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Background: The partial pressure of arterial oxygen (Pa0,) is critical to the outcome of patients with traumatic brain injury
(TBI). However, it is not clear what range of PaO, should be maintained to improve patient outcome. The aim
of this study was to explore the PaO, value needed in the acute phase of TBI and provide new evidence for
clinical practice.

Material/Methods: A total of 153 patients with TBI were enrolled retrospectively. Univariate and multivariate logistic regression
analyses were conducted on sex, Glasgow Coma Scale (GCS) score on admission, PaO, within 6 h of admission,
oxygenation index, and other factors. The Glasgow Outcome Score (GOS) of the patient at discharge was used
as an indicator of outcome. The good outcome group had GOS >4, and the poor outcome group had GOS <4.

Results: The 153 patients were divided into a good outcome group (n=62) and poor outcome group (n=91). There was
a significant difference in sex, admission GCS, surgery, airway status, Pa0,, and oxygen index within 6 h of ad-
mission between the 2 groups. Logistic regression analysis showed that PaO, <60 mmHg, male sex, and ad-
mission GCS score of 3 to 12 were independent risk factors for a poor outcome.

Conclusions: Patients with TBI having PaO, <60 mmHg within 6 h after admission were more likely to have poor outcomes.
The upper limit value of Pa0, that affects the outcome of TBI in patients has not been found.
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Material and Methods

In 2012, traumatic brain injury (TBI) accounted for 37% of all
deaths due to traumatic diseases in Europe [1]. In China, pa-
tients with TBI are generally severely injured, and the pro-
portion of patients with TBI with severe head trauma is 22%.
Although there are reports in the literature stating that the
management of TBI in China is better than that in Europe, the
mortality rate of patients with TBI after Intensive Care Unit
(ICU) admission is still as high as 11.4% [2]. Poor outcomes
in patients with TBI can cause social and family burdens [3].
After the occurrence of TBI, patients can develop lung infec-
tions, atelectasis, and acute respiratory distress syndrome.
They can also develop other lung diseases due to disorders of
consciousness, vomiting and aspiration, mechanical ventila-
tion [4], and prolonged bed rest. This will reduce the alveolar
ventilation function and decrease the partial pressure of ox-
ygen (Pa0,), causing hypoxemia. Nerve cells experience ede-
ma and even necrosis after insufficient oxygen supply, hin-
dering the recovery of nerve structure and function after TBI,
prolonging the patient’s hospital stay, and even causing death.
The American Craniocerebral Trauma Foundation stated in the
“Guidelines for the Management of Severe Head Injury” that
patients should maintain PaO, >60 mmHg after TBI [5]. The
British “Guidelines for the Safe Transfer of Brain Injury” require
patients with TBI to maintain PaO, >97.5 mmHg [6]. However,
they were controversial about the lower limit of low Pa0O, and
did not set an upper limit.

In addition, a Pa0, that is too high is not good for the out-
come of patients with TBI; however, its limit has not yet been
determined [7-9]. Studies have reported that the relationship
between early arterial oxygenation and long-term function-
al and cognitive outcomes after TBI is U-shaped. Controlling
PaO, within 24 h of admission in patients with TBI within the
range of mild hyperoxia (150-200 mmHg) could improve out-
comes [10]. At the same time, high Pa0, (>200 mmHg) within
the first 24 h of admission in patients with TBI is associated
with higher postoperative mortality and short-term function-
al deterioration [7]. Hence, 200 mmHg is worth discussing as
the threshold of high PaO,.

For patients with TBI, the thresholds for low and high PaO,
are uncertain. Therefore, monitoring and maintaining a pa-
tient’s PaO, after TBI within a reasonable range can be bene-
ficial for rehabilitation after TBI. This study aimed to explore
the relationship between PaO, and outcome in patients with
acute TBI in the neurosurgical intensive care unit (NICU), find
the appropriate range of Pa0, in patients with acute TBI, and
provide new evidence for clinical practice.

Study Population

This retrospective observational study included patients with
TBI admitted to the Department of Neurosurgery, Renji Hospital,
Shanghai Jiao Tong University School of Medicine and the
Department of Neurosurgery, Shanghai Punan Hospital be-
tween March 2020 and December 2020. The patients includ-
ed in this study were admitted to the NICU within 6 h after
TBI (patients with TBI with GCS >13 at the time of admission
were included in the NICU due to disease progression) and were
aged >18 years. Their computed tomography (CT) scan of the
head showed traumatic lesions of the brain (brain contusion,
skull fracture, diffuse axonal injury, epidural/subdural hema-
toma), and they had complete arterial blood gas data during
hospitalization. The exclusion criteria were a time of stay in
the NICU less than 3 days, head CT showing no obvious ab-
normalities in the brain, and incomplete or lost chest CT on
admission and arterial blood gas data during hospitalization.

Methods and TBI Management

According to the guidelines, the patients with TBI were eval-
uated and treated with decompressive hemicraniectomy
(DHC) [11]. The patients were diagnosed and treated ac-
cording to the “Guidelines for the Management of Severe
Head Trauma, Fourth Edition”, published by the Head Trauma
Foundation in 2017 [5]. A Codman intracranial pressure probe
was used to monitor intracranial pressure, which was main-
tained at <22 mmHg. Cerebral perfusion pressure was main-
tained at 60 to 70 mmHg, PaCO, at 35 to 40 mmHg [12], and
Sa0, at >92% [13]. Using physical cooling methods and anti-
pyretic drugs, an ice blanket was used to maintain the core
body temperature at 35.0 to 37.5°C.

The following data were collected: sex, age (elderly: >65 years),
Glasgow Coma Scale (GCS) score at admission, head CT ex-
amination report at admission, chest CT examination report
at admission, and treatment methods (DHC, drugs). All arte-
rial blood samples were analyzed with a GEM Premier 3000
blood gas analyzer. At the same time, PaO, within 6 h of ad-
mission, oxygenation index (Ol) within 6 h of admission, and
airway status within 6 h of admission (noninvasive oxygen in-
halation, tracheal intubation) were collected. Ol was calculat-
ed as Pa0_/fraction of inspiration O, (Fi0,). For patients with
mechanical ventilation, we collected FiO, through ventilator
parameters. For patients with oxygen inhalation, we collect-
ed inspired oxygen flow (L/min), and at this time, the follow-
ing calculation was used: FiO,=21+inspired oxygen flowx4.
The American Craniocerebral Trauma Foundation stated in
the “Guidelines for the Management of Severe Head Injury”
that patients should maintain PaO, >60 mmHg after TBI [5].
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Figure 1. Comparison of Glasgow Outcome Scores of 4 groups
with different partial pressure of arterial oxygen.

The British “Guidelines for the Safe Transfer of Brain Injury”
require patients with TBI to maintain PaO, >97.5 mmHg [6].
According to these guidelines, the lower limit of Pa0, is as-
sumed to be 60 mmHg and 97.5 mmHg, respectively. Since the
guidelines do not require an upper limit, and in previous stud-
ies, 200 mmHg has been controversial, this study assumed a
Pa0, of 200 mmHg as the upper limit. Patients were divided
into 4 groups, according to Pa0, levels: <60 mmHg; 60 to 97.5
mmHg; 97.5 to 200 mmHg; and >200 mmHg.

Outcome Variables

The primary outcomes were the Glasgow Outcome Scale
(GOS) [14]. The GOS is evaluated by analyzing the function-
al status of patients at discharge. We set the good outcome
group as GOS >4 points, and the poor outcome group as GOS
<4 points.

Statistical Analysis

The variables considered in the statistical analysis included sex,
age, GCS at admission, chest and lung diseases at admission,
treatment methods (DHC, drugs), airway status within 6 h of
admission, hospitalization time, PaO, within 6 h of admission,
and Ol within 6 h of admission. Statistical analysis was per-
formed using SPSS version 25.0 (IBM Corp, Armonk, NY, USA).

The Kruskal-Wallis test was used to compare GOS among the
4 groups, according to Pa0,. The Mann-Whitney test was used
to analyze the difference of Pa0, in patients with different out-
comes. The Pearson chi-squared test was used to evaluate the
relationship between each categorical variable and the GOS
upon discharge. Finally, we adopted the forward stepwise mul-
tivariate logistic regression analysis to analyze the differences
among significant variables in the chi-squared test (sex, GCS

Figure 2. Comparison of partial pressure of arterial oxygen
within 6 h after admission in patients with different
outcomes.

on admission, and airway status, Pa0,, and Ol within 6 h of
admission) and variables found in previous studies (age, chest,
and lung diseases, DHC). Values of P<0.05 were considered
statistically significant.

Results

As shown in Figure 1, there were significant differences (P<0.05)
in patient outcomes among the 4 groups: <60 mmHg, 60 to
97.5 mmHg, 97.5 to 200 mmHg, and >200 mmHg. As shown
in Figure 2, the PaO, of the good outcome group (128.1+50.93
mmHg) was significantly higher than that of the poor outcome
group (99.60+58.03 mmHg) (P<0.05).

Overall, 153 patients (109 men and 44 women) were includ-
ed in this study, of which 55 (35.9%) patients were elderly, 25
patients (16.3%) had an initial GCS of 13 to 15, 45 patients
(29.4%) had an initial GCS of 9 to 12, and 83 patients (54.2%)
had an initial GCS of 3 to 8. Chest CT examination on admis-
sion revealed that 52 patients (34.0%) had various degrees of
chest and lung diseases, such as chronic obstructive pulmo-
nary disease, emphysema, rib fracture, lung exudation, pneu-
mothorax, and pleural effusion. A total of 129 patients (84.3%)
underwent DHC after admission, based on the CT scan and the
surgeon’s decision. There was no significant difference in out-
come between patients with DHC and without DHC (P>0.05).
A total of 26 patients (17.0%) had PaO, levels within 6 h of
admission of <60 mmHg, and the PaO, level of 63 (41.2%) pa-
tients ranged from 60 to 97.5 mmHg. The hypoxemia and hy-
peroxia airway status are shown in Table 1.

In this study, we also conducted multivariate logistic regression
analysis. In Table 2, the independent risk factors associated
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Table 1. Univariate analysis of factors for prognosis of traumatic brain injury.

Good outcome Poor outcome

Characteristics =62 n=91 P value
Sex n (%) 4.499 0.034*
"""" Mae  19(@1) 506 59648
"""" Female 488 12094 32659
CAgen (R o010 0921
"""" Elderly 565  55(369 22655 33663
"""" Non-elderly (65 ~ 98(e4l)  40(645  58(637)
TheadmissionGCSn (%) 57978  <0001*
"""" midt®l 25063  21(339) 4 @8y
"""" ModerateTBI 4594  30(484  15(65
"""" SevereT®l  83(42 11077  72@%)
| Chestand lungdiseasesn (%) 2000 0157
CYes 52 (340) 17 7.4 35385
"""" N 110 45026  s66Ls)
CDHCN (8 2199 0138
e 120 843) 49 (790) 8 @®79
"""" N  aqsy)  13@QL0)  w@2)
CARDSN®) 0024 0876
s a308) 17 274 %0880
"""" N  10@19) 45026  es@14
Hospitalization timen (%) 177 0631
"""" 0~2week 32009  100en 2204
"""" >~3week 390553 180 2@
"""" 4week 30096 12094 18098
"""" sdweek 5340 220655 30630
 Airway status within 6 hours of admissionn (%) 10624 0001*
"""" Non-invasive oxygen inhalation ~ 28(183) 19306 9 99
© Trachealintubation 125 817) - 43 (694) 82001y
© Pao, within 6 hours of admissionn %) 28951 <0001
"""" wOommHg 260700 6 07  20@0
"""" 60~975mmHg  e3(a12) 15042 48 (G2
"""" 97.5~200mmHg  48(14) 3448 14054
 x00mmHg 16 (105 7@y 9 ©9
Ol within 6 hours of admissionn (%) 20074  <0001*
"""" @o0 57373  10(en 47618
"""" 200-30  35(29 1890 17082
Cos00 61399 34 (548 70

GCS - Glasgow Coma Scale; ARDS - acute respiratory distress syndrome; PaO, — arterial partial pressure of oxygen; Ol — oxygenation

index. * p<0.05 was considered significant.
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Table 2. Logistic regression analysis of factors for prognosis of traumatic brain injury.

Risk factors (0] 95% ClI P value

Pa0, within 6 hours of admission n (%) <0.001*
"""" 60 mmHgvs 97.5~200mmHg 5314 1134 24905 0034*
"""" 60-97.5 mmHgvs 975200 mmHg 0466 0102 2133 035
2200 mmHgvs 97.5~200 mmHg 3799 0633 2806 0144
CMale 3454 77 10138 0024*
CTheadmission GCS «©o01*
"""" Moderate TBIvs mildTBI 0025 0006 0106 <0001*
"""" SevereTBIvsmildTBI 0047 0015 0144 <0001*

OR - odds ratio; CI - confidence interval; GCS — Glasgow Coma Scale; TBI — traumatic brain injury; PaO, — arterial partial pressure of

oxygen. * p<0.05 was considered significant.

with the outcome of the 153 patients with TBI are summa-
rized. The following were significantly associated with poor TBI
outcome: Pa0, within 6 h of admission of <60 mmHg (odds
ratio [OR], 5.314; 95% confidence interval [Cl], 1.134-24.905;
P=0.034); male sex (OR, 3.454; 95% Cl, 1.177-10.138; P=0.024);
admission GCS of 9 to 12 (OR, 0.025; 95% Cl, 0.006-0.106;
P<0.001); and admission GCS 3 to 8 (OR, 0.047; 95% Cl, 0.015-
0.144; P<0.001).

Discussion

Pa0, is one of the factors affecting the outcome of TBI. An in-
crease or decrease in PaO, will lead to an increase in the mor-
tality of patients with TBI[10,15,16]. However, the recommend-
ed range of Pa0, in patients with TBI remains controversial.
This study reviewed the PaO, levels of 153 TBI patients with-
in 6 h after admission to the NICU. The results showed that
17% of patients developed hypoxemia within 6 h after admis-
sion, and 77% of them had poor outcomes. More than half of
the patients had PaO, levels lower than 97.5 mmHg within 6 h
after admission, and 76% of them had a poor outcome. Only
31.4% of patients had PaO, levels of 97.5 to 200 mmHg with-
in 6 h after admission, and 71% of them had a good outcome.

Pa0, <60 mmHg was a risk factor for poor prognosis in patients
with TBI, whereas Pa0, 60 to 97.5 mmHg was not. Studies have
reported that the occurrence and duration of hypoxemia in pa-
tients with TBI before admission and during treatment after ad-
mission significantly increases the mortality rate [17,18]. Some
researchers used 60 mmHg as the threshold for hypoxemia in
patients with TBI [19]. However, the PaO, benefit interval is
not equal to the definition interval of hypoxemia in patients
with TBI. Davis et al reported that PaO, <110 mmHg is associ-
ated with an increase in mortality [20] and reported that even
if the patient survives TBI, delayed hypoxemia will exacerbate

structural damage and cause long-term behavioral defects [21].
The “Guidelines for the Safe Transfer of Brain Injury” require
patients with TBI to maintain PaO, >97.5 mmHg [6]. Although
the guideline specifies the required Pa0, in the transfer pro-
cess, it reflects that patients with TBI need a higher level of
Pa0, in the acute stage. In the present study, we showed that
in the 60 to 97.5 mmHg group, the proportion of patients with
poor outcomes was enormous. Due to the similar results re-
ported in many studies, clinicians still need to pay enough at-
tention to PaO, levels in the acute phase of TBI and main-
tain a high level.

Maintaining Pa0, at 250 to 486 mmHg within 72 h after ad-
mission in patients with a severely high blood oxygen con-
centration is detrimental to the outcome of patients with TBI.
However, the threshold of high blood oxygen concentration
is still controversial. TBI can improve the in-hospital all-cause
survival rate [12]. There are also reports in the literature stat-
ing that patients with TBI should maintain a PaO, level be-
tween 110 and 487 mmHg [20]. The present study showed that
the outcome of patients in the PaO, 2200 mmHg group was
not significantly different from that of patients in the 97.5 to
200 mmHg group. It may be because 200 mmHg is not the cut-
off value of high blood oxygen concentration, and there was
still a good outcome in Pa0, >200 mmHg, which agrees with
previous literature [10,20,22-24]. Although the upper limit of
Pa0, cannot be determined, it widens the upper limit of PaO,
to improve the outcome of patients with TBI.

Sex has a wide range of influencing factors in TBI. It has been
reported that female sex hormones, including androgen and
progesterone, have neuroprotective effects, and they act on
the steroidal central nervous system to reduce nerve inju-
ry after TBI [25,26]. Bazarian et al believe that, in mild TBI,
the prognosis of women is worse than that of men [27]. In
the present study, male sex was a risk factor affecting the
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outcome of patients with TBI. We agree with the analysis of
Mollayeva et al [28]: many factors influence the outcome of
TBI by sex, which should be analyzed from multiple perspec-
tives in the future.

GCS, as a common measure of the degree of coma and inju-
ry after TBI, has also been proven to be a predictor of TBI out-
come [14,29,30]. It is worth noting that the present study did
not analyze outcome according to the type of TBI. For instance,
the outcome of acute epidural hemorrhage may be better than
that of acute subdural hemorrhage or cerebral contusion and
laceration, but when acute epidural hemorrhage causes cerebral
hernia, the outcome is still poor. Therefore, we regard the ad-
mission GCS as the basis for judging the condition of the injury
rather than the type of TBI. When the GCS was low, whether it
was because of a severe brain injury or respiratory failure, it led
to a poor outcome in patients. Our results showed that GCS on
admission was an independent risk factor for the outcome of TBI.

TBI can cause a series of inflammatory reactions and cause
acute lung injury [31,32], which can cause pulmonary ventila-
tion disorders and even increase the fatality rate of TBI [33,34].
If the patient has a history of chronic obstructive pulmonary
disease, chronic bronchitis, lung surgery, or other chest and
lung diseases before or after TBI, acute lung injury is worsened.
In this study, the results showed that 34.0% of the patients
with TBI had traumatic and non-traumatic chest diseases on
admission. We believe that this may be due to some chest and
lung diseases included in this study, such as rib fracture and
a small amount of pulmonary exudation, which are not relat-
ed to the outcome of patients with TBI. However, severe un-
derlying lung diseases can cause hypoxemia, leading to poor
recovery of neurological function [35]. Therefore, the oxygen-
ation of patients with TBI combined with chest and lung dis-
eases should gain the attention of clinicians.

Patients with TBI can have atelectasis a short time after DHC,
leading to the decrease of PaO,. Although DHC can reduce
mortality, intracranial pressure, and length of stay in patients
with TBI, compared with drug therapy, patients with TBI who
underwent DHC have a higher proportion of survival and poor
outcomes [36]. The present study found no significant differ-
ence between DHC and drug treatment between the 2 groups,
which may be because GOS at discharge was not enough to
evaluate the impact of DHC on prognosis. In addition, the se-
verity of patients who only needed to receive drug treatment
was generally less than that of patients who needed DHC, and
their airway self-protection ability and gas exchange function
was better than those of patients after DHC to maintain good
Pa0, in the acute phase. Although DHC can increase the pro-
portion of patients with poor prognosis, it can reduce the mor-
tality of patients in the acute stage and is still one of the nec-
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Patients with a GCS <10 points who receive endotracheal
intubation in the hospital can benefit from functional out-
comes [37]. The present study showed that 90.1% of the pa-
tients with TBI in the poor outcome group were intubated at
the time of admission to the NICU, and the airway status was
significantly different among TBI patients with different prog-
noses. However, airway status in the acute phase was not as-
sociated with independent risk factors for outcome. This may
have been because most patients with TBI were given trache-
al intubation for surgery rather than for respiratory failure in
the emergency room. On the other hand, most patients with
TBI were admitted to the NICU after emergency surgery. Their
consciousness disorder was challenging to recover in a short
period, and they could not have the tracheal intubation re-
moved quickly. The evaluation of tracheal intubation should
be closely related to the evaluation time of GCS; therefore, the
influence of airway status on the outcome of patients with TBI
needs to be further explored.

This study has certain limitations. First, it is a single-center
study. Second, the upper limit of high blood oxygen concen-
tration is still uncertain. Third, this study should have collect-
ed preoperative GCS, which may be more representative than
the GCS evaluated in the emergency room. Finally, wheth-
er patients with TBI receive tracheal intubation in the emer-
gency room may be more significant than the postoperative
state of tracheal intubation. Therefore, more large-scale multi-
center studies are warranted to further investigate this issue.

Conclusions

In summary, Pa0, <60 mmHg within 6 h after admission was
an independent risk factor for the outcome of TBI. PaO, with-
in 6 h after admission had a U-shaped effect on the outcome
of patients with TBI. The upper limit value of PaO, that affects
the outcome of patients with TBI has not been determined. It
is worthy of clinicians’ attention to consider factors such as
sex and admission GCS, which cause the decrease of Pa0, in
patients with TBI.
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