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Abstract

BACKGROUND

Supra- and infratentorial acute epidural hematoma (SIEDH) is a common
posterior cranial fossa epidural hematoma located at the inner surface of the
squamous part of the occipital bone (SOB). Traditionally, surgical treatment of the
SIEDH requires a combined supra-infratentorial craniotomy.

AIM
To analyze the morphological characteristics of the SOB and introduce a single
supratentorial craniotomy for SIEDH.

METHODS

Skull computed tomography (CT) scan data from 32 adult patients were collected
from January 1, 2019 to January 31, 2020. On the median sagittal plane of the CT
scan, the angle of the SOB (ASOB) was defined by two lines: Line A was defined
from the lambdoid suture (LambS) to the external occipital protuberance (EOP),
while line B was defined from the EOP to the posterior edge of the foramen
magnum (poFM). The operative angle for the SIEDH (OAS) from the supra- to
infratentorial epidural space was determined by two lines: The first line passes
from the midpoint between the EOP and the LambS to the poFM, while the
second line passes from the EOP to the poFM. The ASOB and OAS were
measured and analyzed.

RESULTS

Based on the anatomical study, a single supratentorial craniotomy was performed
in 8 patients with SIEDH. The procedure and the results of the modified surgical
method were demonstrated in detail. For males, the ASOB was 118.4 + 4.7 and the
OAS was 15.1 + 1.8; for females, the ASOB was 130.4 £ 5.1 and the OAS was 12.8 +

published article. 2.0. There were significant differences between males and females both in ASOB
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and OAS. The smaller the ASOB was, the larger the OAS was. The bone flaps in 8
patients were designed above the transverse sinus intraoperatively, and the
SIEDH was completely removed without suboccipital craniotomy. The SOB does
not present as a single straight plane but bends at an angle around the EOP and
the superior nuchal lines. The OAS was negatively correlated with the ASOB.

CONCLUSION
The single supratentorial craniotomy for SIEDH is reliable and effective.

Key Words: Epidural hematoma; External occipital protuberance; Occipital bone;
Transverse sinus; Supra- and infratentorial acute epidural hematoma; Modified surgical
method

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Traditionally, surgical treatment of a supra- and infratentorial acute epidural
hematoma (SIEDH) requires a combined supra-infratentorial craniotomy. We analyzed
the morphological characteristics of the squamous part of the occipital bone (SOB) and
found that the operative angle for the SIEDH was negatively correlated with the angle
of the SOB. These morphological characteristics of the SOB make it possible to treat
SIEDH with a single supratentorial craniotomy. Based on the above findings, we used
a single supratentorial craniotomy to treat SIEDH, and achieved satisfactory results.

Citation: Li RC, Guo SW, Liang C. Modified surgical method of supra- and infratentorial
epidural hematoma and the related anatomical study of the squamous part of the occipital bone.
World J Clin Cases 2022; 10(2): 477-484

URL: https://www.wjgnet.com/2307-8960/full/v10/i2/477 htm

DOI: https://dx.doi.org/10.12998/wjcc.v10.i2.477

INTRODUCTION

Supra- and infratentorial acute epidural hematoma (SIEDH) is a common posterior
cranial fossa epidural hematoma located at the inner surface of the squamous part of
the occipital bone (SOB)[1-3]. Most SIEDHs are caused by direct violence to the
occipital bone due to traffic accidents and falls[4-6]. The traditional surgical method
requires a tedious combined supra-infratentorial craniotomy to evacuate the SIEDH[2,
7,8]. However, the SOB does not present as a single straight plane, but bends at an
angle around the external occipital protuberance (EOP) and the superior nuchal lines,
which divide the SOB into the supra-and infratentorial areas, respectively[9]. As the
angle of the SOB (ASOB) is less than 180, there is an operative angle for the SIEDH
(OAS) from the supra- to infratentorial epidural space by a single supratentorial
craniotomy.

In this study, the ASOB and the OAS were analyzed quantitatively. An illustrative
case example is presented to demonstrate the technique nuances of the modified
surgical method.

MATERIALS AND METHODS
ASOB

The SOB is located above the posterior edge of the foramen magnum and articulates
with the parietal bone at the lambdoid suture (LambS). The EOP, with the superior
nuchal lines radiated laterally from it, is situated at the central part of the external
surface of the SOB and divides the SOB into superior and inferior parts. The two parts
form an angle with the EOP at the vertex (schematic representation in Figure 1).

On the median sagittal plane of the computed tomography (CT) scan, the ASOB was
defined by two lines: One is from the EOP to the LambS, and the other is from the EOP
to the posterior edge of the foramen magnum (poFM) (Figure 2A).

January 14,2022 | Volume10 | Issue2 |
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Figure 1 Schematic representation of the angle of the squamous part of the occipital bone on the outer surface of the occipital bone. The
vertex of the angle of the squamous part of the occipital bone was located at the external occipital protuberance (EOP), while the two edges of the angle were
demonstrated by two yellow arrow lines directed from the EOP to the lambdoid suture and the posterior edge of the foramen magnum (red star) in the median sagittal
plane, respectively. OMS: Occipitomastoid suture; PMS: Parietomastoid suture; LambS: Lambdoid suture; EOP: External occipital protuberance.

LambS ——————p-

Figure 2 Schematic representation of the angle of the squamous part of the occipital bone and the operative angle for the supra- and
infratentorial epidural hematoma on the median sagittal plane of the computed tomography scan. A: The angle of the squamous part of the
occipital bone, symbolized as 6, was defined between two orange arrow lines from the external occipital protuberance (EOP) to the lambdoid suture (LambS) and to
the posterior edge of the foramen magnum (poFM), respectively. The EOP is located at the level of the transverse sinus; B: The “S” denotes the midpoint between the
EOP and the LambS; the “I” denotes the point of the poFM. The . represents the operative angle for the supra- and infratentorial epidural hematoma. As the 8 is less
than 180, the angle o is not equal to zero. EOP: External occipital protuberance; LambS: Lambdoid suture; poFM: Posterior edge of the foramen magnum.

OAS

On the median sagittal plane of the CT scan, an angle was defined to analyze the OAS
quantitatively. The OAS was determined by two intersecting lines with the vertex
located at the poFM. The first line passes from the midpoint between the EOP and the
LambS to the poFM, while the second line passes from the EOP to the poFM
(Figure 2B). Theoretically, the OAS can represent the surgical freedom for clearance of
the SIEDH from the supra- to infratentorial epidural space by a single supratentorial
craniotomy. Mathematically, the greater the OAS is, the bigger the operative corridor
is.

Radiological data

The skull CT scans of 32 adult patients (16 males and 16 females, aged from 18 to 65
years) were collected in the Neurosurgical Department of Xi’an Jiaotong University
from January 1, 2019 to January 31, 2020. These patients included 22 cases of
intracranial aneurysms and 8 cases of acoustic schwannomas. The ASOB and OAS
were measured on the median sagittal plane of the CT scans and the data were
analyzed statistically.
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Patients with SIEDH

A total of 8 patients with SIEDH were surgically treated from July 1, 2017 to March 31,
2020. These patients consisted of 6 males and 2 females, aged from 23 to 49 years
(mean 32.5 + 10.5 years). Seven cases were admitted following traffic accidents and 1
case following a fall injury. Three of these patients had occipital and frontal lobe
contusion and laceration. The admission Glasgow Coma Score (GCS) was 9 points in 3
cases, 10 points in 4 cases and 11 points in 1 case (median 10 points).

Modification of the surgical method

After general anesthesia, the patients were positioned laterally with the head fixed by
a Mayfield head frame (Integra LifeSciences Corporation, Cincinnati, OH, United
States). According to the location of the hematoma, a unilateral occipital skin flap was
incised and the boundary of the bone flap was defined by 4 Lines: The midline, the
lateral edge of the hematoma, the upper edge of the hematoma and the lower margin
of the transverse sinus (Figure 3). Four bony holes were drilled using the Medtronic
high-speed drill (Medtronic, Minneapolis, MN, United States) at the corners of the
bone flap, and a supratentorial craniotomy was completed. Subsequently, the suprat-
entorial part of the SIEDH was gradually removed by suction and forceps. When the
dura mater was exposed, the bleeding arteries on the dura were immediately electro-
coagulated. In the transverse sinus region, the hematoma was carefully evacuated and
a gelatin sponge was used to stop the bleeding from the sinus. The inferior part of the
SIEDH was then explored and evacuated. Finally, the dura mater was carefully
suspended at the edge of the craniectomy and the bone flap was fixed in situ.

Statistical analysis

The Shapiro-Wilk test was used to analyze the normality of the data, and Levene’s test
was used to analyze the homogeneity of variance. The f-test was used for comparisons
between the two groups when the data were in accordance with normal distribution
and homogeneity of variance, otherwise the Rank sum test was used. A two-tailed P <
0.05 indicated statistical significance. All statistics were performed with R version
4.0.2.

RESULTS

Statistical analysis of the ASOB and OAS

The ASOB of male patients was smaller than that of female patients (118.4 + 4.7 vs
130.4 £ 5.1), while the OAS of males was greater than that of females (15.1 + 1.8 vs 12.8
+ 2.0). These data are shown in Table 1. These results indicated that the smaller the
ASOB was, the greater the OAS was.

Clinical presentation

A skull CT examination was performed within 24 h postoperatively. The SIEDH was
totally removed in all 8 cases. The postoperative GCS scores were 10 in 4 cases, 11 in 2
cases, 12 in 1 case and 13 in 1 case 72 h after surgery. The median score was 10.5,
which was significantly higher than that before surgery (Table 2). Postoperatively, one
patient developed pneumonia which was cured by antibiotic treatment within 2 wk.
Intracranial infection, subcutaneous effusion and cerebrospinal fluid leakage were not
observed.

lllustrative case

A 29-year-old man was admitted to hospital 3 h after a traffic accident. The admission
GCS score was 10. The CT examination revealed a left SIEDH and scalp hematoma
(Figure 4A). Surgical treatment was carried out according to the method described
above. Intraoperatively, a linear fracture of the occipital bone extended from the
LambS to the mastoid (Figure 3B), which was the source of the epidural hematoma.
The hematoma covering the transverse sinus area separated the dura from the inner
surface of the skull, which created a surgical corridor from supratentorial to infrat-
entorial (Figure 3C). The hematoma was completely cleared, which was confirmed by
a postoperative CT scan (Figures 3D and 4B). The bone flap was perfectly reset and
fixed without any obvious bone defects (Figure 4B).
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Table 1 Statistical analysis of the angle of the squamous part of the occipital bone and the operative angle for the supra- and

infratentorial epidural hematoma between male and female

Male (n = 16), mean * SD (min, max)  Female (n = 16), mean * SD (min, max) ¢ P value
ASOB 118.4 + 4.7 (108.3,126.9) 130.4 +5.1 (123.2,139.1) 6.946 <0.001°
0AS 15.1 % 1.8 (12.6, 18.5) 12.8 £2.0 (8.6, 16.4) 3.301 0.003°

P < 0.05. ASOB: Angle of the squamous part of the occipital bone; OAS: Operative angle for the SIEDH.

Table 2 Comparison of glasgow coma score before and after operation

GCS
Preoperation 9,9,9,10,10, 10,10, 11
Postoperation 10, 10, 10, 10, 11, 11, 12, 13
Rank sum test P=0.037"

2P < 0.05. GCS: Glasgow coma score.

DISCUSSION

The SIEDH, which traverses the transverse sinus from the supa- to inferior tentorial,
represents 11%-64% of all posterior fossa epidural hematomas[2,3,6]. Due to potential
severe brain edema due to compression on the transverse sinus by the hematoma,
some scholars have suggested aggressive surgical treatment even if the hematoma
volume is small[6-8]. Traditionally, a combined supra-inferior craniotomy was
recommended. The supratentorial bone flap was reset at the end of surgery, while the
infratentorial bone, in the suboccipital area, was removed. The purpose of the
traditional method was to maximize exposure of the hematoma and thoroughly
remove it[8,10]. However, the combined supra-inferior craniotomy has the following
disadvantages: Firstly, it requires the cutting of multi-layer muscles in the suboccipital
area, which can be time-consuming and increase blood loss; secondly, a suboccipital
craniotomy is often accompanied by a subsequent large bone defect[11]. To avoid a
large bone defect in the suboccipital area, Wang and Guoping[7] recommended a
single supratentorial craniotomy to remove the SIEDH. Their research showed that
this technique led to efficient total evacuation of the SIEDH.

Therefore, based on the anatomical characteristics of the SOB, this study theoret-
ically demonstrated the feasibility of single supratentorial craniotomy in the treatment
of SIEDH.

According to Rhoton's research, the occipital bone is divided into a SOB part located
above and behind the foramen magnum, a basal part situated in front of the foramen
magnum, and paired condylar parts located lateral to the foramen magnum[9,12]. The
SOB extends from the foramen magnum inferiorly to the LambS superiorly. The EOP
and the superior nuchal lines divide the SOB into superior and inferior parts which
locate up and down to the transverse sinus, respectively. The inferior part of the SOB
is also called the suboccipital area with a rough outer surface which serves as the site
of attachment of numerous muscles including the trapezius, sternocleidomastoid,
splenius capitis and semispinalis muscles, efc.[9].

In this study, we found that the superior and inferior parts of the SOB were not
located in one plane but were connected at an intersection angle (ASOB). The ASOB in
males was smaller than that in females (118.4 + 4.7 vs 130.4 = 5.1). As the ASOB was
less than 180 in both males and females, when elevating the dura, there was an
operative corridor for evacuation of the SIEDH from the supratentorial to infrat-
entorial epidural space in a single supratentorial craniotomy. The OAS was used to
analyze this operative corridor quantitatively and the study revealed that the OAS in
males was greater than that in females (15.1 + 1.8 vs 12.8 + 2.0). These results indicated
that the smaller the ASOB is, the greater the OAS is. These anatomical morphological
characteristics are extremely important for modification of the surgical method.

Intraoperatively, we performed a single craniotomy above the transverse sinus.
After the supratentorial part of the SIEDH had been cleared, the dura of the transverse
sinus was often found to be peeled off from the inner surface of the skull. In the 8 cases
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Figure 3 Modified surgical method of supra- and infratentorial epidural hematoma. A: The white arrow points to the surface projection of the
transverse sinus. The skin flap was close to the midline medially, reaching the lateral edge of the hematoma laterally, up to the upper edge of the hematoma
superiorly, and about 1 cm below the transverse sinus inferiorly (yellow triangle). The lower edge of the bone flap was located at the upper edge of the transverse
sinus. The orange arrow indicates the midline of the head; B: After elevating the skin flap, a linear fracture of the occipital bone was found (white arrow); C:
Subsequently the bone flap was opened to expose the supra- and infratentorial epidural hematoma (SIEDH). The white arrow shows the lower edge of the bone
window across the superior edge of the transverse sinus. The yellow arrow demonstrated that the SIEDH can be cleared from above to below the transverse sinus; D:
After the SIEDH was completely removed, the dura was tightly suspended on the periosteum.
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included in this study, all the infratentorial part of the SIEDHs were explored and
removed completely. This modified surgical method of the single supratentorial
craniotomy omitted the tedious steps of infratentorial craniotomy and its complic-
ations were also avoided.

However, the number of cases in this study was relatively small, and there were no
cases with transection or laceration of the transverse sinus. In such situations, the
combination of supra-inferior tentorial craniotomy should be performed to control the
abundant bleeding through a greater range of exposure[13].

CONCLUSION

The SOB does not present as a single straight plane but bends at an angle around the
EOP and the superior nuchal lines, and the smaller the ASOB was, the larger the OAS
was. These morphological characteristics of the SOB make it possible to evacuate the
SIEDH from the supra- to infratentorial epidural space by a single supratentorial
craniotomy.
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Figure 4 A pre- and postoperative computed tomography scan of a 29-year-old man after a traffic accident. A: The preoperative computed
tomography (CT) scan showed the left supra- and infratentorial acute epidural hematoma (SIEDH) across the transverse sinus and the local occipital scalp
hematoma; B: 24 h after surgery, the head CT showed that the SIEDH was completely cleared and the bone flap was perfectly fixed in situ.
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ARTICLE HIGHLIGHTS

Research background
Traditional surgical treatment of the supra- and infratentorial acute epidural
hematoma (SIEDH) requires a combined supra-infratentorial craniotomy.

Research motivation
To modify the surgery method according to the results of anatomical research.

Research objectives
To analyze the morphological characteristics of the squamous part of the occipital
bone (SOB) and introduce a single supratentorial craniotomy for SIEDH.

Research methods

Skull computed tomography scan data from 32 adult patients were collected. The
angle of the SOB (ASOB) and the operative angle for the SIEDH (OAS) were measured
and analyzed.

Research results

For males, the ASOB was 118.4 + 4.7 and the OAS was 15.1 + 1.8; for females, the ASOB
was 130.4 + 5.1 and the OAS was 12.8 + 2.0. The smaller the ASOB was, the larger the
OAS was. Based on the anatomical study, a single supratentorial craniotomy was
performed in 8 patients with SIEDH, and the SIEDH was completely removed.

Research conclusions
The single supratentorial craniotomy for SIEDH is reliable and effective.

Research perspectives
It is hoped that the results of this study can improve the efficiency of surgical
treatment of SIEDH.
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