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Abstract

Background: More than 50% of patients have a major complication after emergency gastrointestinal surgery. Intravenous
(i.v.) fluid therapy is a life-saving part of treatment, but evidence to guide what i.v. fluid strategy results in the best
outcome is lacking. We hypothesised that goal-directed fluid therapy during surgery (GDT group) reduces the risk of
major complications or death in patients undergoing major emergency gastrointestinal surgery compared with standard
i.v. fluid therapy (STD group).

Methods: In a randomised, assessor-blinded, two-arm, multicentre trial, we included 312 adult patients with gastroin-
testinal obstruction or perforation. Patients in the GDT group received i.v. fluid to near-maximal stroke volume. Patients
in the STD group received i.v. fluid following best clinical practice. Postoperative target was 0—2 L fluid balance. The
primary outcome was a composite of major complications or death within 90 days. Secondary outcomes were time in
intensive care, time on ventilator, time in dialysis, hospital stay, and minor complications.

Results: In a modified intention-to-treat analysis, we found no difference in the primary outcome between groups: 45
(30%) (GDT group) us 39 (25%) (STD group) (odds ratio=1.24; 95% confidence interval, 0.75—2.05; P=0.40). Hospital stay was
longer in the GDT group: median (inter-quartile range), 7 (4—12) vs 6 days (4—8.5) (P=0.04); no other differences were
found.

Conclusion: Compared with pressure-guided i.v. fluid therapy (STD group), flow-guided fluid therapy to near-maximal
stroke volume (GDT group) did not improve the outcome after surgery for bowel obstruction or gastrointestinal perfo-
ration but may have prolonged hospital stay.

Clinical trial registration: EudraCT number 2015-000563-14; the Danish Scientific Ethics Committee and the Danish Data
Protection Agency (REG-18-2015).
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Editor’s key points

e Intravenous fluids are used to restore and replace
fluid loss during major surgery.

o A flow-directed strategy aiming to optimise stroke
volume may improve individual titration of i.v. fluid
administration.

e This trial did not observe any benefits of goal-
directed fluid optimisation in patients undergoing
emergency laparotomy.

In Denmark approximately 4500 patients (78 per 100 000 in-
dividuals) undergo emergency gastrointestinal (GI) surgery each
year.! The risk of postoperative complications or death after
emergency Gl surgeries is high, with major complications up to
50%” and overall 30-day mortality about 14%.% ° Patients with
intestinal perforation or bowel obstruction often suffer from
hypovolaemia combined with dehydration and sepsis. Thus,
intravenous (i.v.) fluid therapy is an inherent and life-saving
part of the treatment. The surgery is performed within a few
hours from arrival to the hospital, which leaves limited time for
optimisation of the circulation. Although several treatment
improvements have beenintroducedin the pastdecade, welack
clinical randomised trials providing high-quality evidence for
guiding fluid therapy in emergency surgery.”

Studies of elective surgical patients and experimental
studies have shown that a too restrictive fluid strategy and a
too liberal fluid strategy is harmful: a too restrictive fluid
administration may cause diminished blood flow and poor
wound healing. Untreated shock compromises perfusion of
vital organs, circulatory collapse, and death. When i.v. fluid
administration is too liberal, it increases the risk of cardio-
pulmonary complications, pulmonary oedema, cardiac ar-
rhythmias, and respiratory distress.’ In addition, fluid excess
might lead to intestinal oedema with poor collagen prolifera-
tion, poor wound healing, and a risk of anastomotic
leakage.' '3 Based on these findings, the Society for Enhanced
Recovery After Surgery (ERAS) recommends a positive peri-
operative fluid balance of no more than 2.5 L.'* The traditional
pressure-guided fluid therapy (arterial blood pressure, central
venous pressure, or both) has the ability to detect hypo-
volaemia but not to determine circulatory filling, that is when
the fluid infusions should be stopped. Flow-guided fluid ther-
apy, however, has the potential to detect hypovolaemia and
determine when additional fluid no longer increases the
stroke volume (SV) and thus, at which point fluid adminis-
tration should be ceased: vasopressors should be added if the
blood pressure remains low.

The objective of this trial was to test the hypothesis that
SV-guided i.v. fluid administration aimed at both treating
hypovolaemia and avoiding fluid overload could reduce a
composite of postoperative complications and death,
compared with a standard fluid protocol, in patients under-
going emergency surgery for bowel obstruction or GI
perforation.

Methods
Ethics and registration

The Danish Scientific Ethics Committee and the Danish Data
Protection Agency (REG-18-2015) approved the protocol. The

study was classified as a drug trial by the Danish Medicines
Agency and registered in EudraCT (2015-000563-14). The
reporting of the trial adheres to the Consolidated Standards of
Reporting Trials (CONSORT) guidelines.'”

Study population

We included adult (>18 yr) patients in need of emergency
surgery for obstructive bowel disease or GI perforation, veri-
fied by a CT scan. The presence of an anaesthesiologist trained
in the protocol was mandatory for inclusion. We excluded
moribund patients (ASA score of 5), patients with terminal
cancer needing palliative surgery, patients who had under-
gone surgery within the past 30 days including iatrogenic
perforation, patients receiving regular renal replacement
therapy, patients unable to give informed consent, and preg-
nant women.

Patients were screened for inclusion at five hospitals
located in three regions of Denmark: Herlev Hospital, Holbaek
Hospital, Odense Hospital, Slagelse Hospital, and Svendborg
Hospital.

The local investigator thoroughly informed eligible patients
before surgery both orally and in writing about the study. The
patients signed a consent form to participate in the study. The
ethics committee accepted deviation from the usual time for
consideration (24 h) and accepted same-day consent. In
addition, we asked the patients if they wanted to know the
result of the study.

Randomisation

The patients were randomly allocated on a one-to-one basis to
either a flow-guided fluid therapy group (GDT group) or a
pressure-guided fluid therapy group (STD group). The patients
were randomised using the online computer system ‘OPEN-
randomize’. ‘OPEN-randomize’ also generated the random-
isation sequence and, to ensure equal distribution between
the groups, stratified the randomisation for each participating
hospital and for the diagnosis of either GI obstruction or
perforation.

Intervention

The trial protocol has previously been published.'® In the
GDT group the SV-guided fluid therapy commenced at the
induction of anaesthesia and continued until the end of
surgery (Fig. 1). SV was monitored with an EV1000® platform
(Edwards Lifesciences Corporation, Irvine, CA, USA) through
an arterial line connected to a FloTrac sensor®. Human al-
bumin 5% was infused in boluses of 3 ml kg~! until the in-
crease in SV was less than 10%. Thereafter, the flowchart
shown in Fig. 1 was followed. Changes in SV caused by
external factors such as pneumoperitoneum, changes in
body position, alternation in ventilator settings, or the
administration of vasopressor or inotropic drugs did not
initiate fluid administration but were noted in the data file.
Maintenance fluid of 2 ml kg~! h~! including all i.v. medica-
tions (antibiotics, anaesthetics, etc.) replaced perspiration
and urinary output. In cases of hypotension despite opti-
mised SV, vasopressors were given to maintain MAP above
65 mm Hg.

In the STD group, iv. fluid was given to ensure MAP
>65 mm Hg and diuresis >0.5 ml kg™! h™.. In cases of hypo-
tension despite relevant fluid administration, vasopressors
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Maintenance fluid
- Including all i.v.
medication

Measure SV in horizontal
level

[Bolus albumin 5%, 3ml | Yes

10/
kg™ h"in 5 min SV decrease > 10%

] T w1

O | Measure SV every
15 min

SV increase > 10%

AA

<2mlkg™" h”’

STD fluid regimen
Fast infusion:

- Crystalloids (1000-2000 ml h™")
and/or
- Albumin 5% (500-1000 ml h™")
until
Within the first 6 h:
- MAP 2 65 mm Hg
and/or

- Diuresis 20.5ml kg™ h™'
- Optional S, 0, = 70% and/or CVP 8-12 mm Hg

SAG-M replacement until

Continuously replace loss
Hb 2 4.3 mmol L' or 7 g dI”’

Persistent hypotensionz:
Initiate vasopressor treatment

Secure aims of treatment:
- MAP 2 65 mm Hg
and/or
- Diuresis 20.5ml kg™ h™"
- Optilnal S, 0, = 70% and/or
CVP 8-12 mm Hg

2 External factors to consider: pneumoperitoneum, changesin bed position,

! Vasopressors are given to endeavour MAP = 65 mm Hg
alternations in respirator settings, administration of vasopressor etc.

2 The aim is > 5 mmol L~" or 8.1 g dI”' for patients with chronic ischaemic heart

"In case of shock, vasopressors are initiated within the first hours
disease

Fig 1. Intraoperative fluid treatment in the randomisation groups. CVP, central venous pressure; GDT, goal-directed fluid therapy; Hb, hae-
moglobin; SAG-M, packed red blood cells; STD, standard i.v. fluid therapy; SV, stroke volume.

were given to maintain MAP >65 mm Hg. This algorithm was
used in the peptic ulcer perforation (PULP) study.’

In both groups, blood loss was estimated from the content
of the suction canisters and the weight difference of the
dressings. In case of large blood losses, extra fluid or blood
products were given at the discretion of the anaesthesiologist
to a target Hb >4.3 mmol L™! or 7 g dI™? (5.0 mmol L~ or
8.1 g dl"!in patients with chronic ischaemic heart disease).

Postoperative treatment

In both GDT and STD groups, a postoperative 0—2 L balance
was targeted. In the GDT group a fluid balance above 2 L or a
body weight increase of more than 2 kg was treated with
furosemide. The administration of furosemide was not pro-
tocolised in the STD group.

To avoid a risk of renal failure, we targeted a diuresis at
>0.5 ml kg~! h™? postoperatively.

In case of pathological fluid losses on the surgical ward
(drains, aspiration, high-output stoma, etc.), the patients were
given iv. fluid resembling the volume and electrolyte
composition of the fluid lost. The patients in both groups were
weighed daily, and fluid loss and administration were regis-
tered until the patients were able to eat and drink sufficiently,
were discharged, or to the seventh postoperative day. All pa-
tients were allowed to drink freely as soon as possible after
surgery. If a patient required a reoperation, the allocated
treatment was discontinued, and the patient was treated in
accordance with the standard of care.

Additional treatments

The anaesthetic method and drugs used followed standard
guidelines in both groups.’® An arterial catheter was placed to
continuously monitor blood pressure and to provide arterial
blood for analysis during the surgical procedure.

Patients undergoing laparoscopic surgery did not receive
routine epidural analgesia, but if surgery was converted from
laparoscopic to open, an epidural catheter was offered post-
operatively. Patients undergoing a laparotomy received pre-
operative or postoperative epidural analgesia. Postoperative
oral or i.v. analgesia and anti-emetics were offered in both
groups according to national guidelines.

All patients (except those who went directly to the ICU)
went to the PACU and stayed there for 2—24 h before transfer
to the wards.

All patients received thrombosis prophylaxis (low mo-
lecular weight heparin, compression stockings, or both) both
intraoperatively and postoperatively, and antibiotics were
given according to guidelines and at the surgeon’s
discretion.

Outcome measures

Definitions for the outcome measures originate from previous
trials by Brandstrup and colleagues.’®"

The primary outcome was a composite of major compli-
cations and death within 90 days postoperatively including:
unplanned reoperations, life-threatening bleeding complica-
tions, life-threatening thromboembolic events, need for
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mechanical ventilation (including noninvasive ventilation),
cardiac arrest (survived) including ventricular arrhythmia, and
renal failure requiring dialysis.

Secondary outcome measures were minor complications
defined in the protocol article'® as a complication with a need
for medical or surgical treatment (see Supplementary
Table S1), time in intensive care, time with mechanical res-
piratory support, time in dialysis, and length of hospital stay
(LoS).

All unblinded outcomes were registered in a systematic
prospective manner.

Preoperative, intraoperative, and postoperative data were
collected in case report forms by the local investigator, who
registered all complications until 30 days postoperatively. In
addition, major complications and death were registered 90
days postoperatively. After discharge, the local investigator
reviewed the medical file and contacted the patients by phone
if the patient was alive.

In addition to the outcome measures, we planned two
subgroup analyses to explore the following hypotheses:

In patients undergoing emergency surgery for either GI
obstruction or perforation

1. Hypovolaemia and fluid overload might compromise car-
diac and pulmonary function, resulting in the following
postoperative complications: arrhythmia, myocardial
infarction, pneumonia, pulmonary congestion, pleural
exudation, pulmonary oedema, acute respiratory distress
syndrome, and thromboembolic events.

2. Hypovolaemia and fluid overload might cause complica-
tions related to tissue healing and infection: superficial or
deep wound infection, superficial or deep wound dehis-
cence, anastomotic leakage, and separation of the stoma
from the skin.

Implementation

The units of Good Clinical Practice assessed the study. Patient
enrolment was performed by a local investigator who was
either a surgeon or an anaesthesiologist trained in the process.
Adherence to the protocol was secured in the operation room
and in the recovery room by an anaesthesiologist trained in
the protocol. On the ward, a local investigator (surgeon)
trained in the protocol supervised the i.v. fluid administration
and registered the complications. All investigators were
regularly educated in the monitoring and treatment of the
patients in accordance with the protocol.

Acute anaphylactic reactions, P—Na >155 mmol L™}, central
pontine myelinolysis, or seizures were reported to the Danish
Medicines Agency.

Blinding

It was not possible to blind the fluid therapy given to the
groups. The assessment of the primary outcome was blin-
ded as follows: the patient records were blinded for iden-
tity, randomisation, and all information on the provided
fluid therapy, fluid balance, and body weight measure-
ments. Blinded assessors reviewed the medical records and
registered the postoperative complications. No assessor
reviewed files from their own centre. Cases of disagreement
with the un-blinded data were settled by another blinded
reviewer.

Sample size

National clinical databases showed a mortality risk of 18.2%
after surgery for a perforated ulcer, and of 15.7% after emer-
gency colonic surgery.'® The risk for a major complication in
this population of bowel obstruction and bowel perforation
was unknown. We estimated that at least 25% of the patients
would suffer either a major complication or die. Based on
these numbers, we calculated that 149 patients were needed in
each group, to detect a reduction in the composite primary
outcome from 25% to 12.5% with 80% power at a significance
level of 5%. Because the variance is unlikely to follow a normal
distribution, we increased the number to 155 patients in each
group, or 310 patients. We performed no interim analysis.

Statistics

The protocol dictated a plan for the analysis: the primary
outcome was analysed first, followed by the secondary
outcome, and then the other parameters.

All data were tested for normality and normal variances
and parametric or non-parametric tests were used as appro-
priate. Fisher’s exact test was used to analyse binomial data.
Student t-test or Mann—Whitney U-test was used to analyse
continuous data as appropriate. We calculated odds ratio (OR)
when relevant. Kaplan—Meier statistics supplemented the
mortality and LoS analyses. All tests were two-tailed, and a
value of P<0.05 accepted as significant. We used the RStudio’®
(2019-07-05) for the analysis. No data were missing for the
primary or secondary outcomes. Multiple imputation was not
used.

Results

A total of 312 patients were included in the trial between
August 2015 and August 2018: 154 patients in the GDT group
and 158 in the STD group (Fig. 2). Follow-up was conducted
between November 2015 and November 2018. Five patients did
not have surgery and three patients withdrew their consent
after randomisation but before surgery, leaving 304 patients
for analysis in a modified intention-to-treat analysis: 151 pa-
tients in the GDT group and 153 patients in the STD group.

During the trial three patients withdrew their consent
postoperatively but permitted the use of their data until the
end of follow-up. A protocol violation was found in four pa-
tients included in the analysis: two did not receive the inter-
vention as planned, and two patients were included despite
having undergone surgery within 30 days.

Patients

Baseline characteristics of the patients were similar between
the groups (Table 1). The overall median age was 70 yr (inter-
quartile range [IQR], 59—79). A few more patients were female
(55%), and the median ASA score was 2. The overall mean
sepsis score was 0.8. The majority (66%) had surgery for small
bowel obstruction.

Fluid therapy

On the ‘day of surgery’, the fluid administration was signifi-
cantly less in the GDT group than in the STD group, median
(IQR): 3130 ml (2350—4770 ml) vs 3984 ml (2668—5659 ml)
(P=0.0014). This is explained by the lower volume given
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intraoperatively to the GDT group, median (IQR): 1471 ml
(1107—2112 ml) vs 1952 ml (1478—2782 ml) (P<0.001). In the GDT
group, a greater part of the fluid was human albumin, median
(IQR): 500 ml (300—890 ml) us 0 ml (0—500 ml) (P<0.001; Table 2).
We observed no differences in the postoperative fluid volume
given in the recovery room, the ICU, or on the wards (Table 2).
The number of hypotensive episodes (MAP <50 mm Hg) and
the dose of vasopressor substances given were similar be-
tween the groups. Pre- and intraoperative blood pressures and
heart rates are shown in Supplementary Fig. S1.

Primary outcome

The number of patients fulfilling the primary outcome at 90
days postoperatively (blinded assessment) was 45 in the GDT
group and 39 in the STD group (OR=1.24; 95% CI, 0.75—2.05;
P=0.40) (Table 3).

The overall mortality at 90 days was 44 (14%), without
difference between the GDT group (24 [16%]) and the STD
group (20 [13%]) (OR=1.26; 95% CI, 0.66—2.39; P=0.50). The

survival curves (Fig. 3) show no significant difference in the
estimated probability of survival between the randomisation
groups or between the randomisation groups divided into
bowel obstruction or GI perforation. The patients with
perforation had a greater risk of death compared with pa-
tients with bowel obstruction, independent of the
randomisation.

Secondary outcomes

LoS (from the end of surgery to discharge) was significantly
lower in the STD group, median (IQR): 7 days (4—12) vs 6 days
(4—8.5) (P=0.04; Table 3). No difference between the groups was
found for days on mechanical ventilation, days in intensive
care, or days in renal replacement therapy.

Adverse events

One patient in the GDT group had P—Na >155mmol L7}
postoperatively.

Trial profile

Enrolment

Assessed for eligibility (n=572)

Excluded (n=218)
* Declined to participate/not able to give

informed consent (n=54)
» ASA physical status >4 (n=8)

* <18 yr (n=10)
* Pregnant (n=2)

» Abdominal surgery within 30 days (n=10)
» Equipment not available (n=9)

* No CT-scan (n=9)

« Palliative surgery (n=8)
* No investigator present (n=80)
» Reason not registered (n=28)

Allocation

Randomised (n=312)

Allocated to the GDT group (n=154)
» Withdrew consent before surgery (n=1)
* Did not have surgery (n=2)

Follow-up

Lost to follow-up (n=0)

Analysis

Analysed by modified
intention-to-treat (n=151)

Fig 2. Trial profile. GDT, goal-directed fluid therapy.

Allocated to the STD group (n=158)
» Withdrew consent before surgery (n=2)
* Did not have surgery (n=3)

Lost to follow-up (n=0)

Analysed by modified
intention-to-treat (n=153)
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Table 1 Demographic and baseline data.

GDT group (n=151) STD group (n=153)

Age, median yr (IQR)

Sex, female/male, no. (%)

BMI, median (IQR)

ASA physical status, no. (%)

1
2
3
4

Sepsis score, no. (%):
0
1
2
3
4

Preoperative active infection”

APACHE 1I score,’ median (IQR)
Missing data, no. (%)

Patients with comorbidities, no. (%)
Chronic obstructive pulmonary disease/asthma
Ischaemic heart disease
Hypertension
Diabetes mellitus

Cancer, no. (%)

Active cancer
Disseminated cancer
Previous cancer

Only one comorbidity, no. (%)

Two comorbidities, no. (%)

Three or more comorbidities, no. (%)

Limitations of treatment,’ no. (%)

Pathology
Perforation, no. (%)

Stomach ulcer

Duodenal ulcer

Small bowel

Colon rupture (tumour related)

Colonic diverticulum
Obstruction, no. (%)

Small bowel

Volvulus of the caecum

Other colon

Preoperative blood samples, median (IQR)
C-reactive protein, mg L ™!
Sodium, mmol L%

Creatinine, pmol L™*

70 (59-79) 70 (59-78)
81 (54)/70 (46) 87 (57)/66 (43)
24 (22-28) 24 (22-27)
13 (9) 26 (17)

71 (47) 74 (48)

58 (38) 47 (31)

9 (6) 6 (4)

77 (51) 96 (63)

35 (23) 11 (7)

29 (19) 38 (25)

8 (5) 5(3)

2(1) (2)

14 (9) 11(7)

15 (13-18) 15 (12-17)
2(1) 3

30 (20) 24 (16)

16 (11) 14 (9)

72 (48) 45 (29)

21 (14) 10 (7)

12 (8) 9 (6)

12 (8) 8 (5)

18 (12) 22 (14)

42 (28) 52 (34)

44 (29) 31 (20)

52 (34) 40 (26)
503 7 (5)

35 (23) 38 (25)
6(4) 8 (5)

5(3) 8 (5)

5(3) 4(3)

9 (6) 5(3)

10 (7) 13 (9)

116 (77) 115 (75)
101 (67) 101 (66)
32 2(1)

12 (8) 12 (8)

20 (3-88) 20 (3—104)
139 (134—141) 138 (135-140)
77 (63—101) 77 (66—97)

IQR, inter-quartile range; GDT, goal-directed fluid therapy during surgery; STD, standard i.v. fluid therapy; APACHE II, Acute Physiology and Chronic

Health Evaluation II.

" Patients treated for any type of infection (other than the diagnosis leading to surgery).
 Acute Physiology Age Chronic Health Evaluation, if possible measured preoperatively otherwise immediately postoperatively.

¥ One patient may have more than one comorbidity.

Y Patients with a limited treatment order before surgery, including no resuscitation in case of cardiac arrest.

Discussion

This study is the first randomised trial to investigate the ef-
fects of intraoperative SV-guided fluid optimisation followed
by zero-balance fluid therapy in patients undergoing emer-
gency surgery for bowel obstruction or GI perforation. We
found no benefit of the GDT-guided regimen on major com-
plications and death after 90 days of follow-up.

The results of previous trials investigating fluid therapy
given to optimise SV lack uniformity, and in trials of elective
noncardiac surgery the benefit of postoperative complications

is unconvincing.’~?! In 2014, two trials of high-risk patients
undergoing planned GI surgery, PeriOperative goal-directed
thErapy in Major Abdominal Surgery (POEMAS),?? and Opti-
misation of Perioperative Cardiovascular Management to
Improve Surgical Outcome (OPTIMISE),>> found no positive
effect of perioperative cardiac output-guided (flow-guided)
fluid therapy on either postoperative complications or on LoS,
compared with standard (pressure-guided) fluid treatment.
Our finding is in contrast to other previous studies of patients
undergoing elective major GI surgery, where perioperative
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Table 2 Intraoperative data.
GDT group (n=151) STD group (n=153) P value
Intraoperative i.v. fluid, ml, median (IQR) 1471 (1107—-2112) 1952 (1478—2782) <0.001
Albumin 500 (300—890) 0 (0—500) <0.001
Ringer acetate 350 (50—700) 1000 (500—1500)
Normal saline (NaCl 0.9%) 0 (0—150) 0 (0—1000)
Medicine 300 (130—480) 400 (170-520)
Blood transfusion (n=16) 573 (263—600) 300 (259—450) 0.099
Blood loss (n=119), ml, median (IQR) 150 (50—450) 180 (50—388)
Diuresis, ml, median (IQR) 130 (50—300) 200 (78—330)
Vasopressor substances, dose in mg, median (IQR)
Metaoxedrine (n=185) 0.7 (0.4—1.3) 0.8 (0.4-1.2)
Ephedrine (n=180) 20 (10—30) 20 (10—40)
Norepinephrine (n=60) 0.27 (0.12—2.07) 0.34 (0.14—1.02)
Dopamine (n=2) 0.60 0.10
Atropine (n=1)/epinephrine (n=1) 0/0 1/1.15
Patients with hypotensive episodes,” no. (%) 26 (17) 19 (12)
Patients included between 07.00 am and 19.00 pm 101 97
Patients included between 19.00 pm and 07.00 am 51 55
Operation time, h, median (IQR) 2.5 (1.70—3.43) 2.5 (1.85-3.15)
Type of operation, no. (%)
Open surgery 110 (73) 96 (63)
Laparoscopic surgery 30 (20) 36 (24)
Laparoscopic converted to open surgery 11 (7) 21 (14)
Surgical procedure, no. (%)
Suture of the stomach (gastrorrhaphia) 4(3) 8 (5)
Suture of the duodenum (duodenorrhaphia) 6 (4) 8 (5)
Small bowel resection 24 (16) 26 (17)
Total colectomy 0 1(1)
Left-sided colonic resection (including Hartmann’s) 13 (9) 10 (7)
Right-sided colonic resection 15 (10) 9 (6)
Formation of a stoma without resection 6 (4) 7 (5)
Lysis of adhesions 59 (39) 58 (37)
Laparoscopy with drainage 9 (6) 5(3)
Enterotomy with removal of foreign body 2(1) 5(3)
Hernia repair/other procedures 5 (3)/8 (5) 4 (3)/12 (8)
Formation of an anastomosis, no. (%) 39 (26) 39 (26)
Formation of a stoma, no. (%) 30 (20) 19 (12)
Postoperative fluid given (oral and i.v.), ml, median (IQR)
Postoperative, rest of the ‘day-of-surgery’ 1638 (900—2785) 1800 (978—3531) 0.35
Total on the ‘day-of-surgery’’ 3130 (2350—4770) 3984 (2668— 5659) 0.0014
1-7 days surgical ward (median, per day) 2038 (1463—2713) 2099 (1240—2506) 0.71
1-7 days intensive care (median, per day) 3446 (2547—3880) 3558 (2640—4766) 0.44
Days with i.v. fluids, surgical ward 4(2-7) 4 (2—-6)
Patients receiving furosemide once or more 1-7 days, no. (%) 45 (30) 39 (25)

IQR, inter-quartile range; GDT, goal-directed fluid therapy during surgery; STD, standard i.v. fluid therapy.

" MAP below 50 mm Hg.
f Intraoperative fluid and fluid given the rest of the day of surgery.

GDT has reduced the risk of postoperative complications and
shortened LoS.?*% In agreement with this, three published
cohort studies with historic control groups of patients under-
going emergency GI surgery, have shown a better outcome in
the group that included GDT-guided fluid therapy. However,
the GDT-guided fluid therapy in these studies was part of a
care bundle and was not investigated independently.?” %’
Nevertheless, these results have led to the general recom-
mendation of using GDT-guided fluid therapy in emergency
abdominal surgery.

We found that patients in the STD group spent fewer days
in hospital. This is somewhat in contrast to earlier reported
trials that included patients undergoing planned surgery. In
these early trials, LoS was either without difference between
the groups compared or was lower in the GDT groups.z‘l'zg’29
The majority of the trials, however, was not blinded, and it is
possible that our result and the results of other groups could

be biased or a random finding. More patients in the GDT
group had a stoma performed, confounding towards a longer
Los.

Most of our patients were ASA 2 and had short duration
surgeries. The low ASA physical status scores most probably
reflect that Danish citizens have free-of-charge and readily
available (short distance) access to medical care. Therefore,
co-existing medical conditions are usually well treated (ASA
2). Moreover, the time in surgery does not reflect the severity of
disease or a classification as ‘moderate surgery’. On the con-
trary, in a patient with severe sepsis the surgeon can shorten
the duration of the procedure, by choosing not to fashion the
stoma, to leave the intestines closed with a stapler, or/and to
leave the abdomen open (covered with a vacuum dressing),
and plan for a second procedure a day or two later. Therefore,
only unplanned reoperations were registered as a complica-
tion in our trial.
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Table 3 Patient outcome.

Assessor-blinded results

OR(CI95%) GDT STD Pvalue OR (95% CI)

group group
(n=151) (n=153)

Gastrointestinal Clinical unblinded results
perforation, no. (%)
GDT STD P value
group group
(n=151) (n=153)
Primary composite outcome
90 days, no. (%) 44 (29) 39 (25) 0.48
Unplanned reoperations’ 30 (20) 21 (14)
Life-threatening 2 (1) 5(3)
bleeding'
Life-threatening 5(3) 2 (1)
thromboembolic events'
Cardiac arrest (survived)' 2 (1) 2 (1)
Need for mechanical 7 (5) 9 (6)
ventilation'
Need for dialysis' 4 (3) 3(2)
Death! 24 (16) 20 (13)
Secondary outcomes
Death 30 days, no. (%) 18 (12) 16 (11)
Minor complications
30 days, no. (%) 56 (37) 63 (41) 0.47
Cardiopulmonary complications
90 days, no. (%) 39 (26) 39 (25) 0.95
Tissue healing complications
90 days, no. (%) 32 (21) 26 (17) 0.35
Time in hospital, days, 7 (5—-13) 6 (4—9) 0.04
median (IQR)
Patients in intensive care
No. (%) 10 (7) 17 (11) 0.18
Time in intensive care, 3.5 (3—-15) 3 (1-8) 0.32
days, median (IQR)
Patients on mechanical 4 (3) 6 (4) 0.54
ventilator
No. (%)
Time on mechanical 10.5 (3—10) 11 (1-14) 0.66
ventilation, days,
median (IQR)
Patients on dialysis, no. (%) 0 2 -
Time in dialysis, days, 0 7 -
mean
Bowel obstruction, no. (%) 116 (77) 115 (75)
Patients with a major 39 (34) 32 (28) 0.34
complication at 90 days,
no. (%)
Mortality at 90 days, no. (%) 15 (13) 11 (10) 0.42
Gastrointestinal 35 (23) 38 (25)
perforation, no. (%)
Patients with a major 15 (43) 15 (39) 0.76
complication at 90 days,
no. (%)
Mortality at 90 days, no. (%) 9 (26) 9 (21) 0.84

1.20 45(30)  39(25)  0.40 1.24 (0.75—2.05)
(0.73—1.99)
33(22) 21 (14)
3(2) 4(3)
2 (1) 1(1)
2 (1) 2(1)
5(3) 5(3)
4(3) 3(2)
24 (16) 20 (13)

0.84 62 (41) 6643 071 0.92 (0.58—1.45)
(0.53—1.34)

1.02 32(21) 34(22) 083 0.94 (0.55—1.62)
(0.61—1.70)

1.31 34(23) 25(16)  0.17 3.49 (0.84—2.64)
(0.74—2.33)

0.57 - - - -
(0.25—1.28)

0.67
(0.18—2.41)

116 (77) 115 (75)

1.31 40 (34) 32(28) 028 1.37 (0.78—2.39)
(0.75—2.30)
1.40 15(13)  11(10)  0.42 1.40 (0.62—3.20)
(0.62—3.20)
35(23)  38(25)
1.15 15(43) 15(39) 0.76 1.15 (0.45—2.92)
(0.45-2.92)
1.12 9 (26) 9 (21) 0.84 1.12 (0.38—3.24)
(0.38—3.24)

GDT, goal-directed fluid therapy during surgery; STD, standard i.v. fluid therapy; CI, confidence interval; OR, odds ratio; IQR, inter-quartile range.

" Number of patients fulfilling the primary outcome.
 One patient might have more than one complication.
# Number of patients with one or more minor complications.

In our study, 21% of the patients had laparoscopic surgery.
According to Pucher and colleagues,®® the national rates of
laparoscopy in the UK was 14% in 2018, with possible
increasing numbers per year. As seen from our trial, the pro-
portion of emergency laparoscopic surgeries (2015—8) is larger

and resembles Danish national rates. In the international
literature colloids are typically used for the GDT optimisa-
tion.*! However, at the time we authored the protocol, hydroxy
ethyl starch was under suspicion for causing renal insuffi-
ciency and possibly increasing the odds of death. Therefore,
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Fig 3. Kaplan—Meier curves displaying the survival probability (%) for the two randomised groups, and bowel obstruction or perforation

subgroups. GDT, goal-directed fluid therapy.

we chose human albumin to achieve a near-maximal SV.*>*

Thus, the GDT group received significantly more colloid than
the STD group, and in any trial of SV monitoring, the timing,
volume, and constituents of the fluid therapy used might
affect the outcome.

In alignment with the previous trials of GDT-guided fluid
optimisation, the fluid difference between our two groups was
small.?®*> Our results indicate that a median positive fluid
balance of 500 ml does not comprise a risk of fluid overload
leading to complications. We expected the fluid

administration to be more liberal in the STD group, but a zero-
balance fluid approach that avoids fluid overload seems to be
the national standard even during emergency surgical pro-
cedures. Thus, our result is in accordance with a recent
Cochrane review including elective surgical patients that
showed no benefit of GDT-guided fluid therapy over restricted
(zero-balance) fluid therapy.®

As expected, in the mortality analysis divided by diagnosis,
we found that patients with GI perforation had a higher 90-day
mortality (26%) compared with patients with obstructive
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bowel disease (13%). According to the UK National Emergency
Laparotomy Audit (NELA) report from 2019,°° the mortality
rate after emergency laparotomy including appendectomies
was 9.3%. The mortality in our trial was 11.1% after 30 days.
This highlights the problem when comparing results between
trials of patients undergoing GI emergency surgery: minor
surgeries (e.g. appendectomies) are often included in the
cohort. However, the mortality in our trial might have been
influenced by selection bias because it excluded patients who
were too ill to give informed consent.

Our trial has strengths and weaknesses. The trial was not
blinded because adequate i.v. fluid therapy is lifesaving and
given by several providers at different wards. Instead, we
imposed a blinded assessment of the primary outcome in an
attempt to avoid bias. However, the blinded assessment of
patient files might have led to the loss of relevant information;
therefore, we opted to report both blinded and un-blinded
results.

The fluid therapy given ‘on the day of surgery’ was
calculated from the start of surgery to the end of the day of
surgery. As this was a trial of emergency procedures, some
patients were operated at 5 or 6 o’clock in the morning,
causing variation in the length of day of surgery. Thus, it was
not possible to define a number of postoperative hours as
‘day of surgery’. The postoperative 0—2 L balance therapy
might not be standard of care in many countries but was
without difference between the groups and should not in-
fluence the outcome of the trial. Research on emergency
surgical patients is difficult and requires a complex set-up.
Attention from the local investigator at all times of the day
is not possible, resulting in a risk of non-adherence to the
protocol, selection bias, and long inclusion time. Most of the
patients (65%) in this trial were included during the daytime
(07.00 am—7.00 pm), which might reflect a selection bias or
might equally reflect the fact that in many patients with
bowel obstruction, surgery can safely be postponed to day-
time. In general, trials investigating fluid therapy suffer from
difficult data collection, and we experienced missing preop-
erative and postoperative fluid data.

A strength of our trial is the multicentre set-up, which
increased the heterogeneity of the patients and the treat-
ments, and thus the generalisability of the results. Another
strength is that the primary outcome is meaningful and easily
collectable. In general, a composite endpoint needs to be
carefully defined to avoid bias.

The outcomes in our study were well defined with diag-
nostic criteria and were thus minimally affected by subjective
judgement and held equal importance.

In conclusion, this randomised multicentre trial of patients
undergoing emergency surgery for obstructive bowel disease
or GI perforation showed no superiority of a flow-guided (GDT)
fluid regimen followed by zero fluid balance compared with a
pressure-guided (STD) fluid regimen, for both complications
and mortality.
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