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Spinal cord injury is difficult to detect directly on postmortem computed tomography (PMCT) and it is usually
diagnosed by indirect findings such as a hematoma in the spinal canal. However, we have encountered cases
where the hematoma-like high-attenuation area in the cervical spinal canal was visible on PMCT, while no
hematoma was observed at autopsy; we called it a “pseudo hematoma in the cervical spinal canal (pseudo-
HCSC).” In this retrospective study, we performed statistical analysis to distinguish true from pseudo-HCSC. The
cervical spinal canal was dissected in 35 autopsy cases with a hematoma-like high-attenuation area (CT values
60-100 Hounsfield Unit (HU)) in the spinal canal from the first to the fourth cervical vertebrae in axial slices of
PMCT images. Of these 22 had a hematoma and 13 did not (pseudo-HCSC). The location and length of the
hematoma-like high-attenuation and spinal cord areas were assessed on reconstructed PMCT images, true HCSC
cases had longer the posterior hematoma-like area and shorter the spinal cord area in the midline of the spinal
canal (P < 0.05). Furthermore, we found that true HCSC cases were more likely to have fractures and gases on
PMCT while pseudo-HCSC cases were more likely to have significant facial congestion (P < 0.05). We suggest
that pseudo-HCSC on PMCT is related to congestion of the internal vertebral venous plexus. This study raises
awareness about the importance of distinguishing true HCSC from pseudo-HCSC in PMCT diagnosis, and it also
presents methods for differentiation between these two groups.

1. Introduction

Upper cervical spinal cord injury is associated with a high mortality
rate of 48.3-79.0% and can cause paralysis of the respiratory muscles
and neurogenic shock as a direct cause of death [1,2]. In addition, it can
cause drowning or infections related to paralysis as indirect causes of
death [1,3,4]. An accurate diagnosis of cervical cord injury is important
to determine the cause of death in forensic medicine, but it is difficult to
detect a spinal cord injury directly on postmortem computed tomogra-
phy (PMCT) images. Therefore, several previous studies have attempted
to diagnose cervical spinal cord injuries based on cervical spine fractures
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and spinal ligament injuries using PMCT images [2,5-9].

Clinically, a hematoma-like high-attenuation area in the spinal canal
on CT images is used as a diagnostic factor of hematoma [10,11]; while
few studies have reported that it can be used as a similar factor in
forensic medicine. Therefore, in our preliminary analysis we compared
PMCT images and autopsy findings, focusing on a hematoma-like high-
attenuation area in the cervical spinal canal on PMCT image. In one case,
a hematoma-like high attenuation area in the cervical spinal canal was
visible on PMCT images, and spinal epidural hematoma (SEDH) was
found at autopsy (Fig. 1A, B). However, in another case, a hematoma-
like high-attenuation area in the cervical spinal canal was visible on
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PMCT images, while no hematoma was found at autopsy (Fig. 1C, D).
This means that attempting to diagnose hematoma based solely on the
presence of hematoma-like high-attenuation areas on PMCT may lead to
misdiagnosis. To avoid such misdiagnosis, we coined a novel term
“pseudo cervical spinal canal hematoma (pseudo-HCSC)” to describe a
hematoma-like high-attenuation area in the cervical spinal canal on
PMCT image when there was no real hematoma. In this study, we aimed
to establish a method for accurately distinguish true from pseudo-HCSC
using PMCT images and autopsy findings.

2. Materials and methods
2.1. Study group

We retrospectively reviewed the data of 499 forensic autopsy cases in
which PMCT scans were performed at our institution from December
2018 to June 2022. We excluded cases of individuals under 18 years of
age or cases that could not be properly evaluated on PMCT images, such
as those involving cerebral softening, residual contrast agent, and sig-
nificant cervical deviation. The remaining 338 cases were used for
screening tests. Positive screening cases were those with a hematoma-
like high-attenuation area (CT values 60-100 Hounsfield Unit (HU)) in
the spinal canal from the first to the fourth cervical vertebrae (C1-4) in
axial slices of PMCT images. We set the CT values of hematoma-like high
attenuation between 60 and 100 HU because previous reports indicated
that the CT values of hematomas were higher postmortem than ante-
mortem [12-14]. There were 140 positive cases, of which 35 underwent
cervical spine dissection and were included in the measurement group.
The measurement group data on the age, sex, cause of death, autopsy
findings of the cervical spinal cord, height, weight, postmortem interval
between death and PMCT scan (PMI-CT), and PMI between death and
autopsy (PMI-autopsy) of the deceased were collected.

2.2. CT technique

PMCT scans were performed before autopsy using a 16-row multi-
detector CT scanner (Aquilion Lightning; Canon Medical Systems, Ota-
wara, Tochigi, Japan). Twenty-four cases were performed autopsy after
the PMCT scan, and in 11 cases, the bodies were stored at 4 °C in a
morgue until autopsy. All bodies were placed in a body bag in a supine
position without elevation of the upper limbs and scanned from the head
to the pelvis. No contrast agents were used. Only head CT was used in
the study with the following parameters: detector collimation, 16 x 1
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mm (helical scanning); gantry rotation time, 0.5 sec; beam pitch, 0.94;
tube voltage, 120 kVp; tube current, 130-230 mA (auto exposure con-
trol). The PMCT images were reconstructed with 1-mm slice thickness
and 1-mm interval, and sent to a workstation (Synapse Vincent; Fujifilm
Medical, Tokyo, Japan) for further image analysis.

2.3. Autopsy

Two board-certified forensic pathologists (YI and YU) performed all
the autopsies to determine the cause of death. postmortem lividity and
facial congestion were assessed at external examination. Cases with se-
vere and moderate postmortem lividity were rated +, and otherwise
were rated -. Cases with significant facial congestion were rated +, and
otherwise were rated -. However, postmortem lividity and facial hy-
peremia were not evaluated if they could not be observed from the body
surface due to burn. Additionally, the volume of cardiac blood was
measured when the heart was removed. Then the presence of intracra-
nial hemorrhage was assessed. To dissect the cervical vertebrae in the
measurement group, the cervical spinal cord was removed from the
anterior or posterior side and observed circumferentially. The cases that
had hematomas in the C1-4 spinal canals at autopsy were designated as
“true HCSC“ and those that had no hematoma were classified as
“pseudo-HCSC.” Histopathological examination was not performed in
this study.

2.4. PMCT image evaluation procedure

For the measurement group, we reconstructed C1-4 such that the
PMCT images matched the height and position of the spinal canal in the
axial slice of each case. First, multi-planar reconstruction (MPR) images
were acquired by processing the PMCT images using a CT workstation,
and the bone window setting (window width (WW)/window level (WL),
1500/450 HU) was displayed (Supplementary Fig. 1). Regarding C1-4,
the left and right transverse processes were adjusted to appear sym-
metrical in the coronal slice, and the line connecting the left and right
transverse processes was aligned directly with the midline of the
vertebral body (Supplementary Fig. 1A). For C1, we obtained an axial
slice from the line connecting the anterior and posterior tuberosities,
passing through the point where the widths of the left and right posterior
arches were the narrowest in the sagittal slice. For C2, an axial slice was
obtained from the sagittal slice through the point where the widths of
the left and right vertebral arches narrowed down(Supplementary
Fig. 1B) and were horizontal to the lower vertebral body

Fig. 1. Postmortem computed tomography (PMCT) images of the axial slice on the second cervical vertebra (WW/WL, 300/40 HU) and autopsy findings of three
cases. A, B: PMCT image and autopsy findings of a cervical spinal cord injury case. C, D: PMCT image and autopsy findings of an acute myocardial infarction case. E,
F: PMCT image showing no hematoma-like high attenuation area in the cervical spinal canal and autopsy findings showing no hematoma, of a hemothorax case.
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(Supplementary Fig. 1C, D). For C3 and C4, axial slices were obtained
from the sagittal slice through the narrowest point of the left and right
vertebral arches horizontal to the upper vertebral body.

Furthermore, the lengths of each axial slice (C1-4) obtained using the
above procedure were measured as follows: first, the soft tissue window
setting (WW/WL, 300/40 HU) of the axial slice was displayed. Then, the
areas in the spinal canal with CT values of 60-100 HU were displayed in
yellow, and the midline of the spinal canal was drawn (Fig. 2). Next,
from the anterior to the posterior side, five lengths were identified as
follows: the gray area, consisting of the periosteum and ligaments ((a),
(e)); the yellow area, involving CT values of 60-100 HU ((b), (d)); and
the dark gray area, consisting of the spinal cord and cerebrospinal fluid
(CSF) (c). The spinal canal anteroposterior (AP) diameter was deter-
mined by summing the measurements from (a), (b), (c), (d), and (e). The
reconstructed cervical vertebrae (C1-4) in which accurate measure-
ments were not possible due to artifacts or cervical spine fractures were
not evaluated, and only the sites that could be measured were consid-
ered. Moreover, the area of the region with CT values of 60-100 HU
within the spinal canal (area of 60-100 HU) and the mean CT values
were measured. Area of 60-100 HU was not evaluated for C1 because of
the complex shape of the spinal canal.

To estimate the intra-observer measurement error, all cases in the
measurement group were re-evaluated at least 1 month after the initial
evaluation. To estimate the inter-observer measurement error, the im-
ages were measured twice by different forensic pathologists (HK and
YU) at least 1 month apart. In the measurement group, all cervical spine
fractures and cervical spinal canal gases were evaluated using the MPR
images.

2.5. Statistical analysis

Data were analyzed using the JMP 16.0 Pro (SAS Institute Inc., Cary,
North Carolina, USA). Welch’s t-test was used to compare between the
true HCSC group and pseudo-HCSC group regarding height, weight,
body mass index (BMI), PMI-CT, cardiac blood volume, each measured
length ((a)-(e)), spinal canal AP diameter, measured length/spinal canal
AP diameter, area of 60-100 HU, and mean CT values. We also
compared between the two groups using Fisher’s exact probability test
for sex, postmortem lividity, facial congestion, intracranial hemorrhage,
cervical spine fractures, and cervical spinal canal gases on PMCT images.
Statistical significance was set at P < 0.05.

Subsequently, equations predicting the true HCSC groups at each
cervical spine were developed using multiple logistic regression ana-
lyses. A maximum of three variables were selected by combining all the
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items examined (age, sex, height, weight, BMI, PMI-CT, postmortem
lividity, facial congestion, cardiac blood volume, intracranial injury,
cervical spine fractures on PMCT images, cervical spinal canal gases on
PMCT images, each length measured on the reconstructed PMCT image,
length measured/spinal canal AP diameter, area of 60-100 HU, and
mean CT value). The best combination of variables was determined
based on the smallest Akaike’s information criterion corrected for small
sample sizes (AICc) [15,16]. Cases in which a unique formula could not
be determined using the variable combination were excluded. The
variance inflation factor (VIF) was calculated to assess multicollinearity
among the variables. The VIF evaluation criteria were defined as failed:
>10, poor: > 5, and good: < 5 [17,18]. In addition, variables with values
below 5 were retained. Furthermore, the receiver operating character-
istic (ROC) curve analysis was used to calculate the area under the curve
(AUCQ) to evaluate the discriminative ability of each formula. The AUC
results were defined as failed: 0.5-0.6, poor: 0.6-0.7, fair: 0.7-0.8, good:
0.8-0.9, and excellent: 0.9-1 [19-21].

We used R version 4.2.2 (R Foundation for Statistical Computing,
Vienna, Austria) to calculate the technical error of measurement (TEM),
relative technical error of measurement (rTEM), and coefficient of reli-
ability (R) for both intra-observer and inter-observer errors within the
measurement group. The evaluation criteria for rTEM, which are
generally used for anthropometry in anthropology, defined an intra-
observer rTEM < 1.5% and an inter-observer rTEM < 2.0% as
extremely small errors [22]. The R value was evaluated by defining R
greater than 0.95 as high reliability [23].

2.6. Ethics

This study was approved by Yokohama City University Ethics Com-
mittee (F230202313). Informed consent from the bereaved families was
not required because the study used existing specimens without invasion
or intervention.

3. Results
3.1. Autopsy results of the measurement group

Of the 35 cases in the measurement group, 22 were ultimately
diagnosed with hematoma at autopsy were classified into the true HCSC
group (SEDH, 14; combinations of SEDH, spinal subdural hematoma
(SSDH) and spinal subarachnoid hematoma (SSAH), 5; combinations of
SSDH and SSAH, 3). Thirteen cases without hematomas at autopsy were
classified into the pseudo-HCSC group (Supplementary Table 1).

(@-— (b)

() (d)

Fig. 2. Reconstructed axial slice on the second cervical vertebra and magnified spinal canal with midline measurements (WW/WL, 300/40 HU). (a): anterior length
of the periosteum and ligaments. (b): anterior length of the yellow area with CT values of 60-100 HU, (c): length of the spinal cord and cerebrospinal fluid area. (d):
posterior length of the yellow area with CT values of 60-100 HU. (e): posterior length of the periosteum and ligaments.
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The measurement group comprised 21 males and 14 females with a
mean age of 60.7 years. The true HCSC group comprised 14 males and 8
females with a mean age of 61.8 years, and the pseudo-HCSC group
comprised 7 males and 6 females with a mean age of 59.0 years. There
were no statistically significant differences in age (P = 0.72), sex (P =
0.72), height (P = 0.62), weight (P = 0.92), BMI (P = 0.91), or PMI-CT
(P = 0.27) between the two groups (Table 1). Moreover, there were no
statistically significant differences between the two groups regarding-
postmortem lividity (P = 0.066), cardiac blood volume (P = 0.074), and
intracranial hemorrhage (P = 0.086) (Table 2, Supplementary Fig. 2).
However, more facial congestions were observed in the pseudo-HCSC
group (P = 0.00091; one case in the pseudo-HCSC group could not be
determined due to burn) (Table 2, Supplementary Table 1).

3.2. Intra- and Inter-Observer errors

The intra-observer rTEM ranged from 0.82 to 52.16%, and the R
values ranged from 0.9414 to 0.9978 (Supplementary Table 2). The
inter-observer rTEM ranged from 0.99 to 61.02%, and the R values
ranged from 0.6277 to 0.9999. Few variables had intra-observer rTEM
< 1.5% and inter-observer rTEM < 2.0%; however, for (c), the intra- and
inter-observer rTEM tended to be smaller than the other variables at any
cervical height. The intra- and inter-observer R values were below 0.95
for some items, but for (c), they were above 0.95 for all cervical heights.

3.3. Results of the measurements regarding the PMCCT images in 35 cases
in the measurement group

Of the 35 cases in the measurement group, 26 cases (true HCSC, 16;
pseudo-HCSC, 10) were measured in the reconstructed cervical verte-
brae in C1, 18 cases (true HCSC, 10; pseudo-HCSC, 8) in C2, 31 cases
(true HCSC, 19; pseudo-HCSC, 12) in C3, and 26 cases (true HCSC, 14;
pseudo-HCSC, 12) in C4 (Supplementary Table 3). Other sites could not
be evaluated because of artifacts or fractures.

At each cervical spine height, the length of (a) between (e), (a) + (b)
+ (c) + (d) + (e) (spinal canal AP diameter), (b) + (d) (total length of the
yellow area with CT values of 60-100 HU), measured length/spinal
canal AP diameter, area of 60-100 HU, and the mean CT value were
compared between the two groups (Supplementary Table 4). There was
no statistically significant difference between the two groups regarding
the length of (a), length of (b), (b)/spinal canal AP diameter, length of
(e), and length of spinal canal AP diameter (Fig. 3A, B, E, G, K). More-
over, there was no statistically significant difference between the two
groups regarding area of 60-100 HU and the mean CT value (Fig. 3L, M).

There was no significant difference in the length of (c) between the
two groups (Fig. 3C); however, (c)/spinal canal AP diameter was
significantly larger in the pseudo-HCSC group at all heights except C1

Table 1
Measurement group profile.

True HCSC (n = 22) Pseudo-HCSC (n =

13)
Variable Mean (Range) n Mean (Range) n P
value
age [year] 61.8 (22-93) 59.0 (34-86) 0.72
sex M 14 7 0.72
F 8 6
height [cm] 164.5 (142-180) 162.7 0.62
(144-179)
weight [kg] 61.8 61.1 (36-93.4) 0.92
(28.7-119.2)
BMI 22.4 (11.9-37.2) 22.6 0.91
(16.8-30.8)
PMI-CT [h] 86.5 (17-240) 66.9 (9-160) 0.27
PMI-autopsy 93.6 (17-240) 78.8 (29-160) 0.40

[h]

HCSC: hematoma in the cervical spinal canal; PMI: postmortem interval.
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Table 2
Details regarding the findings of the autopsy and postmortem computed to-
mography images.

Postmortem Facial Intracranial Cervical Cervical
lividity congestion  hemorrhage  fractures spinal
on PMCT  canal
gases on
PMCT
+ - + - + - + - + -
True 10 12 2 20 14 8 13 9 10 12
HCSC
Pseudo- 10 2 8 4 4 9 1 12 0 13
HCSC
P value 0.066 0.00091* 0.086 0.0039* 0.0052*

Postmortem lvidity and facial congestion could not be determined in one case in
the pseudo-HCHC group due to burn.
*: P < 0.05.

(Fig. 3H). In the true HCSC group, the length of (d) and (d)/spinal canal
AP diameter were significantly longer and larger at all cervical spine
heights (Fig. 3D, I). Moreover, in the true HCSC group, the length of (b)
+ (d) and ((b) + (d))/spinal canal AP diameter were significantly longer
and larger than those in the pseudo-HCSC group at all heights except for
Cl1 (Fig. 3F, J).

Regarding cervical spine fractures on PMCT images, the true HCSC
group had a significantly higher incidence rate (P = 0.0039), as did
cervical spinal canal gases on PMCT images (P = 0.0052) (Table 2).

3.4. Results of the multiple logistic regression analysis

The multiple logistic regression analysis was used to develop equa-
tions for predicting outcomes in the true HCSC group (Table 3). The
measurement factors were not adopted in the equation with the mini-
mum AICc at the height of C3, and only one factor, facial congestion,
was adopted. At any cervical height, the ROC curve analysis showed that
the AUC exceeded 0.7-0.8.

4. Discussion

Autopsy is considered the most reliable method for determining the
cause of death; however, the autopsy rate in Japan is lower than that in
other countries, and greatly differs among regions [24]. Hence, post-
mortem imaging, which involves CT or magnetic resonance imaging of
cadavers, is expected to play an active role as an alternative to autopsy
or as an auxiliary tool for determining the cause of death [25,26]. The
PMCT is one of the most popular diagnostic imaging modalities used in
Japan [27]. However, PMCT images are influenced by postmortem
changes, and many findings differ from those of antemortem CT images
[28]. Some of these changes are usually caused by modifications of the
body due to medical treatments, resuscitation, and other changes, such
as hypostasis and generation of decomposition gases. Not knowing these
factors may lead to underestimation or overestimation of findings and
lesions on PMCT images. Especially because not all of these postmortem
changes are fully understood and PMCT is still a developing diagnostic
tool. Therefore, it is necessary to improve the diagnostic accuracy of
PMCT by comparing it with autopsy findings and antemortem CT.

In forensic autopsy, we do not always dissect the spinal canal in all
cases; the examination for directly observing the spinal cord removed
from the spinal canal is limited to cases where spinal cord injury is
strongly suspected based on circumstances in which the body was found
and/or external findings. On PMCT image, hematoma-like high atten-
uation area in the cervical spinal canal is an important finding that helps
suspect cervical spinal cord injury [29]. Nevertheless, in this study, no
hematomas were observed in 13 (37.1%) of the 35 cases in the mea-
surement group. This means that diagnosing HCSC only from PMCT
images without checking the spinal canal at autopsy may lead to
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Fig. 3. Measurements of the true and pseudo hematoma in the cervical spinal canal (HCSC) groups at each cervical spine height. In a box plot, the horizontal line
inside the box represents the median, the bottom end of the box represents the first quartile (25%), the top of the box represents the third quartile (75%), the whiskers
extend up to a maximum and minimum value that is within 1.5 times the length of the box, and the plots represent outlier data outside 1.5 times. A: Length of (a). B:
Length of (b). C: Length of (c). D: Length of (d). E: Length of (e). F: Length of (b) + (d). G: (b)/spinal canal AP diameter. H: (c)/spinal canal AP diameter. I: (d)/spinal
canal AP diameter. J: ((b) + (d))/spinal canal AP diameter. K: Length of spinal canal anteroposterior (AP) diameter. L: The area of the region with CT values of
60-100 HU within the spinal canal (area of 60-100 HU). M: mean CT value. *: P < 0.05.
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Table 3
Results of the multiple logistic regression analysis at each cervical height.
Coefficient SE Wald %> P value Odds ratio 95% CI AlCc AUC
C1 27.66 0.88
Intercept —-2.93 1.91 - 0.13 - -
Facial congestion 1.00 0.55 3.29 0.07 0.13 0.02t0 1.18
Length of (b) + (d) 1.55 0.98 2.50 0.11 4.69 0.69 to 31.80
C2 14.98 0.97
Intercept 31.05 17.20 - 0.07 - -
Facial congestion 2.57 1.44 3.17 0.07 5.85 x 103 2.05 x 107 to 1.67
(c)/spinal canal AP diameter —40.51 22.39 3.27 0.07 2.55 x 10718 2.24 x 10 to 29.04
C3 34.43 0.77
Intercept 0.10 0.49 - 0.84 - -
Facial congestion 1.35 0.49 7.66 0.01 0.07 0.01 to 0.45
c4 21.75 0.93
Intercept —8.28 5.26 - 0.12 - -
Facial congestion 2.58 1.50 2.95 0.09 5.72 x 103 1.58 x 107 to 2.07
Length of (d) 14.78 9.84 2.26 0.13 2.63 x 10° 0.01 to 6.23 x 10™*

AP: anteroposterior; SE: standard error; CI: confidence interval; AICc: Akaike’s information criterion corrected for small sample sizes; AUC: area under the curve.

misdiagnosis of the cause of death. To date, no study has reported a
pseudo-HCSC. Accordingly, we suggest that caution should be taken
when diagnosing a hematoma around the cervical cord using PMCT.
Although the factors that cause pseudo-HCSC are not clear, we hy-
pothesize that epidural vascular congestion might appear as a hema-
toma on PMCT. In the pseudo-HCSC group, the epidural vessels were
often congested when the spinal canal was opened. Anatomically, the
internal vertebral venous plexus (IVVP) develops in the epidural space
within the spinal canal (Fig. 4) [30,31]. The IVVP consists of the anterior
and posterior IVVP and forms a vascular ring around the spinal dura
mater from the cranial vault to the sacrum. The IVVP has been reported
to have no valve structure, blood is occasionally congested [32,33].
Several articles have reported pseudo subarachnoid hematoma (pseudo-
SAH), in which intracranial SAH was seen on PMCT images but not at
autopsy [34-36]. Takahashi et al. reported that increased attenuation of
the transverse sinus or cerebellar tentorium on PMCT images was
observed in 48% including autopsy cases. They suggest that blood
congestion in the dural venous sinuses included in the cranial venous
system, such as the superior sagittal and transverse venous sinuses, and
the settling and further concentration of the cellular components of the
blood by gravity are the causes of hematoma-like high-attenuation areas
on PMCT images [35]. Anatomically, the cranial venous system and

Anterior
internal ventral
venous plexus

Posterior
internal ventral
venous plexus

Fig. 4. Schematic view of the internal vertebral venous plexus and
its components.

vertebral venous plexus including the IVVP form a common venous
network called the cerebrospinal venous system (CSVS) [30]. We believe
that pseudo-HCSC may have the same underlying cause as pseudo-SAH,
that is, blood congestion in the CSVS. Techniques such as PMCT angi-
ography and postmortem magnetic resonance imaging may help prove
our hypothesis in the future.

Using multiple logistic regression analysis, we could discriminate
between the true and pseudo-HCSC groups based on the measurement
results and collected data. The ROC curve analysis for the equations
developed at each cervical spine height showed that the discriminatory
ability was sufficient, as all AUCs exceeded 0.7. The highest AUC was
0.97 at the height of C2 (Table 3). Despite this, only half of the cases
could be measured (18/35) in C2 due to artifacts from intraoral metals
and medical devices. Practically, based on the fact that many cases could
be measured (26/35) and had a high AUC of 0.93, the height of C4 was
the most suitable for differentiation (Table 3; Supplementary Table 3).

In addition, the results of the multiple logistic regression analysis
showed that “facial congestion” was the most useful factor for differ-
entiating two groups (Table 3). The pseudo-HCSC group had more cases
with facial congestion than the true HCSC group (Table 2). In the
pseudo-HCSC group, 8 of the 13 cases had facial congestion, many of the
causes of death were generally those considered likely to cause head
congestion (Supplementary Table 1). Congestion in the head and neck
region brings the congestion of IVVP, and they could cause a pseudo-
HCSC. If a case with significant face congestion shows a hematoma-
like high-attenuation area in the cervical spinal canal on PMCT, a
pseudo-HCSC should be suspected. On the other hand, the cause of death
in 3 of the 4 pseudo-HCSC cases without facial congestion was hypoxic-
ischemic encephalopathy (Supplementary Table 1). Several studies have
reported that pseudo-SAH on PMCT images arise in cases with diffuse
cerebral edema [36-38]. Shirota et al. reported that the putative
mechanism underlying pseudo-SAH on PMCT images was a disturbance
of venous drainage caused by swelling of the brain, which led to
congestion of the subarachnoid and parenchymal blood vessels [36].
Similarly, the disturbance of venous drainage within the cervical spinal
canal may cause pseudo-HCSC.

In addition to facial congestion, based on the results of the multiple
logistic regression analysis, some of the measurements in the PMCT
images were useful in predicting true HCSC (Table 3). The length of (d),
i.e., the posterior length of the yellow area with CT values of 60-100 HU
was significantly greater in the true HCSC group than in the pseudo-
HCSC group (Fig. 3D). From this result, it is reasonable to consider
that the hematoma-like high attenuation area in the cervical spinal canal
is an extravascular hematoma in true HCSC and a congestion of the IVVP
in pseudo-HCSC. Indeed, in the true HCSC group, 12 SEDH cases of
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which had a posterior hematoma (Supplementary Table 1). Further-
more, clinically, many studies have reported that SEDH is more common
posterior side [39,40], consistent with the location of this study results.
The length of (c) is the midline of the spinal cord and the CSF. When the
length of (c) is long, the length of (b)+(d)) decreases, and when the
length of (c) is short, the length of ((b)+(d)) increases (Fig. 2, Fig. 3C, F,
H, J). Hence, (c) and (b) + (d) are inversely related. The (c)/spinal canal
AP diameter was significantly smaller in the true HCSC group than in the
pseudo-HCSC group (Fig. 3H), and this result shows compression of the
spinal cord by hematoma. Clinically, there are several reports of spinal
cord compression due to hematoma [40,41], which supports the fact
that (c) was shortened by the hematoma ((b) + (d)) in the true HCSC
group.

Many of the factors measured in this study had an rTEM greater than
1.5% or 2.0% and R<0.95 (Supplementary Table 2). This may have been
due to the complexity of the procedure used to reconstruct the PMCT
images so that the height and position of the spinal canal in the axial
slice of each case matched. In addition, technical errors due to manual
manipulation may have greatly affected the measured values because
they were extremely small. The measurement method used in this study
is a new method that has not been used in previous studies. Furthermore,
the measured value of (c) was larger than those of (a), (b), (d), and (e);
the rTEM of the error was smaller, and R was greater than 0.95.
Consequently, (c) was associated with a small error and high reliability
in this study.

Incidentally, cervical spinal canal gases on PMCT images are
extremely useful as a factor to suspect true HCSC, as none was observed
in the pseudo-HCSC group in this study (Table 2). There was also a
statistically significant difference between the two groups regarding
cervical spine fractures on PMCT images; cervical spine fractures were
more common in the true HCSC group (Table 2). Gases and cervical
spine fractures which serves evidence of strong external force applied to
the neck, are important findings suggestive of true HCSC.

This study has limitations. The number of cases included in this study
was small, and the statistical analysis was insufficient. In the future, we
intend to increase the number of cases to improve the accurate diagnose
using PMCT for hematoma in the spinal canal.

5. Conclusion

In this study, we showed the presence of a pseudo-HCSC, and suggest
that pseudo-HCSC are related to the congestion of the IVVP and
disturbance of venous drainage. We performed statistical analysis to
distinguish between true and pseudo-HCSC on PMCT. True HCSC cases
had longer the posterior hematoma-like area and shorter the spinal cord
area in the midline of the spinal canal (P < 0.05). Furthermore, we found
that true HCSC cases were more likely to have fractures and gases on
PMCT and pseudo-HCSC cases were more likely to have significant facial
congestion (P < 0.05). These factors were found to be useful in dis-
tinguishing between the two groups.
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