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This article is accompanied by an editorial: From ‘goal-directed haemodynamic therapy’ to ‘individualised perioperative haemodynamic
management’ by Reuter & Kalman, Br J Anesth 2018:120:615e616, doi: 10.1016/j.bja.2018.01.001.

Abstract

Background: The aim of this study was to evaluate postoperative complications in patients having major elective surgery
using oesophageal Doppler monitor-guided goal-directed haemodynamic therapy (GDHT), in which administration of
fluids, inotropes, and vasopressors was guided by stroke volume, mean arterial pressure, and cardiac index.
Methods: The FEDORA trial was a prospective, multicentre, randomised, parallel-group, controlled patient- and observer-
blind trial conducted in adults scheduled for major elective surgery. Randomization and allocation were carried out by a
central computer system. In the control group, intraoperative fluids were given based on traditional principles. In the
GDHT group, the intraoperative goals were to maintain a maximal stroke volume, with mean arterial pressure >70 mm
Hg, and cardiac index !2.5 litres min"1 m"2. The primary outcome was percentage of patients with moderate or severe
postoperative complications during the first 180 days after surgery.
Results: In total, 450 patients were randomized to the GDHT group (n¼224) or control group (n¼226). Data from 420
subjects were analysed. There were significantly fewer with complications in the GDHT group (8.6% vs 16.6%, P¼0.018).
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There were also fewer complications (acute kidney disease, pulmonary oedema, respiratory distress syndrome, wound
infections, etc.), and length of hospital stay was shorter in the GDHT group. There was no significant difference in
mortality between groups.
Conclusions: Oesophageal Doppler monitor-guided GDHT reduced postoperative complications and hospital length of
stay in lowemoderate risk patients undergoing intermediate risk surgery, with no difference in mortality at 180 days.
Clinical trial registration: ISRCTN93543537.

Keywords: Elective Surgical Procedures/adverse effects; Hemodynamics/physiology; Intraoperative/methods; Post-
operative Complications/prevention & control; Prospective Studies

Editor’s key points

! Whether goal-directed haemodynamic therapy im-
proves postoperative outcome is unclear.

! The effect of oesophageal Doppler cardiac output
monitor guided haemodynamic therapy was compared
with standard care in a multicentre randomised trial.

! Haemodynamic optimization reduced complications
and hospital length of stay in lowemoderate risk pa-
tients having major abdominal surgery, with no effect
on mortality.

! Goal-directed haemodynamic therapy can be beneficial
even in lowemoderate risk patients.

Approximately 240 million anaesthesia procedures are per-
formed annually worldwide.1 Of these, approximately 10% are
in high-risk patients. Although there is no consensus on the
definition of ‘high-risk’ patients,2 this group probably accounts
for >80% of perioperative deaths.3 Moderate-risk surgery is
muchmore common and constitutes about 40% of total surgical
procedures. Nearly 30% of moderate-risk surgical patients
experience minor postoperative complications, most often
gastrointestinal, including delayed enteral feeding, paralytic
ileus, nausea or vomiting, and wound complications.4 Even
minor complications prolong hospital stay5 and increase
healthcare costs,6 and,more importantly, can reduce long-term
survival.7 The European Surgical Outcomes Study in patients
having non-cardiac surgery concluded that in-hospital mortal-
ity rate was high (4%) and varies substantially among European
countries.8 There were also large differences in postsurgery
mortality among hospitals within each country, suggesting that
there is a potential to improve survival after surgery.9,10

Many postoperative complications are thought to be related
to tissue hypoperfusion and an imbalance between oxygen
delivery and consumption.11 Perioperative fluid management
strongly influences patient outcomes.12e14 Despite national
guidelines15,16 and international recommendations,17e20 there
remains wide variability in haemodynamic monitoring,21 and
type and volume of administered fluids.22,23

Goal-directed hemodynamic therapy (GDHT) is a method
aiming at optimal dosing and timing of fluids, inotropes, and
vasopressors through monitoring of cardiac output (CO) and
other haemodynamic parameters. Studies suggest that GDHT
helps prevent organ hypoperfusion and fluid overload, thereby
reducing postoperative complications.24 However, the OPTI-
MISE trial12 and other recent studies25e27 suggest that the
benefits associated with GDHT are less than previously re-
ported, and that GDHT can even worsen patient outcomes if
combined with a liberal fluid maintenance regimen.28 In

particular, the usefulness of oesophageal Doppler monitoring
(ODM) to guide GDHT has recently been questioned.29,30

We carried out a controlled randomized clinical trial to study
the effect of ODM-guided administration of i.v. fluids and vaso-
pressor and inotropicdrugsonpostoperative complicationsafter
major surgery. Specifically, we tested the hypothesis that ODM-
guided management reduces postoperative complications.

Methods

Thiswasa randomised controlled clinical trial performedat five
centres in Spain between 2011 and2014. Patientswere recruited
at Hospital Universitario Infanta Leonor, Madrid; Hospital Uni-
versitario Ram!on y Cajal, Madrid; Hospital Clı́nico Universitario
Lozano Blesa, Zaragoza; Hospital de Vinalop!o, Alicante; and
Hospital de Torrevieja, Alicante. Unidad Espa~nola de Eval-
uaciones Sanitarias (Agencia Laı́n Entralgo, Madrid, Spain)
supported this study, approved by the Ethics Committee of the
Hospital Universitario Gregorio Mara~n!on, Madrid (HUIL 2011-
02-22), and registered by the principal investigator (J.M.C.V.) in
the clinical trial registry ISRCTN (ISRCTN93543537). The Ethics
Committee at each centre approved the study protocol; the trial
was conducted according to the original protocol, which
remained unchanged throughout the duration of the trial. The
full study protocol (in Spanish) is available upon request, and
thesummarizedEnglishversioncanbeaccessedathttp://www.
eargroup.es/. Written informed consent was obtained from all
patients before surgery. The principal investigators (J.M.C.V.
and S.A.L.) performed site visits for source data verification.

Study population

Eligible patients were aged 18 yr or older and scheduled for
major abdominal, urological, gynaecological, or orthopaedic
surgery under general anaesthesia using laparoscopic or open
approaches. Surgery was consideredmajor if it fulfilled at least
one of the following criteria: expected duration "2 h, esti-
mated blood loss >15% of blood volume, or transfusion re-
quirements of at least two packs of red blood cells. Exclusion
criteria were emergency surgery, ASA physical status31 >3,
contraindications for ODM, or aortic pathology that could lead
to misinterpretation of haemodynamic variables (e.g. intra-
aortic balloon pump, thoracic aorta aneurysm). The principal
investigator at each site evaluated eligibility, obtained
informed consent, and enrolled participants.

Study design

This was a randomised, controlled, multicentre, parallel-arm,
patient- and observer-blind superiority trial. Randomization
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subjects per armwould be needed to detect a 19% difference in
the incidence of complications between GDHT and control
with a power of 80% and a error of 0.05. We thus planned to
recruit an equal number of subjects for each type of surgery
(abdominal, urological, gynaecological, or orthopaedic),
resulting in a total of 840 patients. As a result of low recruit-
ment, we decided posthoc to exclude the orthopaedic subgroup
for analysis. The analysis was carried out on a modified
intention to treat basis (all randomized subjects who received
the study treatment). Qualitative variables were described

using frequency distribution, and quantitative variables were
described by mean and standard deviation (SD) in case of
normal distribution or median (inter-quartile range) in case of
asymmetric distribution.

Potential confounders were selected to adjust the primary
effect of the study. The primary outcome was expressed as
percentage of subjectswith postoperative complications. Odds
ratios and 95% confidence intervals, both univariate and
adjusted to a logistic model with bootstrap estimate, were
calculated. Quantitative secondary objectives were assessed

Fig 1. Algorithm for goal-directed haemodynamic therapy group. CO, cardiac output; SV, stroke volume; CI, cardiac index; MAP, mean
arterial pressure.

Goal-directed haemodynamic therapy - 737

References

1. Monge Garcı́a MI, Guijo Gonz!alez P, Gracia Romero M, et al.
Effects of arterial load variations on dynamic arterial ela-
stance: an experimental study. Br J Anaesth 2017; 118:
938e46

2. Guinot PG, Longrois D, Kamel S, Lorne E, Dupont H. Ven-
triculo-arterial coupling analysis predicts the hemody-
namic response to norepinephrine in hypotensive
postoperative patients: a prospective observational study.
Crit Care Med 2018; 46: e17e25

3. Atlas G, Li JKJ, Kostis JB. A comparison of mathematical
models of left ventricular contractility derived from aortic

blood flow velocity and acceleration: application to the
esophageal Doppler monitor. Biomed Eng Lett 2014; 4:
301e15

4. Ky B, French B, May Khan A, et al. Ventricular-arterial
coupling, remodeling, and prognosis in chronic heart fail-
ure. J Am Coll Cardiol 2013; 62: 1165e72

5. Bar S, Leviel F, Abou Arab O, et al. Dynamic arterial ela-
stance measured by uncalibrated pulse contour analysis
predicts arterial-pressure response to a decrease in
norepinephrine. Br J Anaesth 2018; 121: 534e40

doi: 10.1016/j.bja.2018.03.028
Advance Access Publication Date: 24 April 2018

© 2018 British Journal of Anaesthesia. Published by Elsevier Ltd. All rights reserved.

Goal-directed fluid therapy in the era of enhanced recovery after
surgery: the jury is still out. Comment on Br J Anaesth 2018; 120:
734e44.

J. Bloomstone1,* and R. Dull2

1Paradise Valley, AZ, USA and 2Chicago, IL, USA

*Corresponding author. E-mail: Jbloomstone@gmail.com

EditordIt is with great interest that we read Calvo-Vecino and
colleagues,1 recent paper in the British Journal of Anaesthesia on
goal-directed haemodynamic therapy. They are to be
commended for undertaking a pragmatic, yet complex,
haemodynamic trial defining the benefit of goal-directed
haemodynamic optimisation in surgical patients. There are a
number of issues that we would like to address and a few
questions that we would like to pose.

First, against an ever-increasing backdrop of large negative
goal-directed fluid therapy trials2 and meta-analyses within
the realm of enhanced recovery,3 this trial concludes that
Doppler-guided fluid therapy improves surgical outcomes. The
reader must question the applicability of the authors’ con-
clusions to the care of today’s surgical patients, especially
those who are cared for within the enhanced recovery para-
digm, where the value of goal-directed fluid therapy has
recently been questioned.4 This is especially true given that
patient enrolment for this study began 7 yr ago, when, by the
authors’ account, fluid administration was ‘excessively lib-
eral’, and perhaps even more important, no other enhanced
recovery after surgery elements were implemented.

Second, while goal-directed haemodynamic therapy
proved beneficial in mitigating complications following
gastrointestinal surgery, we are puzzled by the lack of benefit
following open gastrointestinal surgery [0.62 (0.29, 1.34) ,
P¼0.253] as compared with the laparoscopic surgical approach
[0.29 (0.1, 0.82), P¼0.020]. Given that this findingwas significant
(P¼0.02), its associated wide confidence intervals, owing to the
small sample size (5 goal-directed haemodynamic therapy vs
16 control), force us to entertain alternate hypotheses to

explain the result. Additionally, it is likely that the most sig-
nificant advantage to patients requiring abdominal surgery
is the laparoscopic surgical approach where blood loss, hae-
modynamic perturbation, and length of stay are reduced
compared with open abdominal surgery.5

Third, lack of haemodynamic data (stroke volume, cardiac
index) in the Control group seriously undermines the trial’s
explicit hypothesis that haemodynamic optimisation reduces
complications. Ideally, the Control group should have had
haemodynamicmonitoring just like the interventionarm,with
the exception that thepractitionerswouldhavebeenblinded to
these data. We note that heart rate andmean arterial pressure
(Table 4), total crystalloid and colloid volumes administered
(Table 3), and transfusion % (Table 2) were not different be-
tween the two groups. Furthermore, only one in four patients
(46/206) in the goal-directed haemodynamic therapy arm
required vasopressors,whereas even fewer patients (one in six)
in the Control group required vasopressor (0.174; Table 2). Only
two patients in the goal-directed haemodynamic therapy arm
received inotropes. Thus, the ‘goal-directed haemodynamic
therapy arm’was really only a test of fluid optimisation, yet as
we have previously observed, that variable was not different
between groups. With no measured differences between the
Control vs goal-directed haemodynamic therapy arm, it is
challenging indeed, to conclude that stroke volumeandcardiac
index could be significantly different and contribute to the re-
ported improvement in outcomes.

Fourth and finally, we applaud these researchers for
focusing their efforts on what we believe to be the three basic
tenets of resuscitation rather than simply focusing on one:
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Fourth and finally, we applaud these researchers for focusing their 
efforts on what we believe to be the three basic tenets of 
resuscitation rather than simply focusing on one: 
restore circulating volume; restore circulating pressure; assure 
optimal oxygen delivery. 



Effect of Individualized vs Standard Blood Pressure
Management Strategies on Postoperative Organ Dysfunction
Among High-Risk Patients Undergoing Major Surgery
A Randomized Clinical Trial
Emmanuel Futier, MD, PhD; Jean-Yves Lefrant, MD, PhD; Pierre-Gregoire Guinot, MD, PhD; Thomas Godet, MD, PhD; Emmanuel Lorne, MD;
Philippe Cuvillon, MD, PhD; Sebastien Bertran, MD; Marc Leone, MD, PhD; Bruno Pastene, MD; Vincent Piriou, MD, PhD; Serge Molliex, MD, PhD;
Jacques Albanese, MD, PhD; Jean-Michel Julia, MD; Benoit Tavernier, MD, PhD; Etienne Imhoff, MD; Jean-Etienne Bazin, MD, PhD;
Jean-Michel Constantin, MD, PhD; Bruno Pereira, PhD; Samir Jaber, MD, PhD; for the INPRESS Study Group

IMPORTANCE Perioperative hypotension is associated with an increase in postoperative
morbidity and mortality, but the appropriate management strategy remains uncertain.

OBJECTIVE To evaluate whether an individualized blood pressure management strategy
tailored to individual patient physiology could reduce postoperative organ dysfunction.

DESIGN, SETTING, AND PARTICIPANTS The Intraoperative Norepinephrine to Control Arterial
Pressure (INPRESS) study was a multicenter, randomized, parallel-group clinical trial
conducted in 9 French university and nonuniversity hospitals. Adult patients (n = 298) at
increased risk of postoperative complications with a preoperative acute kidney injury risk
index of class III or higher (indicating moderate to high risk of postoperative kidney injury)
undergoing major surgery lasting 2 hours or longer under general anesthesia were enrolled
from December 4, 2012, through August 28, 2016 (last follow-up, September 28, 2016).

INTERVENTIONS Individualized management strategy aimed at achieving a systolic blood
pressure (SBP) within 10% of the reference value (ie, patient’s resting SBP) or standard
management strategy of treating SBP less than 80 mm Hg or lower than 40% from the
reference value during and for 4 hours following surgery.

MAIN OUTCOMES AND MEASURES The primary outcome was a composite of systemic
inflammatory response syndrome and dysfunction of at least 1 organ system of the renal,
respiratory, cardiovascular, coagulation, and neurologic systems by day 7 after surgery.
Secondary outcomes included the individual components of the primary outcome, durations
of ICU and hospital stay, adverse events, and all-cause mortality at 30 days after surgery.

RESULTS Among 298 patients who were randomized, 292 patients completed the trial
(mean [SD] age, 70 [7] years; 44 [15.1%] women) and were included in the modified
intention-to-treat analysis. The primary outcome event occurred in 56 of 147 patients (38.1%)
assigned to the individualized treatment strategy vs 75 of 145 patients (51.7%) assigned to the
standard treatment strategy (relative risk, 0.73; 95% CI, 0.56 to 0.94; P = .02; absolute risk
difference, −14%, 95% CI, −25% to −2%). Sixty-eight patients (46.3%) in the individualized
treatment group and 92 (63.4%) in the standard treatment group had postoperative organ
dysfunction by day 30 (adjusted hazard ratio, 0.66; 95% CI, 0.52 to 0.84; P = .001). There
were no significant between-group differences in severe adverse events or 30-day mortality.

CONCLUSIONS AND RELEVANCE Among patients predominantly undergoing abdominal
surgery who were at increased postoperative risk, management targeting an individualized
systolic blood pressure, compared with standard management, reduced the risk of
postoperative organ dysfunction.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT01536470

JAMA. doi:10.1001/jama.2017.14172
Published online September 27, 2017.
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T he number of patients undergoing major surgery world-
wide is growing with advancements in treating disease.1

However, many patients still die or experience severe
perioperative complications.2

Hemodynamic instability is common during surgery.
There is accumulating evidence that intraoperative hypoten-
sion is associated with injury to heart, kidney, and brain and
an increased likelihood of mortality in high-risk patients.3-6

However, intraoperative hypotension is a preventable risk
factor as arterial pressure is modifiable using intravenous flu-
ids and/or vasopressors. There is no consensus regarding
optimal blood pressure target thresholds to support perfu-
sion of critical organs during surgery. Systolic blood pressure
(SBP) less than 80 mm Hg,6,7 mean arterial pressure less than
60 mm Hg,4 and a reduction of 30% to 50% from baseline are
common treatment thresholds used in clinical practice,7,8

highlighting the lack of consensus. Current guidelines from
the American College of Cardiology and the American Heart
Association9 in the setting of noncardiac surgery recommend
individualizing care for surgical patients with associated
comorbidities. In patients with preexisting hypertension, the
autoregulatory capacity of the brain and kidneys is likely
impaired,10,11 thus rendering organs more susceptible to
ischemia at low blood pressure. Accordingly, higher blood
pressure targets tailored to individual patient physiology may
be preferable for such high-risk patients.4,5,8,12 Consensus
guidelines in the context of critical illness have suggested
adjusting blood pressure targets to premorbid values.13 How-
ever, trial data are lacking for an individualized strategy in
the surgical setting.

This multicenter, randomized, stratified clinical trial in-
volving high-risk surgical patients sought to determine whether
a strategy of targeting individualized systolic blood pressure,
tailored to the patient’s usual value, would reduce organ dys-
function as compared with standard practice.

Methods
Study Design
This was an investigator-initiated, multicenter, stratified,
parallel-group randomized clinical trial conducted in 9
French university and nonuniversity hospitals. The trial
protocol was approved for all centers on January 5, 2011,
by the ethics committee at the Clermont-Ferrand University
Hospital. Written informed consent was obtained from each
patient before randomization and surgery. The trial protocol
and the statistical analysis plan are available in Supple-
ment 1. An independent data and safety monitoring com-
mittee oversaw the study conduct and reviewed blinded
safety data.

Study Participants
Patients were assessed for eligibility on the eve of their sur-
gery. Patients were eligible for participation if they were
aged 50 years or older, were scheduled to undergo surgery
under general anesthesia with an expected duration of 2
hours or longer, had an American Society of Anesthesiolo-

gists physical status of class II or higher, had a preoperative
acute kidney injury risk index14 of class III or higher, and did
not meet any exclusion criteria. The acute kidney injury risk
index ranges from I to V, with higher classes indicating a
higher risk of postoperative acute kidney injury (eAppendix
in Supplement 2). Patients were excluded if they had severe
uncontrolled hypertension (SBP ≥180 mm Hg or diastolic
blood pressure ≥110 mm Hg); had chronic kidney disease
(glomerular filtration rate <30 mL/min/1.73 m2 or requiring
renal replacement therapy for end-stage renal disease); had
acute or decompensated heart failure or acute coronary syn-
drome; had preoperative sepsis or were already receiving
norepinephrine infusion; required renal vascular surgery; or
were enrolled in another study. Detailed exclusion criteria
are listed in the eAppendix in Supplement 2.

Study Interventions
Eligible patients were assigned in a 1:1 ratio to either a stan-
dard or individualized treatment strategy. The resting blood
pressure from the preoperative anesthesiology consultation
was obtained from the patient medical record and used as
the reference value. If this was unavailable, the blood pres-
sure measurement recorded by a nurse of the surgical ward
the day before surgery, while the patient was in supine posi-
tion, was used as the reference value. In the standard treat-
ment group, patients received intravenous ephedrine admin-
istered in 6-mg boluses (for a maximum dose not exceeding
60 mg), as recommended,15 for any decrease in SBP below
80 mm Hg or lower than 40% from the patient’s reference
value.7 In the individualized treatment group, SBP was tar-
geted to remain within ±10% of the reference value using a
continuous infusion of norepinephrine. Norepinephrine was
diluted as 2.5 mg in 250 mL of 0.9% saline. The infusion rate
of norepinephrine was adjusted according to a dedicated
table (eAppendix in Supplement 2). In both groups, lactated
Ringer solution was infused intravenously at a rate of
4 mL/kg per hour to satisfy maintenance fluid requirements.
Additional fluids were given based on a protocolized hemo-
dynamic algorithm,16,17 using 6% hydroxyethyl starch
(molecular weight of 130 kDa, substitution ratio of 0.4) in
0.9% saline administered in 250-mL boluses to achieve and

Key Points
Question Does a strategy based on individualized blood pressure
management reduce postoperative complications among high-risk
patients undergoing major abdominal surgery?

Findings In this randomized clinical trial involving 292 patients,
most of whom underwent abdominal surgery, an individualized
management strategy of targeting a systolic blood pressure within
10% of the patient’s normal resting value, compared with standard
practice, resulted in significantly lower rates of postoperative
organ dysfunction (38.1% vs 51.7%, respectively).

Meaning Among patients undergoing abdominal surgery, an
individualized blood pressure management strategy during
surgery tailored to individual patient physiology may improve
postoperative outcomes.
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predicted.14,24 This was due, at least in part, to the inclusion
of a high-risk population; 49% of participants were aged 70
years or older, and 82% experienced chronic hypertension.
Most patients underwent abdominal surgery, which is associ-
ated with an increased risk of acute kidney injury,29 respira-
tory failure,32 sepsis, and death.33,34

The issue of intraoperative blood pressure management
has been debated for the past several years, a significant com-
ponent of the controversy being the minimal acceptable blood
pressure in anesthetized patients. The findings of this trial add
to the evidence of benefits of personalizing care, especially in
high-risk surgical patients.9 To our knowledge, this is the first
study to investigate the effects of individualizing blood pres-

sure management according to patients’ preoperative values,
and the study differs from others that either examined the re-
lationship between different blood pressure thresholds and
outcome or used predefined fixed blood pressure targets. The
recent SEPSISPAM trial found no mortality difference in pa-
tients with septic shock who underwent resuscitation target-
ing a mean arterial pressure of either 65 to 70 mm Hg or 80 to
85 mm Hg35; however, patients with chronic hypertension in
the high target group had less kidney injury.

The overall between-group difference in mean SBP in the
present trial was 6.5 mm Hg, although the possibility of larger
variations in blood pressure between measurement points can-
not be excluded. Large observational studies have suggested

Figure 3. Kaplan-Meier Estimates of the Probability of Postoperative Organ Dysfunction
by Day 30 After Surgery
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Organ dysfunction was assessed for
renal (risk, injury, failure, loss, and
end-stage kidney injury [RIFLE]
stage of risk or higher), respiratory
(need for invasive or noninvasive
ventilation), cardiovascular (acute
cardiac failure or myocardial ischemia
or infarction), neurologic (stroke or
altered consciousness), and
coagulation (Sequential Organ Failure
Assessment subscore !2 points in
the coagulation component) systems.
Data for patients who did not develop
organ dysfunction were censored at
30 days after surgery. The adjusted
hazard ratio (HR) for postoperative
organ dysfunction in the
individualized treatment group,
as compared with the standard
treatment group, was 0.66 (95% CI,
0.52-0.84; P = .001). The median
follow-up duration was 30 days
(interquartile range, 30-30 days) in
the 2 treatment groups.

Table 3. Primary and Secondary Outcomes and Adverse Events (continued)

Variable

Individualized
Treatment
(n = 147)

Standard
Treatment
(n = 145)

Between-Group
Absolute Difference,
% (95% CI)

Unadjusted
Relative Risk
(95% CI) P Value

Adjusted
Relative Risk
(95% CI)a P Value

Adverse Events
No. (%)

Severe bradycardia 16 (10.9) 16 (11.0) 0 (−7 to 7) 0.99 (0.51 to 1.90) .97 0.97 (0.51 to 1.88) .94
Major bleedingi 6 (15.4) 8 (23.5) −8 (−17 to 1) 0.65 (0.25 to 1.70) .38 0.68 (0.26 to 1.77) .43

Abbreviations: ARDS, acute respiratory distress syndrome; IQR, interquartile
range; RIFLE, risk, injury, failure, loss, and end-stage kidney injury;
SIRS, systemic inflammatory response syndrome; SOFA, Sequential Organ
Failure Assessment.
a Adjustment was performed for stratification variables (study center, urgency

of surgery, and surgical site), study group, and acute kidney injury risk index.
b The primary outcome was a composite of SIRS and at least 1 organ system

dysfunction for the renal, respiratory, cardiovascular, coagulation, and
neurologic systems by day 7 after surgery.

c The SIRS score (range, 0 [best] to 4 [worst]) assigns 1 point for each of the
following parameters: temperature higher than 38°C or lower than 36°C, white
blood cell count higher than 12 000/μL or lower than 4000/μL, heart rate
higher than 90 beats/min, and respiratory rate higher than 20 breaths/min or
PaCO2 less than 32 mm Hg.

d Acute kidney injury was assessed with the use of the 5-category RIFLE
classification system. Because the loss and end-stage kidney injury categories
are defined by durations of loss of kidney function longer than 7 days, they
were not assessed as part of the complications within 7 days of surgery.

e Altered consciousness was defined as a Glasgow Coma Scale score of 14 or less
(SOFA subscore of !1 point in the neurologic component).

f Scores on the SOFA scale range from 0 to 4 for each organ system, with higher
scores indicating more severe organ dysfunction.

g Tracheal intubation for reoperation because of surgical complications was not
considered a reintubation.

h Anastomotic leakage of the gastrointestinal tract.
i Blood transfusion was required in 39 patients in the individualized treatment

group and 34 patients in the standard treatment group.
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« The function of the circulation is to 
service the needs of the body tissues, 
to transport nutrients to the body 
tissues, to transport waste products 
away, to conduct hormones from one 
part of the body to another, and, in 
general, to maintain an appropriate 
environment in all the tissue fluids of 
the body for optimal survival and 
function of the cells. » 

« To be achieved, this goal requires 
two physiological objectives:  

adequate perfusion pressure in 
order to force blood into the 
capillaries of all organs 

adequate cardiac output to deliver 
oxygen and substrates, and to 
remove carbon dioxide and other 
metabolic products »

Arthur Guyton Textbook of Medical Physiology

Conceptual Framework

Influencing Total 
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Administration 
During Abdominal 
Surgery: A 
Retrospective 
Multicenter 
Analysis 
Lilot M, Ehrenfeld J, Lee C, 
Rothman B, Cannesson M, 
Rinehart J. 

Br J Anaesth 2014

5,813 abdominal surgeries 

234 Anesthesia providers 

University of California 
Irvine 

Vanderbildt University 

2 years period of time 
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MANAGEMENT



Annals of Surgery 2016

 Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

FIGURE 1. Odds of increased/decreased (% and 95% confidence intervals) outcomes (length of stay, cost, or ileus) comparing
reference group of patients (quartiles 2 and 3) to those who received lower (Q1) and higher (Q4) volumes of fluid on the day of
surgery.
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Le Kremlin-Bicêtre, France

J.-L. Teboul
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Corporació Sanitaria Universitaria Parc
Tauli, Autonomous University of
Barcelona, Barcelona, Spain

S. Jog
Deenanath Mangeshkar Hospital and
Research Center, Pune 411004, India

M. Sander ! C. Spies
Department of Anesthesiology and
Intensive Care Medicine, Charité University
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Bruxelles, Brussels, Belgium

D. De Backer
Department of Intensive Care, CHIREC
Hospitals, Brussels, Belgium

Abstract Background: Fluid
challenges (FCs) are one of the most
commonly used therapies in critically
ill patients and represent the corner-
stone of hemodynamic management
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an FC. The exclusion criteria were previous inclusion in the
study, overt bleeding, and time of an FC exceeding
120 min. Only one FC, ideally the first, was considered for
each patient. Only one FC per patient was recorded.

We collected data on patient demographics, indica-
tions for the FC, the type, amount, and rate of fluids
administered, available hemodynamic variables, and
judgment on the efficacy and safety of the FC. The case
report form (CRF) is available in the ESM. Anonymous
CRF data were uploaded by local investigators using a
Web-based electronic CRF (Clinfile, Sevres, France). The
data were stored securely in a server located in Brussels.
All procedures regarding data management complied with
the EU directive on data protection (95/46/EC).

Study aims

The primary aim of this study was to evaluate how
physicians indicate FC.

The secondary aims were

– to evaluate the type, volume, and rate of fluid
administered during an FC.

– to evaluate variables used to trigger/indicate an FC, and
to judge the effect or safety of an FC.

– to compare the proportion of patients receiving further
fluid administration based on the response to the fluid
challenge, as judged by the bedside clinician after a
fluid challenge.

Statistical analysis

Categorical variables are described as numbers (percent-
ages) and continuous variables as mean (±standard
deviation), if normally distributed, or median [interquar-
tile range] if not normally distributed. The paired t test or
Wilcoxon test was used to compare hemodynamic vari-
ables after the FC with baseline, when applicable.
Proportions of patients were compared with v2 test and
data presented as proportions and odd ratios. A p value of
less than 0.05 was considered statistically significant. We
targeted a minimum of 100 study sites with a maximum
of 20 FCs each and a minimum of 1000 patients.

Results

We included 2279 patients with an FC from 311 centers
across 46 countries (ESM). Of those 2279, 66 patients
were excluded from the analysis as a result of at least one
exclusion criterion (see the study flow chart, Fig. 1 ESM).
A total of 2213 patients were analyzed.

Data on demographic factors and concomitant treat-
ment are presented in Table 1. The main diagnostic
groups were sepsis (n = 595, 27.0 % [CI 25.2–28.9 %]),
cardiac (n = 454, 20.6 % [CI 18.9–22.3 %]), and respi-
ratory failure (n = 238, 10.8 % [CI 9.5–12.1 %]).

The median amount of fluid given during an FC was
500 ml [500–1000]. The median time was 24 min
[40–60 min], and the median rate of fluid administration
was 1000 [500–1333] ml/h. Crystalloids were the most
used (in 74.0 % [CI 72.2–75.8 %] of the cases) including
normal saline in 45.9 % [CI 25.2–28.9 %], and balanced
solutions were used in 53.5 % [CI 51.4–55.6 %] of FCs
(Table 2).

The main indication for fluid administration was
hypotension in 1211 (58.7 % [CI 56.7–60.1 %]) of FCs.
In 42.7 % [CI 40.6–44.8 %] of the cases no hemodynamic
variable was used to predict fluid responsiveness. Static
markers of preload were used in 785 of 2213 cases
(35.5 % [CI 33.5–37.5 %]). In 572 of 785 of these cases
(89.9 % [CI 87.8–92.0 %]) CVP was the leading variable
used (25.8 % [CI 24.0–27.6 %] of all FCs). Dynamic
indices of preload responsiveness were used in 483 of
2213 cases (21.9 % [CI 20.2–23.6 %]). In 238 of those
483 cases (49.3 % [CI 44.8–53.8 %]) passive leg raising
(PLR) was the leading variable (10.7 % [CI 9.4–12.0 %]
of all FCs) (Table 3).

The response to fluid administration was judged as
positive in 1544 of 2213 (69.8 % [CI 67.9–71.7 %]) of
the FCs, most often as an increase in arterial blood
pressure (1039 of 1544, 67.3 % [CI 65.0–69.7 %]). No
safety variable for the FC was used in 72.0 % [CI
70.1–73.9 %] of the cases. When used, CVP was the most
common variable (57 %). Further fluids were adminis-
tered in 1050 of 2213 (49.8 % [CI 47.7–51.9 %]) of the
cases. The proportion of patients who received further
fluids after was similar in patients with a positive
(47.9 ± 2.5 %), with an uncertain [52.4 ± 7.1 %, OR
0.94 (0.76–1.16)] or with a negatively judged response to
FC [49.4 ± 6.6 %, OR 0.83 (0.62–1.13)] (p = 0.46 by v2

test) (Fig. 1).

Discussion

The two major findings of this large global multicenter
observational study comprising 2213 patients are first a
significant variability in the conduction of FC and second
the fact that the response to the initial FC does not have an
impact when prescribing further fluid administration.
These findings were observed in critically ill patients all
around the world. All aspects of the FC, the type, volume,
and rate of given fluids, and more importantly the indi-
cation, evaluation of possible benefit, and safety variables
used varied significantly. It is possible that some of the
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perfusion [19] and not to just to increase blood pressure,
at the bedside clinicians rely heavily on this variable both
to predict and assess fluid responsiveness (Table 4).

Importantly, in almost half of the patients no hemo-
dynamic variable was used to predict fluid
responsiveness—and if used CVP was used most often.
This is interesting considering that the CVP is a poor
variable to predict fluid responsiveness [12, 14, 28].

The use of dynamic indices of preload was infrequent
in our study. Cyclical changes in stroke volume (stroke
volume variation, SVV) and pulse pressure (pulse pres-
sure variation, PPV) during mechanical ventilation have
been shown to predict fluid responsiveness with high
sensitivity and specificity [29]. However, one of the
limitations is that the patient has to be in controlled
ventilation with tidal volumes equal to or higher than
8 ml/kg of ideal body weight [30], and with no arrhyth-
mias. It is possible that the limited use of these three
dynamic indices (in total 9 % of patients) was influenced
by a high prevalence of patients with preserved sponta-
neous breathing activity. Another possible explanation is
that we encouraged investigators to look at the first fluid
challenge in our study. In this case flow monitors may
have not have been in place yet. In this scenario though,
we would have expected a more prevalent use of
echocardiography. Of note, this was used to indicate FC
in only 2 % of the patients.

Passive leg rising is a maneuver that produces an
autologous fluid challenge by shifting venous blood from
the legs to the intrathoracic compartment. The response

measured by a flow monitor is able to predict the
response to a fluid challenge. This has been studied and
validated with different flow monitors. With a lower
degree of accuracy with respect to cardiac output and
stroke volume, blood pressure monitoring could be used
for this technique, too [31]. Considering that an increase
in blood pressure was used as the positive indicator of a
fluid challenge in two-thirds of the cases, our data
suggest that arterial pressure is the hemodynamic vari-
able on which the majority of clinicians focus.
Hypotension and weaning of vasopressor were the main
indications to give an FC and the response in arterial
pressure was the most used one for evaluation of pos-
sible benefit.

Our findings highlight a possible safety problem. Half
of the patients with a negative response received further
fluids. Of note, in three out four cases no safety limits
were used at all. While CVP is a poor marker of preload
and fluid responsiveness, it is one of the regulating
functions of the venous return and a raise in CVP may be
used as a safety limit [9, 32– 34]. Given this finding and
that patients received further fluids despite no response to
the initial FC, the current practice and evaluation of FC
and fluid administration in critically ill patients seems to
be arbitrary, not evidence-based and possibly harmful.

We also found a high variability in the type of fluid
used with higher use of crystalloids compared to colloids.
It is difficult to interpret these results, since this study was
performed during a time of high debate among intensive
care clinicians following the publication of large

Further fluid administration – n (%) 1050 (47.4 ± 2.5) 
with an initial positive response n (%) OR 739 (47.9 ± 2.5)        Ref 
with an initial negative response n (%) OR 212 (49.4 ± 6.6)        OR 0.94 (0.76-1.16) 
with an initial uncertain response n (%) OR 99 (52.4 ± 7.1)          OR 0.83 (0.62-1.13) 

Fig. 1 Further fluid
administration post fluid
challenge
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Do Experts and Key Opinion 
Leaders do Better?

Randomized controlled trial of intraoperative goal-directed
fluid therapy in aerobically fit and unfit patients having
major colorectal surgery
C. Challand1,3, R. Struthers2,3, J. R. Sneyd2,3, P. D. Erasmus2, N. Mellor1, K. B. Hosie1 and G. Minto2,3*
1 Directorate of Gastroenterology and 2 Directorate of Anaesthesia, Theatres and Pain, Derriford Hospital, Plymouth Hospitals NHS Trust,
Plymouth PL6 8DH, UK
3 Peninsula College of Medicine and Dentistry, John Bull Building, Plymouth PL6 8BU, UK

* Corresponding author. E-mail: gary.minto@nhs.net

Editor’s key points

† This study presents very
interesting results of
goal-directed therapy in
patients undergoing
colorectal surgery.

† The patients, aerobically
fit or not, were
randomized to receive
goal-directed fluid
therapy (GDT) vs standard
fluid management
therapy during surgery.

† GDT patients tended to
have an increased length
of stay and time to
fitness for discharge.

† Contrary to the
expectation, this study
showed no advantage of
GDT.

Background. Intraoperative fluid therapy regimens using oesophageal Doppler monitoring
(ODM) to optimize stroke volume (SV) (goal-directed fluid therapy, GDT) have been
associated with a reduction in length of stay (LOS) and complication rates after major
surgery. We hypothesized that intraoperative GDT would reduce the time to surgical
readiness for discharge (RfD) of patients having major elective colorectal surgery but that
this effect might be less marked in aerobically fit patients.

Methods. In this double-blinded controlled trial, 179 patients undergoing major open or
laparoscopic colorectal surgery were characterized as aerobically ‘fit’ (n¼123) or ‘unfit’
(n¼56) on the basis of their performance during a cardiopulmonary exercise test. Within
these fitness strata, patients were randomized to receive a standard fluid regimen with
or without ODM-guided intraoperative GDT.

Results. GDT patients received an average of 1360 ml of additional intraoperative colloid.
The mean cardiac index and SV at skin closure were significantly higher in the GDT group
than in controls. Times to RfD and LOS were longer in GDT than control patients but did
not reach statistical significance (median 6.8 vs 4.9 days, P¼0.09, and median 8.8 vs 6.7
days, P¼0.09, respectively). Fit GDT patients had an increased RfD (median 7.0 vs 4.7
days; P¼0.01) and LOS (median 8.8 vs 6.0 days; P¼0.01) compared with controls.

Conclusions. Intraoperative SV optimization conferred no additional benefit over standard
fluid therapy. In an aerobically fit subgroup of patients, GDT was associated with
detrimental effects on the primary outcome.

Trial registry: UK NIHR CRN 7285, ISRCTN 14680495.
http://public.ukcrn.org.uk/Search/StudyDetail.aspx?StudyID=7285.

Keywords: assessment; goal-directed therapy; patient outcomes, colorectal surgery,
exercise test, fluid balance

Accepted for publication: 2 June 2011

Perioperative fluid management for patients undergoing
elective major surgery is controversial.1 Surgery alters fluid
balance,2 generates a systemic inflammatory response
which increases oxygen consumption, and is associated
with an increase in cardiac output and oxygen delivery. An
inability to meet the metabolic demands of recovery from
surgery is associated with increased morbidity and
mortality.3

Defining and attaining an adequate circulating volume is
complex, and the fluid deficit before surgery varies among
individuals.4 Recommended fluid administration strategies
during major colorectal surgery include volume
restriction5 6 and maintenance of an adequate circulating
volume while avoiding fluid and salt overload.7

Goal-directed fluid therapy (GDT) aimed at optimizing
cardiac output and oxygen delivery has been shown
to improve outcome for high-risk surgical patients.8 9

Intraoperative colloid GDT guided by oesophageal Doppler
monitoring (ODM) has been associated with significant
reductions in the time to readiness for discharge (RfD) and
rate of complications in elective intra-abdominal10 and color-
ectal surgery.11 12 Individualized GDT through stroke volume
(SV) optimization has recently been recommended by the UK
National Institute for Health and Clinical Excellence (NICE) as
a standard of care during major surgery.13 Of note, the NICE
guidelines were based predominantly on independent
studies performed several years ago. Since these trials, the
manufacturer of the Oesophageal Doppler Monitor has
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Advance Access publication 26 August 2011 . doi:10.1093/bja/aer273

& The Author [2011]. Published by Oxford University Press on behalf of the British Journal of Anaesthesia. All rights reserved.
For Permissions, please email: journals.permissions@oup.com

 by guest on February 6, 2012
http://bja.oxfordjournals.org/

D
ow

nloaded from
 

Crystalloids 10 ml/kg/h

Copyright 2014 American Medical Association. All rights reserved.

Effect of a Perioperative, Cardiac Output–Guided
Hemodynamic Therapy Algorithm on Outcomes
Following Major Gastrointestinal Surgery
A Randomized Clinical Trial and Systematic Review
Rupert M. Pearse, MD; David A. Harrison, PhD; Neil MacDonald, FRCA; Michael A. Gillies, FRCA; Mark Blunt, FRCA; Gareth Ackland, PhD; Michael P. W. Grocott, MD;
Aoife Ahern, BSc; Kathryn Griggs, MSc; Rachael Scott, PhD; Charles Hinds, FRCA; Kathryn Rowan, PhD; for the OPTIMISE Study Group

IMPORTANCE Small trials suggest that postoperative outcomes may be improved by the use
of cardiac output monitoring to guide administration of intravenous fluid and inotropic drugs
as part of a hemodynamic therapy algorithm.

OBJECTIVE To evaluate the clinical effectiveness of a perioperative, cardiac output–guided
hemodynamic therapy algorithm.

DESIGN, SETTING, AND PARTICIPANTS OPTIMISE was a pragmatic, multicenter, randomized,
observer-blinded trial of 734 high-risk patients aged 50 years or older undergoing major
gastrointestinal surgery at 17 acute care hospitals in the United Kingdom. An updated
systematic review and meta-analysis were also conducted including randomized trials
published from 1966 to February 2014.

INTERVENTIONS Patients were randomly assigned to a cardiac output–guided hemodynamic
therapy algorithm for intravenous fluid and inotrope (dopexamine) infusion during and 6
hours following surgery (n=368) or to usual care (n=366).

MAIN OUTCOMES AND MEASURES The primary outcome was a composite of predefined
30-day moderate or major complications and mortality. Secondary outcomes were morbidity
on day 7; infection, critical care–free days, and all-cause mortality at 30 days; all-cause
mortality at 180 days; and length of hospital stay.

RESULTS Baseline patient characteristics, clinical care, and volumes of intravenous fluid were
similar between groups. Care was nonadherent to the allocated treatment for less than 10% of
patients in each group. The primary outcome occurred in 36.6% of intervention and 43.4% of
usual care participants (relative risk [RR], 0.84 [95% CI, 0.71-1.01]; absolute risk reduction, 6.8%
[95% CI, −0.3% to 13.9%]; P = .07). There was no significant difference between groups for any
secondary outcomes. Five intervention patients (1.4%) experienced cardiovascular serious
adverse events within 24 hours compared with none in the usual care group. Findings of the
meta-analysis of 38 trials, including data from this study, suggest that the intervention is
associated with fewer complications (intervention, 488/1548 [31.5%] vs control, 614/1476
[41.6%]; RR, 0.77 [95% CI, 0.71-0.83]) and a nonsignificant reduction in hospital, 28-day, or
30-day mortality (intervention, 159/3215 deaths [4.9%] vs control, 206/3160 deaths [6.5%]; RR,
0.82 [95% CI, 0.67-1.01]) and mortality at longest follow-up (intervention, 267/3215 deaths
[8.3%] vs control, 327/3160 deaths [10.3%]; RR, 0.86 [95% CI, 0.74-1.00]).

CONCLUSIONS AND RELEVANCE In a randomized trial of high-risk patients undergoing major
gastrointestinal surgery, use of a cardiac output–guided hemodynamic therapy algorithm
compared with usual care did not reduce a composite outcome of complications and 30-day
mortality. However, inclusion of these data in an updated meta-analysis indicates that the
intervention was associated with a reduction in complication rates.

TRIAL REGISTRATION isrctn.org Identifier: ISRCTN04386758

JAMA. doi:10.1001/jama.2014.5305
Published online May 19, 2014.
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26 — INNOVATION, HEALTH AND WEALTH 

A common feature of any genuinely innovative organisation 
is clear top-level commitment from the Board. Every NHS 
Board should explicitly invest time, resource and effort in 
innovation. Specifically:

 s We will require Clinical Commissioning Groups (CCGs) to 
seek out and adopt best practice, as part of the legal duty 
to promote innovation, and capacity for innovation will 
be integral to the CCG authorisation process.

 s We will require the Chief Executive of every NHS 
commissioning organisation, including the NHS 
Commissioning Board, to take personal responsibility 
to ensure that arrangements are in place to champion 
research, innovation and adoption, and that the adoption 
and spread of proven innovation is central to their 
commissioning plans. 

THE NHS OPERATING FRAMEWORK ASKS THE NHS TO 
PRIORITISE THE ADOPTION AND SPREAD OF EFFECTIVE 
INNOVATION AND GOOD PRACTICE

CLINICAL COMMISSIONING GROUPS WILL BE UNDER 
A DUTY TO SEEK OUT AND ADOPT BEST PRACTICE, 
AND PROMOTE INNOVATION 

WE WILL STRENGTHEN LEADERSHIP AND 
ACCOUNTABILITY FOR INNOVATION AT BOARD LEVEL 
THROUGHOUT THE NHS

 

HIGH IMPACT INNOVATIONS
We know the NHS can spread new ideas at pace and 
scale when it puts its mind to it. In fact it has a long and 
successful track record on this – 4 hour waits in A&E, health 
care associated infections (HCAI), prevention of venous 
thromboembolism (VTE), 18 weeks waiting times, to name  
a few. In each case we have succeeded because of  
a single-minded determination to deliver at all levels of the 
Department of Health and NHS.

We need to do more of this. We need to scan for those ideas 
that will deliver game-changing improvements and work 

systematically to spread them at pace and scale. We will  
make an immediate start:

3 MILLION LIVES
Early indications from the Whole System Demonstrator 
programme show that dramatic (and independently 
evaluated) reductions in emergency attendances, admissions, 
levels of mortality and hospital bed days are possible. To make 
the most of these possibilities we need to spread the use of 
telehealth and telecare across the country. 
 
Assistive technologies have the potential to deliver 
transformational improvements in the quality of care we 
provide, and taken together with service redesign they also 
have the potential to deliver significant cost savings. We have 
the opportunity to adopt these technologies on a scale that 
would put the NHS at the forefront of the management of 
chronic disease globally. 

However, capital investment costs can be prohibitively 
expensive. To avoid this we will work with industry to identify 
ways of reprofiling costs so that they can be met from 
downstream revenue savings.

 s We will accelerate the use of assistive technologies in the 
NHS, aiming to improve at least 3 million lives over the 
next five years.

OESOPHAGEAL DOPPLER MONITORING (ODM)
ODM is a minimally invasive technology used by anaesthetists 
during surgery to assess the fluid status of the patient and 
guide the safe administration of fluids and drugs.

In March 2011, NICE published guidance on the use of  
ODM, recommending it for patients undergoing major or 
high-risk surgery and certain other surgical patients. Despite a 
comprehensive evidence base, uptake of this technology has 
been poor across the NHS. Full adoption of this technology 
across the NHS is forecast by NICE to benefit over 800,000 
patients and generate net financial savings of over £400m. 
Current information suggests that these technologies are used 
for less than 10% of applicable patients.

 s We will launch a national drive to get full implementation  
of ODM, or similar fluid management monitoring 
technology, into practice across the NHS. 

C

1980
UK’s first coronary angioplasty performed at the Brompton Hospital, London
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FORMAL EXPERT RECOMMENDATIONS

Guidelines for perioperative haemodynamic
optimization§

Stratégie du remplissage vasculaire périopératoire
B. Vallet a,*, Y. Blanloeil b, B. Cholley c, G. Orliaguet d, S. Pierre e, B. Tavernier a

a Pôle d’anesthésie réanimation, hôpital Huriez, CHRU de Lille, rue Polonovski, 59037 Lille cedex, France
b Service d’anesthésie-réanimation chirurgicale, hôpital G.-et-R.-Laënnec, CHU de Nantes, 44093 Nantes cedex 1, France
c Service d’anesthésie-réanimation, hôpital européen Georges-Pompidou, 20, rue Leblanc, 75908 Paris cedex 15, France
d Service d’anesthésie-réanimation, hôpital universitaire Necker–Enfants-Malades, université Paris Descartes, Assistance
publique–Hôpitaux de Paris, 149, rue de Sèvres, 75743 Paris cedex 15, France
e Institut Claudius-Regaud, 20–24, rue du Pont-Saint-Pierre, 31052 Toulouse Cedex, France

Annales Françaises d’Anesthésie et de Réanimation 32 (2013) e151–e158

“In surgical patients considered at ‘‘high risk’’, it is recommended to titrate the 
intraoperative fluid management by measuring stroke volume (SV), in order to 
reduce postoperative morbidity, hospital stay, and recovery time of oral feeding for 
patients undergoing digestive surgery. It is recommended to regularly reassess SV 
and its increase (or not) in response to a fluid challenge, especially during 
hemodynamic instability episodes, to ensure that the treatment is appropriate.”

PERIOPERATIVE GOAL-
DIRECTED THERAPY
PROTOCOL SUMMARY

Evidence-based, perioperative Goal-Directed Therapy (GDT) protocols.

Several single centre randomized controlled trials, meta-analysis and quality 
improvement programs have shown that perioperative GDT decreases postoperative 
complications and hospital length of stay when compared to standard fluid 
management.1-5

This summary describes the three main perioperative GDT strategies which have been 
successfully used to decrease postoperative morbidity and length of stay:

-  Stroke Volume (SV) optimization with fluid

-  Oxygen Delivery Index (iDO2) optimization with fluid and inotropes

-  Pulse Pressure Variation (PPV) or Stroke Volume Variation (SVV)  
optimization with fluid

This summary does not recommend the use of any specific medical device, and the 
choice of the treatment protocol is left at the discretion of the anesthesiologist in charge.
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EDITORIAL

Why is the surgical high-risk patient still at risk?
H. Kehlet 1* and M. Mythen2

1 Section of Surgical Pathophysiology 4074, Copenhagen University Hospital, Rigshospitalet, Blegdamsvej 9, 2100 Copenhagen, Denmark
2 Surgical Outcomes Research Centre (SOuRCe), UCL/UCLH National Institute of Health Research Biomedical Research Centre, London, UK

* E-mail: henrik.kehlet@rh.regionh.dk

Over the last decades, we have seen a continuous improve-
ment of perioperative anaesthetic and surgical care leading
to a general reduction of morbidity and mortality, despite
the surgical population getting older and with more
co-morbidity. Nevertheless, and despite these improvements,
there is a general agreement that the preoperative high-risk
patient still carries a high risk of postoperative morbidity and
mortality. How are we going to change this?

Much attention has been paid to the ability to predict the
individual patient at risk and several techniques have been
developed from simple questionnaires to more invasive car-
diopulmonary exercise tests, all showing some predictive
value.1–4 Such preoperative risk stratification is valuable if
it allows subsequent optimization of organ dysfunction and
thereby reduction of surgical risk. To some extent, interven-
tions such as cessation of alcohol and smoking use,5 exer-
cise, and optimization of cardiopulmonary functional
impairment have been shown to be effective.

Concomitant with the improved knowledge on preopera-
tive risk assessment, many single modality interventions
have been tested in the perioperative setting, such as anti-
biotics, pain relief, regional anaesthetic techniques, fluid
management, pharmacological sympathetic blockade, mini-
mally invasive surgery, nutrition, reduced use of tubes,
drains, etc. All have been shown to provide some effects on
postoperative outcome (Fig. 1). Although much of this evi-
dence has come from several randomized controlled clinical
trials (RCTs) and subsequent meta-analyses, they usually
examine single interventions in single or few centres and
thus only determine efficacy (i.e. may work). Few trials take
a more pragmatic account of effectiveness (i.e. are effective

in routine clinical practice), rather than the single one in
question for an efficacy study. Many studies have been
flawed by not standardizing all elements of perioperative
care to current best evidence-based practice (or by not pro-
viding specific information of such care principles). Such
studies include effects of pain relief on outcome,6 7 use of
perioperative b-blockers,8 perioperative fluid management,9 10

minimal invasive surgery,11 etc. Furthermore, allocation of
patients from different surgical interventions may not be
appropriate since the pathophysiology of morbidity is likely
to be different between procedures. Hence the growing inter-
est and increasing support for the use of registries, prospec-
tive cohort studies, or both as the final step along the
innovation pathway.12 For example, over the past 10–12 yr,
there has been a wider acceptance that postoperative mor-
bidity and recovery problems should be considered as a
multi-factorial problem that may not be solved by uni-modal
interventions, but rather by a multi-modal intervention by
combining several evidence-based principles of care.13 Sub-
sequent research using this multi-modal, best-evidence
based approach (e.g. the ‘fast-track methodology’ or
‘enhanced recovery programmes’) has shown in a growing
number of well-designed prospective cohort studies or RCTs
to enhance postoperative recovery and reduce length of
stay, morbidity, and convalescence.14–16 Such is the level
of acceptance of this approach that a number of European
Countries now have Government-funded National Pro-
grammes for Enhanced Recovery (e.g. Holland, Denmark,
Spain, and the UK).

What then can we expect, and what should we further
explore in future efforts to understand and change the
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surgical high-risk patient to a low- or no-risk patient?
Obviously, the picture is extremely complicated with so
many factors involved, including pathophysiology, specific
anaesthetic and surgical factors, and organizational factors
(Fig. 1).17 Therefore, we first need better descriptions,
records, and understanding of the pathogenesis of post-
operative morbidity and of the drivers of risk. An area that
needs particular focus is the relationship between medical
and surgically related morbidity. Thus, a serious surgical mis-
adventure such as an anastomotic dehiscence may obviously
be followed by a higher risk of medical morbidity and mor-
tality, but equally a preoperative medical morbidity such as
pulmonary, cardiovascular, or thromboembolic disease may
predispose to an anastomotic dehiscence. In other words,
it is unlikely that a poorly prefused bowel anastomosis will
be viable but similarly optimal gut perfusion will not compen-
sate for poor suturing. There are some data from observa-
tional studies suggesting that surrogates of end-organ
perfusion recorded at the end of major surgery predict
poor outcome, but overall there is very little data on such
time–cause relationships between medical and surgical
morbidity. This is hindering exact interpretation of previous
outcome data and, more importantly, our precise

understanding of the pathogenic mechanisms and thereby
our potential for rational intervention and prevention.

Such data and knowledge are also important when dis-
cussing the concept of outreach strategies18 and critical
care resources19 where the data have shown the highest
mortality rates among patients discharged and readmitted
to critical care units, and those admitted to critical care
units after initial care on a standard ward. Although not
arguing against provision and more effective utilization of
critical care resources, more detailed knowledge on the
pathophysiology of perioperative risk, the exact level of
care provided in critical care and standard wards, and the
time course and reasons for morbidity will be required
before we reorganize the anaesthetic and surgical care
system. Such data are required since several multi-national
surveys have shown that the provided perioperative care
often is highly variable and not according to available evi-
dence.20 21 The availability of larger, prospective, high-fidelity
data sets will generate hypotheses that can be explored on
the bench and at the bedside. Basic science, including geno-
mics, transcriptomics, and proteomics, will offer novel thera-
pies that can be tested in RCTs and finally proven in large
cohorts and registries. In the interim, slow progress will
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Fig 1 Surgical stress responses and perioperative events to make a high-risk surgical patient at risk and potential strategies for intervention or
prevention (x, evidence-based; o, need further studies).
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BACKGROUND
Guidelines to promote the early recovery of patients undergoing major surgery recom-
mend a restrictive intravenous-fluid strategy for abdominal surgery. However, the 
supporting evidence is limited, and there is concern about impaired organ perfusion.

METHODS
In a pragmatic, international trial, we randomly assigned 3000 patients who had an 
increased risk of complications while undergoing major abdominal surgery to receive 
a restrictive or liberal intravenous-fluid regimen during and up to 24 hours after sur-
gery. The primary outcome was disability-free survival at 1 year. Key secondary 
outcomes were acute kidney injury at 30 days, renal-replacement therapy at 90 days, 
and a composite of septic complications, surgical-site infection, or death.

RESULTS
During and up to 24 hours after surgery, 1490 patients in the restrictive fluid group 
had a median intravenous-fluid intake of 3.7 liters (interquartile range, 2.9 to 4.9), as 
compared with 6.1 liters (interquartile range, 5.0 to 7.4) in 1493 patients in the liberal 
fluid group (P<0.001). The rate of disability-free survival at 1 year was 81.9% in the 
restrictive fluid group and 82.3% in the liberal fluid group (hazard ratio for death or 
disability, 1.05; 95% confidence interval, 0.88 to 1.24; P = 0.61). The rate of acute kidney 
injury was 8.6% in the restrictive fluid group and 5.0% in the liberal fluid group 
(P<0.001). The rate of septic complications or death was 21.8% in the restrictive fluid 
group and 19.8% in the liberal fluid group (P = 0.19); rates of surgical-site infection 
(16.5% vs. 13.6%, P = 0.02) and renal-replacement therapy (0.9% vs. 0.3%, P = 0.048) 
were higher in the restrictive fluid group, but the between-group difference was not 
significant after adjustment for multiple testing.

CONCLUSIONS
Among patients at increased risk for complications during major abdominal surgery, 
a restrictive fluid regimen was not associated with a higher rate of disability-free sur-
vival than a liberal fluid regimen and was associated with a higher rate of acute kidney 
injury. (Funded by the Australian National Health and Medical Research Council and 
others; RELIEF ClinicalTrials.gov number, NCT01424150.)
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Cox regression); modifications to the disability 
definition did not meaningfully change the re-
sults (Tables S14 and S15 and Figs. S3 and S4 in the 
Supplementary Appendix). Results were largely 
unchanged after adjustment for stratification 
factors that were used in randomization (Tables 
S16 and S17 in the Supplementary Appendix).

Discussion

In this international trial evaluating disability-
free survival and rates of serious complications 
among at-risk patients undergoing major abdomi-
nal surgery, we compared a restrictive regimen 
for the administration of intravenous fluid (de-
signed to achieve zero balance during surgery 
and the 24-hour postoperative period) with a lib-
eral fluid regimen. At 1 year, the rate of disability-
free survival was not significantly higher with the 
restrictive f luid regimen than with the liberal 
fluid regimen. However, patients in the restric-
tive fluid group had a significantly higher risk 
of acute kidney injury than those in the liberal 
fluid group.

Perioperative intravenous-fluid therapy serves 
to restore and maintain body water, electrolytes, 
and organ perfusion to achieve homeostasis.14,33 
Avoiding too much intravenous fluid is commonly 
recommended in ERAS programs.12,14,16,33,34 Some 
small trials have supported a restrictive f luid 
regimen.9,11,13 However, inappropriate fluid-balance 
approaches can be harmful.24,35 In particular, 
acute kidney injury may result from inadequate 
administration of f luid (renal hypoperfusion)28 
or excessive administration (renal interstitial ede-
ma).19 Our findings may resolve this uncertainty, 
since we found that restricting intravenous-fluid 
administration with the aim of zero balance in-
creased the risk of acute kidney injury.

Intravenous-fluid regimens for abdominal sur-
gery have been classified as restrictive (<1.75 liters 
per day), balanced (1.75 to 2.75 liters per day), 
and liberal (>2.75 liters per day).33 In our trial, 
the patients who were assigned to the restrictive 
fluid group received a median of 1.7 liters intra-
operatively and an additional 1.9 liters during 
the 24-hour postoperative period. Patients in the 
liberal fluid group received 3.0 liters during sur-
gery and an additional 3.0 liters during the first 
24 hours (similar to the amount recorded in 

registry data24 and pooled analyses of trials).10,25 
In previous studies, intraoperative restrictive fluid 
replacement varied from 1.0 to 2.7 liters, as com-
pared with 2.8 to 5.4 liters in liberal fluid regi-
mens.34 Current recommendations suggest avoid-
ing a weight gain of more than 2.5 kg,14,16 a 
cutoff that was achieved in a majority of the 
patients in our trial, including those in the lib-
eral fluid group.

Our findings should not be used to support 
excessive administration of intravenous fluid. 
Rather, they show that a regimen that includes a 
modestly liberal administration of fluid is safer 
than a restrictive regimen. There is a belief that 
fluid-induced edema impairs wound healing. In 
contrast, we identified a higher rate of surgical-
site infection in the restrictive fluid group, pos-
sibly because of wound or anastomotic hypoper-
fusion. Fluid restriction will inevitably increase 
the need for vasopressor therapy unless hypoten-
sion is ignored.

Our trial has certain limitations. Obviously, 
clinicians could not administer intravenous fluids 
in a blinded manner. This lack of blinding may 

Figure 1. Probability of Freedom from Death or Persistent Disability 1 Year 
after Surgery.

With a median follow-up of 366 days, the rate of disability-free survival at  
1 year was 81.9% in the restrictive fluid group and 82.3% in the liberal fluid 
group (hazard ratio for death or disability, 1.05; 95% confidence interval, 
0.88 to 1.24; P = 0.61).
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Goal-directed Intraoperative Fluid Administration Reduces
Length of Hospital Stay after Major Surgery
Tong J. Gan, M.B., B.S, F.R.C.A.,* Andrew Soppitt, B.Sc., M.B., B.S., F.R.C.A.,† Mohamed Maroof, M.D.,‡
Habib El-Moalem, Ph.D.,§ Kerri M. Robertson, M.D.,* Eugene Moretti, M.D.,† Peter Dwane, M.D.,‡
Peter S. A. Glass, M.B., F.F.A. (S.A.)!

Background: Intraoperative hypovolemia is common and is a
potential cause of organ dysfunction, increased postoperative
morbidity, length of hospital stay, and death. The objective of
this prospective, randomized study was to assess the effect
of goal-directed intraoperative fluid administration on length of
postoperative hospital stay.

Methods: One hundred patients who were to undergo major
elective surgery with an anticipated blood loss greater than
500 ml were randomly assigned to a control group (n ! 50) that
received standard intraoperative care or to a protocol group
(n ! 50) that, in addition, received intraoperative plasma vol-
ume expansion guided by the esophageal Doppler monitor to
maintain maximal stroke volume. Length of postoperative hos-
pital stay and postoperative surgical morbidity were assessed.

Results: Groups were similar with respect to demographics,
surgical procedures, and baseline hemodynamic variables. The
protocol group had a significantly higher stroke volume and
cardiac output at the end of surgery compared with the control
group. Patients in the protocol group had a shorter duration
of hospital stay compared with the control group: 5 " 3 versus
7 " 3 days (mean " SD), with a median of 6 versus 7 days,
respectively (P ! 0.03). These patients also tolerated oral intake
of solid food earlier than the control group: 3 " 0.5 versus 4.7 "
0.5 days (mean " SD), with a median of 3 versus 5 days,
respectively (P ! 0.01).

Conclusions: Goal-directed intraoperative fluid administra-
tion results in earlier return to bowel function, lower incidence
of postoperative nausea and vomiting, and decrease in length of
postoperative hospital stay.

INTRAOPERATIVE hypovolemia is common and may be
a potential cause of organ dysfunction, increased post-
operative morbidity, and death.1,2 Goal-directed plasma
volume expansion during the intraoperative period is
associated with improved outcome and reduction in
hospital stay in patients undergoing cardiac and major
orthopedic surgery.3–5

The esophageal Doppler monitor (EDM) is an Food
and Drug Administration–approved device that permits

rapid, minimally invasive, and continuous estimation of
cardiac output.6 The cardiac output measurements ob-
tained with the EDM have been shown to correlate well
with the thermodilution method by different investiga-
tors.7–11 Using the EDM to guide intraoperative plasma
volume expansion, Sinclair et al.4 demonstrated signifi-
cant improvement in postoperative recovery and short-
ened hospital stay in patients undergoing proximal fem-
oral neck fracture repair. Mythen and Webb,3 in a study
in cardiac patients, demonstrated a reduction in the
incidence of gastrointestinal mucosal hypoperfusion and
major complications in patients who received plasma
volume optimization.

In this study, we investigated whether goal-directed
intraoperative plasma volume expansion guided by the
EDM would shorten the length of hospital stay and
improve postoperative outcomes (gastrointestinal and
renal dysfunction) in patients undergoing moderate-risk
surgery.

Methods

After we obtained approval from the institutional re-
view board, written informed patient consent was ob-
tained from 100 patients with American Society of An-
esthesiologists (ASA) physical status I, II, and III who
were to undergo major elective general, urologic, or
gynecologic surgery with an anticipated blood loss of
greater than 500 ml. Exclusion criteria included patients
with age less than 18 yr, emergency surgery, preopera-
tive bowel obstruction, coagulopathy, significant renal
and hepatic dysfunction (creatinine ! 50% or liver en-
zymes ! 50% upper limit of normal values), congestive
heart failure, and esophageal pathology (avoid potential
complications of the esophageal probe), and those un-
dergoing gastric or esophageal surgery or who were on
antiemetic medication within 3 days of surgery.

All patients were premedicated with midazolam and
fentanyl. Before induction of anesthesia, an intravenous
bolus of 5 ml/kg lactated Ringer’s solution was adminis-
tered, followed by an intravenous infusion of lactated
Ringer’s solution at a rate of 5 ml · kg"1 · h"1, which was
continued for the duration of surgery. Anesthesia was
induced by an intravenous technique and maintained
with a balanced inhalational technique incorporating
isoflurane 0.5–1.5% and 50% nitrous oxide in oxygen.
Tracheal intubation was facilitated with succinylcholine,
and neuromuscular blockade was maintained using pan-

This article is featured in “This Month in Anesthesiology.”
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Randomized controlled trial of intraoperative goal-directed
fluid therapy in aerobically fit and unfit patients having
major colorectal surgery
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Editor’s key points

† This study presents very
interesting results of
goal-directed therapy in
patients undergoing
colorectal surgery.

† The patients, aerobically
fit or not, were
randomized to receive
goal-directed fluid
therapy (GDT) vs standard
fluid management
therapy during surgery.

† GDT patients tended to
have an increased length
of stay and time to
fitness for discharge.

† Contrary to the
expectation, this study
showed no advantage of
GDT.

Background. Intraoperative fluid therapy regimens using oesophageal Doppler monitoring
(ODM) to optimize stroke volume (SV) (goal-directed fluid therapy, GDT) have been
associated with a reduction in length of stay (LOS) and complication rates after major
surgery. We hypothesized that intraoperative GDT would reduce the time to surgical
readiness for discharge (RfD) of patients having major elective colorectal surgery but that
this effect might be less marked in aerobically fit patients.

Methods. In this double-blinded controlled trial, 179 patients undergoing major open or
laparoscopic colorectal surgery were characterized as aerobically ‘fit’ (n¼123) or ‘unfit’
(n¼56) on the basis of their performance during a cardiopulmonary exercise test. Within
these fitness strata, patients were randomized to receive a standard fluid regimen with
or without ODM-guided intraoperative GDT.

Results. GDT patients received an average of 1360 ml of additional intraoperative colloid.
The mean cardiac index and SV at skin closure were significantly higher in the GDT group
than in controls. Times to RfD and LOS were longer in GDT than control patients but did
not reach statistical significance (median 6.8 vs 4.9 days, P¼0.09, and median 8.8 vs 6.7
days, P¼0.09, respectively). Fit GDT patients had an increased RfD (median 7.0 vs 4.7
days; P¼0.01) and LOS (median 8.8 vs 6.0 days; P¼0.01) compared with controls.

Conclusions. Intraoperative SV optimization conferred no additional benefit over standard
fluid therapy. In an aerobically fit subgroup of patients, GDT was associated with
detrimental effects on the primary outcome.

Trial registry: UK NIHR CRN 7285, ISRCTN 14680495.
http://public.ukcrn.org.uk/Search/StudyDetail.aspx?StudyID=7285.

Keywords: assessment; goal-directed therapy; patient outcomes, colorectal surgery,
exercise test, fluid balance
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Perioperative fluid management for patients undergoing
elective major surgery is controversial.1 Surgery alters fluid
balance,2 generates a systemic inflammatory response
which increases oxygen consumption, and is associated
with an increase in cardiac output and oxygen delivery. An
inability to meet the metabolic demands of recovery from
surgery is associated with increased morbidity and
mortality.3

Defining and attaining an adequate circulating volume is
complex, and the fluid deficit before surgery varies among
individuals.4 Recommended fluid administration strategies
during major colorectal surgery include volume
restriction5 6 and maintenance of an adequate circulating
volume while avoiding fluid and salt overload.7

Goal-directed fluid therapy (GDT) aimed at optimizing
cardiac output and oxygen delivery has been shown
to improve outcome for high-risk surgical patients.8 9

Intraoperative colloid GDT guided by oesophageal Doppler
monitoring (ODM) has been associated with significant
reductions in the time to readiness for discharge (RfD) and
rate of complications in elective intra-abdominal10 and color-
ectal surgery.11 12 Individualized GDT through stroke volume
(SV) optimization has recently been recommended by the UK
National Institute for Health and Clinical Excellence (NICE) as
a standard of care during major surgery.13 Of note, the NICE
guidelines were based predominantly on independent
studies performed several years ago. Since these trials, the
manufacturer of the Oesophageal Doppler Monitor has
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GDT than in control patients; however, these differences were
not statistically significant (6.8 vs 4.9 days; P¼0.09, and 8.8
vs 6.7 days; P¼0.09, respectively). There were no significant
differences between the groups in other outcome measures
(Table 4; Supplementary Table S6).

Fit patients in the GDT group had a significantly increased
median time to RfD (7.0 vs 4.7 days; P¼0.01) and prolonged
LOS (8.8 vs 6.0 days; P¼0.01) (Table 5). Critical care admission
was more common in the GDT group including three
unplanned admissions after intraoperative haemorrhage.
There were no significant differences in other outcome
measures. There were two 30 day mortalities in the control
group: one patient suffered an anastomotic leak requiring
re-operation and died from multiorgan failure and one
patient died from pneumonia. One patient in the GDT
group died from pneumonia.

For unfit patients, time to RfD and LOS were similar
between GDT and control groups (Supplementary Table S5).
Unfit patients were more likely to be admitted to critical
care than fit patients (22 of 56 vs 19 of 123, P,0.001). One
postoperative death occurred within 30 days in the GDT
group; this was from multiorgan failure after re-operation
for anastomotic leak.

Discussion
Our intention was to evaluate whether supplementary colloid
boluses guided by haemodynamic information provided by
the ODM would enhance clinical outcomes in elective colo-
rectal procedures. In contrast to previous studies, GDT did
not improve RfD or LOS compared with standard care.
Additionally in an aerobically ‘fit’ subgroup of patients, the

Table 4 Primary and secondary outcome measures—overall: data are median (IQR) and absolute number. Data were compared using
Mann–Whitney U-test or x2 test.

Control (n590) Goal-directed
therapy (n589)

Difference P-value

Surgical readiness for discharge (days) 4.9 (3.7–8.8) 6.8 (4.0–9.8) +1.9 0.09

Total postoperative stay (days) 6.7 (4.8–13.3) 8.8 (6.0–11.9) +2.1 0.09

Flatus passed (days) 1.8 (0.8–2.8) 1.8 (0.9–2.9) 0 0.94

Bowel movement (days) 2.8 (1.3–3.9) 2.9 (1.6–4.7) +0.1 0.53

Toleration of diet (days) 1.8 (0.8–2.8) 1.7 (0.8–3.0) 20.1 0.81

Any deviation from normal postoperative course 60 63 0.46

Serious postoperative complication (Dindo grade 3–5)19 13 10 0.47

Renal complications 13 20 0.17

Creatinine increase to .149% of baseline during first postoperative week 6 10 0.28

Critical care admission 17 24 0.26

Readmission ,30 days 13 18 0.35

Mortality

,30 days 2 2 1.0

,90 days 4 5 0.72

Table 5 Primary and secondary outcome measures in patients classed as aerobically fit: data are median (IQR) or absolute number. Data
compared using Mann–Whitney U-test or x2 test.

Control (n561) GDT (n562) Difference P-value

Surgical readiness for discharge (days) 4.7 (3.0–7.8) 7.0 (4.7–9.6) +2.3 0.01

Total postoperative stay (days) 6.0 (4.1–9.8) 8.8 (6.8–11.0) +2.8 0.01

Flatus passed (days) 1.7 (0.7–2.8) 1.5 (0.7–2.6) 20.2 0.59

Bowel movement (days) 2.7 (0.9–3.7) 2.9 (1.3–4.9) +0.2 0.16

Toleration of diet (days) 1.6 (0.7–2.8) 1.7 (0.8–3.0) +0.1 0.41

Any deviation from normal postoperative course 38 42 0.47

Serious postoperative complication (Dindo grade 3–5 )19 6 6 0.32

Critical care admission 5 14 0.03

Readmission ,30 days 10 11 0.36

Mortality

,30 days 2 1 0.46

,90 days 3 2 0.43
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the local Research and Development service. Serious adverse
events were additionally reported to the Ethical Committee.

Statistical analysis
Previous studies in elective colorectal surgery have demon-
strated a reduction in time to RfD of 1.511 and 3 days.12

Our existing median LOS of 9 days indicated that a sample
of 148 patients would be sufficient to detect a 2 day
reduction in the time to RfD at a significance level of 0.05
and a power of 0.9.

We planned to compare the primary outcome within a
subgroup of fit patients. At a significance level of 0.05 and

SCREENED
n=292

CPET PERFORMED
n=271

FIT
n=174

INELIGIBLE
n=35

Declined surgery 6
Died before surgery 1
Failed inclusion criteria 28
• CPET 20
• Surgical 5
• Other 3

UNABLE TO CPET
n=21

ELIGIBLE
n=236

UNFIT
n=62

NOT RECRUITED
n=6

Withdrawn 2
Declined  3
No Investigator 1

RANDOMIZED
n=56

RANDOMIZED
n=123

NOT RECRUITED
n=51

Withdrawn 1
Declined  27
No Investigator 23

CONTROL
n=29

INTERVENTION
n=27

CONTROL
n=61

INTERVENTION
n=62

Fig 1 CONSORT diagram. CPET, Cardiopulmonary Exercise Test; CONSORT, Consolidated Standards of Reporting Trials.

Stroke volume
optimization

Monitor stroke volume

200 ml colloid
challenge over 

 5 min

Monitor stroke volume

SV
increase

>10%

SV
decrease

>10%

Yes

Yes

No

No

Fig 2 Algorithm for intraoperative GDT as recommended by Deltex, manufacturer of the Oesophageal Doppler Monitor. The user monitors the
response of the cardiac SV to an initial colloid bolus.14 Where fluid responsiveness is present, a further bolus is administered. Where it is absent,
the user tracks changes in SV, using a drop of more than 10% as the cue for a fluid challenge.
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Background. Intraoperative fluid therapy regimens using oesophageal Doppler monitoring
(ODM) to optimize stroke volume (SV) (goal-directed fluid therapy, GDT) have been
associated with a reduction in length of stay (LOS) and complication rates after major
surgery. We hypothesized that intraoperative GDT would reduce the time to surgical
readiness for discharge (RfD) of patients having major elective colorectal surgery but that
this effect might be less marked in aerobically fit patients.

Methods. In this double-blinded controlled trial, 179 patients undergoing major open or
laparoscopic colorectal surgery were characterized as aerobically ‘fit’ (n¼123) or ‘unfit’
(n¼56) on the basis of their performance during a cardiopulmonary exercise test. Within
these fitness strata, patients were randomized to receive a standard fluid regimen with
or without ODM-guided intraoperative GDT.

Results. GDT patients received an average of 1360 ml of additional intraoperative colloid.
The mean cardiac index and SV at skin closure were significantly higher in the GDT group
than in controls. Times to RfD and LOS were longer in GDT than control patients but did
not reach statistical significance (median 6.8 vs 4.9 days, P¼0.09, and median 8.8 vs 6.7
days, P¼0.09, respectively). Fit GDT patients had an increased RfD (median 7.0 vs 4.7
days; P¼0.01) and LOS (median 8.8 vs 6.0 days; P¼0.01) compared with controls.

Conclusions. Intraoperative SV optimization conferred no additional benefit over standard
fluid therapy. In an aerobically fit subgroup of patients, GDT was associated with
detrimental effects on the primary outcome.

Trial registry: UK NIHR CRN 7285, ISRCTN 14680495.
http://public.ukcrn.org.uk/Search/StudyDetail.aspx?StudyID=7285.
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Perioperative fluid management for patients undergoing
elective major surgery is controversial.1 Surgery alters fluid
balance,2 generates a systemic inflammatory response
which increases oxygen consumption, and is associated
with an increase in cardiac output and oxygen delivery. An
inability to meet the metabolic demands of recovery from
surgery is associated with increased morbidity and
mortality.3

Defining and attaining an adequate circulating volume is
complex, and the fluid deficit before surgery varies among
individuals.4 Recommended fluid administration strategies
during major colorectal surgery include volume
restriction5 6 and maintenance of an adequate circulating
volume while avoiding fluid and salt overload.7

Goal-directed fluid therapy (GDT) aimed at optimizing
cardiac output and oxygen delivery has been shown
to improve outcome for high-risk surgical patients.8 9

Intraoperative colloid GDT guided by oesophageal Doppler
monitoring (ODM) has been associated with significant
reductions in the time to readiness for discharge (RfD) and
rate of complications in elective intra-abdominal10 and color-
ectal surgery.11 12 Individualized GDT through stroke volume
(SV) optimization has recently been recommended by the UK
National Institute for Health and Clinical Excellence (NICE) as
a standard of care during major surgery.13 Of note, the NICE
guidelines were based predominantly on independent
studies performed several years ago. Since these trials, the
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Conclusions: The results of our pragmatic study indicate that a perioperative 

haemodynamic protocol guided by a noninvasive cardiac output monitor was not 

associated with a decrease in the incidence of overall complications or length of stay in 

major abdominal surgery.   

 

 

 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

MAP  ≥  65  mmHg    AND 
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*Assess the systolic volume response: 
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Table 5. Study variables. Quantitative data are expressed as median (25th-75th 

percentile). For qualitative data percentages are expressed in brackets. GDT: Goal 

directed therapy. LOS: Length of stay.  

 Control   GDT  Risk ratio p  
Complications  29 (41)  29 (40)  0.99 (0.67,1.44) 0.397  
Number of complications 
per patient  

0 (0;2) 0 (0;1)  0.467  

Hospital LOS 10.5 (8;16) 11.5 (8;15)  0.874  

Time to first flatus (h)  72 (48;96) 61.5 (40;76)  0.180  

Wound infection 14 (20)  7 (9.7)  0.46 (0.19,1.13) 0.085  
Anastomotic leak  5 (7.1)  2 (2.8)  0.43 (0.08,2.13) 0.230  
Hospital mortality  4 (5.7)  3 (4.2)  0.72 (0.17,3.04) 0.670  
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Effect of a Perioperative, Cardiac Output–Guided
Hemodynamic Therapy Algorithm on Outcomes
Following Major Gastrointestinal Surgery
A Randomized Clinical Trial and Systematic Review
Rupert M. Pearse, MD; David A. Harrison, PhD; Neil MacDonald, FRCA; Michael A. Gillies, FRCA; Mark Blunt, FRCA; Gareth Ackland, PhD; Michael P. W. Grocott, MD;
Aoife Ahern, BSc; Kathryn Griggs, MSc; Rachael Scott, PhD; Charles Hinds, FRCA; Kathryn Rowan, PhD; for the OPTIMISE Study Group

IMPORTANCE Small trials suggest that postoperative outcomes may be improved by the use
of cardiac output monitoring to guide administration of intravenous fluid and inotropic drugs
as part of a hemodynamic therapy algorithm.

OBJECTIVE To evaluate the clinical effectiveness of a perioperative, cardiac output–guided
hemodynamic therapy algorithm.

DESIGN, SETTING, AND PARTICIPANTS OPTIMISE was a pragmatic, multicenter, randomized,
observer-blinded trial of 734 high-risk patients aged 50 years or older undergoing major
gastrointestinal surgery at 17 acute care hospitals in the United Kingdom. An updated
systematic review and meta-analysis were also conducted including randomized trials
published from 1966 to February 2014.

INTERVENTIONS Patients were randomly assigned to a cardiac output–guided hemodynamic
therapy algorithm for intravenous fluid and inotrope (dopexamine) infusion during and 6
hours following surgery (n=368) or to usual care (n=366).

MAIN OUTCOMES AND MEASURES The primary outcome was a composite of predefined
30-day moderate or major complications and mortality. Secondary outcomes were morbidity
on day 7; infection, critical care–free days, and all-cause mortality at 30 days; all-cause
mortality at 180 days; and length of hospital stay.

RESULTS Baseline patient characteristics, clinical care, and volumes of intravenous fluid were
similar between groups. Care was nonadherent to the allocated treatment for less than 10% of
patients in each group. The primary outcome occurred in 36.6% of intervention and 43.4% of
usual care participants (relative risk [RR], 0.84 [95% CI, 0.71-1.01]; absolute risk reduction, 6.8%
[95% CI, −0.3% to 13.9%]; P = .07). There was no significant difference between groups for any
secondary outcomes. Five intervention patients (1.4%) experienced cardiovascular serious
adverse events within 24 hours compared with none in the usual care group. Findings of the
meta-analysis of 38 trials, including data from this study, suggest that the intervention is
associated with fewer complications (intervention, 488/1548 [31.5%] vs control, 614/1476
[41.6%]; RR, 0.77 [95% CI, 0.71-0.83]) and a nonsignificant reduction in hospital, 28-day, or
30-day mortality (intervention, 159/3215 deaths [4.9%] vs control, 206/3160 deaths [6.5%]; RR,
0.82 [95% CI, 0.67-1.01]) and mortality at longest follow-up (intervention, 267/3215 deaths
[8.3%] vs control, 327/3160 deaths [10.3%]; RR, 0.86 [95% CI, 0.74-1.00]).

CONCLUSIONS AND RELEVANCE In a randomized trial of high-risk patients undergoing major
gastrointestinal surgery, use of a cardiac output–guided hemodynamic therapy algorithm
compared with usual care did not reduce a composite outcome of complications and 30-day
mortality. However, inclusion of these data in an updated meta-analysis indicates that the
intervention was associated with a reduction in complication rates.

TRIAL REGISTRATION isrctn.org Identifier: ISRCTN04386758
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profile.6,7,10,14-16 The β2-agonist dopexamine has mild inotro-
pic and vasodilator effects and is the most widely studied
agent in this context. The findings of a meta–regression analy-
sis suggested that dopexamine infusion at low dose is associ-
ated with improved outcomes following major surgery.15 Fur-
ther modifications were made by an expert group to allow
delivery in the operating room and postanesthetic care unit
by both medical and nursing staff and particularly to ensure
that admission to critical care was not necessary for adher-
ence to the intervention. Importantly, the high rate of adher-
ence to the hemodynamic therapy algorithm used in this trial
suggests that this treatment approach is feasible for use in
routine clinical practice. A widely used cardiac output moni-
toring technology was used (although our findings are not
specific to this device). In keeping with the pragmatic nature
of the trial, no attempt was made to standardize the choice of
colloid in either group. Recent evidence has suggested an
increased incidence of acute kidney injury in critically ill
patients receiving starch-based colloid solutions.40,41

Although we do not have individual patient data describing
the use of starch, a post hoc survey of investigators suggested
that few patients received this. A recent systematic review
identified no evidence of acute kidney injury associated with
the use of starch solutions in surgical patients.42

A potential weakness of OPTIMISE may be the use of a
primary outcome that was a composite of moderate or major
postoperative complications and mortality. The components
of this outcome measure may reflect benefit, no effect, or
harm associated with the intervention. We controlled for bias
by assessing and grading this outcome according to pre-

defined criteria and, although it is not possible to blind all
clinical staff administering complex interventions, our data
suggest excellent adherence to blinding for patient outcome
assessment. Finally, the event rate in the usual care group
was slightly lower than expected and crossover in terms of
cardiac output monitoring in the usual care group was more
frequent than predicted. These factors reduced the power of
the trial, perhaps resulting in a failure to achieve statistical
significance for the primary outcome. Although emergency
surgery was one of our inclusion criteria, we were able to
recruit only a small number of these patients. The approach
to recruiting elective and emergency patients is quite dif-
ferent and the design of future trials should take this into
account. Although additional research staff were often
present during the trial, anesthesia and critical care staff
would be able to deliver such algorithms of care with mini-
mal training. Myocardial injury is the most important adverse
effect of hemodynamic therapy algorithms; there was a low
rate of cardiovascular serious adverse events within 24 hours
of the intervention and the incidence of cardiovascular
events was similar between the groups at 30 days following
surgery. The trial findings also suggest that cardiac output–
guided fluid therapy need not result in excessive fluid admin-
istration but may lead to a more individualized approach to
achieving the correct dose of fluid, as required. A prespeci-
fied analysis of timing of recruitment suggested that a learn-
ing curve may have existed, consistent both with an expecta-
tion for trials of complex interventions and from previous
experience from implementation in this field, and this war-
rants consideration in future research in this area.43

Figure 3. Meta-analysis of Number of Patients Developing Complications After Surgery
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in eAppendix 2 in the Supplement. The addition of the
findings of OPTIMISE and other recent trials does not sub-
stantially alter the findings of the recent Cochrane meta-
analysis. Complications were less frequent among patients
treated according to a hemodynamic therapy algorithm (in-
tervention, 488/1548 [31.5%] vs control, 614/1476 [41.6%];
RR, 0.77 [95% CI, 0.71-0.83]) (Figure 3).6,14,20-38 The inter-
vention was associated with a reduced incidence of postop-
erative infection (intervention, 182/836 [21.8%] vs control,
201/790 [25.4%]; RR, 0.81 [95% CI, 0.69-0.95]) and a reduced
duration of hospital stay (mean reduction, 0.79 days [95%
CI, 0.96-0.62]) (eFigures 2 and 3 in the Supplement). There
was a nonsignificant reduction in hospital, 28-day, or
30-day mortality (intervention, 159/3215 [4.9%] vs control,
206/3160 [6.5%]; RR, 0.82 [95% CI, 0.67-1.01]) and a nonsig-
nificant reduction in mortality at longest follow-up (inter-
vention, 267/3215 deaths [8.3%] vs control, 327/3160 deaths
[10.3%]; RR, 0.86 [95% CI, 0.74-1.00]) (eFigures 4 and 5 in
the Supplement). These results were strengthened through
the use of random-effects models (eAppendix 2 in the
Supplement).

Discussion
The principal finding of the OPTIMISE trial was that among
patients undergoing major abdominal surgery involving the
gastrointestinal tract, when compared with usual care, use of
this cardiac output–guided, hemodynamic therapy algorithm
was not associated with a significant reduction in the com-
posite primary outcome of moderate or major postoperative
complications at 30 days following surgery. However, after
incorporating the results of this large trial into an updated
systematic review and meta-analysis, there was evidence
that this intervention was associated with a clinically impor-
tant reduction in the number of patients who develop com-
plications after surgery. In the OPTIMISE trial, there was no
difference in the secondary outcomes of POMS-defined mor-
bidity at day 7; infectious complications, critical care–free
days, or all-cause mortality at 30 days; all-cause mortality at
180 days; or acute hospital length of stay. However, the find-

ings of the updated systematic review suggest that this treat-
ment approach is associated with a significant reduction in
the number of patients who develop postoperative infection
as well as in duration of hospital stay. The findings of the
mortality analyses provide borderline evidence but remain
consistent with benefit.

To the best of our knowledge, this is the largest trial of a
perioperative, cardiac output–guided hemodynamic therapy
algorithm to date. OPTIMISE was designed to address several
limitations in the previous trials.39 The large sample size
allowed for comparison of the cardiac output–guided hemo-
dynamic therapy algorithm with usual perioperative care,
avoiding problems associated with alternative “control” treat-
ment algorithms, which do not reflect typical practice.12 A
large number of algorithms for cardiac output–guided hemo-
dynamic therapy have been published describing a variety of
options in terms of hemodynamic end points, use of inotropic
agents, and cardiac output monitoring. We used an algorithm
suited to the care of patients during and after major gastroin-
testinal surgery that was supported by high-quality clinical
and mechanistic evidence and a good cardiovascular safety

Figure 2. Cumulative Incidence of Mortality Up to 180 Days After Surgery
Using a Cardiac Output–Guided Hemodynamic Therapy Algorithm
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Table 4. Results for Secondary Outcomes

Outcomes

Cardiac Output–Guided
Hemodynamic Therapy

Algorithm Usual Care
Relative Risk

(95% CI) P Value
POMS-defined morbidity at 7 d
following surgery, No./total (%)a

182/275 (66.2) 195/287 (67.9) 0.97 (0.87-1.09) .72

Infectious complications at 30 d
following surgery, No./total (%)

87/366 (23.8) 108/364 (29.7) 0.80 (0.63-1.02) .08

Critical care–free days at 30 d
following surgery, median (IQR)

27 (26-29) 28 (25-29) .98

All-cause mortality at 30 d
following surgery, No./total (%)b

12/366 (3.3) 11/364 (3.0) 1.08 (0.48-2.43) >.99

All-cause mortality at 180 d
following surgery, No./total (%)c

28/363 (7.7) 42/361 (11.6) 0.66 (0.42-1.05) .08

Duration of postoperative hospital
stay, median (IQR), d

10 (7-14) 11 (7-17) .05

Survivors 10 (7-14) 11 (7-17)

Nonsurvivors 7 (3-33) 16 (9-36)

Abbreviations: IQR, interquartile
range; POMS, Post-Operative
Morbidity Survey.
a Among patients alive and in the

hospital on day 7 following surgery.
b Odds ratios for all-cause mortality at

30 days following surgery:
unadjusted, 1.09 (95% CI,
0.48-2.45); adjusted, 1.20 (95% CI,
0.51-2.82); P = .68.

c Odds ratios for all-cause mortality at
180 days following surgery:
unadjusted, 0.63 (95% CI,
0.39-1.04); adjusted, 0.61 (95% CI,
0.36-1.04); P = .07.
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Effect of a Perioperative, Cardiac Output–Guided
Hemodynamic Therapy Algorithm on Outcomes
Following Major Gastrointestinal Surgery
A Randomized Clinical Trial and Systematic Review
Rupert M. Pearse, MD; David A. Harrison, PhD; Neil MacDonald, FRCA; Michael A. Gillies, FRCA; Mark Blunt, FRCA; Gareth Ackland, PhD; Michael P. W. Grocott, MD;
Aoife Ahern, BSc; Kathryn Griggs, MSc; Rachael Scott, PhD; Charles Hinds, FRCA; Kathryn Rowan, PhD; for the OPTIMISE Study Group

IMPORTANCE Small trials suggest that postoperative outcomes may be improved by the use
of cardiac output monitoring to guide administration of intravenous fluid and inotropic drugs
as part of a hemodynamic therapy algorithm.

OBJECTIVE To evaluate the clinical effectiveness of a perioperative, cardiac output–guided
hemodynamic therapy algorithm.

DESIGN, SETTING, AND PARTICIPANTS OPTIMISE was a pragmatic, multicenter, randomized,
observer-blinded trial of 734 high-risk patients aged 50 years or older undergoing major
gastrointestinal surgery at 17 acute care hospitals in the United Kingdom. An updated
systematic review and meta-analysis were also conducted including randomized trials
published from 1966 to February 2014.

INTERVENTIONS Patients were randomly assigned to a cardiac output–guided hemodynamic
therapy algorithm for intravenous fluid and inotrope (dopexamine) infusion during and 6
hours following surgery (n=368) or to usual care (n=366).

MAIN OUTCOMES AND MEASURES The primary outcome was a composite of predefined
30-day moderate or major complications and mortality. Secondary outcomes were morbidity
on day 7; infection, critical care–free days, and all-cause mortality at 30 days; all-cause
mortality at 180 days; and length of hospital stay.

RESULTS Baseline patient characteristics, clinical care, and volumes of intravenous fluid were
similar between groups. Care was nonadherent to the allocated treatment for less than 10% of
patients in each group. The primary outcome occurred in 36.6% of intervention and 43.4% of
usual care participants (relative risk [RR], 0.84 [95% CI, 0.71-1.01]; absolute risk reduction, 6.8%
[95% CI, −0.3% to 13.9%]; P = .07). There was no significant difference between groups for any
secondary outcomes. Five intervention patients (1.4%) experienced cardiovascular serious
adverse events within 24 hours compared with none in the usual care group. Findings of the
meta-analysis of 38 trials, including data from this study, suggest that the intervention is
associated with fewer complications (intervention, 488/1548 [31.5%] vs control, 614/1476
[41.6%]; RR, 0.77 [95% CI, 0.71-0.83]) and a nonsignificant reduction in hospital, 28-day, or
30-day mortality (intervention, 159/3215 deaths [4.9%] vs control, 206/3160 deaths [6.5%]; RR,
0.82 [95% CI, 0.67-1.01]) and mortality at longest follow-up (intervention, 267/3215 deaths
[8.3%] vs control, 327/3160 deaths [10.3%]; RR, 0.86 [95% CI, 0.74-1.00]).

CONCLUSIONS AND RELEVANCE In a randomized trial of high-risk patients undergoing major
gastrointestinal surgery, use of a cardiac output–guided hemodynamic therapy algorithm
compared with usual care did not reduce a composite outcome of complications and 30-day
mortality. However, inclusion of these data in an updated meta-analysis indicates that the
intervention was associated with a reduction in complication rates.
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Hemodynamic Goal-Directed Therapy
in High-Risk Surgical Patients
Elliott Bennett-Guerrero, MD

Most clinicians agree that during stress, such as acute critical
illness or surgery, maintaining adequate perfusion and
oxygen delivery reduces the risk of injury to vital organs. How-

ever, the best way to achieve
these general goals remains
controversial. A growing body
of evidence suggests that

“goal-directed therapy” (GDT) to increase blood flow can re-
duce postoperative complications and cost.1 Goal-directed
therapy typically uses a monitoring tool to continuously as-
sess cardiac performance, and through a set of protocolized
instructions, fluid administration and vasoactive agents are ti-
trated to optimize cardiac performance. A central tenet of many
of these studies is that GDT should not be defined by the pres-
ence or absence of a monitoring device but rather by explicit
goals of care, such as maintenance of sustained maximal stroke
volume. In other words, a GDT protocol should clearly define
how data from the monitor trigger specific changes in care.

Pearse and colleagues2 report the results of OPTIMISE, a
pragmatic multicenter trial conducted at 17 hospitals that ran-
domized 734 high-risk patients undergoing gastrointestinal sur-
gery to receive usual care or GDT intraoperatively and for 6 hours
after surgery. Consistent with the core principles of GDT, the in-
tervention tested in this study consisted of an infusion of do-
pexamine plus administration of 250-mL boluses of colloid to
maintain maximal stroke volume during the study period. Stroke
volume was determined by a cardiac output monitor, which re-
quired an arterial catheter for pulse pressure analysis. The in-
cidence of the primary outcome—a composite of prespecified
postoperative complications through 30 days after surgery—
was lower in the GDT group (36.6% vs 43.4%). This reduction,
while consistent with benefit observed in many previous trials
(eFigures 2-5 in the article),2 was not statistically significant
(P = .07), even after adjusting for baseline risk factors.

This study has numerous strengths, including a large num-
ber of patients and participating sites. Self-assessment of blind-
ing by outcome evaluators further enhances the quality of the
study. In addition, several important prespecified secondary
analyses were performed, including adjustment for protocol ad-
herence and adjustment for a learning curve; ie, exclusion of the
first 10 patients at each of the 17 sites. Both of these analyses
yielded a more robust treatment effect, which might be expected
for an intervention that requires experience and training.

The study is further strengthened because study team mem-
bers were present during the intervention period in more than
80%ofthecases(eTable2inthearticle),whichprobablyimproved
adherencetotheprotocol.Ofnote,studyteammemberswerealso

presentduringsurgeryinalmosthalfoftheusualcarecases,which
may have increased the presence of senior anesthesia or surgi-
calstaffandmayhaveimprovedthecareandoutcomesofthecon-
trol group. Greater attention to detail, such as avoidance of hy-
povolemia and hypotension, also may have played a role, as the
clinicianswereawarethattheywerebeingmonitored.Thus,study
team presence may account in part for the lower composite event
rate in the control group (43.4%) compared with the higher value
(68%) from preliminary data, which was used to calculate the
sample size for the trial. Another factor that may have lowered
the occurrence of the primary outcome rate in the control group
was the protocol recommendation that patients in the usual care
group receive dynamic central venous pressure–guided fluid ad-
ministration. These data were not presented, but if used fre-
quently, they may have minimized hypovolemia/tissue hypoper-
fusion and related complications in the control group.

Adherence to the protocol is important in this setting, where
the presence of a monitor does not ensure that it is used correctly
or actually triggers changes in care. The investigators report ad-
herence in more than 90% of patients in each group (eTable 1 in
the article). However, nonadherence focused largely on the ad-
ministrationofdopexamine.Nonadherencetothefluidalgorithm
was defined as “failure to monitor,” which does not provide in-
formation about whether monitoring resulted in sustained maxi-
mal stroke volume. No objective data are provided regarding car-
diac output and stroke volume at different time points. Analysis
of the colloid and crystalloid fluid volumes (Table 2 in the article)
does not directly shed light on whether maximal stroke volume
was achieved. The extent to which dopexamine and additional
colloid boluses increased blood flow (ie, cardiac output) was not
reported. Thus, the observed benefit from GDT may be less than
wasexpectediftheprotocolfortheinterventionwasnotfollowed.

Initial studies in GDT focused on critically ill patients (of-
ten with sepsis), and augmentation of global oxygen delivery
was often achieved with high doses of dobutamine guided by
a pulmonary artery catheter. In many of these studies, how-
ever, investigators concluded that GDT provided no benefit and
may even cause potential harm.3 Thus, many speculated that
in these very sick patients, organs were already too injured to
respond to care and that future studies should focus on pre-
vention of organ injury. This led to the concept of early GDT
for patients with sepsis4; however, a recent large multicenter
trial (ProCESS) showed no benefit.5 In contrast, since 1988,
more than 30 randomized trials have tested GDT in high-risk
surgery patients and yielded encouraging results.2

An evolution in the choice of monitors used to optimize
patient hemodynamics has led to a move away from pulmon-
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ary artery catheters toward minimally invasive monitors of car-
diac output. These include esophageal Doppler, bioreactance/
bioimpedance, and pressure waveform analysis, which uses an
arterial catheter or finger probe.6 Goal-directed therapy is easier
toimplementwiththesenewertechnologiesbecausetheyrequire
less training and, in most cases, are easily interpreted by a wide
range of caregivers. However, their comparative effectiveness to
guide fluid administration is unclear, so results from trials using
one monitor cannot necessarily be generalized to other monitors.

Goal-directed therapy requires a monitor and an interven-
tion, usually intravenous fluid with or without a vasoactive
agent. Although colloid has generally been promoted over crys-
talloid as the intravenous fluid because colloid has more sus-
tained volume expansion and possibly lower risk of edema,7

the optimal choice of fluid has been unclear. Clinical trials are
only now beginning to address this question.8 The OPTIMISE
trial did not standardize the type of colloid used and, other than
reporting the volumes administered, did not analyze for pos-
sible effects of colloid type on the primary outcome.

The use of vasoactive agents in GDT is controversial, es-
pecially the choice of agent and the need for it. Dopexamine
is a reasonable choice; however, clinicians in countries that do
not have this drug (eg, the United States) will be unsure as to
what drug (and dose) is the best substitute. Some clinicians
will wonder why dopexamine was infused in all intervention
patients in the OPTIMISE trial and not titrated to explicit tar-
gets of cardiac performance. A simple response may be that
this was a pragmatic trial, and it was easier to give the drug to
all patients. Furthermore, since dopexamine is an inotrope and
selective vasodilator, there may be no simple explicit goal to
titrate against. Some staunch supporters of GDT will argue that
fluid alone should be used to begin hemodynamic optimiza-
tion and that an inotropic agent should be added only if nec-
essary. Indeed, some data suggest that adding dopexamine may
not provide incremental benefit for patients who are already

receiving GDT.9 Future studies are needed to determine which
tools (monitor, fluid, drugs) and targets are best for balancing
safety, effectiveness, cost, and practical considerations.

Therewaslittleevidencetosuggestthattheinterventionwas
harmful to patients. As an inotrope and vasodilator, dopexam-
ine can potentially cause myocardial ischemia, arrhythmias, and
hypotension. However, cardiovascular adverse events occurred
in only a small percentage of patients in the intervention group
(1.4%), and these events did not appear to translate into increased
cardiovascular mortality. This favorable safety profile was per-
haps due in part to exclusion of patients at higher risk of cardiac
events; eg, recent acute myocardial ischemia or aortic stenosis.
The volumes of fluid administered to intervention patients were
modest(medianof1250mLmorecolloid)andnotassociatedwith
pulmonary edema (Table 3 in the article).

As recommended by many in the field of evidence-based
medicine, the authors conducted an additional analysis, the in-
clusion of the OPTIMISE results in an updated systematic
review.2 These results further strengthen the overall conclu-
sion that GDT of some type is probably beneficial for high-risk
patients and has few documented adverse effects. Compared
with the previous review,10 this updated analysis added 7 ad-
ditional trials and reported statistically significant reductions
in complications, infections, and hospital stay for patients who
received GDT. These findings are consistent with reports by the
Centers for Medicare & Medicaid Services11 and the National In-
stitute for Health and Care Excellence,12 which recommend the
use of hemodynamic therapy algorithms. The extent to which
GDT will be translated into routine practice is difficult to pre-
dict and will depend on many factors. Goal-directed therapy is
best achieved in environments that emphasize a multidisci-
plinary team approach to patient care, including anesthesiolo-
gists, surgeons, intensivists, and nurses. This approach is ex-
emplified in the “perioperative surgical home,” which is gaining
momentum as a model to improve outcome and reduce costs.13
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Health resources are scarce and budgets are limited 
(1–3). Soaring health expenditures, rooted in chang-
ing demographics and an unremitting plea for new 

technologies, demand an effective allocation of resources (3–6). 
Under such economic constraints, decision makers are increas-
ingly turning toward cost-effectiveness analyses to estimate the 
potential impact of new treatments prior to deciding which 
new interventions to provide, fund or reimburse (7–9). Such 
economic analyses have been developed for more than 30 years 
with the attempt to allow direct comparisons of quantitative and 
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and a long-term analysis was missing. Similarly, the data pre-
sented in the study by Guest et al (38) investigated effectiveness 
and costs for up to 28 days after surgery and future healthcare 
cost were not incorporated into their analysis. Several stud-
ies have shown that complications and prolonged ICU stay 
are directly associated with substantial long-term outcomes 
and presumed costs (32, 36). These costs often have a signifi-
cant impact on the optimal allocation of healthcare resources 
and need therefore to be carefully evaluated to realize societal 
benefits.

Further studies demon-
strated the cost-effectiveness 
of GDT when applied to dif-
ferent study populations and 
confirmed the “cost-effec-
tiveness” associated with 
GDT (41–45). Most authors 
reported resource use related 
to the use of the esophageal 
Doppler (OED) and pulmo-
nary arterial catheters (PAC) 
to apply GDT (40, 46, 48). 
However, the use of the PAC 
is controversial due to lack of 
positive outcome studies and 
its invasive nature (49, 50).
The OED on the other side 
requires sedated patients. 
Contrary to these studies, 
our analysis was based on 
a minimally invasive tech-
nique, which can easily be 
performed in conscious 
patients.

One of the strengths of 
our study is that we included 
 long-term costs and effects. 
Not only is treatment con-
fined to an in-hospital stay 
but it also has a profound 
impact on long-term survival 
and morbidity (32). Long-
term costs are a substantial 
burden for society, and avoid-

ing them may neglect the accuracy of a cost-effectiveness analy-
sis. In such a scenario, modeling allows us to combine available 
evidence to replicate the real world and predict future outcomes. 
Furthermore, we used different utility values for different health 
states. A recent study has shown that quality of life changes peri-
odically after an ICU admission (35). Although previous studies 
assumed at constant utility, we modeled QALY accounting for 
different utilities in one’s lifetime.

The key limitation of our short-term model is that our 
effectiveness data were based on a single-center study in the 

Figure 4. In hospital cost comparison between goal-directed therapy (GDT) and standard treatment. Cost 
savings in the immediate postoperative period were mainly due to a reduction in complication rates, which were 
significantly lower in the GDT group.

TABLE 2. Implementation of Cost/Patient 
and Break-Even Analysis

Assuming  
No. of  
Patients Cost/Patient

Break-Even  
Point After  

No. of. Montha

50 £651 3.7

100 £403 1.8

300 £101 0.6
a!SSUMING�A�ONETIME�INVESTMENT�OF�£����������

TABLE 3. One-Way Sensitivity Analysis on 
Relative Risk of Morbidity

RR Morbidity Incremental Cost-Effectiveness

0.46 –2,016.17 Dominated

0.5625 –1,800.02 Dominated

0.665 –1,473.47 Dominated

0.7675 –922.93 Dominated

0.87 202.34
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Evidence-based medicine has been arguably the big-
gest driver for the change in practice and improve-
ment in outcomes seen over the last 20 years, yet 

much routine perioperative care in colorectal surgery is 
not  evidence-based. Despite lack of evidence for preopera-
tive bowel preparation in colorectal surgery, routine use of 
nasogastric tubes, and nil by mouth instructions until bowel 

sounds are heard postoperatively, all 3 are still widely 
practiced.1–3

With traditional perioperative care, factors such as pain, 
stress, immobilization, and postoperative ileus can lead to a 
length of stay (LOS) of >10 days and complication rates of 
45% to 48% after major elective open colorectal surgery.4,5 If 
a complication occurs, this has been shown to be a primary 
determinant of long-term survival.6 Khuri et al.6 analyzed 
data from >100,000 patients undergoing major surgery and 
demonstrated that the occurrence of any one of the 22 types 
of complications collected in the National Surgical Quality 
Improvement Program database reduced median patient 
survival over the following 10 years by 69%. Caring for 
patients with complications is also expensive, with the aver-
age cost of a surgical complication estimated at $10,000.7

Enhanced recovery after surgery (ERAS) is a multidisci-
plinary perioperative care pathway that aims to standard-
ize perioperative care and apply evidence-based medicine 
to all aspects of a patient’s operative journey.8 ERAS path-
ways also aim to reduce the stress response to surgery and 
have been shown to reduce complications and LOS after 
major surgery, with the added benefit of reducing health 
care costs.2,9,10

Although enhanced recovery has been described for 
some time,11 implementation is not widespread. There are 

BACKGROUND: Enhanced recovery after surgery (ERAS) is a multimodal approach to periopera-
tive care that combines a range of interventions to enable early mobilization and feeding after 
surgery. We investigated the feasibility, clinical effectiveness, and cost savings of an ERAS 
program at a major U. S. teaching hospital.
METHODS: Data were collected from consecutive patients undergoing open or laparoscopic 
colorectal surgery during 2 time periods, before and after implementation of an ERAS protocol. 
Data collected included patient demographics, operative, and perioperative surgical and anes-
thesia data, need for analgesics, complications, inpatient medical costs, and 30-day readmis-
sion rates.
RESULTS: There were 99 patients in the traditional care group, and 142 in the ERAS group. 
The median length of stay (LOS) was 5 days in the ERAS group compared with 7 days in the 
traditional group (P < 0.001). The reduction in LOS was significant for both open procedures 
(median 6 vs 7 days, P = 0.01), and laparoscopic procedures (4 vs 6 days, P < 0.0001). ERAS 
patients had fewer urinary tract infections (13% vs 24%, P = 0.03). Readmission rates were 
lower in ERAS patients (9.8% vs 20.2%, P = 0.02).
DISCUSSION: Implementation of an enhanced recovery protocol for colorectal surgery at a ter-
tiary medical center was associated with a significantly reduced LOS and incidence of urinary 
tract infection. This is consistent with that of other studies in the literature and suggests that 
enhanced recovery programs could be implemented successfully and should be considered in 
U.S. hospitals.  (Anesth Analg 2014;118:1052–61)
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principals of the preoperative component are to prepare 
the patient (and the relatives) psychologically for the care 
program, managing expectation and to prevent a pro-
longed fasting state. This is achieved through a combina-
tion of nutritional supplements, the avoidance of routine 
bowel preparation, allowing clear fluids until 2 hours 
before induction of anesthesia, and use of a preoperative 
carbohydrate drink. These interventions are evidence-
based and improve subjective well-being, primarily by 
reducing thirst.18

Intraoperative elements are the key to successful ERAS 
pathways and lay the groundwork to enable early mobiliza-
tion and feeding. Minimally invasive surgery is an impor-
tant component.8,19 The 2 major anesthetic factors are fluid 
management optimization and the minimization of IV opi-
oids, which can delay the return of normal bowel function.20

The first goal of intraoperative fluid management should 
be avoidance of fluid excess, which has been shown to be 
associated with adverse outcomes.21,22 The amount of intra-
operative crystalloid given in our study was significantly 

Table 7. Anesthesia Colorectal Enhanced Recovery Guidelines
Intervention Protocol
Thoracic epidural T8-T12 region

5000 U subcutaneous heparin can be given after placement
Hydromorphone 0.4 to 0.6 mg before induction of anesthesia
Lidocaine 2% bolus at least 10 min preincision (40–100 mg)
Run infusion of 0.25% bupivacaine throughout case (3–6 mL/h)
No intraoperative IV opioids after induction without discussion with the attending anesthesiologist
Switch to bupivacaine 0.125%/hydromorphone 10 mcg/mL in epidural pump before leaving for PACU at end of case.
r4FUUJOHT��JOGVTJPO���UP���N-�I����N-�CPMVT�FWFSZ����NJO

Goal-directed fluid 
therapy

1000 mL LR bolus–commenced in preoperative holding area to be infused during induction and then finished.
LR infusion for rest of case based on lean body weight (max 80 kg)
r��N-�LH�I�GPS�PQFO�DBTFT�VTJOH�BO�JOGVTJPO�QVNQ�	NBY�����N-�I

r��N-�LH�I�GPS�MBQBSPTDPQJD�DBTFT�VTJOH�BO�JOGVTJPO�QVNQ�	NBY�����N-�I

Esophageal doppler placed after induction.
Record initial stroke volume (SV)
After incision (after pneumoperitoneum for laparoscopic cases) give a 250 mL colloid bolus over <15 min (suggest five  

50 mL syringe pushes).
r*G�47�JODSFBTFT�CZ������SFQFBU�CPMVT�
r*G�47�JODSFBTFT�CZ������QBUJFOU�EPFT�OPU�SFRVJSF�B�GVSUIFS�CPMVT�
r3FDPSE�QFBL�WBMVF�BDIJFWFE�
r*G�TUJMM�IZQPUFOTJWF�DPOTJEFS�QIFOZMFQISJOF�JOGVTJPO�
r(JWF�B�GVSUIFS�DPMMPJE�CPMVT�XIFO�47�ESPQT�����GSPN�QFBL�WBMVF�
r3FQFBU�DZDMF�
Max VoluvenTM dose 50 mL/kg
Reduce LR to 2mL/kg/h before transfer to PACU.

PACU = postanesthesia care unit; LR = Lactated Ringers.

Table 6. Duke University Colorectal Surgery Enhanced Recovery After Surgery (ERAS) Protocol Summary
Phase of care, location Intervention
Surgical planning, surgical clinic Identify elective surgery patients who can benefit from participation

Educate patients about the track and our expectations
Reinforce with a written copy of our plan and expectations
Screen for malnutrition, tobacco abuse, and diabetes

Preoperative assessment, preoperative assessment clinic Routine preoperative screening, specific attention to known risk factors
Distribute
Nutritional supplements if serum albumin <3.5 ڇ
Smoking cessation information ڇ
Chlorhexidine sponges for 2 preoperative showers ڇ
Carbohydrate drink for morning of surgery (GatoradeTM) ڇ
Reinforce with written instructions

Day of operation, preoperative holding area Identify ERAS patients and initiate protocol
Epidural anesthesia placement–T8-T12 region
Thromboprophylaxis with heparin 5000 U subcutaneous after placement of epidural

Intraoperative, operating room Antibiotic prophylaxis before incision
Sequential compression devices placed before induction of anesthesia
Use epidural throughout case without any IV opioids
Goal-directed IV fluid therapy
Orogastric tube removed before leaving OR
Foley discontinued in OR, except for pelvic operations

Postoperative care, surgical ward Diet begins night of surgery
Ambulation begins night of surgery
Head of bed at 30° at all times
Continue epidural for up to 72 h postoperatively
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Health care delivery in the United States is currently 
plagued by variability in care, excessive cost, and 
poor outcomes.1,2 In the perioperative setting, 

widely variable and fragmented perioperative care exposes 
surgical patients to lapses in expected standards of care, 
increases potential for mistakes and accidents in the operat-
ing room, results in unnecessary and potentially detrimen-
tal tests, needlessly drives up costs, and adversely affects 
the patient health care experience.3–7 Even for higher vol-
ume and thus relatively routine surgical procedures, such 
as total knee arthroplasty (TKA), there are substantial 

variations in surgery times, hospital length of stay (LOS), 
discharge dispositions, and in-hospital complication rates 
across institutions.8

Recently, the American Society of Anesthesiologists 
indicated that a paradigm of standardized patient preop-
erative evaluation and preparation, along with meticu-
lous  team-based and evidence-driven care during and 
after surgery, has the potential to accomplish Berwick’s 
Triple Aim of improving the individual experience of care; 
improving the health of populations; and reducing per 
capita costs of care.a To achieve this goal, the American 
Society of Anesthesiologists has developed the concept 
of the Perioperative Surgical Home (PSH) and has char-
acterized it as “a patient-centered and physician-led 

BACKGROUND: The perioperative setting in the United States is noted for variable and frag-
mented care that increases the chance for errors and adverse outcomes as well as the overall 
cost of perioperative care. Recently, the American Society of Anesthesiologists put forward the 
Perioperative Surgical Home (PSH) concept as a potential solution to this problem. Although the 
PSH concept has been described previously, “real-life” implementation of this new model has 
not been reported.
METHODS: Members of the Departments of Anesthesiology and Perioperative Care and 
Orthopedic Surgery, in addition to perioperative hospital services, developed and implemented 
a series of clinical care pathways defining and standardizing preoperative, intraoperative, post-
operative, and postdischarge management for patients undergoing elective primary hip (n = 51) 
and knee (n = 95) arthroplasty. We report on the impact of the Total Joint Replacement PSH 
on length of hospital stay (LOS), incidence of perioperative blood transfusions, postoperative 
complications, 30-day readmission rates, emergency department visits, mortality, and patient 
satisfaction.
RESULTS: The incidence of major complication was 0.0 (0.0–7.0)% and of perioperative blood 
transfusion was 6.2 (2.9–11.4)%. In-hospital mortality was 0.0 (0.0–7.0)% and 30-day read-
mission was 0.7 (0.0–3.8)%. All Surgical Care Improvements Project measures were at 100.0 
(93.0–100.0)%. The median LOS for total knee arthroplasty and total hip arthroplasty, respec-
tively, was (median (95% confidence interval [interquartile range]) 3 (2–3) [2–3] and 3 (2–3) 
[2–3] days. Approximately half of the patients were discharged to a location other than their 
customary residence (70 to skilled nursing facility, 1 to rehabilitation, 39 to home with organiza-
tion health services, and 36 to home).
CONCLUSIONS: We believe that our experience with the Total Joint Replacement PSH program 
provides solid evidence of the feasibility of this practice model to improve patient outcomes and 
achieve high patient satisfaction. In the future, the impact of LOS on cost will have to be better 
quantified. Specifically, future studies comparing PSH to traditional care will have to include con-
sideration of postdischarge care, which are drivers of the perioperative costs.  (Anesth Analg 
2014;118:1081–9)

Implementation of a Total Joint Replacement-Focused 
Perioperative Surgical Home: A Management  
Case Report
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latest American Academy of Orthopaedic Surgeons and 
the American College of Chest Physician guidelines.16,17  
Infectious prevention protocols were adapted from the lat-
est guidelines provided by the Musculoskeletal Infection 
Society and the International Consensus Meeting on 

Periprosthetic Joint Infections.18–20  Figure  2 shows the 
main items of the clinical care pathway as they were 
implemented for the Total Joint-PSH and as they compare 
with the usual care that was provided before we initiated 
this program.

Figure 1. Flowchart of clinical care pathway for 
the Joint-Perioperative Surgical Home. MRSA 
= methicillin-resistant Staphylococcus aureus; 
VTE  =  venous thromboembolism; FeSO4 = 
iron sulfate; PACU = postanesthesia care unit; 
NSAID = nonsteroidal anti-inflammatory drug; 
PT = physical therapy; ECG = electrocardio-
gram; INR =  international normalized ratio; 
CBC = complete blood count.
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Introduction

The concept of Enhanced Recovery Programs for surgical care was developed in Denmark in early
1990’s.1-4 While individual programs vary they incorporate a core of pre-operative education, limited
fasting, early mobilization and balanced or multimodal pain management regimens.1-5 Previous work with
these techniques have demonstrated reduction in length of stay.4

Methods:

In August 2013 a program was developed to standardize the peri-operative care of patients undergoing
colorectal surgery. The program includes ingestion of a carbohydrate drink two hours prior to surgery, pre-
operative multimodal analgesic regimen, intraoperative low dose spinal morphine, limiting intraoperative
opiates, fluid therapy tailored to Pleth Variability Index (PVI - Masimo Corp, Irvine, CA), intraoperative
infusions of ketamine and lidocaine (continued 48hrs post operatively), early mobilization and oral intake
post operatively.

A retrospective evaluation of this program comparing every ERAS patient undergoing colorectal surgery to
historical controls was undertaken. Data was collected via means of chart review and review of billing and
accounting data. Data analysis was conducted in R, statistical significance was established at a p-value <
0.05. Missing data points were excluded from the analysis.

Results

The records from who 108 patients underwent colorectal surgery whose perioperative management was
guided by this protocol was compared to continuous 98 proceeding patients. They differ only in their
propensity for pre-operative chronic pain diagnosis (Table 1).

Patients whose care was guided by the ERAS protocol received less fluid (973ml vs 3000ml) and morphine
equivalents in the both the OR had earlier return of bowel function, required fewer days of hospitalization
and incurred significantly lower hospital costs ($18,017 vs $15,150) (Table 2).

Discussion

Our review demonstrates the utility of an Enhanced Recovery After Surgery program in reducing hospital
cost and length of stay. While this program includes a several measures, most significantly patients
received markedly less fluid and opiates in the operating room. Our program is novel in the use of PVI to
guide therapy. This work highlights the importance of selection of anesthesia technique in determining
outcomes for patients. Our ongoing work is in applying the lessons learned from this program to patients
undergoing other types of surgery.

References:
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Perioperative goal-directed therapy and
postoperative outcomes in patients
undergoing high-risk abdominal surgery:
a historical-prospective, comparative
effectiveness study
Maxime Cannesson1,2*, Davinder Ramsingh1, Joseph Rinehart1, Aram Demirjian3, Trung Vu1, Shermeen Vakharia1,
David Imagawa3, Zhaoxia Yu4, Sheldon Greenfield2 and Zeev Kain1

Abstract

Introduction: Perioperative goal-directed therapy (PGDT) may improve postoperative outcome in high-risk surgery
patients but its adoption has been slow. In 2012, we initiated a performance improvement (PI) project focusing
on the implementation of PGDT during high-risk abdominal surgeries. The objective of the present study was to
evaluate the effectiveness of this intervention.

Methods: This is a historical prospective quality improvement study. The goal of this initiative was to standardize
the way fluid management and hemodynamic optimization are conducted during high-risk abdominal surgery in
the Departments of Anesthesiology and Surgery at the University of California Irvine. For fluid management, the
protocol consisted in standardized baseline crystalloid administration of 3 ml/kg/hour and any additional boluses
based on PGDT. The impact of the intervention was assessed on the length of stay in the hospital (LOS) and
post-operative complications (NSQIP database).

Results: In the 1 year pre- and post-implementation periods, 128 and 202 patients were included. The average
volume of fluid administered during the case was 9.9 (7.1–13.0) ml/kg/hour in the pre-implementation period
and 6.6 (4.7–9.5) ml/kg/hour in the post-implementation period (p < 0.01). LOS decreased from 10 (6–16) days to
7 (5–11) days (p = 0.0001). Based on the multiple linear regression analysis, the estimated coefficient for intervention
was 0.203 (SE = 0.054, p = 0.0002) indicating that, with the other conditions being held the same, introducing
intervention reduced LOS by 18 % (95 % confidence interval 9–27 %). The incidence of NSQIP complications
decreased from 39 % to 25 % (p = 0.04).

Conclusion: These results suggest that the implementation of a PI program focusing on the implementation of
PGDT can transform fluid administration patterns and improve postoperative outcome in patients undergoing
high-risk abdominal surgeries.

Trial registration: Clinicaltrials.gov NCT02057653. Registered 17 December 2013.
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Timeline

Baseline 
Evaluation

1 year

Training

3 months

Program

1 Year

Pre Test
Knowledge

Post Test
Knowledge

Historical - Prospective Study
Quasi experimental Design

IRB approval HS# 2011-8140 
UCI

Pre Implementation: 06/01/2011 to 06/01/2012
Training: 06/01/2012 to 09/15/2012
Post Implementation: 09/15/2012 to 09/15/2013

• Decreased total volume of fluid: 9.9 [7.1 – 13.0] ml/kg/h in the pre-
implementation period and 6.6 [4.7 – 9.5] ml/kg/h in the post-
implementation period (p < 0.0001) 

• Decreased Crystalloids: 7.5 [5.2 – 10.0] ml/kg/h in the pre 
implementation period compared to 4.9 [3.4 – 7.1] ml/kg/h in the post 
implementation period (p < 0.0001) 

• Fluid balance: 3,237 [2,447 – 4,425] ml in the pre implementation 
period compared to 2,413 [1,660 – 3,635] in the post implementation 
period (p < 0.002)

Results - Changes in Process of care and 
patients outcome associated w/ intervention

Changes in Process of Care

!

!!
Pre$implementation$(n$=$

128)$
Post$implementation$(n$=$

203)$ p$value$ Odd$Ratio$(95$%$CI)$
Primary$Outcome$

! ! ! !LOS!in!the!hospital!(nights)! 10![6!6!16]! 7![5!6!11]! …! …!
LOS!in!the!hospital!Log!transformed!(nights)! 2.31!±!0.62! 2.03!±!0.57! 0.00005*! …!

Secondary$outcomes$
! ! ! !LOS!in!the!ICU!(nights)! 1![1!6!3]! 1![0!6!2]! …! …!

LOS!in!the!ICU!(Log!1+!LOS!ICU)!(nights)! 0.97!±!0.98! 0.72!±!0.68! 0.004*! …!
PRBC!transfusion!6!no.!(%)! 56!(43.8)! 65!(32.2)! 0.04**! 0.64!(0.37!6!1.10)!
Units!of!PRBC!transfused!per!patients!transfused!(n)! 2![!1!6!4]! 2![1!6!3]! 0.34$! …!
Extubation!within!6!hours!after!surgery!6!no.!(%)! 102!(79.7)! 174!(86.1)! 0.129#! …!
NSQIP!complication!6!no.!(%)! 50!(39.1)! 50!(24.8)! 0.007#! 0.56!(0.32!6!0.97)!
Type!of!complication!6!no.!(%)!

! ! ! !Atrial!fibrillation! 0!(0.0)! 1!(0.5)! …! …!
AKI! 2!(1.6)! 2!(1.0)! …! …!
Delirium! 0!(0.0)! 1!(0.5)! …! …!
DVT! 4!(3.1)! 3!(1.5)! …! …!
Illeus! 3!(2.3)! 11!(5.4)! …! …!
Myocardial!infarction! 0!(0.0)! 2!(1.0)! …! …!
Stroke! 4!(3.1)! 2!(1.0)! …! …!
Pneumonia! 11!(8.6)! 7!(3.5)! …! …!
Sepsis! 0!(0.0)! 1!(0.5)! …! …!
SSI! 21!(16.4)! 17!(8.4)! …! …!
UTI! 6!(4.7)! 5!(2.5)! …! …!

306days!readmission!6!no.!(%)! 35!(27.3)! 38!(18.8)! 0.077#! …!
306days!mortality!6!no.!(%)! 1!(0.8)! 2!(1.0)! 0.713#! …!
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Current concepts of fluid management in enhanced

recovery pathways
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Abstract

Perioperative fluid management impacts outcomes and plays a pivotal role in enhanced recovery pathways (ERPs). There
have been major advances in understanding the effects of fluid therapy and administration during the perioperative
period. Improving fluid management during this period leads to a decrease in complications, decrease in length of stay
(LOS), and enhanced patient outcomes. It is important to consider preoperative and postoperative fluid management to
be just as critical as intraoperative management given multiple associated benefits to the patients. Preoperative hy-
dration with (complex) carbohydrate drinks up until 2 h before surgery is safe and should be encouraged, as this helps
improve metabolism, decrease insulin resistance, reduce anxiety, and reduce nausea and vomiting. During the intra-
operative period, the goals of fluid management are to maintain euvolemia using an individualized plan for fluid and
haemodynamic management, matching the needs for monitoring with patient and surgical risk through goal-directed
therapy (GDT). By combining the use of fluids and inotropes, GDT uses measurements and indicators of cardiac output
and stroke volume to improve blood flow intraoperatively, and ultimately reduce LOS and complications. In the post-
operative period, an early transition to oral hydration helps to enhance the conditions for healing and recovery from
surgery. I.V. fluid therapy should be kept at a minimum, and urine output should not be the driving force for fluid
administration. The optimization of perioperative fluid management is critical to ERPs as it helps improve pulmonary
function, tissue oxygenation, gastrointestinal motility, and wound healing.
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The practice ofmedicine seeks to continually improve the care
that is provided to patients. Optimizing fluid therapy in the
perioperative setting improves patient outcomes and reduces
complications and length of stay (LOS).1e4 The primary goal of
any physician is to optimize patient health to prevent future
disease and to treat existing diseases to improve outcomes.
Surgery is a complex treatment method, where tissue insult is
an expected part of patient care, with the idea that controlled
short-term injury is an acceptable risk in the face of long-term

health benefits. With a focus on improving patient outcomes
and recovery, fluid management plays an important role in
enhanced recovery pathways (ERPs) now being used in many
hospitals.5

Perioperative physicians have multiple goals that can be
divided into three categories. First, they seek to optimize the
preoperative health status of the patient, including pre-
existing conditions and comorbid diseases, so as to maxi-
mally decrease the risk of perioperative complications.
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Fig 1. Guidelines from the American Society for Enhanced Recovery (ASER) and Perioperative Quality Initiative (POQI) for the perioperative
management of fluids using goal-directed therapy (GDT) in enhanced recovery pathways (ERPs). BP, blood pressure; CHO, carbohydrate;
CO, cardiac output; EBL, estimated blood loss; ETCO2, end tidal carbon dioxide; HR, heart rate; IV, intravenous; NPO, nil per os; NSQIP,
National Surgery Quality Improvement Program; PBW, predicted body weight; PO, per os; SORT, Surgical Outcome Risk Tool; SVV, stroke
volume variation.
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(RELIEF) study, has just finished enrolment. This study
compared 2800 patients undergoing major abdominal surgery,
with the primary endpoint of disability free survival at 1 yr
after surgery,44 with results expected in 2018. In the mean-
time, it is important to note that there is no evidence fromwell
performed studies that GDT causes harm. Complications,

however, are expensive45 and can cause long-term patient
harm.46 The largest benefit of GDT over a restrictive fluid
management strategy within an ERP, if present, is likely to be
in particular subsets of high-risk patients.5

Another factor that may be relevant is the avoidance of
hypotension. There is increasing evidence from large

Fig 2. Guidelines for risk stratification of patients by cross matching procedural risks and patient-specific risk factors, as presented by the
American Society for Enhanced Recovery (ASER) and Perioperative Quality Initiative (POQI). As patient risk factors increase, procedural risk
factors increase, or both, more advancedmonitoring should be used to help guide fluid management using goal-directed therapy (GDT). BP,
blood pressure; CO, cardiac output; EBL, estimated blood loss; ETCO2, end tidal carbon dioxide; HR, heart rate; PBW,; SV, stroke volume;
SVV, stroke volume variation.

380 - Makaryus et al.

Which patients? 
 
A risk-adapted                         
matrix to match 
monitoring needs to 
patient and surgical 
risk 
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Conclusions

•Hemodynamic and Fluid Management Optimization 
Improve Outcome as part of ERAS / PSH protocols 
for HIGH-RISK Surgery Patients+++ 

•Flow parameters need to be monitored to optimize 
oxygen delivery to the tissues in these patients 

•Optimal Fluid & Hemodynamic Optimization relies on: 

•Restrictive Baseline Crystalloids Administration  
(3 ml/kg/h) 

•Additional Fluid Administration Based on 
Physiological Endpoints 

•MAP > 65 mmHg


