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Abstract

Background: Decompressive craniectomy (DC) and intracranial pressure (ICP) monitoring are common approaches
to reduce the death rate of Traumatic brain injury (TBI) patients, but the outcomes of these patients are unfavorable,
particularly those who receive bilateral DC. The authors discuss their experience using ICP and other potential meth-
ods to improve the outcomes of TBI patients who receive bilateral DC.

Methods: Data from TBI patients receiving bilateral DC from Jan. 2008 to Jan. 2022 were collected via a retrospec-
tive chart review. Included patients who received unplanned contralateral DC after initial surgery were identified as
unplanned secondary surgery (USS) patients. Patients'demographics and baseline medical status; pre-, intra-, and
postoperative events; and follow-up visit outcome data were analyzed.

Results: A total of 151 TBI patients were included. Patients who underwent USS experienced more severe outcomes
as assessed using the 3-month modified Rankin Scale score (P=0.024). In bilateral DC TBI patients, USS were associ-
ated with worsen outcomes, moreover, ICP monitoring was able to lower their death rate and was associated with a
lower USS incidence. In USS patients, ICP monitoring was not associated with improved outcomes but was able to
lower their mortality rate (2/19, 10.5%, vs. 10/25, 40.0%; P=0.042).

Conclusion: The avoidance of USS may be associated with improved outcomes of TBI patients who underwent
bilateral DC. ICP monitoring was a potential approach to lower USS rate in TBI patients, but its specific benefits were
uncertain.

Keywords: Traumatic brain injury, Bilateral decompressive craniectomy, Intracranial pressure monitoring, Unplanned
secondary surgery, Outcome

Background

An estimated 53-69 million individuals worldwide sus-
tain a traumatic brain injury (TBI) annually [1], making
it an international public health concern. Up to 2% of the
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population worldwide lives with neurological disabili-
ties caused by TBIs [2, 3], and TBI remains the leading
cause of death and disability [4]. Despite current medi-
cal treatment, intracranial hypertension can be induced
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by traumatic intracranial lesions or cerebral edema [5].
To avoid the potential cerebral herniation and other com-
plications induced by intracranial hypertension, decom-
pressive craniectomy (DC) could be selected [6, 7], but
whether it is able to benefit TBI patients is debate.

Even with surgical evacuation of the injured brain
and hematoma, the outcomes of TBI patients remain
unfavorable [8], particularly those of TBI patients who
undergo bilateral frontotemporal DC surgeries [9].
Among these TBI patients, those who receive unplanned
secondary surgeries (USSs) to achieve contralateral DC
exhibited more severe outcomes [10]. To the best of our
knowledge, no specific treatment is able to improve the
outcomes of TBI patients after USS for contralateral DC.
It seems that the best intervention would be to lower the
incidence of USSs after a unilateral DC, but related stud-
ies are limited.

Intracranial pressure (ICP) monitoring is also could
be considered in the treatment of TBI patients [7], but
because of its higher cost, uncertain improvement in out-
comes and potential adverse events [11-13], the routine
use of ICP monitoring in TBI patients is still controver-
sial. Whether the implantation of an ICP probe could
benefit TBI patients, particularly those who underwent
USSs for contralateral DC, is unclear.

Reports are limited on treating TBI patients who
underwent bilateral DC. Here we outline our experience
with 151 TBI patients who received bilateral DC. We
evaluated whether ICP monitoring was associated with
improved outcomes of these patients and in addition,
whether ICP monitoring could reduce the occurrence of
USSs for contralateral DC in TBI patients.

Patients and methods

Study design and patients

Patient data for 151 consecutive TBI who received bilat-
eral DC from Jan. 2008 to Jan. 2022 were prospectively in
a database and retrospectively reviewed. This study was
approved by the ethic committee of Huashan Hospital
Fudan University. Patients with TBI who were admitted
to the Department of the Neurosurgery Neurotrauma
Center at Huashan Hospital Fudan University were
included. Informed consent was obtained from all indi-
vidual participants. If a patient could not sign informed
consent by himself/herself, such as patients with a Glas-
gow Outcome Scale (GOS) score of 1, informed consent
was signed by his/her statutory guardian.

Inclusion criteria are as follows. First, participants
had to be computed tomography (CT) scan confirmed
patients with TBI. CT signs of TBI included epidural
hematoma, subdural hematoma (SDH), intraparenchy-
mal hemorrhage (IPH), brain contusion, and brain lacera-
tion. Second, patients had to be >18 years of age. Third,
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patients received bilateral frontal-temporal-parietal DC
at discharging. Finally, participants had to be admit-
ted within 6 h after injury. Patients with TBI with trau-
matic injury to a body region other than the brain with
an Abbreviated Injury Severity score > 3, with penetrating
brain injury and those already received unilateral DC in
other hospitals were excluded. However, if a patient only
received ICP monitoring implanted in other hospitals at
admission, the patient would be enrolled (Fig. 1).

Demographic data collection

Baseline characteristics, including age, sex, mecha-
nism of injury, pupillary reaction to light, GCS score
at admission, and type of injury, were recorded for all
patients. Injury types were assessed based on initial CT
scan on admission. Coagulopathy was defined as regu-
lar coagulation test results meeting one or more of the
following criteria: platelet counts (PLT)<100 x 109/L,
international normalized ratio (INR)>1.25, prothrom-
bin time (PT)>14 s, or activated partial thromboplas-
tin time (APTT)>36 s as our previously studies [14-16].
Peripheral blood analysis was performed for all patients
within 6 h of injury at the Central Clinical Laboratory in
Huashan Hospital.

Operation procedures

The frontal-temporal DC was performed as previously
reported to provide maximal decompression [5]. The area
of bone flaps was 12*15 cm? was performed as Guidelines
for the Management of Severe Traumatic Brain Injury
[7, 17]. If bilateral DC were performed, a strip of midline
bone bridge covering the superior sagittal sinus would
be left [5]. During the DC process, intracerebral lesions,
including hematoma, contused or lacerated brain tissue
and et al. were removed as totally as possible, in addi-
tion, de-stretching duroplasty was applied. ICP probe
and intraventricular drainage system were implanted into

Bilateral DC TBI patients,
n=248

*  Multiple trauma, n =27
* Abbreviated Injury Severity score >3, n= 15
* Admitted > 6 hours post onset of symptoms, n =31

| Assessed for eligibility, n =175 I

4{

Patients enrolled, n = 151

Fig. 1 Flow chart of the study

Rejected to participate, n =5
Lost follow-up, n =19
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lateral ventricle as previously reported. For indications of
ICP implantation varied in the duration of this retrospec-
tive research, whether ICP monitoring was applied was
decided by neurosurgeons who performed DC. If ICP
probes were applied, it was preformed accompanied with
or prior to 1st DC, and no ICP iprobes were implanted
between initial DC and unplanned contralateral DC.

Unplanned secondary surgery patients

According to different operation plans. we divided
all bilateral DC patients into four categories: (1) Pre-
operative scheduled bilateral DC: bilateral lesions were
detected at admission. (2) Intraoperative scheduled
contralateral DC: Unilateral lesions were identified at
admission and received unilateral DC. But according to
intraoperative ICP values, abnormal brain swelling and
et al, these patients were suspected to suffer contralat-
eral lesions. After confirmed by intraoperative CT scans,
these patients received immediately contralateral DC. (3)
Post-operative immediately contralateral DC patients:
Unilateral lesions were identified at admission, and after
initial DC, no abnormal signs, symptoms or intraopera-
tive CT scans findings were detected during operations.
Abnormal high ICP value (>20 mmHg) were detected
before these patients were sent back to NICU. These
patients received immediately CT scans and contralateral
lesions were detected, and then these patients were sent
back to operation rooms without delay to receive con-
tralateral DC. (4) Unplanned contralateral DC patients:
These patients were safely sent back to NICU after uni-
lateral DC. Contralateral lesions were identified and con-
tralateral DC were performed during hospitalization.
These patients were identified as unplanned secondary
surgery (USS) patients in this study.

Treatment protocol

The patients were treated in accord with the latest
guidelines, but detailed therapeutic approaches were
determined by neurosurgeons who performed opera-
tions. If ICP implantation were applied, the cerebral
perfusion pressure (CPP) was maintained at 75-90 mm
Hg at all times by keeping the mean arterial pressure
at 90-100 mm Hg and the ICP at <20 mm Hg. Systolic
blood pressure was required to be maintained under 140
mmHg. Corticosteroids were not used. Body tempera-
ture, respiratory rate, heart rate, blood pressure, cardiac
rhythm, and oxygen saturation were monitored continu-
ously. Serum glucose, blood gas, and serum electrolyte
values were measured regularly and kept within normal
range. Intraoperative CT scans were performed before
operations ending or when abnormal brain swelling,
abnormal ICP values and et al. occurred. Postoperative
CT scans were routinely performed 24 h, 72 h and 7 days
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after operations or when neurological deficits occurred.
All patients were evaluated and treated by full-time neu-
rosurgeons with specific training in critical care.

Assessments

A specialist in physical medicine and rehabilitation deter-
mined the neurological outcome at 3 months after injury.
The primary outcome of patients with TBI was assessed
using the mortality (Grade 6) and functional outcome
at 90 days after admission by using the modified Rankin
scale (mRS) as our previous studies [14], through outpa-
tient interviews or over the telephone. mRS score of 4—6
was considered a poor outcome, and mRS score of 0-3
was considered a good outcome. The rates of operation,
length of ICU stay and the rate of serious adverse events,
including kidney dysfunction, brain infarction and et al.,
were collected at discharging.

Statistical analysis

Continuous variables were expressed as mean =+ stand-
ard deviation (SD) or median (interquartile range), and
categorical variables were expressed as percentages. The
univariate analyses of categorical data were performed
using the x? test. Equality of variance was assessed using
the Levene test. Normally distributed variables were
compared using Student t test or one-way analysis of var-
iance, whereas nonnormally distributed variables were
compared using the Kruskal-Wallis or Mann—Whitney
U test.

After the univariate analyses, a forward stepwise logis-
tic regression analysis of the 3-month outcome was used
to develop the prediction models and adjust for multiple
predictors of 3-month outcome. All statistical tests were
2-tailed, and P<0.05 was considered statistically signifi-
cant. Statistical analysis was carried out using SPSS 23.0
(IBM, Armonk, New York, USA) and MedCalc statisti-
cal software (version 15.2.2, MedCalc Software bvba,
Ostend, Belgium).

Results

Patients who received care between Jan. 2008 to Jan. 2022
were initially enrolled, with the last follow-up visit occur-
ring in April 2022. Of 208 eligible patients, 57 (27.4%)
were excluded before the analysis. The 151 included
patients were first dichotomized according to their
3-month modified Rankin Scale (mRS) score, includ-
ing whether they suffered mortality (mRS grade 6). With
regard to all baseline characteristics (Table 1), the two
groups were similar at baseline apart from age, pupil-
lary reactions, Glasgow Coma Scale (GCS) score, white
blood cell (WBC) count, and the neutrophil-lymphocyte
ratio (NLR) (P<0.05). More USS patients were found
in the poor-outcome group (P=0.016). The outcomes
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Table 1 Baseline Characteristics of all Bilateral DC TBI patients according to 3-Month Outcome
Poor outcome (mRS 4-5, and death) Good outcome (mRS 0-3) P value

n 94 57 151
Age (years) 54.13 (24.14-63.21) 51.18 (22.13-58.93) <0.001*
Male (n, %) 71 (75.5) 41(719) 0.702
Mechanism of injury (n, %) 0.115

Motor vehicle accident 3(35.1) 1(19.3)

Fall 3(13.8) 4(24.6)

Stumble 19(20.2) 5(26.3)

Blow to head 7(18.1) 3(22.8)

Others 2(12.7) 4 (7.1)
Pupillary reactions (n, %) <0.001*

Both reacting 7(74) 39 (684)

One reacting 43 (45.8) 17 (29.8)

None reacting 44 (46.8) 1(1.8)

GCS at admission 6.32+3.16 12.19+£2.08 <0.001*
Type of injury (n, %)*

SDH 4 (36.1) 18 (31.6) 0.601

EDH 6(17.02) 12 (21.05) 0.663

IPH 26 (27.6) 24 (42.11) 0.076

tSAH 42 (44.7) 37 (64.9) 0.019*

DAI 2(234) 14 (24.6) 0.999

Skull fracture (28 7) 22 (28,5) 0.999
Coagulopathy 36(38.3) 8 (14.04) 0.0016*
WBCs, (x10%/L) 1991+6.17 11.38+6.27 <0.001*
NLR, (%) 28.11+£14.52 8.18+5.14 <0.001*
UssS 34 (36.2) 10(17.5) 0.016*
ICP monitoring 51 (54.3) 39 (68.4) 0.091
ICP value (mmHg) 14.78 (10.13-19.93) 12.12 (8.34-1641) <0.001*

Data are given as mean = SD, n (%), or median (IQR) unless otherwise noted

DAl diffused axonal injury, EDH extradural hematoma, /CP intracranial pressure, IPH intra-parenchyma hematoma, NLR neutrophil-to-lymphocyte ratio, SDH subdural
hematoma, tSAH traumatic subarachnoid hemorrhage, USS unplanned secondary surgery, WBC white blood cells

*P<0.05

# patients may suffer more than one item

of TBI patients who underwent bilateral DC were simi-
lar regardless of whether ICP monitoring was applied
(P=0.091); however, higher ICP values were detected in
the poor-outcome group (P<0.001).

We then performed multivariate logistic regression to
evaluate the independent risk factors for the 3-month
outcome. As shown in Table 2, the significant independ-
ent variables included age, GCS score at admission,
coagulopathy, USS, and the NLR (P<0.05). These results
suggest that worse outcomes of TBI patients who under-
went bilateral DC may be associated with USS.

Among the 151 bilateral DC patients, bilateral lesions
were detected in 57 patients at admission, and the 57
patients received pre-operative scheduled bilateral
DC. Unilateral lesions were identified in 94 patients at
admission, and 32 of the 94 patients received intraop-
erative scheduled contralateral DC. Moreover, 18 of the

Table 2 Multivariate logistic regression analysis predicting the
3-month outcome

Independent variable Adjusted OR (95% Cl) P value
Age 1.04 (1.01-1.06) <0.001
GCS 0.67 (0.58-0.77) <0.001
Pupillary reactions 0.87 (0.46-0.94) 0.032
Coagulopathy 1.58(1.18-1.82) <0.001
uss 2.76 (1.55-3.94) <0.001
NLR 1.08 (1.01-1.29) 0.028

ICP intracranial pressure, NLR neutrophil-to-lymphocyte ratio, USS unplanned
secondary surgery

94 patients were categorized as “Post-operative imme-
diately contralateral DC” Lastly, the rest 44 of the 94
patients received unplanned contralateral DC (Fig. 2). We
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Total=151

Il 57 Pre-operative scheduled bilateral DC

[1 32 Intraoperative scheduled contralateral DC
18 Post-operative immediately contralateral DC
Il 44 Unplanned contralateral DC

Fig. 2 Patient characteristics according to bilateral DC operation
plans. Pre-operative scheduled bilateral DC patients: bilateral lesions
were detected at admission. Intraoperative scheduled contralateral

DC patients: Unilateral lesions were identified at admission and
received unilateral DC. But according to intraoperative ICP values,
abnormal brain swelling and et al. these patients were suspected

to suffer contralateral lesions. After confirmed by intraoperative

CT scans, these patients received immediately contralateral DC.
Post-operative immediately contralateral DC patients: Unilateral lesions
were identified at admission, and after initial DC, no abnormal signs,
symptoms or intraoperative CT scans findings were detected during
operations. Abnormal high ICP value (>20 mmHg) were detected
before these patients were sent back to NICU. These patients received
immediately CT scans and contralateral lesions were detected, and
then these patients were sent back to operation rooms without delay
to receive contralateral DC. Unplanned contralateral DC patients:
These patients were safely sent back to NICU after unilateral DC.
Contralateral lesions were identified and contralateral DC were
performed during hospitalization

evaluated the outcomes between the included patients
who received USS (44/151, 29.17%) and those who did
not (107/151, 70.86%) by assessing their 3-month mRS
score. It was indicated that USS was associated with
worsen functional outcomes (P=0.024, Fig. 3).

We furtherly analyzed characteristics of included
patients who received USS or not (Table 3). It was sug-
gested that motor vehicle accidents were more common
in USS patients, and that the differences of pupillary
reactions were significantly between patients suffered

 RIRCRIN RN
o =2 N W > O

0 50 100
Fig. 3 The outcomes of TBI patients who underwent bilateral DC
were significantly aggravated by USS, according to their 3-month
mRS scores. *P<0.05

USS or not (P<0.05). Moreover, coagulopathy may be
associated with USS (P<0.05). However, by performing
multivariate logistic analysis, no variable was indepen-
dently associated with USS (Additional file 1: Table S1).
In addition, the incidence of hydrocephalus at 3-month
was higher in USS patients (18/44, 40.9%, vs. 22/107,
20.6%; P=0.0145). Similarly, more USS patients suffered
postoperative seizures compared with non-USS patients
(16/44, 36.3%, vs. 14/107, 13.1%; P=0.0028, Additional
file 2: Table S2).

To evaluate effects of ICP monitoring on the out-
comes of TBI patients who underwent bilateral DC, we
divided all included patients into two groups according
to whether ICP monitoring was performed. As shown in
Table 4, significant differences were detected for WBC
count (P<0.05). Then, we analyzed the details of the
3-month outcomes between patients who did or did not
received ICP monitoring and evaluated the safety of ICP
monitoring (Table 5). ICP monitoring was associated
with a lower incidence of USS (P=0.011) and mortal-
ity (P=0.0104), although the 3-month mRS scores were
similar between groups (P=0.448). The length of stay
in the intensive care unit and occurrence rate of adverse
events and complications, including progressive intrac-
ranial hemorrhage and hydrocephalus, were not signifi-
cantly different between the two groups (P> 0.05). Finally,
among the 44 USS patients, ICP monitoring was per-
formed on 19 patients. Based on the 3-month mRS score,
we found that ICP monitoring was not associate with
improved outcomes of USS patients (P=0.237, Fig. 4),
but was able to lower their death rate (2/19, 10.5%, vs.
10/25, 40.0%; P=0.042).

Discussion

Based on our therapeutic experience of the 151 TBI
patients who received bilateral DC, we found that
post-operative immediately contralateral DC improve
outcomes of TBI patients who undergo bilateral DC
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Table 3 Baseline Characteristics of bilateral DC TBI patients according to receive USS or not
USS,n=44 No USS, n=107 P value
Age (years) 48.13 (23.17-56.39) 4418 (21.13-61.24) 0.767
Male (n, %) 27 (61.3) 95 (88.7) <0.001*
Mechanism of injury (n, %) 0.02*
Motor vehicle accident 21(47.7) 23(21.5) 0.0013*
Fall 8(18.2) 9(17.7)
Stumble 7(15.9) 27 (25.2)
Blow to head 5(11.3) 25 (23.4)
Others 3(6.8) 3(12.0)
Pupillary reactions (n, %) <0.001*
Both reacting 10 (22.7) 36 (33.6)
One reacting 31(70.5) 29 (27.1)
None reacting 3(6.8) 42 (39.3)
GCS at admission 1057225 11.32£3.12 0.619
Initial Type of injury (n, %)*
SDH 12 (27.3) 40 (37.4) 0.263
EDH 5(11.3) (21 .5) 0172
IPH 6(13.6) 4 (31.7) 0.025*%
tSAH 18 (40.9) (58 65) 0.071
DAl 8(18.2) 28 (26.1) 0.409
Skull fracture 16 (36.4) 41 (42.3) 0.580
Coagulopathy 19 (43.2) (23 1) 0.018
WBCs, (x10%/L) 14.534+4.93 14£6.13 0.176
NLR, (%) 10714552 13.014+8.26 0.239
ICP value (mmHg) 14.78 (10.13-19.93) 2(834-1641) 0.079

Data are given as mean = SD, n (%), or median (IQR) unless otherwise noted

DAl diffused axonal injury, EDH extradural hematoma, ICP intracranial pressure, IPH intra-parenchyma hematoma, NLR neutrophil-to-lymphocyte ratio, SDH subdural
hematoma, tSAH traumatic subarachnoid hemorrhage, USS unplanned secondary surgery, WBC white blood cells

*P<0.05.

# patients may suffer more than one item

compared to secondary surgery. ICP monitoring could
increase the number of post-operatives immediately con-
tralateral DC, and hence improve outcome (Table 5).

Potential therapeutic approach to improve unfavorable
outcomes in TBI patients who undergo bilateral DC: USS
for contralateral DC should be avoided

The outcomes of TBI patients who receive bilateral DC
are poor [5], but the specific pathophysiological process
of this acute traumatic neurological disease is not known;
thus, the most favorable therapeutic approach is unclear.
In other studies [9, 10], the outcomes of TBI patients
who underwent bilateral DC were also unsatisfactory.
In our study, we found that TBI patients who underwent
unplanned contralateral DC surgeries experienced more
severe outcomes compared with those who received
bilateral DC in one operation. To the best of our knowl-
edge, this is the first study to demonstrate that preventing

unplanned contralateral DC surgery may improve the
outcomes of TBI patients who undergo bilateral DC.

USS, or unplanned reoperation, can be considered
a type of severe operation-related adverse event [18],
because if non-operative treatments were used success-
fully in patients, no USS would be needed. An unplanned
return to the operating room is associated with an 11.65-
fold increase in the risk of hospital readmission, and the
quality of life of patients who undergo USS is worse [19].
The outcomes of breast cancer patients were found to be
aggravated after USS [20], with similar reports in patients
with acute spinal cord injury [21] and cervical spondyli-
tis myelopathy [22]. More severe complications can be
induced by USS in patients with femur fractures and spi-
nal cord injuries [23]. It is reasonable that USS should be
avoided in any field.

In our study, the cause of unplanned contralateral DC
surgery in TBI patients varied; contralateral brain con-
tusion or subdural hematoma that was not detected
before the initial operation was the most common cause.
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Table 4 Patients'characteristics according to ICP monitoring or not
ICP monitoring, n=90 None-ICP monitoring, n=61 P value
Age (yrs) 4538 (31.7-58.4) 48.21(29.14-57.13) 0.661
Male (n, %) 63 (70.0) 41(67.3) 0.725
Mechanism of injury (n, %) 0.635
Motor vehicle accident 26 (28.7) 18 (29.5)
Fall 20 (22.2) 7(114)
Stumble 22 (24.4) 12(19.7)
Blow to head 22 (24.4) 8(8.8)
Others 10(11.1) 6 (6.6)
Pupillary reactions (n, %) 0.719
Both reacting 26 (28.9) 20(32.8)
One reacting 35(38.9) 25 (40.9)
None reacting 29 (32.2) 16 (26.3)
GCS at admission 9.37+£4.96 10.59+3.88 0.778
Type of injury (n, %)*
SDH 33(36.7) 19(31.2) 0.601
EDH 17 (18.9) 11(18.1) 0.999
IPH 34 (37.8) 16 (26.2) 0.161
tSAH 47 (52.2) 32(52.5) 0.999
DAl 21 (23.3) 15 (24.6) 0.848
Skull fracture 34 (37.8) 23(37.7) 0.999
Coagulopathy (n, %) 18 (20.0) 12 (19.6) >0.999
WBCs, (x10%/L) 16.094+5.17 12314315 <0.001*
NLR, (%) 12.14£952 11484554 0431

Data are given as mean = SD, n (%), or median (IQR) unless otherwise noted

DAl diffused axonal injury, EDH extradural hematoma, ICP intracranial pressure, IPH intra-parenchyma hematoma, NLR neutrophil-to-lymphocyte ratio, SDH subdural
hematoma, tSAH traumatic subarachnoid hemorrhage, USS unplanned secondary surgery,WBC white blood cells

*P<0.05.

# patients may suffer more than one item

To avoid potential cerebral herniation induced by these
undetected lesions, unplanned contralateral DC sur-
gery will have to be performed. It has been previously
reported that unilateral DC cannot improve the out-
comes of TBI patients, but it does reduce the mortality
rate [24, 25], and we also found that unplanned contralat-
eral DC surgery could worsen the outcomes of these TBI
patients. These results suggest that careful examination
is necessary to find a potential contralateral brain contu-
sion or subdural hematoma on admission or even during
the initial operation to avoid USS. However, the specific
mechanism by which USS exacerbates TBI patients’ out-
comes remains unclear, and further studies are required.

Should ICP monitoring be performed on TBI patients who
undergo bilateral DC?

ICP monitoring is widely used in patients with TBI,
intracerebral hemorrhage, subarachnoid hemorrhage,
and other conditions, although there is no evidence
that the outcomes of TBI patients could be significantly
improved by ICP monitoring, although the level of

evidence for ICP monitoring in TBI patients is IIB [7].
A meta-analysis indicated that the mortality rate of TBI
patients decreased after ICP monitoring [26, 27], but
most patients included in these studies received only
unilateral DC, and whether TBI patients who undergo
bilateral DC should receive ICP monitoring remains
controversial.

In our study, we found that ICP monitoring could lower
the incidence of USS in TBI patients, and its potential
mechanism maybe that abnormal ICP values maybe an
indicator of contralateral lesions. As shown in Fig. 2 and
Table 4, within the category “Post-operative immediately
contralateral DC’, the 18 patients all received ICP implan-
tation. Their intraoperative signs, symptoms or CT scans
were normal, but between the period after unilateral
DC ending and before arrival to NICU, their abnormal
high ICP value (>18 mmHg) was detected and received
immediately CT scans. If ICP were not applied, the 18
patients would have to receive USS. Actually, within
the 19 USS patients who received ICP implantation,
abnormal high ICP values were detected in 7 patients



Zhao et al. Scand J Trauma Resusc Emerg Med (2022) 30:59 Page 8 of 10
Table 5 3-Month outcomes and safety of ICP monitoring
ICP monitoring, n=90 None-ICP monitoring, n=61 P value

Progressive intracranial hemorrhage (n, %)

Hematoma enlargement 13(14.4) 6 (9.8) 0.462

New hemorrhagic lesion 7(7.8) 4(6.6) 0.999
Operations plans

Pre-operative scheduled bilateral DC 33(36.7) 24 (39.3) 0.864

Intraoperative scheduled contralateral DC 20(22.2) 12(19.8) 0.839

Post-operative immediately contralateral DC 18 (20.0) 0(0) <0.001

Uss, (n, %) 19 (21.1) 25 (40.9) 0.011%
Length of ICU stay 9 7) 13(8-22) 0.057
Complications and adverse events (n, %)*

Hydrocephalus 15(16.7) 13(21.3) 0.525

CNS Infection 6 (6.7) (4.9) 0.740

Others 12(13.3) ) 0213
Modified Rankin Scale at 90 days (n, %) 0.448

0: No symptoms at all 1(1.1) 1(1.6)

1: No substantive disability despite symptoms 5(5.5) 1(1.6)

2: Slight disability 7(76) 4 (6.5)

3: Moderate disability requiring some help 22 (24.1) 3(4.9)

4: Moderate-severe disability requiring assistance with daily living 28 (30.7) 16 (26.4)

5: Severe disability, bedbound and incontinent 19 (20.2) 21 (344)

6: Death by 90 days (mortality) 8(8.8) 15 (24.6) 0.0104*

Data are given as n (%), or median (IQR) unless otherwise noted

DC decompressive craniectomy, ICP intracranial pressure, ICU intensive caring unites, IPH intra-parenchyma hematoma, NLR neutrophil-to-lymphocyte ratio, SDH
subdural hematoma, tSAH traumatic subarachnoid hemorrhage, USS unplanned secondary surgery, WBC white blood cells

*P<0.05

# patients may suffer more than one item

6
non-ICP monitoring 5
I 4
3
ICP monitoring . 2
N o

Fig. 4 The outcomes of TBI patients who underwent USS could be

improved via ICP monitoring, according to their 3-month mRS scores

immediately after their first DC, and CT scans were per-
formed on the 7 patients without any delay, but no sig-
nificantly abnormal CT scan findings were detected. On
the other hand, within the 25 USS patients who did not
receive ICP implantation, although their intraoperative
signs, symptoms or CT scans were normal before be sent
back to NICU, some patients may suffer potential intrac-
ranial hypertension, unfortunately, we cannot detect this
abnormal sign and finally USS occurred.

However, the outcomes of TBI patients who undergo
bilateral DC cannot be improved through ICP monitor-
ing, even though the USS rate can be reduced and the
outcomes of USS patients could be alleviated by ICP
monitoring. This finding was consistent with previous
studies [28]. In TBI patients who undergo uni- or bilat-
eral DC, other than the death rate, the patient outcome
cannot be improved through ICP monitoring. Neverthe-
less, the lowering of the death rate may in turn result in
an increase in the number of disabled patients, which
increases the social, family, and financial burden. Fur-
ther studies are required to elucidate the most favorable
therapeutic approach for treating TBI patients based on
information provided by ICP monitoring.

Limitations

First, the nature history of TBI patients who received
bilateral DC made our study considerable heterogeneity
in patient population, and made it vulnerable to biases.
Second, we tend to admit patients with more severe
injuries, which could have caused admission bias.
Therefore, caution should be exercised in interpreting
our conclusions, and a prospective multi-center study
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is needed to further elucidate the potential mechanism
underlying the process described here. In our further
research, we will focus on whether ICP monitoring
could benefit TBI patients with polytrauma and TBI
patients within 24 h after onset of injury.

Conclusion

To our best knowledge, this the largest available collec-
tion of outcomes for TBI patients who received bilat-
eral DC. This is the largest retrospective series for TBI
patients who received bilateral DC demonstrates that
the outcomes of these TBI patients can be aggravated
by unplanned contralateral DC surgery, moreover, ICP
monitoring can reduce the incidence rate of USS and
lower the death rate of USS TBI patients. We wish to
share our relatively large experience and therapeutic
approaches for TBI patients.
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