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Abstract

Introduction Postoperative morbidity and mortality in patients undergoing major emergency gastrointestinal
surgery are a major burden on healthcare systems. Optimal management of perioperative intravenous fluids may
reduce mortality rates and improve outcomes from surgery. Previous small trials of cardiac-output guided haemody-
namic therapy algorithms in patients undergoing gastrointestinal surgery have suggested this intervention results

in reduced complications and a modest reduction in mortality. However, this existing evidence is based mainly on
elective (planned) surgery, with little evaluation in the emergency setting. There are fundamental clinical and patho-
physiological differences between the planned and emergency surgical setting which may influence the effects of
this intervention. A large definitive trial in emergency surgery is needed to confirm or refute the potential benefits
observed in elective surgery and to inform widespread clinical practice.

Methods The FLO-ELA trial is a multi-centre, parallel-group, open, randomised controlled trial. 3138 patients aged 50
and over undergoing major emergency gastrointestinal surgery will be randomly allocated in a 1:1 ratio using mini-
misation to minimally invasive cardiac output monitoring to guide protocolised administration of intra-venous fluid,
or usual care without cardiac output monitoring. The trial intervention will be carried out during surgery and for up

to 6 h postoperatively. The trial is funded through an efficient design call by the National Institute for Health and Care
Research Health Technology Assessment (NIHR HTA) programme and uses existing routinely collected datasets for the
majority of data collection. The primary outcome is the number of days alive and out of hospital within 90 days of ran-
domisation. Participants and those delivering the intervention will not be blinded to treatment allocation. Participant
recruitment started in September 2017 with a 1-year internal pilot phase and is ongoing at the time of publication.
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to detection bias.

Trial registration ISRCTN 14729158. Registered on 02 May 2017.

Keywords Emergency surgical procedures/adverse effects, Hemodynamics/physiology, Intraoperative/methods,
Postoperative complications/prevention and control, Prospective studies

Discussion This will be the largest contemporary randomised trial examining the effectiveness of perioperative
cardiac output-guided haemodynamic therapy in patients undergoing major emergency gastrointestinal surgery. The
multi-centre design and broad inclusion criteria support the external validity of the trial. Although the clinical teams
delivering the trial interventions will not be blinded, significant trial outcome measures are objective and not subject
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Background

Emergency abdominal surgery on the gastrointestinal
tract (laparotomy) is a common major surgical procedure
performed for life-threatening abdominal conditions
such as bowel obstruction or bleeding due to underly-
ing cancer, infection, or previous surgery. It is performed
on over 30,000 patients in England and Wales each year
[1, 2] and has a particularly high burden of postopera-
tive morbidity and mortality, with a 90-day postopera-
tive mortality rate of 18—-20% in those aged 50 and over
[2, 3]. The critical need to improve the care of patients
undergoing this procedure has been recognised in the
establishment of the National Emergency Laparotomy
Audit (NELA), a national audit of care and outcomes in
this patient group [1, 2], and a number of national quality
improvement initiatives [4, 5].

Intra-venous fluids given during and after surgery have
an important effect on patient outcomes, in particular
following major gastrointestinal surgery [6]. They are
commonly prescribed in relation to subjective criteria
leading to wide variation in clinical practice [7]. The use
of cardiac output monitoring to guide intra-venous fluid
dosing as part of a haemodynamic therapy algorithm has
been studied for many years and has been shown to mod-
ify inflammatory pathways and to improve tissue perfu-
sion and oxygenation [8, 9]. An updated meta-analysis of
this intervention in predominantly elective surgery incor-
porated the largest contemporary trial in this area [10].
Complications were less frequent among patients treated
according to a hemodynamic therapy algorithm (inter-
vention 488/1548 [31.5%] vs controls 614/1476 [41.6%];
risk ratio (RR) 0.77 [0.71-0.83]). Duration of hospital
stay was reduced (mean reduction 0.79 days [0.62-0.96]).
There was a non-significant reduction in mortality at the
longest follow-up (intervention 267/3215 deaths [8.3%]
vs controls 327/3160 deaths [10.3%]; RR 0.86 [0.74—1.00];
p=0.06).

These findings are not directly generalisable to
patients undergoing emergency abdominal surgery due
to fundamental pathophysiological differences. In the
emergency setting, there may be acute inflammation,
sepsis, bleeding, and fluid disturbances established
before surgery begins. There are similarities with criti-
cally ill patients, in whom the benefit of fluid resusci-
tation based on cardiac output monitoring is uncertain
[11-13]. There is a lack of adequately powered, multi-
centre studies of this treatment in emergency surgical
patients.

The aim of this trial is to evaluate the effects of peri-
operative haemodynamic therapy guided by cardiac
output on the number of days spent alive and out of hos-
pital following major emergency bowel surgery. NELA,
commissioned by the Healthcare Quality Improvement
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Partnership (HQIP) as part of the National Clinical Audit
Programme, provides a detailed ongoing dataset and
engaged clinical community in this patient group. This
supports an efficient trial design with minimal supple-
mentary data collection beyond that already collected
routinely for NELA and national databases. Composite
outcomes of mortality and time spent in hospital are effi-
cient, patient-centred postoperative outcome measures
recommended in perioperative core outcome sets [14,
15]. Days alive and out of hospital within 90 days of ran-
domisation was selected as an outcome measure that is
of clear importance to patients and healthcare systems,
is expected to be modifiable by this intervention, and is
statistically efficient.

Objectives

We hypothesise that in patients aged 50 and over under-
going major emergency gastrointestinal surgery, cardiac
output-guided fluid therapy will increase the number of
days spent alive and out of hospital within 90 days of ran-
domisation when compared with usual care. Secondary
hypotheses are that this intervention will reduce all-cause
mortality within 90 days and 1 year. We will evaluate
whether the intervention is cost-effective. A 12-month
internal pilot tested the feasibility of site and participant
recruitment, representativeness of participants recruited,
and protocol compliance (see Additional file 1).

Methods
The study protocol is reported in line with SPIRIT guide-
lines (see Additional file 2: SPIRIT checklist) [16].

Study design
Multi-centre, open, two-arm, parallel-group randomised
controlled trial with an internal pilot.

Setting

Emergency surgical services of up to 50 hospitals in the
UK. Participant recruitment started in September 2017.
Recruiting site eligibility criteria include having surgical
services performing major emergency gastrointestinal
surgery in adults, participation in the National Emer-
gency Laparotomy Audit (NELA - sites in England and
Wales only), the ability to provide cardiac output moni-
tored haemodynamic therapy, and previous participation
in interventional research. See Additional file 1 for a list
of active sites.

Participants

Inclusion criteria

Patients aged 50 years and over, with an NHS/Commu-
nity Health Index (CHI)/Health and Care (H&C) number,
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scheduled to undergo a surgical procedure which fulfils
the criteria for entry into NELA, i.e. an expedited, urgent
or emergency abdominal procedure on the gastrointesti-
nal tract within the audit scope. For a full list of proce-
dures within the audit scope, see Additional file 1.

Exclusion criteria

Refusal of patient consent, clinician refusal, previous
enrolment in the FLO-ELA trial, previous inclusion in
NELA within the current hospital admission, current
participation in another clinical trial of a treatment with a
similar biological mechanism, scheduled abdominal pro-
cedure outside the scope of NELA (see Additional file 1).

Enrolment and randomisation

Strategies for achieving adequate participant enrolment
include ensuring the target number of recruiting sites is
achieved, co-ordinated multi-disciplinary trial leader-
ship at a regional and hospital level, and selecting sites
with experienced local investigators and research teams.
National trainee research networks have been engaged to
help identify and recruit patients presenting outside nor-
mal working hours [17].

Potential participants will be screened by staff at the
site having been identified from operating theatre lists
and by communication with clinical teams. Consent to
trial participation is sought, and most eligible patients
will have the capacity to consent [18, 19]. An author-
ised member of the team will be responsible for obtain-
ing written informed consent. This process will include
provision of a patient information sheet accompanied by
the relevant consent form (both documents available at
www.floela.org/Study-Documents), and an explanation
of the aims, methods, anticipated benefits, and potential
harms of the trial. Consent will cover necessary data col-
lection and linkage.

The trial will also include participants who are inca-
pable of giving consent due to severe pain, opioid anal-
gesics, multiple medical interventions, the requirement
for surgery within a short timeframe, prioritisation of
medical information, or lack of mental capacity due to
delirium or sedation. These patients may be entered into
the trial via consultation and agreement from a Personal
or Nominated Consultee (England, Wales, and Northern
Ireland) or by gaining consent from a guardian or wel-
fare attorney (Scotland). In England, Wales, or North-
ern Ireland, if consultation is not possible, due to the
emergency nature of this treatment, the patient may be
enrolled via emergency consent, based on consultation
and agreement from an independent doctor nominated
by the local research team. In all cases where the patient
has not provided informed consent themselves prior
to trial enrolment and regains capacity after surgery,
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retrospective consent will be sought. See Additional file 1
for full details. Eligible patients who are not entered into
this trial will be recorded in local screening logs.

Randomisation

After enrolment but before the start of surgery, partici-
pants will be allocated to treatment groups in a 1:1 ratio
using a computer-generated minimisation algorithm with
a random component. The minimisation factors will be
patient age (50-64 years, 65-79 years, and 80+ years)
and ASA class (I, II, III, IV, and V). Randomisation will
be performed by research staft as close as possible to the
start of anaesthesia, typically when the patient arrives in
the theatre suite for surgery. Randomisation is provided
by a secure central online service.

Study interventions

The trial treatment period will commence at the start
of general anaesthesia and continue for up to 6 h after
the completion of surgery. Eligible patients will be ran-
domised to receive either cardiac-output guided haemo-
dynamic therapy (intervention group), or usual care
without cardiac output monitoring. Perioperative man-
agement for all patients during the trial treatment period
will be in accordance with recommended guidance below.

Perioperative management for all patients

Care for all patients has been loosely defined to avoid
extremes of clinical practice but also practice misalign-
ment [20]. All patients will receive standard measures
to maintain oxygenation (SpO,>94%), haemoglobin
(>80 g/L), and core temperature (36.5-37.5 °C). A list of
recommended fluids that may be given will be provided
(see Additional file 1). These fluids have a composition
recommended by NICE for their specific clinical indica-
tion, i.e. maintenance fluid requirements or plasma vol-
ume expansion [21]. A recommended “maintenance”
fluid will be administered at 1 ml/kg/h. Mean arterial
pressure will be maintained between 60 and 100 mmHg
using a vasopressor or vasodilator as required. If ino-
tropes, vasoconstrictors, or vasodilators are required,
they should be provided by intravenous infusion rather
than intermittent bolus. Other aspects of periopera-
tive care should be based on the best available evidence
for this group [22, 23], and the audit standards recom-
mended by NELA [2].

Control group

Patients in the control group will be managed by clinical
staff according to usual practice, without the use of car-
diac output monitoring. In addition to the maintenance
fluid, 250-ml fluid challenges with a recommended intra-
venous fluid will be given for plasma volume expansion
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(see Additional file 1). These will be administered at the
discretion of the clinician guided by pulse rate, arterial
pressure, urine output, core-peripheral temperature gra-
dient, serum lactate, and base excess. Patients should not
be randomised if the clinician intends to use cardiac out-
put monitoring regardless of study group allocation; this
is considered “clinician refusal” and is a specific exclu-
sion criterion. However, clinical staff are able to request
cardiac output monitoring if this is required to inform
the treatment of a patient who becomes critically ill (e.g.
because of severe haemorrhage); in this situation, a pro-
tocol deviation form will be completed.

Intervention group

The trial intervention and haemodynamic algorithm was
developed by the FLO-ELA trial group. It is based on best
available contemporary evidence in this area to inform
aspects such as device and fluid choices, duration of the
intervention, and haemodynamic targets [10, 21, 24,
25]. The cardiac output-guided haemodynamic therapy
intervention will commence with the induction of anaes-
thesia and continue at least until the end of surgery. In
patients receiving level 2/3 critical care after surgery, the
intervention will continue for 6 h after the end of surgery.
This level of care may be delivered in intensive care units,
high-dependency units, or post-anaesthetic care units
(PACU). For patients with a clinical plan to be trans-
ferred to level 1 (ward) care after initial recovery from
anaesthesia in the PACU, wherever possible the interven-
tion should be delivered for 6 h within the PACU before
transfer. See Additional file 1 for definitions of levels of
care. Cardiac output and stroke volume will be meas-
ured by a cardiac output monitor. Clinicians may choose
from a range of cardiac output monitors in established
use which have been shown to track changes in cardiac
stroke volume accurately. See Additional file 1 for a rec-
ommended list. No more than 500 ml of intra-venous
fluid will be administered within the intervention period
prior to commencing cardiac output monitoring. In addi-
tion to the maintenance fluid, patients will receive a 250-
ml fluid challenge with a recommended intra-venous
fluid administered over 5 min or less. This fluid chal-
lenge will be repeated if there is evidence of fluid respon-
siveness, defined as>10% increase in stroke volume
in response to the previous fluid challenge AND stroke
volume variation (SVV)>5%. This will continue until a
maximal value of stroke volume is achieved, defined as
a stroke volume maintained for at least 20 min with no
evidence of fluid responsiveness. See Fig. 1. Following
major changes in haemodynamic status, such as follow-
ing emergence from anaesthesia, further 250-ml fluid
challenge is recommended to re-establish the presence or
absence of fluid responsiveness, and the maximal value of
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stroke volume revised if necessary. All other management
decisions will be taken by clinical staff. If there is a clear
clinical indication, the treating clinician may adjust both
the volume and type of fluid administered, for example if
there is concern about persistent hypovolaemia or fluid
overload based on clinical circumstances or physiological
measurements.

Blinding and procedures to minimise bias

FLO-ELA is a pragmatic trial of a treatment algorithm.
It is not possible to conceal treatment allocation from
all staff in trials of this type. Therefore, this trial will
be open-label, and patients and the staff delivering the
intervention will be unblinded. However, procedures
will be put in place to minimise bias. Clinicians will be
instructed that the decision to admit a patient to criti-
cal care after surgery should be made on conventional
clinical grounds before randomisation. Confirmation of
the primary and secondary outcomes is objective and
automated through the use of routine national health
databases. While hospital discharge date may be influ-
enced by potentially unblinded clinicians, the risk of
bias is low as separate teams are involved in delivering
the intervention (anaesthesia/critical care) and over-
seeing later postoperative recovery and discharge (sur-
geons). The latter will typically be unaware of group
allocation and discharge decisions are made on average
10-14 days after the trial intervention has been com-
pleted. Adjudication of serious adverse events (SAEs)
will be by the local Principal Investigator, who will be
blinded to study group allocation.

Research staff enrolling patients will not necessarily be
blinded to previous allocations but the randomisation
method used is not predictable so there is little risk of
selection bias [26]. The trial management group and the
trial steering committee will not see results broken down
by treatment arm during the trial. The trial statisticians
and health economists will not have access to unblinded
trial data (i.e. data with treatment allocation included, or
variables which could predict treatment allocation such
as compliance) until after the final statistical analysis plan
and health economics analysis plan have been signed off
and the database is locked for final analysis. The inde-
pendent data monitoring committee will see the outcome
results by treatment group but the report will be pre-
pared by an independent statistician.

Data collection

At hospitals in England and Wales, data are collected for
NELA on a secure online web portal as part of routine
care, under Sect. 251 of the NHS Act 2006. Data com-
pleteness is fed back to sites regularly as an audit stand-
ard. A small number of data fields will be added to the
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Stroke volume
variation >5% ?
A

within next
20mins?

!

NO

!

Note this “maximal” SV
No fluid challenge

Prior to fluid challenges:
* ensure optimal quality data from
monitor
» consider other factors influencing
haemodynamics (surgical
stimulation, change in vasopressors
or inotropes). Restart flowchart if
major ongoing change in
haemodynamic status (e.g. post-
extubation)

Monitor SV

Fall in SV 210%
below
“maximal”?

NO

A

General haemodynamic measures (all patients)
1.  Maintenance fluid at 1 ml/kg/hr
2. Transfuse blood to maintain haemoglobin

3. Clinician retains discretion to adjust therapy if concerned about risks of hypovolaemia or

fluid overload

4. Mean arterial pressure 60-100 mmHg; Sp0, 294%; temperature 36.5 — 37.5°C; heart rate

<100 bpm

>80 g/I

Fig. 1 Algorithm for cardiac output-guided haemodynamic therapy for participants in the FLO-ELA intervention group
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NELA web portal for FLO-ELA trial participants. Iden-
tifiable data held in the trial randomisation system will
be linked to national databases to obtain outcome data.
Outcomes data will be merged with pseudonymised
NELA data for statistical and health economic analyses.
Data sharing agreements will be established with HQIP,
NHS Digital, and devolved nation equivalents and are
described in consent materials. In Scotland and North-
ern Ireland, an electronic CRF database will be pro-
duced with identical data fields to those used in NELA/
FLO-ELA.

Trial outcomes

Primary end point

Number of days spent alive and out of hospital within
90 days of randomisation (DAOH-90).

Secondary end points
Mortality within 90 days and 1 year of randomisation.

Process measures

1. Duration of hospital stay (number of days from ran-
domisation until hospital discharge)

2. Duration of stay in a level 2 or level 3 critical care bed
within the primary hospital admission post-randomi-
sation

3. Hospital readmission as an inpatient (overnight stay)
within 90 days from randomisation

Health economic outcomes

1. Mean cost of index hospital admission (including
haemodynamic therapy) in intervention and control-
allocated participants

2. Mean cost of secondary care within 90 days from
randomisation

3. Mean cost of secondary care within one year from
randomisation

4. Quality-adjusted life years (QALYs) at 90 days from
randomisation using EQ-5D-3L utility estimated
from the EPOCH trial participant data [4] and FLO-
ELA participants'mortality data

5. Quality-adjusted life years (QALYs) at 1 year from
randomisation using EQ-5D-3L utility estimated
from the EPOCH trial participant data [4] and FLO-
ELA participants’'mortality data

6. Cost-effectiveness of cardiac output-guided fluid
therapy at 90 days from randomisation

7. Cost-effectiveness of cardiac output-guided fluid
therapy at 1 year from randomisation
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Internal pilot outcomes

1. Number of active recruiting sites.

2. Number of participants randomised.

3. Protocol compliance (intervention group adherence
and control group contamination).

4. Representativeness of the participants recruited com-
pared with all eligible NELA patients with respect to
age, sex, and preoperative physiological markers.

Assessment of outcomes

DAOH is a validated postoperative outcome measure cal-
culated as a composite of postoperative mortality, length
of index hospital stay post-randomisation, and the dura-
tion of any hospital readmissions. DAOH-90 will be cal-
culated as follows [27]:

+ Participants who die within the 90 days following
randomisation will be allocated a value of zero days

« For participants surviving to 90 days: DAOH-
90=90— (number of days spent in hospital within
90 days of randomisation)

The number of days in hospital is defined as an inpa-
tient (overnight) stay in any hospital. It is made up of
the initial postoperative stay in hospital for surgery (the
number of days from randomisation until the patient is
discharged) as well as any hospital readmissions (number
of days spent in any hospital after discharge) up to day 90
after randomisation.

We will request hospital episode statistics and mor-
tality data from NHS Digital for participants in England
or equivalents for the devolved nations using identifi-
able data collected in the trial randomisation system (see
Additional file 1). Duration of postoperative hospital and
critical care stay (during the index hospital admission)
will be derived from NELA data.

Baseline and other follow-up data
Data on baseline demographic and clinical participant
characteristics, perioperative events, and details of the
trial intervention will be collected by a review of the par-
ticipant’s medical records (see Additional file 1).

The schedule of enrolment, interventions, and assess-
ments is summarised in Table 1.

Protocol compliance monitoring

Predefined protocol deviations that will be reported include
failure to use cardiac output monitoring in an interven-
tion group patient, failure to follow the haemodynamic
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Table 1 Schedule of enrolment, interventions, and assessments for participants in the FLO-ELA trial

STUDY PERIOD

Screening &

enrolment

Allocation

Post-allocation Close-

out

Event/Visit

Post-hospital

admission

Immediately

pre-op

Intra-

op

6 hrs 24 hrs Hospital Post- Post-op

post- post- discharge op day 365

op op 90 days

Inclusion/exclusion criteria X

Informed consent X

Randomisation X

INTERVENTIONS:

I
!

Control group: standard
haemodynamic care

Intervention group: cardiac

!
!

output algorithm
haemodynamic care

ASSESSMENTS:

NELA/eCRF preoperative X
data?
NELA/eCRF intraoperative X
data®
Fluid and inotropic therapy X X
data

NELA/eCRF postoperative
data by medical notes

review?

NELA/eCRF duration of
hospital stay and days in
critical care®

SAE X X

Hospital (re)admissions (HES) X X X X

Vital status (ONS) X X

End of trial form X X

@These data are already collected as routine care by medical teams for NELA

algorithm (defined as at least one cycle of fluid bolus with
measurement of stroke volume response) in an interven-
tion group patient when a cardiac output monitor is being
used, and the use of cardiac output monitoring in a con-
trol group patient, including forms of monitoring based on
stroke volume variation or pulse pressure variation only.

Protocol deviations will be monitored and feedback given
to centres with high levels of non-compliance.

Estimands
An estimand is a precise definition of the treatment effect
to be estimated for a given outcome. It describes the
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treatment effect’s interpretation using a standard frame-
work (see Table 2) in order to increase clarity around the
interpretation of study results [28, 29]. The estimand for
the primary outcome, DAOH-90, is shown in Table 2.
Briefly, the estimand is the ratio of means of DAOH-90
between protocolised cardiac output-guided haemo-
dynamic therapy vs. usual care, regardless of adherence
or use of cardiac monitoring in the control arm, in par-
ticipants aged > 50 years who would undergo emergency
bowel surgery under assignment to either treatment.
Estimands for the secondary outcomes (mortality at 90
or 365 days) are the same as the estimand for the primary
outcome, except for the different endpoints, and an odds
ratio will be used as the summary measure.

Sample size

3138 participants (1569 per group) will be required to
detect a 3.2-day increase in DAOH-90 (from mean 64.5
(SD 28.0) days in the control group to 67.7 (SD 27.1) days in
the intervention group), with 90% power, a 5% alpha level,
and a 2% dropout rate. The parameter choices for this sam-
ple size calculation are included in Additional file 1.

Statistical analysis

Summary of baseline data and participant disposition

The number of patients recruited and followed up will be
recorded in a CONSORT flow chart. Baseline character-
istics will be summarised by treatment group.

General analysis principles

The analysis strategy has been chosen to facilitate the
estimation of the estimands described above. Partici-
pants will be analysed according to the treatment group
to which they were randomised. All eligible participants
for whom an outcome is available will be included in the
analysis [30], with the following exceptions. First, par-
ticipants who were randomised in error (i.e. were ineli-
gible at the time of randomisation) will be excluded from
the analysis. This is because those participants fall out-
side the target population, so their inclusion could bias
results away from the target treatment effect. We note
that because eligibility is assessed before randomisation,
excluding these participants poses no threat to inter-
nal validity. Second, participants who were eligible and
randomised but did not ultimately undergo surgery will
also be excluded from the analysis. This is to estimate the
principal stratum strategy described in Table 2 (ie. to
estimate the treatment effect in the subset of participants
who would undergo surgery under either treatment allo-
cation) [31]. The approach of excluding these participants
from the analysis will be unbiased under the assumption
that a participant’s treatment allocation will not affect
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whether they ultimately undergo surgery (i.e. that partici-
pants whose surgery is cancelled in the usual care group
would also have had their surgery cancelled if assigned
to the intervention, and vice versa). This assumption
is justified on the basis that (i) given the serious nature
of the condition, it is implausible that surgery would be
cancelled based on the allocated method of fluid deliv-
ery, and (ii) the surgeons involved in deciding whether
the procedure should go ahead will typically be unaware
of the specific method of fluid delivery to be used during
surgery.

For each analysis, we will present the number of
patients included in the analysis, a summary measure of
the outcome in each treatment group, treatment effect,
95% confidence interval, and a two-side p-value. P-val-
ues < 0.05 will be considered statistically significant.

Primary outcome analysis

The primary outcome (days alive and out of hospital
within 90 days of randomisation) will be analysed using
a mixed-effects negative binomial regression model,
with a random-intercept for centre [32]. The model will
be adjusted for the minimisation factors of patient age
and ASA class (I, II, III, IV, and V) [33], as well as the
following prognostic baseline covariates: urgency of sur-
gery (immediate, urgent, and expedited), Glasgow Coma
Score (GCS), systolic blood pressure, and pulse rate [34].
Urgency of surgery and ASA class will be included as
categorical variables, while patient age, GCS, systolic
blood pressure, and pulse rate will be included as con-
tinuous variables. Patient age and GCS will be included
assuming a linear association with the outcome, and
systolic blood pressure and pulse rate will be included
using restricted cubic splines with 3 knots (knots will be
placed based on Harrell’s recommended percentiles) [35,
36]. Missing baseline data will be handled using mean
imputation for continuous variables, and a missing indi-
cator variable for categorical variables [37].

Secondary outcome analysis

Mortality within 90 days and 1 year of randomisation
will be analysed using an analogous mixed-effects logis-
tic regression model (same random effects and covariate
strategy as primary outcome). Duration of hospital stay
and hospital re-admission will be analysed using a compet-
ing-risk time-to-event model, which includes mortality as
a competing risk [38]. Both models will adjust for the set
of covariates specified above. Duration of stay in a level 2
or level 3 critical care bed will be analysed using a mixed-
effects negative binomial regression model, with a random
intercept for centre. The model will adjust for the set of
covariates specified above.
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Table 2 Estimand for the primary outcome (DAOH-90). “Intercurrent event”denotes a post-randomisation event which may affect the
interpretation or occurrence of outcome data (e.g. failure to receive treatment as intended, using a different treatment to the one
assigned, etc.). Principal stratum and treatment policy are strategies to handle intercurrent events in the estimand definition. Here,
the principal stratum strategy denotes that interest lies in the subpopulation of patients who would undergo emergency surgery
regardless of their treatment allocation, and the treatment policy strategy denotes that the intercurrent event (e.g. failure to initiate
cardiac output monitoring, the intervention algorithm not being followed) is considered part of the treatment strategy and interest
lies in evaluating the treatment regardless of the occurrence of such events

Aspect

Definition

Target population
Endpoint

Treatment conditions

Summary measure
Intercurrent events
Surgery not received (applies to both treatment arms)

Procedure modified after surgery begins such that no longer eligible for
NELA (applies to both treatment arms)

Receipt of cardiac output monitoring (control arm only)

Failure to initiate cardiac output monitoring during/after surgery (inter-
vention arm only)

Cardiac output monitoring initiated but intervention algorithm not fol-
lowed

Patients > 50 years old who undergo emergency bowel surgery

Days alive and out of hospital within 90 days of randomisation (DAOH-

90 = count of days alive and out of hospital within 90 days of randomi-
sation where DAOH-90=0 if patient dies within 90 days and DAOH-
90=90— (days in hospital within 90 days of randomisation) if patient alive
90 days after randomisation)

Intervention group—Protocolised cardiac output-guided haemodynamic
therapy during surgery, and for 6 h after, regardless of whether the haemo-
dynamic protocol has been followed correctly

Usual care group—Intravenous fluid administration without the use of
cardiac output monitoring or protocol

Ratio of means (Intervention vs. usual care group)
Strategy

Principal stratum (of participants who would undergo surgery regardless of
treatment allocation)

Treatment policy

Treatment policy
Treatment policy

Treatment policy

Subgroup analysis

We will conduct subgroup analysis of the primary out-
come by urgency of surgery (immediate vs. urgent vs.
expedited), age, gender, indication for surgery (bowel
perforation vs. bowel obstruction without perforation vs.
other indications), and NELA preoperative predicted risk
score. We will also assess the impact of the COVID-19
pandemic on treatment effect by examining the following
subgroups: (1) whether the participant was randomised
pre- (<30 January 2020) or post- (>30 January 2020)
COVID-19 pandemic and (2) COVID-19 status of par-
ticipant (negative [0] or positive [1]), subject to test avail-
ability (March 2020 onwards).

Any subgroup findings will be treated with caution and
will be given less weight than the primary analysis. Subgroup
analyses will only include patients who have complete data
for the primary outcome and for the subgroup variable of
interest. For all subgroup analyses, the presence of an inter-
action will be assessed using a Wald test to simultaneously
test whether all interaction terms in the model are non-zero.
The test will be considered significant at the 5% level.

Exploratory analysis

We will explore the degree to which DAOH-90 can be used
as a proxy for “days alive at home” within 90 days (DAH-90)
by repeating the primary analysis using DAH-90. This will
be conducted in the subset of participants with available
information on discharge destination, recorded in NELA
until December 2019. See Additional file 1 for full details.

Health economic analysis

The economic evaluation will follow the NICE health tech-
nology evaluations manual [39] to ensure that trial findings
are informative for national-level policy considerations.
The perspective will be limited to NHS secondary care
and the analysis will include the costs of the index hospital
admission (including haemodynamic therapy) and subse-
quent hospital (re)admissions during 90 days and, sepa-
rately, during 1 year from randomisation. NELA/eCRF will
provide individual-level resource use information related
to the primary hospital admission, including the haemody-
namic therapies used and duration of stay in level 2/3 criti-
cal care. Routinely collected hospital care data (including
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inpatient and critical care episodes) will be obtained from
NHS Digital (or devolved nation equivalents) for the post-
randomisation periods to estimate total hospital care cost
during 90 days and, separately, during 1-year follow-up
periods from randomisation. Unit costs for individual
resource use items will be informed from national sources
(such as the NHS Reference Costs) where available; further
sources will be used if necessary. These will be applied to
individual patient resource use to evaluate patient costs.

Due to the lack of direct assessments of patients'quality
of life in the trial, quality-adjusted life years (QALYs) will be
evaluated using the EQ-5D-3L data in the EPOCH trial [4]
and mortality data in FLO-ELA. This will involve estimating
an EQ-5D-3L tariff prediction model in the EPOCH data
using relevant patient characteristics common to patients
in EPOCH and FLO-ELA, and applying that model to FLO-
ELA patient data to predict EQ-5D-3L tariff values for par-
ticipants in FLO-ELA during follow-up in the study.

The comparison of resulting QALYs and costs between
treatment groups will broadly follow the primary outcome
analysis (e.g. intention-to-treat basis, adjustment for mini-
misation factors and other pre-specified covariates). The
economic analysis will be a cost-effectiveness analysis of
cardiac output-guided fluid therapy compared to current
usual care at 90 days and, separately, at 1 year combining
survival within 90 days or, respectively, 1 year post-ran-
domisation, with quality of life and costs of participants
during this period. The cost-effectiveness analysis will be
presented in terms of incremental costs per QALY gained
at 90 days and, separately, 1 year post-randomisation.
Incremental cost per death avoided at 90 days and, sepa-
rately, 1 year post-randomisation will be also presented.

Uncertainty around cost-effectiveness results will be
analysed using a bootstrap approach to evaluate the impact
of joint uncertainty in QALYs and costs on cost-effective-
ness. Cost-effectiveness acceptability curves (CEACs) and
net benefits will be reported for willingness to pay values
ranging from zero to £30,000 per QALY. Sensitivity analy-
ses will be used to examine the effect of key assumptions
on the results of the cost-effectiveness analyses.

To further guide policy, longer-term extrapolation will
be considered in case of remaining policy uncertainty
(e.g. evidence for survival benefit but unclear cost-effec-
tiveness within 1 year post-randomisation), to project
survival of participants and their healthcare costs and
evaluate the cost-effectiveness of cardiac output-guided
fluid therapy over a longer time period. A health eco-
nomics analysis plan, specifying the health economic
analyses in detail, will be finalised and signed off prior
to unblinding the team analysing the study. Changes to
the original health economic analysis plan are included in
Additional file 1.
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Monitoring and audit: safety and data

All interventions within the FLO-ELA trial are already in
routine clinical use for patients undergoing major gastro-
intestinal surgery. Serious adverse events (defined as an
adverse event resulting in death, threat to life, hospitalisa-
tion [or prolongation of hospitalisation], or persistent dis-
ability/incapacity) which are judged to be related to the use
of study procedures, and not an expected occurrence after
abdominal surgery, will be reported.

The Sponsor and trials unit will have oversight of the
trial conduct at each site. The Trial Management Group
(TMG) is comprised of the Chief Investigator, senior co-
investigators, support staff, and trials unit representa-
tives. It will have day-to-day responsibility for safety
reporting, quality control, and quality assurance of the
data collected. Data completeness and protocol com-
pliance will be monitored centrally by the TMG, with
on-site study auditing performed by the trials unit in
response to any data and governance issues raised.

An independent Data Monitoring and Ethics Committee
(DMEC) and a Trial Steering Committee (TSC) have been
appointed and function in accordance with NIHR guidance
and an agreed charter (see Additional file 1 for full compo-
sition; charters available at www.floela.org/Study-Docum
ents). No formal interim analysis for efficacy is planned. The
DMEC will monitor the safety and efficacy of the interven-
tions during the period of recruitment into the trial, and
review patient recruitment, data quality, protocol compli-
ance, and loss to follow-up. The DMEC will make recom-
mendations to the TSC who will make final decisions on
trial continuation.

Patient and public involvement

Improving patient care in emergency surgery was a top
ten research priority from the 2015 James Lind Alli-
ance Priority Setting Partnership (Anaesthesia) between
clinicians, patients, and the public [40]. Patient/public
involvement started at the earliest stages of trial design,
with input from patients with experience of emer-
gency laparotomy and intensive care. The proposal was
reviewed by the Royal College of Anaesthetists Patient,
Carer and Public Involvement and Engagement (RCoA
PCPIE) in Research Group. These discussions informed
the trial design, particularly in developing a recruitment
and consent process felt to be effective and acceptable
to participants and their carers, including situations in
which the patient lacks capacity. The trial group includes
a lay co-applicant who sits on the trial steering group
along with an independent lay member, advising on all
aspects of trial decisions and conduct. A lay summary of
the trial results will be made available to participants. Lay
members of the FLO-ELA study group and the PCPIE
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group will facilitate dissemination to patient groups (e.g.
bowel cancer, inflammatory bowel disease, intensive
care) through focus groups and online media.

Ethics and dissemination

The FLO-ELA trial has been approved by the UK
National Research Ethics Service (NRES, IRAS 214459).
All participating centres have full ethical approval. Any
proposed major protocol amendments will require Spon-
sor and NRES approval, after which they will be dis-
seminated to participating sites, funder, and ISRCTN
public trial registry. The Sponsor will provide no-fault
insurance.

Information related to participants will be kept con-
fidential and managed in accordance with the Data Pro-
tection Act (UK), NHS Caldicott Principles (UK), The
Research Governance Framework for Health and Social
Care (UK), and the conditions of Research Ethics Com-
mittee Approval, or corresponding legislation or approv-
als for a particular participating site. The patient’s NHS/
CHI number, gender, date of birth, and postcode will
be collected at randomisation to allow tracing through
national records. The personal data recorded on all docu-
ments will be regarded as confidential. Submitted data
will be stored securely against unauthorised manipulation
and accidental loss since only authorised users at site, the
Sponsor organisation, Queen Mary University of London,
or NELA (host of the data entry portal) will have access.
Storage and handling of confidential trial data and docu-
ments will be in accordance with the Data Protection Act
2018 (UK) and General Data Protection Regulation.

Results arising from this research will be made avail-
able to the scientific community in a timely and responsi-
ble manner. A detailed scientific report will be submitted
to a widely accessible scientific journal on behalf of the
FLO-ELA Trial Group. Further dissemination will include
presentations at international scientific meetings, public
presentations, webcasts, and reports targeting international
healthcare policy-makers, professional organisations, front-
line healthcare workers, patients, and the public.

Discussion

A number of changes have been made to the original
protocol. The internal pilot showed that participant rep-
resentativeness and protocol compliance satisfied the
progression criteria (see Additional file 1). The num-
ber of recruiting sites and randomised participants were
below target. Protocol version 2.0 included changes to
include recruiting sites in Scotland and Northern Ireland
and adapted the recruitment pathway to allow greater
inclusion of participants not capable of giving prospec-
tive consent. The COVID-19 pandemic occurred during
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an ongoing review of trial recruitment rates and forced a
pause in recruitment from 20 March 2019 to 7 Septem-
ber 2019. At the point of pausing recruitment, 2038 par-
ticipants had been recruited. At the funder’s request, a trial
recovery proposal was submitted. In November 2021, we
introduced a modified primary outcome and sample size.
The change from the originally planned primary outcome
(mortality at 90 days after randomisation) and sample size
(7646) was made with the approval of the TSC and trial
funder. No members of the trial team, TSC, or funding
body had access to, or knowledge of, ongoing trial results
at the time the decision to modify the primary outcome
was made. The new sample size calculation was made
without knowledge of unblinded data. These changes
were made in the protocol and SAP version 3.0. The cur-
rent protocol and SAP version 4.0 introduce the estimand
framework to the statistical analysis and add exploratory
analyses of the impact of COVID-19 on the effectiveness
of the intervention and wider care delivery in the trial. See
Additional file 1. The trial protocol and SAP are available
at www.floela.org/Study-Documents.

During the recruitment pause caused by COVID-19,
the trial randomisation system was changed from the
original system created by the trials unit to one provided
by an external provider (sealedenvelope.com). This was
a precautionary measure taken in response to an inter-
nal investigation that showed a minor imbalance in the
random component of the minimisation algorithm.
Both groups already randomised by the original sys-
tem remained balanced in terms of numbers and char-
acteristics, and allocation concealment had not been
affected. Existing participant numbers within each mini-
misation factor were uploaded to the external system to
allow accurate ongoing minimisation when recruitment
restarted.

This trial has a number of strengths and limitations. It
will be the largest contemporary randomised trial exam-
ining the effectiveness of perioperative cardiac output-
guided haemodynamic therapy in patients undergoing
major emergency gastrointestinal surgery. Days alive and
out of hospital within 90 days of surgery, a composite out-
come encompassing the effects of postoperative morbid-
ity and mortality, is of clear importance to patients and
healthcare systems. The multi-centre design and broad
inclusion criteria support the external validity of the
trial. The trial has an efficient and cost-effective design,
harnessing existing datasets for data collection and clini-
cian support for trial intervention delivery. Although the
clinical teams delivering the trial interventions will not
be blinded, significant trial outcome measures are objec-
tive and not subject to detection bias. The trial findings
have the potential to impact care for tens of thousands of
patients each year in the UK alone.
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Trial status

Participant recruitment began in September 2017 and is
expected to complete by 31 December 2023. The current
protocol is 4.0 (dated 27/04/2022).

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513063-023-07275-3.

Additional file 1.
Additional file 2. SPIRIT checklist.
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