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Abstract

Background There is no significant evidence verifying the efficacy of liberal versus conservative oxygen therapy
on hemodynamics in patients with sepsis. We investigated how liberal and conservative oxygen therapy influenced
stroke volume, cardiac output, and vasopressor needs in patients with sepsis undergoing mechanical ventilation.

Methods This randomized clinical trial included 106 patients with an admission diagnosis of infection, a Sequential
Organ Failure Assessment (SOFA) score of two points or higher and required invasive mechanical ventilation for

at least 72 h. Patients were randomly assigned to one of two oxygenation strategies: liberal (n=53) with a target
SpO2 of >96% or conservative (n=53) with a target SpO2 of 88-92%. Transthoracic Doppler echocardiography was
done twice to measure stroke volume and cardiac output, initially upon enrollment in the trial and then 72 h later.
The primary outcome was stroke volume. Secondary outcomes were cardiac output, vasopressor use, mechanical
ventilation duration, ICU stay length, and adverse events.

Results Stroke volume and cardiac output measurements did not differ significantly between research groups after
72 h of oxygenation treatment (p=0.459 and 0.637, respectively). Forty-five patients (84.9%) in the conservative
oxygen therapy group needed vasopressors to maintain their mean arterial pressure above 65 mmHg, whereas 35
patients (66.0%) in the liberal group did (p=0.024). A multivariate logistic regression analysis of the independent
variables for vasopressor requirements revealed that patients in the conservative oxygen group were 3.83 times more
likely to require vasopressors (AOR=3.83,95% Cl: 1.31-11.18, p=0.014) than those in the liberal group. Older patients
(AOR=1.03,95% Cl: 1.01-1.07, p=0.038) and those with higher SOFA scores (AOR=1.36, Cl: 1.09-1.68, P=0.005) were
significantly more likely to need vasopressors.

Conclusions Liberal or conservative oxygen therapy did not influence stroke volume or cardiac output
measurements in mechanically ventilated patients with sepsis. Patients in the conservative oxygen group were more
likely to require vasopressors than those in the liberal group.
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Trial registration This study was approved by the Ethics Committee of Aswan University Hospital (@approval number:
Aswu/460/5/20) (registration date: 05/05/2020) and registered on ClinicalTrials.gov (NCT04824703) (03/30/2021).
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Introduction

Sepsis and septic shock remain significant global health
burdens, characterized by elevated morbidity and mor-
tality rates [1]. Sepsis is an unregulated host response to
infection that results in tissue hypoperfusion and end-
organ damage [2]. Optimizing oxygen delivery is crucial
for patients with sepsis, particularly those on mechani-
cal ventilation, which requires increasing cardiac output
and oxygen supplementation [3]. Bak et al. [4] identified
a negative correlation between increasing arterial oxygen
levels and decreasing left ventricular stroke volume and
end-diastolic area. The study involved nine healthy vol-
unteers between the ages of 23 and 48. Previous research
has also shown that oxygen therapy can considerably
impact cardiovascular function [5]. Additionally, hyper-
oxia and oxidative imbalance produce excess reactive
oxygen species (ROS), contributing to organ damage and
cardiac cell death. Sepsis also enhances the formation of
these free radicals [6]. Thus, the optimal oxygen regimen
for patients with sepsis is still being determined.

A recent post-hoc analysis of data from 251 mechani-
cally ventilated patients with sepsis who participated in a
trial evaluating conservative to standard oxygen therapy
revealed that conservative oxygen therapy did not result
in a statistically significant reduction in 90-day mortal-
ity compared to standard oxygen therapy. However, the
study was insufficiently powered to detect the hemody-
namically meaningful advantage or harm of conservative
oxygen therapy in this patient population [7]. Therefore,
there is a lack of evidence verifying the effect of liberal
versus conservative oxygen therapy on hemodynamics
in mechanically ventilated patients with sepsis [8]. Nota-
bly, echocardiographic monitoring has recently been
implemented in critical care, and stroke volume (SV) is
becoming a more significant hemodynamic parameter to
evaluate heart pump performance and organ perfusion.
SV is considered the fundamental determinant of cardiac
output (CO) and is less affected by compensatory pro-
cesses [9].

This randomized clinical trial compared the effect of
liberal versus conservative oxygen therapy on stroke vol-
ume and cardiac output in sepsis patients undergoing
mechanical ventilation. Vasopressor needs, duration of
mechanical ventilation, ICU length of stay, and ICU mor-
tality were also evaluated.

Patients and methods

Ethics and registration

This study was approved by the Ethics Commit-
tee of Aswan University Hospital (approval num-
ber: Aswu/460/5/20) (registration date: 05/05/2020)
and registered on ClinicalTrials.gov (NCT04824703)
(03/30/2021). It was carried out in the surgical inten-
sive care unit (SICU) at Aswan University Hospital and
adhered to the Consolidated Standards of Reporting Tri-
als guidelines. Patients or surrogates signed a written
informed consent after learning about the trial. All meth-
ods were carried out according to the ethical standards
outlined in the 1964 Declaration of Helsinki and subse-
quent amendments.

Patient inclusion and exclusion criteria

This study included patients>18 years old admitted to
the SICU with infection, SOFA score of two points or
higher (indicating sepsis according to the Sepsis-3 diag-
nosis) [10], and expected to be mechanically ventilated
for at least 72 h. Patients under the age of 18, pregnant
women, those with acute respiratory distress syndrome,
chronic obstructive pulmonary disease, idiopathic pul-
monary fibrosis, cardiovascular disease, chronic kid-
ney disease, and those who declined to participate were
excluded from the study.

Randomization

Patients were randomly assigned to one of two equal
groups using computer-generated randomization tables.
The group allocation was concealed in serially numbered,
sealed, and opaque envelopes, which were opened at allo-
cation time. The liberal oxygen therapy group (n=53)
included patients with target arterial oxygen saturation
measured by pulse oximetry (SpO2)>96% and target
arterial partial pressure of oxygen (PaO2) between 90 and
105 mm Hg, with no specific measures limiting the frac-
tion of inspired oxygen (FiO2). FiO2 values less than 0.3
were not used.

The conservative oxygen therapy group (n=53)
included patients with target arterial oxygen saturation
measured by pulse oximetry (SpO2) between 88 and 92%
and target PaO2 between 60 and 75 mm Hg. The FiO2
was reduced as much as possible to a minimum of 0.21
while maintaining the SpO2 above the acceptable lower
limit. If SpO2 * 92%, FiO2 was decreased by 0.1 at inter-
vals of no more than 5 min until SpO2<92%. If SpO2
was within target, FiIO2 was reduced by 0.05 at 30-min-
ute intervals until it reached 0.21 or SpO2 approached
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88%. If SpO2<88%, immediately revert to the previous
FiO2 to meet the target SpO2. If arterial blood gas shows
PaO2<60 mmHg, FiO2 was increased regardless of SpO2
level. Patients received their assigned oxygen strategy
until discharge from the ICU. We used PaO2 and SpO2
readings to influence FiO2 levels during the trial [11].

All patients were mechanically ventilated using an
assist control pressure control (A/C PC) mode to deliver
a tidal volume of 6-8 mL/kg, a respiratory rate of 12-16
cycles/min, an inspiratory to expiratory ratio of 1:2, and
a PEEP of 5 cmH20O using (CARESCAPE R860, Model
G1500197, Datex Ohmeda, Madison, USA). To maintain
a Richmond Agitation Sedation Scale (RASS) score of
-2 to -4 during the first 72 h of mechanical ventilation,
patients were given dexmedetomidine infusions of 0.2 to
0.7 pg/kg/h and fentanyl infusions of 1.0 to 2.0 pg/kg/h,
as per the institutional sedation/analgesia protocol. The
study group allocation was unknown to the patients,
their families, the transthoracic echocardiography opera-
tor, and those analyzing the results.

The following clinical data were gained upon admission

+ History and baseline characteristic data (age, gender,
source of ICU admission, and sites of infection),
complete laboratory investigations, microbiological
samples, and radiographic investigations.
Antimicrobials were given immediately within
one hour of sepsis identification following the
international recommendations [12].

+ Sequential Organ Failure Assessment (SOFA) [13],
Simplified Acute Physiology Score 111 (SAPS I1I)

[14, 15], and Acute Physiology, Age, and Chronic
Health Evaluation IT (APACHE IT) [16] scores were
calculated upon ICU admission.

+ Continuous arterial blood pressure monitoring
was performed using an arterial catheter, and the
heart rate was also continually measured using
electrocardiography.

» After adequate fluid resuscitation, if diastolic arterial
pressure (DAP) was lower than 60 mmHg or mean
arterial blood pressure (MAP) was lower than
65 mmHg, we immediately initiated vasopressor
(norepinephrine) infusion. The norepinephrine
dosage was adjusted between 0.2 and 1.5 pg/kg/
minute to maintain MAP above 65 mmHg and DBP
above 60 mmHg [19].

«+ The central venous oxygen saturation (ScvO2) was
measured every 12 h to guide fluid resuscitation.
ScvO2 levels were characterized as high if they
exceeded 75%, normal if they ranged between 65 and
75%, and low if they were less than 65% [17, 18].
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+ Arterial blood gas was checked every six hours.
Mean FiO2, SpO2, PaO2, and the PaO2/FiO2 ratio
were calculated daily.

Stroke volume and cardiac output measurements

A single certified cardiologist, blind to group assign-
ment, performed transthoracic Doppler echocardiogra-
phy, which was repeated 72 h later to verify the impact
of liberal versus conservative oxygen therapies on stroke
volume and cardiac output. To improve the quality and
consistency of echocardiographic interpretations and
minimize intra-observer variability, measurements were
repeated by the same operator to ensure real data. Image
acquisition was performed following a standardized pro-
tocol based on the American Society of Echocardiogra-
phy guidelines [20].

Standard echocardiographic views were acquired using
the GE M5Sc Matrix Phased Array 1-5 MHz Ultrasound
Probe (Vivid E95, GE Vingmed Ultrasound AS, Horten,
Norway). Pulsed-wave Doppler samples were obtained
in the center of the left ventricular outflow tract (LVOT)
using the apical 5-chamber view to measure the velocity
of blood passing through it. The angle between the Dop-
pler signal and the aortic blood flow was kept as close
to 0° as possible. This was important since the quality of
the Doppler ultrasonography significantly depended on
the alignment with the aortic blood flow and catching
the signal at the correct angle. The velocity time integral
(VTI) was determined by tracing the outline of the LVOT
velocity waveform. The average VTI was calculated by
tracing five consecutive Doppler velocity curves in five
cardiac cycles. Using the long parasternal view, the LVOT
diameter was determined by measuring the distance
between the bases of the aortic valve cusp during sys-
tole. Three measurements were taken to determine the
average LVOT diameter. LVOT area = [(LVOT diameter
average / 2)*] x 3.14 [21. Stroke volume was calculated
by multiplying the LVOT area by the VTI of the LVOT
blood flow. Cardiac output was computed by multiplying
the SV by the heart rate recorded during the measure-
ment [22, 23].

Outcome measures

The primary outcome was the stroke volume after 72 h of
oxygen therapy. Secondary outcomes were cardiac out-
put, the use of vasopressors, duration of mechanical ven-
tilation, ICU length of stay, and ICU mortality.

Sample size and statistical analysis

The sample size was estimated using G*Power software
version 3.1.3. The primary outcome was the stroke vol-
ume after 72 h of oxygen therapy. Using a t-test for com-
parison and hypothesizing an effect size of 0.5 (difference
in stroke volume between the two study groups), an alpha
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error probability of 0.05, a power (1-beta error probabil-
ity) of 0.80, and an allocation ratio of 1:1, the minimal
sample size was 102 patients (51 in each group).

Data was analyzed using the Statistical Package for
Social Science (SPSS), version 26.0 for Windows. Quali-
tative data were presented as frequency and percent-
age. Quantitative data were presented as mean*SD or
median and interquartile range according to the normal-
ity of the data after testing its distribution by the Shapiro-
Wilk test. The missing data was not imputed.

The Chi-square/Fisher Exact test was used to com-
pare the proportions between the conservative and lib-
eral oxygen therapy groups in the septic mechanically
ventilated patients. Independent Sample T-test/Mann
Whitney U test was used to compare the mean/median
differences between groups. One-way repeated measures
ANOVA compares the mean difference within each study
group over time. Two-way repeated measures ANOVA
compares the effect of time between groups. Pearson cor-
relation was utilized to explore the correlation between
stroke volume after 72 h of oxygen therapy and other
variables. A univariate logistic regression analysis was
employed to identify possible factors associated with
mortality and vasopressor use in septic mechanically
ventilated patients. The significant variables were then
entered into a multivariate logistic regression analysis
to calculate the adjusted odds ratio (AOR). P-values less
than 0.05 were considered significant.

Results

The study included 154 patients admitted to the SICU
with infection, a SOFA score of two or more, and likely
to be mechanically ventilated for at least 72 h. Forty-eight
participants were excluded from the trial due to refusal
to participate (n=10), chronic kidney disease (n=4),
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chronic obstructive pulmonary disease (#=12), age under
18 (n=14), or pregnancy (n=8). Finally, 106 patients par-
ticipated in the trial. They were randomly assigned to
either the conservative oxygen strategy group (n=53) or
the liberal oxygen strategy group (n=>53) (Fig. 1). Patient
characteristics and admission severity sources were com-
parable between the study groups (Table 1).

There were no significant differences in MBP
(69.09+8.68 vs. 71.37£8.70; p=0.179) or HR
(103.49+22.86 vs. 104.13+23.38; p=0.887) between con-
servative and liberal oxygen treatments (Table 2). Stroke
volumes (57.28+10.60 vs. 56.28+10.06; p=0.619) and
cardiac output values (5.77£1.03 vs. 5.71£1.03; p=0.772)
did not differ significantly between conservative and lib-
eral groups after 72 h of oxygen treatment. However, in
the conservative oxygen group, SV showed a negative
association with FiO2 (p=0.014, r =-0.336) and a positive
correlation with the PaO2/FiO2 ratio (p=0.010, r=0.350),
implying that SV increased when FiO2 decreased or the
PaO2/FiO2 ratio increased.

Vasopressors were needed by 45 patients (84.9%) in the
conservative treatment group to keep their MAP above
65 mmHg, compared to 35 patients (66.0%) in the lib-
eral treatment group (p=0.024) (Table 2). The univari-
ate logistic regression study of the independent variables
for vasopressor needs in mechanically ventilated patients
with sepsis revealed significant associations with increas-
ing SOFA score, APACHE IT score, and the conserva-
tive oxygen management group. After adjusting for all
variables, the multivariate logistic regression analysis
revealed that the conservative oxygen group was 3.83
times more likely than the liberal group (reference) to
require vasopressors (AOR=3.83, 95% confidence inter-
val [CI]: 1.31-11.18, p=0.014). Elderly patients were sig-
nificantly more likely to need vasopressors, with an AOR
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Table 1 Characteristic data of study groups
Variables Conservative Liberal P-value
oxygen strategy oxygen strategy
(n=53) (n=53)
Age (years) 48.04+12.25 5260+16.21 0.105
Gender, male 36 (67.9%) 33 (62.3%) 0.541
Source of admission to ICU
- Emergency room 29 (54.7%) 22 (41.5%) 0.261
+ Operation room 15 (28.3%) 20 (37.7%)
- Ward 7 (13.2%) 5(9.4%)
- Referred from other hospital 2 (3.8%) 6 (11.3%)
Sites of infection
Abdomen
- Gastrointestinal perforation 9 (17.0%) 9 (17.0%)
- Acute pancreatitis 10 (18.9%) 7 (13.2%)
- Biliary tract infection 7 (13.2%) 8 (15.1%)
Thorax
« Pneumonia 11 (20.8%) 13 (24.5%) 0.967
Soft tissues
- Surgical site/wound infection 13 (24.5%) 12 (22.6%)
- Necrotizing fasciitis 3 (5.7%) 4 (7.5%)
SAPS W score
+Mean+SD. 124.85+57.79 111.58+66.32 0.255
- Median (range) 136.0 21-217) 106.0 (19-216)
SOFA score
+ Mean+SD. 747+292 749+357 0.659
- Median (range) 7.0 (3-15) 7.0 (3-15)
APACHE M score
+Mean+SD. 18.75+9.28 1642+6.76 0.359
- Median (range) 16.0 (7-40) 15.0 (7-38)

Data expressed as mean£SD, median (range), or frequency (%). ICU, intensive care unit; SAPS L, Simplified Acute Physiology Score; SOFA, Sequential Organ Failure

Assessment; APACHE 1, Acute Physiology and Chronic Health Evaluation

of 1.03 (95% CI: 1.01-1.07, p=0.038). Furthermore, indi-
viduals with higher SOFA levels were significantly more
likely to utilize vasopressors than those with lower values
(AOR=1.36, 95% CI, 1.09-1.68, P=0.005) (Table 3).

The median FiO2 used in the liberal versus conserva-
tive oxygenation groups was 0.51 (interquartile range
[IQR], 0.48-0.55) vs. 0.28 (IQR, 0.25-0.30), SpO2 was
97.80% (IQR, 97.10-98.00%) vs. 90.40% (IQR, 89.90-
91.30%), PaO2 was 144.20 mmHg (IQR, 132.90-148.00
mmHg) vs. 69.80 mmHg (IQR, 68.37-70.65 mmHg), and
PaO2/FiO2 was 284.20 (IQR, 262.90-305.40) vs. 249.55
(IQR, 228.02-276.02) (Fig. 2). FiO2, SpO2, and PaO2
levels were higher in the liberal group compared to the
conservative group over the first ten days of mechanical
ventilation (p<0.001). The mean FiO2 in liberal and con-
servative groups declined significantly (p=0.001) from
day one to day ten. Mean FiO2 levels significantly varied
over time (p=0.014) between the study groups. SpO2 lev-
els decreased significantly (p<0.001) in the conservative
group between days one and ten, but not in the liberal
group (p=0.880). Mean SpO2 readings among research
groups changed significantly over time (p=0.002).

The FiO2 and SpO2 values during the first ten days of
mechanical ventilation are shown in Fig. 3.

The mean PaO, levels increased significantly (p=0.004)
in the liberal group from day one to day ten, but not in
the conservative group (p=0.140). PaO2 levels differed
significantly (p=0.021) between study groups over time.
The PaO2/FiO2 ratio increased (p=0.001) in liberal and
conservative groups between days one and ten. On day
ten, the liberal group had a higher (p=0.033) mean PaO2/
FiO2 ratio than the conservative group. The mean PaO2/
FiO2 ratio differed significantly between study groups
over time (p=0.001). The PaO2 values and PaO2/FiO2
ratio over the first ten days of mechanical ventilation are
displayed in Fig. 4.

ScvO2 levels did not differ (p=0.742) between the
research groups during the first ten days of mechanical
ventilation. The mean ScvO2 increased steadily in both
conservative (p<0.001) and liberal (p=0.002) groups
from day one to day ten (Fig. 5).

ICU mortality was similar among the study groups
(p=0.522). 17 patients (32.1%) in the conservative oxy-
gen group and 14 patients (26.4%) in the liberal group
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Table 2 Primary and secondary outcomes
Parameters Conservative Liberal P-value
oxygen therapy oxygen therapy
(n=53) (n=53)
Mean blood pressure (mmHg) 69.09+8.68 7137+8.70 0.179
Heart rate (bpm) 103.49+22.86 104.13+23.38 0.887
Stroke volume (ml)
Upon enrollment in the trial 57.28+10.60 56.28+10.06 0619
72 h after oxygen therapy 58.26+£10.62 56.79+£9.72 0459
Cardiac output (L/min)
Upon enrollment in the trial 5.77+1.03 571£1.03 0.772
72 h after oxygen therapy 5.85+1.00 5.75+1.04 0.637
Vasopressors needs 45 (84.9%) 35 (66.0%) 0.024
ICU length of stay (days)
+Mean+SD 14.00+£5.70 13.38+547 0.498
- Median (range) 13.0 (3-25) 12.0 (4-25)
Duration of mechanical ventilation (days)
+Mean+SD 9.85+3.68 9.04+3.80 0.260
- Median (range) 10.0 (3-15) 10.0 (3-15)
Adverse events
+ ICU mortality
Survived 36 (67.9%) 39 (73.6%) 0.522
Non-Survived 17 (32.1%) 14 (26.4%)
« VAP 28 (52.8%) 19 (35.8%) 0.078
+ Myocardial infarction 1(1.9%) 2 (3.8%) 0.999
«RRT 3(5.7%) 4 (7.5%) 0.999

Data expressed as mean+SD, median (range), or frequency (%). ICU, intensive care unit; VAP, ventilator-associated pneumonia; RRT, renal replacement therapy

Table 3 The logistic regression analysis of the independent
variables for vasopressor requirements in sepsis patients

undergoing mechanical ventilation

The independent  Univariate Multivariate

predictors OR (95% ClI) P-Value AOR P-
(95% Val-
ql) ue

Age 1.02 (0.99-1.05) 0.185 1.03 0.038
(1.01-
1.07)

Female gender 1.22 (0.49-3.06) 0.662

Duration of me- 1.00 (0.89-1.13) 0.879

chanical ventilation

Length of ICUstay  0.94(0.87-1.02) 0.168

SAPSLUL score 1.00 (0.99-1.01) 0.635

SOFA score 137 (1.12-1.68) 0.002 136 0.005
(1.09-
1.68)

APACHE MM score 1.07 (1.01-1.15) 0.038

Treatment
groups
Conservative 2.89(1.12-742) 0.027 3.83 0014

oxygen therapy (131-

11.18)

Liberal oxygen
therapy

Reference group

OR, Odds Ratio; AOR, adjusted odds ratio; 95% Cl, 95% confidence interval.
SAPS LU, Simplified Acute Physiology Score; SOFA, Sequential Organ Failure
Assessment; APACHE I, Acute Physiology and Chronic Health Evaluation

died during their ICU stay (Table 2). Univariate logistic
regression found that shorter ICU stays and higher SOFA
and APACHE IT scores were significant determinants of
ICU death. After adjusting for all variables, multivariate
logistic regression analysis revealed that reduced ICU
stays (AOR=0.76: CI, 0.62-0.93, P=0.008) and higher
APACHE IT score (AOR=1.60: CI, 1.28-2.00, P<0.001)
were significantly associated with death (Table 4).

Discussion

The current approach to oxygen administration in
critical care is often liberal, which can serve as a buffer
against hypoxia. However, the benefits of liberal oxy-
genation must be weighed against the hazards of tissue
hyperoxia [24]. We conducted this trial to evaluate how
different oxygen regimens influence hemodynamics
in septic patients. We have found no significant differ-
ences in stroke volume or cardiac output measurements
between the liberal and conservative regimens after 72 h
of oxygen therapy. The conservative oxygen group had a
larger proportion of patients who needed vasopressors
than the liberal group. A multivariate logistic regression
analysis of vasopressor needs revealed that the conser-
vative oxygen group was 3.83 times more likely than the
liberal group to require vasopressors. Additionally, older
patients and those with higher SOFA scores were sig-
nificantly more likely to use vasopressors. There were no
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significant differences between the liberal and conserva-
tive groups regarding mechanical ventilation duration,
ICU stay, or ICU mortality. Higher APACHE IT scores
and shorter ICU stays were significantly associated with
mortality in a multivariate logistic regression analysis.

Excessive oxygen administration has a negative impact
by producing free radicals, which generate an imbalance
between oxidative and anti-oxidative species, alter cell
metabolism, and inhibit enzyme activity [25]. Hyperoxia
has also been associated with systemic vasoconstric-
tion via reducing the synthesis and availability of nitric
oxide, as well as a decrease in heart rate and a consequent
reduction in cardiac output [26, 27]. Moreover, sepsis
is strongly linked with impaired cardiovascular func-
tion [28]. It can cause vasodilatation, hypotension, and
reduced global cardiac function [29]. Our clinical trial is
the first to use stroke volume and cardiac output as mon-
itoring parameters to compare the effect of liberal versus
conservative oxygen therapies on hemodynamics in sep-
sis patients on mechanical ventilation.

Experts strongly recommend implementing critical
care echocardiography as the first-line technique to assess
the hemodynamic characteristics associated with shock,
rather than invasive procedures [23]. Stroke volume and
cardiac output indicate significant hemodynamic insta-
bility in ICU patients [30]. A previous transthoracic
echocardiographic study included 106 patients admitted

to three adult ICUs with sepsis or septic shock. The study
found that 64% of patients with sepsis or septic shock
have myocardial dysfunction, which includes left ven-
tricular diastolic, systolic, and/or right ventricular failure
[31]. Sepsis causes maximum cardiac depression 48 to
72 h after onset, which appears normal on the baseline
echocardiogram [32]. In the current study, we evaluated
SV upon enrollment in the trial and again 72 h later using
the Doppler echocardiography approach, which corre-
lates well with invasive SV and has high reliability [22].
We found no significant differences in heart rate, stroke
volumes, or cardiac output values between the conser-
vative and liberal treatment groups after 72 h of oxygen
therapy [33]. An earlier study revealed that delivering
100% oxygen to individuals with congestive heart fail-
ure lowered cardiac output and stroke volume without
affecting blood pressure or heart rate [34]. In line with
our findings, Smit et al. found that hyperoxia did not sig-
nificantly influence heart rate or cardiac output in sepsis
patients. On the other hand, they reported that hyperoxia
treatment reduced stroke volume and cardiac output in
patients with heart failure by 8.6% and 15.2%, respec-
tively. These discrepancies could be attributed to the vari-
ous types of patients with different illnesses.

Hyperoxia enhances systemic vasoconstriction by
producing significant levels of reactive oxygen species,
which inhibit endothelial-derived nitric oxide (NO) and
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Fig. 3 FiO2 and SpO2 levels in the conservative and liberal groups over the first ten days of mechanical ventilation

limit NO bioavailability [35, 36]. In contrast, a decrease
in local O2 tension (PO2) in systemic arteries typically
results in vasodilation [37, 38]. In our study, we observed
that more patients in the conservative group (84.9%)
needed vasopressors than those in the liberal group
(66.0%). These findings support previous data indicating
that hyperoxia-induced peripheral vasoconstriction may
alleviate circulatory shock and decrease fluid and vaso-
pressor resuscitation requirements [39-41]. However, a
recent meta-analysis comprising three studies on septic
patients found that hyperoxia did not affect systemic vas-
cular resistance in this cohort [33]. Asfar et al. discovered
no differences in vasopressor requirements when patients
with septic shock were ventilated with 100% oxygen.*?

A multicenter randomized clinical trial (HYPERS2S)
enrolled patients with septic shock undergoing mechani-
cal ventilation. They reported that setting FiO2 to 1.0
to produce arterial hyperoxia may increase the risk of
28-day mortality. Out of 434 patients, 93 (43%) died
in the hyperoxia group, while 77 (35%) died in the nor-
moxia group [42]. Chu and colleagues [43] conducted a
meta-analysis of 25 randomized controlled trials, includ-
ing patients with sepsis, critical illness, and emergency

surgery. They revealed that liberal oxygen therapy
(median FiO2 0.52) was hazardous, with an increased
risk of both short- and long-term mortality compared
to conservative therapy (median FiO2 0.21). The present
research found no significant differences in ICU mortal-
ity between the study groups. These findings are com-
parable with a recent study on 2541 critically ill patients
getting invasive mechanical ventilation. The study found
that 281 patients (34.8%) in the lower-target group and
290 patients (33.2%) in the higher-target group died
within 28 days [44]. In a study of 103 adult patients
receiving invasive mechanical ventilation, Panwar et al.
[40] found no mortality difference between conservative
and liberal oxygenation strategies. They concluded that
a conservative approach was more feasible than a lib-
eral one. Young et al. [7] on the other hand, discovered
that the conservative oxygen technique increased 90-day
mortality in septic patients by 7% compared with liberal
oxygen treatment, but the difference was not statistically
significant. Differences in research design and oxygen-
ation categorization may contribute to discrepancies in
mortalities among ventilated ICU patients.
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Table 4 The logistic regression analysis of the independent
predictors for mortality in sepsis patients undergoing mechanical
ventilation

The indepen- Univariate Multivariate
dent predictors QR (95% Cl) P-Value AOR(95%  P-
ql) Value
Age 1.00 0.989
(0.97-1.03)
Female gender 0.96 0.936
(0.42-2.32)
Duration of 1.05 0.384
mechanical (0.93-1.17)
ventilation
Length of ICU 0.77 <0.001 0.76 0.008
stay (0.69-0.87) (0.62-0.93)
SAPSLL score 0.99 0.742
(0.99-1.01)
SOFA score 4.89 0.001
(1.96-12.20)
APACHE Mscore  1.62 <0.001 1.60 <0.001
(1.30-2.01) (1.28-2.00)
Treatment groups
Conservative 132 0.522
oxygen therapy  (0.56-3.04)
Liberal oxygen Reference
therapy group

OR, Odds Ratio; AOR, adjusted odds ratio; 95% Cl, 95% confidence interval.
SAPS LL, Simplified Acute Physiology Score; SOFA, Sequential Organ Failure
Assessment; APACHE I, Acute Physiology and Chronic Health Evaluation

Our study groups had similar characteristics and
sources of sepsis (p>0.05). Current efforts are focused on
creating subgroup patient categorization within the sep-
sis population to provide a personalized, specific treat-
ment approach. These subgroups can be identified using
clinical data, organ dysfunction patterns, vital signs, and
laboratory results [45]. A recent study evaluated clinical
sub-phenotypes, including heart rate, respiratory rate,
and blood sodium levels, to identify patients at risk of
developing postoperative sepsis after laparoscopic sur-
gery for gastrointestinal perforations and provide specific
treatment strategies [46].

The study has some limitations. First, we only included
sepsis patients on mechanical ventilation in a single
SICU, which may limit the generalizability of our find-
ings. Second, considering the heterogeneity of the study
population and their sources of sepsis, more work is
needed to investigate how the various subgroups of
patients can provide different results and conclusions.
Third, laboratory findings were collected but not ana-
lyzed because the study lacked adequate power to iden-
tify statistically significant differences between laboratory
results. Fourth, we did not collect data on antibiotic use
or infection source management strategies. Fifth, we did
not do serial measurements of stroke volume and car-
diac outputs since many patients had been weaned off
mechanical ventilation by 72 h.
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In conclusion, both liberal and conservative oxygen
treatment had no significant impact on stroke volume or
cardiac output after 72 h of oxygenation therapy in sep-
sis patients undergoing mechanical ventilation. A greater
number of patients in the conservative oxygen group
required vasopressors than in the liberal group. The con-
servative oxygen treatment group was 3.83 times more
likely to use vasopressors than the liberal group. Thus,
liberal oxygenation might be preferable for this target
population.

Abbreviations

ROS Reactive oxygen species
NY% Stroke volume

Cco Cardiac output

SICU Surgical intensive care unit

SpO2 Arterial oxygen saturation
Pa0O2 Arterial partial pressure of oxygen
Fi02 Fraction of inspired oxygen

ScvO2 Central venous oxygen saturation

SOFA Sequential Organ Failure Assessment

SAPS Simplified Acute Physiology Score

APACHE Acute Physiology, Age, and Chronic Health Evaluation
LvoT Left ventricular outflow tract

VTI Velocity time integral
LVOTVTI  Left ventricular outflow tract velocity time integral
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