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Preface
This PhD thesis is based on studies carried out between 2015 and 2019 during my time as a PhD student at

the Department of Surgery, Holbak Hospital. Included are two retrospective cohort studies and one

prospective cohort study based on data from a randomised clinical trial of which the protocol is presented.

The retrospective cohort studies were conducted as a teamwork between physicians at Holbzak, Slagelse,
and Kgge Hospitals. The objective was to study the association between the fluid balance during
emergency gastrointestinal surgery and complications, and the association between complications and
death following emergency gastrointestinal surgery. The studies were planned, conducted, and completed

by the author of this thesis.

In 2015 the randomised clinical trial ‘Goal-directed fluid therapy in urgent Gastrointestinal Surgery — A
Randomised multicentre Trial: The GAS-ART trial’ was initiated as a collaboration between anaesthetists
and surgeons at Herlev, Holbaek, Odense, Slagelse, and Svendborg Hospitals. The idea behind the GAS-ART
trial was developed by Birgitte Brandstrup, who also drafted the protocol. The protocol was refined
through the teamwork of physicians working behind the GAS-ART trial. The project was led by MD, Anders
Voldby. The aim of the GAS-ART trial was to investigate whether a zero-balance goal-directed fluid therapy
compared with a standard fluid regimen reduced postoperative complications following emergency surgery
for gastrointestinal obstruction or perforation. More than 20 doctors worked as dedicated team members
in the GAS-ART group. Due to the slow inclusion rate, the GAS-ART trial was handed over to MD, Anne Aaen
during the spring of 2017. Patient inclusion and follow-up was completed in November 2018. Preliminary
results revealed no difference in the primary outcome and that the perioperative fluid administration was

comparable between the allocated arms.

The prospective cohort study is a re-assessment of the data from the GAS-ART trial evaluating the
association between perioperative fluid balance and postoperative complications in the entire study

population.
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English Summary
More than 310 million people undergo major surgery every year. One of ten are considered high-risk

patients, but they account for approximately 80 percent of the deaths. Patients undergoing emergency
gastrointestinal surgery are faced with some of the most unfavourable outcomes. Approximately half of the
patients develop major postoperative complications, and one of four are dead after 90 days. Intravenous
fluid administration is an incorporated part of perioperative care and is given to replace fluid losses, ensure
a sufficient circulation of organs, and safeguard plasma constitution. Hypovolemia may lead to organ
impairment and failure. Therefore, liberal intravenous fluid administration has been given during surgery
with reported body weight gain of 5-10 kg. However, fluid overload is associated with an increased risk of
complications. The aim of this PhD thesis is to study the association between perioperative fluid balance,

complications, and death following emergency surgery for gastrointestinal obstruction or perforation.

We set forth to test whether a liberal fluid administration was associated with an increased risk of various
postoperative complications in accordance with findings in studies of patients undergoing planned surgery.
We found a perioperative fluid balance above 2.5 L to be associated with an increased risk of
cardiopulmonary complications following emergency gastrointestinal surgery. Further, we found a
potential perioperative fluid balance optimum between 0-2 L. We tested that hypothesis in the second
cohort study and found a perioperative fluid balance above 2.0 L to be associated with an increased risk of
cardiopulmonary complications. A negative fluid balance was not associated with the risk of complications.
Both studies showed that cardiopulmonary and renal complications were associated unevenly with the
perioperative fluid balance. Finally, we investigated how various complications were associated with death
and found in the adjusted analysis that atrial fibrillation, deep wound complications, and respiratory failure
were most strongly related with death. Atrial fibrillation was the only complication associated with death in

subgroups of patients with gastrointestinal obstruction or perforation.

The studies show that a perioperative fluid balance below 2-2.5 L during emergency gastrointestinal
surgery may have the potential to improve the risk of postoperative cardiopulmonary complications and
that atrial fibrillation and respiratory failure are strongly associated with death. Future studies are urged to
address the effect of perioperative fluid optimisation during emergency abdominal surgery in a randomised
setup to explore the causal relations on this subject. Future studies are also encouraged to investigate the
uneven associations between perioperative fluid balance and cardiopulmonary or renal complications and

an optimised treatment for weeks after the initial surgical procedure.



Dansk resumé
Mere end 310 millioner mennesker far arligt foretaget stgrre kirurgiske indgreb. En ud af ti betragtes som

hgj-risiko patienter, og udggr omkring 80% af dgdsfaldene. Forlgbet efter akut gastrointestinal kirurgi er
blandt de mest ufordelagtige. Omkring halvdelen af patienterne udvikler alvorlige postoperative
komplikationer, og hver fierde afgar ved dgden inden for 90 dage. Intravengs vaeskebehandling er en
integreret del af den perioperative behandling og gives for at erstatte veesketab, sikre en tilstraekkelig
cirkulation i organerne og regulere indholdet i plasma. Hypovolaemi kan lede til bade organskade og
organsvigt. Derfor har man tidligere givet meget intravengs vaeske under kirurgi, og vaegtstigning pa
mellem 5-10 kg er blevet rapporteret. Pa den anden side er for stor vaeskeindgift ogsa blevet relateret til en
gget risiko for komplikationer. Malet med denne PhD afhandling er at undersgge sammenhangen mellem

perioperativ vaesketerapi, komplikationer og dgd efter akut operation for tarmslyng eller tarmperforation.

Vores mal var at undersgge, om en stor vaeske administration var relateret til gget risiko for forskellige
postoperative komplikationer efter akut kirurgi, som det er tilfeeldet for planlagte kirurgiske patienter.
Vores resultater viste, at en perioperativ vaeskebalance over 2.5L var relateret til en gget risiko for hjerte-
lungekomplikationer efter akut gastrointestinal kirurgi. Derudover fandt vi et muligt vaeskebalance-
optimum mellem 0.0 L og 2.0 L. Den hypotese testede vi i det andet kohortestudie, som viste, at en
perioperativ vaeskebalance over 2.0 L var relateret til en gget risiko for hjerte-lungekomplikationer. En
negativ vaskebalance var derimod ikke relateret til en gget risiko for komplikationer. Begge studier viste, at
hjerte-lunge- og nyre-komplikationer var forskelligt relateret til veeskebalancen under kirurgi. Til slut
undersggte vi, hvordan forskellige komplikationer var relateret til dgd, som viste at atrieflimren, dybe
sarkomplikationer og vejrtraekningssvigt var staerkest relateret til dgd i den justerede analyse. Atrieflimren
var den eneste komplikation relateret til dgd bade i gruppen af patienter med tarmslyng og

tarmperforation.

Studierne viser, at en perioperativ vaeskebalance under 2.0 L til 2.5 L ved akut mavetarmkirurgi potentielt
set kan bedre risikoen for postoperative hjerte-lungekomplikationer, og at atrieflimren og
vejrtraekningssvigt er markant relateret til dgd. Fremtidige studier tilskyndes at udforske effekten af
vaeskeoptimering under akut mavetarmkirurgi i et lodtreekningsstudie for at undersgge arsagsforhold inden
for emnet. Desuden tilskyndes fremtidige studier til at undersgge de forskellige relationer mellem den
perioperative vaeskebalance og hjerte-lunge- eller nyrekomplikationer samt en optimeret behandling i uger

efter det indledende kirurgiske indgreb.
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1 Background

1.1 Introduction
Today, more than 310 million major surgical procedures are performed each year, and the number is

increasing.? ‘High-risk’ patients account for about 10% of the procedures but for approximately 80% of the
deaths.?* Patients in need of emergency surgery are often elderly with considerable co-morbidity, and as
such are a particularly vulnerable group.>” Emergency gastrointestinal procedures are followed by a risk of
postoperative complications of 30%—50% and a mortality risk of 15%—25%. 10 The association between
postoperative complications and death is strong;*! however, influenced by co-excising disease, the
intraabdominal pathology, and hospital characteristics. Studies are sparse as to which postoperative
complications correlate more strongly with death following emergency surgery for gastrointestinal

obstruction or perforation.

Patients undergoing emergency surgery diverge in several ways from elective surgical patients.
Compromised fluid and food intake as well as vomiting frequently precedes emergency gastrointestinal
surgery and skews the fluid homeostasis, which leaves a need for fluid and electrolyte replacement.
Additionally, gastrointestinal obstruction or perforation may lead to sepsis!? enhancing the need for timely

fluid administration to avoid organ failure and death.13-16

The need for fluid resuscitation of these jeopardized patients is agreed upon. However, the right type, the
right amount, and the timing of fluid administration is highly debated, and the clinical practice varies
widely.'”'8 For decades, the primary concern has been to avoid unrecognised hypovolemia, which may lead
to organ damage and eventually death.?® Replacement of observed fluid losses but also hypothetical losses
led to a liberal perioperative fluid practice?®?! with little concern about the adverse effects of fluid
overload. The kidneys were believed to excrete excess fluid from the administration.?? Perioperative weight
gains of 5-10 kg have been reported.?*2* However, it takes several days to weeks to excrete a volume

overload equivalent to a weight gain of 10 kg.?®

Fluid overload has been correlated with interstitial oedema formation and increased risk of
complications.?>2¢ Studies testing a restrictive perioperative fluid regimen compared to a liberal regimen
have demonstrated faster gastric emptying, reduced number of complications, and reduced length of
hospital stay in patients undergoing elective gastrointestinal surgery.?’-2° Aiming at a perioperative ‘zero-
balance’ with a postoperative bodyweight increase below 1 kg and a fluid balance approximating O L,

Brandstup and colleagues found a reduced risk of postoperative complications compared with a standard



regimen in patients undergoing elective colorectal surgery.?! Conversely, an overly restrictive fluid regimen
seems to compromise tissue oxygenation and impair renal function following high-risk abdominal
surgery.3031 Which fluid balance to aim for and how it is associated with various complications is unknown

for patients undergoing emergency gastrointestinal surgery.

Timely recognition and handling of events with hypoperfusion is difficult but important to recognise during
surgery in high-risk patients.?? Several strategies have been suggested. Intraoperative fluid optimisation
according to flow-related markers (goal-directed fluid therapy, GDT) in elective abdominal surgery has been
shown to reduce length of hospital stay and risk of complications compared with standard care.?3-37 High-
risk surgical patients in particular seem to benefit from a perioperative GDT.3%3%3° However, only a pilot
study and a terminated randomised trial have addressed perioperative GDT during emergency abdominal

surgery with inconsequential clinical relevance.%4!

1.2 Objective
The objective of this thesis was to determine the association between perioperative fluid balance and

different postoperative complications and to test the association between postoperative complications and
death in patients undergoing emergency surgery for gastrointestinal obstruction or perforation. Our
hypothesis is that a negative and an overly positive perioperative fluid balance might compromise organ
perfusion and increase the risk of postoperative complications. Moreover, we believe that certain
postoperative complications correlate unevenly with death and that some complications may serve as
clinical markers of patients needing escalation of care. Our aim was investigated through two retrospective
cohort studies of patients undergoing emergency surgery for gastrointestinal obstruction or perforation
and a prospective cohort study reassessing data from the GAS-ART trial (Goal-directed fluid therapy in
urgent Gastrointestinal Surgery — A Randomised multicentre Trial), a randomised clinical multicentre trial
comparing two perioperative fluid strategies in patients undergoing emergency surgery for gastrointestinal

obstruction or perforation.



1.3 Morbidity and mortality
Emergency abdominal surgery is performed for various indications. Preoperative patient characteristics

differ, the intraabdominal pathologies are multiple, and the hospital characteristics are dissimilar.

Morbidity and mortality change accordingly.

Patient characteristics

Several patient characteristics are associated with postoperative morbidity and mortality following
emergency gastrointestinal surgery. The American Society of Anesthesiologists physical status classification
(ASA) or an increasing age have repeatedly been associated with an increased risk of postoperative
complications and death.®#>7** Further, several comorbidities are linked with postoperative morbidity and
mortality of which ischemic heart diseases, pulmonary disease, liver disease, renal disease, or malignancy
are highlighted in several studies.1®*> Additionally, a patient’s fitness, expressed as functional status, frailty,

or performance score has been documented as an important predictors of the postoperative course.*34647

The intraabdominal pathology

Morbidity and mortality vary according to intraabdominal pathology and the procedure performed.”*8
Minor surgical procedures such as appendectomies, cholecystectomies, or endoscopic treatment of gastro-
duodenal bleedings have low risk of adverse outcomes but are included in some reports on emergency
abdominal procedures.>”434649.50 On the other hand, morbidity and mortality rates are among the highest
for patients undergoing major gastrointestinal surgery.3'! No national Danish databases provide systematic
information on emergency gastrointestinal surgical procedures. The Danish Colorectal Cancer Group
registers all surgeries for colorectal cancer and showed a 30-days mortality risk of 15% following
emergency surgery.>! Additionally, the Danish National Indicator Project on patients with perforation or

bleeding from gastro-duodenal ulcers show a 30-days mortality risk of 14%—18% and 9% respectively.>>>3

The Hospital characteristics

National reports from England, USA, and Australia document pronounced variability in postoperative
mortality between hospitals after emergency general surgery.®>* However, the risk of postoperative
complications has been found to be comparable.>> The metric ‘failure to rescue’ (death in patients with
complications) addresses this matter. Since Silber and colleagues introduced the concept of failure-to-
rescue, the metric has been generally accepted and used as a quality marker of hospital performance.>>->7
Delayed recognition of an evolving complication and time to initiate treatment have been associated with

an increased risk of complications and death.*>°°8 Additionally, the variability in standard of care and



hospital characteristics including intensive care unit bed capacity, use of radiological diagnostic tools,
surgeon volume of procedures, teaching status, or nursing to patient ratio are variables associated with a
postoperative outcome.>>> The concept ‘Failure-to-rescue’ was, however, originally introduced in elective

surgical cases and has only been recently implemented in the area of emergency surgery.®%.62

1.4 Aspects of Perioperative Fluid Therapy
Perioperative intravenous fluid therapy is given to replace physiological and pathological losses and to

maintain or correct the plasma constitution. The variables that need to be considered are the physiological
aspects, the pathological aspects, the characteristics of the fluid administered, and the perioperative fluid

strategy.

Physiological aspects

Fluid homeostasis in a healthy person is ensured through pressure-related, hormonal, and renal regulation.
Approximately 50%—60% of the body weight is water varying according to fat and muscle distribution. The
cellular membrane separates the intracellular volume (40%) from the extracellular volume (20%). The
extracellular compartment is subdivided into the interstitial compartment (15%) and the intravascular
compartment (5%), which are separated by the vascular wall. The vascular wall and cellular membrane
determine the distribution of molecules, whereas water moves almost freely across the membranes.® The
pressure gradient across the vascular wall and the colloid osmotic forces regulate capillary fluid distribution
according to Starlings correlation.®* The vascular wall is freely permeable for small molecules as ions while

increased molecular size is gradually restrained and the endothelium is impermeable to proteins.®

Pathological aspects

Surgery prompts a hormonal and inflammatory response. The hormonal response prompts fluid
retention.?” However, surgical trauma mediates vasodilation and alters the vascular permeability, which
may induce a fluid shift toward the interstitial compartment.?’ Importantly, based on animal trials it seems
that oedema in the traumatised tissue increases with additional intravenous fluid infusion.®® Furthermore,
rapid infusion of fluids merits an increase of atrial natriuretic peptide and a potential fluid shift from the

intravascular space to the interstitial space.®”

An adjunct to patients undergoing emergency surgery is sepsis which adds to the inflammatory state.
Severe sepsis (grade 3—4) appears in approximately 25% of patients undergoing emergency colorectal

surgery.®® A more severe degree of sepsis is associated with a worse outcome and death.®® The Surviving



Sepsis Campaign provides international guidelines on how to treat sepsis.® Early and ample fluid

resuscitation is a key element in treating severe sepsis.

The fluid characteristics

Intravenous administration of isotonic crystalloids is distributed to the entire extracellular volume and the
volume expanding effect (intravascular) tends to be short-lived.®® The intravascular volume expansion of
isotonic crystalloids approximates 20%—30% of the fluid volume given after 30 minutes.”®’! However, the

body weight increase corresponds reasonably with the administered volume.”?

The type of crystalloids administered seems to influence the risk of postoperative complications. Isotonic
saline contains 154 mmol/L sodium and chloride; however, the normal serum concentration of chloride is
lower (100—-110 mmol L) and intravenous infusion of isotonic saline might prompt hyperchloremia.
Hyperchloremia has been associated with increased length of hospital stay and 30-day mortality.”® Further,
a recent cluster-randomised multicentre crossover trial of patients admitted to the ICU showed increased
risk of renal replacement therapy, persistent renal dysfunction, and death in patients treated with saline
compared with a balanced crystalloid infusion. 7 It is noteworthy that the relation seemed to be more

pronounced in patients with sepsis.

The intravascular volume expanding effect of colloids is greater than that of crystalloids and has been
found to exceed the infused volume.??7576 The use of artificial colloids is, however, controversial because
hydroxyethyl starch seems to increase the risk of renal replacement therapy and death when used for
resuscitation of intensive care patients.””’® In alignment, a recent Cochrane review found a slight increase
in renal replacement therapy when using starch products compared with various crystalloids for
resuscitation in critically ill patients.” In comparison, no difference was found between albumin in saline
and crystalloids. Likewise, albumin in addition to various types of crystalloid administration compared with
crystalloid administration only shows equivalent short-term mortality risk and no significant increase in

renal replacement therapy when used for resuscitation in patients with sepsis admitted to the ICU.%°

Taken together, colloid-based fluid regimens ensure a longer-lasting intravascular volume expanding effect
than crystalloids and possess the ability to reduces overall perioperative fluid balance;®® however, the

potential adverse effects of artificial colloids need to be considered.



The perioperative fluid strategy

The factors that need to be considered when choosing a perioperative fluid strategy is which fluid to
administer, when to give it, and how much is needed. Yet, studies addressing perioperative fluid strategies
are generally divided into two groups: studies focusing on replacement of fluid loss by a right amount or

studies focusing on the timing of fluid administration.

In clinical practice blood pressure, mean arterial pressure, and heart rate are some of the parameters
traditionally used to guide fluid therapy. Heart rate and blood pressure are influenced by many parameters
including medicine, anaesthetic drugs, positioning of the patient, blood loss, psychological stress response,
and the inflammatory response to surgical stress. It is noteworthy that a blood loss of approximately 15%
increases the heart rate modestly and arterial pressure decreases when blood volume is reduced by
approximately 30%.8% However, there is no linear relation between heart rate, arterial blood pressure, and
volume loss. As such, these parameters fail to reliably describe the intravascular volume and are incapable

of indicating fluid overload.

Diuresis is another variable commonly used when assessing fluid status. Hypovolemia decreases urinary
output through an increase in vasopressin. It follows that low diuresis might indicate organ hypoperfusion.
However, the invasive surgical procedure in itself prompts an increase in vasopressin, renin-angiotensin,
and aldosterone and thereby fluid retention.?%8* In this manner, a decrease in diuresis is not a reliant

indicator of organ hypoperfusion or hypovolemia during surgery.

Fluid volume replacement

Studies on fluid volume replacement are often classified as studies of “restrictive”, “conservative”,
“standard”, or “liberal” fluid regimens.?1:27-3085-88 The nomenclature is challenged by the varying volume of
replacement strategies used. A restrictive fluid administration in one study might resemble a liberal
regimen in another study.8>8 The studies compare perioperative fluid strategies based on assumptions
about fluid loss combined with measured fluid balance and body weight change. The volume deficit is often

calculated from the beginning of fasting prior to surgery. A special concern is the timely handling of occult

hypovolemia since fluid-balance and body weight changes are based on retrospective parameters.3%8°
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Studies of Goal-directed fluid therapy
Goal-directed fluid therapy is based on two primary assumptions. Firstly, that the chosen parameter
reliably predicts a hypovolemic state. Secondly, that the chosen parameter reliably measures the change of

the circulating volume when applying a fluid bolus.

Goal-directed fluid therapy uses predefined aims to guide fluid replacement. Commonly used aims are
flow-related variables such as oxygen delivery or estimates of stroke volume. The Frank-Starling correlation
describes the relation between the cardiac preload and stroke volume (SV).%° The assumption is that a fluid
bolus increases cardiac preload and thereby SV. Starting from this theory, estimates of SV have been used
to guide intravenous fluid therapy based on changes in SV. The SV goal-directed fluid therapy assumes that
a patient is fluid responsive (hypovolemic) as long as a fluid bolus increases SV or related estimates
reasonably. As such GDT possesses the ability to accommodate hypovolemic events and withhold fluid
therapy when the desired change in SV is achieved. The Frank-Starling correlation is, however, influenced
by numerous variables such as vasoactive drugs, sympathetic or para-sympathetic tone, and patient

characteristics.%3

1.4.1 Pre-, intra-, or post-operative fluid administration
Intravenous fluid therapy is given before, during, and after surgery. An adjunct in the urgent setting is that

fluid administration is offered by several providers: the pre-hospital care team; the emergency care unit;
the anaesthetic team during surgery; and after surgery by the team at the postoperative care unit, the
intensive care unit, or at the surgical ward, which challenges the continuity of a fluid replacement strategy

and an overview of the overall fluid loss and administration.

Pre-operative fluid therapy

The aim of preoperative fluid administration before emergency gastrointestinal surgery is to correct
hypovolaemia as well as dehydration and bring plasma constitution close to normal. Typically, one to two
litres of normal saline are given based on the patient’s history and physiological status. The speed of the
infusion depends on signs of hypovolemia. Most often, a slow infusion is commenced upon arrival to the

emergency department.
Only one randomised trial has studied a perioperative fluid algorithm including the preoperative phase in

high-risk patients undergoing abdominal surgery which included emergency procedures.? The study was,

however, interrupted due to a slow inclusion rate after one year. The low number of included patients
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prohibited analysis of the primary outcome. Studies addressing preoperative fluid administration before
planned surgical procedures have found that preoperative administration of carbohydrate-containing fluids
reduces the risk of nausea and vomiting, enhances well-being, and increases insulin sensitivity after
surgery.®?% Overall, the effect of preoperative fluid optimisation in patients undergoing emergency
abdominal surgery is unknown, but may yield a potential comparable with findings within planned

procedures.

Intra-operative fluid therapy

The intraoperative period is included in most trials addressing perioperative fluid optimisation during
abdominal surgery. Yet, only a few existing trials included patients with a need for emergency abdominal
surgery: one pilot study,*® two early-terminated studies,**! and one study in which 3% (25) of 734 patients
were emergency cases.®® The studies provide inconsequential evidence of what fluid strategy to aim for in
the emergency setting. Within planned abdominal surgery, goal-directed fluid strategies and zero-balance
strategies have both been shown to reduce postoperative complications and length of hospital stay

following abdominal surgery.?%282932,3536

Post-operative fluid therapy

No trials exist that study fluid optimisation following emergency gastrointestinal surgery. Following elective
abdominal surgery, one study found an additional postoperative fluid volume administration to increase
the time to gastric emptying and LOS.?” Yet, another study found no difference in LOS when comparing a
postoperative restrictive fluid regimen with a liberal regimen.2® Conversely, one study was stopped
prematurely due to an increased risk of postoperative complications and LOS in the restrictive fluid group.®’
All three studies included a small number of patients (between 20 and 62). Further, the restrictive and
liberal regimens varied markedly, which may partly explain the varying results. In trials studying
postoperative GDT optimisation, one study found a reduced risk of postoperative complications and LOS in
the GDT group,®® while another study found no significant difference in the risk of postoperative

complications and death.*®

Taken together, limited evidence is available regarding pre-, intra-, or post-operative fluid optimisation
during emergency abdominal surgery. Moreover, the intra- and immediate postoperative fluid
administration seems to be more strongly associated with postoperative complications than pre-operative

fluid administration in studies of planned surgical procedures.
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2 Methods

2.1 Methodological considerations

2.1.1 Study design
Retrospective studies provide valuable information on background data in a population but are

predominantly descriptive. Comparison of study groups in a retrospective observational study is challenged
by the risk of known and unknown confounding which omits deductions about causality.'® Firm
consideration about how to accommodate confounder correction is important. The selection of the study
group may reduce some known confounders if the inclusion and exclusion criteria are carefully chosen.
Analytical adjustment is another way to reduce the risk of confounders; however, the analytical adjustment
depends on knowledge about confounders and the size of the study population. Importantly, the data
extraction is limited to the available data and might restrain the research question.1°%1%2 The strength of
retrospective data is that patient- and observer-related biases are minimised.%>1% Moreover, retrospective
studies allow the address of scientific questions in areas where randomised clinical trials are difficult to

complete or may be unethical to perform.

A prospective randomised set-up addresses several of the limitations mentioned above when investigating
the relation between an exposure and an outcome. When well conducted, the randomised set-up divides
the cohort into comparable study groups and eliminates the risk of confounders. Further, the prospective
collection of study-specific data ensures uniform registration of study-related variables in both groups. As
such, a randomised clinical trial possesses the ability to demonstrate a causal relation between an exposure
and an outcome. However, careful consideration about bias and confounding is still needed. In a non-
blinded set-up, standardisation of the overall treatment alongside the intervention reduces potential

confounders.

2.1.2  The setting of the studies
The retrospective cohort studies included patients from three of four hospitals in Zealand Region in

Denmark with emergency uptake from approximately 800,000 residents. One hospital was excluded due to
administrative challenges at the time and the patients in need of emergency surgery were redirected to the
other hospitals in the region. The Danish Clinical Register of Emergency Surgery for peptic ulcer reported
zero procedures at the excluded hospital during the study period,*® and the number of gastrointestinal
emergency surgical procedures was assumed to be very low, although unknown, at the excluded hospital.

In all, the cohort is a thorough representation of the population in Region Zealand.
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The prospective study was a randomised multicentre trial conducted at five hospitals in the eastern half of
Denmark. Odense University Hospital and Svendborg Hospital are responsible for the general emergency
uptake of approximately 495,000 inhabitants, Slagelse and Holbaek Hospitals of approximately 521,000
inhabitants, and Herlev Hospital of approximately 457,000 inhabitants, all together constituting a

comprehensive representation of one-fourth of the Danish population.

2.1.3 The study population
Increased urgency of surgery seems associated with a rise in mortality.*®1%5-197 To accommodate this

consideration, sub-classifications such as immediate (minutes), urgent (hours), or expedient (days) need for
surgery are used by the National Confidential Enquiry into Outcome and Death in England.>198109 |n
comparison, the Danish Clinical Register of Emergency Surgery for gastric bleeding or perforation
recommends a surgical/ endoscopic intervention within 3 hours of admission if the patient fails to respond
to initial fluid resuscitation.° In alignment with this, we defined emergency surgery as the need for surgery

without planned delay from the surgeon’s decision for surgery.

Laparoscopic procedures have gradually been implemented in the urgent setting during the last few
decades.>*111112 Ag such, we embedded both laparotomy and laparoscopic procedures in our study

populations.

Based on National database enquiry, we chose to focus on the frail cohort of patients undergoing
emergency surgery for gastrointestinal obstruction or perforation, which has a similar 30-day mortality risk.
Patients with gastrointestinal bleeding have a noticeably lower 30-day mortality risk and were excluded

from our study cohorts.

2.1.4 Preoperative assessment of patients
Several preoperative assessment tools exist to address the overall preoperative patient characteristics and

estimate the postoperative risk of adverse events (e.g. the Charlson Comorbidity Index).'* However, the
majority of these tools are developed for patients undergoing planned surgical procedures.'** We used ASA
classification and the sepsis-2 score. For the GAS-ART trial we used the APACHE-II score, which, however,
includes the initial postoperative period. Additional preoperative screening of patients was based on

ungraded registration of co-morbidity.
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2.1.5 Postoperative complications, classification
Classification of postoperative complications varies widely between studies, which hampers a comparison

of study results. Postoperative complications may be graded according to the affected organ system
(Postoperative Morbidity Survey),''> the severity of a complication (Clavien-Dindo classification),* or an
overall status of severity (The Comprehensive Complication Index).!’ Either approach has strengths and
weaknesses. Importantly, uniform classification of complications challenges the fundamental principles of
hypothesis testing. The relation between an exposure and an outcome may focus on a study-specific
complication or a group of related complications developing in continuums. Further, retrospective
registration of complications may differ from prospective registration of complications, since the

requirement of diagnostic actions is obsolete in the former.

We chose to define the postoperative complications according to Table 1. The definitions of the
complications are similar to the definitions used in previous prospective trials that study the relation
between a perioperative fluid therapy and postoperative complications.?%'!® In general, a complication was
accepted if it warranted medical or surgical treatment. In the prospective trial, additional requests for

diagnostic tests were required. The strict definitions decrease subjective interpretation of events.

Additionally, we chose to grade the retrospectively registered complications according to the Clavien-Dindo
classification (CDC), which allowed us to divide the complications according to their severity in minor
(CDC<3) or major (CDC>3) complications in papers | and 111.1*¢ The CDC was originally developed for elective
surgical patients. In 2014 Mentula and colleagues suggested the use of CDC following emergency surgery,

and it has been gradually implemented in that area.*6:11%120

2.2 Statistical considerations
The fundamental of hypothesis testing in medical sciences is the null hypothesis, assuming no difference of

intervention between compared groups.*?! The significance level (a) is the maximal accepted probability of
making a type | error or incorrectly rejecting the null hypothesis and is usually assigned a value of 0.05. In a
series of hypothesis testing, the risk of making a type | error (the study-wise error rate) is given by 1 — (1 -
o), where n is the number of independent tests.'?? It follows that the study-wise error rate increases by
the number of tests performed. The Bonferroni adjustment ensures that the study-wise error rate remains
at 0.05 when performing multiple independent tests and is given by 1 — (1 — a)" or approximated by
a,/n.*2 In other words, when comparing similar groups with multiple tests, the Bonferroni adjustment

ensures that the risk of type | errors does not increase. However, a true difference between the groups may
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exist. The inevitable consequence of Bonferroni adjustment is an increased risk of a type Il error () or the

acceptance of an incorrect null hypothesis.'?*

Correction for multiple testing is debatable as the study structure, the outcome, and the hypothesis tested
need to be considered. Prospective randomized trials seek causal relations with potential external
applicability of a study intervention. As such, type | errors might at best be unjustified although they are
potentially detrimental.’?> Conversely, rejecting a true effect of an intervention may set back scientific
progress. Thus, one needs to consider whether the interpretation of one test reasonably depends on the
number of other tests performed. Retrospective cohort trials are generally hypothesis generating and
adjustment of the significance level is aimed at reducing random findings but has been argued to
undermine the basics of hypothesis-testing.??1123 Further, which tests to adjust for is debatable.
Adjustment of the significance level needs to be considered when performing multiple tests in a study, e.g.
subgroup analysis, sequential testing, or in case of explorative testing of significant associations.?
However, interpreting scientific results essentially relies on critical assessment of the study set-up, the

analysis performed, and considerations about a plausible biological relation.

16



2.3 Methods used in the papers
The observational retrospective multicentre studies (papers | and Ill) collected data on patients admitted

between 1 July 2014 and 31 July 2015 at Holbaek, Slagelse, and Kgge hospitals in Region Zealand. The
prospective multicentre trial (paper 1) was conducted as a randomised clinical drug trial (protocol given in
paper V). Patients were enrolled at Svendborg, Odense, Slagelse, Holbaek, and Herlev hospitals between

August 2015 and August 2018.

Inclusion and exclusion criteria were similar between the observational and prospective studies. We
included adult (218 years) patients with radiologically verified gastrointestinal obstruction or perforation.
We excluded patients who had had intraabdominal surgery in a 30-day period prior to the index procedure,

patients in regular dialysis, pregnant at the time of surgery, or with a traumatic or iatrogenic perforation.

The difference between the prospective and retrospective cohorts is related to the study design. In the
retrospective trials only, Danish residents were included to ensure complete follow-up.*?” In the
prospective trial, inclusion was only possible when an anaesthetist capable of conduction the intervention
was present. Further, only patients given informed consent were included and palliative procedures (ASA

class 5-6) were excluded.

2.3.1 Exposure variables
The exposure variable in papers | and Il was perioperative fluid balance estimated as the difference

between fluid administration (intravenous and per oral fluid administration) and fluid loss (physiological
and pathological). We included all registered fluid variables and estimated the perspiration to be

0.5 mL kg™ hour™. In paper | the perioperative fluid balance was calculated from induction of anaesthesia
and to discharge from the postoperative care unit or intensive care unit for a maximum of 24 hours. In
paper |l the perioperative fluid balance was calculated from induction of anaesthesia and to the end of the
postoperative day 1. The cohort was divided at a perioperative fluid balance of 2.5 L in paper I. In paper II
we used the results from paper | as indices of an optimal fluid balance during emergency gastrointestinal
surgery and divided the cohort at 0.0 L and 2.0 L. The exposure variable in paper lll was 16 predefined
postoperative complications. In paper IV we present two different methods of perioperative fluid

administration as exposure (GDT and postoperative zero-balance versus a standardised fluid regimen).
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2.3.2 The outcome
Five outcomes were analysed in paper | (overall, cardiopulmonary, renal, infectious, and wound-related

complications) and one outcome in paper Il (cardiopulmonary complications). Death was the outcome in

paper lll. We introduced a composite outcome in paper IV of major complications and death.

2.3.3 Study conduction and data collection
We collected data retrospectively in papers | and Ill between 15 June 2017 and 31 March 2018. The

electronic booking system of surgical procedures was manually screened, and all potentially eligible
patients registered. Each patient record was assessed to evaluate patients eligible for inclusion. Prior to
data extraction, each research member of the research team was instructed in the use of the case report
form, the definitions of sepsis-2 criteria, the Clavien-Dindo classification, the ASA classification, and the

definition of complications presented in Table 1.

Each patient record was assessed twice by two independent researchers and the registration of
complications were collected in two separate case report forms identified by the individual civil registration
numbers of the patient. Data on perioperative fluid administration were collected by two researchers to
ensure comprehensive data collection from the software system. The interconnected civil registration
system provided complete data on mortality.'?” Database entry of all case report forms ensured double
registration. The project leader assessed and corrected the database for irregularities according to the
protocolled definitions and study-specific ‘standard operating procedures’. Interpretative challenges were

solved in dialogue with the senior consultant responsible for the trial.

The overall rationale and methods used in the GAS-ART trial are presented in paper IV. Five hospitals were
included as study sites in the GAS-ART trial based on dedicated and motivated trial physicians from the
surgical and anaesthetic wards. The trial physicians were selected to lead and implement the study. Their
thorough knowledge and understanding of the protocol were confirmed by the project leader. Further,
introduction to the GDT equipment was ensured by the project leader and a product specialist. Formal
teaching of physicians and nurses at the surgical ward, anaesthetic ward, PACU, and the ICU were
conducted before and during the months after the initiation. The GAS-ART trial was initiated consecutively
at the hospitals with two months apart. Weekly contact with the trial physicians and visits every second
month at the project sites ensured continuously focus on the trial and handling of project matters. Project
status meetings were arranged each year. Several local initiatives were arranged to maintain project

commitment and enhance patient recruitment.
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Data from the GAS-ART trial were used for the prospective cohort study (paper Il). The data were collected
in case rapport forms and the patient files. The trial adhered to the International Council for Harmonisation
— Good Clinical Practice guidelines. An independent monitoring unit controlled the data collection and
protocol adherence. Outcome was evaluated during admission by clinical evaluation of the patients.
Follow-up on postoperative day 30 and 90 was ensured by phone. Finally, a blinded assessment of the
postoperative complications was conducted and validated. Disagreements in outcome were settled by

another blinded assessor.

2.3.4 Ethical considerations
Study approval for the observational studies was granted by the Danish Data Protection Agency and the

Danish Patient Safety Authority. Patient consent was wavered by the Ethics Committee. Permission to
initiate the GAS-ART trial was granted by the Danish National Committee on Health Research Ethics, the
Danish Data Protection Agency, and the Danish Patient Safety Authority. Patient consent was warranted
according to ethic and legislative requirement. Patients enrolled in the GAS-ART trial were not subject to
any additional risk, since the use of arterial lines for blood pressure monitoring was usual practice in
patients undergoing emergency surgery at the involved hospitals. However, Ringers solutions, Saline, and
Albumin 5% were registered as drugs in the GAS-ART trial and Serious Adverse Reaction or Suspected
Unexpected Serious Adverse Reaction were registered and reported to the Danish Patient Safety Authority

(now the Danish Medicines Agency).

2.4 Statistics used in the papers
Continuous variables following a Gaussian distribution were presented by parametric statistics; otherwise,

non-parametric statistics were used. Nominal data were given by number and percent. The primary
outcome was presented with a 95% confidence interval and 5% level of significance. Bonferroni adjustment
was used in paper | based on 5 outcome markers and in paper lll, based on 16 exposure variables.!?%1%>

Data were analysed using R version 3.5.0 GUI 1.70 El Capitan ©OR, 2016 and RStudio version 1.1.453.

We analysed the primary outcome by an adjusted regression model in papers |, I, and Ill. In paper |
adjustment of the logistic regression was based on a priori knowledge of variables known to influence the
exposure and outcome: sex, age,'?® ASA class (grouped in ASA I-1l or I1I-V),*® use of epidural analgesia (yes or
no),'?° use of vasopressors (yes or no),® the type of surgery (bowel resection, palliative surgery, or other
procedure),*® the intraabdominal pathology (gastrointestinal obstruction or perforation), 17 and the

hospital. Sensitivity analysis was planned excluding patients with a preoperative sepsis-2 score of 3—4 or
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patients admitted directly to the intensive care unit after surgery. In paper Il a weighted propensity score
was used to adjust the logistic regression analysis and the middle group served as reference. In paper Il
Cox regression with delayed entry was adjusted by variables significantly (p<0.05) associated with the
outcome in a univariate analysis. Sub-group analysis was planned for patients with gastrointestinal
obstruction or perforation. In papers | and Il we used smoothing splines with four degrees of freedom to
explore the association between the predicted risk of complications and fluid balance on a continuous
scale. Odds ratio (OR) with a 95% confidence interval (Cl) presented the results in papers | and Il and
Hazard ratio (HR) with a 95% Cl in paper IIl. Based on the Bonferroni adjustment a p<0.01 was considered

significant in paper |, a p<0.05 in paper Il, and a p<0.003 in paper Il
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3 Summary of results

3.1 Observational study (paper I)
A total of 342 patients were included (Figure 1). The cohort was divided into a conservative and a liberal

fluid group at a perioperative fluid balance of 2.5L. Fewer patients in the conservative group had active
cancer or renal disease, and gastrointestinal perforation. Further, fewer patients had a sepsis-2 score of 3—
4 and an ASA score between 3 and 5. Additionally, the duration of surgery was shorter, and the patients

were less frequently admitted to the intensive care unit after surgery.

The median [IQR] perioperative fluid balance was 1.6 L [1.0, 2.0] (3.3 mL kg™ hour?) in the conservative
group compared with 3.6 L [3.0, 5.3] (4.7 mL kg* hour?) in the liberal group (Table 2). More hypotensive
episodes were registered in the liberal group during and after surgery, and more patients received
postoperative vasopressor treatment in the liberal group. The overall risk of complications was 66% (Table
3). A perioperative positive fluid balance above 2.5 L was significantly associated with an increased risk of
overall complications, (OR (95% Cl), 2.6 (1.5-4.4), p<0.001) and the sub-group of cardiopulmonary

complications, OR 3.2 (1.9-5.7), p<0.001. The sensitivity analysis did not change the result.

A U-shaped association between perioperative fluid balance and the predicted risk of overall (Figure 2),
cardiopulmonary (Figure 3a), or renal complications (Figure 4a) was found but was, however, only a good
fit for the two latter. A perioperative fluid balance of approximately 0—2 L was associated with the lowest
predicted risk of cardiopulmonary complications (Figure 3a). However, a perioperative fluid balance of 1.5—
3.5 L was associated with a lowest predicted risk of renal complications (Figure 4a). The predicted risk of
infectious complications increased significantly as the fluid balance increased (Figure 5a). No relation was

found between the wound-related complications and the fluid balance on a continuous scale (Figure 6a).

3.2 Prospective cohort study (paper Il)
A total of 303 patients were included in the analysis and divided into a Low-FB (fluid balance) (n=44),

Moderate-FB (n=108), or High-FB (n=151) group at a perioperative fluid balance of 0.0 L and 2.0 L (Table 4).
Patients in the Low-FB group were younger and more frequently had a liver disease or active cancer than
the two other groups. The intraabdominal pathology was dominated by small bowel obstruction. Patients
in the High-FB group had a higher incidence of heart disease, a higher sepsis-2 score, and more often
gastrointestinal perforation. Hence, more patients in the High-FB group had a sepsis-2 score of 3—4 and
were admitted to the intensive care unit directly after surgery. More patients received vasopressor

treatment after surgery in the High-FB group.
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In the Low-FB group, the median [IQR] perioperative fluid balance was —0.9 L [-1.4, —0.6], compared with
0.9L[0.5,1.3] in the Moderate-FB group, and 3.8 L [2.7, 5.3] in the High-FB group (Table 5).
Cardiopulmonary complications appeared in 16.2% (49) of the patients. Cardiopulmonary complications
were significantly associated with the High-FB group, OR 3.4 (1.5-7.6), p=0.002 (Table 5). The Low-FB group
was not significantly associated with the risk of cardiopulmonary complications. The predicted risk of
cardiopulmonary complications was at a minimum at a fluid balance of approximately -1 L to 1 L based on
the spline model (Figure 3b). We found no significant association between the secondary outcome and the
fluid groups. On a continuous scale of the fluid balance, renal complications increased significantly with an

increase of the fluid balance (Figure 4b).

3.3 Observational study (paper lll)
A total of 349 patients were included (Figure 1). During the 90 days of follow-up 832 complications were

registered in 281 (81%) patients and the risk of death was 26% (91 patients). The patients with
complications more often had renal comorbidity, a higher ASA class, and gastrointestinal perforation. The
patients who died were older, had more cardiac or renal comorbidity, had active cancer, and presented
with a higher sepsis-2 score or ASA class. Additionally, the patients who died more often had

gastrointestinal perforation.

Between postoperative day 0—7, a total of 525 (63%) complications appeared. The most frequent
complication was prolonged paralysis present in 145 (42%) of the patients (Table 6). The risk of death,
according to the individual complications, ranged from 21% for patients with prolonged paralysis and up to
57% for patients with renal impairment. Ten complications were significantly associated with death in the
crude analysis with hazard rates ranging from 2.4 (1.5-3.9), p=0.0006 for re-operations and up to 6.8
(3.7-12.4), p <0.0001 for renal impairment (Table 7). Seven significant associations were found in the
adjusted analysis of ten performed analyses, of which the strongest association was observed for atrial
fibrillation, HR 3.3 (2.1-5.2), p<0.0001 and deep wound complications, HR 3.2 (1.7-5.8), p=0.0001. Atrial
fibrillation was the only complication significantly associated with death in both the subgroups of patients

with gastrointestinal obstruction or perforation (Table 8).
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Table 1 — Definition of postoperative complications

Complication

Definition in the retrospective studies  Definition in the prospective study

Superficial wound rupture

Superficial wound haematoma*
Superficial wound infection

Deep wound infection and fascial defect
Fascial rupture

Anastomosis leakage

Separation of stoma

Re-perforation

Peritonitis

Intraabdominal abscess
Postoperative obstruction of intestine
Prolonged paralysis of intestine
Gastrointestinal bleeding
Re-operation

Packed blood products

Septicaemia

Pneumonia

Urinary tract infection

Atrial arrhythmia
Ventricular arrhythmia
Acute myocardial infarction

Cardiac arrest
Exudation to the pleural cavity
Pulmonary congestion

Pulmonary oedema
CPAP

Failure to wean

Re-intubation
Mechanical respiratory support

Acute respiratory distress syndrome
Deep venous thrombosis

Pulmonary embolism

Disseminated intravascular coagulopathy
Stroke or cerebral haemorrhage

Delirium / psychosis

Renal failure
Other complication

Conservative or surgical treatment
Not registered Observed by a physician
Wound rupture, a need for removal of infected tissue, or medical treatment
A need for surgical cleavage or removal of infected tissue with fascial defect
Spontaneous fascial rupture
Symptomatic and requiring treatment
Cutaneous and subcutaneous defect
A need for re-laparotomy
Debut postoperatively Debut intra- or postoperatively
Suspected radiologically with a need for medical or surgical treatment
A need for re-laparotomy
>4 days without defecation 126 >7 days without defecation
A need for surgical or endoscopic treatment
Any unplanned re-operation
Transfusion with packed blood, Not registered
thrombocytes, or plasma
Not registered Worsening postoperatively, debut
intraoperatively or postoperatively,
graded according to sepsis-2 definitions
Radiological documentation, >one clinical
sign (fever, leucocytosis, coughing or
crepitation), and treatment initiated
Diagnosed by the treating physician Symptomatic, documented bacteriuria,
and medical treatment initiated and treatment initiated
Verified by electrocardiogram and a need for treatment
Verified by electrocardiogram and a need for treatment
ECG-pathology and treatment initiated = ECG-pathology and elevated cardiac-
enzymes
Diagnosed by a physician with or without successfully resuscitation
Verified by radiology
With a need for medical treatment Suspected clinically with bilateral
crepitation and positive effect of diuretic
treatment
Radiographic suspicion and a need for intensive care
A need for non-invasive ventilation or Not registered
continuous positive airway pressure
(CPAP) after the day of extubation
Intubation continued for more than 48
hours after surgery
Re-intubation of any cause
Not registered

Diagnosed by the treating physician
and medical treatment initiated

Not registered

Not registered
A need for intubation or continuous non-
invasive ventilation
According to the Berlin definition
Verified by radiology
Verified by scintigraphy or CT-scan
Diagnosed by the treating physician
Relevant radiology or diagnosed by Neurological symptoms and relevant
neurologist radiology or diagnosed by neurologist
Not registered Deficiency in orientation, level of
consciousness, cognition and/or
psychosis
A need for dialysis
With a need for medical or surgical intervention

* Bold caption indicates dissimilar definitions
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Figure 1. Overall trial profile for the cohort studies (papers | and Il1)
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Table 2. Peri-operative data from patients undergoing emergency gastrointestinal
surgery (paper I).

Conservative group Liberal group
(peri-operative balance <2.5L), (peri-operative balance >2.5 L),
n=179 n =163
Pre-operative data
Pre-operative Sepsis-2 score
0-2, No (%) 162 (91.5) 126 (77.8)
3-4, No (%) 15 (8.5) 36 (22.2)
Peri-operative fluid data*
Total iv fluid administration, mL, median [IQR] 2610 [2160, 3310] 6000 [4290, 8930]
Total loss, mL, median [IQR] 920 [480, 2000] 1900 [960, 3350]
Fluid balance, mL, median [IQR] 1580 [1000, 2040] 3620 [3020, 5340]

#) Including intra-operative data and data up to 24 hours postoperative.

Table 3. Logistic regression analysis on the association between the peri-operative fluid
balance and post-operative complications (paper I)

Complication Conservative group, Liberal group, Crude Adjusted analysis?
N =179 N =163
No. of patients (%) No. of patients (%) OR (95% Cl) * p OR (95% Cl) " p
Primary outcome
Overall complications 98 (58.0) 127 (73.4) 2.9(1.8-4.7) <0.001 2.6(1.5-4.4) <0.001
Subgroups of outcome
Wound-related 39 (23.1) 48 (27.7) 1.5(0.9-2.5) 0.105 1.6(0.9-2.7)  0.123
Superficial wound ruptur 18 25
Rupture of the fascia 20 20
Leakage of anastomosis 1 3
Cardiopulmonary 45 (26.6) 89 (51.4) 3.6(2.3-5.7) <0.001 3.2(1.9-5.7) <0.001
Arrhythmia 14 28
AMIx 2 2
Cardiac arrest 2 0
Pleural effusion 9 17
Pulmonary congestion 5 14
Pulmonary oedema 2 2
Respiratory failure 11 26
Renal 7(4.1) 15 (8.7) 2.5(1.0-6.7) 0.053 - -
Need for dialysis 2 3
Other renal® 5 12
Infectious 73 (43.2) 90 (52.0) 1.8(1.2-2.8) 0.008 1.6 (1.0-2.5) 0.071
Wound infection 14 12
Pneumonia 35 65
Urinary tract infection 18 11
Other infections 6 2

H) Clinical risk factors adjusted for in the model: Sex, age in the potency, ASA class (dichotomized at ASA class 3), use of epidural
analgesia (yes or no), use of vasopressors (yes or no), the type of surgery (bowel resection, palliative surgery or other procedures),
gastrointestinal obstruction or perforation, and the Hospital (Holbaek, Slagelse, or Kgge). *) OR: Odds ratio, 95% Cl: 95% confidence
interval. #) Acute myocardial infarction §) Hydronephrosis with nephrostomy catheter or treatment stalled due to renal failure. A p-
value < 0.01 was considered significant.

25



Table 4. Peri-operative data from
surgery (paper I1).

patients undergoing emergency gastrointestinal

Low-FB® group
(fluid balance <0.0L)

Moderate-FB group
(fluid balance 0.0-2.0L)

High-FB group
(fluid balance >2.0L)

n=44 n =108 n=151
Pre-operative data
Pre-operative Sepsis-2 score
0-2, No (%) 43 (97.7) 107 (99.1) 135 (89.4)
3-4, No (%) 1(2.3) 1(0.9) 16 (10.6)
Randomisation, GDT-group, No (%) 26 (59.1) 62 (57.4) 62 (41.1)

Peri-operative fluid data*
Total fluid administration, mL, median [IQR]
Total fluid loss, mL, median [IQR] 5700 [4110, 7690] 4000 [2480, 5170]
Fluid balance, mL, median [IQR] -870 [-1440, -550] 930 [540, 1330]
§ Fluid Balance. #) Including intra-operative data and data up to 48 hours postoperative.

4380 [3250, 5540] 4880 [3500, 6230] 7820 [6120, 9800]
3640 [2620, 5080]

3760 [2730, 5290]

Table 5. Logistic regression analysis on the association between the peri-operative fluid
group and post-operative complications (paper Il).

Moderate-FB group High-FB group
(fluid balance 0.0-2.0L) (fluid balance >2.0L)

Low-FBS$ group
(fluid balance <0.0L)

OR* (95% Cl) p value OR (95% ClI) p value
Crude analysis

Primary outcome

Cardiopulmonary complications 1.1 (0.3-3.6) 0.880 Ref# 3.4(1.6-7.9) 0.002
Secondary outcome

Renal complications 1.1 (0.3-3.3) 0.830 Ref 1.7 (0.8-3.9) 0.147

Infectious complications 0.8(0.3-1.8)  0.598 Ref 1.2(0.7-2.0)  0.605

Wound-related complications 0.7 (0.3-1.9) 0.552 Ref 0.6 (0.3-1.2) 0.149

Adjustede analysis

Primary outcome

Cardiopulmonary complications 1.7 (0.5-6.1) 0.44 Ref 3.4 (1.5-7.6) 0.002
Secondary outcome

Renal complications 0.9 (0.5-1.7) 0.86 Ref 1.7 (0.8-3.6) 0.20

Infectious complications 0.8 (0.3-1.8) 0.57 Ref 1.0 (0.6-1.9) 0.90

Wound-related complications 0.8 (0.3-2.3) 0.73 Ref 0.6 (0.3-1.3) 0.19

§ Fluid balance. * Odds ratio (95% confidence interval). # The Moderate-FB group serves as reference in bi-variate analysis. 6
Adjusted by a weighted propensity score. A p-value<0.05 was considered significant.
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Figure 2. Predicted risk of overall complications associated with the perioperative fluid
balance following emergency gastrointestinal surgery (paper I).
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The blue line shows the predicted risk of a complication. The shaded area is the 95% confidence interval. We used a generalised
additive model with smoothing splines and four degrees of freedom. The parametric effect is p<0.001 and the non-parametric
effect is p=0.572. A p-value <0.01 is considered significant.
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Figure 3. The predicted risk of a cardiopulmonary complication associated with the peri-
operative fluid balance following emergency gastrointestinal surgery (papers | and II).

a. Data from the retrospective cohort, paper |
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The blue line shows the predicted risk of a complication. The
shaded area is the 95% confidence interval. We used a
generalized additive model with smoothing splines and four
degrees of freedom. The parametric effect is p<0.001 and the
non-parametric effect is p=0.015. A p-value <0.01 was
considered significant.

Cardiopulmonary complications included atrial or ventricular
arrhythmia, acute myocardial infarction, cardiac arrest, pleural
exudation, pulmonary congestion, or respiratory failure (re-
intubation, failure to wean, or a need for continuous positive
airway pressure or non-invasive ventilation).

b. Data from the prospective cohort, paper Il
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The blue line shows the predicted risk of a complication. The
shaded area is the 95% confidence interval. We used a
generalised additive model with smoothing splines and four
degrees of freedom. The parametric effect is p<0.001 and the
non-parametric effect is p=0.008. A p-value <0.05 was
considered significant.

Cardiopulmonary complications included atrial or ventricular
arrhythmia, acute myocardial infarction, cardiac arrest, pleural
exudation, pulmonary congestion, or respiratory failure with a
need for mechanical ventilation.
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Figure 4. The predicted risk of a renal complication associated with the peri-operative
fluid balance following emergency gastrointestinal surgery (paper | and Il).

a. Data from the retrospective cohort, paper |
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The blue line shows the predicted risk of a complication. The
shaded area is the 95% confidence interval. We used a
generalized additive model with smoothing splines and four
degrees of freedom. The parametric effect is p<0.001 and the
non-parametric effect is p=0.080. A p-value <0.01 was
considered significant.

Renal complications included a need for dialysis,
hydronephrosis with a need for nephrostomy catheter, or
renal failure not treated.

b. Data from the prospective cohort, paper Il
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The blue line shows the predicted risk of a complication. The
shaded area is the 95% confidence interval. We used a
generalised additive model with smoothing splines and four
degrees of freedom. The parametric effect is p=0.004 and the
non-parametric effect is p=0.334. A p-value <0.05 was
considered significant.

Renal complications included a need for dialysis,
hydronephrosis with a need for nephrostomy catheter, or
acute kidney injury defined as an increase of s-Creatinine by
>26.5 mmol L't within 48 hours post-surgical.
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Figure 5. The predicted risk of an infectious complication associated with the peri-
operative fluid balance following emergency gastrointestinal surgery (papers | and II).

a. Data from the retrospective cohort, paper |
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The blue line shows the predicted risk of a complication. The
shaded area is the 95% confidence interval. We used a
generalised additive model with smoothing splines and four
degrees of freedom. The parametric effect p=0.004. The non-
parametric effect p=0.358. A p-value <0.01 was considered
significant.

Infectious complications included superficial or deep wound
infection, urinary tract infection, pneumonia, and other
infections (cutaneous infections, e.g. erysipelas)

b. Data from the prospective cohort, paper Il
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The blue line shows the predicted risk of a complication. The
shaded area is the 95% confidence interval. We used a
generalised additive model with smoothing splines and four
degrees of freedom. The parametric effect is p=0.162 and the
non-parametric effect is p=0.680. A p-value <0.05 was
considered significant.

Infectious complications included superficial or deep wound
infection, urinary tract infection, pneumonia, and
intraabdominal abscess formation.
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Figure 6. The predicted risk of a wound-related complication associated with the peri-
operative fluid balance following emergency gastrointestinal surgery (papers | and II).

a. Data from the retrospective cohort, paper |
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The blue line shows the predicted risk of a complication. The
shaded area is the 95% confidence interval. We used a
generalised additive model with smoothing splines and four
degrees of freedom. The parametric effect p=0.182. The non-
parametric effect p=0.187. A p-value <0.01 was considered
significant.

Wound complications included superficial wound rupture,
fascia rupture, and leakage of the anastomosis.

b. Data from the prospective cohort, paper Il
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The blue line shows the predicted risk of a complication. The
shaded area is the 95% confidence interval. We used a
generalised additive model with smoothing splines and four
degrees of freedom. The parametric effect is p=0.386 and the
non-parametric effect is p=0.412. A p-value <0.05 was
considered significant.

Wound complications included superficial wound rupture,
superficial wound infection, deep wound infection, and fascia
rupture.
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Table 6. Risk of a complication according to the postoperative day (POD) following
emergency surgery for gastrointestinal obstruction or perforation.

Complication Events / POD 0-1 POD 2-7 POD 8-14 POD 15-30 POD 31-90
missing dates Patients with a complication, No (%)
Superficial wound complication 81/5 5(6.2) 20 (24.7) 22 (27.2) 22 (27.2) 7 (8.6)
Superficial wound rupture 43
Superficial wound infection 38
Deep wound complication 45/0 1(2.2) 23 (51.1) 16 (35.6) 4(8.9) 1(2.2)
Deep wound infection 5
Fascia dehiscence 40
Peritonitis 24/0 0(0.0) 8(33.3) 8(33.3) 7(29.2) 1(4.2)
Peritonitis 4
Intraabdominal abscess 20
Prolonged paralysis 145/0 - 145 (100.0) - - -
Gastrointestinal bleeding 19/0 5(26.3) 6(31.6) 4(21.1) 2 (10.5) 2 (10.5)
Packed blood-products 47 /6 12 (25.5) 24 (51.1) 3(6.4) 2(4.3) 0(0.0)
Pneumonia 110/6 21(19.1) 48 (43.6) 21(19.1) 8(7.3) 6 (5.5)
Urinary tract infection 44 / 4 3(6.8) 7 (15.9) 6(13.6) 12 (27.3) 12 (27.3)
Atrial fibrillation 63/4 28 (43.8) 25(39.1) 3(4.7) 1(1.6) 2(3.2)
Pleural exudation 62/6 4(6.5) 18 (29.0) 21(33.9) 6(9.7) 7(11.3)
Pulmonary oedema 53/4 10 (18.9) 26 (49.1) 6(11.3) 4(7.5) 3(5.7)
Pulmonary congestion 41
Pulmonary oedema 12
Respiratory failure 63/0 7 (11.1) 42 (66.7) 11 (17.5) 2(3.2) 1(1.6)
CPAP* 24
Failure to wean (>48h) 21
Re-intubation 18
Venous TEE® 6/0 0(0,0) 1(16.7) 2(33.3) 0(0.0) 3(50.0)
Deep venous thrombosis 2
Pulmonary embolus 4
Arterial TEE 17/0 3(17.6) 7(41.2) 2(11.8) 1(5.9) 4(23.5)
Acute myocardial infarction 9
Stroke 4
DIC* 3
Arterial thrombosis 1
Renal impairment 23/0 3(13.0) 9(39.1) 2(8.7) 3(13.0) 6(26.1)
Renal failure 8
Other renal 15
Re-operation 79/0 4(5.1) 37 (46.8) 25 (31.6) 6(7.6) 7 (8.9)
Superficial wound rupture 9
Deep wound rupture 37
Anastomotic leakage 2
Separation of stoma 1
Re-perforation 6
Peritonitis or abscess 2
Post-operative obstruction 21
Laparotomy pro haemostasis 1
Death 91/0 19 (20.9) 9(9.9) 14 (15.4) 15 (16.5) 34 (37.4)

1 Continuous positive airway pressure. ® Thrombo-embolic events. § Acute myocardial infarction. * Disseminated intravascular

coagulation.
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Table 7. Risk of a complication or all-cause mortality and their association following
emergency gastrointestinal surgery (paper Ill).

Risk of a Death Crude analysis Adjusted analysise
complication (modified FTRS)

n (%) n (%) HR (95% CI) # p HR (95% Cl) p

Superficial wound

complication 81 (24) 20 (25) 1.7 (1.0-2.9) 0.0393 1.6(0.9-2.7) 0.1204
Deep wound complication* 45 (13) 16 (36) 2.5(1.4-4.4) 0.0015 3.2(1.7-5.8)  0.0001
Peritonitis 24(7) 9(38) 2.6 (1.3-5.4) 0.0067 - -
Prolonged paralysis 145 (43) 30(21) 1.1(0.7-1.7) 0.8060 1.3(0.8-2.2) 0.2872
Gastrointestinal bleeding 19 (6) 7 (37) 2.8(1.3-6.2) 0.0084 - -
Packed blood-products 47 (14) 21 (45) 3.1(1.9-5.2) <0.0001 1.7 (1.0-2.9) 0.0643
Pneumonia 110 (32) 40 (36) 3.4(2.2-5.3)  <0.0001 2.4(1.5-3.8) 0.0003
Cystitis 44 (13) 11 (25) 2.0(1.0-3.8)  0.0376 1.7 (0.8-3.4)  0.1494
Atrial fibrillation 63 (19) 33(52) 4.4(2.8-6.8) <0.0001 3.3(2.1-5.2) <0.0001
Pleural exudation 62 (18) 26 (42) 3.9(2.4-6.4) <0.0001 2.3(1.4-4.0) 0.0019
Pulmonary oedema 53 (16) 25 (47) 4.0(2.5-6.4) <0.0001 2.3(1.4-3.8) 0.0011
Respiratory failure 63 (18) 29 (43) 3.1(2.0-4.8) <0.0001 2.9(1.6-5.1) 0.0003
Venous TEE® 6(2) 2(33) 2.6 (0.6-10.6) 0.1840 - -
Arterial TEE® 17 (5) 8 (47) 4.8(2.3-9.9) <0.0001 - -
Renal impairment 23(7) 13 (57) 6.8(3.7-12.4)  <0.0001 - -
Re-operation 79 (23) 25 (32) 2.4(1.5-3.9)  0.0006 2.7(1.6-4.5) 0.0001

§ Failure-to-rescue. # Hazard Ratio (95% Confidence interval). © Variables adjusted for in the multivariable analysis: hospital
(Holbzek, Slagelse, and Kgge), age, ASA class (categorised at 1-2 or 3-5), pre-operative sepsis-2 score (categorised at 0-2 or 3—4),
cardiac co-morbidity (yes or no), hypertension (yes or no), renal co-morbidity (yes or no), active cancer (yes or no), the diagnosis
(bowel obstruction or perforation), and the type of surgery (bowel resection and stoma formation or other procedures). *Analysed
for laparotomies only, excluding 22 laparoscopic procedures. ® Thrombo-embolic events. A p-value <0.003 was considered
significant.

Table 8. The association between complications and 90-days mortality stratified on
gastrointestinal obstruction or perforation (paper Ill).

Gastrointestinal obstruction Gastrointestinal perforation
Risk of a Death  Crude analysis Risk of a Death  Crude analysis
complication, (FTRS),  Hazard Ratio p complication, (FTRS), Hazard Ratio p
n (%) n (%) (95% CI¥) n (%) n (%) (95% CI*

Superficial wound

complication 56 (21) 10(18) 1.2 (0.6-2.5) 0.5610 25(28) 10 (40) 2.9(1.2-7.0) 0.0173
Deep wound

complication* 32(12) 10(31) 23(1.1-4.7) 0.0193 13(15)  6(46) 2.5(0.9-6.8) 0.0678
Peritonitis 11(4) 6(55) 4.7(2.0-11.0) 0.0004 13(15)  3(23) 1.0(0.3-3.3)  0.9740
Prolonged paralysis 103 (39) 18(17) 1.0(0.5-1.8)  0.9240 42(48)  12(29) 1.1(0.5-2.6) 0.8590
GI* bleeding 13(5) 5(38) 3.3(1.3-8.3) 0.0115 6(7) 2(33) - -
Packed blood-products 29 (11) 13 (45) 3.2(1.7-6.1)  0.0002 18 (20) 8 (44) 2.6(1.1-5.9) 0.0271
Pneumonia 75(29) 27(36) 3.9(2.3-6.8) <0.0001 35(40) 13(37) 2.3(1.0-4.9) 0.0386
Cystitis 35(13) 10(29) 2.5(1.3-5.2) 0.0093 9 (10) 1(11) - -
Atrial fibrillation 41(16) 20 (49) 4.6(2.6-7.9) <0.0001 22(25) 13(59) 3.4(1.7-6.8) 0.0008
Pleural exudation 34(13) 15 (44) 4.5(2.5-8.3) <0.0001 28(32) 11(39) 2.7(1.2-6.4) 0.0210
Pulmonary oedema 29(11) 16(55)  5.7(3.2-10.3) <0.0001 24(27)  9(38) 1.8(0.8-4.2) 0.1410
Respiratory failure 41(16) 18 (44) 5.2(2.9-9.1) <0.0001 27 (31) 11(41) 2.1(0.9-4.8) 0.0841
Venous TEE® 4(2) 2(50) - - 2(2) 0(0) - -
Arterial TEE® 10(4) 5(50) 4.8(1.9-12.1) 0.0009 7(8)  3(43) - -
Renal impairment 17 (7) 10(59) 9.5(4.7-19.0) <0.0001 6(7) 3 (50) - -
Re-operation 55(21) 16(29) 2.6(1.4-4.7) 0.0024 24 (27) 9 (38) 1.7 (0.7-4.0)  0.2050

§ Failure-to-rescue. # Confidence interval. X Gastrointestinal © *Analysed for laparotomies only, excluding 22 laparoscopic
procedures. @ Thrombo-embolic events. A p-value <0.003 was considered significant.
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4 Discussion
We found that a perioperative fluid balance above 2.0-2.5 L was significantly associated with an increased

risk of overall and cardiopulmonary complications but not renal, infectious, or wound-related
complications. Conversely, a perioperative fluid balance below OL was not associated with an increased risk
of any group of complications. On a continuous scale of fluid balance, the lowest predicted risk of
cardiopulmonary complications was found between —1 and 2 L. In comparison, the predicted risk of renal
complications increased when the fluid balance rose above 3—3.5 L. Moreover, renal impairment and
arterial thromboembolic events were rare, yet most strongly associated with death. Of the more frequent
complications, atrial fibrillation, deep wound complications, and respiratory failure were most strongly
associated with death. Atrial fibrillation was the only complication associated with death in patients with

various pathologies (gastrointestinal obstruction or perforation).

4.1 Fluid balance and the postoperative course

Fluid volume replacement and fluid balance

Our results suggest that patients undergoing emergency gastrointestinal surgery may benefit from a
perioperative fluid balance that limits fluid overload. No studies have tested fluid volume replacement
strategies in emergency abdominal surgery, while several studies were found for patients undergoing

elective surgery.

Brandstrup and colleagues were the first to demonstrate a reduced risk of overall, wound-related, and
cardiopulmonary complications from a restrictive perioperative fluid strategy compared with a liberal fluid
strategy following elective colorectal surgery.?! Similar results were found in studies that included patients
undergoing various abdominal procedures.?82%8 Moreover, studies of patients undergoing urological
surgery®, vascular surgery3!, and mixed surgical procedures®3? (cardiac, trauma, and burn) have reported
a reduced number of overall postoperative complications from a restrictive fluid strategy compared with a
liberal fluid strategy. Importantly, the studies that demonstrate a positive effect of restrictive fluid
administration generally report a positive fluid balance of several litres or a weight gain of several kilograms
in the liberal fluid group. In comparison, no difference in postoperative complications or wound infections
occurred in three trials following abdominal surgery when comparing a restrictive and a liberal
regimen.8>8788 |n the study by Kalyan and colleagues and Holte and colleagues, a negative body weight
change one to two days after surgery was reported in the restrictive fluid group.?”:®® It seems that an

intraoperative restrictive fluid strategy benefits from a vigilant postoperative fluid strategy.3! In all, our
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results are comparable with findings in several studies of patients undergoing planned surgery despite

differences of patient characteristics with regard to pre-operative state of sepsis, hydration, or bleeding.

On a continuous scale of the fluid balance, we found a U-shaped association with the predicted risk of
cardiopulmonary complications in paper | as well as in paper Il (Figure 3). As such, our findings endorse the
various results in the above-mentioned studies in that the predicted risk of complications seems to increase
at a negative as well as a too positive fluid balance. The U-shaped association aligns with results from a

meta-analysis and recent cohort study within planned surgery.33134

Our spline models suggest an association between an increased risk of renal complications when the
perioperative fluid balance rises above 3 L (Figure 4). Moreover, in paper | a seemingly U-shaped
association of perioperative fluid balance and renal complications was found in alignment with the findings
of Shin and colleagues.'3* Results that agree with the findings in the largest fluid volume replacement study
to date. Myles and colleagues found an increased risk of acute kidney injury in the group receiving a
restricted perioperative fluid regimen compared to a liberal fluid regimen (fluid balance 1.4 Lvs 3.1 L).3°
The postoperative fluid administration in the restricted group was one of the lowest reported in studies of
fluid volume replacement therapy.21282%8587.88 Eyrther, postoperative oliguria was allowed and more
pronounced in the restrictive fluid group. Nevertheless, a perioperative fluid balance of approximately 3 L
seem to be associated with a lower risk of renal complications than did a fluid balance of approximately

1.5 L during high-risk surgery, which supports our findings in emergency surgery (Figure 4).

Goal-directed fluid therapy and the fluid balance

The spline models (Figure 3) suggest a potential perioperative fluid balance optimum of approximately O L
to 2 Lin paper |l and —1L to 1L in paper Il regarding cardiopulmonary complications. It was surprising that
the fluid balance optimum was lower in paper Il. One reason might be the overall treatment optimisation in
the setup of a randomized clinical trial. Another reason might be the GDT intervention. More patients
(59%) receiving the GDT intervention belonged to the Low-FB and Moderate-FB groups in paper Il (Table 4).
The GAS-ART trial aimed to accommodate hypovolemic events and avoid fluid overload in the GDT-group,
which might provide a judicious restrictive fluid strategy, yet not superior to the standard regimen
(avoiding fluid overload) in the trial. However, analysing the cohort as a whole (paper Il), it seems that the
joint benefit from an optimised GDT regimen combined with the avoidance of fluid overload may benefit
the postoperative course. We found no increased risk in any group of complications in the Low-FB group in

paper Il.
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Few studies have tested a GDT intervention during emergency abdominal surgery. In the GAS-ART trial we
found no significant difference in the composite outcome of postoperative complications and death
(preliminary results). In a pilot study, Harten and colleagues found no difference in renal function when
randomised 29 patients undergoing emergency abdominal surgery to a GDT regimen compared with a
standard regimen.*° Pavlovic and colleagues enrolled 50 patients who required emergency laparotomy to a
calibrated GDT regimen (intervention) or a GDT regimen guided by pulse pressure variation (control).*
More major complications were found in the intervention group after an interim analysis, probably due to
dobutamine administration, and the study was terminated. The two smaller trials have several limitations

and confined clinical implications.

Numerous studies have tested the effect of a goal-directed fluid therapy compared with a standard fluid
regimen during elective surgery. ‘High-risk’ patients (mortality risk >5%, high age, or marked co-
morbidity/high ASA class) were included in four studies and might resemble patients undergoing
emergency surgery. One study found a reduced risk of complications in the GDT group, while two studies
found no difference in postoperative complications between a perioperative GDT regimen and a standard
regimen.13>13¢ The largest study to date found a non-significant reduction of moderate or major
complications and mortality at 30 days (absolute risk reduction 6.8%, p=0.07).°> The pragmatic multicentre
setup indicates a benefit from a peri-operative GDT optimisation. In comparison, a Cochrane review found
a reduced risk of renal failure, respiratory failure, and wound infections when comparing a GDT

intervention with a standard perioperative fluid regimen following planned mixed surgical procedures.3’

The GDT trials use various setups, GDT-devices, interventions, and the cohorts are diverse. As such, any
comparison of study results requires cautious interpretation. Yet, it is remarkable how much the overall
fluid administration varies between the GDT trials. In the study by Pestana and colleagues, the
intraoperative fluid administration was 2.3 L in the GDT group compared with 5.9 L in the GDT group in the
study by Pavlovic and colleagues*13¢ — a difference unlikely explained by the varying study setups.
Guidelines recommend a maintenance fluid regimen of 3 ml* kgt hour? during gastrointestinal surgery in
an ERAS setting.'38 If we consider a patient of 75 kg undergoing gastrointestinal surgery for 6 hours, only
1.4 L maintenance fluid is needed. As such, it is striking that the fluid administration exceeds more than
twice that volume in several GDT trials,3#13%-141 which might increase the risk of interstitial oedema and

further the risk of complications.
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Sepsis and fluid administration

Pre- and intraoperative sepsis is probably one of the most important reasons for the varying perioperative
fluid administration between trials of emergency or ‘high-risk’ patients. In paper | 15% (51 patients) of the
patients had a sepsis-2 score >3 (Table2) and in paper I, 6% (18 patients) (Table 4). Since 2001 early
resuscitation practise has been enforced in cases of septic shock in the guidelines based on the study by
Rivers et al.’® In contrast, three recent large-scale randomised multicentre trials showed no benefit in 90
day survival from an early resuscitation practice in patients with severe sepsis.'*¢ Importantly, high
volume resuscitation (>5 L) of patients with severe sepsis has been associated with an increased risk in
mortality.'*? A remarkable alteration in the most recent Surviving Sepsis Campaign guidelines is that the
previously forceful goal-directed fluid resuscitation, is now dampened in favour of a more individualised
evaluation of the patient’s response to the fluid administration. Additionally, it seems that reducing fluid
administration after the initial management of sepsis relate to a better outcome.*® In the light of the
optimisation treatment of septichemic patients over the last decades, it seems that a liberal fluid
administration in severe sepsis may not yield the same potential as previously and might potentially be

harmful.

Confounding by indication

Confounding by indication is probably the most pronounced challenge when addressing the association of
perioperative fluid administration and complications in a non-randomised set-up. We found coinciding
characteristics in the groups with the most positive perioperative fluid balance in paper | as well as in paper
Il. The patients had a high sepsis and ASA score, and more patients had gastrointestinal perforation, a
greater risk of bowel resection, a longer time of surgery, and were more frequently admitted to the ICU
after surgery. All variables are potential confounders and indicate a possible selection bias, with the most ill
patients included in the fluid groups with the most positive fluid balance. Conversely, it is striking that the
replacement of fluid loss was more than doubled during the perioperative period in the most liberal fluid

groups in both papers (Tables 2 and 3), which might have a genuine influence on the risk of complications.

Goal-directed therapy, fluid volume replacement, and fluid balance

Taken together, fluid overload was associated with an increased risk of complications following emergency
surgery and suggestions of a similar relation were found from a negative fluid balance. Moreover, the
predicted risk of cardiopulmonary and renal complications continued to increase with an increase of fluid
balance, indicating that fluid balance may add to an overall optimisation of the perioperative fluid strategy

during emergency gastrointestinal surgery. Combining the potential benefits from studies of fluid volume
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replacement and GDT trials seems to lower the optimum of the perioperative fluid balance. Multiple
variables influence the association between the perioperative fluid therapy, however, and the
postoperative course and the effect of a combined restrictive fluid regimen and GDT optimisation is
debatable.**1%5 Moreover, due to the setup of the studies, our results are only hypothesis generating and

prone to known and unknown confounders.

4.2 Postoperative complications
We found that two-thirds of the overall complications debuted within the first week after surgery (Table 6).

Yet, approximately one-third of deep wound complications, re-operations, or pleural exudation evolved
between postoperative day 8 to 14, all of which were significantly associated with an increased hazard ratio
of death. Similarly, Tengberg and colleagues highlight that postoperative complications arise beyond the
immediate postoperative period and stress that a prolonged complex course follows emergency abdominal

surgery.t?

Our findings suggest that recognition and treatment of complications is imperative for weeks after the
surgical procedure. Immediate postoperative ICU admittance of the most fragile patients has been argued
to optimise the outcome following ‘high-risk’ abdominal procedures since timely recognition and
management of adverse events may be optimised.314 However, a randomised clinical trial found no
difference in mortality or postoperative complications when allocating patients to a high-dependency unit
compared with usual care at the surgical ward after emergency abdominal surgery.'*” In accordance with
this finding, a recent prospective cohort study of patients undergoing elective surgery found no evidence
that critical care admission directly after surgery was associated with a better risk of survival.'*® As such,
immediate postoperative ICU stay may not sufficiently encounter the prolonged complex course following
emergency gastrointestinal surgery.14”148 Future studies are urged to address how to improve the

postoperative course for weeks after emergency surgery.

We found that atrial fibrillation, deep wound complications, and respiratory failure were the complications
most strongly associated with death in our adjusted analysis (Table 7). A Danish study of patients
undergoing emergency colorectal-cancer surgery found that the risk of death was most strongly associated
with medical complications (cardiac, pulmonary, infectious, renal, and thromboembolic).#> Another Danish
study found abdominal infection and malfunctioning, pulmonary, and cardiac complications to dominate
the postoperative course following emergency gastrointestinal surgery.''® In an emergency general surgical

cohort, McCoy et al. found the strongest association with death for stroke, major bleeding, myocardial
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infarction, and pneumonia.* In all, various postoperative complications have been associated with an

increased risk of death following emergency abdominal surgical procedures.1%:107,149,150

A striking finding in paper Il was that atrial fibrillation uniformly demonstrated a strong association with
death in the subgroup of patients with gastrointestinal obstruction as well as perforation (Tables 7 and 8).
Atrial fibrillation is generally considered a minor complication and not registered as a complication in
several studies. Yet, our findings suggest that atrial fibrillation may serve as an early marker of an adverse

postoperative course, in agreement with previous studies.*%:152

4.3  Clinical implications
Our findings imply that a perioperative fluid balance <2.0 L in the urgent setting may add to an overall

optimisation of the perioperative course in patients undergoing emergency gastrointestinal surgery. We
found that atrial fibrillation and respiratory failure were among the complications most strongly associated
with death. This is an interesting result since a liberal perioperative fluid balance was associated with an
increased risk of cardiopulmonary complications of which arrhythmia accounts for approximately one third.

Future studies are called for to explore causal relations.

4.4 Randomized clinical trials in the setting of emergency surgery
The initiation and completion of a randomised clinical trials in emergency surgery poses several challenges

and may be the reason for limited studies in the field.*>>4 Involvement and consent from patients is
challenged by the hectic situation at admission, where concerns about life and death dominate. Moreover,
barriers from the treating physicians may be pronounced. In a setting where a myriad of treatment
initiatives are offered simultaneously, individual experiences of treatment benefits are likely to influence
the physician’s decision about ‘optimal’ treatment and when to enrol a patient in a study (‘equipoise’).*>3
Moreover, the different health care professionals involved in patient treatment are likely to prioritise
study-related matters unevenly due to time requirements, competences, or personal benefits (e.g. co-
authorships).** In comparison, non-randomised trials have implemented multimodal intervention in
cohorts of emergency surgical patients.>>-2> However, evaluation of protocol adherence revealed that only
selected elements of the intervention were prioritised.*>>® Dominating reasons were time restraints, lack
of structural resources, and the struggles to motivate colleagues.*>® Perioperative fluid optimisation is one
defined intervention and might be simpler to implement than a multimodal intervention in patients
undergoing emergency surgery. Yet, even during elective surgery, caution about lack of protocol adherence

has been called for in studies of perioperative fluid optimisation.? Nevertheless, the largest multicentre
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RCT to date reports of more than 90% protocol adherence in a population of ‘high-risk’ abdominal surgical

patients.®
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4.5 Strengths and limitations of study results
The non-randomised study set-up in all three papers challenges deduction about causality, since

comparison of the groups in the papers is prone to known and unknow confounders. In paper Il the data
were originally collected for the randomised clinical trial GAS-ART. However, repealing the randomisation
introduces potential confounders in alignment with the retrospective cohort studies. Altogether, our
results are hypothesis generating, leaving future randomised clinical trials to explore. Some strengths and

limitations need to be addressed explicitly.

4.5.1 The data collection
We extracted data for the retrospective cohort studies by manual assessment, which is probably the most

reliable way to extract data from patients records.!%2 Retrospective data collection is limited by the data
available, which are not registered for study-related matters and are, as such, incoherently reported.
Registration of adverse events in the patient file is likely to be inconsistent and based on definitions that
vary between physicians. Further, it is likely that registration of complications is recorded in more detail on
patients admitted at the ICU than on ward patients. A retrograde classification of complications relies on an
interpretation of file data by the data-collector. To accommodate these obstacles, we ensured thorough
introduction of data-collectors, pre-defined list of complications, clear definitions of outcome markers, and
double assessment of patient records, which were collected in two separate case report forms. Complete

data on mortality was ensured by the Danish Civil Registration system.'?’

Prospective data collection allows study-specific variables to be registered and provides unique, high-
quality study data. Further, the investigators tend to ensure comprehensive registration of data.
Nevertheless, commitment between investigators may vary, which was accommodated for by a thorough
teaching of staff and regular meetings with local investigators. Further, clear definitions of variables were

used to ensure the uniform registration of data.

Missing data is a noticeable difference between retrospective or prospective data collection. Important
variables may not be available in a retrospective study to a degree that forces a change in the study aim.
Alternatively, larger proportions of the data may be missing and introduce confounding similar to a
selection bias, despite attempts at statistical correction (e.g. imputation). As such, we were pleased to

observe that only seven patients were missing fluid data in paper | (Figure 1).
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4.5.2  Fluid balance
Intra- and immediate postoperative fluid data were used as exposure in papers | and Il, which is challenged

by the interdependent fluid administration throughout the entire pre-, intra-, and postoperative period,
and all together expected to be associated with the outcome. Yet, the use of intra- and immediate

postoperative fluid data as exposure is similar to that of other studies in the field.

Preoperative fluid administration was not available in the retrospective and the prospective study. In the
latter, the preoperative fluid data were requested but were, however, incomplete to the extent that did
not allow inclusion for fluid balance calculation, the reasons being that fluid data collection was not a
standard procedure at the emergency care units at the study sites. Similarly, post-operative fluid data
beyond the PACU and ICU stay were not included in paper | since no formal data collection existed beyond
that period. Importantly, the electronic anaesthetic database used for fluid data extraction from the intra-
and immediate post-operative course, had been used for many years and ensured comprehensive high-
quality data. In paper Il we included postoperative fluid data until day two due to lack of completeness of

data thereafter, which was partly due to free oral intake or toilet visits, and discharge of patients.

We corrected for some known confounders but not for all. We did not adjust for the perioperative blood
loss which has been associated with postoperative complications and might have skewed our results.*>1>°
However, the difference in blood loss was minimal between the groups in both paper | and Il. In papers |
and Il various types of fluids were administered, but not adjusted for and potentially influencing on renal
function.”®”” The perioperative colloid administration was, however, negligible in the patient groups in
paper I. In paper ll, a relatively higher dose of Human Albumin was given in the Moderate-FB group, yet
was expected to relate minimally to the outcome.” Finally, in paper | we did not adjust for the state of
sepsis, which is partially included in the ASA classification.*® We did, however, adjust for the use of

vasopressors and performed sensitivity analysis excluding patients with preoperative severe sepsis.

4.5.3 Complications
In papers | and |l we grouped complications likely to evolve in continuums and with coincides clinical

expression or systemic response. Certain individual complications stand out as the most influential variable
in the predefined groups of complications, e.g., the risk of pneumonia was substantially more pronounced
than the risk of other infections in the group of infectious complications in paper | as well as in paper Il. In
paper lll, ‘re-operation’ is possibly one of the most diverse groups. It is likely that the various pathologies
(e.g. fascial rupture or peritonitis and abscess) influence survival differently.'®® However, the grouping was

based on the sound assumption that any re-operation is associated evenly with the postoperative risk of
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survival, due to the equally repeated surgical stress response, aesthetical procedure, and perioperative
fluid administration.*®! The various risks of individual complications in the predefined groups of

complications highlights the need for cautious interpretation of an outcome of grouped complications.

Postoperative complications are associated with several variables.**198152.162 Because of the sample size, it
was not possible to adjust for all known confounders, which might have skewed our results in papers |, Il,
and lll. Some co-morbidities were not adjusted for due to lack of available data. Further, we did not grade
the severity and number of co-morbidities in each patient, which might have swayed the outcome.
However, we did adjust for known important co-morbidities in paper I, the most influential co-morbidities

in paper lll, and all available co-morbidities in paper II.

The anaesthetic procedure was neither registered nor adjusted for in any paper, but might have influenced
the outcome.%31%4 | jkewise, postoperative care was not registered, which might have influenced timely
recognition and handling of complications, though it is a debatable association. Conversely, we did adjust
for the study site (hospitals) in all three papers and thus, indirectly incorporated organisational differences

in the analysis.

4.5.4 Prospective randomised trial (paper 1V)
The randomised multicentre design in paper IV provides a strong scientific base with several assets.

Inclusion criteria were clear, simple, and relevant in a Danish emergency setting. Exclusion criteria were
limited to ensure an effective and consecutive enrolment of patients and minimise selection bias.
Randomisation was computer generated, with small random blocks blinded for the investigators and
project leader to ensure a balanced allocation, which was stratified by hospital and gastrointestinal
obstruction or perforation. The perioperative fluid therapy was clearly defined in the intervention and
standard care group. We allied ourselves with dedicated trial-physicians to ensure protocol adherence.
Moreover, the independent Units of Good Clinical Practice was in charge of the external control to ensure
protocol adherences and reduce performance bias. Due to lack of blinding, standardisation of care
alongside the intervention was emphasised according to local, regional, and national guidelines to minimise
confounding. The primary outcome was clearly defined per-protocol and was patient relevant. Follow-up at
30-days and 90-days postoperative was ensured by the tiral-physicians to minimise attrition bias. Blinded
assessment of the primary outcome was planned to minimise detection bias. A thorough plan for data
collection, analysis, and presentation of study results was protocolised and in addition published in paper

IV to diminish selective reporting and publication bias.
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Some limitations were expected. The multimodal handling of patients undergoing emergency
gastrointestinal surgery challenges the set-up of a RCT. The urgent nature of the pathology warrants
immediate treatment of the patient and restricted time for study-related matters. Thus, the inclusion of the
most ill patients may have been restricted due to the limited time to inform the patient and reflection
before consent. Consecutive enrolment of patients was challenged by restricting inclusion to the shifts
where trial-physicians (project anaesthetics) were present. Furthermore, we were not able to blind

enrolled patents, staff, or trial-physicians, which potentially induces performance bias. Finally,
interpretation of a composite primary outcome that includes complications and death is challenging.
Considering the results in paper | and Il outcomes including various complications seems unfortunate when
studying the effect of a perioperative fluid strategy. Yet, a composite outcome resembling ours has been

used in other studies testing the effect of a perioperative fluid regimen.?>°

45



5 Conclusion
The objective of this thesis was to explore the association between perioperative fluid balance,

complications, and death following emergency surgery for gastrointestinal obstruction or perforation.

We found that a perioperative fluid balance above 2.5 L was associated with an increased risk of overall
and cardiopulmonary complications in a retrospective cohort study. The predicted risk of cardiopulmonary
complications was most favourable for patients with a perioperative fluid balance of 0 L-2 L, whereas a
perioperative fluid balance of 1.5-3.5 L was associated with a lower predicted risk of renal complications.
The findings were reaffirmed in a similar cohort based on prospectively collected data from the randomised
clinical trial ‘GAS-ART'. In this study, we found that a perioperative fluid balance above 2.0 L was associated
with an increased risk of cardiopulmonary complications and that a potential fluid balance optimum was
—1Lto1L. Incomparison, increase of fluid balance above 3 L was associated with an increase in the
predicted risk of renal complications. In both trials background data were skewed, indicating that patients
with a more complex pathology occurred in the groups with the highest fluid balance. However, analytical
adjustments were performed. Within the limitations of the studies, our results suggest that avoiding fluid
overload during emergency gastrointestinal surgery may improve the postoperative course and was

associated with a reduced risk of postoperative complications.

We found renal impairment and arterial thromboembolic events to be most strongly associated with death,
although infrequent. In the adjusted analysis, atrial fibrillation, deep wound complications, and respiratory
failure were most strongly associated with death. Atrial fibrillation was the only complication associated
with death in the subgroups of patients with either gastrointestinal obstruction or perforation. Atrial
fibrillation may serve as a clinical marker of patients needing escalation of care. Further, we found that the
risk of postoperative complications was marked for weeks after the surgical procedure, indicating a

prolonged complex course in the cohort.
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6 Perspective
The studies presented in this thesis are among the first to explore how perioperative fluid balance is

associated with the postoperative course following emergency surgery for gastrointestinal obstruction or
perforation and how various complications are associated with death when considering their time of origin.
Future trials are encouraged to explore the causal relation between perioperative fluid balance,

complications, and death in the patients undergoing emergency surgery.

Our results highlight that perioperative fluid balance should be considered in future trials addressing
perioperative fluid optimisation during emergency gastrointestinal surgery as well as in trials studying

optimisation by Goal-directed fluid therapy.

We found that perioperative fluid balance associated unevenly with cardiopulmonary and renal
complications, which stresses the need to carefully consider outcomes, including various complications, in

future trials exploring the effect of fluid optimisation.

In the heterogeneous emergency surgery cohort several studies are called for to address the effect of
various elements of fluid optimisation especially their association with different complications. The ongoing
FLO-ELA trial will support our understanding®®® but is unlikely to end the disputes about perioperative fluid

optimisation in the urgent setting.
Future trials are incited to address treatment optimisation for the weeks after surgery as complications

continue to evolve during this period. Focusing on atrial fibrillation as an in-situ marker of patients needing

escalation of care is encouraged as it seems to proceed an adverse course.
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Abstract
Background: The fluid balance associated with a better outcome following emergency surgery is unknown.
The aim of this study was to explore the association of the peri-operative fluid balance and post-operative

complications during emergency gastrointestinal surgery.

Methods: We retrospectively included patients undergoing emergency surgery for gastrointestinal

obstruction or perforation. A peri-operative fluid balance of 2.5L divided the cohort in a conservative and
liberal group. Outcome was Clavien-Dindo graded complications registered 90 days post-operatively. We
used logistic regression adjusted for age, sex, American Society of Anesthesiologists’ classification, use of
epidural analgesia, use of vasopressor, type of surgery, intraabdominal pathology, and hospital. Predicted

risk of complications was demonstrated on a continuous scale of the fluid balance.

Results: We included 342 patients operated between July 2014 and July 2015 from three centers. The peri-
operative fluid balance was 1.6L IQR [1.0 to 2.0] in the conservative vs. 3.6L IQR [3.0 to 5.3] in the liberal

group. Odds ratio of overall 2.6 (95% Cl 1.5 to 4.4), p<0.001 and cardiopulmonary complications 3.2 (95% ClI
1.9 to 5.7), p<0.001 was increased in the liberal group. A peri-operative fluid balance of 0-2L was associated

with minimal risk of cardiopulmonary complications compared to 1.5-3.5L for renal complications.

Conclusion: We found a peri-operative fluid balance above 2.5L to be associated with an increased risk of
overall and cardiopulmonary complications following emergency surgery for gastrointestinal obstruction or
perforation. A peri-operative fluid balance of 0-2 liters was associated with the lowest risk of

cardiopulmonary complications and 1.5-3.5 liters for renal complications.
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Key points summary:

We aimed to study the effect of a peri-operative fluid balance above 2.5L on postoperative
complications following emergency gastrointestinal surgery.

We found that a peri-operative fluid balance above 2.5L was significantly associated with an
increased risk of overall and cardiopulmonary complications and that the predicted risk of
cardiopulmonary complications was at a minimum at a peri-operative fluid balance between 0-2L
compared to 1.5-3.5L for renal complications.

Our results, from this multicenter observational study, imply a clinical potential of an optimized

peri-operative fluid strategy in patients undergoing emergency gastrointestinal surgery.
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Introduction

Worldwide, more than 310 million patients undergo major surgery each year.? Mortality and complication
rates are among the highest in patients undergoing emergency gastrointestinal surgery.?3 Peri-operative
intravenous fluid is given to replace fluid loss and to ensure the perfusion of the organs. However, escape
to the extravascular space rapidly diminishes the circulatory effect. Interstitial edema may follow and
counteract tissue oxygenation. Systemic sepsis and the trauma of surgery might further amplify the
extravascular escape of intravenous fluids. Little is known about which fluid strategy that is associated with

a better outcome during emergency gastrointestinal surgery.

Studies comparing a restrictive and a liberal fluid strategy in patients undergoing elective abdominal
surgery have shown that a restrictive strategy reduces the risk of complications and length of hospital
stay.*® Yet, a too restrictive fluid strategy may cause renal failure.” A zero-balance approach has been
shown to reduce cardiopulmonary and tissue healing complications in elective abdominal surgery.® Based
on these findings, programs of Enhanced Recovery After Surgery (ERAS) recommend a conservative peri-
operative fluid approach and a weight gain of no more than 2.5 kg.® Patients undergoing emergency

gastrointestinal surgery may benefit from a similar restrictive peri-operative fluid approach.

The pathophysiological differences between patients undergoing elective and emergency surgery are
marked. Patients undergoing emergency surgery are usually older, have more co-morbidities, and post-
operative complications and death are more frequent than in patients undergoing elective surgery.%'* The
peri-operative fluid strategy is often challenged by pre-operative deterioration of the patient. Periods with
reduced fluid intake, excessive pathological fluid losses (e.g. vomiting), and a hyper-inflammatory state call
for careful attention when administering intravenous fluids.'? Sepsis may accompany the condition and
fluid administration is a key element in the treatment. However, the volume associated with a better

outcome is uncertain, especially for the surgical patient with sepsis.3-%6

We hypothesized that a peri-operative liberal fluid strategy increases the risk of complications following
emergency surgery for gastrointestinal obstruction or perforation. The aim of this cohort study was to
compare the association of a conservative and a liberal fluid balance with post-operative complications
following emergency surgery for gastrointestinal obstruction or perforation, and subsequently study the

influence of the peri-operative fluid balance on each type of complication.
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Methods

Study approval was granted by the Danish Patient Safety Authority (3-3013-1999/1) and the Danish Data
Protection Agency (REG-149-2016) prior to data extraction. Ethical approval for this study (J.nr. 16-000014)
was provided by the Ethical Committee, Zealand Region, Denmark on 14 December 2016. The requirement
for written informed consent was waived by the committee. We retrospectively collected data on patients
admitted between 1 July 2014 and 31 July 2015 at three teaching hospitals in Denmark between June 15
2017 and 31 March 2018. The study sites offer treatment free of charge for a population of approximately
800,000 citizens. Local guidelines for intra-operative fluid administration during emergency gastrointestinal
surgery were not present during the study period. The Strengthening the Reporting of Observational

studies in Epidemiology (STROBE) statement was used in drafting this manuscript.’

We included all adult Danish residents undergoing emergency gastrointestinal surgery due to obstruction
or perforation confirmed radiologically. Minor surgical procedures such as appendectomies,
cholecystectomies, and endoscopic procedures were excluded. We defined emergency surgery as any
intraabdominal procedure without planned delay. We excluded children (aged 17 years or younger),
pregnant women, patients receiving regular dialysis, or patients with a traumatic or iatrogenic perforation.
If eligible for inclusion more than once patients were included only at the first procedure. We excluded
patients who had had intraabdominal surgery 30 days prior to eligibility or patients without data on the
intra- and post-operative fluid therapy. The Danish Civil Registration System provides uniform identification
of every citizen through a personal identification number used to access all electronically stored medical

and anesthetic records. It offers complete information on death for all Danish residents.8

The primary exposure was the peri-operative fluid balance starting from the induction of anesthesia and to
the end of stay at the post-anesthetic care unit or the intensive care unit (ICU) for up to 24 hours. Fluid
administration included: crystalloids, glucose-containing fluids, colloids, intravenous drugs, packed blood
products, and per oral intake. Fluid loss included diuresis, aspiration, emptied ascites, blood loss, and
perspiration calculated as 0.5 mL kg hour. The fluid balance was calculated as the difference between the
fluid administration and the fluid loss. Patients were divided in a conservative and liberal group at a peri-

operative fluid balance of 2.5L in alighment with the ERAS recommendations.*?
The primary outcome was complications until post-operative day 90. The Clavien-Dindo classification

(CDC)?° graded the complications and they were grouped into overall, wound-related, cardiopulmonary,

renal, or infectious. We omitted CDC grade 1 because we expected nearly all patients to have a grade 1
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complication. A complication graded CDC > 3 was defined as a major complication and required
radiological, endoscopic, or surgical intervention or critical care; which we defined as an admission at the

intensive care unit. Secondary outcome was major complications or death at post-operative day 90.

We registered the post-operative complications as follows: wound-related complications included
superficial wound rupture, rupture of the fascia, or anastomotic leakage. Cardiopulmonary complications
included cardiac arrhythmia, acute myocardial infarction, cardiac arrest, pleural effusion, pulmonary
congestion, pulmonary edema, congestive heart failure, or respiratory failure (failure to wean >48 hours,
requiring continuous positive airway pressure after the day of extubating, or re-intubation of any cause).
Renal complications included the need for dialysis or other renal complications (nephritis or
hydronephrosis treated with a nephrostomy catheter). Infectious complications included superficial wound

infection, pneumonia, urinary tract infection, or cutaneous infection.

The three participating hospitals used identical software and uniform registration of variables. We screened
the booking system for patients undergoing abdominal surgery. All emergency procedures meeting the
inclusion criteria and unclassified cases were further explored. We accessed the medical and anesthetic
records on each patient eligible for inclusion. The data collected pre-operatively were physiological status,
co-morbidities, sepsis-2 score, and American Society of Anesthesiologists’ (ASA) classification. Intra-
operatively we registered the fluid administration and loss as specified above, vasopressor use and dose,
hypotensive episodes defined as mean arterial pressure <50 mm Hg at any time intra- and post-operatively,

and the use of epidural analgesia.

Case report forms were used for data collection by our medically trained team. All team members were
trained in the use of the Clavien-Dindo classification. AAA and AWV collected anesthetic data, fluid
administration, and losses. Two independent team members assessed each patient file and registered data
on complications in two separate case report forms. Regular audit by the project leader (AWV) corrected
irregularities. The senior advisor (BB) was consulted in case of incongruity. Database entry was conducted

twice and inconsistencies were corrected by revisiting the case report form.

Statistics
Data were tested for normality and parametric or non-parametric statistics was used as appropriate. The
primary outcome was analyzed with multiple logistic regression. Confounders included were settled

between the authors and a statistician based on a priori knowledge of variables known to be associated
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with the fluid administration by the physician and the post-operative complications. 2222 We included sex,
age, ASA class (grouped at |-l or 11l-V), use of epidural analgesia (yes or no), use of vasopressors (yes or no),
the type of surgery performed (bowel resection, other procedure, or palliative surgery (exculpatory stoma
formation or limited treatment)), the intraabdominal pathology (gastrointestinal obstruction or
perforation), and the hospital (Holbaek, Slagelse, or Kgge). Age were left skewed and the potency was used.
In case of >5% missing data of independent variables multiple imputation was planned. We performed a
subgroup analysis excluding patients with pre-operative sepsis-2-score 23 or those admitted directly to the
ICU after surgery. Additionally, we analyzed patients with major complications separately. The results are
presented as odds ratio (OR) with 95% confidence interval (95% Cl). Statistically significance was Bonferroni
corrected based on five outcomes, thus defined by a two-sided p-value <0.01. We presented the predicted
risk of complications depending on the fluid balance on a continuous scale. A generalized additive model
with smoothing splines and four degrees of freedom was used. The statistical plan was approved by the
authors before commencing the analyzing of data. The statistical software was R version 3.5.0 GUI 1.70 El

Capitan ©OR, 2016 and RStudio version 1.1.453.
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Results

A total of 457 patients had emergency surgery with radiologically verified Gl obstruction or perforation and
were screened for inclusion. Of these, 342 patients were eligible for inclusion. Excluded were five patients
because of pregnancy or age below 18 years, one had end-stage renal failure, 65 patients had Gl surgery
within 30 days before the index procedure, fifteen had an iatrogenic perforation, nine patients had already
been included once, eleven patients had trauma surgery, two patients were of foreign nationality, and

seven patients were missing fluid data from the peri-operative period.

A peri-operative fluid balance of 2.5L divided the cohort in two groups of similar size (table 1). More
patients in the liberal group had a gastrointestinal perforation (54 (33%) vs. 30 (17%)). In agreement with
this more patients in the liberal group had a pre-operative sepsis score of 3-4 (36 (22%) vs. 15 (9%)), an ASA
score of IlI-V (86 (53%) vs. 69 (39%)), and were more frequently admitted to the ICU directly following
surgery (53 (33%) vs. 15 (8%)).

During surgery, the liberal group had more hypotensive episodes, yet patients receiving vasopressor
treatment were comparable between the groups. Post-operatively, more patients had hypotensive
episodes and received vasopressors in the liberal group (table 2). The median [IQR] peri-operative fluid
balance was 1.6L IQR [1.0 to 2.0] in the conservative group and 3.6L [3.0 to 5.3] in the liberal group (table
2). The liberal group were given more fluid intra- and post-operatively, however the fluid loss increased

primarily due to increase in diuresis.

Primary outcome

Altogether, 225 (65.8%) patients had complications. The overall risk of complications was significantly
associated with the liberal fluid group with an adjusted OR of 2.6 (95% Cl 1.5 to 4.4), p<0.001 (Table 3). No
data were missing of the independent variables in the regression model. Subgroup analysis revealed a
significantly increased risk of cardiopulmonary complications, OR: 3.2 (95% Cl 1.9 to 5.7), p<0.001 in the

liberal group.

The association between the predicted risk of complications and the peri-operative fluid balance on a
continuous scale is presented in Figure 1-3 and Supplementary Figure 1 and 2. The figures show that an
increased peri-operative fluid balance is associated with an increased risk of overall, cardiopulmonary,
renal, or infectious complications. A U-shaped association between the peri-operative fluid balance and the

predicted risk of cardiopulmonary or renal complications is a good fit. The predicted risk of a
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cardiopulmonary complication is at a minimum at a peri-operative fluid balance approximating 0-2L,

whereas the minimal risk of renal complications is at a fluid balance approximating 1.5-3.5L.

Major complications and death

Atotal of 111 (32.5%) patients developed a major complication (CDC=3). The risk of a major complication
was not significantly associated with the liberal group (OR 1.6 (95% CI 1.0 to 2.7), p=0.077), Table 3.
However, the association between the predicted risk of a major complications and the peri-operative fluid
balance on a continuous scale showed a U-shaped relation suggesting an optimal fluid balance of
approximately 1-3L (Supplementary Figure 3). The overall risk of death was 25.4%. The risk of death was

not associated with the peri-operative fluid balance.

Sensitivity analysis

We analyzed our data after excluding the 51 patients with a pre-operative sepsis score of 3-4 and three
patients of which data were missing. The risk of complications remained largely unchanged (Supplementary
Table 1). Likewise, analyzing the data without the 68 patients admitted to the ICU immediately after
surgery did not change the risk of complications (Supplementary Table 2). Of the patients admitted directly
to the ICU after surgery 31 had a pre-operative sepsis score of 3-4 and 29 had post-operative hypotensive

episodes of which 24 belonged to the liberal fluid group.
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Discussion

Our study of patients undergoing emergency surgery for gastrointestinal obstruction or perforation showed
a peri-operative fluid balance of 3.6L IQR [3.0 to 5.3] compared with 1.6L IQR [1.0, to 2.0] to be significantly
associated with a higher risk of post-operative complications, especially cardiopulmonary complications.
The correlation remained robust after the exclusion of patients with pre-operative severe sepsis or patients
directly admitted at the ICU following surgery. The predicted risk of cardiopulmonary and major
complications were at a minimum at a peri-operative fluid balance of 0-2 liters, whereas the predicted risk

of renal complications were at a minimum at a fluid balance of 1.5-3.5 liters.

Little is known about the influence of the peri-operative fluid therapy on post-operative complications in
patients undergoing emergency gastrointestinal surgery. One pilot study randomized 29 patients
undergoing emergency abdominal surgery to two different fluid strategies.?® The peri-operative fluid
balance was 2.1L vs 2.9L. No difference in renal function was found. In an early terminated study, 50
patients with severe sepsis undergoing mixed emergency surgery were randomized to two different goal
directed fluid strategies.?* The crystalloid administration was 5.6L vs 5.9L (control vs optimized). A
significant increase in cardiac complications was found in the optimized group, most likely due to the
protocolized dobutamine administration. We found more cardiopulmonary complications in the patients
given a liberal fluid therapy. The group also received more vasopressors post-operatively. The dominating
drug given was norepinephrine, which for most parts was given in the intensive care unit. Even so, our
result remained robust in the sensitivity analysis when excluding patients directly admitted to the intensive
care unit. This indicates that cardiopulmonary complications are not related to the greater use of

vasoactive drugs in the liberal group in our study.

We demonstrated a U-shaped correlation between the fluid balance and post-operative complications. This
has previously been suggested in meta-analysis of studies comparing restrictive vs. liberal fluid strategies
during elective abdominal surgery.?>2° Some studies show a positive result from a restrictive peri-operative
fluid strategy*®® while others report no effect or even a negative effect of a restrictive peri-operative fluid
strategy.?’-%° The varying results may relate to the circumstance that a ‘restrictive’ peri-operative fluid
strategy in one study might resemble a ‘liberal’ fluid strategy in another study and that different groups of

complications are used as outcome. %30

Our results suggest that the risk of cardiopulmonary and renal complications are differently associated with

the peri-operative fluid balance. Findings in agreement with a registry study of patients admitted for
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elective non-cardiac surgery. Shin and colleagues included 92,000 patients in the study and divided the
group in quintiles according to the fluid administration. They found a peri-operative fluid administration of
>2.7L to be significantly associated with an increased risk of respiratory complications, acute kidney injury,
and mortality at 30 days.3! Additionally, a too restrictive peri-operative fluid administration of <0.9L was
associated with an increased risk of acute kidney injury, thus suggesting a U-shaped correlation between
the fluid administration and the incidence of complications. The study implies a more beneficial outcome in
the group of patients receiving a peri-operative fluid infusion of 6-7 mL kg* hour. In similarity, we found a
more favorable outcome of a peri-operative fluid balance of 1.6L comparable to a fluid administration of
5.9 mL kg hour for overall and cardiopulmonary complications. Our data suggest that renal function
might benefit from a greater fluid administration, and are supported by the study including the largest
number of elective surgical patients randomized to a liberal versus restricted fluid strategy: more patients
with renal failure were found in the restricted group. Noteworthy, the protocol for that trial did not

recommend fluid administration to patients with post-operative oliguria.”

The limitations of our study lay within the retrospective design. More patients in the liberal group had
gastrointestinal perforation with sepsis and a high ASA score. We chose to adjust for the ASA score. Severe
sepsis and co-morbidities are both inherent in the ASA score and as such dependent variables. The use of
vasopressors was adjusted for in the regression model. We did, however, not distinguish between different
vasoactive drugs, nor a single- versus continuous administration. Blood loss, hypotension, and sepsis are
likely to prompt fluid administration but are also linked with increase in morbidity which challenge
interpretation of study results.3%3* However, the sensitivity analysis excluding the patients with pre-
operative severe sepsis did not change the result, and the difference in blood loss between the groups was
minimal (table 2). We did not register and include the anesthesia used in our analysis.3> The anesthetists
from the participating hospitals use for most parts Propofol, Remifentanil and if indicated Rocuronium. Our
fluid data relied on the intra- and immediate post-operative period, but not the pre-operative or later post-

operative period. This is in accordance with most studies in the field.

The strengths of our study are the detailed prospectively registered record-data of peri-operative fluid
administration. Our data included fluid given as iv-medicine which is often omitted in other studies.
Further, double registration of the fluid data and complications was performed to ensure the completeness
of available data and avoid misclassification of complications. We adjusted for known confounders
influencing the fluid administration and the post-operative complications, further strengthening our

findings.
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Our results imply a clinical potential of an optimized peri-operative fluid strategy in patients undergoing
emergency gastrointestinal surgery. The multicenter design strengthens external validity of the study

results. Yet, the design has inherent limitations and causal relations are for future trials to explore.

Conclusion

We found a peri-operative fluid balance above 2.5L to be significantly associated with an increased risk of
overall and cardiopulmonary complications following emergency surgery for gastrointestinal obstruction or
perforation. The predicted risk of complications demonstrates a U-shaped correlation with the peri-
operative fluid balance. A peri-operative fluid balance of 0-2L was associated with the fewest
cardiopulmonary complications. The equivalent estimate was 1.5-3.5L for renal complications. Our findings
support our thesis that avoiding fluid overload in patients undergoing emergency gastrointestinal surgery

may reduce the risk of complications.
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Glossary of Terms

ASA: American Society of Anesthesiologists’ physical status classification
CDC: Clavien-Dindo classification

Cl: Confidence interval

ICU: Intensive care unit

IQR: Interquartile range

OR: Odds ratio
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Table 1. Baseline characteristics of the conservative or liberal fluid group of patients
undergoing emergency gastrointestinal surgery

Conservative group Liberal group
(peri-operative balance <2.5L), (peri-operative balance >2.5L),
number of patients (%) number of patients (%)

Number of patients 179 163
Sex Female 100 (55.9) 93 (57.1)
Age group Years (median (IQR) ¢) 70.0 [57.5, 79.0] 72.0 [66.0, 79.0]
Body mass index Median (IQR) 23.9[21.1, 26.8] 23.9[21.5,27.9]
missing 14 10
Smoking habits Current smoker 55 (32.4) 55 (34.2)
missing 9 2
Alcohol intake, female / male >7 / >14 units week! 15(8.7) 24 (15.5)
missing 7 8
ASA classification 1-2 110 (61.5) 77 (47.2)
3-5 69 (38.5) 86 (52.8)
Sepsis-2 score, pre-operative 0-2 162 (91.5) 126 (77.8)
3-4 15 (8.5) 36 (22.2)
missing 2 1
Co-morbidity# Heart disease 45 (25.1) 39 (23.9)
Hypertension 73 (40.8) 79 (48.5)
Pulmonary disease 26 (14.5) 31(19.0)
Liver disease 10 (5.6) 5(3.1)
Renal disease 11 (6.1) 15(9.2)
Diabetes mellitus 19 (10.6) 29 (17.8)
Active cancer disease 24 (13.4) 30 (18.4)
Diagnosis Adhesions 94 (52.5) 61 (37.4)
Crohn disease 3(1.7) 2(1.2)
Diverticulitis 13 (7.3) 15(9.2)
Hernia, strangulated 7(3.9) 7 (4.3)
Intraabdominal cancer 23(12.8) 30 (18.4)
Perforated ulcer 12 (6.7) 15(9.2)
Arterial ischemia 4(2.2) 5(3.1)
Volvulus 11(6.1) 9(5.5)
Other* 12 (6.7) 19 (11.7)
Surgical indication Gastrointestinal obstruction 149 (83.2) 109 (66.9)
Gastrointestinal perforation 30 (16.8) 54 (33.1)
Surgical procedure Bowel resection 59 (33.0) 98 (60.1)
Other procedure$ 102 (57.0) 49 (30.1)
Palliative surgerye 18 (10.1) 16 (9.8)
Laparoscopy 11(6.1) 11(6.7)
Primary anastomosis Small bowel 16 (8.9) 21(12.9)
lleo-colic 12 (6.7) 9 (5.5)
Colo-colic 2(1.2) 5(3.1)

Time to surgery, hour
From hospital admission 0-12 hours 67 (37.4) 71 (43.6)
>12 hours 111 (62.0) 92 (56.4)
missing 1 0
From assessment by surgeon  hour (median [IQR] ¢) 3.0[2.0, 6.0] 3.0[2.0, 6.0]
missing 1 0
Time of surgery, median [IQR] 1.6 1.1, 2.3] 2.3[1.6,3.3]
3 2
Time of anesthesia, median [IQR] 2.2[1.8, 2.9] 3.0[2.2,4.0]
Immediate post-operative intensive care 15 (8.4) 53(32.5)
Sepsis-2 score, post-operative 0-2 137 (76.5) 89 (54.6)
3.4 38(21.2) 72(44.2)
missing 4 2

#) Some patients have more than one co-morbidity. @) Interquartile range. *) Unclassified surgery on the small or large bowel. §)
Adhesiolysis, gastro-duodenorrhaphia, herniotomy, or peritoneal lavage. 6 Exculpatory stoma formation or limited treatment.
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Table 2. Peri-operative fluid administration, losses, and associated variables during and
after emergency gastrointestinal surgery.

Liberal group

(peri-operative balance >2.5L),
median [IQR] or no. (%)
n=163

Conservative group
(peri-operative balance <2.5L),
median [IQR] or no. (%)
n=179

Intra-operative data

Fluid variables, mL

iv¥ crystalloids

iv colloids

iv glucose containing fluids

iv blood products

iv other fluids

Total iv fluid administration

Total iv fluid administration (mL kg2 hour?)

missing, no.

Diuresis

Blood loss

Other loss

Total loss

Fluid balance
Hypotensive episodes
Vasopressor given
Ephedrine, mg, n =118 / 1005
Norepinephrine, mg, n = 10 / 408
Phenylephrine, mg, n =94 / 1125

Post-operative data

1400 [950, 1830]
01[0, 0]

01[0, 0]

0[0, 0]

110 [60, 170]
1610 [1120, 2040]
9.8[7.5,12.7]

3

120 [0, 380]
01[0, 130]

110 [70, 420]
490 [140, 1130]
930 [570, 1290]
79 (44.1)

156 (87.2)
20.0[10.0, 30.0]
1.5[0.4, 3.4]

1.0 [0.4, 2.2]

2360 [1600, 3280]
0 [0, 500]

01[0, 0]

01[0, 0]

190 [90, 280]
2750 [2090, 3750]
13.3[9.0, 18.2]

0

180 [70, 450]

100 [0, 400]

120 [80, 260]

600 [310, 1130]
2030 [1550, 2790]
105 (64.4)

152 (93.3)
17.5[10.0, 30.0]
2.8[1.8,5.0]
2.8[1.0, 5.7]

Fluid variables, mL

iv crystalloids

iv colloids

iv glucose

iv blood products

iv other fluids

Total iv fluid administration

Total iv fluid administration (mL kg hour-1)
missing, no.

Diuresis

Blood loss

Other loss

Total loss

Fluid balance

720 [400, 1280]
0[0, 0]

01[0, 0]

0[0, 0]
180 [5, 350]
950 [590, 1510]
3.5[2.3, 4.8]

3

140 [0, 500]
0[0, 0]

140 [80, 280]
270[110, 830]
520 [250, 850]

1900 [1090, 3170]
0 [0, 400]

01[0, 230]

0[0,0]

410 [180, 1190]
2970 [1710, 5620]
4.6[3.7, 6.8]

1

530 [110, 1320]
0[0, 0]

340 [140, 770]
970 [270, 2240]
1750 [1110, 3110]

Hypotensive episodes 17 (9.5) 46 (28.4)
missing, no. 0 1
Vasopressor given 22 (12.3) 71 (43.8)
Ephedrine, mg,n=6/13% 15.0 [10.0, 20.0] 10.0[10.0, 20.0]
Norepinephrine, mg, n =12 / 475 5.9 (3.4, 14.2] 12.8 (6.2, 20.0]
Phenylephrine, mg, n =9/ 19% 2.2[1.0, 8.1] 3.1[0.5, 5.9]
Peri-operative fluid data

Epidural analgesia, no. (%) 77 (43.0) 70 (42.9)
Total iv fluid administration 2610 [2160, 3310] 6000 [4290, 8930]
Total iv fluid administration (mL kg2 hour?) 5.9[4.1, 7.8] 7.3[5.4,10.2]
missing, no. 3 0
Total loss 920 [480, 2000] 1900 [960, 3350]

Fluid balance, mL
Fluid balance, mL kgt hour!
missing, no.

1580 [1000, 2040]
3.3[1.7,5.2]
3

3620 [3020, 5340]
4.7[3.4,7.2]
0

#) Intravenous. §) The result is presented for those who received vasopressor or inotropic as specified by the n = (conservative /
liberal).
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Table 3. Logistic regression analysis on the association between the peri-operative fluid
balance and post-operative complications following emergency gastrointestinal surgery

Complication Conservative group, Liberal group, Crude Adjusted analysis”
N=179 N =163
No. of patients (%) No. of patients (%) OR (95% CI) * p OR (95% ClI) * p

Any complication

Primary outcome

Overall complications 98 (58.0) 127 (73.4) 2.9(1.8-4.7) <0.001 2.6 (1.5-4.4) <0.001
Subgroups of outcome
Wound-related 39 (23.1) 48 (27.7) 1.5(0.9-2.5) 0.105 1.6(0.9-2.7) 0.123
Superficial wound rupture 18 25
Rupture of the fascia 20 20
Leakage of the anastomosis 1 3
Cardiopulmonary 45 (26.6) 89 (51.4) 3.6(2.3-5.7) <0.001 3.2(1.9-5.7) <0.001
Arrhythmia 14 28
Acute myocardial infarction 2 2
Cardiac arrest 2 0
Pleural effusion 9 17
Pulmonary congestion 5 14
Pulmonary edema 2 2
Respiratory failure 11 26
Renal 7(4.1) 15(8.7) 2.5(1.0-6.7) 0.053 - -
Need for dialysis 2 3
Other renal® 5 12
Infectious 73 (43.2) 90 (52.0) 1.8(1.2-2.8) 0.008 1.6 (1.0-2.5) 0.071
Wound infection 14 12
Pneumonia 35 65
Urinary tract infection 18 11
Other infections 6 2
Major complications
Secondary outcome
Major complication 46 (27.2) 65 (37.6) 1.9(1.2-3.0)  0.005 1.6 (1.0-2.7) 0.077
Subgroups of outcome
Wound-related 23 (13.6) 27 (15.6) 1.3(0.7-2.5) 0.333 1.2(0.6-2.4) 0.606
Superficial wound rupture 3 4
Rupture of the fascia 19 20
Leakage of the anastomosis 1 3
Cardiopulmonary 22 (13.0) 45(26.0)  2.7(1.6-4.9) 0.000  2.5(1.3-4.9) 0.006
Arrhythmia 1 3
Acute myocardial infarction 4 2
Cardiac arrest 2 2
Pleural effusion 3 9
Pulmonary congestion 0 0
Pulmonary edema 2 4
Respiratory failure 10 25
Renal 5(3.0) 12 (6.9) 2.8(1.0-8.9) 0.061 - -
Need for dialysis 2 3
Other renal 3 9
Infectious 14 (8.3) 15 (8.7) 1.2 (0.6-2.6) 0.647 1.1(0.5-2.5) 0.874
Wound infection 10 3
Pneumonia 4 12
Urinary tract infection 0 0
Other infections 0 0
Death at post-operative day 90 36 (21.3) 51 (29.5) 1.8(1.1-3.0) 0.019 1.3(0.7-2.4) 0.477

H) Clinical risk factors adjusted for in the model: Sex, age in the potency, ASA class (dichotomized at ASA class 3), use of epidural
analgesia (yes or no), use of vasopressors (yes or no), the type of surgery (bowel resection, palliative surgery, or other procedures),
gastrointestinal obstruction or perforation, and the Hospital (Holbak, Slagelse, or Kgge). *) OR: Odds ratio, 95% Cl: 95% confidence
interval. §) Hydronephrosis with nephrostomy catheter or treatment stalled due to renal failure. A p-value <0.01 is considered
significant.
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Figure 1. The predicted risk of overall complications associated with the peri-operative

fluid balance following emergency gastrointestinal surgery
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The blue line shows the predicted risk of a complication. The shaded area is the 95% confidence interval. We used a generalized
additive model with smoothing splines and four degrees of freedom. The parametric effect is p<0.001 and the non-parametric
effect is p=0.572. The parametric calculation tests whether the fluid balance is linear associated with complications. The non-
parametric analysis tests whether smoothing splines adds further precision to a linear relation of the model. A p-value <0.01 is

considered significant.
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Figure 2. The predicted risk of a cardiopulmonary complication associated with the peri-

operative fluid balance following emergency gastrointestinal surgery
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The blue line shows the predicted risk of a complication. The shaded area is the 95% confidence interval. We used a generalized
additive model with smoothing splines and four degrees of freedom. The parametric effect is p<0.001 and the non-parametric
effect is p=0.015. The parametric calculation tests whether the fluid balance is linear associated with complications. The non-
parametric analysis tests whether smoothing splines adds further precision to a linear relation of the model. A p-value <0.01 is

considered significant.
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Figure 3. The predicted risk of a renal complication associated with the peri-operative

fluid balance following emergency gastrointestinal surgery
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The blue line shows the predicted risk of a complication. The shaded area is the 95% confidence interval. We used a generalized
additive model with smoothing splines and four degrees of freedom. The parametric effect is p<0.001 and the non-parametric
effect is p=0.080. The parametric calculation tests whether the fluid balance is linear associated with complications. The non-
parametric analysis tests whether smoothing splines adds further precision to a linear relation of the model. A p-value <0.01 is

considered significant.
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Supplementary figure 1.
Predicted risk of an infectious complication associated with the peri-operative fluid

balance following emergency gastrointestinal surgery
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The blue line shows the predicted risk of a complication. The shaded area is the 95% confidence interval. We used a generalised
additive model with smoothing splines and four degrees of freedom. The parametric effect p=0.004. The non-parametric effect
p=0.358. The parametric calculation tests whether the fluid balance is linear associated with complications. The non-parametric
analysis tests whether smoothing splines adds further precision to a linear relation of the model. A p-value <0.01 is considered

significant.
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Supplementary figure 2.
Predicted risk of a wound-related complication associated with the peri-operative fluid

balance following emergency gastrointestinal surgery
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The blue line shows the predicted risk of a complication. The shaded area is the 95% confidence interval. We used a generalised
additive model with smoothing splines and four degrees of freedom. The parametric effect p=0.182. The non-parametric effect
p=0.187. The parametric calculation tests whether the fluid balance is linear associated with complications. The non-parametric
analysis tests whether smoothing splines adds further precision to a linear relation of the model. A p-value <0.01 is considered

significant.
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Supplementary figure 3.
Predicted risk of a major complication associated with the peri-operative fluid balance

following emergency gastrointestinal surgery
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The blue line shows the predicted risk of a complication. The shaded area is the 95% confidence interval. We used a generalised
additive model with smoothing splines and four degrees of freedom. The parametric effect p<0.001. The non-parametric effect
p=0.027. The parametric calculation tests whether the fluid balance is linear associated with complications. The non-parametric
analysis tests whether smoothing splines adds further precision to a linear relation of the model. A p-value <0.01 is considered

significant.
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Supplementary Table 1.
Logistic regression analysis on the association between a peri-operative fluid balance
and post-operative complications following emergency gastrointestinal surgery

— only patients with a pre-operative sepsis-2 score of 0-2

Conservative group  Liberal group
(fluid balance <2.5L), (fluid balance >2.5L),

n=162 n=126 Crude Adjusted analysis x

No. of patients (%) No. of patients (%) OR* (CI95%) p OR (CI95%) p
Overall complications 86 (53) 96 (76) 2,8(1,7-4,8) <0,001 2,7(1,5-4,8) <0,001
Wound-related 36 (22) 42 (33) 1,8 (1,0-3,0) 0,036 1,8(1,0-3,3) 0,058
Cardiopulmonary 36 (22) 60 (48) 3,2(1,9-5,3) <0,001 2,8(1,5-5,3) <0,001
Renal 5(3) 9(7) 2,4 (0,8-8,0) 0,122 - -
Infectious 63 (39) 69 (55) 1,9 (1,2-3,1) 0,008 1,7(1,0-2,8) 0,059

1) Clinical risk factors adjusted for in the model: Sex, age in the potency, ASA class (dichotomised at ASA class 3), use of epidural
analgesia (yes or no), use of vasopressors (yes or no), the type of surgery (bowel resection, palliative surgery or other procedures),
gastrointestinal obstruction or perforation, and the Hospital (Holbaek, Slagelse, or Kgge). *) OR: Odds ratio, 95% Cl: 95% confidence

interval. A p-value <0.01 is considered significant.

Supplementary table 2.
Logistic regression analysis on the association between the peri-operative fluid balance
and post-operative complications following emergency gastrointestinal surgery

— only patients not admitted to the intensive care unit immediately after surgery

Conservative group  Liberal group
(fluid balance <2.5L), (fluid balance >2.5L),

n =164 n=110 Crude Adjusted analysis x

No. of patients (%) No. of patients (%) OR* (CI95%) p OR (CI95%) p
Overall complications 86 (52) 80 (73) 2,4(1,4-41) <0,001 2,3(1,3-4,1) 0,005
Wound-related 36 (22) 37 (34) 1,8(1,0-3,1) 0,033 1,8 (1,0-3,4) 0,062
Cardiopulmonary 33(20) 46 (42) 2,9(1,7-4,9) <0,001 3,0(1,6-5,7) <0,001
Renal 6 (4) 7(6) 1,8 (0,6-5,7) 0,308 - -
Infectious 63 (38) 58 (53) 1,8(1,1-2,9) 0,020 1,7 (1,0-3,0) 0,058

1) Clinical risk factors adjusted for in the model: Sex, age in the potency, ASA class (dichotomised at ASA class 3), use of epidural
analgesia (yes or no), use of vasopressors (yes or no), the type of surgery (bowel resection, palliative surgery or other procedures),
gastrointestinal obstruction or perforation, and the Hospital (Holbaek, Slagelse, or Kgge). *) OR: Odds ratio, 95% Cl: 95% confidence

interval. A p-value <0.01 is considered significant.
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Abstract

Background
The association between peri-operative fluid administration and risk of complications following emergency
surgery is poorly studied. We tested the association between the peri-operative fluid balance and post-operative

complications following emergency surgery for gastrointestinal obstruction or perforation.

Methods

We performed a planned re-assessment of data from the Goal-directed Fluid Therapy in Urgent Gastrointestinal
Surgery Trial (GAS-ART) studying an intra-operative stroke volume optimisation and post-operative zero-balance
fluid therapy versus a standard fluid therapy. The cohort was divided in three groups at a peri-operative fluid
balance (FB) of 0.0L and 2.0L in a Low-FB, Moderate-FB, and High-FB group. We used a propensity adjusted
logistic regression to analyse the association with cardiopulmonary complications. Further, the risk of

complications was explored on a continuous scale of the fluid balance.

Results

We included 303 patients. In all, 44 patients belonged to the Low-FB group, 108 to the Moderate-FB group, and
151 to the High-FB group. The median [interquartile range] perioperative fluid balance was —0.9 L [-1.4, —0.6],
0.9L[0.5, 1.3],and 3.8 L [2.7, 5.3]. The risk of cardiopulmonary complications was significantly higher in the
High-FB group 3.4 (1.5-7.6), p=0.002 (odds ratio (95% confidence interval). On a continuous scale of the fluid

balance the risk of cardiopulmonary complications was at a minimum at —1L to 1L.

Conclusion
A perioperative fluid balance above 2.0L was associated with an increased risk of cardiopulmonary
complications following emergency surgery for gastrointestinal obstruction or perforation. Our findings

imply that a perioperative fluid balance avoiding overload may improve the postoperative course.

Disclosure of Interest: None declared.
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Introduction

Intravenous fluid administration is a vital part of the peri-operative care during emergency gastrointestinal
surgery. However, the optimal fluid volume seems to follow a U-shaped curve with varying optimums
depending on the complications studied. A too rigid fluid administration may lead to hypovolemia, organ
dysfunction, and even death.?3 In contrast, a too liberal fluid administration may lead to interstitial
oedema, impaired wound healing, and cardiopulmonary complications which has been found in studies of
elective surgical patients.*® Based on these studies a zero-balance approach aiming at a stable body weight
and fluid-balance is a part of the recommendations of Enhanced recovery after surgery (ERAS) during

planned abdominal surgery.” Which fluid balance to aim for during emergency surgery is not known.

Patients having emergency surgery differ in several ways from patients undergoing planned surgery. They
tend to be older, have more co-morbidities, and more than 40% of the patients have sepsis.® As such,
ensuring a stable circulation while avoiding hypo- or hypervolemia, is a challenging obligation during
emergency gastrointestinal surgery. Further, unknown pre-operative decline in food and fluid intake and
pathological losses (e.g. blood or vomiting) oppose the application of a zero-balance approach during
emergency surgery. Goal-directed fluid therapy (GDT) based on flow related markers possess the ability to
prevent hypovolemic events while avoiding fluid overload. Several studies of planned surgical patients have
tested GDT with an overall convincing effect.®-'* However, studies evaluating the effect during emergency

surgery are few.1214

We recently presented the Goal-directed Fluid Therapy in Urgent Gastrointestinal Surgery Trial (GAS-ART);
A multicentre randomised trial that enrolled 304 patients undergoing emergency gastrointestinal surgery
and found no difference in major complications and death between an optimised GDT regimen (GDT-
group) and a standard fluid regimen (STD-group).'* A re-assessment of the data was planned to evaluate

the influence of the peri-operative fluid balance on post-operative complications.

Resent evidence suggest that for patients undergoing emergency gastrointestinal surgery the risk of
cardiopulmonary complications is at a minimum at a peri-operative fluid balance between 0.0 L and 2.0 L.
We re-analysed the GAS-ART data to test whether a peri-operative fluid administration aiming at a balance
between 0.0 L and 2.0 L is related to a reduced risk of post-operative cardiopulmonnary complications

following emergency gastrointestinal surgery.
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Methods
The study was approved by the Ethical committee in Region Zealand (SJ-436) and all enrolled patients
provided informed consent. The study was categorised as a drug study and registered at EudraCT (no.

2015-000563-14). The rational and design was published before study completion.®

We have recently published the main results.** In brief, we included patients scheduled for emergency
surgery performed within hours, for radiologically verified gastrointestinal obstruction or perforation. Thus,
minor surgical procedures were excluded (appendectomies, cholecystectomies) as well as gastrointestinal
bleeding. The presence of a project anaesthetist to perform the intervention was mandatory. We excluded
patients pregnant or younger than 18 years, having terminal iliness (ASA class 5-6), receiving regular
dialysis, with iatrogenic gastrointestinal perforation, unable to give informed consent, or having had
intraabdominal surgery within 30 days. Patients were randomly assigned to the two fluid strategies in
varying sized blocks by a computer-generated sequence and stratified by hospital and by gastrointestinal

obstruction or perforation.

Pre-operative fluid administration was identical between the groups aiming at a heart rate below 100 min,
a systolic blood pressure above 100 mm Hg, and venous oxygen saturation above 95%. Intra-operatively
the patients in the GDT-group were given boluses of human albumin 5% in saline based on a stroke-volume
algorithm and a maintenance fluid administration <2 mL kg™ hour?; after surgery the fluid administration
aimed at a fluid-balance less than 2 L positive or body weight increase below 2 kg. Patients in the STD-
group were intra-operatively given crystalloids to ensure a mean arterial pressure >65 mmHg and diuresis
>0.5 mL kg hour. Vasopressors were administered to ensure a mean arterial pressure >65 mmHg in both
groups in case the fluid regimen did not achieve that goal. For all patient haemoglobin was kept above 70 g
L%, in patients with chronic ischemic heart disease above 80 g L}, or in case of acute ischemic heart disease

above 90 g L.

The intervention was continued until free per oral intake, discharge, or the seventh postoperative day in
both groups. Additional aspects of the peri-operative care were based on local clinical practice and left to
the discretion of the treating anaesthetises or surgeon. The GAS-ART trial found a lower intra-operative
fluid administration in the GDT-group (1.5L vs. 2.0L) as expected per protocol. The post-operative fluid
administration was comparable between the GDT- and the STD-group, indicating that a post-operative

zero-balance strategy was standard of care at the study sites.
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In this re-assessment the exposure variable was peri-operative fluid balance calculated as the difference
between the fluid input and loss from induction of anaesthesia and until the end of post-operative day one
(<48 hours post-operatively). We divided the cohort in three groups at a peri-operative balance of 0.0 L and
2.0 Lin a ‘Low-FB’ (Fluid Balance), a "Moderate-FB’, or a ‘High-FB’ group. The primary outcome was
cardiopulmonary complications. The secondary outcomes were renal, wound-related, or infectious

complications.

We collected all data prospectively in case rapport forms or from the patient file during the study period
between August 2015 and August 2018. The fluid input included crystalloids, glucose containing fluids,
colloids, packed blood products, platelets, fresh frozen plasma, intravenous administration of medicine,
and oral administration of fluids. The fluid loss included diuresis, aspirate, ascites, drainage, stoma loss,
perspiration, and blood loos. We ensured follow-up by clinical assessment during admission, and at 30 and
90 days by phone, registering the following complications: cardiopulmonary complications include pleural
effusion, pulmonary congestion or oedema, respiratory failure requiring mechanical ventilation,
arrhythmia, acute myocardial infarction, or cardiac arrest due to urgent cardiac disease; renal
complications include acute kidney injury defined according to KDIGO guidelines (increase in plasma
creatinine of more than 27 umol L or a 50% increase between a pre-operative creatinine value 30 day
prior to surgery and a post-operative value within 48 hours), hydronephrosis with a need for catheter, or
the need for renal replacement therapy; wound-related complications include superficial wound rupture or
infection, deep wound infection, and fascia defect or rupture of the fascia; and infectious complications
include superficial or deep wound infection, urinary tract infection, pneumonia, or intraabdominal abscess
formation. We defined the complications before study initiation and data derived from the blinded

assessment.®

Statistics

This is a secondary analysis of data from the GAS-ART trial. Parametric statistics was used for data following
a gaussian distribution, otherwise non-parametric statistics was used. Number and percentages present
categorical variables. The primary and secondary outcome was analysed by logistic regression. The
Moderate-FB group served as reference. We used a weighted propensity score for each strata of the
comparator. The variables included was chosen by the authors based on a priori knowledge of potential
confounders. Continuous variables were age and body-mass-index. Categorical variables were: sex, ASA
class (grouped in class 1-3 or 4-5), tobacco use (yes or no), excess alcohol intake (>7 units/week for women

and >14 units/week for men), pre-operative sepsis-2-score (class 0-2 or 3-4), active cancer (yes or no),
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cardiac co-morbidity (yes or no), pulmonary co-morbidity (yes or no), other co-morbidity including renal
disease, liver disease or diabetes (yes or no), use of vasopressors (yes or no), the surgical method
(laparotomy or laparoscopy), the type of surgery (resection of intestine with anastomosis or stoma
formation, or no resection of intestine), the diagnosis (gastrointestinal obstruction, upper perforation
(gastric, jejunal or ileac), or lower perforation (colonic or rectal)), and limited postoperative treatment (yes
or no). We planned to adjust for hospital, but due to limited inclusion of patients at three hospitals this was
not possible. In case of missing values of more than 5% multiple imputation was planned. We present the
crude and adjusted results by odds ratio (OR) with a 95% confidence interval (95% Cl). A two-tailed p-value
of less than 0.05 was considered statistically significant. As supplementary to the above analysis, we
presented the predicted risk of complications depending on the fluid balance on a continuous scale. A
generalized additive model with smoothing splines and four degrees of freedom was used. The statistical
plan was approved by the authors before commencing the analysing of data. The statistical software was R

version 3.5.0 GUI 1.70 El Capitan OR, 2016 and RStudio version 1.1.453.
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Results

A total of 312 patients were randomised in the GAS-ART trial. Three patients withdrew their consent prior
to surgery, and five patients did not have surgery. In this study we excluded one additional patient who
withdrew consent the day after surgery, thus leaving 303 patients for analysis. Missing values were less
than 5% in each covariate and multiple imputation was not used. The propensity score was stable for each
comparator. No data were missing in the primary outcome. Regarding the renal complications, four
patients (1%) had no pre-operative creatinine measure and five patients (2%) had no post-operative
creatinine measure. File re-assessment showed an uneventful post-operative course for all nine patients,

and they were included as event free (no renal complication) in the analysis.

The Low-FB group included 44 (14.5%) patients, the Moderate-FB group 108 (35.6%) patients, and the
High-FB group 151 (49.8%) patients. The Low-FB group was only represented at Holbaek and Herlev hospital.
The patients in the Low-FB group were younger, and had a higher incidence of liver disease or active cancer than
patients in the two other groups (Table 1). Further, the majority of patients had adhesions and small bowel
obstruction. In the High-FB group more patient had heart disease, small or large bowel perforation, or large
bowel obstruction compared with the Moderate-FB or Low-FB group. Accordingly, more patients had a higher
sepsis-2 score, a longer stay in the recovery room, or were transferred directly to the intensive care unit after
surgery. The ASA score was comparable between the three groups. The majority of patients received intra-

operative GDT in the Low-FB (59%) and Moderate-FB (57%) group in contrast to the High-FB group (41%).

During surgery the systolic and diastolic blood pressure, and the heart rate were comparable between the three
groups (Table 2). However, events with a systolic blood pressure below 100 mmHg were more frequent in the
Low-FB group, while events with a heart rate above 100 min-! were more frequent in the High-FB group. Less
patients were given intra-operative vasopressors in the Low-FB group (80%) compared with the Moderate-FB
(87%) or High-FB group (87%). Further, the number of patients receiving norepinephrine increased with the fluid

balance group. More patients were given vasopressors post-operatively in the High-FB group (9%).

The median [IQR] perioperative fluid balance was —0.9 L [-1.4, —0.6] in the Low-FB group, 0.9 L [0.5, 1.3] in the
Moderate-FB group, and 3.8 L [2.7, 5.3] in the High-FB group. The median intra-operative fluid balance was
approximately 0.5 L greater in the liberal group compared with the other groups, primarily due to a greater
administration of crystalloids combined with an overall minor loss of fluids. Likewise, post-operatively the fluid
balance was greater in the High-FB group due to a greater administration of crystalloids and glucose containing
fluids combined with less diuresis. The post-operative negative fluid balance in the Low-FB group was mainly due

to a greater diuresis.
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Primary outcome

The overall risk of cardiopulmonary complications was 16.2% (49), of which 9% (4) were in the Low-FB group, 8%
(9) in the Moderate-FB group, and 24% (36) in the High-FB group (Table 3). The difference was primarily due to a
varying risk of pleural exudation, pulmonary congestion, or respiratory failure. The risk of cardiopulmonary
complications was significantly increased in the High-FB group, OR 3.4 (1.5-7.6), p=0.002, but not in the in the
Low-FB group, OR 1.7 (0.5-6.1), p=0.436. The predicted risk of cardiopulmonary complications was significantly
associated with the peri-operative fluid balance on a continuous scale (Figure 1) and demonstrated a U-shaped
relation. A peri-operative fluid balance approximating —1L to 1L was associated with the lowest risk of

cardiopulmonary complications.

Secondary outcome

The overall risk of renal complications was 13.5% (41) with the greatest risk in the High-FB group. No significant
association was found when comparing the fluid groups. However, the predicted risk of renal complications was
significantly associated with the fluid balance on a continuous scale (Figure 2), and increased at a fluid balance

above approximately 3 L.
The overall risk of infectious complications was 27.7% (84) and 13.9% (42) for wound-related complications. The

risk of infectious or wound related complications were not associated with the fluid balance. The spline analysis

confirmed this (Supplementary Figure 1 and 2).
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Discussion

In this prospective trial of patients undergoing emergency surgery for gastrointestinal obstruction or
perforation, we found that the risk of cardiopulmonary complications was significantly associated with a
peri-operative fluid balance above 2.0 L compared with a fluid balance between 0.0L and 2.0 L. Patients
with a peri-operative fluid balance above 2 L had more often heart disease, gastrointestinal perforation, or
a higher pre-operative sepsis-2 score. We found that a fluid balance below 0.0 L was not associated with an
increased risk of any complications. Patients in this group were more often known with active cancer or

liver disease, and had more often obstructive bowel disease.

The increased risk of cardiopulmonary complications in the High-FB group support our hypothesis that a
perioperative fluid balance above 2 L is associated with an increased risk of complications following
emergency gastrointestinal surgery.! Our results align with findings in studies of patients undergoing
elective abdominal surgery, which demonstrate a reduced risk of overall or cardiopulmonary complications
from a more restrictive intra-operative fluid administration (1.4 L to 3.1 L) compared with a liberal fluid
administration (3.9 L to 5.8 L).*® In contrast, two studies found no significant difference in complications
between a restrictive (1.6 L to 1.9 L) or liberal fluid group (3.3 L to 5.1L).2%'7 Noteworthy, a post-operative
negative body weight was reported the days after surgery in these studies. The largest study to date found
a non-significant reduction of pulmonary oedema in the restrictive vs liberal group (1.4% vs 2.2%, p=0.10).3
The fluid balance was 1.4 L vs. 3.1 L and comparable with the Moderate-FB (0.9 L) and High-FB group (3.8 L)
in our study. All-together, it seems that a liberal peri-operative fluid balance is associated with an increased

risk of cardiopulmonary complications following elective as well as emergency gastrointestinal surgery.

We found no association between a low fluid balance and cardiopulmonary complications, which does not
support our proposition of an adverse outcome from a negative fluid balance. A negative fluid balance may
associate with more hypovolemic events and organ damage. However, GDT algorithms may encompass the
ability to prevent hypovolemic events. A pilot study and an early terminated study have tested the effect of
GDT during emergency surgery and found no increased risk of complications in the group receiving the
lowest fluid administration combined with GDT optimisation.'>*? In similarity, the GAS-ART trial found no
difference in the risk of complications.'* In addition to the intra-operative care accommodating
hypovolemic events, all three studies document a post-operative positive fluid balance in the allocated
groups, which indicate a judicious post-operative care. We found the predicted risk of cardiopulmonary
complications to be minimal at a peri-operative fluid balance as low as -1L to 1L (Figure 1). It is likely that

the thorough protocolised post-operative care for up to a week after surgery in the GAS-ART trial, may

101



have preserved organ function despite an overall peri-operative fluid strategy approximating a zero-

balance principle in emergency surgery.

The goal-directed fluid regimen in the GAS-ART trial attempted to prevent hypovolemic events while
avoiding fluid overload. Futier and colleagues compared a restrictive GDT-regimen versus a liberal GDT-
regimen in elective abdominal surgery. They found more patients with anastomotic leakage, sepsis, or
acute lung injury in the restrictive regimen which was argued to be due to more hypovolemic episodes.*® In
contrast, Lobo and colleagues found significantly fewer complications with less cardiovascular and tissue
healing events from a restrictive GDT regimen compared to a liberal GDT regimen.® They argued that a
greater administration of colloid boluses in the restrictive group reduced the risk of hypovolemic events
and thereby the adverse events. In our study the administration of albumin was lesser in the Low-FB group
indicating fewer patients with hypovolemic events. Conversely the administration of albumin was the
highest in the High-FB group, as were the number of patients receiving vasopressors, suggesting more
hypovolemic events. The results may partly explain the increased risk of cardiopulmonary events in the
high-FB group as suggested by Futier. However, the risk of cardiopulmonary complications continued to
increase with an increase of the fluid balance (Figure 1) suggesting a benefit from a more restrictive fluid

approach supporting the findings by Lobo and colleagues.

Of the secondary outcomes, only renal complications were significantly associated with the fluid balance on
a continuous scale. The risk of renal complications increased when the fluid balance passed approximately
3L (Figure 2). A positive fluid balance has previously been associated with acute renal failure.? In contrast,
Myles and colleagues found a greater risk of acute kidney injury and a need for renal-replacement therapy
in the group receiving a restrictive fluid regimen compared with a liberal regimen in high-risk mixed surgical
patients (peri-operative fluid balance 1.4 L vs. 3.1 L).3 Importantly, in the restrictive group no protocolised
action existed for the treatment of oliguria or anuria at the post-operative care unit or on the wards. In
comparison, two studies with a clear post-operative treatment plan for oliguria found no increased risk of
renal complications from a restrictive fluid regimen (2.6 L to 2.7 L) compared with liberal regimen (5.0 L to
5.4 L).%%! A resent observational study of non-cardiac procedures found a restrictive as well as a liberal fluid
administration to be associated with increased risk of renal complications,?? and an intra-operative fluid
administration between 1.8 L to 2.7 L to have the lowest risk of acute kidney injury. These findings are in
agreement with the findings of an observational study of emergency gastrointestinal procedures: a fluid
balance between 1.5 L to 3.5 L was associated with the lowest risk of renal complication.! It seems that a

positive fluid balance favours renal function, yet, a too liberal fluid administration may be harmful as well.
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A meta-analysis found no association between restrictive fluid regimens and post-operative oliguria or
acute renal failure.?® Importantly, the study did not address the post-operative fluid administration in the
studies and the duration of oliguria has been shown to associate with acute kidney injury.?* In contrast, two
observational studies found that intra-operative oliguria is associated with acute kidney injury.?*%
However, the positive predictive value of the association between intra-operative oliguria and acute kidney
injury is poor, while the absence of oliguria has a high predictive value of a post-operative course without
acute kidney injury.?® Our results support the latter findings even in case of a negative peri-operative fluid
balance as observed in the Low-FB group. We found no increased risk of acute kidney injury in the Low-FB
group despite the negative fluid balance. Noteworthy, the intra- and post-operative diuresis were highest
in the Low-FB group, indicating an acceptable renal function.?® Conversely, diuresis was the lowest in the
High-FB group despite a more positive fluid balance, which might have counteracted an impaired renal

function.

Implication of study findings

Our findings show that fluid overload in patients undergoing emergency gastrointestinal surgery is related
to an increased risk of cardiopulmonary complications. A zero-balance (-1 L to 1 L) fluid strategy was
associated with the lowest predicted risk of cardiopulmonary complications. However, the risk of renal
complications sims to favour from a higher fluid balance of up to 3L. Future randomised clinical trials are
encouraged to focus on the segment of patients continuously receiving more fluid than they lose after
surgery or protocols avoiding persistent fluid accumulation during and after surgery. Future trials are
encouraged to consider that different post-operative complications may benefit unevenly from different

fluid balances.

The strengths of our study is that the data were prospectively collected from multiple centresin a
randomised setup with an intra- and post-operative protocolised fluid administration, and clearly
predefined outcomes. The intervention and data collection were monitored and the outcome assessed
blinded. Moreover, we performed a propensity score adjustment of the logistic regression analysis in order
to correct for several confounders. Our study also has limitations. Some variables differed between the
fluid groups and the result is prone to known as well as unknown confounders. We did not collect data on
drug administration. Further, it was not possible to adjust for the hospitals in this analysis, due to zero
patients in the Low-FB-group at some sites. The fluid balance was based on intra- and post-operative fluid

data up to 48 hours after surgery only. Fluid administration and loss outside this period may have
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influenced the outcome. We did not include the data following that period partly because the fluid
registration was ceased due to oral intake or discharge. However, the time span for the registered fluid

data is in alignment with most other studies in the field.

In conclusion, a perioperative fluid balance above 2.0 L was associated with an increased risk of cardio-
pulmonary complications following emergency surgery for gastrointestinal obstruction or perforation. We
found no association between a negative fluid balance and cardiopulmonary complications. The risk of
cardiopulmonary complications was at a minimum at a peri-operative fluid balance of =1 L to 1 L. The risk
of renal complications was significantly associated with a peri-operative fluid balance exceeding 3 L. No
association was found between the peri-operative fluid balance and wound-related or infectious
complications. Our findings imply that aiming at a peri-operative zero-balance fluid strategy (balance <2 L)
may reduce the risk of post-operative cardiopulmonary complications following emergency gastrointestinal

surgery.
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Table 1. Background data according to the fluid balance of patients undergoing

emergency gastrointestinal surgery.

Low-FBS group,
fluid balance <0.0L
n=44

Moderate-FB group,

fluid balance 0.0-2.0L

n =108

High-FB group,
fluid balance >2.0L
n=151

Sex, female, No (%)
Age, years, Median [IQR]
Hospital, No (%)

24 (54.5)
66.0 [56.8, 71.2]

Holbaek 5(11.4)
Svendborg 0(0.0)
Slagelse 0(0.0)
Odense 0(0.0)
Herlev 39 (88.6)
Body mass index, Median [IQR] 24.8 [20.6, 29.3]
missing 3
Actively smoking, No (%) 8(18.2)
Excess alcohol intake* No (%) 5(11.4)
ASA classification, No (%)
1-2 26 (59.1)
3-4 18 (40.9)
Sepsis-2 score, No (%)
0-2 43(97.7)
3-4 1(2.3)
Co-morbidity, No (%)
Heart disease 6 (13.6)
Hypertension 16 (36.4)
Pulmonary disease 10 (22.7)
Renal disease 5(11.4)
Liver disease 4(9.1)
Diabetes mellitus 4(9.1)
Active cancer 10 (22.7)
Randomisation, GDT-group, No (%) 26 (59.1)
Intraabdominal pathology, No (%)
Ulcer disease 2 (4.5)
Small bowel perforation 0(0.0)
Large bowel perforation 3(6.8)
Small bowel obstruction 37 (84.1)
Large bowel obstruction 2 (4.5)
Necrosis of intestine 0(0.0)
Othero 0(0.0)
Surgical procedure, No (%)
Gastro- or duodenoraphia 2 (4.5)
Adhesiolysis 27 (61.4)
Resection of small intestine 2 (4.5)
Resection of large intestine 7 (15.9)
Others 6 (13.6)
Resection of intestine or stoma formation, No (%) 17 (38.6)
Anastomosis
Small bowel 3(6.8)
Ileo-colic 4(9.1)
Colo-colic 0(0.0)
Laparoscopy, No (%) 7 (15.9)
Time of anaesthesia, hours, Median [IQR] 2.4 1.8, 3.1]
Time in recovery room, hours, Median [IQR] 3.6[2.7, 6.1]
missing 2
Postoperative ICU care, immediately, No (%) 2 (4.5)
Limited treatment postsurgical, No (%) 3(6.8)

55 (50.9)
69.0 [57.0, 78.0]

19 (17.6)

0(0.0)

4(3.7)

9(8.3)

76 (70.4)
24.3[22.0, 27.4]
6

23 (21.3)

12 (11.1)

70 (64.8)
38(35.2)

107 (99.1)
1(0.9)

23 (21.3)
44 (40.7)
15 (13.9)
11 (10.2)

3(2.8)
15 (13.9)
16 (14.8)
62 (57.4)

7 (6.5)
3(2.8)
9(8.3)
74 (68.5)
10 (9.3)
2(1.9)
3(2.8)

6 (5.6)
44 (40.7)
20 (18.5)
17 (15.7)
21(19.4)
46 (42.6)

18 (16.7)

12 (11.1)
0(0.0)

26 (24.1)
2.4[1.6,3.5]
4.2[2.8, 6.0]
2

5 (4.6)
2(1.9)

89 (58.9)
72.0[61.0, 81.0]

43 (28.5)

7 (4.6)

12 (7.9)

7 (4.6)

82 (54.3)
24.1[21.5, 26.2]
17

40 (26.5)

18 (11.9)

88 (58.3)
63 (41.7)

135 (89.4)
16 (10.6)

42 (27.8)
57 (37.7)
28 (18.5)
13 (8.6)
2(1.3)
14 (9.3)
14 (9.3)
62 (41.1)

17 (11.3)
8(5.3)
19 (12.6)
85 (56.3)
17 (11.3)
1(0.7)
4(2.6)

17 (11.3)
49 (32.5)
29 (19.2)
28 (18.5)
28 (18.5)
69 (45.7)

30 (19.9)
8(5.3)

2(1.3)
33(21.9)
2.5[1.9, 3.4]
5.8[2.8,12.7]
16

24 (15.9)

7 (4.6)

§ Fluid Balance. * >7 / 14 units weekl; women / men. 0 Intraluminal obstruction of intestine, perforated appendicitis. # Drainage,

hernia repair, enterotomy, or stoma formation.
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Table 2. Perioperative fluid administration, losses, and associated variables during
emergency gastrointestinal surgery divided according to fluid group.

High-FB group
(fluid balance >2.0L)

Low-FBS group Moderate-FB group
(fluid balance <0.0L) (fluid balance 0.0-2.0L)

n=44 n =108 n=151
Intra-operative
Blood pressure (BP) and heart rate (HR)
Systolic BP at 1 hour, mm Hg 100 [92, 113] 108 [95, 120] 103 [92, 120]
Diastolic BP at 1 hour, mm Hg 52 [49, 58] 55 [48, 61] 54 [47, 60]
HR at 1 hour, mint 73 [65, 81] 77 (69, 86] 84 [71, 94]
Systolic BP < 100 mm Hg, no. 42 (95.5) 99 (91.7) 135 (89.4)
HR > 100 min, no. 6 (13.6) 25(23.1) 55 (36.4)

Fluid variables, mL
Iv* crystalloids
iv colloids
Other

Total iv fluid administration

Diuresis
Blood loss
Other loss
Total loss
Fluid balance

Vasopressor given, patients (%)

Ephedrine, patients (%)
Dose, mg

Phenylephrine, patients (%)
Dose, mg

Norepinephrine, patients (%)
Dose, mg

Post-operative

730 [300, 1160]
250 [250, 510]
420 [200, 570]

1680 [1180, 2160]
260 [100, 500]
0 [0, 200]

00, 260]

570 [280, 800]
970 [480, 1430]
35(79.5)
26(59.1)
25.0[20.0, 33.8]
4(9.1)

0.5[0.2, 0.8]
4(9.1)

0.6[0.2, 1.2]

680 [400, 1010]
300 [0, 550]

360 [200, 500]
1440 [1110, 1960]
150 [40, 270]

0 [0, 100]

0 [0, 400]

450 [190, 820]
910 [640, 1320]
94 (87.0)
71(65.7)

20.0 [10.0, 30.0]
60 (55.6)

0.6 (0.4, 1.2]

14 (13.0)
0.2[0.1, 3.5]

1000 [600, 1730]
390[0, 710]

390 [160, 520]
2030 [1450, 2700]
180 [60, 300]
00, 50]

0 [0, 160]

360 [150, 800]
1480 [1000, 2120]
132 (87.4)

85 (56.3)
20.0[10.0, 40.0]
102 (67.5)

0.8 (0.4, 1.4]
41(27.2)

0.3[0.1, 0.9]

Fluid variables, mL
iv crystalloids
iv colloids
Glucose containing fluids
Other

Total iv fluid administration

Diuresis

Other loss

Total loss

Fluid balance
Vasopressor given, patients

Peri-operative

820 [200, 1200]
0[0, 0]

0 [0, 1000]

1170 [350, 2080]
2460 [1760, 3800]
2250 [1670, 3420]
1690 [1250, 3560]
5040 [3830, 6170]

-1960 [-2450, -1540]

2(4.5)

1010 [500, 2000]
0[0, 0]

0 [0, 1000]

1330 [570, 2100]
3140 [2200, 4420]
1720 [910, 2750]
1290 [940, 1990]
3460 [2110, 4420]
80 [-550, 480]
4(3.7)

2220 [1100, 3300]
01[0, 250]
1000 [0, 1680]
2200 [1420, 3250]
5430 [4260, 7430]
1470 [1030, 2400]
1340 [960, 2000]
3100 [2260, 4340]
2170 [1320, 3410]
14 (9.3)

Total fluid administration, mL

Total fluid loss, mL
Fluid balance, mL

4380 [3250, 5540]
5700 [4110, 7690]
-870 [-1440, -550]

4880 [3500, 6230]
4000 [2480, 5170]
930 [540, 1330]

7820 [6120, 9800]
3640 [2620, 5080]
3760 [2730, 5290]

§ Fluid Balance. * intravenous.
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Table 3. Risk of complications associated with the perioperative fluid group following

emergency gastrointestinal surgery.

Low-FBS group Moderate-FB group High-FB group

(fluid balance <0.0L) (fluid balance 0.0-2.0L) (fluid balance >2.0L)

n=44 n =108 n=151

Cardio-pulmonary complications 4(9.1) 9(8.3) 36 (23.8)
Arrhythmia, atrial 2 (4.5) 4(3.7) 6(4.0)
Arrhythmia, ventricular 1(2.3) 0(0.0) 1(0.7)
Acute myocardial infarction 0(0.0) 1(0.9) 2(1.3)
Cardiac arrest 0(0.0) 0(0.0) 1(0.7)
Pleural exudation 1(2.3) 0(0.0) 9 (6.0)
Pulmonary congestion 0(0.0) 2(1.9) 10 (6.6)
Respiratory failure 0(0.0) 2(1.9) 7 (4.6)
Renal complications 5(11.4) 11 (10.2) 25 (16.6)
Acute Kidney Injury* 5(11.4) 10(9.3) 18 (11.9)
Hydronephrosis 0(0.0) 1(0.9) 2(1.3)
Renal failure demanding dialysis 0(0.0) 0(0.0) 5(3.3)
Infectious complications 10 (22.7) 29 (26.9) 45 (29.8)
Superficial wound infection 2(4.5) 4(3.7) 8(5.3)
Deep wound infection 1(2.3) 3(2.8) 1(0.7)
Urinary tract infection 2(4.5) 4(3.7) 14 (9.3)
Pneumonia 5(11.4) 14 (13.0) 21 (13.9)
Intraabdominal abscess 0(0.0) 4(3.7) 1(0.7)
Wound related complications 6(13.6) 19 (17.6) 17 (11.3)
Superficial wound rupture 3(6.8) 9(8.3) 5(3.3)
Superficial wound infection 2(4.5) 2(1.9) 5(3.3)
Deep wound infection 1(2.3) 1(0.9) 1(0.7)
Fascia rupture 0(0.0) 7 (6.5) 6(4.0)

The results present number of patients with complications. Only the first appearing complication is presented for the sub-variables
of the four groups of complications.
§ Fluid balance. * According to the ‘Kidney Disease: Improving Global Outcome’ (KDIGO) criteria deeming an increase of S-

Creatinine by >26.5 mmol/L within 48 hours post-surgical.
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Table 4. Logistic regression analysis on the association between the peri-operative fluid

group and post-operative complications following emergency gastrointestinal surgery

Low-FBS group Moderate-FB group High-FB group
(fluid balance <0.0L) (fluid balance 0.0-2.0L) (fluid balance >2.0L)
OR* (95% Cl) p value OR (95% ClI) p value

Crude analysis

Primary outcome

Cardiopulmonary complications 1.1 (0.3-3.6) 0.880 Refs 3.4(1.6-7.9) 0.002
Secondary outcome

Renal complications 1.1(0.3-3.3) 0.830 Ref 1.7 (0.8-3.9) 0.147

Infectious complications 0.8 (0.3-1.8) 0.598 Ref 1.2(0.7-2.0) 0.605

Wound related complications 0.7 (0.3-1.9) 0.552 Ref 0.6 (0.3-1.2) 0.149

Adjustede analysis

Primary outcome

Cardiopulmonary complications 1.7 (0.5-6.1) 0.436 Ref 3.4 (1.5-7.6) 0.002
Secondary outcome

Renal complications 1.0 (0.5-1.7) 0.855 Ref 1.7 (0.8-3.6) 0.202

Infectious complications 0.8 (0.3-1.9) 0.571 Ref 1.0(0.6-1.9) 0.852

Wound related complications 0.7 (0.3-2.2) 0.577 Ref 0.5(0.3-1.2) 0.109

§ Fluid balance. * Odds ratio (95% confidence interval). # The Moderate-FB group serves as reference in bi-variate analysis. 0

Adjusted by a weighted propensity score. A p-value <0.05 is considered significant.
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Figure 1. The predicted risk of a cardiopulmonary complication associated with the peri-

operative fluid balance following emergency gastrointestinal surgery

Predicted risk of a cardiopulmonary complication
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The blue line shows the predicted risk of a complication. The shaded area is the 95% confidence interval. We used a generalised
additive model with smoothing splines and four degrees of freedom. The parametric effect is p<0.001 and the non-parametric
effect is p=0.008. The parametric calculation tests whether the fluid balance is linear associated with complications. The non-
parametric analysis tests whether smoothing splines adds further precision to a linear relation of the model. A p-value <0.05 is

considered significant.
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Figure 2. The predicted risk of a renal complication associated with the peri-operative

fluid balance following emergency gastrointestinal surgery
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The blue line shows the predicted risk of a complication. The shaded area is the 95% confidence interval. We used a generalised
additive model with smoothing splines and four degrees of freedom. The parametric effect is p=0.004 and the non-parametric
effect is p=0.334. The parametric calculation tests whether the fluid balance is linear associated with complications. The non-
parametric analysis tests whether smoothing splines adds further precision to a linear relation of the model. A p-value <0.05 is

considered significant.
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SUPPLEMENTARY MATERIAL

Supplementary Figure 1. The predicted risk of an infectious complication associated

with the peri-operative fluid balance following emergency gastrointestinal surgery

Predicted risk of an infectious complication
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The blue line shows the predicted risk of a complication. The shaded area is the 95% confidence interval. We used a generalised
additive model with smoothing splines and four degrees of freedom. The parametric effect is p=0.162 and the non-parametric
effect is p=0.680. The parametric calculation tests whether the fluid balance is linear associated with complications. The non-
parametric analysis tests whether smoothing splines adds further precision to a linear relation of the model. A p-value <0.05 is

considered significant.
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Supplementary Figure 2. The predicted risk of a wound complication associated with the

peri-operative fluid balance following emergency gastrointestinal surgery

Predicted risk of a wound-related complication
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The blue line shows the predicted risk of a complication. The shaded area is the 95% confidence interval. We used a generalised
additive model with smoothing splines and four degrees of freedom. The parametric effect is p=0.386 and the non-parametric
effect is p=0.412. The parametric calculation tests whether the fluid balance is linear associated with complications. The non-
parametric analysis tests whether smoothing splines adds further precision to a linear relation of the model. A p-value <0.05 is

considered significant.
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ABSTRACT

Background
Emergency gastrointestinal surgery is followed by a high risk of major complications and death. The study’s
aim was to identify which complications that were strongest associated with death following emergency

surgery for gastrointestinal obstruction or perforation.

Methods

We retrospectively included adult patients undergoing emergency gastrointestinal surgery with
radiologically verified obstruction or perforation from three hospitals in Denmark. The exposure variables
were 16 predefined Clavien-Dindo graded complications. Cox regression with delayed entry analysed the
association with 90-day mortality. Adjustment was made for hospital, age, American Society of
Anesthesiologists classification, pre-operative sepsis-2 score, cardiac comorbidity, renal comorbidity,
hypertension, active cancer, bowel obstruction or perforation, and the surgical procedure. Subgroup

analysis was made for patients with gastrointestinal obstruction or perforation.

Results

We included 349 patients operated between 2014 and 2015. In all, 281 (80.5%) patients had a
complication. The risk of death was 20.6% (14) for patients with no complications and varied between 21-
57% for patients with complications. Renal impairment (hazard ratio (HR): 6.8 (95%Cl: 3.7-12.4)), arterial
thromboembolic events (HR 4.8 (2.3-9.9)), and atrial fibrillation (HR 4.4 (2.8-6.8)) showed the strongest
association with 90-day mortality. Atrial fibrillation was the only complication significantly associated with

death in patients with gastrointestinal obstruction as well as perforation.

Conclusion
In this study of patients undergoing emergency gastrointestinal surgery, we found that renal impairment,
arterial thromboembolic events, and atrial fibrillation were strongest associated with death. Atrial

fibrillation might serve as an in-situ marker of patients needing escalation of care.
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Introduction

Emergency abdominal surgery is followed by a substantial risk of postoperative complications which
influence on the risk of death approximating 15-25%. - Complications develop in more than 30% of the
patients and vary according to patient characteristics, the underlying pathology, and hospital
characteristics. 4® Adverse events often prolong the hospital stay and postoperative complications are
stronger associated with mortality than pre- and intra-operative variables. 7# A recent study found major
complications in 47% of patients following emergency laparotomy for gastrointestinal obstruction,
perforation, or bleeding and a mortality risk of 26%. ° The risk of major cardiac and pulmonary
complications was high the first days after surgery as was the risk of death. However, little is known about
which postoperative complications that most strongly associate with death following emergency

gastrointestinal (Gl) surgery.

The association between postoperative complications and death has been addressed in several cohorts
within elective surgery. The risk of death in patients with major postoperative complications is referred to
as failure-to-rescue (FTR). FTR has been proven to efficiently evaluate the postoperative course on an
institutional level allowing for the development of post hoc protocols to optimise care. FTR-metrics was
originally developed for planned surgical procedures with a low risk of complications or death. ° The
complications included in the FTR-metric vary between studies and surgical areas. FTR is only gradually
implemented in the area of emergency surgery, %% thus expanding to patients with different diagnoses.
Moreover, the incidence, the type, and the severity of complications following emergency surgery may
differ considerably from elective cohorts and is likely to affect the association of specific postoperative
complications and death. Importantly, specific post-operative complications might serve as valuable in situ

markers of when to escalate care to prevent a fatal outcome.

Different complications appear at different times in the postoperative course as does death. As such, the
association of a complication and death need to consider the time without a complication (un-exposed)
and the time from a debuting complication to death (exposed). Not taking this into account may lead to the
bias known as ‘immortal time bias’. Considering the ‘un-exposed’ time and the ‘exposed’ time may add
important understanding of the association between individual complications with death following the

event full course of emergency gastrointestinal surgery.

We hypothesised that complications evolve in continuums and that certain complications are stronger

associated with 90-days mortality than others following emergency gastrointestinal surgery. Further, some
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complications may serve as markers of an evolving adverse course independently of the underlying
pathology. Identifying these index complications may offer as an in-situ marker of patients needing
escalation of care. The aim of this study was to identify which postoperative complications that are
strongest associated with death following emergency surgery for gastrointestinal obstruction or

perforation.

120



Methods

This study was approved by the Ethical Committee (J.nr. 16-000014), Region Zealand, Denmark. The
requirement for written informed consent was waived by the committee. Approval by the Danish Data
Protection Agency (REG-149-2016) and the Danish Patient Safety Authority (3-3013-1999/1) was granted.
We retrospectively included all patients scheduled for emergency gastrointestinal surgery, between 1 July
2014 and 31 July 2015 at three Hospitals in Region Zealand, Denmark. The hospitals treat all emergency
cases among 800,000 citizens. In Denmark, emergency treatment is offered free of charge at public
hospitals with no private alternative. The manuscript adheres to the Strengthening the Reporting of

Observational studies in Epidemiology (STROBE) statement. °

We included patients aged 18 years or older who underwent emergency surgery for gastrointestinal
obstruction or perforation, diagnosed by radiological examination. Thus, appendectomies,
cholecystectomies, and surgery on the spleen or liver were not included. Emergency surgery was defined as
the need for laparoscopy or laparotomy without planned delay. We excluded patients who had had
intraabdominal surgery up to 30 days prior to the index procedure, patients with an iatrogenic or traumatic
perforation, patients pregnant at the time of surgery, or patients in chronic dialysis. Patients eligible for

inclusion more than once were only included at the first procedure. Only Danish residents were included.

We manually screened all patients planned for gastrointestinal surgery in the electronic booking system
used at the participating hospitals. All emergent procedures due to obstruction, perforation, or
undescribed cases were identified with the patients’ personal identification number, allowing for data
collection from the electronic patient files. Data from the pre-, intra-, and postoperative course were
collected. The postoperative follow-up was 90 days on complications and mortality. Mortality data
completeness was achieved through the Danish Civil Registration System. Data were collected between

June 15, 2017 and March 31, 2018.

Data extraction was performed by clinically experienced medical staff trained in the use of the case report
form and the Clavien-Dindo classification (CDC). ¢ All patient files were accessed by two independent
researchers and data collected in two separate case report forms. Case report forms were regularly
assessed by the project leader (AWV) to settle disagreements. Minor variations were solved by the project
leader, major inconsistencies were settled in dialogue between the project leader and the senior consultant
responsible for the study (BB). Double data entry was performed, and irregularities corrected according to

the case report form. Finally, range check was performed for all data.
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The preoperative data collected were age, sex, smoking and alcohol habits, height, weight, co-morbidity
(hypertension, cardiac, pulmonary, renal, diabetes, or presence of active cancer), American Society of
Anaesthesiologists physical status classification (ASA class), sepsis-2 score, description of the radiological
examinations, and time-to-surgery defined as time from decision of surgery to surgery. The intraoperative
variables collected were time of surgery, the procedure performed, the intraabdominal pathology,
intravenous fluid administration, and blood loss. The postoperative variables collected were sepsis-2 score,
length of hospital stay, re-admissions, and in-hospital complications defined according to Table 1. The
severity of complications was graded according to the CDC and only complications occurring
postoperatively were registered. Death or cardiac arrest was not registered as a complication due to the
study aim. Preoperative conditions were evaluated and only in case of substantial postoperative worsening,
the condition was registered as a complication (increase in CDC class): ¥’ e.g. medically treated pneumonia
preoperatively was only registered as a complication if it deemed mechanically respiratory support
postoperatively. The date of appearance was used for complications but the most severe CDC graded the

complication.

The primary exposure variable was 16 predefined complications (Table 1). We combined some individual
complications considered to evolve in continuum or with similar treatment profiles. The follow-up on
complications was contemplated as 90 days for all complications as the majority of complications
demanded hospital admission. Planned operations were not regarded a complication, for example “second-

look” or change of vacuum-assisted coverings. The primary outcome was 90-day all-cause mortality.

Statistics

Parametric and non-parametric statistics were used as appropriate. We presented events of complications
as numbers and absolute risks. All-cause mortality was presented as relative risk for individual groups of
complications (modified FTR). The primary outcome was analysed using a multivariable Cox proportional
hazards model. To evaluate the influence of the first complication on mortality, we delayed the entry time
to the date of the complication, i.e. the patient was included as non-exposed (no complication) before that
date thereby avoiding immortal time bias. & A patient that did not die within the predefined 90 days was
censored. The model presumes a progressive time span between a complication and death. Some
complications appeared on the same day as death. Thus, half a day was added to the day of death or
censoring. In case of a missing date on a complication the median time from surgery to the same

complication in the cohort was used or the time to death in case it appeared first.
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We created a multivariable model adjusting for variables significantly (p<0.05) associated with death in a
univariable cox regression model with delayed entry. All variables demonstrating a significant association
were included in the model. Several significant variables were found (Supplementary Table 1-11) and post
hoc we decided to restrain the adjusted analysis to complications evolving in more than 40 patients to
avoid overparameterization. Independent variables in the model were: hospital, age, ASA class (categorised
in class 1-2 or 3-5), pre-operative sepsis-2 score (categorised as group 0-2 or 3-4), cardiac co-morbidity (yes
or no), hypertension (yes or no), renal co-morbidity (yes or no), active cancer (yes or no), the diagnosis
(bowel obstruction or perforation), and the type of surgery (bowel resection and stoma formation or other
procedures). Three preoperative sepsis-2 scores were missing. Data on all other independent variables
were complete. Post hoc, we decided to replace the missing preoperative sepsis-2 scores by the
postoperative sepsis-2 score subtracted the median increase in sepsis-2 score (1.0 (IQR 1.0-2.0)) between
the pre- and postoperative course. Test for linearity demonstrated a better fit for age in the potency.
Proportionality was tested using Schoenfeldt residuals. The proportionality assumption was violated by the
variable “active cancer’; hence, the baseline hazard was stratified by the ‘active cancer’-group. We
performed subgroup analyses for patients with gastrointestinal obstruction or perforation. Bonferroni
correction was used based on 16 outcomes and a two-sided p-value of < 0.003 was considered significant.
We used R version 3.5.0 GUI 1.70 El Capitan ©R Foundation for Statistical Computing, 2016 and RStudio

version 1.1.453 for the statistical analysis.
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Results
A total of 349 patients were included in the analysis (Figure 1). The follow up on complications and death
was complete (31,410 patient days) due to the patient files system linked to the Danish Civil Registration

System. ¥°

We registered 832 complications during the 90-day follow-up. Of the 349 patients analysed, 281 (80.5%)
had a complication. Patients with a complication were more likely to have a higher ASA class, a diagnosis of
gastrointestinal perforation, and a longer stay at the postoperative ward (Table 2). Dates were missing for
35 (4.2%) complications (Table 3). The median time to the first appearing complication was 3.0 days (IQR 1-
4).

On the day of surgery and the first postoperative day (POD) 105 (12.6%) complications were registered and
19 (20.9%) deaths (Table 3). A total of 420 (50.5%) complications appeared between POD 2 to 7; 211
(25.4%) complications between POD 8 to 30; and 61 (7.3%) complications between POD 31 to 90. The
incidence of complications was evenly distributed between POD 0-7 and POD 8-90 for deep wound
complications (24 vs. 21), renal impairment (12 vs. 11), and re-operations (41 vs. 38). The majority of the
following complications appeared late in the postoperative course (POD 0-7 vs. POD 8-90): superficial
wound complications (25 vs. 51), peritonitis (8 vs. 16), urinary tract infection (10 vs. 30), pleural exudation

(22 vs. 34), and venous thrombo-embolic events (1 vs. 5).

The overall risk of death was 26.1% (91) at 90-day follow-up. The patients who died tended to be older,
have a higher ASA class or Sepsis-2 score preoperatively, presented with more cardiac or renal co-
morbidity, and were more often known with active cancer than patients surviving (Table 2). Further, the

patients had more often gastrointestinal perforation and anastomosis or stoma formation.

Complications and death

The risk of death was 20.6% (14) for patients with none of the registered complications and 27.4% (77) for
patients with complications. In the group with no registered complications thirteen of the fourteen dead
patients increased in sepsis-2 score after surgery and ten had septic shock and were dead within
postoperative day one. The risk of death, according to the 16 individual complications (modified FTR),
ranged from 21% in patients with prolonged paralysis and up to more than 50% for patients with renal

impairment or atrial fibrillation (Table 4).
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The crude Cox-regression analysis with delayed entry showed that out of ten significant associations renal
impairment, arterial thromboembolic events, and atrial fibrillation where the complications most strongly
associated with death (Table 4). The adjusted multivariable model showed seven significant associations
out of eleven analysed complications. Atrial fibrillation (HR 3.3 (95%Cl 2.1-5.2), p<0.001), deep wound
complication (HR 3.2 (1.7-5.8), p<0.001), and respiratory failure (HR 2.9 (1.6-5.1), p<0.001) were most

strongly associated with 90-day mortality (Table 4).

Of all patients, 87 (24.9%) had only one complication with a mortality risk of 14.9%, two complications
appeared in 57 (16.3%) patients and the mortality risk was 17.5%, and three or more complications

appeared in 137 (39.3%) patients with a mortality risk of 39.4%.

Gastrointestinal obstruction or perforation

In total, 261 patients had Gl obstruction of whom 204 (78.2%) had one or more of 547 registered
complications. The overall 90-day mortality risk was 21.8% (57). The risk of death was 15.8% (9) for patients
with no complications and 23.5% (48) for patients with complications. Of the nine dead patients with no
registered complications five had septic shock and were dead within postoperative day one. The crude Cox-
regression model demonstrated ten complications significantly associated with 90-day mortality of which

renal impairment, pulmonary oedema, and respiratory failure dominated (Table 5).

Eighty-eight patients had a gastrointestinal perforation of which 77 (87.5%) had one or more of 285
registered complications. The overall 90-day mortality risk was 38.6% (34). The risk of death was 45% (5) for
patients with none of the registered complications and 37.7% (29) for patients with complications. Of the
five dead patients with no registered complications, all had septic shock and were dead within
postoperative day one. Atrial fibrillation was the only complication that was significantly associated with
death in this sub-group of patients. In both subgroups the number of patients with the complications were

small, and adjusted analysis were not performed.
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Discussion

In this observational retrospective study of patients having emergency surgery for gastrointestinal
obstruction or perforation, we found that 81% of the patients had complications of which 27% were dead
at 90-day follow up. One-third of the complications debuted after the first week from surgery and the
majority of patients had two or more complications. Renal impairment and arterial thromboembolic events
were strongest associated with death, yet rare. In the adjusted analysis, the complications with the
strongest association with death at 90-day follow up were atrial fibrillation, deep wound complications, and

respiratory failure.

We found a significant association in 10 of 16 complications with death with varying hazard rates from 2.4
to 6.8 and a risk of death ranging from 32% to 57%. The variability supports our hypothesis that different
complications correlate unevenly with death and emphasises that minor (e.g. atrial fibrillation) as well as
major (e.g. renal impairment) complications are important in the postoperative course in the urgent

setting.

The risk of death in patients with complications is known as failure-to-rescue (FTR). Initially introduced by
Silber in 1992, arrhythmia was included in the FTR-metric. 1° Alternative definitions followed of which
some focused on surgical complications (e.g. wound infection or re-operations) while others primarily
include medical complications (pulmonary, cardiac, renal, infectious, or thromboembolic). %20
Interestingly, we found that atrial fibrillation and deep wound complication (fascia dehiscence and deep
wound infection) demonstrated the highest and a similar hazard ratio to death. Fascia dehiscence was the

primary reason for a re-operation in our cohort.

Re-operation was performed in 23% of the patients in our cohort with a mortality risk of 32% and showed
to be strongly associated with death. The association has previously been documented following
emergency laparotomy with incidence rates ranging from 20% to 36%. +?%?2 However, the mortality risk
varies vividly between 20% and 72%. It has been shown that re-operations are associated with an increased
risk of medical complications, additional re-operations, and transfer to the intensive care unit and that each
additional re-operation increases the risk of death. 2> These findings have several possible explanations:
the surgical stress response is repeated, an inflammatory response amplified, and the side effects of
intravenous fluid therapy, the anaesthesia and other drugs accumulate, and might accelerate an adverse

outcome.
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Re-operations are generally not optional. Not operating might have vital consequences and re-operations
may be the only chance to rescue the patient. In our study, unplanned re-operations were dominated by
fascia dehiscence. We found 11% with fascia dehiscence. The risk of fascia dehiscence varies between 3.8%
and 28% following emergency laparotomy 2%?* and is associated with morbidity and death. 2>26 The risk of
fascia dehiscence is associated with patient- and doctor-related factors. Dominating patient related factors
are obesity, smoking habits, alcohol habits, the degree of contamination of the wound, the presence of
peritonitis, or the presence of high postoperative intraabdominal pressure. The iatrogenic factors are
choice of suture and sewing technique. One study found the risk of fascia dehiscence and subsequently
death significantly decreased compared to a historical cohort, following implementation of a new suture
and sewing technique in patients undergoing emergency laparotomy. % Moreover, the increasing share of
laparoscopic surgical approach in emergency gastrointestinal surgery hold a potential to further reduce the

risk of fascia dehiscence. %7

A striking finding in our study was the marked association between atrial fibrillation and death. Even
though we found that different complications dominate in patients with Gl obstruction or Gl perforation,
atrial fibrillation uniformly demonstrated one of the strongest associations with death in both sub-groups
of patients. Atrial fibrillation is the most common postoperative arrhythmia. The incidence varies according
to the type of surgery ranging from 1.4% in non-cardiac surgery an up to more than 30% following cardiac
surgery. %29 We found a risk of atrial fibrillation of 19% in our cohort. Post-operative atrial fibrillation has
been associated with pre-operative patient characteristics as age, male sex, cardiopulmonary disease,

hypertension, and pre-existing atrial fibrillation. 3°

The association between atrial fibrillation and a postoperative adverse course has been documented
following oesophagostomies and cardiac surgery, while studies within gastrointestinal surgery are few. 31733
Postoperative atrial fibrillation has previously been associated with sepsis, a leaking bowel anastomosis, a
prolonged hospital stay, or death, 393335 which support our finding. The pathophysiological relation is,
however, not well understood, since it is unlikely that atrial fibrillation in itself is the mediator of various
complications or death. The inflammatory response and the release of catecholamines following surgery
has been argued to prompt postoperative atrial fibrillation. The association between atrial fibrillation and
stroke or myocardial infarction has been documented and is a rational relation. 3¢ However, the
association between atrial fibrillation and subsequent surgical complications is more difficult to explain. It
has been argued that atrial fibrillation altars the circulation and may compromise blood flow at the surgical

site. Another possible explanation is that perioperative intravenous fluid administration combined with a
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hormonal stress response that retains fluid, causes oedema of the tissue and induces atrial fibrillation as
well, which further accelerate the risk of pulmonary congestion and oedema of the surgical site with poor
wound- and anastomosis healing. 3 Both mechanisms might explain why atrial fibrillation, appears in the
early postoperative course while surgical complications evolve days to weeks later. Our results suggest that
post-operative onset of atrial fibrillation should mediate a thorough assessment of the patient in search for

an underlying pathology and may serve as an early marker of patients needing escalation of care.

The strengths of our study are the double data extraction and registration, clear definitions of study
variables, and the analytical adjustment for delayed entry, which eludes immortal time bias. ® The
contribution from multiple sites increases the external validity and generalisability of the study results.
The limitations of our study are inherent in the retrospective design, relying on patient files. We
accommodated this by using clear definitions of complications and double registration of the prospectively
collected data in a public health system ensuring 100% follow-up on mortality of all Danish residents. *°
Despite a clear definition of the cohort, different intraabdominal pathologies were disclosed and might
influence differently on the risk of complications and death. However, we corrected for important
confounders in the adjusted analysis; yet, some complications were rare, and the low numbers prevented
an adjusted analysis. No matter the adjustment the result of this study is merely hypothesis generating

leaving future randomised trial to investigate.

Conclusion

In this observational study of patients undergoing emergency surgery for gastrointestinal obstruction or
perforation, we found that 80% of the patients had a complication and two-third of the complications
appear within the first postoperative week. Renal impairment and arterial thromboembolic events were
most strongly associated with death, however rare. Of the more frequent complications atrial fibrillation,
deep wound complications, and respiratory failure were most strongly associated with death. Atrial
fibrillation, was uniformly associated with death in both sub-groups of patients with gastrointestinal
obstruction or perforation and may serve as an important early marker of patients needing escalation of

care.
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Table 1 — Definition of postoperative complications

Complication

Variable

Definition

Superficial wound
complication

Superficial wound rupture

Superficial wound infection

Conservative or surgical treatment

Wound rupture, a need for removal of
infected tissue, or medical treatment

Deep wound complication

Deep wound infection and fascial defect

Fascia dehiscence

A need for surgical cleavage or removal of
infected tissue with fascial defect
Spontaneous fascial rupture with a need
for re-operation

Peritonitis

Peritonitis
Intraabdominal abscess

Debut postoperatively
Suspected radiologically and with a need
for surgical or medical treatment

Prolonged paralysis

Prolonged paralysis of intestine

>4 days without defecation

Gl bleeding

Gastrointestinal bleeding

A need for surgical or endoscopic
treatment

Packed blood products

Transfusion with packed blood,
thrombocytes, or plasma

Pneumonia

Diagnosed by the treating physician and
medical treatment initiated

Urinary tract infection

Diagnosed by the treating physician and
medical treatment initiated

Atrial fibrillation

Verified by electrocardiogram and a need
for treatment

Pleural exudation

Exudation to the pleural cavity

Verified by radiology

Pulmonary oedema

Pulmonary congestion
Pulmonary oedema

With a need for medical treatment
Radiographic suspicion and a need for
intensive care

Respiratory failure

CPAP

Failure to wean

Re-intubation

A need for non-invasive ventilation or
continuous positive airway pressure (CPAP)
after the day of extubation

Intubation continued for more than 48
hours after surgery

Re-intubation of any cause

Venous thrombo-embolic
event

Deep venous thrombosis

Pulmonary embolism

Verified by radiology

Verified by scintigraphy or CT-scan

Arterial thrombo-embolic
event

Acute myocardial infarction
Stroke

Disseminated intravascular coagulopathy

ECG-pathology and treatment initiated

Relevant radiology or diagnosed by
neurologist
Diagnosed by the treating physician

Renal impairment

Renal failure

Other renal

A need for dialysis with or without
treatment
Hydronephrosis or nephritis

Re-operation

Superficial wound rupture or infection
Fascial rupture

Separation of stoma

Anastomosis leakage

Re-perforation

Peritonitis or abscess

Postoperative obstruction of intestine
Gastrointestinal bleeding

With a need for surgical intervention
Spontaneous fascial rupture with a need
for intraabdominal surgery

Requiring intraabdominal surgery
Requiring intraabdominal surgery
Requiring intraabdominal surgery
Requiring intraabdominal surgery
Requiring intraabdominal surgery
Intraabdominal surgery pro haemostasis
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Figure 1. Trial profile

Emergency gastrointestinal surgery
due to obstruction, perforation, or
unspecified reasons,

N =690

Y

Radiological examination,
N =591

Y

Gastrointestinal obstruction or
perforation,
N =457

A 4

Included for analysis,
N =349

Trial profile

Surgery cancelled or planned

delayed, N =30

No suspicion of gastrointestinal
obstruction or perforation, N =134

Exclusion criteria:

< 18 years or pregnant, N=5
End stage renal failure, N=1
Intraabdominal surgery

within the last 30 days, N =65
latrogenic perforation, N =15
Trauma, N=11

N=9

» -

133




Table 2 — Background characteristics according the incidence of complications or death.

Patients with no
complication

Patients with a
complication

Alive at follow up

Dead at follow up

Number of patients

Sex, female, No (%)

Age, years, median [IQRe]

BMI3, median [IQR]
Missing, No

Actively smoking, No (%)
Missing, No

Excess alcohol intake#, No (%)
Missing, No

ASA-class*, No (%)
Class 0-2
Class 3-5

Sepsis-2 score, pre-operative, No (%)

group 0-2
group 3-4

Co-existing diseases, No (%)
Cardiac comorbidity
Hypertension
Pulmonary comorbidity
Renal comorbidity
Diabetes mellitus
Active cancer

Intraabdominal pathology, No (%)

Adhesions
Ulcer disease
Diverticulitis
Intraabdominal cancer
Hernia
Crohn disease
Vascular ischemia
Volvulus
Other

Surgical indication, No (%)
Gl obstruction
Gl perforation

Time to surgery, median [IQR]

Intra- and post-operative course

Surgical access, No (%)
Laparoscopy
Laparotomy

Surgical procedure, No (%)
Other procedure

Bowel resection and stoma formation
Fluid administration, mL, median (IQR)

Missing, No
Blood-loss, mL, median [IQR]

Time of surgery, hour, median [IQR]

Missing, No

Time at recovery room, hour median [IQR]

Missing, No

68
40 (58.8)
71.5[57.8, 79.8]
25.0[20.7, 28.8]
8

18 (28.6)

5

4(6.2)

4

43 (63.2)
25 (36.8)

42 (61.8)
26(38.2)

17 (25.0)
31(45.6)
10 (14.7)
2(2.9)
7(10.3)
11(16.2)

34 (50.0)
3 (4.4)
5(7.4)

9(13.2)
2(2.9)
3(4.4)
4(5.9)
2(2.9)
6(8.8)

57 (83.8)
11(16.2)
4.0[2.8, 6.0]

6(8.8)
62(91.2)

32(47.1)
36 (52.9)

1800 [1080, 2240]

0
0 [0, 100]
1.6 [1.0, 2.2]

0

3.0[2.0, 6.0]
2

281
157 (55.9)

71.0 [63.0, 79.0]
23.9[21.3,27.1]
19

95 (34.5)

6

36 (13.3)

11

146 (52.0)
135 (48.0)

152 (54.1)
129 (45.9)

81(28.8)
124 (44.1)
49 (17.4)
26 (9.3)
42 (14.9)
43 (15.3)

122 (43.4)
25 (8.9)
24 (8.5)

46 (16.4)
12 (4.3)
2(0.7)
5(1.8)
19 (6.8)
26 (9.3)

204 (72.6)
77 (27.4)
3.0[2.0, 6.0]

16 (5.7)
265 (94.3)

122 (43.4)

159 (56.6)

2140 [1470, 3140]
1

50 [0, 300]
1.9[1.4, 2.8]

7

6.0 [3.0, 12.0]

3

258
142 (55.0)

69.0 [59.2, 77.0]
24.1[21.3, 28.0]
22

87(35.1)

10

32(13.0)

11

168 (65.1)
90 (34.9)

161 (62.9)
95 (37.1)

64 (24.8)
107 (41.5)
41 (15.9)
13 (5.0)
36 (14.0)
29 (11.2)

132 (51.2)
18 (7.0)
21(8.1)

29 (11.2)
10 (3.9)
4(1.6)
5(1.9)
17 (6.6)
22 (8.5)

204 (79.1)
54 (20.9)
3.0[2.0, 6.0]

18 (7.0)
240 (93.0)

128 (49.6)

130 (50.4)

1940 [1280, 2720]
0

00, 250]
1.8[1.3, 2.6]

7

5.0[3.0, 11.0]

1

91
55 (60.4)
77.0[71.5, 83.0]
23.6[20.8, 26.6]
5

26 (28.9)

1

8(9.2)

4

21(23.1)
70 (76.9)

31(34.4)
59 (65.6)

34(37.4)
48 (52.7)
18 (19.8)
15 (16.5)
13 (14.3)
25 (27.5)

24(26.4)
10 (11.0)
8(8.8)
26 (28.6)
4(4.4)
1(1.1)
4(4.4)
4(4.4)
10 (11.0)

57 (62.6)
34 (37.4)
3.0[2.0, 5.0]

4 (4.4)
87 (95.6)

26 (28.6)

65 (71.4)

2330 [1560, 3210]
1

50 [0, 300]
2.0[1.4,2.9]

0

6.0[3.0, 12.0]

4

¢ Inter-quartile range. § Body mass index. # >7 drinks/week for women or >14 drinks/week for men. * American Society of
Anesthesiologists Classification of physical status. X Gastrointestinal.
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Table 3. Number of patients with a complication according to the postoperative day

(POD).
Complication Events / POD 0-1 POD 2-7 POD 8-14 POD 15-30 POD 31-90
missing dates Patients with a complication, No (%)
Superficial wound complication 81/5 5(6.2) 20 (24.7) 22 (27.2) 22 (27.2) 7 (8.6)
Superficial wound rupture 43
Superficial wound infection 38
Deep wound complication 45/0 1(2.2) 23 (51.1) 16 (35.6) 4(8.9) 1(2.2)
Deep wound infection 5
Fascia dehiscence 40
Peritonitis 24/0 0(0.0) 8(33.3) 8(33.3) 7(29.2) 1(4.2)
Peritonitis 4
Intraabdominal abscess 20
Prolonged paralysis 145/0 - 145 (100.0) - - -
Gastrointestinal bleeding 19/0 5(26.3) 6 (31.6) 4(21.1) 2 (10.5) 2 (10.5)
Packed blood-products 47/6 12 (25.5) 24 (51.1) 3(6.4) 2 (4.3) 0(0.0)
Pneumonia 110/6 21(19.1) 48 (43.6) 21(19.1) 8(7.3) 6 (5.5)
Urinary tract infection 44 / 4 3(6.8) 7 (15.9) 6(13.6) 12 (27.3) 12 (27.3)
Atrial fibrillation 63/4 28(43.8)  25(39.1) 3(4.7) 1(1.6) 2(3.2)
Pleural exudation 62/6 4 (6.5) 18 (29.0) 21(33.9) 6(9.7) 7(11.3)
Pulmonary oedema 53/4 10 (18.9) 26 (49.1) 6(11.3) 4(7.5) 3(5.7)
Pulmonary congestion 41
Pulmonary oedema 12
Respiratory failure 63/0 7 (11.1) 42 (66.7) 11(17.5) 2(3.2) 1(1.6)
CPAP* 24
Failure to wean (>48h) 21
Re-intubation 18
Venous TEE® 6/0 0(0,0) 1(16.7) 2(33.3) 0(0.0) 3(50.0)
Deep venous thrombosis 2
Pulmonary embolus 4
Arterial TEE 17/0 3(17.6) 7(41.2) 2(11.8) 1(5.9) 4(23.5)
Acute myocardial infarction 9
Stroke 4
DIC* 3
Arterial thrombosis 1
Renal impairment 23/0 3(13.0) 9(39.1) 2(8.7) 3(13.0) 6(26.1)
Renal failure 8
Other renal 15
Re-operation 79/0 4(5.1) 37 (46.8) 25 (31.6) 6(7.6) 7 (8.9)
Superficial wound rupture 9
Deep wound rupture 37
Anastomotic leakage
Separation of stoma 1
Re-perforation
Peritonitis or abscess 2
Post-operative obstruction 21
Laparotomy pro haemostasis 1
Death 91/0 19 (20.9) 9(9.9) 14(15.4) 15(16.5)  34(37.4)

1 Continuous positive airway pressure. ® Thrombo-embolic events. § Acute myocardial infarction. * Disseminated intravascular
coagulation.
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Table 4

Risk of a complication or all-cause mortality at 90 days and their association.

Risk of a Death
complication (modified FTRS)

Crude analysis Adjusted analysise

No. (%) No. (%) HR (95% ClI) # p HR (95% Cl) p

Superficial wound

complication 81 (24) 20 (25) 1.7 (1.0-2.9) 0.0393 1.6(0.9-2.7) 0.1204
Deep wound complication* 45 (13) 16 (36) 2.5(1.4-4.4) 0.0015 3.2(1.7-5.8) 0.0001
Peritonitis 24.(7) 9(38) 2.6(1.3-5.4)  0.0067 - -
Prolonged paralysis 145 (43) 30(21) 1.1(0.7-1.7) 0.8060 1.3(0.8-2.2) 0.2872
Gastrointestinal bleeding 19 (6) 7 (37) 2.8(1.3-6.2) 0.0084 - -
Packed blood-products 47 (14) 21 (45) 3.1(1.9-5.2) <0.0001 1.7 (1.0-2.9)  0.0643
Pneumonia 110 (32) 40 (36) 3.4(2.2-5.3)  <0.0001 2.4(1.5-3.8) 0.0003
Urinary tract infection 44 (13) 11 (25) 2.0(1.0-3.8)  0.0376 1.7(0.8-3.4)  0.1494
Atrial fibrillation 63 (19) 33(52) 4.4(2.8-6.8) <0.0001 3.3(2.1-5.2) <0.0001
Pleural exudation 62 (18) 26 (42) 3.9(2.4-6.4) <0.0001 2.3(1.4-4.0) 0.0019
Pulmonary oedema 53 (16) 25 (47) 4.0 (2.5-6.4) <0.0001 2.3(1.4-3.8) 0.0011
Respiratory failure 63 (18) 29 (43) 3.9(2.4-6.2) <0.0001 2.9(1.6-5.1) 0.0003
Venous TEE® 6(2) 2(33) 2.6(0.6-10.6)  0.1840 - -
Arterial TEE® 17 (5) 8 (47) 4.8(2.3-9.9) <0.0001 - -
Renal impairment 23 (7) 13 (57) 6.8 (3.7-12.4) <0.0001 - -
Re-operation 79 (23) 25(32) 2.4(1.5-3.9)  0.0006 2.7(1.6-4.5) 0.0001

§ Failure-to-rescue. # Hazard Ratio (95% Confidence interval). O Variables adjusted for in the multivariable analysis: Hospital
(Holbzek, Slagelse, and Kgge), age, ASA class (categorised in class 1-2 or 3-5), pre-operative sepsis-2 score (categorised in group 0-2
or 3-4), cardiac co-morbidity (yes or no), hypertension (yes or no), renal co-morbidity (yes or no), active cancer (yes or no), the
diagnosis (bowel obstruction or perforation), and the type of surgery (bowel resection and stoma formation or other procedures).
*Analysed for laparotomies only, excluding 22 laparoscopic procedures. @ Thrombo-embolic events. A p-value <0.003 is considered

significant.
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Table 5

The association between complications and 90-day mortality stratified on subgroups

with gastrointestinal obstruction or perforation.

Gastrointestinal obstruction

Gastrointestinal perforation

Crude analysis

Crude analysis

RISk. o .a DIEEE Hazard Ratio RISk. i .a DLZEE Hazard Ratio
complication,  (FTRS), (95% CI¥) complication, (FTRS), (95% CI¥)
No. (%) No. (%) i No. (%) No. (%) 0

Superficial wound

complication 56(21) 10(18) 1.2(0.6-2.5) 0.5610 25 (28) 10 (40) 2.9(1.2-7.0) 0.0173
Deep wound

complication* 32(12) 10(31) 2.3(1.1-4.7) 0.0193 13 (15) 6(46) 2.5(0.9-6.8) 0.0678
Peritonitis 11 (4) 6(55) 4.7(2.0-11.0) 0.0004 13 (15) 3(23) 1.0(0.3-3.3) 0.9740
Prolonged paralysis 103 (39) 18(17) 1.0(0.5-1.8) 0.9240 42 (48) 12(29) 1.1(0.5-2.6) 0.8590
Gl bleeding 13 (5) 5(38) 3.3(1.3-8.3) 0.0115 6(7) 2 (33) - -
Packed blood-products 29(11)  13(45) 3.2(1.7-6.1) 0.0002 18 (20) 8(44) 2.6(1.1-5.9) 0.0271
Pneumonia 75(29) 27(36) 3.9(2.3-6.8) <0.0001 35 (40) 13(37) 2.3(1.0-4.9) 0.0386
Urinary tract infection 35(13) 10(29) 2.5(1.3-5.2) 0.0093 9 (10) 1(11) - -
Atrial fibrillation 41(16) 20(49) 4.6(2.6-7.9) <0.0001 22 (25) 13(59) 3.4(1.7-6.8) 0.0008
Pleural exudation 34(13) 15(44) 4.5(2.5-8.3) <0.0001 28 (32) 11(39) 2.7(1.2-6.4) 0.0210
Pulmonary oedema 29 (11) 16 (55) 5.7(3.2-10.3) <0.0001 24 (27) 9(38) 1.8(0.8-4.2) 0.1410
Respiratory failure 41(16)  18(44) 5.2(2.9-9.1) <0.0001 27 (31) 11 (41) 2.1(0.9-4.8) 0.0841
Venous TEE® 4(2) 2 (50) - - 2(2) 0(0) - -
Arterial TEEo 10 (4) 5(50) 4.8(1.9-12.1) 0.0009 7 (8) 3 (43) - -
Renal impairment 17 (7) 10(59) 9.5(4.7-19.0) <0.0001 6(7) 3(50) - -
Re-operation 55(21)  16(29) 2.6(1.4-4.7) 0.0024 24 (27) 9(38) 1.7(0.7-4.0) 0.2050

§ Failure-to-rescue. # Confidence interval. ¥ Gastrointestinal 6 *Analysed for laparotomies only, excluding 22 laparoscopic
procedures. ® Thrombo-embolic events. A p-value <0.003 is considered significant.
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Supplementary table 1

The association between baseline variables and death in a uni-variable Cox regression
model with delayed entry for patients with SUPERFICIAL WOUND COMPLICATION
following emergency surgery for gastrointestinal obstruction or perforation.

Patients with superficial wound complication

Variable Hazard ratio (95% confidence interval) p value
Hospital, Holbaek Ref

Slagelse 1.0(0.6-1.6) 0.848

Kgge 0.5(0.3-0.9) 0.016
Age, years 1.1(1.0-1.1) <0.001
Sex, Female Ref

Male 0.8 (0.5-1.3) 0.370
Body mass index 1.0(0.9-1.0) 0.102
Tobacco use, No Ref

Yes 0.8 (0.5-1.2) 0.273
Excessive alcohol intake, No Ref

Yes 0.7 (0.4-1.5) 0.409
ASA Class 1-2 Ref

Class 3-5 5.0(3.0-8.1) <0.001
Preoperative sepsis-2 score, 0-2 Ref

3-4 3.1(2.0-4.8) <0.001
Cardiac comorbidity, No Ref

Yes 1.7 (1.1-2.6) 0.015
Pulmonary comorbidity, No Ref

Yes 1.2 (0.7-2.1) 0.431
Hypertension, No Ref

Yes 1.5 (1.0-2.3) 0.049
Renal comorbidity, No Ref

Yes 2.8 (1.6-4.8) <0.001
Diabetes, No Ref

Yes 1.0(0.6-1.1) 0.987
Active cancer, No Ref

Yes 2.2(1.4-3.4) 0.001
Laparoscopy Ref

Laparotomy 1.6 (0.6-4.3) 0.363
Gastrointestinal obstruction Ref

Gastrointestinal perforation 2.1(1.3-3.1) 0.001
Surgical procedure, Other Ref 0.000

Bowel resection or stoma formation 2.2 (1.4-3.4) 0.001
Intraoperative fluid administration, mL 1.0 (1.0-1.0) 0.070
Intraoperative blood loss, mL 1.0 (1.0-1.0) 0.454
Time to surgery, hr 1.0 (0.9-1.0) 0.198
Time of surgery, hr 1.1 (0.9-1.3) 0.401

A p-value <0.05 is considered significant.
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Supplementary table 2

The association between baseline variables and death in a uni-variable Cox regression
model with delayed entry for patients with DEEP WOUND COMPLICATION following
emergency surgery for gastrointestinal obstruction or perforation.

Patients with deep wound complication
(only including patients initially laparotomised)

Variable Hazard ratio (95% confidence interval) p value
Hospital, Holbaek Ref

Slagelse 1.1 (0.6-1.8) 0.843

Kege 0.6 (0.3-1.0) 0.040
Age, years 1.1(1.1-1.1) <0.001
Sex, Female Ref

Male 0.8 (0.5-1.2) 0.304
Body mass index 1.0(0.9-1.0) 0.185
Tobacco use, No Ref

Yes 0.8 (0.5-1.2) 0.240
Excessive alcohol intake, No Ref

Yes 0.7 (0.3-1.6) 0.401
ASA Class 1-2 Ref

Class 3-5 4.9 (3.0-8.1) <0.001
Preoperative sepsis-2 score, 0-2 Ref

3-4 3.4(2.1-5.4) <0.001
Cardiac comorbidity, No Ref

Yes 1.7 (1.1-2.6) 0.024
Pulmonary comorbidity, No Ref

Yes 1.2 (0.7-2.0) 0.615
Hypertension, No Ref

Yes 1.6 (1.0-2.4) 0.040
Renal comorbidity, No Ref

Yes 2.7 (1.5-4.7) 0.001
Diabetes, No Ref

Yes 1.0 (0.6-1.8) 0.980
Active cancer, No Ref

Yes 2.0(1.2-3.2) 0.005
Gastrointestinal obstruction Ref

Gastrointestinal perforation 2.1(1.4-3.3) 0.001
Surgical procedure, Other Ref 0.000

Bowel resection or stoma formation 2.2 (1.4-3.5) 0.001
Intraoperative fluid administration, mL 1.0 (1.0-1.0) 0.066
Intraoperative blood loss, mL 1.0(1.0-1.0) 0.511
Time to surgery, hr 1.0(0.9-1.0) 0.175
Time of surgery, hr 1.1(0.9-1.2) 0.413

A p-value <0.05 is considered significant.
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Supplementary table 3

The association between baseline variables and death in a uni-variable Cox regression
model with delayed entry for patients with PROLONGED PARALYSIS following emergency
surgery for gastrointestinal obstruction or perforation.

Patients with prolonged paralysis

Variable Hazard ratio (95% confidence interval) p value
Hospital, Holbaek Ref

Slagelse 1.0 (0.6-1.6) 0.844

Kgge 0.5 (0.3-0.9) 0.016
Age, years 1.1(1.1-1.1) <0.001
Sex, Female Ref

Male 0.8 (0.5-1.3) 0.374
Body mass index 1.0(0.9-1.0) 0.107
Tobacco use, No Ref

Yes 0.8 (0.5-1.2) 0.273
Excessive alcohol intake, No Ref

Yes 0.7 (0.4-1.5) 0.405
ASA Class 1-2 Ref

Class 3-5 5.0(3.0-8.1) <0.001
Preoperative sepsis-2 score, 0-2 Ref

3-4 3.1(2.0-4.9) <0.001
Cardiac comorbidity, No Ref

Yes 1.7 (1.1-2.6) 0.015
Pulmonary comorbidity, No Ref

Yes 1.2 (0.7-2.1) 0.426
Hypertension, No Ref

Yes 1.5(1.0-2.3) 0.049
Renal comorbidity, No Ref

Yes 2.8(1.6-4.8) <0.001
Diabetes, No Ref

Yes 1.0 (0.6-1.8) 0.971
Active cancer, No Ref

Yes 2.2 (1.4-3.5) 0.001
Laparoscopy Ref

Laparotomy 1.6 (0.6-4.3) 0.361
Gastrointestinal obstruction Ref

Gastrointestinal perforation 2.1(1.3-3.1) 0.001
Surgical procedure, Other Ref 0.000

Bowel resection or stoma formation 2.2(1.4-3.4) 0.001
Intraoperative fluid administration, mL 1.0 (1.0-1.0) 0.070
Intraoperative blood loss, mL 1.0(1.0-1.0) 0.457
Time to surgery, hr 1.0 (0.9-1.0) 0.197
Time of surgery, hr 1.1(0.9-1.3) 0.398

A p-value <0.05 is considered significant.
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Supplementary table 4

The association between baseline variables and death in a uni-variable Cox regression
model with delayed entry for patients receiving PACKED BLOOD-PRODUCTS following
emergency surgery for gastrointestinal obstruction or perforation.

Patients receiving packed blood products

Variable Hazard ratio (95% confidence interval) p value
Hospital, Holbaek Ref

Slagelse 0.9 (0.6-1.6) 0.817

Kgge 0.5 (0.3-0.9) 0.015
Age, years 1.1(1.1-1.1) <0.001
Sex, Female Ref

Male 0.8 (0.5-1.3) 0.370
Body mass index 1.0(0.9-1.0) 0.110
Tobacco use, No Ref

Yes 0.8 (0.5-1.2) 0.273
Excessive alcohol intake, No Ref

Yes 0.7 (0.4-1.5) 0.404
ASA Class 1-2 Ref

Class 3-5 4.9 (3.0-8.0) <0.001
Preoperative sepsis-2 score, 0-2 Ref

3-4 3.1(1.9-4.8) <0.001
Cardiac comorbidity, No Ref

Yes 1.7 (1.0-2.6) 0.016
Pulmonary comorbidity, No Ref

Yes 1.2(0.7-2.1) 0.428
Hypertension, No Ref

Yes 1.5(1.0-2.3) 0.048
Renal comorbidity, No Ref

Yes 2.8(1.6-4.8) <0.001
Diabetes, No Ref

Yes 1.0 (0.6-1.8) 0.973
Active cancer, No Ref

Yes 2.2(1.4-3.4) 0.001
Laparoscopy Ref

Laparotomy 1.6 (0.6-4.3) 0.366
Gastrointestinal obstruction Ref

Gastrointestinal perforation 2.0(1.3-3.1) 0.001
Surgical procedure, Other Ref 0.000

Bowel resection or stoma formation 2.1(1.4-3.4) 0.001
Intraoperative fluid administration, mL 1.0 (1.0-1.0) 0.080
Intraoperative blood loss, mL 1.0(1.0-1.0) 0.489
Time to surgery, hr 1.0 (0.9-1.0) 0.197
Time of surgery, hr 1.1(0.9-1.3) 0.404

A p-value <0.05 is considered significant.

142



Supplementary table 5

The association between baseline variables and death in a uni-variable Cox regression
model with delayed entry for patients with PNEUMONIA following emergency surgery
for gastrointestinal obstruction or perforation.

Patients with pneumonia

Variable Hazard ratio (95% confidence interval) p value
Hospital, Holbaek Ref

Slagelse 1.0 (0.6-1.6) 0.836

Kgge 0.5(0.3-0.9) 0.016
Age, years 1.1(1.1-1.1) <0.001
Sex, Female Ref

Male 0.8 (0.5-1.3) 0.363
Body mass index 1.0(0.9-1.0) 0.108
Tobacco use, No Ref

Yes 0.8 (0.5-1.2) 0.275
Excessive alcohol intake, No Ref

Yes 0.7 (0.4-1.5) 0.390
ASA Class 1-2 Ref

Class 3-5 4.9 (3.0-8.0) <0.001
Preoperative sepsis-2 score, 0-2 Ref

3-4 3.0(1.9-4.8) <0.001
Cardiac comorbidity, No Ref

Yes 1.7 (1.1-2.6) 0.017
Pulmonary comorbidity, No Ref

Yes 1.2(0.7-2.1) 0.433
Hypertension, No Ref

Yes 1.5(1.0-2.3) 0.051
Renal comorbidity, No Ref

Yes 2.7 (1.6-4.8) <0.001
Diabetes, No Ref

Yes 1.0 (0.6-1.8) 0.980
Active cancer, No Ref

Yes 2.2(1.4-3.4) 0.001
Laparoscopy Ref

Laparotomy 1.6 (0.6-4.3) 0.364
Gastrointestinal obstruction Ref

Gastrointestinal perforation 2.1(1.3-3.1) 0.001
Surgical procedure, Other Ref 0.000

Bowel resection or stoma formation 2.2 (1.4-3.4) 0.001
Intraoperative fluid administration, mL 1.0 (1.0-1.0) 0.074
Intraoperative blood loss, mL 1.0(1.0-1.0) 0.462
Time to surgery, hr 1.0(0.9-1.0) 0.203
Time of surgery, hr 1.1(0.9-1.3) 0.399

A p-value <0.05 is considered significant.
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Supplementary table 6

The association between baseline variables and death in a uni-variable Cox regression
model with delayed entry for patients with URINARY TRACT INFECTION following
emergency surgery for gastrointestinal obstruction or perforation.

Patients with urinary tract infection

Variable Hazard ratio (95% confidence interval) p value
Hospital, Holbaek Ref

Slagelse 1.0 (0.6-1.6) 0.845

Kgge 0.5(0.3-0.9) 0.016
Age, years 1.1(1.1-1.1) <0.001
Sex, Female Ref

Male 0.8 (0.5-1.3) 0.376
Body mass index 1.0(0.9-1.0) 0.105
Tobacco use, No Ref

Yes 0.8 (0.5-1.2) 0.275
Excessive alcohol intake, No Ref

Yes 0.7 (0.4-1.5) 0.405
ASA Class 1-2 Ref

Class 3-5 5.0(3.1-8.1) <0.001
Preoperative sepsis-2 score, 0-2 Ref

3-4 3.1(2.0-4.9) <0.001
Cardiac comorbidity, No Ref

Yes 1.7 (1.1-2.6) 0.015
Pulmonary comorbidity, No Ref

Yes 1.2(0.7-2.1) 0.422
Hypertension, No Ref

Yes 1.5(1.0-2.3) 0.050
Renal comorbidity, No Ref

Yes 2.8 (1.6-4.8) <0.001
Diabetes, No Ref

Yes 1.0 (0.6-1.8) 0.978
Active cancer, No Ref

Yes 2.2(1.4-3.4) 0.001
Laparoscopy Ref

Laparotomy 1.6 (0.6-4.3) 0.365
Gastrointestinal obstruction Ref

Gastrointestinal perforation 2.1(1.3-3.1) 0.001
Surgical procedure, Other Ref 0.000

Bowel resection or stoma formation 2.2 (1.4-3.4) 0.001
Intraoperative fluid administration, mL 1.0 (1.0-1.0) 0.070
Intraoperative blood loss, mL 1.0(1.0-1.0) 0.465
Time to surgery, hr 1.0(0.9-1.0) 0.196
Time of surgery, hr 1.1(0.9-1.3) 0.397

A p-value <0.05 is considered significant.
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Supplementary table 7

The association between baseline variables and death in a uni-variable Cox regression
model with delayed entry for patients with ATRIAL FIBRILLATION following emergency
surgery for gastrointestinal obstruction or perforation.

Patients with atrial fibrillation

Variable Hazard ratio (95% confidence interval) p value
Hospital, Holbaek Ref

Slagelse 1.0 (0.6-1.6) 0.863

Kgge 0.5(0.3-0.9) 0.017
Age, years 1.1(1.1-1.1) <0.001
Sex, Female Ref

Male 0.8 (0.5-1.3) 0.360
Body mass index 1.0(0.9-1.0) 0.110
Tobacco use, No Ref

Yes 0.8 (0.5-1.2) 0.273
Excessive alcohol intake, No Ref

Yes 0.7 (0.4-1.5) 0.404
ASA Class 1-2 Ref

Class 3-5 4.9(3.0-8.1) <0.001
Preoperative sepsis-2 score, 0-2 Ref

3-4 3.0(1.9-4.8) <0.001
Cardiac comorbidity, No Ref

Yes 1.7 (1.1-2.6) 0.016
Pulmonary comorbidity, No Ref

Yes 1.3(0.7-2.1) 0.430
Hypertension, No Ref

Yes 1.5(1.0-2.3) 0.051
Renal comorbidity, No Ref

Yes 2.7 (1.6-4.8) <0.001
Diabetes, No Ref

Yes 1.0 (0.6-1.8) 0.987
Active cancer, No Ref

Yes 2.2(1.4-3.5) 0.001
Laparoscopy Ref

Laparotomy 1.6 (0.6-4.3) 0.369
Gastrointestinal obstruction Ref

Gastrointestinal perforation 2.0(1.3-3.1) 0.001
Surgical procedure, Other Ref 0.000

Bowel resection or stoma formation 2.2 (1.4-3.4) 0.001
Intraoperative fluid administration, mL 1.0 (1.0-1.0) 0.073
Intraoperative blood loss, mL 1.0(1.0-1.0) 0.462
Time to surgery, hr 1.0(0.9-1.0) 0.203
Time of surgery, hr 1.1(0.9-1.3) 0.402

A p-value <0.05 is considered significant.
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Supplementary table 8

The association between baseline variables and death in a uni-variable Cox regression
model with delayed entry for patients with PLEURAL EXUDATION following emergency
surgery for gastrointestinal obstruction or perforation.

Patients with pleural exudation

Variable Hazard ratio (95% confidence interval) p value
Hospital, Holbaek Ref

Slagelse 1.0 (0.6-1.6) 0.830

Kgge 0.5 (0.3-0.9) 0.017
Age, years 1.1(0.2-1.1) <0.001
Sex, Female Ref

Male 0.8 (0.5-1.3) 0.382
Body mass index 1.0(0.9-1.0) 0.109
Tobacco use, No Ref

Yes 0.8 (0.5-1.2) 0.272
Excessive alcohol intake, No Ref

Yes 0.7 (0.4-1.5) 0.408
ASA Class 1-2 Ref

Class 3-5 5.0(3.0-8.1) <0.001
Preoperative sepsis-2 score, 0-2 Ref

3-4 3.1(2.0-4.8) <0.001
Cardiac comorbidity, No Ref

Yes 1.7 (1.1-2.6) 0.016
Pulmonary comorbidity, No Ref

Yes 1.2 (0.7-2.1) 0.434
Hypertension, No Ref

Yes 1.5(1.0-2.3) 0.050
Renal comorbidity, No Ref

Yes 2.8(1.6-4.8) <0.001
Diabetes, No Ref

Yes 1.0 (0.6-1.8) 0.971
Active cancer, No Ref

Yes 2.2(1.4-3.4) 0.001
Laparoscopy Ref

Laparotomy 1.6 (0.6-4.4) 0.361
Gastrointestinal obstruction Ref

Gastrointestinal perforation 2.1(1.3-3.1) 0.001
Surgical procedure, Other Ref 0.000

Bowel resection or stoma formation 2.2(1.4-3.4) 0.001
Intraoperative fluid administration, mL 1.0 (1.0-1.0) 0.073
Intraoperative blood loss, mL 1.0 (1.0-1.0) 0.464
Time to surgery, hr 1.0 (0.9-1.0) 0.198
Time of surgery, hr 1.1(0.9-1.3) 0.393

A p-value <0.05 is considered significant.
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Supplementary table 9

The association between baseline variables and death in a uni-variable Cox regression
model with delayed entry for patients with PULMONARY OEDEMA following emergency
surgery for gastrointestinal obstruction or perforation.

Patients with pulmonary congestion or oedema

Variable Hazard ratio (95% confidence interval) p value
Hospital, Holbaek Ref

Slagelse 1.0 (0.6-1.6) 0.830

Kgge 0.5 (0.3-0.9) 0.016
Age, years 1.1(1.0-1.1) <0.001
Sex, Female Ref

Male 0.8 (0.5-1.3) 0.372
Body mass index 1.0(0.9-1.0) 0.108
Tobacco use, No Ref

Yes 0.8 (0.5-1.2) 0.269
Excessive alcohol intake, No Ref

Yes 0.7 (0.4-1.5) 0.403
ASA Class 1-2 Ref

Class 3-5 4.9 (3.0-8.1) <0.001
Preoperative sepsis-2 score, 0-2 Ref

3-4 3.1(2.0-4.8) <0.001
Cardiac comorbidity, No Ref

Yes 1.7 (1.1-2.6) 0.015
Pulmonary comorbidity, No Ref

Yes 1.2 (0.7-2.1) 0.443
Hypertension, No Ref

Yes 1.5(1.0-2.3) 0.050
Renal comorbidity, No Ref

Yes 2.8(1.6-4.8) <0.001
Diabetes, No Ref

Yes 1.0 (0.6-1.8) 0.979
Active cancer, No Ref

Yes 2.2(1.4-3.4) 0.001
Laparoscopy Ref

Laparotomy 1.6 (0.6-4.4) 0.360
Gastrointestinal obstruction Ref

Gastrointestinal perforation 2.0(1.3-3.1) 0.001
Surgical procedure, Other Ref 0.000

Bowel resection or stoma formation 2.2(1.4-3.4) 0.001
Intraoperative fluid administration, mL 1.0(1.0-1.0) 0.077
Intraoperative blood loss, mL 1.0(1.0-1.0) 0.462
Time to surgery, hr 1.0 (0.9-1.0) 0.200
Time of surgery, hr 1.1(0.9-1.3) 0.404

A p-value <0.05 is considered significant.
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Supplementary table 10

The association between baseline variables and death in a uni-variable Cox regression
model with delayed entry for patients with RESPIRATORY FAILURE following emergency
surgery for gastrointestinal obstruction or perforation.

Patients with respiratory failure

Variable Hazard ratio (95% confidence interval) p value
Hospital, Holbaek Ref

Slagelse 1.0 (0.6-1.6) 0.840

Kgge 0.5 (0.3-0.9) 0.017
Age, years 1.1(1.1-1.1) <0.001
Sex, Female Ref

Male 0.8 (0.5-1.3) 0.367
Body mass index 1.0(0.9-1.0) 0.104
Tobacco use, No Ref

Yes 0.8 (0.5-1.2) 0.264
Excessive alcohol intake, No Ref

Yes 0.7 (0.4-1.5) 0.393
ASA Class 1-2 Ref

Class 3-5 4.9 (3.0-8.0) <0.001
Preoperative sepsis-2 score, 0-2 Ref

3-4 3.1(2.0-4.8) <0.001
Cardiac comorbidity, No Ref

Yes 1.7 (1.1-2.6) 0.016
Pulmonary comorbidity, No Ref

Yes 1.2 (0.7-2.0) 0.451
Hypertension, No Ref

Yes 1.5(1.0-2.3) 0.052
Renal comorbidity, No Ref

Yes 2.8(1.6-4.8) <0.001
Diabetes, No Ref

Yes 0.0 (0.0-0.0) 0.000
Active cancer, No Ref

Yes 0.0 (0.0-0.0) 0.000
Laparoscopy Ref

Laparotomy 1.6 (0.6-4.3) 0.364
Gastrointestinal obstruction Ref

Gastrointestinal perforation 2.0(1.3-3.1) 0.001
Surgical procedure, Other Ref 0.000

Bowel resection or stoma formation 2.2(1.4-3.4) <0.001
Intraoperative fluid administration, mL 1.0 (1.0-1.0) 0.074
Intraoperative blood loss, mL 1.0 (1.0-1.0) 0.460
Time to surgery, hr 97.0 (0.9-1.0) 0.200
Time of surgery, hr 1.1(0.9-1.3) 0.404

A p-value <0.05 is considered significant.
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Supplementary table 11

The association between baseline variables and death in a uni-variable Cox regression
model with delayed entry for patients with RE-OPERATION following emergency surgery
for gastrointestinal obstruction or perforation.

Patients having a re-operation

Variable Hazard ratio (95% confidence interval) p value
Hospital, Holbaek Ref

Slagelse 1.0 (0.6-1.6) 0.840

Kgge 0.5 (0.3-0.9) 0.016
Age, years 1.1(1.1-1.1) <0.001
Sex, Female Ref

Male 0.8 (0.5-1.3) 0.376
Body mass index 1.0(0.9-1.0) 0.108
Tobacco use, No Ref

Yes 0.8 (0.5-1.2) 0.268
Excessive alcohol intake, No Ref

Yes 0.7 (0.4-1.5) 0.406
ASA Class 1-2 Ref

Class 3-5 5.0(3.1-8.1) <0.001
Preoperative sepsis-2 score, 0-2 Ref

3-4 3.1(2.0-4.8) <0.001
Cardiac comorbidity, No Ref

Yes 1.7 (1.1-2.6) 0.015
Pulmonary comorbidity, No Ref

Yes 1.2(0.7-2.1) 0.429
Hypertension, No Ref

Yes 1.5(1.0-2.3) 0.048
Renal comorbidity, No Ref

Yes 2.8(1.6-4.8) <0.001
Diabetes, No Ref

Yes 1.0 (0.6-1.8) 0.977
Active cancer, No Ref

Yes 2.2 (1.4-3.5) 0.001
Laparoscopy Ref

Laparotomy 1.6 (0.6-4.4) 0.359
Gastrointestinal obstruction Ref

Gastrointestinal perforation 2.0(1.3-3.1) 0.001
Surgical procedure, Other Ref 0.000

Bowel resection or stoma formation 2.2(1.4-3.4) 0.001
Intraoperative fluid administration, mL 1.0(1.0-1.0) 0.071
Intraoperative blood loss, mL 1.0(1.0-1.0) 0.459
Time to surgery, hr 1.0 (0.9-1.0) 0.198
Time of surgery, hr 1.1(0.9-1.3) 0.395

A p-value <0.05 is considered significant.
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Goal-directed Fluid Therapy in Urgent Gastrointestinal Surgery
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Birgitte Brandstrup'

ABSTRACT

Introduction Intravenous fluid therapy during
gastrointestinal surgery is a life-saving part of

the perioperative care. Too little fluid may lead to
hypovolaemia, decreased organ perfusion and circulatory
shock. Excessive fluid administration increases
postoperative complications, worsens pulmonary and
cardiac function as well as the healing of surgical wounds.
Intraoperative individualised goal-directed fluid therapy
(GDT) and zero-balance therapy (weight adjusted) has
shown to reduce postoperative complications in elective
surgery, but studies in urgent gastrointestinal surgery
are sparse. The aim of the trial is to test whether zero-
balance GDT reduces postoperative mortality and major
complications following urgent surgery for obstructive
bowel disease or perforation of the gastrointestinal tract
compared with a protocolled standard of care.
Methods/analysis This study is a multicentre, randomised
controlled trial with planned inclusion of 310 patients.

The randomisation procedure is stratified by hospital

and by obstructive bowel disease and perforation of the
gastrointestinal tract. Patients are allocated into either ‘the
standard group’ or ‘the zero-balance GDT group’. The latter
receive intraoperative GDT (guided by a stroke volume
algorithm) and postoperative zero-balance fluid therapy based
on body weight and fluid charts. The protocolled treatment
continues until free oral intake or the seventh postoperative
day. The primary composite outcome is death, unplanned
reoperations, life-threatening thromboembolic and bleeding
complications, a need for mechanical ventilation or dialysis.
Secondary outcomes are additional complications, length of
hospital stay, length of stay in the intensive care unit, length
of mechanical ventilation, readmissions and time to death.
Follow-up is 90 days. We plan intention-to-treat analysis of
the primary outcome.

Ethics and dissemination The Danish Scientific Ethics
Committee approved the GAS-ART trial before patient
enrolment (J: SJ-436). Enrolment of patients began in
August 2015 and is proceeding. We expect to publish the
GAS-ART results in Summer 2019.

Trial registration number EudraCT 2015-000563-14.

Strengths and limitations of this study

» This is a randomised controlled multicentre trial
testing the effect of goal-directed fluid therapy in
urgent gastrointestinal surgery.

» The multicentre design and an easy identification of
the patient group supports broad clinical implemen-
tation of the study results.

» The primary outcome is clearly defined, clinically
relevant and applies to the patients.

» Protocol adherence is secured by prelaminar and
continuous teaching combined with regular assess-
ment by the ‘units of Good Clinical Practice’, an inde-
pendent data monitoring committee reinforcing the
ICH-GCP (International Council for Harmonisation—
Good Clinical Practice) guideline.

» Despite a set-up that is not blinded, the primary out-
come will be assessor blinded.

surgery." Mortality rates are 15% to 25%,”
and the morbidity is ominous with compli-
cation rates reported for more than 50% of
the patients.” Approximately 4500 patients
annually undergo urgent gastrointestinal
surgery in Denmark and several hundred of
thousand people around the globe.’” Intra-
venous fluid administration is a life-saving
part of the perioperative treatment. The
challenge is to determine the right volume
of fluid to be given. Within planned gastro-
intestinal surgery, the fluid volume given
has noticeably influenced the postoperative
outcome.*™ However, trials testing periop-
erative fluid therapy for patients undergoing
urgent surgery are sparse.

Intravenous fluid administration is neces-
sary for upholding circulation and securing
oxygen delivery to vital organs. Patients
suffering from conditions requiring an
urgent surgical intervention are frequently

Correspondence to INTRODUCTION o impaired by. Acomprognsed fluid intake,
Dr Anders Winther Voldby; Death and complications are frequent nausea, vomiting, sepsis and other patho-
anwv@regionsjaelland.dk following urgent major gastrointestinal logical fluid losses highlighting the vital
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need for intravenous fluid therapy to prevent circulatory
shock and death. Thus, liberal intravenous fluid admin-
istration in volumes far exceeding the losses before,
during and after the surgical procedure is common prac-
tice."* ' On the other hand, there is no reason to believe
that the harmful effect of fluid overload seen in studies
of elective surgical patients is not valid for the patients
undergoing urgent surgery. Interstitial oedema aggra-
vate tissue inflammation, compromises wound healing
and promotes anastomosis leakage.® '* '° ' In addition,
cardiac arrhythmia, pulmonary oedema and acute respi-
ratory distress syndrome may be the result.

The circulatory volume is difficult to measure or even
estimate based on standard surveillance. Acute inflam-
mation and stress response affect heart rate (HR) and
diuresis. Arterial blood pressure and central vein pressure
(CVP) may react on severe hypovolaemia, but does not
reliably estimate normovolaemia or fluid overload, that s,
does not tell when to stop the intravenous fluid infusion.
Accordingly, the common physiological parameters are
incapable of guiding clinical fluid therapy. As the patients
are often hypovolaemic at admission, a simple in—out fluid
balance (as used in trials of elective surgery to avoid fluid
overload) is not useful for the urgent surgical patients.

The call for a more dynamic variable has led to the use
of stroke volume (SV) to guide the fluid administration,
the so-called goal-directed fluid therapy (GDT). Aiming
at a submaximal SV using bolus infusions of a colloid,
GDT possesses the ability to avoid both hypovolaemia
as well as excessive fluid administration. Studies, using
intraoperative GDT in planned gastrointestinal surgery,
have shown to reduce length of hospital stay and compli-
cations,'? 1 12!

The presented trial is testing whether an intervention
using intraoperative GDT followed by a postoperative
zero balance, named the ‘zero-balance GDT’ strategy (the
GDT group), reduces postoperative mortality and major
complications following urgent surgery of obstructive
bowel disease or gastrointestinal perforation compared
with a standard group (SDT group). The STD group
follows an algorithm for fluid therapy used in the PULP
trial (Peptic ULcer Perforation)* resembling the fluid
strategy used in River’s study of patients with sepsis.”” A
fluid strategy, that to our knowledge is the best evidence-
based fluid algorithm used in the urgent setting. This
treatment is based on mean arterial pressure (MAP),
diuresis, HR, CVP and central venous oxygen saturation
(5,0,). We suggest that zero-balance GDT may hold the
ability to detect both hypovolaemia and fluid overload
and guide the fluid therapy towards normovolaemia,
thus reducing complications and death following urgent
surgery.

The hypotheses are the following:

» Hypovolaemia as well as fluid overload compromises
cardiac and pulmonary function prompting postop-
erative complications such as arrhythmia, myocardial
infarcts, other thromboembolic events, pneumonia,
pulmonary congestion, exudation in the pleural

cavity, pulmonary oedema and acute respiratory
distress syndrome.

» Hypovolaemia as well as fluid overload is harmful for
the healing of tissues and surgical wounds, causing
complications related to poor tissue healing and
infection, that is, wound infections, wound rupture
(superficial and deep), anastomosis leakage and sepa-
ration of a stoma from the skin.

METHODS AND DESIGN

The trial is a randomised, parallel group, open-label,
multicentre, superiority trial. The primary outcome will
be assessor blinded. The study protocol adheres to the
SPIRIT (Standard Protocol Items: Recommendations
for Interventional Trials) reporting guidelines.”* We
launched the study at five public university hospitals from
the three most Eastern regions in Denmark handling
urgent surgery from 1.5 million inhabitants. In Denmark,
public hospitals are free of charge and treat all patients in
the need for urgent surgery.

Eligibility criteria

Anaesthesiologists and surgeons collaborate to carry out
the trial. Selected trial anaesthetists are responsible for
conducting the intraoperative GDT intervention.

Inclusion criteria

» The need for urgent gastrointestinal surgery due to
radiologically verified gastrointestinal perforation or
obstructive bowel disease.

» The presence of an anaesthetist qualified of
conducting the intraoperative GDT intervention.

Exclusion criteria

» Surgery of palliative purposes and the dying patient
(American Society of Anaesthesiologist (ASA) group
5 to 6—ASA physical status classification).

Major intra-abdominal surgery within the last 30 days.
Tatrogenic gastrointestinal perforation.

Dialysis on a regular basis.

Patients unable to give informed consent for any
reason.

Age younger than 18 years.

Pregnancy (positive urinary human
gonadotropin).

vvyyvyy

vy

chorionic

Intervention

The patients are allocated to either (1) the GDT group or
(2) the STD group. The treatment is initiated alongside
the induction of the anaesthesia. Monitoring and data
collection continue until the patient can drink and eat
freely or to the seventh postoperative day.

In both groups, the treating physician administers
preoperative antibiotics, antithrombotic and analgesia
according to regional guidelines. The perioperative goals
are MAP >65mm Hg, HR <100 beats/min and SaO, (arte-
rial oxygen saturation) >94%. Induction of anaesthesia is
by propofol. Fentanyl and rocuronium are used if needed.
Anaesthesia is by sevoflurane and fentanyl or propofol
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GDT-regimen
Intraoperative fluid-algorithm
Maintenance
Measure SV fluid
in horizon level Including all i.v.
medication
R Yes
Bolus of Albumin 5% [« SV decrease > 10%
3 mL/kg in 5 minutes .
A
Yes
N Measure SV every 15
N o -
SVincrease > 10% > minute?!
<2 ml/kg/hour
External factors!
SV increase — note the
new SV without fluid —
. administration
SV alteration due to
external factors?
SV decrease — note the
new SV without fluid  —
administration L
A
1) Vasopressors are given to endeavour a MAP > 65 mmHg.
i 2) External factors to consider: Pneumoperitoneum, changes in body position, alternation in respirator
settings, administration of vasopressor or inotropic drugs, etc.

Figure 1
pressure; SV, stroke volume.

and remifentanil. We allow local divergences. Additional
epidural analgesia is used for laparotomy. We use inva-
sive blood pressure monitoring in both groups and will
keep haemoglobin >70g/L (4.3mmol/L) (or >80g/L
(5.0mmol/L) for patients with chronic ischaemic heart
disease and >90g/L (5.6mmol/L) in case of acute isch-
aemic heart disease) using blood replacement therapy.
Critical blood loss is treated with replacement of blood,
plasma and platelets in the ratio 3:3:1. Intraoperatively,
hourly diuresis is registered and arterial blood samples
analysed.

In the GDT group, fluid optimisation follows the SV
algorithm seen in figure 1, which ends when the patient
leaves the operating room and proceeds as zero-balance
approach. We use the FloTrac sensor and the EVI1000
monitor from Edwards Lifesciences. Before surgery, SV
is measured and consecutive boluses of 3mL/kg albumin

GDT regimen. Intraoperative fluid algorithm. GDT, goal-directed fluid therapy; i.v., intravenous; MAP, mean arterial

5% are given until increase in SV is below 10%. Then, SV
is measured every 15 minutes. The procedure is repeated
if SV decreases >10%. Changes in SV following external
factors, such as pneumoperitoneum, changes in body
position, alternation in respirator settings or adminis-
tration of vasopressor or inotropic drugs, do not require
fluid administration. Additional maintenance fluid
replaces only pathological and physiological loses in the
ratio 1:1, the latter amounting no more than 2mL/kg/
hour including all intravenous medication (antibiotics,
anaesthetics, etc). The aim is a zero-balance, limiting
unnecessary interstitial fluid accumulation. Additional
vasopressors are given to endeavour a MAP >65 mm Hg.
Postoperative fluid administration is adjusted according
to the fluid chart and the postoperative body weight as a
zero-balance approach. Furosemide is given if the accu-
mulated fluid balance exceeds 2 L or the body weight

Voldby AW, et al. BMJ Open 2018;8:€022651. doi:10.1136/bmjopen-2018-022651
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STD-regimen
Intraoperative fluid-algorithm

Fast infusion:

and/ or

until

Aim within the first six hours?:
- MAP =65 mmHg

and/ or

- Crystalloids (1000-2000 mL/hour)

- Albumin 5% (500-1000 mL/hour)

- diuresis > 0,5 mL/kg/hour
- optional S0, =2 70% and/ or CVP 8-12 mmHg

No

Blood transfusion
until Hb 2 7.0 g/dL?

Secure treatment aims:
-~ MAP =65 mmHg

and/ or

= diuresis > 0,5 mL/kg/hour

Yes

Continuously replace losses
A

Yes

Persistent hypotension?:

- optional S,0, = 70%
and/ or CVP 8-12 mmHg

Initiate vasopressor treat-
ment

1) Incase of shock, vasopressors are initiated within the first hours
i 2) Theaimis > 8.0 g/dL for patients with chronic ischemic heart disease

Figure 2 STD regimen. Intraoperative fluid algorithm. CVP, central vein pressure; Hb, haemoglobin; MAP, mean arterial

pressure; S, 0,,
increases more than 2 kg. Prolonged intestinal paralysis
might cause a net body weight gain of some kilograms
and should not result in furosemide administration.
Thus, clinical assessment alongside the data from fluid
charts and body weight conditions the fluid replacement.

In the STD group, Ringers solution, saline 0.9% or
albumin 5% are given intraoperatively to secure MAP
>65mm Hg and/or hourly diuresis >0.5mL/kg/hour
in accordance with the flowchart illustrated on figure 2.
A central venous line is placed if the treating clinician
finds it useful and CVP and S, 0, used to guide the fluid

central venous oxygen saturation; STD, standard group.

therapy. Vasopressors are used only if persistent hypoten-
sion (MAP <65 mm Hg) occurs.

Postoperative fluid therapy is given according to local
routines aiming at acceptable MAP >65 mm Hg, HR <100/
min and diuresis >1 mL/kg/hour.

In both groups, postoperative analgesia is achieved with
paracetamol, non-steroid anti-inflammatory drugs and/
or opioids according to guidelines, besides epidural anal-
gesia in case of laparotomy. Early mobilisation is endorsed
by physiotherapist. Ventricular retention (failure to
tolerate per oral intake) is treated with a gastric tube.

4
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Metoclopramide or ondansetron is offered as antiemetic
on demand.

The allocated treatment will be discontinued in all
cases of a reoperation. The incidence will be registered as
a part of the primary outcome. There is no other criteria
for discontinuing the treatment in either group. Postop-
erative circulatory instability with a need for immediate
care for example, septic shock is handled by the treating
physician according to regional guidelines and over-
ruling the allocated treatment. However, when the urgent
phase has ended, the treatment returns to the allocated
regimen and the episode is registered as an outcome.

Overall protocol adherence is secured by the
project anaesthetist intraoperatively and postoperatively
by the local investigator at the surgical ward. Individually
training of selected trial physicians at the surgical and
aesthetic wards was completed before study initiation
at each involved hospital to secure protocol adherence.
Formal presentation of the study was given to all staff at
the intensive care unit, surgical and anaesthetic wards.
Pocket cards with flowcharts were distributed. During
the study period, continuous education is given to nurses
and physicians in the teams responsible for the urgent
surgical patients.

We use a detailed monitoring plan to evaluate protocol
compliance. Regular reviewing of intraoperative and
postoperative treating-related data at each hospital is
conducted by the project leader as well as an independent
data monitoring committee ‘the unit of Good Clinical
Practice’, which assesses all phases of the GAS-ART trial.
For example, intraoperatively one initial dose of human
albumin and less than 2mlL/kg/hour of maintenance
fluid is expected in the GDT group and infusion of more
than 2000 mL crystalloids in the STD group. Monitoring
reports are acquired on a regular basis throughout the
entire study period. Areas with potential protocol devia-
tions are corrected continuously.

Participant timeline
See figure 3 for the GAS-ART timeline.

Patient and public involvement

Patients or public were not involved in the development
of the research question or outcome measures. Only
medically trained physicians carry out the patient recruit-
ment and management in the study. A trial physician
gives written and oral information on positive and nega-
tive aspects of the intervention to the patient. Simultane-
ously, information on the final study results is offered to
all participating patients on request.

OUTCOME MEASURES

All outcome measures are registered 30 days postsurgical.
The primary outcome is registered 90 days postsurgical.
Table 1 lists the outcome measures.

Primary composite outcome
» All-cause mortality
» Unplanned reoperations

- Any unplanned laparotomy or laparoscopy
» Life-threatening bleeding complications
- For example, cerebral haemorrhage, disseminated
intravascular coagulation or other bleeding lead-
ing to medical, surgical or endoscopic intervention
» Life-threatening thromboembolic events
- For example, acute myocardial infarction, stroke,
pulmonary or intestinal emboli/thrombosis.
» Respiratory insufficiency
- Demanding mechanical respiratory support in-
cluding non-invasive ventilation
» Cardiac arrest (survived)
» Renal failure
- Demanding dialysis

Secondary outcome measures

The secondary outcome measures are minor complica-

tions different from the primary composite outcome and

specified time spans.

» Minor complications: A complication with a need for
medical or surgical treatment.

» Timespan in the operating room, at the recovery
room, at the intensive care unit, with mechanical
respiratory support and until death.

» Postoperative days with dialysis.

» Length of hospital stay.

Sample size

Database inventory from Denmark shows a postopera-
tive mortality rate of 15.7% after acute colonic surgery
and one of 18.2% after operation for perforated ulcer.*®
The most ill patients are incapable of giving informed
consent, thus excluded. However, the frequency of major
complications is expected to be high in the population.
We estimated the combined incidence of overall death
and major complications to be 25%. A previous study
testing a similar intervention in elective major gastroin-
testinal surgery has shown a risk reduction of 50%® and
we estimated a reduction in the combined outcome to
12.5%. We accepted a 5% risk of type 1 error and a power
to detect a reduction of 80%. The calculated sample size
was 149 patients in each group. The variance is unlikely to
follow a normal distribution and the number of patients
needed was adjusted to 155 in each group—a total of 310
patients. We plan no interim analysis.

Recruitment

Teams of dedicated trial physicians at each hospital
screen all adult patients with a need for urgent gastroin-
testinal surgery according to the eligibility criteria. Verbal
and written study information is given prior to surgery by
the surgeon or anaesthetist and written informed consent
is obtained before randomisation. With a planned inclu-
sion period of 2 to 3years, we chose to initiate the trial
in five hospitals. If the inclusion rate is unexpectedly
low, additional physicians will be trained to perform the
GDT intervention.
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Participant timeline
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|
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Figure 3 Participant timeline. ASA, American Society of Anaesthesiologists; GAS-AR T, GAstrointestinal Surgery Study protocol
for A Randomised multicentre Trial; GDT, goal-directed f uid therapy; MAP, mean arterial pressure; STD, standard.
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Table 1 Outcome measures

Complication

Definition

Abdominal

Infectious

Cardiopulmonic

Thromboembolic

Renal

Central nervous
system

Superficial wound rupture
Superficial wound haematoma
Superficial wound infection

Wound infection and fascial defect

Facial rupture
Anastomosis leakage
Separation of stoma
Re-perforation
Peritonitis
Intra-abdominal abscess

Obstructive bowel disease
Prolonged paralysis of intestine
Gastrointestinal bleeding
Reoperation

Sepsis

Pneumonia

Cystitis

Other

Atrial arrhythmia
Ventricular arrhythmia
Acute myocardial infarction
Cardiac arrest

Exudation to the pleural cavity
Pulmonary congestion

Pulmonary oedema
Mechanical respiratory support

Acute respiratory distress
syndrome (ARDS)

Other

Pulmonary embolism

Deep venous thrombosis

Other

Renal failure

Other

Stroke or cerebral haemorrhage

Delirium/psychosis

Other

Conservative or surgical treatment
Observed by a physician

Wound rupture, a need for removal of infected tissue or medical
treatment

A need for surgical cleavage or removal of infected tissue with
fascial defect

Spontaneously fascial rupture
Symptomatic and requiring treatment
Cutaneous and subcutaneous defect

A need for relaparotomy

Debut intraoperatively or postoperatively

Suspected radiologically with a need for medical or surgical
treatment

A need for relaparotomy

7 days without flatus or faeces

A need for surgical or endoscopic treatment
Other unplanned intra-abdominal reoperations

Worsening postoperatively, debut intraoperatively or
postoperatively. Graded according to sepsis-2 definitions*®

Radiological documentation and one clinical sign: fever,
leucocytosis, coughing or crepitus

Symptomatic and documented bacteriuria
With a need for medical or surgical intervention
Verified by ECG and a need for treatment
Verified by ECG and a need for treatment

ECG pathology and elevated cardiac enzymes

Diagnosed by a physician with or without successfully
resuscitation

Verified by radiology

Suspected clinically with bilateral crepitus and positive effect of
diuretic treatment

Radiographic suspicion and a need for intensive care
A need for intubation or continuous non-invasive ventilation
ARDS according to the Berlin definition**

With a need for medical or surgical intervention
Verified by scintigraphy or CT scan

Verified by radiology

With a need for medical or surgical intervention
A need for dialysis

With a need for medical or surgical intervention

Neurological symptoms and relevant radiology or diagnosed by
neurologist

Deficiency in orientation, level of consciousness, cognition and/or
psychosis
With a need for medical or surgical intervention
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ASSIGNMENT OF INTERVENTION

Allocation

We use a computer-generated block randomisation
offered by OPEN-Randomise (Odense Patient data
Explorative Network). We stratify by each hospital, and
between obstructive bowel disease and perforation of
the gastrointestinal tract. The study group of trial physi-
cians is given access to OPEN-Randomise by username
and password. The allocation sequence is concealed
for all members of the study group. Trial physicians
document the randomisation identifier number and
allocation in the patient record and the case report
form.

Blinding

The fluid therapy given in the GAS-ART trial includes
the intraoperative and postoperative period at shifting
departments involving many physicians and nurses. Addi-
tionally, clinical signs of hypovolaemia or hypervolaemia,
for example, blood pressure, pulse, venous saturation,
exudation to the pulmonic cavity, pulmonic oedema,
subcutaneous oedema and diuresis are almost impossible
to blind for the investigators. Thus, we could not find
an effective way to blind the fluid therapy given in this
trial. However, when the trial is completed, we conduct
a blinded assessment of the primary outcome based on
electronical patient records.

DATA COLLECTION, MANAGEMENT AND ANALYSIS
Intraoperative recording of fluid charts, blood pressure,
HR and vasopressor use is collected by the trial physician.
SV is recorded in the GDT group. In the postoperative
phase, all enrolled patients are seen daily by a doctor on
rounds who ensures protocol adherence. Data collection
is in the electronical patient record, identified by the
Danish personal registration number (CPR—det Centrale
PersonRegister) including laboratory tests, radiology
findings, microbiological results and other paraclinical
results. Fluid charge and body weight are collected on
paper forms. All patients will be Acute Physiology And
Chronic Health Evaluation (APACHE II) scored the first
day after surgery and patients admitted to the intensive
care unit will be SOFA () scored daily. Follow-up is by the
local investigator on postoperative days 30 and 90 either
by telephone interview or by outpatient visit. Data transfer
to the case report forms is secured only by the local inves-
tigator and trial physicians at each hospital to promote
data quality and reviewed by the project leader. Addition-
ally, registration of the primary outcome will be done
by two independent and blinded accessors reading the
patient records from all participating patients, blinded
for information on the given fluid therapy, body weight
measurements and allocation.

Case report forms and patient records will be stored at
Holbaek Hospital in a secured locker. A database on the
safe network of Holbaek Hospital is used for data entry
securing confidentiality and allowing range checks for

data validation. The steering committee will have access
to the final trial dataset. Trial physicians can apply for
access to the database. Local investigators will have access
to trial data at their respective hospital.

Statistical methods and analysis

All data will be tested for normality and parametric statis-
tics used for normal distributed data, otherwise non-para-
metric statistics are used. x? test will be used for binominal
data, Fischer’s exact test when expected values are below
5. Risk will be calculated when relevant.

The primary composite outcome will be reported as
‘intention to treat’. The result will be presented as an
entity and separately for explorative reasons. If more
than 20 patients are excluded after the randomisation,
a ‘per-protocol’ analysis will be added. If baseline char-
acteristics are skewed, the effect will be assessed using a
multiple logistic regression model and the adjusted as
well as the unadjusted analysis of the primary outcome
will be presented. If more than 10% of the intraopera-
tive data are missing, a worst-case and a best-case scenario
will be presented. If the results are inconclusive, multiple
imputations will be performed. Results will be presented
two-tailed and a p-value<0.05 is considered significant.

The secondary outcomes will be analysed as ‘intention
to treat’ and ‘per protocol’ if more than 20 patients are
excluded after randomisation. Sequence for analysis is as
follows: minor complications, specified time spans, physi-
ological data and finally data from blood samples.

Subsequently, subgroup analysis of the hypothesis
presented in the Introduction section will be done. We
plan analysis by centre and type of operation (laparo-
scopic vs laparotomy) to detect potential differences
between hospitals and the two treatments. The incidence
and severity of sepsis is likely to differ between patients
with gastrointestinal perforation or obstructive bowel
disease and data analysed separately focusing on number
of organ failures. The results will highlight trends for
further investigation as the number of participants is
inconsequential.

DATA MONITORING

The GAS-ART trial will be conducted in adherence to
International Council for Harmonisation—Good Clinical
Practice (ICH-GCP) guidelines and the Declaration of
Helsinki with data collection on paper case report forms.
The GAS-ART trial is monitored by the independent units
of Good Clinical Practice from Odense and Copenhagen
securing an external monitoring of more than 10% of the
completed case rapport forms and concordance with the
ICH-GCP guidelines.

Four specified serious adverse reactions (SARs) as
well as suspected unexpected serious adverse reac-
tions (SUSARs) will be reported according to regula-
tions from the unit of Good Clinical Practice and the
Danish Health and Medicines Authority when suspected
directly related to the infusion of saline, albumin or

8

Voldby AW, et al. BMJ Open 2018;8:€022651. doi:10.1136/bmjopen-2018-022651

160

"JybuAdoo Aq pejosioid 1senb Aq 810z JequienoN 81 uo /woo"fwg usdofway/:dny wois pepeojumoq 810z J8qWIBAON €1 U0 159220-810g-uadolwa/ge L L 01 se paysiignd 1suy :usdO rNg



Ringer’s solution: acute anaphylactic reaction, hyper-
natraemia (s-Na >155mmol/L), central pontine myeli-
nolysis and seizures. The units hold the ability to abort
the study if deemed necessary. The presence of SAR or
SUSAR does not exclude the patient from the study since
continuous fluid replacement therapy is unavoidable.
Patients withdrawing their consent are excluded
from further intervention and data collection. Cases
are expected to be few because the treatment and data
collection rely on the healthcare professionals and devi-
ation from usual practice is of little inconvenience for
the patient. Patients withdrawing their consent will be
replaced. Due to safety regulations, any observed SAR
and SUSAR will be registered for all included patients.

ETHICS AND DISSEMINATION

The trial was approved by the Danish Scientific Ethics
Committee and the Danish Data Protection Agency
(REG-18-2015) before patient enrolment. The study is
classified as a drug trial by the Danish Medicines Agency
(2014 12 13 19). The trial is registered at the European
Clinical Trials Database.

We identify no additional risk for the patients enrolled
in the GAS-ART trial compared with usual practice. Arte-
rial lines are generally used in patients with a need for
urgent gastrointestinal surgery, and no additional inva-
sive procedures will be applied.

Dissemination plan

We plan to publish study results in an international
peer-reviewed journal. Negative as well as positive results
will be published. Authors will have to meet the principles
of the Vancouver Declaration.

The results will be presented at both national and inter-
national conferences of relevance. A letter will inform
the participants about the study results when requested.
Furthermore, the results will be presented at all involved
hospitals and participating wards.

Trial status

Patient inclusion was initiated in August 2015 at Holbaek
University Hospital. The additional four centres were
consecutively introduced. By February 2016, the five
planned centres had begun patient inclusion. We expect
that patient inclusion will increase as study algorithms
gradually become integrated in the daily routines at each
centre. On 23 February 2018, 243 patients were included.

DISCUSSION

The GAS-ART trial is a randomised clinical trial testing
the effect of two distinct fluid regimens on postopera-
tive complications and death following urgent gastroin-
testinal surgery. Through the last 30 years, the effect of
GDT optimisation has been tested on selected surgical
patients, including high-risk patients. However, only a
few studies have included emergency gastrointestinal

surgical patients, and no trial has specifically targeted
patients undergoing urgent surgery for obstructive bowel
disease or gastrointestinal perforation.%_?’0 Patients sched-
uled for urgent gastrointestinal surgery are often fluid
deranged and preseptic at hospital admission, thus devi-
ating markedly from the patients scheduled for planned
surgery, and accordingly the mortality and complication
rates are pronounced.631 Studies of care bundles in emer-
gency gastrointestinal surgery and meta-analysis suggest
that high-risk surgical patients benefit from GDT opti-
misation.”** The results has led to a widespread use of
GDT algorithms within urgent gastrointestinal surgery. In
opposition, a Cochrane review and a recent meta-analysis
found no evidence to support this general implementa-
tion. 3536

The GAS-ART study is designed in accordance with a
firm scientific structure and holds several strengths. The
computer-generated block randomisation is blinded for
all investigators, even the project leader. Furthermore, the
units of Good Clinical Practice audits all patients enrolled
in the trial and a list of all potential study patients, all
together minimising the chance of allocation bias. The
patient group is easily identified in daily clinical prac-
tice using standard radiological actions for the diagnosis
combined with limited exclusion criteriafavouring consec-
utivity of patient enrolment and lessening the chance
of selection bias. The treatment in both the STD group
and the GDT group was taught thoroughly to a selected
group of trial physicians, responsible for the execution of
the trial at each hospital. Additionally, continuously indi-
vidual and formal teaching by one project leader secured
unified implementation of both treatment regimens to
lower performance bias. The primary outcome is clear,
patient relevant and per-protocol defined consisting of
six severe complications and death, and two previously
randomised clinical trials emphasises their applica-
bility.**” The primary outcome markers demand medical
or surgical treatment and will without exception be found
in the patient’s records. Therefore, we assume no missing
data related to the primary outcome measures. Addition-
ally, we plan a blinded assessment of the primary outcome
to reduce detection bias. Data on fluid administration
during surgery and at the postoperative care unit is
routinely registered and we expect few missing data. Like-
wise, the secondary outcomes of minor complications call
for treatment and few missing data are expected. In addi-
tion, the time periods of interest are all easily found in the
patient journal.

The complexity of the study set-up, however, holds
weaknesses that need to be addressed. The very nature
of urgent surgery might impair enrolment of patients in
the GAS-ART trial. First, operation should be performed
as fast as possible, giving little time for information of
the patient, little time for reflection and thus little time
for informed consent. Second, the treating physicians
and nurses focus on fast, often life-saving, treatment and
stabilisation of the patient, which might compromise the
time for study-related chores and limit patient enrolment.
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Third, limiting patient enrolment to selected anaesthe-
tists might be challenging because of working shifts.
Blinding of investigators and patients was not doable
under the given circumstances, holding a potential of
performance bias. Emphasis on treatment optimisation
might be applied to patients in the GDT group, poten-
tially affecting the outcome not only related to the two
different fluid regimens. On the other hand, the overall
training and focus on intraoperative and postoperative
fluid optimisation might enhance the general treatment
and unify the care in the STD group and GDT group, thus
eliminating a hypothetical positive effect of either fluid
regimen. Finally, the use of a composite outcome holds a
defiance. The most essential shortcoming of a composite
outcome is the interpretation of the results. The differ-
ence between death and a severe complication is infinite
in most situations, but not possible to distinguish in the
result. However, the outcome parameters in the present
trial will be reported both separately and as an entity.

The choice of intervention fluids needs to be addressed.
GDT optimisation is usually based on consecutive infu-
sion of hydroxyethyl starch entities. However, two recent
studies showed increased need for renal replacement
therapy and death using hydroxyethyl starch for fluid
resuscitation in patients admitted at the intensive care
unit. In addition, a Cochrane review questions the use
of hydroxyethyl starch in randomised trials.”*™* Use of
crystalloids for GDT optimizations results in increased
amounts of total intravenous fluid infusion."’ The exces-
sive infusion of chloride-containing fluids might cause
hyperchloraemia which has been directly associated with
increased 30-day mortality and length of hospital stay.*
With an aim to avoid excessive fluid administration and
due to the disputes about hydroxyethyl starch, we chose
to use albumin for GDT optimisation in the GDT group.
Additionally, the treatment algorithm in the STD group
includes albumin for resuscitation and hinders a poten-
tial treatment bias.

The GAS-ART trial provides strong imperative results
with a markedly clinical potential. Urgent gastrointestinal
surgery is common and optimisation of the perioperative
fluid regimens holds the potential to reduce postopera-
tive death, complications and readmissions.
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