This trial was approved by the Research Ethics Board of the McGill University Health Centre,
Montreal, Quebec, Canada (12-214-SDR) and the study procedures were carried out in
accordance with ethical standards. A cohort of patients, enrolled in the previous randomized
controlled trial (Chapter 2) (ClinicalTrials.gov registration: NCT01818375), and undergoing
laparoscopic colorectal surgery within an ERAS program at the Montreal General Hospital, were
consecutively recruited in three different periods: between February and April 2013, between
September and October 2013 and in February 2014. Patients were excluded from the analysis if

developed secondary postoperative ileus, or if surgery was converted to laparotomy.

Perioperative anesthesia and surgical care
All patients received the same perioperative care based on the ERAS program implemented at
the Montreal General Hospital (page 52-55). Anesthesia and analgesia care was standardized as

per protocol. Intraoperatively, patients received either GDFT (GDFT Group) or fluid therapy
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based on standard perioperative fluid principles (Control group), according to the original study

randomization (please refer to the methods section of the randomized controlled trial, page 52).

Sub-lingual microcirculation assessment

Sub-lingual microcirculation measurements. sublingual microcirculatory flow was evaluated
preoperatively (before epidural insertion, and infusing intravenous fluids in the Control group),
10 min after induction of anesthesia, 10 min after establishment of pneumoperitoneum, 30 min
after arrival in the Post Anesthesia Care (PACU) and every evening (before supper) on each
postoperative day, using a sidestream darkfield (SDF) imaging camera, equipped with a 5x
objective lens (Microvision Medical, Amsterdam, the Netherlands). Image acquisition and
analysis were performed according to published consensus guidelines by trained personal'®. To
prevent motion and pressure artifacts and for training purposes, sub-lingual microcirculation
measurements were obtained first in surgical patients not involved in the study by the research
personal supervised by an experienced researcher familiar with this technology'®, until the
research personal was able to independently acquire accurate sub-lingual microcirculation
images.

Before each microcirculation measurements, patients were asked to rinse their mouths with water.
In presence of air bubbles in the saliva patients were asked again to rinse their mouth more than
once to avoid interference with imaging acquisition. At each time point, the microcirculation
was recorded for 30 sec at three different sublingual locations. The 30 sec recording with the
least pressure artifacts and best focus, contrast, stability and overall quality was chosen for off-

163

line analysis ~~. When pressure artifacts were identified, the microscope probe was slowly pulled
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back until contact with the mucosa was lost and then gently re-advanced until contact was
regained'** 1%,

Sub-lingual microcirculation analysis: videos were recorded and stored using a portable
computer and they were labeled according to the timing and coded for every patient. Videos
were stored full size as DV-AVI files to allow the analysis of the videos using the software
provided by the manufacturer of the microscope. Videos were recorded in high-quality digital
videotape mode, and were analyzed once all patients recruited in the study were discharged from
the hospital. Using Automated Vascular Analysis Software version 3.0 (Microvision Medical),
the microcirculatory parameters for vessels <20 um was analyzed for each 30 sec recording. First,
the perfusion in each vessel was categorized as present (continuous flow for at least 20 sec),
intermittent (no flow at least 50% of the time) or absent (no flow for at least 20 sec), making
possible to calculate the number of perfused vessels (PV), and then the proportion of perfused
vessels (PPV). Subsequently, a grid pattern, containing three equidistant horizontal and vertical
lines, was superimposed onto the recording. Perfused vessel density (PVD) was calculated by
dividing the number of perfused vessels crossing this grid pattern by the total length of the grid
pattern lines (7able I). PPV and PVD calculation is highly reproducible when performed by the
same evaluator, with a reported intra-observer variability ranging between 2.5% and 4.7% for
PVD, and between 0.9 and 4.5% for PPV'®. The microvascular flow index (MFI) at each time
point was determined by dividing the recording into four equal quadrants, quantifying the flow in
each quadrant using an ordinal scale of 0-3 (with O representing no flow, 1 representing
intermittent flow, 2 representing sluggish flow and 3 representing continuous flow), then
calculating the average score of all four quadrants. Kappa coefficients for the measurement of

the MFI show substantial intra-observer and inter-observer agreement (0.78 and 0.85,
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respectively)'®®. Each 30 sec recording was analyzed in this manner by one researcher who was
blinded to the patient group allocation. Patients with postoperative abdominal complications

(secondary postoperative ileus) were excluded from the analysis.

Macrocirculatory assessment

Intraoperative mean arterial pressure, heart rate, oxygen saturation; temperature, intraoperative
stroke volume (SV), cardiac output (CO), cardiac index (CI), oxygen delivery (DO;) and
hemoglobin (Hb) concentration, were measured according to the protocol described in Chapter 2

(please refer to pages 52-54).

Assessment of bowel function
Bowel function was assessed blindly as reported in the methods section of the randomized

controlled trial (page 56-57).

Outcomes

*  Sub-lingual microcirculatory measurements'®* '* (Table 1):
- MFI
- PVD
- PPV

* Recovery of bowel function:
- PPOI: patients with PPOI were identified by the presence of 2 or more clinical

indicators of gastrointestinal dysfunction, at least 1 for each of the 2 following

criteria 1) presence of vomiting, OR abdominal distension and 2) absence of
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passing gas or stool, OR not tolerating oral diet in absence of any precipitating
complications.
* Comparison of microcirculatory and macrocirculatory measurements between patients
who developed PPOI and patients who did not develop PPOI (non-PPOI).
* Postoperative morbidity:
- Postoperative complications: complications were defined a priori (please refer to
Supplement 4, page 131)
- Length of hospital stay (LOS)

- Intensive care unit (ICU) admission.

Statistical analysis

Nominal variables were analyzed using the y* or Fisher test. Normality was assessed with the
Shapiro-Wilk test. Continuous normally distributed data was analyzed using the two independent
samples T test and continuous non-normally distributed data using the Mann-Whitney U test.
The independent groups repeated measures ANOVA, mixed ANOVA model, was used to
compare continuous variables measured over time between the 2 groups. The two-way ANOVA
was used to compare hemodynamic variables from the beginning and the end of the surgery.
Bonferroni test was used as post-hoc analysis. To determine the relation between
microcirculation, macrocirculation and PPOI, the overall mean value throughout the
perioperative period for both macro and microcirculatory measures was compared between

patients who developed PPOI and patients who did not develop PPOI (non-PPOI).
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Results

In total 24 patients were recruited. One patient was excluded because of secondary postoperative
ileus (ileus secondary to portal venous thrombosis caused by an infectious portal phlebitis).
Twenty-three patients were evaluated and analyzed (Figure 1), 9 were randomized to GDFT
group and 14 to the Control group. In total 432 sub-lingual microcirculatory measurements, 168

in the GDFT, and 264 in the Control group were performed and analyzed.

Demographics, medical and surgical characteristics

Demographic characteristics and preoperative morbidity were similar between the 2 groups,
except for the BMI that was higher in the Control group (p = 0.016) (Table 2), and for the
Colorectal (CR) Possum severity score that was higher in the GDFT group (p = 0.019) (Table 3).

Preoperative surgical care did not differ between the 2 groups (Table 3).

Intraoperative data

Patients in the Control group received a larger volume of intravenous fluids than patients in the
GDFT group (2681.50 ml (1661.50 - 4576), versus 1160 ml (819.50 - 2159.12), p = 0.016).
However, patients in the GDFT group received less crystalloids but more colloids than the
Control group (547 ml, 371.50 - 859.12, versus 2362.70 ml, IQR 1368.50 - 4149, p = 0.001, and
600 ml, IQR 400 - 1400, versus 0 ml, IQR 0 - 500, p = 0.005, respectively). The proportion of
patients requiring blood products, estimated blood loss, duration of surgery, and opioid and

vasopressor requirements were similar between the 2 groups (7able 4).
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Intraoperative stroke volume, cardiac output, mean arterial pressure, hemoglobin concentration
and oxygen delivery.

Stroke volume (SV) and Stroke Volume Index (SVI) increased over time (p = 0.005 and p =
0.005, respectively), but they were not different between the 2 groups (p = 0.477 and p = 0.379,
respectively). In the GDFT, SV and SVI significantly increased at the end of surgery, compared
to baseline values (p = 0.001 and p = 0.002, respectively) (Figures 2 and 3). Cardiac output (CO)
and Cardiac Index (CI) were not statistically different over time or between the 2 groups
(Figures 4 and 5). Mean arterial pressure (MAP) was significantly higher in the GDFT group (p
=0.021), but did not differ overtime (p = 0.093) (Figure 6). Hemoglobin concentration dropped
in both groups over time (p<0.002 in the GDFT group, and p<0.001 in the Control group).
Similarly, oxygen delivery (DO;) significantly dropped over time (p = 0.001), mainly in the

Control group (p = 0.001), but it did not differ between the 2 groups (Figure 7).

Postoperative data

* Post anesthesia care unit (PACU): there were no differences in the total amount of
intravenous fluids administered (p = 0.914). The amount of crystalloids (p = 0.760) and
colloids (p = 0.600) received was also similar between the 2 groups. The incidence of
postoperative hypotension, nausea and vomiting, vasopressor and opioid requirements,
and length of stay in PACU were not different between the groups (7able 5).

* Fluids and opioids requirements: overall the volume of intravenous fluids administered in
the postoperative period was significantly smaller in the GDFT group than in the Control
group (292.50 ml versus 1536 ml, p = 0.047). However, the amount of intravenous fluids

administered in the first 3 days, when the microcirculation measurements were acquired
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and PPOI mostly occurred, was not significantly different between the 2 groups (GDFT
292.50 versus Control 1262, p = 0.072). Indications triggering fluid administration after
day 0 were hypotension (50% of patients in the Control group and 33.3% in the GDFT
group) and NPO status associated with vomiting (7.1% of patients in the Control group
and 0% in the GDFT group). The incidences of orthostatic intolerance and hypotension
and postoperative opioid requirements were similar between the 2 groups (Table 6).

Postoperative morbidity: postoperative complications and length of hospital stay did not

differ between the 2 groups. No patients required ICU admission (Table 7).

Sub-lingual microcirculation, perioperative hemodynamics, oxygenation and body temperature

Sub-lingual microcirculation: Although PVD was higher intraoperatively and
postoperatively in the GDFT group over time, this difference was not statistically
significant (p = 0.057) (Figure 8). PPV, intraoperatively and postoperatively, was higher
in patients treated with GDFT than in patients of the Control group (p = 0.023) (Figure
9). There were no differences in MFI between the 2 groups (p >0.05).

Perioperative MAP, heart rate, oxygenation and body temperature: although remaining
always within normal values, MAP significantly changed over time (p <0.001), but it was
not different between the 2 groups (p = 0.485), at any time point. Post-hoc analysis
demonstrated that MAP significantly dropped after the induction of anesthesia in both
groups (p = 0.006 in the GDFT group, and p = 0.001 in the Control group). MAP
significantly increased in the GDFT on day 2 (p = 0.031) (Figure 10). Similarly,
although remaining always within normal values heart rate (HR) changed over time, but

it was not different between the 2 groups (p = 0.581). HR was higher in the Control group
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on day 1 (p = 0.032), and post-hoc analysis showed a significant increase in HR between
pneumoperitoneum and PACU arrival in patients of the Control group (p = 0.034).
Peripheral oxygen saturation changed over time (p = 0.004), and it slightly decreased
from when patients arrived into PACU to day 1 in both groups (p = 0.048 in the GDFT
group, and p = 0.048 in the Control group) (Figure 11). Body temperature also changed
over time (p<0.001), but not between the 2 groups at any time point. Post-hoc analysis
indicated a statistically significant increase in temperature between pneumoperitoneum

and PACU arrival in patients of the Control group (p = 0.004).

Recovery of bowel function

PPOI occurred in 33.3% of patients in GDFT versus 21.4% of the Control group (p = 0.643);
PPOI lasted a median of 1 day in both groups (p = 1.00). The time to first bowel motion was
shorter in the Control group (26.23 £ 11.21 h versus 38.67 = 15.77 h in GDFT, p = 0.042).
Symptoms and clinical indicators of gastrointestinal dysfunction were similar between the 2
groups, but the incidence of abdominal distension was higher in Control group (p = 0.047)

(Table 8).

Microcirculation, macrocirculation and PPOI

* Microcirculation and PPOI: PPV was lower in patients who developed PPOI than in patients
without PPOI, non-PPOI (82.76 + 3.19 vs 87.29 £ 4.20, p = 0.026). There were no statistically

significant differences in MFI and PVD between PPOI and non-PPOI patients (Table 9).

* Macrocirculation and PPOI: There were no statistically significant differences in
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macrocirculation measurements between PPOI and non-PPOI patients (p>0.05) (Table 9)

Discussion

The results of this sub-group analysis showed that GDFT using colloids increased the PPV,
possibly indicating better splanchnic tissue perfusion. However, these effects did not translate
into better recovery of bowel function. Patients who developed PPOI exhibited a lower sub-
lingual PPV, which might demonstrate suboptimal splanchnic perfusion.

Previous studies have shown that GDFT facilitates the recovery of gastrointestinal function™ '*”

99:167. 168 " and decreases the incidence of PPOI®®, possibly by improving splanchnic tissue
microcirculation and oxygenation’'. Based on this consideration, it was hypothesized that
colorectal surgery patients intraoperatively exposed to GDFT could experience less PPOI as a

result of a better splanchnic tissue microcirculation, indirectly assessed by measuring sub-lingual

microcirculation.

Sub-lingual microcirculation has been proposed as a surrogate measure of splanchnic

153

microcirculation as it shares the same embryologic origin with the bowel mucosa ~. Moreover, a

moderate to strong correlation has been observed between the two microcirculation beds, even

using different technologies'* "'

. It might be argued that intestinal microcirculation was not
directly measured, thereby limiting the wvalidity of sub-lingual microcirculation to assess

splanchnic tissue perfusion. In fact, recent evidence has shown lack of correlation between sub-

lingual and intestinal microcirculation measurements in patients with abdominal sepsis, probably
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as the consequence of redistribution of tissue perfusion caused by septic shock'*’. Under these
circumstances blood flow from the splanchnic circulation is redistributed to vital organs such as
the brain and heart, possibly explaining the lack of correlation between these two
microcirculatory beds'”"'®. In fact, in patients with septic shock it is not surprising to observe
normal sub-lingual microcirculation, but splanchnic microcirculatory alterations as blood supply
of the tongue originates from the carotid artery, which also irrigates the brain'>>. However, when
profound systemic hemodynamic alterations occur, severe microcirculatory changes (less than 30%
of the small vessels perfused) occur in both territories'*” '°%. Indeed, a trial in animals with
hypodynamic endotoxemic shock (cardiac output reduced by 50% from baseline values), showed
a strong correlation between sub-lingual microcirculation and splanchnic microcirculation'”’. As
microcirculatory measurements were taken in uncomplicated surgical patients, without
abdominal sepsis or septic shock, it could be assumed that in this clinical context sub-lingual

microcirculation represents an adequate indirect measurement of splanchnic tissue perfusion.

The PPV identifies the proportion of vessels from where oxygen diffuses into the cells, and it
provides information about tissue flow heterogeneity within the analyzed area'®. It represents
the capability of the tissue to extract oxygen'®. In this study, the PPV was significantly better in
the GDFT compared to the Control group, suggesting that GDFT might produce a vessel-
recruiting effect and therefore enhances the oxygen extraction capacity of the tissue'”''", a
physiologic effect associated with reduced organ dysfunction'® '”°. Intraoperative MAP was
significantly higher in the GDFT, independently from the use of vasopressors. Since MAP is the

176-178

most important determinant of bowel perfusion , 1t can be hypothesized that the vessel-

recruiting effect of the GDFT was in part generated by higher intraoperative MAP values in the
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GDFT group, resulting in better postoperative PPV. Similarly, higher SV and CO values in the
GDFT group might have also contributed to better PPV. Moreover, a less pronounced decline of
DO, was observed at the end of surgery in patients treated with GDFT. Physiologically, a higher
PPV in combination with better oxygen delivery at the end of surgery would result in better

tissue oxygen diffusion' > ",

PVD is considered an estimate of functional capillary density, representing capillaries with
continuous flow in an area of tissue, regardless if the flow in those capillaries is sluggish or

162, 163
1=

norma . Although not statistically significant, PVD was higher in the GDFT group

throughout the entire postoperative period.

PPV and PVD are more important than flow since tissues can adapt their oxygen extraction
capabilities to slow flow velocities as long as the flow in the capillaries is homogeneous and
continuous'®"'®2. These two measurements are also markedly affected in severely ill patients.
Septic patients and animal models of abdominal sepsis have demonstrated decreased PVD and
PPV during states of systemic hypoperfusion'® ** ' but reversible after adequate fluid

resuscitation'®?

. MFI is an indicator of the quality of the flow; and it is similar between patients
treated with GDFT and patients in the Control group and it remains within optimal values in both

groups in the entire postoperative period. Previous studies have shown that MFI is significantly

altered (absent or intermittent) in severely ill patients, as demonstrated in patients with septic

100, 151, 152 9

shock and severe abdominal sepsis , anastomotic leakage'* and in those developing
significant postoperative complications'®, but rarely in patients with minor complications. In

fact, in this cohort study the number of postoperative complications was limited, and patients in
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the Control group were able to maintain adequate systemic perfusion in the entire perioperative

period.

In this study, although CO and SV during surgery increased in a more pronounced manner in the
GDFT group; and the PPV was higher in the GDFT, these effects did not translate into better
recovery of bowel function. Several factors can explain these results. First, systemic
hemodynamics in the control group were probably sufficient to determine adequate splanchnic
tissue microcirculation and therefore satisfactory bowel function. In fact, although lower PPV
values were observed in the Control group, splanchnic tissue microcirculation was not
compromised to an extent to impair bowel function as the PPV was not different from baseline in
both groups. Second, this study was performed in the context of and ERAS program which
integrates several perioperative strategies that facilitate the recovery bowel function™ '%% 7 185 186,
and that might have offset the microcirculatory benefits observed in the GDFT. Similarly, as the
pathogenesis of PPOI is multifactorial, more determinant perioperative factors than fluid therapy,
might have contributed to the development of PPOI. For example, patients in the GDFT
underwent more complex surgical procedures as indicated by a higher CR-POSSUM severity
score'®’, and a greater inflammatory state caused by more complex surgery might have

influenced the incidence of PPOI, independently from the type fluid regimen received, and from

the microcirculatory changes observed.

Despite these results, this cohort study, performed in a clinical setting where several
perioperative elements influencing bowel function were well standardized, gave the opportunity

to adequately investigate the impact of macro and microcirculatory changes on the incidence of

©Juan C. Gémez-Izquierdo, 2016 96



PPOI. Independently from the type of fluid regimen received, sub-lingual microcirculatory
alterations were associated with PPOI. In fact, patients who developed PPOI exhibited a worse
PPV, likely indicating worse splanchnic perfusion. These results are physiologically plausible if
it is considered that bowel perfusion is one of the major determinants of bowel motility'>*. There
was no difference in macrocirculatory measurements such as SV, CO, CI between PPOI and
non-PPOI patients, suggesting that perhaps targeting splanchnic microcirculatory perfusion
might be more important than targeting standard systemic hemodynamic variables'®. These
findings offer new perspectives for future research specifically investigating the efficacy of
perioperative strategies aiming at enhancing splanchnic microcirculation with the ultimate goal
of decreasing postoperative gastrointestinal dysfunction. These results will clarify the role of

splanchnic microrcirculation on the pathogenesis of PPOI.

The following limitations must be also acknowledged. First, although a moderate to strong

correlation has been reported between the sublingual and splanchnic circulation™" '

microcirculatory measurements were not directly acquired from the splanchnic circulation'>* '®'.
Second, the PPV may have been lower in the Control group, independently from the type of fluid
regimen received, as patients in the Control group received a larger amount of crystalloids during
and after surgery'®. However, the difference in the amount of fluids infused in the first 3
postoperative days between the two groups was not statistically significant, and this period is
when the microcirculation measurements were acquired and the presentation of PPOI took place.
Similarly, patients in the control group also had a negligible bowel dysfunction (low incidence of

PPOI, PPOI started within the first 2 postoperative days and had a median duration of 1 day),

which indicates that they were most likely able to compensate the extra amount of crystalloids
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given in the postoperative period. The fact that the weight gain the day after the surgery is less
than 2.5 kilos in the control group and the weight balance is zero on postoperative day 2 and 3
supports the statement that they compensated well for the excess of crystalloids. Third, the
sample size was limited and the study was not powered to observed changes in sub-lingual
microcirculations associated with bowel dysfunction. It was not possible to determine a priori
the sample size because of the lack of previous studies investigating this association in surgical
patients. Moreover, having calculated the sample size based on pre-determined and arbitrary
reductions in any microcirculation measurement in the Control group would have been

methodologically incorrect.

In conclusion, the results of this sub-group analysis show that intraoperative GDFT improves
PPV, possibly indicating better splanchnic tissue perfusion. However, these effects did not
translate into better recovery of bowel function. Patients who developed PPOI exhibited a lower

sub-lingual PPV, which might demonstrate suboptimal splanchnic perfusion.
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Figures

Figure 1. Flow diagram of recruited and analyzed patients

Number of patients
recruited: 24

Excluded patients: 1

Reason: developed
secondary ileus

Patients evaluated
and analyzed: 23

'

GDFT group: 9

Microcirculation
measurements: 168

!

Control group: 14

Microcirculation
measurements: 264

GDFT: goal directed fluid therapy
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Figure 2. Stroke Volume (SV) at the beginning and end of the surgery
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Figure 3. Stroke Volume Index (SVI) at the beginning and end of the surgery
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Figure 4. Cardiac Output (CO) at the beginning and end of the surgery
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Figure 5. Cardiac Index (CI) at the beginning and end of the surgery
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Figure 6. Mean arterial pressure (MAP) at the beginning and end of the surgery
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Figure 7. Oxygen Delivery (DO2) at the beginning and end of the surgery

-(-_:—} Control
1,100.00 * - GDFT
1,000.00-
= 900.004 \
(-]
o
—
-
Between groups p =0.759
800.004
*
700.004
s0040 Bcgi:ming Ead Within subjects p = 0.001

Two-way ANOVA. Between time points within groups: *p <0.001

©Juan C. Gomez-Izquierdo, 2016 105



Figure 8. Perfused Vessel Density (PVD) over time
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Figure 9. Proportion of Perfused Vessels (PPV) over time
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Figure 10. Mean Arterial Pressure (MAP) over time
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Figure 11. Blood Oxygen Saturation (Sa02%) over time
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Tables

Table 1. Microcirculatory measurements

Measurement

Definition and calculation

Microvascular Flow Index (MFI)

0 = Absent

1 = Intermittent
2 = Sluggish

3 = Normal

Perfused vessels (PV)

PV = Total number of vessels - (number
of vessels with no flow + number of
vessels with intermittent flow)

Perfused Vessels Density (PVD)

Three horizontal and three vertical lines
divides the image in 16 quadrants.

PVD = Number of PV crossing the lines
/ Total length of the lines

Proportion of Perfused Vessels

PPV= (PV / total number of capillaries)
X 100
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Table 2. Demographics

Overall GDFT group | Control group | p value*
(n=23) n=9) (n=14)
Age (years) 59.57+19.16 | 59.11+21.12 | 58.15+18.20 0.957
Gender Male 13 (56.5) 5 (55.6) 8 (57.1) 1.00
Female 10 (43.5) 4444 6 (42.9)
Weight (kg) 78.7 69 80.6 0.124
[67.3 - 85] [63.2 — 81.8] [72.3 — 85.8]
Height (m) 1.67+0.10 1.71 £0.11 1.65+0.92 0.231
BMI 25.90 24.29 28.86 0.016
[24.2 -32.86] | [21.94 - 25.66] | [25.59 - 33.42]
BSA 1.90 +0.21 1.84 £0.23 1.94 +0.20 0.291
Baseline Hb 12.74 £2.16 11.93 +2.55 13.26 +1.78 0.155
Diagnosis Cancer 13 (56.5) 6 (66.7) 7 (50) 0.512
n (%) Polyps 3(13) 2(22.2) 1(7.1)
Crohn’s 1(4.3) 0 1(7.1)
Diverticulosis 5(21.7) 1(11.1) 4 (28.6)
Fecal 1 (4.3) 0 1(7.1)
incontinence
Procedure Ileocecal 2(8.7) 1(11.1) 1(7.1) 0.109
n (%) resection
Left 4(17.4) 3(33.3) 1(7.1)
hemicolectomy
Right 6 (26.1) 0 6 (42.9)
hemicolectomy
Sigmoid 4(17.4) 1(11.1) 3(21.4)
resection
Hartmann’s 1(4.3) 0 1(7.1)
procedure
Low Anterior 6 (26.1) 4 (44.4) 2(14.3)
resection
Ostomy 3(13) 1(11.1) 2(14.3) 1.00
ASA, n (%) 1 3(13) 2(22.2) 1(7.1) 0.558
2 15 (62.5) 5 (55.6) 10 (71.4)
3 5(21.7) 2(22.2) 3(21.4)
Previous abdominal surgery 13 (56.5) 5(55.6) 8 (57.1) 1.00
Chronic use of opioids, n (%) 1 (4.3) 0 1(7.1) 1.00

*GDFT vs Control. Mean + SD, median [IQR]; kg = kilograms; m = meters; BMI = body mass
index, BSA = body surface area; hb = hemoglobin; ASA = American society of anesthesiologist
score. Dichotomous outcomes are presented as absolute values and proportion (%). Data was
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analyzed using y* or Fisher test for nominal variables, two samples t-test for continuous normally
distributed data, Mann-Whitney U test for non-normally distributed data

Table 3. Preoperative morbidity

Overall GDFT group Control p
(n=23) (n=9) group value*
(n=14)
Mechanical bowel preparation, n 10 (43.5) 6 (66.7) 4 (20.6) 0.102
(%)
Fleet enema, n (%) 9(39.1) 3(33.3) 6 (42.9) 1.00
Duration of preoperative fasting, 4 4.5 3.5 0.91
clear fluids, (h) [3-6.25] [3.6 - 8.12] [2.5 - 4.62]
Duration of preoperative fasting, | 28.41 + 14.57 | 33.37+10.87 | 25.22 +£16.08 | 0.197
solid food, (h)
CR Possum Physiology 8 8 8.5 0.441
[7-10] [6—11.50] [7—-9.25]
CR Possum Severity 7 8 7 0.019
[7— 8] [7-11] [7-7]
Comorbidities | Hypothyroidism 5(21.7) 2(22.2) 3(21.4) 1.00
COPD/Asthma 4(17.4) 1(11.1) 3(23.1) 1.00
CAD 1(4.3) 0 1(7.1) 1.00
GERD 4(17.4) 1(11.1) 3(21.4) 1.00
Hepatitis B 1 (4.3) 1(11.1) 0 0.391
CVA 1(4.3) 0 1(7.1) 1.00
Smoking history 3(13) 0 3(21.4) 0.253

*GDFT vs Control. Median [IQR]. n = absolute count; h = hours; CR = colorectal; COPD =
chronic obstructive pulmonary disease; CAD = coronary artery disease; GERD =
gastroesophageal reflux disease; CVA = cerebrovascular accident. Dichotomous outcomes are
reported as absolute values and proportion (%). Data was analyzed using y* or Fisher test for
nominal variables, Mann-Whitney U test for non-normally distributed data
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Table 4. Intraoperative data

Overall GDFT group Control group p
(n=23) n=9) (n=14) value*
Total intravenous 2034 1160 2681.50 0.016
fluids (ml) [1160 - 3252] [819.50 - 2159.12] [1661.50 - 4576]
Crystalloids (ml) 1372 547 2362.70 0.001
[560 - 2910] [371.50 — 859.12] [1368.50 - 4149]
Colloids (ml) 400 600 0 0.005
[0-600] [400 — 1400] [0—500]
Blood 1(4.3) 1(11.1) 0 0.391
transfusion, n (%)
Urine output (ml) 400 400 400 0.416
[327 - 550] [300 - 550] [368 —674.50]
Patients requiring 21 (91.3) 7(77.8) 14 (100) 0.142
vasopressors, n
(%)
Phenylephrine 120 80 120 0.212
(ng) [0 - 200] [0-180] [80 - 440]
Ephedrine (mg) 10 5 15 0.275
[0 -20] [0—22.5] [5 —23.75]
Duration of 170 170 169.50 0.963
surgery (min) [130 - 237] [112.50 - 254.50] [130 - 240.25]
Laparoscopic 99.57 £40.30 104.33 +43.82 96.50 +39.25 0.66
time (min)
Duration of 200 200 197 0.989
anesthesia (min)* [145 - 277] [137 - 284.5] [145.75 - 279.50]
Estimated blood 100 300 100 0.178
loss (ml) [100 - 400] [100 - 800] [100 - 300]
Remifentanil (ug) 1650 1500 1900 0.178
[1250 - 2650] [975 - 2500] [1537.5 - 2675]

*GDFT vs Control. *From induction to extubation. Mean = SD, median [IQR]; BP = blood
pressure. ml = milliliters; min = minutes; mg = milligrams; pg = micrograms. Dichotomous
outcomes are reported absolute values or proportion (%). Data was analyzed using x* or Fisher
test for nominal variables, two samples t-test for continuous normally distributed data, Mann-
Whitney U test for non-normally distributed data.
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Table S. Post anesthesia care unit (PACU) data

Overall GDFT group Control group p
(n=23) n=9 (n=14) value*
Total intravenous fluids 300 231 304.50 0.914
(ml) [200 - 570] [185 - 643] [195 -517.50]
Colloids (ml) 0 0 0 0.600
[0-0] [0 - 0]

Crystalloids (ml) 35526 £220.99 | 373.44 £236.68 | 343.57+218.63 | 0.760
BP Systolic 126.43 +27.34 114.89 +£26.11 | 113.86 +26.34 0.106
(mmHg) Diastolic 62.04 + 13.35 59.89 +9.58 63.43+£15.49 | 0.547

Mean 83.51 +16.30 78.22 +£13.70 86.90+£17.39 | 0.220
Hypotension, n (%)* 8 (34.8) 4 (44.4) 4 (28.6) 0.657
Number of patients 5(21.7) 3(33.3) 2(14.3) 0.343
requiring vasopressors
n, (%)
PONV, n (%) 8 (34.8) 4 (444 4 (28.6) 0.657
Number of patients 9(39.1) 3(33.3) 6 (42.9) 1.00
requiring antiemetics, n
(%)
Number of patients 2(8.7) 0 2(14.3) 0.502
requiring > 1 antiemetic
agent
Fentanyl (ng) 28.26 £47.25 25+41.45 30.36 = 52.05 0.798
Meperdine (mg) 0 0 0 0.260

[0-0] [0—-12.50] [0-0]

PACU length of stay 145 130 160 0.865
(min) [99 - 245] [95 -260] [96.75 — 219.25]

*GDFT vs Control. *Hypotension: SBP<90mmhHg or drop >20% from baseline. Mean + SD,
median [IQR]; ml = milliliters; pg = micrograms; mg = milligrams; min = minute. BP = blood
pressure. Dichotomous outcomes are reported as absolute values (n) or proportion (%). Data was
analyzed using y* or Fisher test for nominal variables, two samples t-test for continuous normally
distributed data, Mann-Whitney U test for non-normally distributed data.
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Table 6. Postoperative fluids and opioids

Overall GDFT group Control group p value*
(n=23) (n=9) (n=14)
Total IV fluids (ml) 1187 292.50 1536 0.047
[255 - 1785] [194.25 -1617.50] [270 — 2480.62]
IV fluids (ml) during the first 3 954.50 292.50 1262 0.072
POP days [262.50 — 1742.50] [195-1565] [270-1942.50]
Oral water intake (ml) 6025 6075 5750 0.403
[3850 — 8250] [4725 - 9562] [3543.75 - 8550]
Total output (ml) 6609.42 +4265.47 1387.74 £ 801.21 4238.08 = 1412.69 0.088
Weight POP D1+ 1 0.90 1.2 0.446
balance, Kg [0.20 — 1.70] [-0.15 — 1.40] [0.40 — 1.85]
POP D2e 0.43 £2.05 1.54 £2.21 0.01 +£1.73 0.078
POP D3eee -0.75 + 1.85 -1.80+1.41 0.00 £ 1.62 0.014
IV fluids restarted, n (%) 11 (47.8) 3(33.3) 8 (57.1) 0.400
Reasons for Hypotension 10 (43.5) 3(33.3) 7 (50) 0.439
restarting IV
fluids
NPO + 1(4.3) 0 1(7.1)
vomiting
Blood transfusion, n (%) 2(8.7) 0 2 (14.3) 0.502
Orthostatic intolerance, n (%) 1(4.3) 1(11.1) 0 0.391
Orthostatic hypotension 5(21.7) 0 5(35.7) 0.116
Morphine IV equivalent (mg) 13.20 9.90 17.45 0.051
[8.3 —26.40] [6.60 - 18.85] [9.97 — 41.00]
TEA (days) 2 2 2 1.00
[2-2] [2-2] [2-2]
Systemic opioid (days) 1.74+1.13 1331 2+1.17 0.175

*GDFT vs Control. ¢7 patients in GDFT and 12 in control group. ¢ 9 patients in GDFT and 14

in control group. ¢ *+9 patients in GDFT and 13 in control. IV= intravenous. Median [IQR]. ml =
milliliters; mg = milligrams; IV = intravenous; NPO = nil per os; TEA= thoracic epidural
analgesia. Total output = urinary output plus output from nasogastric tube and drains. POP D=
postoperative, day. Dichotomous outcomes reported as counts (n) and percentage (%). Data was
analyzed using x” or Fisher test for nominal variables, Mann-Whitney U test for non-normally
distributed data
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Table 7. Postoperative morbidity

Overall GDFT group Control p value*
(n=23) (n=9) group
(n=14)
Patients with at | Hypoxemia® 1(4.3) 0 1(7.1) 1.00
least one Urinary 1(4.3) 0 1(7.1) 1.00
postoperative retention”™
complication C. Difficile" 1(4.3) 0 1(7.1) 1.00
Total patients 9 (39.1) 2(22.2) 7 (50) 0.228
Clavien I 7 (30.4) 2(22.2) 5(35.7) 0.315
I 2 (8.7) 0 2 (14.3)
Quality of recovery score (POD 2) 14 14 15.5 0.452
[13-16] [12.50 — 15.50] [13-16]
Readiness to be discharged 3 3 3 0.010
[3-4] [2-3] [3-4.25]
Length of Hospital Stay (days) 3 3 4 0.156
[3-4] [3-3.5] [3-4.5]
ICU admission, (n) 0 0 0

*GDFT vs Control. #Oxygen saturation per pulse oximetry < 90%. “Urinary retention requiring
the insertion of a catheter for bladder evacuation. "Diarrhea with a positive stool culture reporting
C. Difficile. ICU = Intensive care unit. Dichotomous outcomes are reported as counts (n) and
percentage (%)
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Table 8. Bowel function in the postoperative period

Overall GDFT group | Control group p
(n =23) (n=9) (n=14) value*
PPOI 6 (26.1) 3(33.3) 3(21.4) 0.643
Onset POD 1 4 (66.4) 3 (100) 1(33.3) 0.400
time POD 2 2(333) 0 2(66.7)
Duration of PPOI 1 1 1 1.00
[1-1.25] [1-1] [1-1.50]
Time to first bowel 31.32+14.34 | 38.67+15.77 26.23 +11.21 0.042
motion (h)
Time to first flatus (h) 21 21 20 0.467
[16 - 26] [18 - 34] [10.50 - 24]
Bowel Nausea 14 (60.9) 7(77.8) 7 (50) 0.228
function Vomiting 9(39.1) 3(33.3) 6 (42.9) 1.00
symptoms | Intolerance 4(17.4) 1 (11.1) 3(21.4) 1.00
n, (%) of oral
intake
Abdominal 20 (87) 6 (66.7) 14 (100) 0.047
distension
Clear fluids diet for at 7 (30.4) 3(33.3) 4 (28.6) 1.00
least 24 h, n (%)
NPO, n (%) 1(4.3) 0 1(7.1) 1.00
Number of Skipped 1 1 1.5 0.065
meals [0-3] [0-1] [0.75 - 4.50]
NGT, n (%) 1(4.3) 0 1(7.1) 1.00

*GDFT vs Control. Mean + SD, median [IQR]; BP = blood pressure. Dichotomous outcomes are
reported as counts (%). Data was analyzed using y° or Fisher test for nominal variables, two

samples t-test for continuous normally distributed data, Mann-Whitney U test for non-normally
distributed data. NPO = nil per os as per surgical team, NGT = nasogastric tube; PPOI = Primary
Postoperative Ileus.
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Table 9. Microcirculation, macrocirculation and PPOI

PPOI Non-PPOI p-
(n=106) (n=17) value
Microcirculation | MFI 3 3 0.865*
[3-3] [3-3]
PVD 23.15+5.13 24.62 +4.11 0.488*
PPV 82.76 £3.19 87.29 +4.20 0.026*
Macrocirculation | MAP 84.89 +4.34 85.62 +7.26 0.822*
CcO 5.67 5.95 0.286*
[4.47 - 6.10] [4.92 - 7.35]
CI 2.92 3.35 0.101*
[2.28 - 3.12] [2.67 - 3.77]
SV 74.50 82.50 0.227*
[69.25 - 86.75] [73 -107.50]

*Mann-Whitney U; *2 independent samples t-test. The overall mean value throughout the
perioperative period for both macro and microcirculatory measurements was used for analyses.
PPOI = postoperative primary ileus; non-PPOI = patients who did not develop PPOI; PVD =
perfused vessel density; PPV = proportion of perfused vessels; MFI = microvascular flow index;
SV = stroke volume; CO = cardiac output; CI = cardiac index; MAP = mean arterial pressure
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Overall conclusions
Even though previous small and underpowered randomized controlled trials have demonstrated

63, 167, 168, the results of the

that GDFT attenuated postoperative gastrointestinal dysfunction
performed meta-analysis (Chapter 1) have supported the benefits of this intervention only in

colorectal patients and in patients not treated with ERP'".

These findings are in agreement with the results of the randomized controlled trial comparing
intraoperative GDFT versus fluid therapy based on traditional fluid therapy principles (Chapter
2). In fact, it was found that the incidence of PPOI in patients undergoing elective laparoscopic
colorectal surgery within an ERP was similar in the 2 groups, even if the overall amount of
intravenous fluids received (mainly crystalloids) was higher in the Control group, and the
increase in systemic perfusion (stroke volume and cardiac output) was more pronounced and
sustained in the GDFT group. These findings are in keeping with the results of a recent meta-
analysis that suggests that the previously demonstrated benefits observed in surgical patients
treated with GDFT are offset by advancements in perioperative and surgical care®. Moreover,
patients in the Control group were able to eliminate fluid excess as demonstrated by a higher
urine output. Finally, the weight gain observed on day 1 in the Control group was less than 2.5
kg, threshold associated with an increased postoperative morbidity and mortality®”'**. Absence
of evidence does not mean evidence of absence, and fluid therapy should be always based on
physiologic and scientific principles, to minimize the risk of complications associated with fluid

overloading and hypovolemia, especially in high-risk surgical patients.
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The microcirculation study (Chapter 3) showed that GDFT improved the sub-lingual PPV and
this effect was sustained until postoperative day 3. A better PPV was interpreted as a vessel-
recruiting effect of GDFT, leading to better tissue oxygen extraction. It was also observed that
oxygen delivery was lower in the Control group at the end of surgery. Overall, these findings
suggest better splanchnic tissue perfusion and oxygenation in patients receiving GDFT.
Nevertheless, these physiological benefits did not translate into better recovery of bowel function,
as also demonstrated by the overall results of the randomized controlled trial. Patients who
developed PPOI exhibited a lower sub-lingual PPV, which might demonstrate suboptimal
splanchnic perfusion. It suggests that therapeutic interventions targeting splanchnic
microcirculatory perfusion might be more effective than targeting standard systemic

hemodynamic variables.

As future directions, studies investigating the role of GDFT as a perioperative strategy to
minimize postoperative gastrointestinal dysfunction in high-risk patients, sensitive to both fluid
overload and hypovolemia, and undergoing more complex and invasive surgeries are warranted.
The results of this thesis also offer new perspectives for future research specifically investigating
the efficacy of perioperative strategies aiming at directly enhancing splanchnic tissue
microcirculation with the ultimate goal of decreasing postoperative gastrointestinal dysfunction.
These results will also serve to elucidate the role of splanchnic microcirculation on the

pathogenesis of PPOI.
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Supplementary material

Chapter 1
A) Medline Search Strategy

exp Fluid Therapy/

exp Body Fluids/

exp Echocardiography, Doppler/

exp Echocardiography, Transesophageal/
exp Ultrasonography, Doppler/

exp Cardiac Output/

exp Monitoring, Intraoperative/

exp Blood Flow Velocity/

exp Hemodynamics/

exp Stroke Volume/

exp Blood Pressure/

exp Pulmonary Artery/

exp Catheterization, Swan-Ganz/

exp Thermodilution/

exp Monitoring, Physiologic/

exp Pulse/

exp Intraoperative Care/ or exp Intraoperative Period/
exp Oximetry/

Oxygen/ or exp Oxygen Consumption/
exp Critical Care/

exp Biological Oxygen Demand Analysis/
exp Vascular Access Devices/

exp Arterial Pressure/

exp Central Venous Catheters/

exp Venous Pressure/

exp Manometry/

exp Models, Cardiovascular/

exp Cardiography, Impedance/

exp Cardiopulmonary Resuscitation/

exp Plethysmography, Impedance/ or Plethysmography/
exp Heart Function Tests/

exp Indicator Dilution Techniques/

exp Radioisotope Dilution Technique/
exp Lithium Chloride/

exp Microdialysis/

exp Colloids/

exp Heart Rate/

exp Aorta/

exp Spectrum Analysis/

exp Spectroscopy, Near-Infrared/
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exp Electric Impedance/

goal directed therapy.tw.

goal.tw.

exp Carbon Dioxide/

exp Pulsatile Flow/

exp Cardiac Volume/

exp Cardiac Output, Low/

exp Cardiac Output, High/

exp Diagnostic Techniques, Cardiovascular/

exp Plasma Substitutes/
lor2or3or4orSor6or7or8or9orl0orllorl2orl3orl4orl5Sorl6éorl7orl8orl9
or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or
36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50

exp Intestinal Mucosa/

exp Gastric Mucosa/

exp Splanchnic Circulation/

exp anastomosis, roux-en-y/ or exp appendectomy/ or exp biliary tract surgical procedures/ or
exp biliopancreatic diversion/ or exp colectomy/ or exp endoscopy, digestive system/ or exp
enterostomy/ or exp fundoplication/ or exp gastrectomy/ or exp gastroenterostomy/ or exp
gastropexy/ or exp gastroplasty/ or exp gastrostomy/ or exp hemorrhoidectomy/ or exp
hepatectomy/ or exp jejunoileal bypass/ or exp liver transplantation/ or exp pancreas
transplantation/ or exp pancreatectomy/ or exp pancreaticoduodenectomy/ or exp
pancreaticojejunostomy/ or exp peritoneovenous shunt/

exp Abdomen/

exp Laparoscopy/ or exp Hand-Assisted Laparoscopy/

exp Laparotomy/

exp Colostomy/

exp Ileostomy/

exp Colonic Pouches/

exp Proctocolectomy, Restorative/

intermediate risk patients.mp.

high risk patients.mp.

abdominal surgery.mp.

52 or 53 or 54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 or 65

51 and 66

exp Cohort Studies/

exp Randomized Controlled Trial/

68 or 69

67 and 70

exp= explode
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B) Excluded studies due to poor quality
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Buettner, 2008 ? ? ? - ? - -
Cohn, 2010"" + ? + + + - -
Concha, 2011" ? ? ? ? + ? ?
Conway, 2002'* ? ? ? - + - +
Donati, 2007"** + ? ? + + +
Pillai, 2011'” ? ? + ? + - +

+; low risk of bias, ?; unclear risk of bias; - ; high risk of bias. *For example, the study design
was inappropriate, the study was stopped earlier, extreme baseline imbalance.
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C) Reasons for exclusion of studies

Study Reasons
Abdullah, 2012"° Patients in each arm of the study were treated with GDT
Buettner, 2008"’ Detection bias (blinding of outcome assessment): no blinding of outcome assessment,

and the outcome measurement is likely to be influenced by lack of blinding
Sample size was not calculated
All patients were transferred to intensive care unit

Cohn, 2010"" Sample size was not calculated
Concha, 2011 Selecting reporting
Conway, 2002'% Detection bias (blinding of outcome assessment): no blinding of outcome assessment,

and the outcome measurement is likely to be influenced by lack of blinding
Performance bias (blinding of participants and personal): incomplete blinding, and the
outcome is likely to be influenced by lack of blinding

Davies, 2011'% Patients in each arm of the study were treated with GDT

Donati, 2007"* Detection bias (blinding of outcome assessment): no blinding of outcome assessment,
and the outcome measurement is likely to be influenced by lack of blinding
Performance bias (blinding of participants and personal): no blinding or incomplete
blinding, and the outcome is likely to be influenced by lack of blinding

GDT was continued in the postoperative period

All patients were transferred to intensive care unit

Feldheiser, 2013'" Patients in each arm of the study were treated with GDT
Futier, 2010 Patients in each arm of the study were treated with GDT
Futier, 2010”"! Patients in each arm of the study were treated with GDT
Jhanji, 2010 Patients in each arm of the study were treated with GDT
Lee, 2012°% Patients in each arm of the study were treated with GDT
Li, 20132 Patients in each arm of the study were treated with GDT
Lobo, 2011°" Patients in each arm of the study were treated with GDT
Mayer, 2010°" Patients in each arm of the study were treated with GDT
Pillai, 201 1% Sample size was not calculated;

Detection bias (blinding of outcome assessment): blinding of outcome assessment is not
reported, and the outcome measurement is likely to be influenced by lack of blinding

Senagore, 20092 Patients in each arm of the study were treated with GDT
Sondergaard, 2012°" Patients in each arm of the study were treated with GDT
Stone, 2003°% Patients in each arm of the study were treated with GDT
Szakmany, 2005 Patients in each arm of the study were treated with GDT
Wang, 20127 Patients in each arm of the study were treated with GDT

GDT; goal directed therapy
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D) Forest plots: Effect of goal directed therapy on bowel function after colorectal surgery

GDT non-GDT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Noblett, 2006 [ref.67] 2 6.66 51 4 1333 52  1.6% -2.00([-6.06, 2.06]
Wakeling, 2005 [ref.62] 6 1.48 64 7 148 64 98.4% -1.00[-1.51, -0.49] —-
Total (95% CI) 115 116 100.0% -1.02 [-1.52, -0.51] .
Heterogeneity: Chi* = 0.23,df = 1 (P = 0.63); I’ = 0% _%2 — 5 i 2%
Test for overall effect: Z= 3.91 (P < 0.0001) Favours GDT Favours non-GDT
a) Time to tolerate oral intake
GDT non-GDT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Noblett, 2006 [ref.67] 3 6.6 51
Wakeling, 2005 [ref.62] 4 2.22 64

Total (95% CI) 115

4 14.81 52
5 1.48 64

2.1%

116 100.0%

Heterogeneity: Chi* = 0.00, df = 1 (P = 1.00); I’ = 0%

Test for overall effect: Z = 3.03 (P = 0.002)

b) Time to first bowel motion

-1.00 [-5.41, 3.41]
97.9% -1.00 [-1.65, -0.35]

-1.00 [-1.65, -0.35]

——
-

2 -1 0 1 2
Favours GDT Favours non-GDT
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Chapter 2

Supplement. 1 Perioperative fluid management in the Goal Directed Fluid Therapy (GDFT)

group and in the Control group

GDFT-group Control-group 126
Preoperative Preoperative
Bowel preparation Bowel preparation (if received)
27 ml! Kg'*

Fasting (LR): replacement for each hr of fasting | Fasting (RL): replacement for each hr of fasting
- 4ml" Kg' h' first 10 Kg BW

2ml" Kg"' h' second 10 Kg BW

1 ml" Kg"' h'! each additional Kg BW

Intraoperative Intraoperative
Compensatory intravascular volume expansion Compensatory intravascular volume expansion
(LR) (LR)
- 5ml' Kg'
Maintenance Maintenance
1.5ml" Kg'h'! 4ml" Kg' h' first 10 kg BW

2ml" kg h' second 10 Kg BW
1 ml" Kg"' h' each additional Kg BW

Third space Third space
- 4ml" Kg"! hr!
SV optimization Hemodynamic optimization
200 ml Voluven® based on the GDFT LR or Voluven based on standard
algorithm hemodynamic variables
PACU PACU
1.5ml" Kg'h'! 1.5ml" Kg'h'!
Surgical Unit Surgical Unit
Standardized orders as per colorectal ERAS Standardized orders as per colorectal ERAS
program: program:
LR 15 mI" h™' until morning day 1 15 mI" h™" until morning day 1
LR discontinued on day 1 LR discontinued on day 1

BW = body weight; ERAS = Enhanced Recovery After Surgery program; GDFT = Goal
Directed Fluid Therapy; LR = Lactated Ringer’s®; SV = stroke volume.

©Juan C. Gémez-Izquierdo, 2016 126



Supplement. 2 Montreal General Hospital Enhanced Recovery After Surgery program for

colorectal surgery

ERAS element

Preoperative Patient education:
period Oral and written explanations about the perioperative
pathway, diet and ambulation plan, presence of drains,
expectation about duration of hospital stay (3-4 days)
Medical optimization of risk factors
Pre-habilitation (research only)
Carbohydrate loading beverages 100 g the night before and 50 g
the morning of surgery
Adherence to preoperative fasting guidelines '
Selective use of oral Mechanical Bowel Preparation (4 L of
GoLytely®):
If diverting ileostomy or intraoperative colonoscopy was
planned.
2 Fleet enemas® the morning of surgery
In patients undergoing sigmoid resection and
proctocolectomy without ileal pouch-anal anastomosis
Preoperative short-acting sedative in selected patients (younger
than 65 years old)
Intraoperative Antibiotic and DVT prophylaxis as per guidelines™*
period DVT pharmacological prophylaxis as per guidelines and
Peristaltic pneumatic compression of the legs™
Maintain normothermia (core T > 36° C)
Thoracic epidural analgesia, mainly for open or laparoscopic
rectal procedures
Tg-Ty Ileocecal and right hemicolectomy
To-T), transverse, left and sigmoid resections; rectal
resection
No routine nasogastric or abdominal drainage
Routine prophylactic antiemetic
Postoperative Intravenous fluids discontinued the morning of day 1
period Oral Fluids (including 2 cans of Ensure®) on day 0, diet as
tolerated on day 1
Patients encouraged to sit in a chair on day 0; Mobilization goal
of at least 6 h on day 1
Milk of magnesia (30 ml every 12 h) in patients without an
ileostomy, started on day 1
Thoracic epidural analgesia or patient controlled analgesia for
48 h
Multimodal analgesia
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"Solid food was allowed up to 6 h before surgery, and clear fluids up to 2 h before surgery. A
liquid diet during the 24 h preceding surgery was prescribed if patients received Mechanical
Bowel Preparation. = Cefazolin (2 g) and metronidazole (500 mg) were administered as per
antibiotic guidelines, and repeated when indicated. ~ Until discharge to the surgical). DVT =
Deep Venous Thrombosis.

Supplement 3, Figure A. Goal Directed Fluid Therapy algorithm®

Measure SV
(T0)

Fluid challenge Yes
0f 200 ml of @
| voluven®
SV Yes T No SV
N>10% ¥>10%

.

Monitor SV
every 15 minutes

Stroke volume (SV). A maximum administration of 33 ml' Kg' of hydroxyethyl starch
(VoluvenTM®; Fresenius Kabi Ltd, Cheshire, UK) was allowed. Further fluids challenges were
performed with 500 ml of Lactated Ringer’s

Supplement 4. Definitions of postoperative complications after colorectal surgery

MEDICAL

Cardiovascular

— Heart failure: clinical or radiological signs of congestive heart failure and specific treatment
initiated.”"

— Acute myocardial infarction: increase in cardiac biomarker values or characteristic ECG
changes or imaging evidence of new loss of viable myocardium or new regional wall motion

.. 214
abnormality.
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Cardiac arrhythmia: ECG diagnosis of new arrhythmia requiring at least a pharmacologic
intervention.*"

Cardiac arrest: cardiopulmonary resuscitation performed.

Deep vein thrombosis: radiological confirmation of deep vein thrombosis or anticoagulation
started due to clinical findings.

Pulmonary embolism: radiological evidence of pulmonary embolism.

Cerebrovascular accident: new focal or global neurologic deficit of cerebrovascular cause

that persists beyond 24 h or is interrupted by death within 24 h.*'°

Respiratory

Pneumonia: Hospital acquired pneumonia, defined as presence of lung infiltrate at chest x-ray
accompanied with signs of infection and initiation of antibiotic treatment. >’

Lobar atelectasis: radiological finding of at least one lobar collapse.?

Pleural fluid: pleural effusion requiring drainage of the pleural cavity.

Respiratory failure: delayed extubation > 24 hours after primary surgery, or reintubation at
any time for ventilatory support.’"”

Pulmonary edema: clinical signs and radiological confirmation.*'®

Infection

UTI: upper or lower urinary symptoms and urine culture with no more than two species of
organisms, at least one of which is a bacteria of >10° CFU" ml".*"

Wound infection: Purulent drainage, with or without positive culture, from the superficial
incision or any sign or symptom of infection (e.g. pain or tenderness, localized swelling,
redness) and superficial incision is deliberately opened by the surgeon or attending physician.
Not included if part of intra-peritoneal abscess.”*”

Intra- or retroperitoneal abscess: Radiologic finding of deep collection of pus associated with
systemic signs of infection or finding during reoperation.

Sepsis: at least two SIRS criteria positive and a documented or suspected infection. SIRS

criteria are the following: Temperature < 36 or >38 °C; heart rate >90 beats per minute,
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respiratory frequency >20 breath per minute, leukocytosis (WBC>12) or leukopenia (WBC<4)
AND documented or suspected infection.”'
Other infectious complications: any other documented infectious complication (e.g.

Clostridium difficile colitis).

Other medical

Acute Kidney Injury. increase in serum creatinine X2 from baseline or reduction of glomerular
filtration rate greater than 50%.%*

Urinary retention: Reinsertion of indwelling urinary catheter after removal attempt or patient
discharged with urinary drainage (excluding patients with permanent indwelling urinary
catheter).

Anemia: low serum hemoglobin requiring transfusion of PRBC, unrelated to any identified
source of bleeding.

Hepatic dysfunction: Increased serum bilirubin concentration > 34 umol™ I (2 mg™ dI'")
compared to preoperative value AND elevated liver enzymes AND has NOT undergone a
pancreaticobiliary procedure.”"’

Acute Pancreatitis: diagnosis requires 2 of the following: upper abdominal pain of acute onset
often radiating through to the back; increase in serum amylase or lypase (x3 normal value);

cross-sectional abdominal imaging consistent with acute pancreatitis.”>

Other gastrointestinal complications: any other complication of the gastrointestinal tract
requiring treatment (e.g. blood per rectum, diarrhea, high stoma output).

Neurological complications: any neurological complication excluding cerebrovascular events
or anesthesia-related injuries (e.g. epileptic seizure).

Psychiatric complications: new psychiatric symptoms including delirium and depression,

requiring pharmacological treatment.

SURGICAL

Anastomotic leak: documentation at reoperation OR documentation by imaging technique (e.g.
radiologically, endoscopically) of leakage from the surgical connection between the two

bowel ends into the abdomen or pelvis with either spillage and/or fluid collection around the
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anastomotic site or extravasation through a wound, drain site, or anus.”** In the case of rectal

surgery, a pelvic abscess close to the anastomosis is also considered as anastomotic

leakage.**

Bowel perforation: documentation at reoperation OR radiologically of perforation of small or

large bowel.*'®

Mechanical bowel obstruction: documentation at reoperation OR radiologically of mechanical

small or large bowel obstruction.

Wound dehiscence: separation of the abdominal wall muscle fascia large enough to
necessitate operative closure of the wound OR incisional hernia diagnosed after primary
discharge.”'®

Bleeding: any postoperative bleeding (e.g. intra-abdominal, gastrointestinal) requiring
transfusion of at least 2 PRBC after surgery.?*

Other surgical complications: any other surgical complication necessitating treatment or

delaying discharge (e.g. abdominal wall hematoma).

©Juan C. Gémez-Izquierdo, 2016

131



Supplement 5. Patients’ comorbidities

GDFT Control p-value
(n=64) (n=64)
Co-morbidities, n (%)

Arterial hypertension 22 (34.4) 15 (23.4) 0.172
Coronary heart disease 5(7.8) 1(1.6) 0.094
Congestive heart failure 0(0.0) 0(0.0) -

Cerebrovascular disease 1(1.6) 0(0.0) 0.315
Peripheral vascular disease 2(3.1) 1(1.6) 0.559
Diabetes type I1 6(9.4) 10 (15.6) 0.285
Arrhythmia 0(0.0) 0(0.0) -

Chronic obstructive pulmonary diseases 0(0.0) 34.7) 0.080
Asthma 3(4.7) 4 (6.3) 0.697
Thyroid disorders 1(1.6) 1(1.6) 1.000
Dyslipidemia 4(6.3) 6(9.4) 0.510
Anemia 33 (51.6) 25(39.1) 0.155
Chronic Kidney Diseases 1(1.6) 0(0.0) 0.315
Gastric esophageal reflux disease 0(0.0) 1(1.6) 0.315
Other cancer 34.7) 1(1.6) 0.310
Osteoporosis/Arthritis 4(6.3) 0(0.0) 0.042
Depression 1(1.6) 1(1.6) 1.000
Obstructive sleep apnea 0(0) 1(1.6) 0.315
Human Immunodeficiency Virus 0(0) 1(1.6) 0.315
Liver disease 1(1.6) 1(1.6) 0.315
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Supplement 6. Intraoperative hemodynamics

Figure B, Stroke Volume (SV)

Adjusted Predictions of Group#time with 95% Cls
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—e— Control —e— GDFT

To =5 minutes after induction of anesthesia; Ty = in steep Trendelemburg (GDFT group = the
final measurement in Trendelenburg position that did not result in an increase in SV by more
than 10%; Control group = cardiovascular response after positioning the patient in steep
Trendelenburg); T;= 1 h after beginning of surgery; T, = 2 h after the beginning of surgery);
Tfinal = end of the surgery; *p <0.05.
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Figure C, Cardiac Output (CO)

Adjusted Predictions of Group#Time with 95% Cls
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—e— Control —e— GDFT

To =5 minutes after induction of anesthesia; Ty = in steep Trendelemburg (GDFT group = the
final measurement in Trendelenburg position that did not result in an increase in SV by more
than 10%; Control group = cardiovascular response after positioning the patient in steep
Trendelenburg); T;= 1 h after beginning of surgery; T>= 2 h after beginning of surgery; Tfina =
end of surgery; *p <0.05.
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Figure D, Mean Arterial Pressure (MAP)

Adjusted Predictions of Group#Time with 95% Cls
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end of surgery.
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Supplement 7. 30-day medical complications

GDFT Control RR p-value
(n =64) (n = 64) (95% CI)

Patients with at least one 30-day

cardiovascular complication, n (%)
Heart failure 1(1.6) 0(0) na 1000
Myocardial infarction 0(0) 0(0) - -
Cardiac Arrhythmia 1(1.6) 0(0) na 1.000
Cardiac arrest 1(1.6) 0(0) na 1.000
Deep venous thrombosis 1(1.6) 23.1) 0.50 (0.05 to 5.38) 0.559
Pulmonary embolism 0(0) 0(0) na -
Cerebrovascular accident 0(0) 0(0) na -

Patients with at least one 30-day

respiratory complication, n (%)
Pneumonia 1(1.6) 0 (0) na 1.000
Lobar atelect'asw 1(1.6) 0 (0) na 1.000
Pleural effusion 2(3.1) 0 (0) na 0.496
Respiratory failure 1(1.6) 0 (0) na 1.000
Pulmonary edema 1(1.6) 0 (0) na 1.000

Patients with at least one 30-day

. . L o

mfe““’%STclomphca“on’ n (%) 23.1) | 3@47) | 067(0.11103.86) | 1.000
Wound infection 1(1.6) 3@4.7) 0.33 (0.04 to 3.12) 0.619
Intra-or-retroperitoneal abscess 8 (12.5) 2(3.1) 4.00 (0.89to 18.11) 0.048
Sepsis 4(6.3) 0(0) na 0.119
Other infectious complications 1(1.6) 1(1.6) 1.0 (0.06to 15.64) | 1.000

Patients with at least one 30-day other

. L Y

medical Acl(zr;qphcatlon, n (%) 3(4.7) 0 (0) na 0.244
Urinary Retention 2.1 4(6.3) 0.50 (0.09 to 2.63) 0.680
Anemia 3@4.7) 5(7.8) 0.60 (0.15 to 2.40) 0.718
Hepatic dysfunction 0(0) 0 (0) - -
Pancreatitis 0 (0) 0 (0) - -
Other GI complications 1(1.6) 2(3.1) 0.50 (0.05t05.38) | 1.000
Psychiatric complications 1(1.6) 0 na 1.000

©Juan C. Gémez-Izquierdo, 2016 136




One patient with PPOI in the GDFT group had a cardiac arrest on day 2 after a massive
pulmonary aspiration of gastrointestinal content. He required intensive care unit admission and
prolonged postoperative care and hospitalization; AKI = Acute Kidney injury; CI = Confidence
Interval; GI = Gastrointestinal; RR = Relative risk; UTI: Urinary Tract Infections. Data are
presented as numbers (percentage) or relative risk (95% confidence interval); p-value in ltalic:
Fisher’s exact test.

©Juan C. Gémez-Izquierdo, 2016 137



References

1. Miller TE, Roche AM, Mythen M. Fluid management and goal-directed therapy as an
adjunct to Enhanced Recovery After Surgery (ERAS). Canadian journal of anaesthesia =
Journal canadien d'anesthesie 2015;62(2): 158-168.

2. Hamilton MA, Cecconi M, Rhodes A. A systematic review and meta-analysis on the use
of preemptive hemodynamic intervention to improve postoperative outcomes in moderate and
high-risk surgical patients. Anesth Analg 2011;112(6): 1392-1402.

3. Doorly MG, Senagore AJ. Pathogenesis and clinical and economic consequences of
postoperative ileus. The Surgical clinics of North America 2012;92(2): 259-272, viii.

4. Zogg CK, Najjar P, Diaz AJ, Zogg DL, Tsai TC, Rose JA, Jr., Scott JW, Gani F,
Alshaikh H, Canner JK, Schneider EB, Goldberg JE, Haider AH. Rethinking Priorities: Cost of
Complications After Elective Colectomy. Ann Surg 2016;264(2): 312-322.

5. Giglio MT, Marucci M, Testini M, Brienza N. Goal-directed haemodynamic therapy and
gastrointestinal complications in major surgery: a meta-analysis of randomized controlled trials.
Br J Anaesth 2009;103(5): 637-646.

6. Basse L, Hjort Jakobsen D, Billesbolle P, Werner M, Kehlet H. A clinical pathway to
accelerate recovery after colonic resection. Ann Surg 2000;232(1): 51-57.

7. Basse L, Raskov HH, Hjort Jakobsen D, Sonne E, Billesbolle P, Hendel HW, Rosenberg
J, Kehlet H. Accelerated postoperative recovery programme after colonic resection improves
physical performance, pulmonary function and body composition. Br J Surg 2002;89(4): 446-
453.

8. Wind J, Hofland J, Preckel B, Hollmann MW, Bossuyt PM, Gouma DJ, van Berge
Henegouwen MI, Fuhring JW, Dejong CH, van Dam RM, Cuesta MA, Noordhuis A, de Jong D,
van Zalingen E, Engel AF, Goei TH, de Stoppelaar IE, van Tets WF, van Wagensveld BA, Swart
A, van den Elsen MJ, Gerhards MF, de Wit LT, Siepel MA, van Geloven AA, Juttmann JW,
Clevers W, Bemelman WA. Perioperative strategy in colonic surgery; Laparoscopy and/or Fast
track multimodal management versus standard care (LAFA trial). BMC surgery 2006;6: 16.

9. Nicholson A, Lowe MC, Parker J, Lewis SR, Alderson P, Smith AF. Systematic review
and meta-analysis of enhanced recovery programmes in surgical patients. The British journal of
surgery 2014;101(3): 172-188.

10. Gustafsson UO, Scott MJ, Schwenk W, Demartines N, Roulin D, Francis N, McNaught
CE, Macfie J, Liberman AS, Soop M, Hill A, Kennedy RH, Lobo DN, Fearon K, Ljungqvist O,
Enhanced Recovery After Surgery Society fPC, European Society for Clinical N, Metabolism,
International Association for Surgical M, Nutrition. Guidelines for perioperative care in elective
colonic surgery: Enhanced Recovery After Surgery (ERAS((R))) Society recommendations.
World journal of surgery 2013;37(2): 259-284.

11. Mortensen K, Nilsson M, Slim K, Schafer M, Mariette C, Braga M, Carli F, Demartines
N, Griffin SM, Lassen K, Enhanced Recovery After Surgery G. Consensus guidelines for
enhanced recovery after gastrectomy: Enhanced Recovery After Surgery (ERAS(R)) Society
recommendations. Br J Surg 2014;101(10): 1209-1229.

12. Cerantola Y, Valerio M, Persson B, Jichlinski P, Ljungqvist O, Hubner M, Kassouf W,
Muller S, Baldini G, Carli F, Naesheimh T, Ytrebo L, Revhaug A, Lassen K, Knutsen T,
Aarsether E, Wiklund P, Patel HR. Guidelines for perioperative care after radical cystectomy for
bladder cancer: Enhanced Recovery After Surgery (ERAS((R))) society recommendations. Clin
Nutr 2013;32(6): 879-887.

©Juan C. Gémez-Izquierdo, 2016 138



13. Lassen K, Coolsen MM, Slim K, Carli F, de Aguilar-Nascimento JE, Schafer M, Parks
RW, Fearon KC, Lobo DN, Demartines N, Braga M, Ljungqvist O, Dejong CH, Enhanced
Recovery After Surgery Society fPC, European Society for Clinical N, Metabolism, International
Association for Surgical M, Nutrition. Guidelines for perioperative care for
pancreaticoduodenectomy: Enhanced Recovery After Surgery (ERAS(R)) Society
recommendations. World journal of surgery 2013;37(2): 240-258.

14. Nygren J, Thacker J, Carli F, Fearon KC, Norderval S, Lobo DN, Ljungqvist O, Soop M,
Ramirez J, Enhanced Recovery After Surgery Society fPC, European Society for Clinical N,
Metabolism, International Association for Surgical M, Nutrition. Guidelines for perioperative
care in elective rectal/pelvic surgery: Enhanced Recovery After Surgery (ERAS((R))) Society
recommendations. World journal of surgery 2013;37(2): 285-305.

15. Mythen MG, Swart M, Acheson N, Crawford R, Jones K, Kuper M, McGrath JS, Horgan
A. Perioperative fluid management: Consensus statement from the enhanced recovery
partnership. Perioper Med (Lond) 2012;1: 2.

16. Thiele RH, Raghunathan K, Brudney CS, Lobo DN, Martin D, Senagore A, Cannesson
M, Gan TJ, Mythen MM, Shaw AD, Miller TE, Perioperative Quality Initiative IW. American
Society for Enhanced Recovery (ASER) and Perioperative Quality Initiative (POQI) joint
consensus statement on perioperative fluid management within an enhanced recovery pathway
for colorectal surgery. Perioper Med (Lond) 2016;5: 24.

17.  Navarro LH, Bloomstone JA, Auler JO, Jr., Cannesson M, Rocca GD, Gan TJ, Kinsky M,
Magder S, Miller TE, Mythen M, Perel A, Reuter DA, Pinsky MR, Kramer GC. Perioperative
fluid therapy: a statement from the international Fluid Optimization Group. Perioper Med (Lond)
2015;4: 3.

18. Holte K. Pathophysiology and clinical implications of peroperative fluid management in
elective surgery. Danish medical bulletin 2010;57(7): B4156.

19. Lobo DN, Bostock KA, Neal KR, Perkins AC, Rowlands BJ, Allison SP. Effect of salt
and water balance on recovery of gastrointestinal function after elective colonic resection: a
randomised controlled trial. Lancet 2002;359(9320): 1812-1818.

20. Corcoran T, Rhodes JE, Clarke S, Myles PS, Ho KM. Perioperative fluid management
strategies in major surgery: a stratified meta-analysis. Anesth Analg 2012;114(3): 640-651.

21. Uray KS, Laine Ga Fau - Xue H, Xue H Fau - Allen SJ, Allen Sj Fau - Cox CS, Jr., Cox
CS, Jr. Intestinal edema decreases intestinal contractile activity via decreased myosin light chain
phosphorylation. Crit Care Med 2006;34(10): 2630-2637.

22. Brandstrup B, Tonnesen H, Beier-Holgersen R, Hjortso E, Ording H, Lindorff-Larsen K,
Rasmussen MS, Lanng C, Wallin L, Iversen LH, Gramkow CS, Okholm M, Blemmer T,
Svendsen PE, Rottensten HH, Thage B, Riis J, Jeppesen IS, Teilum D, Christensen AM,
Graungaard B, Pott F, Danish Study Group on Perioperative Fluid T. Effects of intravenous fluid
restriction on postoperative complications: comparison of two perioperative fluid regimens: a
randomized assessor-blinded multicenter trial. Ann Surg 2003;238(5): 641-648.

23. Chowdhury AH, Lobo DN. Fluids and gastrointestinal function. Curr Opin Clin Nutr
Metab Care 2011;14(5): 469-476.

24, Hamilton-Davies C, Mythen MG, Salmon JB, Jacobson D, Shukla A, Webb AR.
Comparison of commonly used clinical indicators of hypovolaemia with gastrointestinal
tonometry. Intensive care medicine 1997;23(3): 276-281.

25. Chappell D, Jacob M, Hofmann-Kiefer K, Conzen P, Rehm M. A rational approach to
perioperative fluid management. Anesthesiology 2008;109(4): 723-740.

©Juan C. Gémez-Izquierdo, 2016 139



26. Lilot M, Ehrenfeld JM, Lee C, Harrington B, Cannesson M, Rinehart J. Variability in
practice and factors predictive of total crystalloid administration during abdominal surgery:
retrospective two-centre analysisdagger. Br J Anaesth 2015;114(5): 767-776.

27. Thacker JK, Mountford WK, Ernst FR, Krukas MR, Mythen MM. Perioperative Fluid
Utilization Variability and Association With Outcomes: Considerations for Enhanced Recovery
Efforts in Sample US Surgical Populations. Ann Surg 2016;263(3): 502-510.

28. Bennett-Guerrero E, Panah MH, Bodian CA, Methikalam BJ, Alfarone JR, DePerio M,
Mythen MG. Automated detection of gastric luminal partial pressure of carbon dioxide during
cardiovascular surgery using the Tonocap. Anesthesiology 2000;92(1): 38-45.

29. Hamilton MA, Mythen MG. Gastric tonometry: where do we stand? Current opinion in
critical care 2001;7(2): 122-127.

30. Mythen MG. Postoperative gastrointestinal tract dysfunction. Anesth Analg 2005;100(1):
196-204.

31. Chowdhury AH, Lobo DN. Fluids and gastrointestinal function. Curr Opin Clin Nutr
Metab Care 2011;14(5): 469-475.

32. Burch JM, Moore EE, Moore FA, Franciose R. The abdominal compartment syndrome.
The Surgical clinics of North America 1996;76(4): 833-842.

33. Wilmore DW, Smith RJ, O'Dwyer ST, Jacobs DO, Ziegler TR, Wang XD. The gut: a
central organ after surgical stress. Surgery 1988;104(5): 917-923.

34. Ratner LE, Smith GW. Intraoperative fluid management. The Surgical clinics of North
America 1993;73(2): 229-241.

35. van Rooijen SJ, Huisman D, Stuijvenberg M, Stens J, Roumen RM, Daams F, Slooter
GD. Intraoperative modifiable risk factors of colorectal anastomotic leakage: Why surgeons and
anesthesiologists should act together. Int J Surg 2016;36(Pt A): 183-200.

36. Marjanovic G, Villain C, Juettner E, zur Hausen A, Hoeppner J, Hopt UT, Drognitz O,
Obermaier R. Impact of different crystalloid volume regimes on intestinal anastomotic stability.
Ann Surg 2009;249(2): 181-185.

37. Marik PE, Baram M, Vahid B. Does central venous pressure predict fluid responsiveness?
A systematic review of the literature and the tale of seven mares. Chest 2008;134(1): 172-178.
38. Kumar A, Anel R, Bunnell E, Habet K, Zanotti S, Marshall S, Neumann A, Ali A,
Cheang M, Kavinsky C, Parrillo JE. Pulmonary artery occlusion pressure and central venous
pressure fail to predict ventricular filling volume, cardiac performance, or the response to
volume infusion in normal subjects. Crit Care Med 2004;32(3): 691-699.

39. Marik PE, Lemson J. Fluid responsiveness: an evolution of our understanding. Br J
Anaesth 2014;112(4): 617-620.

40. Osman D, Ridel C, Ray P, Monnet X, Anguel N, Richard C, Teboul JL. Cardiac filling
pressures are not appropriate to predict hemodynamic response to volume challenge. Crit Care
Med 2007;35(1): 64-68.

41. Bundgaard-Nielsen M, Holte K, Secher NH, Kehlet H. Monitoring of peri-operative fluid
administration by individualized goal-directed therapy. Acta Anaesthesiol Scand 2007;51(3):
331-340.

42. Maguire S, Rinehart J, Vakharia S, Cannesson M. Technical communication: respiratory
variation in pulse pressure and plethysmographic waveforms: intraoperative applicability in a
North American academic center. Anesth Analg 2011;112(1): 94-96.

43, Renner J, Gruenewald M, Quaden R, Hanss R, Meybohm P, Steinfath M, Scholz J, Bein
B. Influence of increased intra-abdominal pressure on fluid responsiveness predicted by pulse

©Juan C. Gémez-Izquierdo, 2016 140



pressure variation and stroke volume variation in a porcine model. Critical care medicine
2009;37(2): 650-658.

44, Lansdorp B, Lemson J, van Putten MJ, de Keijzer A, van der Hoeven JG, Pickkers P.
Dynamic indices do not predict volume responsiveness in routine clinical practice. British
journal of anaesthesia 2012;108(3): 395-401.

45, Biais M, Ouattara A, Janvier G, Sztark F. Case scenario: respiratory variations in arterial
pressure for guiding fluid management in mechanically ventilated patients. Anesthesiology
2012;116(6): 1354-1361.

46. Liu F, Zhu S, Ji Q, Li W, Liu J. The impact of intra-abdominal pressure on the stroke
volume variation and plethysmographic variability index in patients undergoing laparoscopic
cholecystectomy. Biosci Trends 2015;9(2): 129-133.

47. Cecconi M, Parsons AK, Rhodes A. What is a fluid challenge? Curr Opin Crit Care
2011;17(3): 290-295.

48. Thiele RH, Bartels K, Gan TJ. Inter-device differences in monitoring for goal-directed
fluid therapy. Can J Anaesth 2015;62(2): 169-181.

49. Roche AM, Miller TE, Gan TJ. Goal-directed fluid management with trans-oesophageal
Doppler. Best practice & research Clinical anaesthesiology 2009;23(3): 327-334.

50. Grocott MP, Dushianthan A, Hamilton MA, Mythen MG, Harrison D, Rowan K,
Optimisation Systematic Review Steering G. Perioperative increase in global blood flow to
explicit defined goals and outcomes after surgery: a Cochrane Systematic Review. Br J Anaesth
2013;111(4): 535-548.

51. Hiltebrand LB, Kimberger O, Arnberger M, Brandt S, Kurz A, Sigurdsson GH.
Crystalloids versus colloids for goal-directed fluid therapy in major surgery. Crit Care
2009;13(2): R40.

52. Yates DR, Davies SJ, Milner HE, Wilson RJ. Crystalloid or colloid for goal-directed
fluid therapy in colorectal surgery. Br J Anaesth 2014;112(2): 281-289.

53. Zhang J, Qiao H, He Z, Wang Y, Che X, Liang W. Intraoperative fluid management in
open gastrointestinal surgery: goal-directed versus restrictive. Clinics (Sao Paulo) 2012;67(10):
1149-1155.

54. Rasmussen KC, Johansson PI, Hojskov M, Kridina I, Kistorp T, Thind P, Nielsen HB,
Ruhnau B, Pedersen T, Secher NH. Hydroxyethyl starch reduces coagulation competence and
increases blood loss during major surgery: results from a randomized controlled trial. Ann Surg
2014;259(2): 249-254.

55. Gomez-Izquierdo JC, Feldman LS, Carli F, Baldini G. Meta-analysis of the effect of
goal-directed therapy on bowel function after abdominal surgery. Br J Surg 2015;102(6): 577-
589.

56. Arulkumaran N, Corredor C, Hamilton MA, Ball J, Grounds RM, Rhodes A, Cecconi M.
Cardiac complications associated with goal-directed therapy in high-risk surgical patients: a
meta-analysis. Br J Anaesth 2014;112(4): 648-659.

57. Brandstrup B, Svendsen PE, Rasmussen M, Belhage B, Rodt SA, Hansen B, Moller DR,
Lundbech LB, Andersen N, Berg V, Thomassen N, Andersen ST, Simonsen L. Which goal for
fluid therapy during colorectal surgery is followed by the best outcome: near-maximal stroke
volume or zero fluid balance? Br J Anaesth 2012;109(2): 191-199.

58. Pearse RM, Harrison DA, MacDonald N, Gillies MA, Blunt M, Ackland G, Grocott MP,
Ahern A, Griggs K, Scott R, Hinds C, Rowan K, Group OS. Effect of a perioperative, cardiac

©Juan C. Gémez-Izquierdo, 2016 141



output-guided hemodynamic therapy algorithm on outcomes following major gastrointestinal
surgery: a randomized clinical trial and systematic review. JAMA 2014;311(21): 2181-2190.

59. Pestana D, Espinosa E, Eden A, Najera D, Collar L, Aldecoa C, Higuera E, Escribano S,
Bystritski D, Pascual J, Fernandez-Garijo P, de Prada B, Muriel A, Pizov R. Perioperative goal-
directed hemodynamic optimization using noninvasive cardiac output monitoring in major
abdominal surgery: a prospective, randomized, multicenter, pragmatic trial: POEMAS Study
(PeriOperative goal-directed thErapy in Major Abdominal Surgery). Anesth Analg 2014;119(3):
579-587.

60. Srinivasa S, Taylor MH, Singh PP, Lemanu DP, MacCormick AD, Hill AG. Goal-
directed fluid therapy in major elective rectal surgery. Int J Surg 2014;12(12): 1467-1472.

61. Ramsingh DS, Sanghvi C Fau - Gamboa J, Gamboa J Fau - Cannesson M, Cannesson M
Fau - Applegate RL, 2nd, Applegate RL, 2nd. Outcome impact of goal directed fluid therapy
during high risk abdominal surgery in low to moderate risk patients: a randomized controlled
trial. J Clin Monit Comput 2013 Jun;27(3): 249-257.

62. Wakeling HG, McFall Mr Fau - Jenkins CS, Jenkins Cs Fau - Woods WGA, Woods Wg
Fau - Miles WFA, Miles Wf Fau - Barclay GR, Barclay Gr Fau - Fleming SC, Fleming SC.
Intraoperative oesophageal Doppler guided fluid management shortens postoperative hospital
stay after major bowel surgery. Br J Anaesth 2005 Nov;95(5): 634-642.

63. Gan TJ, Soppitt A, Maroof M, el-Moalem H, Robertson KM, Moretti E, Dwane P, Glass
PS. Goal-directed intraoperative fluid administration reduces length of hospital stay after major
surgery. Anesthesiology 2002;97(4): 820-826.

64. Challand C, Struthers R Fau - Sneyd JR, Sneyd Jr Fau - Erasmus PD, Erasmus Pd Fau -
Mellor N, Mellor N Fau - Hosie KB, Hosie Kb Fau - Minto G, Minto G. Randomized controlled
trial of intraoperative goal-directed fluid therapy in aerobically fit and unfit patients having
major colorectal surgery. Br J Anaesth 2012 Jan;108(1): 53-62.

65. Marik PE. Noninvasive cardiac output monitors: a state-of the-art review. J Cardiothorac
Vasc Anesth 2013;27(1): 121-134.

66. Jammer I, Ulvik A, Erichsen C, Lodemel O, Ostgaard G. Does central venous oxygen
saturation-directed fluid therapy affect postoperative morbidity after colorectal surgery? A
randomized assessor-blinded controlled trial. Anesthesiology 2010;113(5): 1072-1080.

67. Noblett SE, Snowden Cp Fau - Shenton BK, Shenton Bk Fau - Horgan AF, Horgan AF.
Randomized clinical trial assessing the effect of Doppler-optimized fluid management on
outcome after elective colorectal resection. Br J Surg 2006 Sep;93(9): 1069-1076.

68. Rollins KE, Lobo DN. Intraoperative Goal-directed Fluid Therapy in Elective Major
Abdominal Surgery: A Meta-analysis of Randomized Controlled Trials. Ann Surg 2016;263(3):
465-476.

69. Kehlet H. Postoperative ileus--an update on preventive techniques. Nature clinical
practice Gastroenterology & hepatology 2008;5(10): 552-558.

70. Martindale RG, McClave SA, Taylor B, Lawson CM. Perioperative nutrition: what is the
current landscape? JPEN J Parenter Enteral Nutr 2013;37(5 Suppl): 5S-20S.

71. Andersen HK, Lewis SJ, Thomas S. Early enteral nutrition within 24h of colorectal
surgery versus later commencement of feeding for postoperative complications. Cochrane
Database Syst Rev 2006(4): CD004080.

72. Weimann A, Braga M, Harsanyi L, Laviano A, Ljungqvist O, Soeters P, Dgem, Jauch
KW, Kemen M, Hiesmayr JM, Horbach T, Kuse ER, Vestweber KH, Espen. ESPEN Guidelines
on Enteral Nutrition: Surgery including organ transplantation. Clin Nutr 2006;25(2): 224-244.

©Juan C. Gémez-Izquierdo, 2016 142



73. Braga M, Ljungqvist O, Soeters P, Fearon K, Weimann A, Bozzetti F, Espen. ESPEN
Guidelines on Parenteral Nutrition: surgery. Clin Nutr 2009;28(4): 378-386.

74. Bennett-Guerrero E Fau - Welsby I, Welsby I Fau - Dunn TJ, Dunn Tj Fau - Young LR,
Young Lr Fau - Wahl TA, Wahl Ta Fau - Diers TL, Diers Tl Fau - Phillips-Bute BG, Phillips-
Bute Bg Fau - Newman MF, Newman Mf Fau - Mythen MG, Mythen MG. The use of a
postoperative morbidity survey to evaluate patients with prolonged hospitalization after routine,
moderate-risk, elective surgery. Anesth Analg 1999 Aug;89(2): 514-519.

75. Fiore JF, Jr., Browning L, Bialocerkowski A, Gruen RL, Faragher IG, Denehy L.
Hospital discharge criteria following colorectal surgery: a systematic review. Colorectal Dis
2012;14(3): 270-281.

76. Multicentre study on peri- and postoperative central venous oxygen saturation in high-
risk surgical patients. Crit Care 2006;10(6): R158.

77. Carli F Fau - Charlebois P, Charlebois P Fau - Baldini G, Baldini G Fau - Cachero O,
Cachero O Fau - Stein B, Stein B. An integrated multidisciplinary approach to implementation of
a fast-track program for laparoscopic colorectal surgery. Can J Anaesth 2009 Nov;56(11): 837-
842.

78. Artinyan A, Nunoo-Mensah Jw Fau - Balasubramaniam S, Balasubramaniam S Fau -
Gauderman J, Gauderman J Fau - Essani R, Essani R Fau - Gonzalez-Ruiz C, Gonzalez-Ruiz C
Fau - Kaiser AM, Kaiser Am Fau - Beart RW, Jr., Beart RW, Jr. Prolonged postoperative ileus-
definition, risk factors, and predictors after surgery. World J Surg 2008 Jul;32(7): 1495-1500.

79. Goldstein J] MK, Delaney C. Inpatient economic burden of postoperative ileus associated
with abdominal surgery in the United States. Pharmacy and Therapeutics 2007;32: 82 — 90.
80. Iyer S, Saunders WB, Stemkowski S. Economic burden of postoperative ileus associated

with colectomy in the United States. J Manag Care Pharm 2009;15(6): 485-494.

81. Phan Td Fau - Ismail H, Ismail H Fau - Heriot AG, Heriot Ag Fau - Ho KM, Ho KM.
Improving perioperative outcomes: fluid optimization with the esophageal Doppler monitor, a
metaanalysis and review. J Am Coll Surg 2008 Dec;207(6): 935-941.

82. Walsh Sr Fau - Tang T, Tang T Fau - Bass S, Bass S Fau - Gaunt ME, Gaunt ME.
Doppler-guided intra-operative fluid management during major abdominal surgery: systematic
review and meta-analysis. /nt J Clin Pract 2008 Mar;62(3): 466-470.

83. Kimberger O, Arnberger M Fau - Brandt S, Brandt S Fau - Plock J, Plock J Fau -
Sigurdsson GH, Sigurdsson Gh Fau - Kurz A, Kurz A Fau - Hiltebrand L, Hiltebrand L. Goal-
directed colloid administration improves the microcirculation of healthy and perianastomotic
colon. Anesthesiology 2009 Mar;110(3): 496-504.

84. Moher D Fau - Liberati A, Liberati A Fau - Tetzlaff J, Tetzlaff J Fau - Altman DG,
Altman DG. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA
statement. Int J Surg 2010;8(5): 336-341.

85. Pai M Fau - McCulloch M, McCulloch M Fau - Gorman JD, Gorman Jd Fau - Pai N, Pai
N Fau - Enanoria W, Enanoria W Fau - Kennedy G, Kennedy G Fau - Tharyan P, Tharyan P Fau
- Colford JM, Jr., Colford JM, Jr. Systematic reviews and meta-analyses: an illustrated, step-by-
step guide. Natl Med J India 2004 Mar-Apr;17(2): 86-95.

86. Singer M Fau - Bennett D, Bennett D. Optimisation of positive and expiratory pressure
for maximal delivery of oxygen to tissues using oesophageal Doppler ultrasonography. BMJ
1989 May 20;298(6684): 1350-1353.

©Juan C. Gémez-Izquierdo, 2016 143



87. Martin C Fau - Saux P, Saux P Fau - Eon B, Eon B Fau - Aknin P, Aknin P Fau - Gouin
F, Gouin F. Septic shock: a goal-directed therapy using volume loading, dobutamine and/or
norepinephrine. Acta Anaesthesiol Scand 1990 Jul;34(5): 413-417.

88. Singer M Fau - Clarke J, Clarke J Fau - Bennett ED, Bennett ED. Continuous
hemodynamic monitoring by esophageal Doppler. Crit Care Med 1989 May;17(5): 447-452.

89. Higgins JPT GSe. Cochrane Handbook for Systematic Reviews of Interventions Version
5.1.0 The Cochrane Collaboration, 2011 [updated March 2011];Available from
http://www.cochrane-handbook.org.

90. Viera AJ, Garrett JM. Understanding interobserver agreement: the kappa statistic. Fam
Med 2005;37(5): 360-363.

91. Hozo SP, Djulbegovic B, Hozo 1. Estimating the mean and variance from the median,
range, and the size of a sample. BMC medical research methodology 2005;5: 13.

92. Pearse R, Dawson D, Fawcett J, Rhodes A, Grounds RM, Bennett ED. Early goal-
directed therapy after major surgery reduces complications and duration of hospital stay. A
randomised, controlled trial [ISRCTN38797445]. Crit Care 2005;9(6): R687-693.

93. Spanjersberg WR, Reurings J, Keus F, van Laarhoven CJ. Fast track surgery versus
conventional recovery strategies for colorectal surgery. Cochrane Database Syst Rev 2011(2):
CDO007635.

94, Zhuang CL, Ye XZ, Zhang XD, Chen BC, Yu Z. Enhanced recovery after surgery
programs versus traditional care for colorectal surgery: a meta-analysis of randomized controlled
trials. Diseases of the colon and rectum 2013;56(5): 667-678.

95. Benes J, Chytra I Fau - Altmann P, Altmann P Fau - Hluchy M, Hluchy M Fau - Kasal E,
Kasal E Fau - Svitak R, Svitak R Fau - Pradl R, Pradl R Fau - Stepan M, Stepan M.
Intraoperative fluid optimization using stroke volume variation in high risk surgical patients:
results of prospective randomized study. Crit Care 2010;14(3): R118.

96. Bisgaard J, Gilsaa T, Ronholm E, Toft P. Optimising stroke volume and oxygen delivery
in abdominal aortic surgery: a randomised controlled trial. Acta anaesthesiologica Scandinavica
2013;57(2): 178-188.

97. Forget P, Lois F, de Kock M. Goal-directed fluid management based on the pulse
oximeter-derived pleth variability index reduces lactate levels and improves fluid management.
Anesthesia and analgesia 2010;111(4): 910-914.

98. Srinivasa S, Taylor Mh Fau - Singh PP, Singh Pp Fau - Yu TC, Yu Tc¢ Fau - Soop M,
Soop M Fau - Hill AG, Hill AG. Randomized clinical trial of goal-directed fluid therapy within
an enhanced recovery protocol for elective colectomy. Br J Surg 2013 Jan;100(1): 66-74.

99. Zheng H, Guo H, Ye JR, Chen L, Ma HP. Goal-directed fluid therapy in gastrointestinal
surgery in older coronary heart disease patients: randomized trial. World journal of surgery
2013;37(12): 2820-2829.

100. Trzeciak S, Dellinger RP, Parrillo JE, Guglielmi M, Bajaj J, Abate NL, Arnold RC,
Colilla S, Zanotti S, Hollenberg SM, Microcirculatory Alterations in R, Shock I. Early
microcirculatory perfusion derangements in patients with severe sepsis and septic shock:
relationship to hemodynamics, oxygen transport, and survival. Annals of emergency medicine
2007;49(1): 88-98, 98 e81-82.

101. Mythen Mg Fau - Webb AR, Webb AR. Perioperative plasma volume expansion reduces
the incidence of gut mucosal hypoperfusion during cardiac surgery. Arch Surg 1995 Apr;130(4):
423-429.

©Juan C. Gémez-Izquierdo, 2016 144



102. Kehlet H, Bundgaard-Nielsen M. Goal-directed perioperative fluid management: why,
when, and how? Anesthesiology 2009;110(3): 453-455.

103. Gustafsson Uo Fau - Scott MJ, Scott Mj Fau - Schwenk W, Schwenk W Fau -
Demartines N, Demartines N Fau - Roulin D, Roulin D Fau - Francis N, Francis N Fau -
McNaught CE, McNaught Ce Fau - Macfie J, Mactie J Fau - Liberman AS, Liberman As Fau -
Soop M, Soop M Fau - Hill A, Hill A Fau - Kennedy RH, Kennedy Rh Fau - Lobo DN, Lobo Dn
Fau - Fearon K, Fearon K Fau - Ljungqvist O, Ljungqvist O. Guidelines for perioperative care in
elective colonic surgery: Enhanced Recovery After Surgery (ERAS((R))) Society
recommendations. World J Surg 2013 Feb;37(2): 259-284.

104. National Institute for Health and Care. Excellence.http://www.nice.org.uk/
nicemedia/live/13312/52624/52624.pdf [accessed 26 November 2014.

105. van Bree SH, Bemelman Wa Fau - Hollmann MW, Hollmann Mw Fau - Zwinderman AH,
Zwinderman Ah Fau - Matteoli G, Matteoli G Fau - El Temna S, El Temna S Fau - The FO, The
Fo Fau - Vlug MS, Vlug Ms Fau - Bennink RJ, Bennink Rj Fau - Boeckxstaens GEE,
Boeckxstaens GE. Identification of clinical outcome measures for recovery of gastrointestinal
motility in postoperative ileus. Ann Surg 2014 Apr;259(4): 708-714.

106. Srinivasa S, Lemanu DP, Singh PP, Taylor MHG, Hill AG. Systematic review and meta-
analysis of oesophageal Doppler-guided fluid management in colorectal surgery. The British
journal of surgery 2013;100(13): 1701-1708.

107. Gomez-Izquierdo JC, Feldman LS, Carli F, Baldini G. Meta-analysis of the effect of
goal-directed therapy on bowel function after abdominal surgery. Br J Surg 2015.

108. Augestad KM, Delaney CP. Postoperative ileus: impact of pharmacological treatment,
laparoscopic surgery and enhanced recovery pathways. World journal of gastroenterology : WJG
2010;16(17): 2067-2074.

109. Bragg D, El-Sharkawy AM, Psaltis E, Maxwell-Armstrong CA, Lobo DN. Postoperative
ileus: Recent developments in pathophysiology and management. Clin Nutr 2015;34(3): 367-376.
110. Miller TE, Thacker JK, White WD, Mantyh C, Migaly J, Jin J, Roche AM, Eisenstein EL,
Edwards R, Anstrom KJ, Moon RE, Gan TJ, Enhanced Recovery Study G. Reduced length of
hospital stay in colorectal surgery after implementation of an enhanced recovery protocol. Anesth
Analg 2014;118(5): 1052-1061.

111.  Asgeirsson T, El-Badawi KI, Mahmood A, Barletta J, Luchtefeld M, Senagore Al.
Postoperative ileus: it costs more than you expect. J Am Coll Surg 2010;210(2): 228-231.

112.  Moore-Olufemi SD, Xue H, Attuwaybi BO, Fischer U, Harari Y, Oliver DH, Weisbrodt
N, Allen SJ, Moore FA, Stewart R, Laine GA, Cox CS, Jr. Resuscitation-induced gut edema and
intestinal dysfunction. J Trauma 2005;58(2): 264-270.

113. Uray KS, Laine GA, Xue H, Allen SJ, Cox CS, Jr. Intestinal edema decreases intestinal
contractile activity via decreased myosin light chain phosphorylation. Crit Care Med
2006;34(10): 2630-2637.

114. Uray KS, Laine GA, Xue H, Allen SJ, Cox CS, Jr. Edema-induced intestinal dysfunction
is mediated by STAT3 activation. Shock 2007;28(2): 239-244.

115. Uray KS, Wright Z, Kislitsyna K, Xue H, Cox CS, Jr. Nuclear factor-kappaB activation
by edema inhibits intestinal contractile activity. Crit Care Med 2010;38(3): 861-870.

116. Chowdhury AH, Lobo DN. Fluids and gastrointestinal function. Curr Opin Clin Nutr
Metab Care 2011;14(5): 469-476.

©Juan C. Gomez-Izquierdo, 2016 145



117. Nisanevich V, Felsenstein I, Almogy G, Weissman C, Einav S, Matot I. Effect of
intraoperative fluid management on outcome after intraabdominal surgery. Anesthesiology
2005;103(1): 25-32.

118.  Schnuriger B, Inaba K, Wu T, Eberle BM, Belzberg H, Demetriades D. Crystalloids after
primary colon resection and anastomosis at initial trauma laparotomy: excessive volumes are
associated with anastomotic leakage. J Trauma 2011;70(3): 603-610.

119. Volta CA, Alvisi V, Campi M, Marangoni E, Alvisi R, Castellazzi M, Fainardi E,
Manfrinato MC, Dallocchio F, Bellini T. Influence of different strategies of volume replacement
on the activity of matrix metalloproteinases: an in vitro and in vivo study. Anesthesiology
2007;106(1): 85-91.

120. Giglio MT, Marucci M, Testini M, Brienza N. Goal-directed haemodynamic therapy and
gastrointestinal complications in major surgery: a meta-analysis of randomized controlled trials.
Br J Anaesth 2009;103(5): 637-646.

121.  Cecconi M, Corredor C, Arulkumaran N, Abuella G, Ball J, Grounds RM, Hamilton M,
Rhodes A. Clinical review: Goal-directed therapy-what is the evidence in surgical patients? The
effect on different risk groups. Crit Care 2013;17(2): 209.

122.  Srinivasa S, Taylor MH, Singh PP, Yu TC, Soop M, Hill AG. Randomized clinical trial
of goal-directed fluid therapy within an enhanced recovery protocol for elective colectomy. The
British journal of surgery 2013;100(1): 66-74.

123. Rollins KE, Lobo DN. Intraoperative Goal-directed Fluid Therapy in Elective Major
Abdominal Surgery: A Meta-analysis of Randomized Controlled Trials. Ann Surg 2015;263(3):
465-476.

124. Greco M, Capretti G, Beretta L, Gemma M, Pecorelli N, Braga M. Enhanced recovery
program in colorectal surgery: a meta-analysis of randomized controlled trials. World J Surg
2014;38(6): 1531-1541.

125. Challand C, Struthers R, Sneyd JR, Erasmus PD, Mellor N, Hosie KB, Minto G.
Randomized controlled trial of intraoperative goal-directed fluid therapy in aerobically fit and
unfit patients having major colorectal surgery. Br J Anaesth 2012;108(1): 53-62.

126. Miller RD, Eriksson LI, Fleisher LA, Wiener-Kronish JP, Young WL. Intravascular
Fluids and Electrolytes Physiology. In: Miller's Anesthesia, 7th ed Elsevier Churchill
Livingstone, Philadelphia. , 2010; 1705-1730.

127. Carli F, Charlebois P, Baldini G, Cachero O, Stein B. An integrated multidisciplinary
approach to implementation of a fast-track program for laparoscopic colorectal surgery. Can J
Anaesth 2009;56(11): 837-842.

128. Sanders G, Mercer SJ, Saeb-Parsey K, Akhavani MA, Hosie KB, Lambert AW.
Randomized clinical trial of intravenous fluid replacement during bowel preparation for surgery.
Br J Surg 2001;88(10): 1363-1365.

129. Jorgensen CC, Bundgaard-Nielsen M, Skovgaard LT, Secher NH, Kehlet H. Stroke
volume averaging for individualized goal-directed fluid therapy with oesophageal Doppler. Acta
Anaesthesiol Scand 2009;53(1): 34-38.

130. Levy BF, Fawcett WJ, Scott MJ, Rockall TA. Intra-operative oxygen delivery in infusion
volume-optimized patients undergoing laparoscopic colorectal surgery within an enhanced
recovery programme: the effect of different analgesic modalities. Colorectal Dis 2012;14(7):
887-892.

©Juan C. Gémez-Izquierdo, 2016 146



131.  Mythen M, Swart M, Acheson N, Crawford R, Jones K, Kuper M, McGrath J, Horgan A.
Perioperative fluid management: Consensus statement from the enhanced recovery partnership.
Perioperative Medicine 2012;1(2): 1-4.

132.  Wongyingsinn M, Baldini G, Charlebois P, Liberman S, Stein B, Carli F. Intravenous
lidocaine versus thoracic epidural analgesia: a randomized controlled trial in patients undergoing
laparoscopic colorectal surgery using an enhanced recovery program. Reg Anesth Pain Med
2011;36(3): 241-248.

133.  Myles PS, Hunt JO, Nightingale CE, Fletcher H, Beh T, Tanil D, Nagy A, Rubinstein A,
Ponsford JL. Development and psychometric testing of a quality of recovery score after general
anesthesia and surgery in adults. Anesth Analg 1999;88(1): 83-90.

134. Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D, Schulick RD, de
Santibanes E, Pekolj J, Slankamenac K, Bassi C, Graf R, Vonlanthen R, Padbury R, Cameron JL,
Makuuchi M. The Clavien-Dindo classification of surgical complications: five-year experience.
Ann Surg 2009;250(2): 187-196.

135. Slankamenac K, Nederlof N, Pessaux P, de Jonge J, Wijnhoven BP, Breitenstein S,
Oberkofler CE, Graf R, Puhan MA, Clavien PA. The comprehensive complication index: a novel
and more sensitive endpoint for assessing outcome and reducing sample size in randomized
controlled trials. Ann Surg 2014;260(5): 757-762; discussion 762-753.

136.  McGill University Health Centre Opioid Therapy Guidelines. In: McGill University
Health Centre M, Quebec, Canada, editor.; 2008.

137. Delaney CP, Kehlet H, Senagore A. Postoperative ileus: profiles, risk factors and
definitions — a framework for optimizing surgical outcomes in patients undergoing major
abdominal and colorectal surgery. Clinical Consensus Update in General Surgery 2006;1.

138. Brandstrup B, Tonnesen H, Beier-Holgersen R, Hjortso E, Ording H, Lindorff-Larsen K,
Rasmussen MS, Lanng C, Wallin L, Iversen LH, Gramkow CS, Okholm M, Blemmer T,
Svendsen PE, Rottensten HH, Thage B, Riis J, Jeppesen IS, Teilum D, Christensen AM,
Graungaard B, Pott F, Danish Study Group on Perioperative Fluid T. Effects of intravenous fluid
restriction on postoperative complications: comparison of two perioperative fluid regimens: a
randomized assessor-blinded multicenter trial. Ann Surg 2003;238(5): 641-648.

139. Bundgaard-Nielsen M, Secher NH, Kehlet H. 'Liberal' vs. 'restrictive' perioperative fluid
therapy--a critical assessment of the evidence. Acta Anaesthesiol Scand 2009;53(7): 843-851.
140. Rahbari NN, Zimmermann JB, Schmidt T, Koch M, Weigand MA, Weitz J. Meta-
analysis of standard, restrictive and supplemental fluid administration in colorectal surgery. BrJ
Surg 2009;96(4): 331-341.

141. Holte K, Sharrock NE, Kehlet H. Pathophysiology and clinical implications of
perioperative fluid excess. Br J Anaesth 2002;89(4): 622-632.

142. Miller TE, Roche AM, Gan TJ. Poor adoption of hemodynamic optimization during
major surgery: are we practicing substandard care? Anesth Analg 2011;112(6): 1274-1276.

143.  Soni N. British Consensus Guidelines on Intravenous Fluid Therapy for Adult Surgical
Patients (GIFTASUP): Cassandra's view. Anaesthesia 2009;64(3): 235-238.

144. Kiran RP, Murray AC, Chiuzan C, Estrada D, Forde K. Combined preoperative
mechanical bowel preparation with oral antibiotics significantly reduces surgical site infection,
anastomotic leak, and ileus after colorectal surgery. Ann Surg 2015;262(3): 416-425; discussion
423-415.

145. Selby P, Autier P. The impact of the process of clinical research on health service
outcomes. Ann Oncol 2011;22 Suppl 7: vii5-vii9.

©Juan C. Gémez-Izquierdo, 2016 147



146. Jhanji S, Vivian-Smith A, Lucena-Amaro S, Watson D, Hinds CJ, Pearse RM.
Haemodynamic optimisation improves tissue microvascular flow and oxygenation after major
surgery: a randomised controlled trial. Crit Care 2010;14(4): R151.

147. Edul VS, Ince C, Navarro N, Previgliano L, Risso-Vazquez A, Rubatto PN, Dubin A.
Dissociation between sublingual and gut microcirculation in the response to a fluid challenge in
postoperative patients with abdominal sepsis. Annals of intensive care 2014;4: 39.

148. Dubin A, Pozo MO, Casabella CA, Palizas F, Jr., Murias G, Moseinco MC, Kanoore
Edul VS, Palizas F, Estenssoro E, Ince C. Increasing arterial blood pressure with norepinephrine
does not improve microcirculatory blood flow: a prospective study. Crit Care 2009;13(3): R92.
149. Vignali A, Gianotti L, Braga M, Radaelli G, Malvezzi L, Di Carlo V. Altered
microperfusion at the rectal stump is predictive for rectal anastomotic leak. Diseases of the colon
and rectum 2000;43(1): 76-82.

150. Jhanji S, Lee C, Watson D, Hinds C, Pearse RM. Microvascular flow and tissue
oxygenation after major abdominal surgery: association with post-operative complications.
Intensive care medicine 2009;35(4): 671-677.

151. Boerma EC, van der Voort PH, Spronk PE, Ince C. Relationship between sublingual and
intestinal microcirculatory perfusion in patients with abdominal sepsis. Critical care medicine
2007;35(4): 1055-1060.

152. Verdant CL, De Backer D, Bruhn A, Clausi CM, Su F, Wang Z, Rodriguez H, Pries AR,
Vincent JL. Evaluation of sublingual and gut mucosal microcirculation in sepsis: a quantitative
analysis. Critical care medicine 2009;37(11): 2875-2881.

153. Klijn E, Den Uil CA, Bakker J, Ince C. The heterogeneity of the microcirculation in
critical illness. Clinics in chest medicine 2008;29(4): 643-654, viii.

154. Tournadre JP, Allaouchiche B, Malbert CH, Chassard D. Metabolic acidosis and
respiratory acidosis impair gastro-pyloric motility in anesthetized pigs. Anesth Analg 2000;90(1):
74-79.

155.  Schulze-Delrieu K, Lepsien G. Depression of mechanical and electrical activity in muscle
strips of opossum stomach and esophagus by acidosis. Gastroenterology 1982;82(4): 720-724.
156. Moore-Olufemi SD, Xue H, Attuwaybi BO, Fischer U, Harari Y, Oliver DH, Weisbrodt
N, Allen SJ, Moore FA, Stewart R, Laine GA, Cox CS, Jr. Resuscitation-induced gut edema and
intestinal dysfunction. The Journal of trauma 2005;58(2): 264-270.

157. Edul VS, Ince C, Vazquez AR, Rubatto PN, Espinoza ED, Welsh S, Enrico C, Dubin A.
Similar Microcirculatory Alterations in Patients with Normodynamic and Hyperdynamic Septic
Shock. Annals of the American Thoracic Society 2016;13(2): 240-247.

158. Ackland GL, Igbal S, Paredes LG, Toner A, Lyness C, Jenkins N, Bodger P, Karmali S,
Whittle J, Reyes A, Singer M, Hamilton M, Cecconi M, Pearse RM, Mallett SV, Omar RZ,
group P-Os. Individualised oxygen delivery targeted haemodynamic therapy in high-risk surgical
patients: a multicentre, randomised, double-blind, controlled, mechanistic trial. The Lancet
Respiratory medicine 2015;3(1): 33-41.

159. McNelis J, Soffer S, Marini CP, Jurkiewicz A, Ritter G, Simms HH, Nathan I.
Abdominal compartment syndrome in the surgical intensive care unit. The American surgeon
2002;68(1): 18-23.

160. Creteur J, De Backer D, Sakr Y, Koch M, Vincent JL. Sublingual capnometry tracks
microcirculatory changes in septic patients. Intensive care medicine 2006;32(4): 516-523.

161. Marik PE. Sublingual capnography: a clinical validation study. Chest 2001;120(3): 923-
927.

©Juan C. Gémez-Izquierdo, 2016 148



162. R. Bezemer MK, C. Ince. Recent Advancements in Microcirculatory Image Acquisition
and Analysis. In: Yearbook of intensive care and emergency medicine, Vincent J-L (ed). Springer,
2008; 677-690.

163. De Backer D, Hollenberg S, Boerma C, Goedhart P, Buchele G, Ospina-Tascon G,
Dobbe I, Ince C. How to evaluate the microcirculation: report of a round table conference. Crit
Care 2007;11(5): R101.

164. D. Drullinsky NN, D. Bracco. Anesthesia Induction Improves Sublingual Micro-
Circulation. Canadian Journal of Cardiology 2012;28(5): S248-S249.

165. De Backer D, Creteur J, Preiser JC, Dubois MJ, Vincent JL. Microvascular blood flow is
altered in patients with sepsis. American journal of respiratory and critical care medicine
2002;166(1): 98-104.

166. Boerma EC, Mathura KR, van der Voort PH, Spronk PE, Ince C. Quantifying bedside-
derived imaging of microcirculatory abnormalities in septic patients: a prospective validation
study. Critical care 2005;9(6): R601-606.

167. Wakeling HG, McFall MR, Jenkins CS, Woods WG, Miles WF, Barclay GR, Fleming
SC. Intraoperative oesophageal Doppler guided fluid management shortens postoperative
hospital stay after major bowel surgery. British journal of anaesthesia 2005;95(5): 634-642.

168. Ramsingh DS, Sanghvi C, Gamboa J, Cannesson M, Applegate RL, 2nd. Outcome
impact of goal directed fluid therapy during high risk abdominal surgery in low to moderate risk
patients: a randomized controlled trial. Journal of clinical monitoring and computing 2013;27(3):
249-257.

169. Ba ZF, Wang P, Koo DJ, Cioffi WG, Bland KI, Chaudry IH. Alterations in tissue oxygen
consumption and extraction after trauma and hemorrhagic shock. Critical care medicine
2000;28(8): 2837-2842.

170. Pranskunas A, Pilvinis V, Dambrauskas Z, Rasimaviciute R, Planciuniene R,
Dobozinskas P, Veikutis V, Vaitkaitis D, Boerma EC. Early course of microcirculatory perfusion
in eye and digestive tract during hypodynamic sepsis. Crit Care 2012;16(3): R83.

171.  Almac E, Siegemund M, Demirci C, Ince C. Microcirculatory recruitment maneuvers
correct tissue CO2 abnormalities in sepsis. Minerva anestesiologica 2006;72(6): 507-519.

172.  Vallet B. Vascular reactivity and tissue oxygenation. Intensive care medicine 1998;24(1):
3-11.

173. Walley KR. Heterogeneity of oxygen delivery impairs oxygen extraction by peripheral
tissues: theory. Journal of applied physiology 1996;81(2): 885-894.

174.  Schlichtig R, Kramer DJ, Pinsky MR. Flow redistribution during progressive hemorrhage
is a determinant of critical O2 delivery. Journal of applied physiology 1991;70(1): 169-178.

175. Cain SM. Peripheral oxygen uptake and delivery in health and disease. Clinics in chest
medicine 1983;4(2): 139-148.

176. Gould TH, Grace K, Thorne G, Thomas M. Effect of thoracic epidural anaesthesia on
colonic blood flow. Br J Anaesth 2002;89(3): 446-451.

177. Lipcsey M, McNicol L, Parker F, Poustie S, Liu G, Uchino S, Kattula A, Bellomo R. The
effect of perfusion pressure on the splanchnic circulation after CPB: a pilot study. Minerva
anestesiologica 2014.

178. Correa-Martin L, Castellanos G, Garcia-Lindo M, Diaz-Guemes I, Pinero A, Sanchez-
Margallo FM. [Intra-abdominal hypertension: effects on the splanchnic circulation. Preliminary
study in a model of ascites]. Gastroenterologia y hepatologia 2014;37(2): 51-57.

©Juan C. Gémez-Izquierdo, 2016 149



179. Kreuzer F, Cain SM. Regulation of the peripheral vasculature and tissue oxygenation in
health and disease. Critical care clinics 1985;1(3): 453-470.

180. Humer MF, Phang PT, Friesen BP, Allard MF, Goddard CM, Walley KR. Heterogeneity
of gut capillary transit times and impaired gut oxygen extraction in endotoxemic pigs. Journal of
applied physiology 1996;81(2): 895-904.

181. Drazenovic R, Samsel RW, Wylam ME, Doerschuk CM, Schumacker PT. Regulation of
perfused capillary density in canine intestinal mucosa during endotoxemia. Journal of applied
physiology 1992;72(1): 259-265.

182. Kalliokoski KK, Oikonen V, Takala TO, Sipila H, Knuuti J, Nuutila P. Enhanced oxygen
extraction and reduced flow heterogeneity in exercising muscle in endurance-trained men.
American journal of physiology Endocrinology and metabolism 2001;280(6): E1015-1021.

183. Pottecher J, Deruddre S, Teboul JL, Georger JF, Laplace C, Benhamou D, Vicaut E,
Duranteau J. Both passive leg raising and intravascular volume expansion improve sublingual
microcirculatory perfusion in severe sepsis and septic shock patients. Intensive care medicine
2010;36(11): 1867-1874.

184. Jhanji S, Stirling S, Patel N, Hinds CJ, Pearse RM. The effect of increasing doses of
norepinephrine on tissue oxygenation and microvascular flow in patients with septic shock.
Critical care medicine 2009;37(6): 1961-1966.

185. Page AJ, Ejaz A, Spolverato G, Zavadsky T, Grant MC, Galante DJ, Wick EC, Weiss M,
Makary MA, Wu CL, Pawlik TM. Enhanced recovery after surgery protocols for open
hepatectomy--physiology, immunomodulation, and implementation. Journal of gastrointestinal
surgery . official journal of the Society for Surgery of the Alimentary Tract 2015;19(2): 387-399.

186. Zargar-Shoshtari K, Paddison JS, Booth RJ, Hill AG. A prospective study on the
influence of a fast-track program on postoperative fatigue and functional recovery after major
colonic surgery. The Journal of surgical research 2009;154(2): 330-335.

187. Copeland GP, Jones D, Walters M. POSSUM: a scoring system for surgical audit. Br J
Surg 1991;78(3): 355-360.

188. XulJ,MalL, SunS, Lu X, Wu X, Li Z, Tang W. Fluid resuscitation guided by sublingual
partial pressure of carbon dioxide during hemorrhagic shock in a porcine model. Shock
2013;39(4): 361-365.

189. Mitra S, Khandelwal P. Are all colloids same? How to select the right colloid? Indian J
Anaesth 2009;53(5): 592-607.

190. Buettner M, Schummer W, Huettemann E, Schenke S, van Hout N, Sakka SG. Influence
of systolic-pressure-variation-guided intraoperative fluid management on organ function and
oxygen transport. Br J Anaesth 2008;101(2): 194-199.

191. Cohn SM, Pearl RG, Acosta SM, Nowlin MU, Hernandez A, Guta C, Michalek JE,
Group NCT. A prospective randomized pilot study of near-infrared spectroscopy-directed
restricted fluid therapy versus standard fluid therapy in patients undergoing elective colorectal
surgery. The American surgeon 2010;76(12): 1384-1392.

192. Concha PM, Mertz KV, Cortinez FL, Zuniga DA, Pinedo MG. [Transesophageal
echocardiography to monitor fluid administration during the perioperative period]. Revista
medica de Chile 2011;139(9): 1157-1162.

193. Conway DH, Mayall R, Abdul-Latif MS, Gilligan S, Tackaberry C. Randomised
controlled trial investigating the influence of intravenous fluid titration using oesophageal
Doppler monitoring during bowel surgery. Anaesthesia 2002;57(9): 845-849.

©Juan C. Gomez-Izquierdo, 2016 150



194. Donati A, Loggi S, Preiser JC, Orsetti G, Munch C, Gabbanelli V, Pelaia P, Pietropaoli P.
Goal-directed intraoperative therapy reduces morbidity and length of hospital stay in high-risk
surgical patients. Chest 2007;132(6): 1817-1824.

195. Pillai P, McEleavy I, Gaughan M, Snowden C, Nesbitt I, Durkan G, Johnson M,
Cosgrove J, Thorpe A. A double-blind randomized controlled clinical trial to assess the effect of
Doppler optimized intraoperative fluid management on outcome following radical cystectomy.
The Journal of urology 2011;186(6): 2201-2206.

196. Abdullah H, Mahmoud. Goal directed fluid optimization using Pleth variability index
versus corrected flow time in cirrhotic patients undergoing major abdominal surgeries. Egyptian
Journal of Anesthesia 2012;28: 23-28.

197. Butterly A, Bittner EA, George E, Sandberg WS, Eikermann M, Schmidt U.
Postoperative residual curarization from intermediate-acting neuromuscular blocking agents
delays recovery room discharge. Br J Anaesth 2010;105(3): 304-309.

198. Davies SJ, Yates D, Wilson RJ. Dopexamine has no additional benefit in high-risk
patients receiving goal-directed fluid therapy undergoing major abdominal surgery. Anesth Analg
2011;112(1): 130-138.

199. Feldheiser A, Pavlova V, Bonomo T, Jones A, Fotopoulou C, Sehouli J, Wernecke KD,
Spies C. Balanced crystalloid compared with balanced colloid solution using a goal-directed
haemodynamic algorithm. Br J Anaesth 2013;110(2): 231-240.

200. Futier E, Constantin JM, Petit A, Chanques G, Kwiatkowski F, Flamein R, Slim K, Sapin
V, Jaber S, Bazin JE. Conservative vs restrictive individualized goal-directed fluid replacement
strategy in major abdominal surgery: A prospective randomized trial. Arch Surg 2010;145(12):
1193-1200.

201. Futier E, Constantin JM, Paugam-Burtz C, Pascal J, Eurin M, Neuschwander A, Marret E,
Beaussier M, Gutton C, Lefrant JY, Allaouchiche B, Verzilli D, Leone M, De Jong A, Bazin JE,
Pereira B, Jaber S, Group IS. A trial of intraoperative low-tidal-volume ventilation in abdominal
surgery. N Engl J Med 2013;369(5): 428-437.

202. Lee JY, Park HY, Jung WS, Jo YY, Kwak HJ. Comparative study of pressure- and
volume-controlled ventilation on stroke volume variation as a predictor of fluid responsiveness
in patients undergoing major abdominal surgery. J Crit Care 2012;27(5): 531 €539-514.

203. Li C, Lin FQ, Fu SK, Chen GQ, Yang XH, Zhu CY, Zhang LJ, Li Q. Stroke volume
variation for prediction of fluid responsiveness in patients undergoing gastrointestinal surgery.
Int J Med Sci 2013;10(2): 148-155.

204. Lobo SM, Ronchi LS, Oliveira NE, Brandao PG, Froes A, Cunrath GS, Nishiyama KG,
Netinho JG, Lobo FR. Restrictive strategy of intraoperative fluid maintenance during
optimization of oxygen delivery decreases major complications after high-risk surgery. Crit Care
2011;15(5): R226.

205. Mayer J, Boldt J, Mengistu AM, Rohm KD, Suttner S. Goal-directed intraoperative
therapy based on autocalibrated arterial pressure waveform analysis reduces hospital stay in
high-risk surgical patients: a randomized, controlled trial. Crit Care 2010;14(1): R18.

206. Senagore AJ, Emery T, Luchtefeld M, Kim D, Dujovny N, Hoedema R. Fluid
management for laparoscopic colectomy: a prospective, randomized assessment of goal-directed
administration of balanced salt solution or hetastarch coupled with an enhanced recovery
program. Dis Colon Rectum 2009;52(12): 1935-1940.

©Juan C. Gomez-Izquierdo, 2016 151



207. Sondergaard S, Wall P, Cocks K, Parkin WG, Leaning MS. High concordance between
expert anaesthetists' actions and advice of decision support system in achieving oxygen delivery
targets in high-risk surgery patients. Br J Anaesth 2012;108(6): 966-972.

208. Stone MD, Wilson RJ, Cross J, Williams BT. Effect of adding dopexamine to
intraoperative volume expansion in patients undergoing major elective abdominal surgery. Br J
Anaesth 2003;91(5): 619-624.

209. Szakmany T, Toth I, Kovacs Z, Leiner T, Mikor A, Koszegi T, Molnar Z. Effects of
volumetric vs. pressure-guided fluid therapy on postoperative inflammatory response: a
prospective, randomized clinical trial. Intensive Care Med 2005;31(5): 656-663.

210. Wang P, Wang HW, Zhong TD. Effect of stroke volume variability- guided
intraoperative fluid restriction on gastrointestinal functional recovery. Hepatogastroenterology
2012;59(120): 2457-2460.

211.  American Society of Anesthesiologists C. Practice guidelines for preoperative fasting and
the use of pharmacologic agents to reduce the risk of pulmonary aspiration: application to
healthy patients undergoing elective procedures: an updated report by the American Society of
Anesthesiologists Committee on Standards and Practice Parameters. Anesthesiology 2011;114(3):
495-511.

212.  Bratzler DW, Dellinger EP, Olsen KM, Perl TM, Auwaerter PG, Bolon MK, Fish DN,
Napolitano LM, Sawyer RG, Slain D, Steinberg JP, Weinstein RA, American Society of Health-
System P, Infectious Disease Society of A, Surgical Infection S, Society for Healthcare
Epidemiology of A. Clinical practice guidelines for antimicrobial prophylaxis in surgery. Am J
Health Syst Pharm 2013;70(3): 195-283.

213. Zannad F, Garcia AA, Anker SD, Armstrong PW, Calvo G, Cleland JG, Cohn JN,
Dickstein K, Domanski MJ, Ekman I, Filippatos GS, Gheorghiade M, Hernandez AF, Jaarsma T,
Koglin J, Konstam M, Kupfer S, Maggioni AP, Mebazaa A, Metra M, Nowack C, Pieske B, Pina
IL, Pocock SJ, Ponikowski P, Rosano G, Ruilope LM, Ruschitzka F, Severin T, Solomon S,
Stein K, Stockbridge NL, Stough WG, Swedberg K, Tavazzi L, Voors AA, Wasserman SM,
Woehrle H, Zalewski A, McMurray JJ. Clinical outcome endpoints in heart failure trials: a
European Society of Cardiology Heart Failure Association consensus document. Eur J Heart
Fail 2013;15(10): 1082-1094.

214. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD, Joint
ESCAAHAWHFTF{fUDoMI, Authors/Task Force Members C, Thygesen K, Alpert JS, White
HD, Biomarker S, Jaffe AS, Katus HA, Apple FS, Lindahl B, Morrow DA, Subcommittee ECG,
Chaitman BR, Clemmensen PM, Johanson P, Hod H, Imaging S, Underwood R, Bax JJ, Bonow
JJ, Pinto F, Gibbons RJ, Classification S, Fox KA, Atar D, Newby LK, Galvani M, Hamm CW,
Intervention S, Uretsky BF, Steg PG, Wijns W, Bassand JP, Menasche P, Ravkilde J, Trials,
Registries S, Ohman EM, Antman EM, Wallentin LC, Armstrong PW, Simoons ML, Trials,
Registries S, Januzzi JL, Nieminen MS, Gheorghiade M, Filippatos G, Trials, Registries S,
Luepker RV, Fortmann SP, Rosamond WD, Levy D, Wood D, Trials, Registries S, Smith SC,
Hu D, Lopez-Sendon JL, Robertson RM, Weaver D, Tendera M, Bove AA, Parkhomenko AN,
Vasilieva EJ, Mendis S, Guidelines ESCC{P, Bax JJ, Baumgartner H, Ceconi C, Dean V, Deaton
C, Fagard R, Funck-Brentano C, Hasdai D, Hoes A, Kirchhof P, Knuuti J, Kolh P, McDonagh T,
Moulin C, Popescu BA, Reiner Z, Sechtem U, Sirnes PA, Tendera M, Torbicki A, Vahanian A,
Windecker S, Document R, Morais J, Aguiar C, Almahmeed W, Arnar DO, Barili F, Bloch KD,
Bolger AF, Botker HE, Bozkurt B, Bugiardini R, Cannon C, de Lemos J, Eberli FR, Escobar E,
Hlatky M, James S, Kern KB, Moliterno DJ, Mueller C, Neskovic AN, Pieske BM, Schulman SP,

©Juan C. Gomez-Izquierdo, 2016 152



Storey RF, Taubert KA, Vranckx P, Wagner DR. Third universal definition of myocardial
infarction. J Am Coll Cardiol 2012;60(16): 1581-1598.

215. Buzby GP, Knox LS, Crosby LO, Eisenberg JM, Haakenson CM, McNeal GE, Page CP,
Peterson OL, Reinhardt GF, Williford WO. Study protocol: a randomized clinical trial of total
parenteral nutrition in malnourished surgical patients. Am J Clin Nutr 1988;47(2 Suppl): 366-381.
216. Ng JL, Chan MT, Gelb AW. Perioperative stroke in noncardiac, nonneurosurgical
surgery. Anesthesiology 2011;115(4): 879-890.

217. Guidelines for the management of adults with hospital-acquired, ventilator-associated,
and healthcare-associated pneumonia. American journal of respiratory and critical care
medicine 2005;171(4): 388-416.

218. Lang M, Niskanen M, Miettinen P, Alhava E, Takala J. Outcome and resource utilization
in gastroenterological surgery. Br J Surg 2001;88(7): 1006-1014.

219. Dudeck MA, Horan TC, Peterson KD, Allen-Bridson K, Morrell GC, Pollock DA,
Edwards JR. National Healthcare Safety Network (NHSN) report, data summary for 2009,
device-associated module. Am J Infect Control 2011;39(5): 349-367.

220. Horan TC, Gaynes RP, Martone WJ, Jarvis WR, Emori TG. CDC definitions of
nosocomial surgical site infections, 1992: a modification of CDC definitions of surgical wound
infections. Infect Control Hosp Epidemiol 1992;13(10): 606-608.

221.  Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, Schein RM, Sibbald
WI. Definitions for sepsis and organ failure and guidelines for the use of innovative therapies in
sepsis. The ACCP/SCCM Consensus Conference Committee. American College of Chest
Physicians/Society of Critical Care Medicine. Chest 1992;101(6): 1644-1655.

222.  Bellomo R. Defining, quantifying, and classifying acute renal failure. Crit Care Clin
2005;21(2): 223-237.

223. Banks PA, Bollen TL, Dervenis C, Gooszen HG, Johnson CD, Sarr MG, Tsiotos GG,
Vege SS, Acute Pancreatitis Classification Working G. Classification of acute pancreatitis--2012:
revision of the Atlanta classification and definitions by international consensus. Gut 2013;62(1):
102-111.

224. Trencheva K, Morrissey KP, Wells M, Mancuso CA, Lee SW, Sonoda T, Michelassi F,
Charlson ME, Milsom JW. Identifying important predictors for anastomotic leak after colon and
rectal resection: prospective study on 616 patients. Ann Surg 2013;257(1): 108-113.

225. Rahbari NN, Weitz J, Hohenberger W, Heald RJ, Moran B, Ulrich A, Holm T, Wong
WD, Tiret E, Moriya Y, Laurberg S, den Dulk M, van de Velde C, Buchler MW. Definition and
grading of anastomotic leakage following anterior resection of the rectum: a proposal by the
International Study Group of Rectal Cancer. Surgery 2010;147(3): 339-351.

226. Bozzetti F, Braga M, Gianotti L, Gavazzi C, Mariani L. Postoperative enteral versus
parenteral nutrition in malnourished patients with gastrointestinal cancer: a randomised
multicentre trial. The Lancet 2001;358(9292): 1487-1492.

©Juan C. Gomez-Izquierdo, 2016 153



