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Abstract

Background: Traumatic cerebral aneurysms (TA) are a subset of traumatic cerebro-
vascular injury (TCVI). Misdiagnosis of TA can be fatal. To investigate factors that
predict TA formation and the optimal timing for searching, we present four sus-
pected cases of delayed TA rupture during hospitalization.

Case Presentation: Medical records of head injury cases to have delayed TA rup-
ture during hospitalization between April 2021 and March 2022 were retrospectively
reviewed. Of the four patients included, only one met the TCVI screening criteria.
All the patients had acute subdural hematoma (ASDH) on arrival; two had delayed
expansion of the traumatic subarachnoid hemorrhage (tSAH) on repeat imaging. All
the patients received anticoagulants. Ruptured TA occurred between days 5 and 11.
Three patients died during hospitalization.

Conclusion: It is advisable to suspect TA when imaging studies show ASDH on ad-
mission and intracranial hematoma expansion during hospitalization. We suggest
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BACKGROUND

Traumatic cerebrovascular injury (TCVI) is associated
with approximately 1% of blunt cranial trauma cases.
Traumatic cerebral aneurysms (TA) are a subset of the
TCVI. Misdiagnosis of TA can be fatal, with a mortality rate
exceeding 50% upon rupture' this underscores the impor-
tance of early detection. The recommended TCVTI screening
criteria, as delineated in the Japanese Guidelines® (Table 1),
primarily focus on the detection of carotid and vertebral
arteries, and the American guidelines for blunt cerebro-
vascular injuries (BCVI),” have a similar concept; however,
both may be insufficient for screening TA occurring intra-
cranially. Given the lack of established factors predicting
TA formation beyond the existing criteria and the unclear
optimal timing for TA detection, we retrospective analyzed

TA screening around day 5.

acute subdural hematoma, delayed traumatic intracranial hematoma, traumatic cerebrovascular injury

four suspected cases of delayed TA rupture during hospi-
talization to identify the risk factors for delayed TA rupture
during hospitalization following head injury.

CASE PRESENTATION

Four patients with suspected delayed TA rupture during
hospitalization at Nippon Medical School Chiba Hokusoh
Hospital between April 2021 and March 2022 were included.
Demographic data and clinical findings during the hospital
stay were extracted. The diagnosis of TA rupture was con-
firmed by neurosurgical specialists based, on head com-
puted tomography (CT) or cerebral angiography. Temporal
progression on head CT imaging was defined as hematoma
expansion over 24h after injury. Table 2 presents clinical
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TABLE 1 Traumatic cerebrovascular injury screening criteria.?
«
Sever cervical hyperextension/ rotation or hyperflexion (especially =
with diffuse axonal brain injury) < SE S S g
=] n
Focal neurologic defect (transient ischemic attack, amaurosis fugax, & % % j‘: = g
Horner's syndrome) MoK ~ = =
Stroke on computed tomography or magnetic resonance imaging o o ,%
Seat belt abrasion or other soft tissue injury of the anterior neck = . - E § §
resulting in significant swelling or altered mental status § g 1) & ué -%
Sz ) 3
Cervical bruit in a patient younger than 50years § E g ‘E -E §
o = o b=y -
Basilar skull fracture with carotid canal involvement or foramen £=£8 Z & Z & 5
lacerum 5
=1
Mid-face fracture (LeFort type II or III, complex mandibular fracture) - £ o %5
9
Cervical vertebral body fracture g . % g é LE
£ T 8eg = =mg |3
E D 22_¢2 g2z |¢
L L . T < =&§ = 2§l £
characteristics and imaging findings. The patients were = = | 5o % = - l: = % g
. . 5 Ss2Z o& £ 2| &
33-79years. The injury severity score (ISS) ranged from 13 5 % g s E 2 EEg| <
. O = (/I
to 22. The Glasgow coma scale (GCS) on arrival was 14-15 B & FaO O< 500l 5
. . >~
points. All patients had acute subdural hematoma (ASDH), g
and two had traumatic subarachnoid hemorrhage (tSAH). s @D =
- -
One patient had received antiplatelet therapy before the g < - - = 2
- [
trauma incident. All patients received 10,000-15,000 units 8 A& g g g -
of heparin calcium per day for prophylaxis of venous throm- 2%
boembolism (VTE). Only one patient met the existing TCVI £ S §
screening criteria. TA rupture occurred between the fifth & L= - . < E
. . . - JR=]
and eleventh day. Three patients had TA in the middle cer- =5 E é‘ E E £z
ebral artery (MCA), and one had TA in the posterior cerebral - : £
artery (PCA). Three patients underwent emergency cranial e E _%f
. . . . QS + 5}
decompression. Three patients died and one was discharged. £ g z 2
The clinical course of the representative case is shown below. =5 T8
of E
28 » ~ o | g 2
£ z = z |8 e
<8 A A a A g
3 EE
— o =
- . 2 o=
A 77-year-old man was injured after falling backward. On = z i
admission, the patient's GCS score was 15 (E4V5M6), and a < s o o % FIE
CT scan showed ASDH over the cerebellar tent (Figure 1A). S A “Z - ot
Other injuries included fractures of the st and 2nd cervical = 35
.. . . . < = o
vertebrae. The administration of heparin calcium (10,000 U/ = g i~ S5
day) was administered on day 3. CT showed a low-density 2 SOE 2 2 R %’ g
area in the right PCA region, and cerebral infarction was = S g
. . . 173 g &
diagnosed on day 4. His consciousness decreased to GCS go el © 5 ISR =
. B . O
3 (EIVIMI) on day 5, and a CT scan showed ASDH in & ; 5E
. ; . s . Z 5
the right temporal region with a midline shift. Emergency E E 2 23
. . o 5]
cranial decompression surgery was performed, and post- = 2 E Sz
operative CT angiography revealed a TA in the right PCA g ©®% X 2 2 B £ £
(Figure 1B). However, the patient died on day 6. Three of the 2 !
. . . =
recommended criteria for TCVI screening were met: exces- & 2 25
o =
sive neck flexion, cerebral infarction on CT, and cervical ° E - E ;
=3
vertebral fracture. g S = = 3 2 3E
g = B R = = s £
g 5 § 5
E 8 w = = = =
DISCUSSION ) 23
@ =5
~ < % c R El
In this study, all patients had clear or mildly impaired con- & e
sciousness upon arrival. However, three patients died after = ] g §
the TA rupture. Despite the poor prognosis, only one patient = O~ © < £
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FIGURE 1 (A)Head computed tomography (CT) of Case 3 on
admission, (B) Head CT and CT angiography of Case 3 on day 5. Arrow
shows a traumatic aneurysm in the right posterior cerebral artery.

met the TCVI screening criteria, indicating that existing
criteria are insufficient for detecting TA formation and new
criteria are needed.

In some cases, imaging studies have shown ASDH and
delayed hematoma expansion, were potentially indicative of
TA. A previous study reported that TA in the MCA com-
monly formed secondary to ASDH at the temporal lobe* and
that TA in the PCA was secondary to ASDH on the cerebel-
lar tent.” It is assumed that the temporal lobe collides with
the sphenoid edge® and that occipital lobe collides with the
cerebellar tent due to cervical hyperflexion,” resulting in di-
rect MCA and PCA injury, and TA formation. Hematoma on
the cerebellar tent could be an indirect sign of intracranial
vascular injury from cervical hyperflexion. This study iden-
tified one case of ASDH in the cerebellar tent and TA in the
PCA. The other three patients showed ASDH in the frontal
to temporal regions, suggesting that TA rupture formed in
the MCA.

Delayed expansion of the intracranial hematoma after in-
jury may result from both the consumption of coagulation
factors and TA rupture.® In particular, delayed expansion of
tSAH was identified in two patients, suggesting TA forma-
tion.” Rapid expansion of the hematoma on serial images in-
dicates TA rupture, requiring further aggressive exploration
(e.g., CT or MR angiography).

In this study, all the patients received anticoagulants for
thromboprophylaxis after admission. As far as we know,
it is not clear whether anticoagulants are the risk for TA
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rupture and the appropriate timing for their administration.
However, in other locations anticoagulant use is associated
with the formation of pseudoaneurysms,® so we believe that
anticoagulant use was also associated with fatal bleeding.
Thus, aggressive TA exploration before anticoagulant ad-
ministration is essential for at risk patients.

Typically, TA is detected a few days to weeks after head
injury.’ In this study, TA rupture occurred between days 5
and 11. A previous study reported that approximately half of
patients showed a false-negative result on initial images and
most TAs were detectable 6 day after injuries.” Considering
this study's results, in cases involving bleeding risk, such as
the anticoagulants use, the optimal timing for initial TA
screening could be around day 5, slightly earlier than in the
previous report. Even if no TA is found, screening should be
repeated if TA is suspected. However, the optimal interval,
duration, and choice of screening methods remain unclear.

This study had several limitations. First, TA diagno-
sis relied on CT imaging and intraoperative findings by a
neurosurgeon based on clinical implications. Differential
diagnoses include delayed traumatic intracranial hema-
toma (DTICH), which often appears within 48h of injury.’
Complete vascular imaging such as angiography, is required
to differentiate between TA and DTICH,' the diagno-
sis was confirmed using these modalities in only one case.
Second, non-traumatic unruptured aneurysms cannot be
ruled out based on concrete evidence and depended on the
neurosurgeons' discretion. Finally, we only assessed patients
with ruptured TA. Therefore, we might have missed cases
of undiagnosed TA that could have been managed nonop-
eratively. Future studies on TA morphology and localization
are required to clarify the characteristics of aneurysms that
require intervention.

CONCLUSION

Whether patients with traumatic brain injury meet the ex-
isting criteria for TCVTI screening, it is advisable to suspect
TA when serial images show ASDH on admission and in-
tracranial hematoma expansion during the hospital course.
We suggest implementing TA screening around day 5 before
using anticoagulants if patients are considered at a high risk
of TA.
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