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Abstract: To investigate more predictors for acute encephalocele in patients during isolated acute subdural hematoma (ASDH)
surgery by using clinical data combined with preoperative cranial computed tomography (CT) scan, so as to provide a basis for
the development of a more scientific and reasonable treatment strategy. CT images and medical records of 46 patients who
underwent neurosurgery for isolated traumatic acute subdural hematoma were collected. The patients with intra-operative acute
encephalocele were grouped as the observation group (n=23), and the patients with no intra-operative acute encephalocele,
whose age difference was within 5 years were included in the control group (n=23). The t-test and multivariate logistic regression
analyses were carried out to evaluate the influence of clinical variables on acute encephalocele. Meanwhile, whether differences
among Thickness of hematoma(TH), Midline shift (MLS), Hounsfield units of white matter (HU-WM), Hounsfield units of
hematoma (HU-HT) and basal cistern effaced score (CES) measured by cranial CT could be used as predictors of outcomes in
patients with acute encephalocele during subdural hematoma surgery was evaluated. There were no significant differences in age,
sex, mechanism of injury, the time from trauma to decompression, and the MLS during surgery between the two groups.
However, significant differences in preoperative Glasgow Coma Score (GCS), TH, HU-WM and HU-HT between the two
groups were observed. The multivariate logistic regression analysis of radiographic data showed that HU-WM and CES were
independent risk factors and strong predictors for intra-operative acute encephalocele. The areas under curve of CES and
HU-WM were 0.8459 and 0.8336, respectively. The risk factors for acute encephalocele during ASDH operation are identified in
this study. An increased risk of intra-operative acute encephalocele is found in patients with lower preoperative GCS, HU-WM,
HU-HT and higher preoperative TH and CES, which should help clinicians to develop a more scientific treatment strategy and
improve the survival of such kind of patients.
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1. Introduction

Acute subdural hematoma (ASDH) is a serious traumatic
disease, which develops after rupture of one or more bridging
veins in most cases [1], and hematoma often enlarges via a
positive feedback mechanism [2]. Many ASDH patients
require emergent operation. Though trauma management
systems and surgical techniques have improved, the overall
mortality rate of ASDH is still around 22% to 41% [3] , and it

may even increase to nearly 80% if the intra-operative acute
encephalocele occurs to the patients. However, the etiology of
intra-operative acute encephalocele after traumatic brain
injury is multifactorial and poorly understood. There are few
reports that correlate with the prediction effect of HU-WM
and HU-HT combined with CES on intra-operative acute
encephalocele in patients with head trauma. In this paper,



International Journal of Neurosurgery 2021; 5(2): 84-89 85

these risk factors for acute encephalocele occurring during
surgery for ASDH were examined, in order to evaluate
whether differences among HU-WM, HU-HT and CES
measured by cranial CT can be used as predictors of acute
encephalocele in patients with subdural hematoma. To predict
the outcomes in patients with acute encephalocele is important
because it can influence treatment strategy.

2. Materials and Method
2.1. Study Design

In this study, we retrospectively reviewed the medical
records of 46 patients with isolated ASDH who underwent
unilateral or bilateral decompressive craniectomy (DC) with
standard large bone flap resection at the Affiliated Suzhou
Hospital of Nanjing Medical University (Suzhou Municipal
Hospital) between January 2014 and December 2019, and the
intracranial pressure was released step by step with controlled

strategy. Twenty-three patients with intra-operative acute
encephalocele were enrolled in the observation group, and
patients 23 cases with no intra-operative acute encephalocele
and the age difference within 5 years were assigned to the
control group. The age difference was taken into consideration
in this study because it influenced the density of WM. All
patients surgeries were performed by the same surgeon team,
followed up for 3 months and Glasgow Outcome Scale (GOS)
was used to determine the outcomes. The risk factors
including age, sex, mechanism of trauma, interval from
trauma to decompression (h), GCS, TH, MLS, HU-WM,
HU-HT, CES, and Glasgow Outcome Scale (GOS) were
retrospectively analyzed and investigated (Table 1).

Inclusion criteria: aged 18-80; acute intracranial subdural
hematoma; interval from trauma to decompression <24h.

Exclusion criteria: GCS=3; Contusion and laceration of
brain; Preoperative obvious coagulopathy and blood diseases;
hypotension; other organ injuries/fracture; poly-trauma.

Table 1. Clinical features and radiographic findings of patients undergoing surgery for ASDH.

Characteristic Control group (N=23) Observation group (N=23) P value
Age, mean (SD), years 50.91+17.40) 49.22+19.17 0.75
Sex

Female 8(34.78%) 10(43.48) 0.55
Male 15(65.22%) 13(56.52%)

Mechanism of injury

Motor accident 12(52.17%) 11(47.23%)

Fall 7(30.43%) 8(34.78%)

Assaults 4(17.39%) 4(17.39%)

GCS 8.26+2.05 5.26£1.10

=6 5(21.74%) 19(82.61%) <.0001
>6 18(78.26%) 4(17.39%) <.0001
TH (mm) 12.92+3.02 15.84+2.68 0.0012
MLS(mm) 9.48+3.51 11.7345.35 0.0985
HU-WM 34.43+2.09 30.39+3.39 <0.0001
HU-HT 57.26+9.49 48.00+10.35 0.0028
CES 7.74+3.12 11.09+1.50 <0.0001
Interval from trauma to decompression (h)

=3h 11(47.83%) 17(73.91%) 0.0699
>3h 12(52.17%) 6(26.09%)

GOS

1 3(13.04%) 17(73.91%) <0001
2-3 6(26.09%) 6(26.09%)

4-5 14(56.00%) 0(8.70%)

there were no significant differences in age, sex, mechanism of injury, the time from trauma to decompression and MLS during surgery between the two groups
(all P>0.05); significant differences in GCS, TH, HU-WM, HU-HT and CES were observed between the two groups (all P <0.05)

2.2. Radiographic Data

CT images were obtained from Philips Brilliance and
processed with SYNGO. PLAZA. CT system software
(Siemens, Germany). The hematomas of all cases were
located in the fronto-parietal and fronto-temporal regions. TH,
MLS, HU-WM, HU-HT and CES were obtained from
preoperative CT images.

According to Artru’ standard [4] , the evaluation of cisterns
by the basal cistern effaced score (CES) focused on two
scanning slices lying parallel to the cantho-meatal line, with
one running through the perimesencephalic cistern at the level
of the dorsum sellae, and the other running 10 mm above and
showing the quadrigeminal cistern. We drew a centerline from

the frontal pole to the occipital pole and placed hallmarks at
the quarter and halfway points separately to divide the
centerline into three parts on each scanning slice. The
radiologist then drew lines perpendicular to the centerline to
the right and left of these two hallmarks and placed regions of
interest (ROIs) (10 mm?) along these lines at 12mm inside the
cranial bone or hematoma on either side. For each slice, we
chose the double frontal lobes and the temporal lobe as four
measurement points of the HU-WM, and avoided the area
with increased white matter density caused by subarachnoid
hemorrhage or hematoma. Meanwhile, we randomly selected
six points to measure HU-HT (Figure 1).

We chose the hematoma slice with the maximum thickness,
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and then recorded the thickness of hematoma (TH) and the
distance of the midline shift (MLS). The MLS was defined as
the displacement of the septum pellucidum in relation to the
midline in millimeters [5].

Figure 1. A-C basal cistern effaced score (CES): two scanning slices lying
parallel to the cantho-meatal line, with one running through the
perimesencephalic cistern at the level of the dorsum sellae, and the other
running 10 mm above and showing the quadrigeminal cistern(white lines).
Black line: Each segment was assigned a score: 0 = normal, 1 = compressed,
2 = absent. The total cistern effaced score ranged therefore from 0 (no
effacement) to 14 (absent cistern). Black star: Points for the measurement for
Hounsfield units of bilateral frontal and temporal lobe white matter, the area
with increased white matter density caused by subarachnoid hemorrhage was
avoided. Red star: Randomly selected points for the measurement of HU-HT.
Red line: midline. Red triangle: the quarter and middle points.

2.3. Statistical Analysis

Two separate statistical analyses were performed with SAS
software (version 9.3; SAS Institute). First, the risk factors for
acute encephalocele during subdural hematoma surgery were
determined. The effects of individual variables including sex,
age, decompressive time, and preoperative CT findings were
analyzed by t-test. Subsequently, the univariate and
multivariate logistic regression analysis was carried out to
evaluate the influence of preoperative CT factors on the
observation group patients who had acute brain bulge during
craniotomy surgery. A P value of <0.05 was considered to be
statistically significant.

3. Results

The characteristics of the two groups of patients (46) are
shown in Table 1, from which it can be seen that there were no
significant differences in age, sex, mechanism of injury, the
time from trauma to decompression and MLS during surgery
between the two groups (all P >0.05); significant differences
in GCS, TH, HU-WM, CES HU-HT and were observed
between the two groups (all P <0.05). The influences of
HU-WM, HU-HT, and CES on patients in the observation
group were evaluated using the multivariate logistic
regression analysis (Table 2). The multivariate logistic
regression analysis of radiographic data showed that HU-WM
and CES were independent risk factors and strong predictors
for intra-operative acute encephalocele, and the areas under
curve of CES and HU-WM were 0.85 and 0.83, respectively
(Figure 2). In the control group the mortality was 13.04%
(3/23), in the observation group the mortality was 73.91%
(17/23).
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Figure 2. HU-WM and CES are independent risk factors for intra-operative
acute encephalocele. A Area under curve of HU-WM (0.83) for predicting
intra-operative acute encephalocele. B: Area under curve of CES (0.85) for
predicting intra-operative acute encephalocele.

4. Discussion

Decompressive craniectomy (DC) is the main method for
rapidly reducing intracranial pressure (ICP) in patients with
ASDH [6], but acute encephalocele often occurs suddenly
during DC surgery, leading to higher mortality and morbidity,
in this study, we can found the mortality rate of observation
group 73.91% was higher than the control group 13.04%.
Previous studies have suggested that delayed traumatic
intracranial hematoma (DTIH), post-traumatic acute diffuse
brain swelling (PADBS) and intracranial venous reflux
disorder are the main factors affecting the acute encephalocele
during surgery [7]. In this paper, related preoperative clinical
data and CT image information were used to assess the
occurrence of intra-operative acute encephalocele, so as to
provide a basis for the developent of a more scientific and
reasonable treatment strategy for ASDH patients.

Previous reports [8-10] demonstrated that several predictors
including midline shift, cistern effacement, subdural
hematoma volume, and GCS are interrelated to patients’
outcomes, and similar results were reached by our study. A
series of pathophysiological changes occur during the period
of the early brain injury, such as raised intracerebral pressure,
reduced cerebral blood flow (CBF), blood-brain barrier (BBB)
disruption, brain edema, acute vasospasm and dysfunction of
autoregulation, and metabolic disturbances [11-13], which
may be associated with intra-operative acute encephalocele.
The etiology of intra-operative acute encephalocele is
multifactorial and researches on the associated factors within a
multiple-variable framework are urgently needed. This study
is the first to assess acute encephalocele caused by head
trauma with subdural hematoma using HU-WM, HU-HT and
CES measured by cranial CT.

In this study, it was found that there is no significant
differences between the control and observation groups with
MLS (P>0.05), but significant differences between the control
and observation groups with TH (P<0.05). The TH and MLS
were postulated as key determining factors governing the
surgical decision. Most published data recommend immediate
surgery for patients with a maximal TH exceeding 1 cm or 5
mm, or MLS over 0.5 cm, and those who have any signs of
neurological deterioration [14]. However, when diffuse brain
swelling and brain compliance reduced, only thickness of
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hematoma or midline shift may not really reflect the
intracranial pressure[15].

This study is the first to assess encephalocele caused by
head trauma with subdural hematoma using HU-WM, HU-HT
and CES measured by cranial CT. Both vasogenic and
cytotoxic components contribute to ASDH-related brain
edema [16]. The new research showed that cerebrospinal fluid
influx drove acute ischemic tissue swelling in of middle
cerebral artery occlusion model in mice [17], but whether it
also aggravates the brain edema in TBI remains unknown. The
HU value was closely related to the severity of brain edema in
the immediate period after acute subdural hematoma. HU
decrease appeared in low-density areas on CT images due to
excess water accumulated [18], and there was difference in the
HU-WM level between the injured side and non-injured side
[19]. The more severe edema is associated with a lower
HU-WM. Reduced preoperative HU-WM in some areas
obviously suggests potential brain contusion, and a rapidly
decreasing intracranial pressure after DC can lead to the
delayed intracranial hemorrhage of the areas, resulting in
intra-operative acute encephalocele. In this study, HU values
measured at the initial CT were used to assess whether they
were strong predictors of intra-operative acute encephalocele.

In the study, There were significant differences between the
control and observation groups with respect to the HU-WM,
HU-HT, and CES were found (P<0.05), meant that the
decreased HU-WM, mixed density hematoma combined with
high CES could be used predicators for intra-operative acute
encephalocele.

Table 2. Multivariate Logistic regression analysis of the association between
risk factors.

o P Adjusted OR P
factors Rude OR 95%CI value 959%CI value
CES 0.397(0.219-0.720)  0.0023  0.100(0.011-0.918)  0.0418
HU-WM  1.643(1.228-2.197)  0.0008  2.900(1.029-8.171)  0.0440
HU-HT 1.098(1.026-1.176)  0.0071  1.244(0.986-1.569)  0.0651
TH 0.664(0.497-0.888)  0.0058  0.439(0.147-1.309)  0.1399
MLS 0.893(0.779-1.023)  0.1029  0.790(0.470-1.326)  0.3721

HU-WM and CES were independent risk factors and strong predictors for
intra-operative acute encephalocele, and the areas under curve of CES and
HU-WM were 0.85 and 0.83, respectively.

The multivariate logistic regression analysis revealed that
HU-WM and CES were independent risk factors for
intra-operative acute encephalocele(Table 2). The mean
HU-WM level was 34.43+2.09 in the control group and
30.39+3.39 in the observation group. The area under curve of
HU-WM for predicting intra-operative acute encephalocele
was 0.8336. When injury time was more than 3 hours,
HU-WM was highly sensitive. The mean CES was 7.74+3.12
in the control group and 11.09+1.50 in the observation group.
The area under curve of CES for predicting intra-operative
acute encephalocele was 0.85. CES was correlated linearly
with the maximal ICP, and the higher the scores, the more
serious the brain stem injury was. The quick decrease of
intracranial pressure led to vasodilation, but the
cerebrovascular autoregulation dysregulation caused severe

secondary brain damage [20]. Basal cisterns compressed or
absent prompted compression or absence of brain veins at the
same time, which brought about venous reflux obstacle.
Compared with insufficient cerebral arterial supply (arterial
ischemia), cerebral venous drainage impairment with venous
hypertension caused more severe vasogenic edema and brain—
blood barrier damage. These factors led to acute
encephalocele.

The HU-HT was found not to be a strong risk factor for
intra-operative acute encephalocele by the multivariate
logistic regression analysis in this study, and the reason we
thought was related to the small sample size. However, the
differences between the observation group (48.00+£10.35) and
control group (57.26+£9.49) were significant (P<0.05).
Recently, the imaging marker for hematoma growth has been
identified on computed tomographic angiography (CTA),
CTA leakage sign may predict hematoma growth and is
associated with poor functional outcomes [21], and the blend
sign on Computed Tomography is highly specific for
predicting hematoma growth in intracerebral hemorrhage
patients [22]. Similarly, preoperative most of the observation
patients had mixed density of hematoma, we found hematoma
volume increased significantly during the operation compared
with preoperative CT image. Therefore, we concluded that
HU-HT decrease was a predictor for early hematoma growth
in patients with ASDH, meaning that patients’ conditions
would get worse and surgery should be performed timely.

A standardized surgical approach that was modeled by using
Rubiano AM et al.’s technique [23] was used. In our study, 12
case in the observation group received standard unilateral DC but
all were dead, and 11 cases received bilateral DC, among whom
5 patients were dead, 3 patients had severe disability and 3
patients were vegetable survival. So we suggest when the lesion
side has high intracranial pressure and brain swelling during an
unilateral DC surgery, it is suggested that the contralateral bone
flap should be removed and the bilateral dura mater should be
opened immediately at the same time, and intracranial pressure
should be released step by step with controlled strategy on the
premise that the patient’s vital signs are stable.

This study demonstrated the beneficial prognostic value of
HU-WM and CES, which were independent risk factors and
could be used as predictors of acute encephalocele in patients
during subdural hematoma surgery. In addition to routine
clinical data, we could also get information from the
preoperative CT data. Patients with lower GCS, HU-WM,
HU-HT and higher TH, CES were highly suspected of acute
encephalocele. When malignant acute encephalocele
occurring in unilateral DC surgery can result in axon tensile
and further cause brain stem injury, so we suggested to take
bilateral decompression treatment strategies and slowly
release intracranial pressure simultaneously for highly
suspected acute encephalocele patients. In some patients with
severe traumatic brain injury, DC is controversial, because
sometimes it reduces early mortality but increases survival in
patients with severe disability [24]. In particular, it may bring
about worse outcomes than conservative treatment if these
patients are old [25] or combined with primary brain stem
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injury and have unstable vital signs, so preoperative
evaluation is very important.

Our study had some limitations. First, Intra-operative acute
encephalocele is a common result of multiple factors, in our
study, we only focus on finding out more auxiliary
information in preoperative CT imaging. Second we chose 23
patients with no intra-operative acute encephalocele and the
age difference within 5 years were assigned to the control
group, The age difference was taken into consideration in this
study because it influenced the density of WM, meanwhile the
other factors maybe not a better match. Third, the clinical data
is limited, we still need to further expand the sample size.

5. Conclusion

ASDH is a fatal condition despite all developments in
neurosurgical interventions, and acute encephalocele is an
unusual condition with extremely high mortality. The analysis
of this paper suggests that different degrees of preoperative
GCS, TH, HU-WM, HU-HT, and CES play important
predictive roles in the intra-operative acute encephalocele. We
provided a simple and practical method to assess the
occurrence of intra-operative acute encephalocele by used
related preoperative clinical data and CT image information
and provide a basis for the development of a more scientific
and reasonable treatment strategy.
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