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with venoarterial carbon dioxide difference and pulse
pressure variation — does it work?
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Background: Current evidence suggests that intraoperative goal-directed haemody-
namic therapy (GDT) should be considered for high-risk patients undergoing major
gastrointestinal surgery. We aimed to evaluate if an algorithm using venoarterial carbon
dioxide difference (CO, gap) and pulse pressure variation (PPV) as therapeutic targets
during GDT would decrease the major complications after gastrointestinal surgery.
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Methods: This was a before-and-after study (n = 204) performed in a tertiary hospital
on patients who underwent elective open major gastrointestinal surgeries. The inclu-
sion criteria were surgeries expected to last more than two hours, family and physician’s
agreement on total postoperative support, and survival expectancy of at least three
months. The exclusion criteria were previous haemodynamic instability, presence of
infection, cardiac arrhythmias, and emergency surgery. In the intervention group (IG),
an algorithm was applied using fluids, dobutamine, and noradrenaline during the in-
traoperative period aiming at MAP > 65 mm Hg, SpO, > 95%, CO, gap < 6 mm Hg, and
PPV < 13%. The control group (CG) comprised consecutive eligible patients who were
operated by the same team before the institution of the algorithm.

Results: The rates of moderate and severe postoperative complications were lower in
the IG (11% vs. 23%; IC: RR =047, 95% Cl: 0.246-0.929; P = 0.025). The respective 90- and
180-day mortality rates in the IG and CG were 9.8% vs. 22.5% (P = 0.014) and 12.6% vs.
25.5% (P =0.020).

Conclusions: An algorithm aiming to minimise the CO, gap and normalise PPV was
feasible and effective in decreasing rates of moderate and severe complications after
surgery in high-risk patients.
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Perioperative goal-directed therapy (PGDT) has
been shown to significantly decrease the complica-
tions and risk of death, as well as diminish the health
care costs in high-risk patients undergoing noncardiac
surgery [1-5]. To prevent under- or over-resuscitation
and inadequate oxygen delivery, which are all related
to worse outcomes, fluids — guided by tests of fluid
responsiveness, vasopressors, red blood cells, and in
some cases, dobutamine are pre-emptively used [6].

There is a considerable gap between the accu-
mulating evidence on the benefits and the actual
adherence to PGDT. Strategies that aim to optimise

blood flow are widely adopted in routine care. Car-
diac output monitoring has been used in only 10%
to 20% of major noncardiac surgery patients during
perioperative care and by about one-third of ana-
esthesiologists in Europe and the United States [7].
Lack of knowledge and availability of monitoring
technologies are elements that account for the in-
frequent use of haemodynamic monitoring. Cost
restraints may also play a role in the low adherence
to these practices in low-resource settings.
Markers of oxygen delivery/oxygen con-
sumption (DO,/VO,) balance, such as central ve-

297



Livia P. Miranda Prado, Francisco Ricardo M. Lobo, Neymar E. de Oliveira, Daniela R. P. Espada, Bérbara F. B. Neves, Jean-Louis Teboul,
Suzana Margareth A. Lobo

MAP > 65 mm Hg and Hb > 10 g dL”

Fluid maintenance at 6 mL kg™ h'

(o, gap = 6 mm Hg
PPV = 13% PPV < 13%

250-500 mL Start dobutamine at 2.5 pg kg™ min™
Ringer’s lactate and increase after each test while
¢ the C0,> 6 mm Hg

Reassess after 30 min.
If PPV > 13, recycle

- When PPV was not available, CVP was used. Fluid challenge when

« Dobutamine 2.5 ug kg™ min™ (if CO, gap and other markers worsen

(0, gap was = 6 mm Hg. If MAP was < 65 mm Hg after fluid
challenge, dobutamine was started

and PPV < 13, increase by 2.5 ug kg™ min™)

FIGURE 1. Algorithm of treatment for the intervention group
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nous oxygen saturation (ScvO,), and global tissue
dysoxia, such as lactate, have been used as the
goals during PGDT, but the results have not been
consistent. Normalisation of venoarterial carbon
dioxide difference [P (v-a) CO,] or CO, gap has been
proposed as a complementary tool or potential the-
rapeutic target by some authors [8, 9]. The CO, gap
is inversely related to the cardiac output, and values
> 6 mm Hg suggest low blood flow. The use of the
CO, gap was described as a good marker of blood
flow adequacy or microvascular perfusion in criti-
cally ill patients under mechanical ventilation [10].
It was reported as a reliable prognostic indicator in
patients under mechanical ventilation and in high-
-risk surgical patients [11, 12]. In septic patients with
Scv0, = 70%, the presence of persistently high CO,
gap has been associated with worse outcomes [13].
We conducted this study to evaluate the ability of
haemodynamic therapy, based on the optimisation
of the CO, gap, and individualised fluid administra-
tion guided by PPV in reducing the rate of moderate
and severe postoperative complications.

METHODS
Study design and participants

This was an explanatory, prospective, historical-
ly controlled, before-and-after study that evaluated
the effects of a haemodynamic management pro-
tocol that was newly implemented and introduced
into routine operative care in September 2015 for
open major oncological surgeries, in comparison
with the effects of conventional management. Pa-
tients who were treated between 1 August, 2013
and 31 December, 2017 were enrolled in the study
according to the following inclusion criteria: electi-
ve open upper gastrointestinal surgeries (gastrec-
tomy or esophagectomy) that were expected to
last for more than two hours, family and physician’s

agreement on total postoperative support, and
postoperative survival expectancy of at least three
months. The exclusion criteria were previous ha-
emodynamic instability, presence of infection and
cardiac arrhythmias, and emergency surgery. Ethics
committee approval was obtained from the local
ethical review board (CAAE 63997717.6.0000.5415),
and informed consent was waived because of the
observational nature of the study (amendment:
2.503.527). This manuscript adheres to the applica-
ble CONSORT guidelines.

The general goals of therapy for both groups
(control and intervention) were maintenance of
peripheral oxygen saturation (SpO,) > 95%, mean
arterial pressure (MAP)> 65 mm Hg, end-tidal
CO, between 35 and 45 mm Hg, and core tempera-
ture> 36°C. The Physiological and Operative Severity
Score for the Enumeration of Mortality and Morbidi-
ty (P-POSSUM) was used to estimate morbidity and
mortality [14].

Patients in the intervention group (IG) were ma-
naged with a treatment algorithm that was started in
September 2015 to December 2017 and targeted first
to keep the CO, gap < 6 mm Hg. PGDT was started if
the CO, gap was = 6 mm Hg, as shown in Figure 1.

After induction of anaesthesia, central veno-
us and arterial catheters were placed for blood
sampling and measurements of the MAP and PPV.
PPV was calculated during the respiratory cycle as
(PPmax — PPmin) / (PPmax + PPmin) / 2 x 100 (Dra-
ger Infinity Vista XL, Drager Medical System). Fluid
maintenance was kept at 6 mL kg™ h™'. Blood sam-
ples for measurements of haematocrit, electrolytes,
arterial and venous blood gases, and serum lactate
were obtained within the following time windows:
30 to 60 min (T,), 2 h £30 min (T,), 4 h £30 min (T,),
and upon intensive care unit (ICU) admission (T,).
A bolus of 250-500 mL of lactated Ringer’s solu-
tion was given if the PPV was > 13%. Red blood
cell transfusion was given if the haemoglobin was
<10 gdL". If the MAP was < 65 mm Hg, noradrena-
line was started at a dose of 0.05 ug kg™ min” and
was increased as necessary. Thereafter, for persistent
CO, gap = 6 mm Hg and PPV < 13%, dobutamine
was started at a dose of 2.5 ug kg™ min” and was ti-
trated up to a maximum of 20 pug kg™ min™ to reach
the CO, gap target. Dobutamine was discontinued
if the heart rate increased to > 20% of the baseline.
The volume of crystalloids, blood products, and use
of vasoactive drugs were recorded.

Data from consecutive eligible patients who
were operated on by the same team of surgeons
and anaesthesiologists before the institution of the
new protocol (January 2013 to August 2015) were
retrieved from the medical records and analysed to
comprise the control group (CG). The local standards
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for the CG included fluid maintenance of 5-10 mL
kg™ h' of lactated Ringer’s solution during surgery
plus fluid replacement for fasting (2 mL kg™ h™") in
the first 3 h and routine basic monitoring using five-
lead electrocardiogram, pulse oximetry, invasive or
noninvasive blood pressure monitoring, and cap-
nography. Noradrenaline was used if the MAP were
persistently < 65 mm Hg after volume expansion
with 1 L of lactated Ringer’s or saline. Dobutamine
was used if there were signs of deranged perfusion,
which was indicated by altered ScvO, or lactate, de-
spite fluid replacement.

Patients in the IG were considered to have achie-
ved the goal if the CO, gap was < 6 mm Hg at T,.
Postoperative complications were defined by the In-
ternational Surgical Outcomes Study, and only mo-
derate and severe complications were considered
[15]. Patients were followed-up for complications
during hospitalisation and for 180-day mortality.

Outcomes

The primary endpoint was the occurrence of
moderate or severe postoperative complications.
The secondary endpoints were ICU length of stay
and mortality rates at 30, 90, and 180 days.

Statistical analysis

We assumed that moderate or severe complica-
tions would occur in 40% of the CG. At a significance
level of a = 0.05, with regard to the primary outco-
me, 102 patients would be required in each group
in order to have an 80% chance of detecting a 20%
difference between the CG and IG.

Normally distributed data were presented as
mean tstandard deviation (SD), whereas non-nor-
mally distributed data were presented as median
(interquartile range) or as a percentage of the gro-
up from which they were derived. For categorical
data, the x? test was used to compare qualitative
data. Qualitative and quantitative data were com-
pared using Student’s t-test or analysis of variance
(ANOVA), when normally distributed, or the Kruskal-
-Wallis test in other circumstances. All statistics were
two-tailed and P < 0.05 was considered to be signifi-
cant. Relative risk (RR) and 95% confidence interval
(Cl) were calculated to measure the differences in
the number of complications between groups. Ka-
plan-Meier curves were generated to assess survival
time. The statistical analysis software used was SPSS
Statistics v25.0 (IBM").

RESULTS

Of 394 eligible patients who underwent open
major gastrointestinal surgery, 204 were included
in the study. Of 206 eligible patients evaluated be-
tween August 2015 and December 2017, 102 pa-

Patients who underwent to open major
gastrointestinal surgery between

August 2015 and December 2017

Y

206 eligible patients

. _ | 98 excluded due to surgery

v “|  duration less than 2 h
108 patients with surgery duration higher
than2h
anl _ 5 excluded due to
v "|  emergency surgery

103 patients with surgery duration higher

than 2 h and no emergency surgery

T _ 1 excluded due to
v hemodynamic instability

102 eligible patients for intervention group

FIGURE 2. Exclusion chart for intervention group

Patients who underwent to open major
gastrointestinal surgery between January 2013
and August 2015

!

188 eligible patients

72 excluded due to surgery
¢ »| duration lessthan 2 h
or palliative surgery

116 patients with surgery duration higher

than2h

T _ 6 excluded due to
v "|  emergency surgery

110 patients with surgery duration higher

than 2 h and no emergency surgery
I

_ | 8excuded due to cardiac
v arrhythmia

102 eligible patients for control group

FIGURE 3. Exclusion chart for control group

tients were included in the |G after exclusion of 104
patients because of surgery duration of less than 2 h
(n = 98), emergency surgery (n = 5), and haemody-
namic instability (n = 1), as shown in Figure 2.

Data from 102 patients in the CG were retrieved
from the electronic medical records of a cohort of
188 patients who underwent surgery between Ja-
nuary 2013 and August 2015. Eighty-six patients
were not included in the analysis or were excluded
afterward because of surgery duration of less than
2 h or palliative surgery (n = 72), emergency surgery
(n = 6), and cardiac arrhythmia (n = 8), as shown in
Figure 3.

The patients’ characteristics are detailed in
Table 1. Compared with the CG, the IG underwent
more esophagectomy procedures and less gastrec-
tomy procedures. There were no differences be-
tween the IG and CG in the P-POSSUM-predicted
mortality and in the duration of surgery.
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TABLE 1. Patients’ characteristics

Characteristics
= 102

Gender, male 64 (63) 70 (70) 0.408
Age in years 67 +11 65 +11 0.216
P-POSSUM 35.9+6.9 36.9+5.9 0.110
Surgery duration in hours 59+14 6.9 +8.1 0.344
Type of surgery
Gastrectomy 83(81.3) 63(61.7) 0.002
Esophagectomy 3(2.9) 15 (14.7)? 0.003
Esophagectomy + 15(14.7) 21(20.5) 0.270
gastrostomy
Comorbidities
Neoplasia 90 (88.2) 88 (86.2) 0.675
Arterial hypertension 51(50) 46 (45) 0.483
Diabetes mellitus 13(12.7) 15(14.7) 0.684
Chronic obstructive 33(323) 35(343) 0.766
pulmonary disease
Chagas cardiomyopathy 13(12.7) 10(9.8) 0.507
Chronic kidney disease 3(3.0) 4(3.9) 0.701
Previous stroke 0(0) 3(2.9) 0.081
Others 23(22.5) 30(29.4) 0.264

Data is presented as n (%) or median standard deviation
(G — control group, IG — intervention group, P-POSSUM — Portsmouth Physiological and Operative Severity Score for
the Enumeration of Mortality and Morbidity

¢P < 0.01vs. control group

TABLE 2. Comparison between control group (CG) and intervention group (IG) labo-
ratory, haemodynamic, and perfusion data

m———

Haemoglobin 1M.4+1.8 | 11.8+1.6 | 124+1.6 | 12117
(gdl?) G| 123221 | 131221 | 124420 | 127422
MAP (mm G | 91+14 | 75+M 7849 8210
Hg) 16 9512 | 7610 7849 8249
P (v-a) O, G | 6727 | 70423 | 71434 | 84442
(mm Hg) IG | 594210 | 64+26 | 59+21 | 9.0+3.8
PPV (%) @ - - -
16 11 11 101 -
Scv0, (%) G | 8011 83 +8 8148 7449
1G 86 +6 87 +5° 86 +6 737
O,ER (%) G | 1811 | 2113 | 18476 | 2349
1G 13 +6° 14+7° 10 £5.6° 24 +7
Serum lactate G 1.6 +0.7 1.9+0.9 2.6+1.7 3.0+1.8
(mmol L) I6 | 1505 | 18407 | 1505 | 3115
BE (G | —24%24 | 30423 | —3.5425 | —6.443.1
IG | —21423 | —27£19 | —21423 | —4946.2°
Creatinine G 0.92 £0.03 - - 0.86 £0.03
(mgdL) IG | 0.9220.02 - - 0.90 £0.3°

Data is presented as n (%) or median =standard deviation

T,:30 60 min during surgery, T: 2 h 30 min during surgery, T, 4 h +:30 min during surgery, T : upon intensive care

unit admission
*P<0.05°P<001

MAP — mean arterial pressure, P (v—a) CO, — venoarterial difference of carbon dioxide, PPV — pulse pressure variation,
Scv0, — central venous saturation of oxygen
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The laboratory, haemodynamic, and perfusion
variables are detailed in Table 2. The CO, gap (in mm
Hg) was significantly lower in the IG than in the CG
atT, T, and T,and increased in both groups at T,
particularly in the IG. The ScvO, values were signifi-
cantly higherin the IG thanin the CGatT, T, and T..
Haemoglobin was higher and O,ER was lower in the
IG than in the CG throughout all time points. Serum
lactate (mEq L) was significantly higher in the CG
thaninthe IG atT,. At T, there were no significant
differences between groups in the values of lactate,
ScvO,, and oxygen extraction ratio (EO,R), but the
base excess was lower in the IG than in the CG.

Both groups received not significantly different
volumes of crystalloids, but compared with the CG,
the IG received a significantly lower volume of collo-
ids during surgery and had significantly lower urine
output. There was no difference in the use of do-
butamine between groups, but noradrenaline was
administered more frequently in the IG than in the
CG (Table 3). The proportion of goal achievers was
higher in the IG than in the CG at T, (46% vs. 31%,
RR =1.50, 95% Cl: 1.005-2.238; P < 0.05) and at T,
(51% vs. 32%, RR = 1.59, 95% Cl: 0.930-2.708; not
significant).

As shown in Table 4 and 5, the rates of moderate
and severe postoperative complications were lower
in the IG than in the CG. Except for more moderate
AKI, defined as increase of creatinine 2.0-2.9 fold
from baseline within 7 days or < 0.5 mlI" kg™ h over
12 hours.

Fewer complications per patient occurred in the
IG than in the CG. No differences between groups
were observed with regard to days on mechanical
ventilation and length of stay in the ICU or hospi-
tal. The respective mortality rates were lower in the
IG than in CG, with statistical significance at 90 and
180 days. The 180-day Kaplan-Meier survival curve
is shown in Figure 4.

DISCUSSION

The main findings of this study were 1) a 53%
reduction in the risk of having a moderate or severe
postoperative complication in the IG than in the CG,
2) lower mortality rates at 90 and 180 days in the IG
than in the CG, 3) PGDT improved peripheral tissue
perfusion during surgery, and 4) the use of norad-
renaline was more frequent in the IG than in the CG.

In these high-risk oncological surgical patients,
there was a significant decrease in the likelihood of
having a moderate or severe complication after the
implementation of an algorithm for intraoperative
haemodynamic management. Postoperative com-
plications have been known to have a huge impact
on the short- and long-term survival, costs, and qu-
ality of life [9]. Data from 105,000 surgical patients
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showed that the occurrence of one complication
after surgery was an independent predictor of mor-
tality and reduced the likelihood of long-term survi-
val by 69% [16]. Other authors have reported the
negative impact of postoperative complications on
long-term outcomes [17, 18]. In our study, the signi-
ficant effect on mortality was probably associated
with the impact on severe complications.

At all-time points during surgery, the CO, gap
was lower in the IG than in the CG, and there was
a 50% higher likelihood of achieving a CO, gap of
< 6 mm Hg in the IG than in the CG. These results
suggested that the protocol was feasible and had
good adherence. In this study, the CO, gap was
used as a surrogate marker of cardiac output for
intraoperative haemodynamic management and
enabled the determination of improved perfusion,
as shown by the higher ScvO, and lower O2ER in the
IG than in the CG.

SvO, reflects the adequacy of oxygen delivery,
in relation to oxygen consumption. Futier et al. pro-
posed that a CO, gap < 5 mm Hg serves as a com-
plementary tool to ScvO, during resuscitation,
when the ScvO2 is higher than 70%, such as during
cytopathic hypoxia or microcirculatory alterations,
which result in decreased oxygen extraction [8]. In-
deed, during deep sedation or anaesthesia, metabo-
lism is decreased and oxygen extraction is altered.
Therefore, the CO, gap might serve as a comple-
mentary target to identify inadequacy of fluid the-
rapy after a major abdominal surgery. Other authors
have demonstrated the associations of low SvO, and
high CO, gap upon ICU admission with more organ
dysfunction and complications after major gastro-
intestinal surgeries in high-risk patients, and the
application of interventions that addressed these
variables led to better outcomes [8, 19].

Interestingly, noradrenaline was more frequent-
ly used in the IG than in the CG, although no differ-
ence in MAP was seen between the two groups. The
increased use of noradrenaline was probably due to
the intervention algorithm, in which fluid therapy
was guided by PPV. A recent study demonstrated

TABLE 4. Primary and secondary outcomes

TABLE 3. Comparison of the therapeutic interventions between the control group

(CG) and intervention group (1G)

e 6 e

Crystalloids (L) 4.0 (3.0-4.5) | 3.6 (3.0-4.5) 0.567
Colloids (L) 0(0-0.5) 0(0-0) < 0.001
Red blood cell transfusion (units) 1(1-2) 1(1-2) 0.339
Noradrenaline (%) 15(14.7) 46 (45.1) <0.001
Dobutamine (%) 15(14.7) 18(17.6) 0.568

Data is presented as n (%) or median (25% to 75% interquartile)
(G — control group, IG — intervention group
7P <0.01vs.CG

that the use of noradrenaline to maintain systolic
blood pressure within 10% of the patient’s base-
line was related to improved results and less organ
dysfunction. This result was probably secondary to
increased venous return due to enhanced blood
redistribution from the unstressed to the stressed
blood volume [20]. Early use of vasopressors dur-
ing anaesthesia induction is likely to decrease the
occurrence of hypoperfusion in the gut, brain, and
kidneys and prevent a cycle of inadequate blood
flow redistribution and tissue hypoperfusion.

Although previous studies on cardiac output
measurements have used dobutamine more often
during PGDT, in this study, noradrenaline was more
commonly used than dobutamine (47% vs. 18%)
among patients in the IG.

The treatment algorithm for the IG recommended
maintaining a serum haemoglobin level > 10 mg dL".

Red blood cells were transfused in 19.6% of
the patients in the IG and in 43.1% of those in the
CG. The relatively high haemoglobin level despite
the relatively low transfusion rate in the IG can be
explained by the precise PPV-guided fluid therapy
and the associated frequent use of noradrenaline
in this group. The use of noradrenaline decreases
fluid responsiveness by redistributing blood from
the unstressed to the stressed blood volume. In ad-
dition to decreased fluid responsiveness, haemo-
dilution was less and haemoglobin levels increased
with PPV-guided fluid infusion.

Variables G IG RR C195% P-value
Number of patients with moderate or severe complications 23(22.5) 11(10.8)° 0.47 0.246—-0.929 0.025
Length of intensive care unit stay 5(4-7) 5(4-7) - - 0.166
Length of hospital stay 8(7-12) 9(7-11) - - 0.604
Mortality at 30 days 16 (15.5) 8(7.8) 0.5 0.224-1.116 0.080
Mortality at 90 days 23(22.5) 10 (9.8)° 0.43 0.218-0.867 0.014
Mortality at 180 days 26(25.5) 13 (12.6) 0.5 0.273-0.917 0.020

Data is presented as n (%) or median (25% to 75% interquartile)
(G — control group, IG — intervention group, RR — relative risk
‘P <0.05vs.(G
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TABLE 5. Comparison of the moderate and severe complications between the (G

and IG
T Compitions | G6_|_16_| Paalue_

Infectious

Surgical site infection Moderate | 0(0.00) 1(0.98) 0.316
Severe 2(1.96) 1(0.98) 0.561

Pneumonia Moderate | 3(2.94) 3(2.94) 1.000
Severe | 12(11.76) | 7 (6.86) 0.228

Blood stream infection Moderate | 1(0.98) 0(0.00) 0.316
Severe 5(4.90) 2(1.96) 0.249

Peritonitis Moderate | 0(0.00) 0(0.00) 1.000
Severe 1(0.98) | 0(0.00) 0.316

Cardiovascular

Acute myocardial infarction Moderate | 0(0.00) 2(1.96) 0.155
Severe 2(1.96) 2(1.96) 1.000

Arrhythmia Moderate | 3(2.94) | 5(4.90) 0.471
Severe 1(0.98) 0(0.00) 0.316

Pulmonary

Pulmonary embolism Moderate | 0(0.00) | 0(0.00) 1.000
Severe 1(0.98) | 0(0.00) 0.316

Pulmonary oedema Moderate | 0(0.00) 2(1.96) 0.155
Severe 1(0.98) 0(0.00) 0.316

ARDS Moderate | 0(0.00) 0(0.00) 1.000
Severe 2(1.96) | 0(0.00) 0.155

Gastrointestinal

Gastrointestinal bleeding Moderate | 1(0.98) 0(0.00) 0.316
Severe 1(0.98) | 0(0.00) 0.316

Anastomotic leak Moderate | 0(0.00) 3(2.94) 0.081
Severe 4(3.92) 5(4.90) 0.733

Kidney

Acute kidney injury Moderate | 3(2.94) | 10(9.80) 0.045
Severe 6(5.88) 4(3.92) 0.517

Others

Postoperative bleeding ‘ Moderate ‘ 5(4.90) ‘ 1(0.98) ‘ 0.097

Data is presented as n (%)
ARDS — acute respiratory distress syndrome

Percent survival (%)
wu
o

0 10 20 30 40 50 60 70 80 90 100110120 130 140 150160 170180

Group - Control

Survival

time (days)

-~ |ntervention

3 (Censored

FIGURE 4. 180-day Kaplan-Meier survival curve (P = 0.020)

302

One point of concern is the incidence of mode-
rate acute kidney injury in the IG that was greater,
maybe due to a more restrictive fluid therapy in this
group. The amount of fluids in the IG was less than
in the CG, but without statistical significance.

Some limitations of our study must be addres-
sed. Before-and-after studies are inherently suscep-
tible to bias and cannot exclude the possibility of
a Hawthorne effect. To reduce the effects of trends
or investigator bias, we minimised the time span
between the two cohorts by including consecuti-
ve surgical patients in the study group before the
introduction of the new treatment protocol. There
was some imbalance between groups, with more pa-
tients undergoing esophagectomy procedures in the
PGDT group; however, this must be not a problem
because more complications and higher mortality
are expected in patients submitted to this procedu-
re. Nevertheless, without randomisation, the results
must be interpreted with caution. Finally, the study
was performed in a particular population of major
gastrointestinal surgeries. Therefore, these results
may not be generalisable to other types of surgeries.

To our knowledge, the present study was the
first to use the CO, gap as a therapeutic target in
addition to PPV during PGDT in high-risk patients
undergoing gastrointestinal surgeries. The introduc-
tion of haemodynamic therapy with PPV and CO,
gap was associated with decreased rate of severe
complications and significantly lower postoperative
mortality.

In conclusion, the use of a haemodynamic pro-
tocol that aimed to normalise the CO, gap and PPV
seemed to be feasible and effective in reducing
severe complications and mortality in patients un-
dergoing major gastrointestinal surgeries. It may be
a simple alternative to more complex monitoring,
particularly in low-resource settings, and may provi-
de timely and reliable information to guide therapy.
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