








within a relatively short time frame—particularly in the setting
of severe post-RT ICA stenosis—remains exceedingly rare in
clinical reports. We present the case of a 51-year-old man with
a history of RT for NPC who developed three entirely new ICA
aneurysms and one recurrent aneurysm over a 4-year period.
Notably, this case represents the first reported instance of
an aneurysm arising from the mid-segment of an LVIS stent
coverage zone—a previously undocumented phenomenon
with important implications for endovascular treatment in
irradiated vessels. Through detailed angiographic follow-up
and hemodynamic analysis, this case offers rare insights into
the progressive nature of radiation-induced vasculopathy.
Our findings highlight the urgent need for evidence-based
surveillance strategies and tailored therapeutic approaches for
managing these complex and evolving vascular complications.

B CASE REPORT

A 51-year-old man was diagnosed with NPC in 2008, confirmed
pathologically as undifferentiated carcinoma (Figure 1). He
underwent chemotherapy and RT, receiving 2 Gy per session

Figure 1: Histopathological examination confirmed undifferentiat-
ed nasopharyngeal carcinoma, visualized using Hematoxylin and
Eosin stain, x40 magnification.
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over 30 sessions, for a total dose of 60 Gy. Following several
years of radiological, clinical, and oncological surveillance, he
achieved complete remission. His medical history included
hypertension, intermittent headaches, and a 10-year history
of smoking.

First Admission (August 2017): The patient was admitted to
our hospital with a 3-day history of headache. Neurological
examination showed nuchal rigidity, with no other abnormal
findings. Emergency computed tomography (CT) at admis-
sion revealed SAH (Figure 2A), and CT angiography (CTA) re-
vealed approximately 80% eccentric stenosis accompanied
by a dissecting aneurysm at the cervical segment of the right
ICA (Figure 2B). Digital subtraction angiography (DSA) further
identified a ruptured, wide-neck, irregular aneurysm at the
posterior communicating segment of the right ICA (Figure 2C),
with no abnormalities in other cerebral vessels. Given the sig-
nificant cervical ICA stenosis that could hinder endovascular
treatment (EVT), a self-expanding Xact stent (Abbott Vascular,
Abbott Park, IL, USA) was first deployed in the affected seg-
ment. Subsequently, the ruptured aneurysm was successful-
ly embolized using coils with assistance from an LVIS stent
(MicroVention, Tustin, CA, USA). Post-procedural angiography
confirmed complete occlusion of the aneurysm with no resid-
ual neck (Figure 2D, E). The patient recovered well and was
discharged without any neurological deficits.

Second Admission (February 2019): Eighteen months later,
the patient was readmitted to our hospital due to impaired
consciousness. Immediate brain CT revealed SAH (Figure
3A). DSA detected a newly formed, wide-neck, irregular
ruptured aneurysm located at the choroidal segment of the
left ICA (Figure 3B, C). This aneurysm had not been present
on the initial DSA, and the previously treated aneurysm
remained stable, with no signs of recurrence or neck remnant.
No additional aneurysms were identified. Considering the
successful outcome of the prior EVT, the patient’s family opted
for the same therapeutic approach. Under general anesthesia,
the newly ruptured aneurysm was embolized using coils with
the assistance of an LVIS stent. Post-procedure DSA showed
a small residual neck (Figure 3D, E). The patient made a full
recovery and was discharged without neurological deficits or
complications.
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Figure 2: Images of the first procedure (August 2017). A) Brain CT revealed subarachnoid hemorrhage. B) CTA revealed approximately
80% eccentric stenosis with a dissecting aneurysm at the cervical segment of the right internal carotid artery. C) DSA revealed a
ruptured, wide-neck, irregular aneurysm at the posterior communicating segment of the right ICA. D, E) Immediate post-procedural

angiography confirmed complete occlusion with no residual neck.
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Third Admission (March 2019): Only 1 month after the second
procedure, the patient experienced a third episode of aSAH,
presenting with a Hunt-Hess grade of 3 and a Glasgow Coma
Scale score of 9 upon admission. Emergency brain CT revealed
SAH accompanied by hydrocephalus (Figure 4A). Subsequent
DSA showed that the previously treated aneurysm at the
choroidal segment of the left ICA remained stable, with no
signs of recurrence (Figure 4B). However, a newly developed
pseudoaneurysm was identified at the choroidal segment of
the right ICA, which had not been present in prior imaging
(Figure 4C). No additional aneurysms were detected. Following
multidisciplinary consultation and consensus on treatment
strategy, the new aneurysm was embolized using LVIS stent-
assisted coils, and external ventricular drainage of the right
lateral ventricle was performed. Immediate and 20-day follow-
up DSA confirmed complete occlusion of the aneurysm with
no residual neck (Figure 4D, E). Although recovery was slow,
the patient was eventually discharged with limited functional
independence but able to manage basic self-care.

Fourth Admission (January 2021): Over time, the patient’s neu-
rological deficits related to hydrocephalus gradually improved.
However, he was readmitted to our institution with complaints
of intermittent headaches lasting 4 days. Emergency brain CT
showed no evidence of SAH but revealed mild hydrocepha-
lus (Figure 5A). Considering his complex medical history, a
routine DSA was performed. The angiography confirmed no
recurrence of the previously treated aneurysms at the poste-
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rior communicating and choroidal segments of the right ICA
(Figure 5B). Remarkably, however, the coils from the second
treated aneurysm had shifted from their original position at the
choroidal segment of the left ICA (Figure 5C). Furthermore, a
third new aneurysm had developed at the posterior communi-
cating segment of the left ICA (Figure 5D, E). Due to the wide-
necked and irregular morphology of the new aneurysm, along
with fragility of the parent vessel, the patient was pretreated
with daily aspirin (100 mg) and clopidogrel (75 mg) for ap-
proximately 1 week before the procedure. Subsequently, both
aneurysms were successfully treated with LVIS stent-assisted
coil embolization (Figure 5F, G). No new neurological deficits
were observed during the perioperative period, and the pa-
tient was discharged uneventfully. Ongoing neuroimaging and
clinical monitoring have been maintained diligently.

Fifth Admission (November 2021): During the most recent
follow-up in November 2021, DSA revealed a recurrence of the
aneurysm at the choroidal segment of the left ICA (Figure 6A),
likely associated with a small neck remnant from the previously
treated lesion. To address this, an additional LVIS stent was
deployed within the existing stent to reinforce coverage of the
aneurysm neck, without performing coil embolization (Figure
6B). Immediate post-procedural DSA demonstrated intra-
aneurysmal contrast stagnation (Figure 6C). The patient was
discharged without any new neurological deficits. A summary
of the patient’s clinical course is provided in Table I.
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Figure 3: Images of the second procedure (February 2019). A) Brain CT revealed subarachnoid hemorrhage. B, C) DSA and three-

dimensional DSA identified a wide-neck, ruptured, irregular aneurysm at the choroidal segment of the left ICA. D, E) Post-procedure
angiography performed immediately revealed a small neck remnant.

Figure 4: Images of the third procedure (March 2019). A) Brain CT indicated subarachnoid hemorrhage coupled with hydrocephalus. B)
DSA revealed that the coils of the second treated aneurysm at the choroidal segment of the left ICA were in position. C) DSA revealed
that the first treated aneurysm at the posterior communicating segment of the right ICA was stable(white arrow) and identified a newly

developed pseudoaneurysm at the choroidal segment of the right ICA(black arrow). D, E) The postoperative DSA revealed complete
occlusion of the aneurysm at the choroidal segment of the right ICA.
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Figure 5: Images of the fourth procedure (January 2021). A) Brain CT revealed no sign of subarachnoid hemorrhage, but mild
hydrocephalus. B) DSA revealed that the first (white arrow) and third (black arrow) treated aneurysms, respectively, at the posterior
communicating and choroidal segments of the right ICA, were stable. C) DSA demonstrated that the coils of the second treated
aneurysm at the choroidal segment of the left ICA were shifted from the previous position (shifting from the black arrow to the white
arrow). D, E) DSA and 3D-DSA revealed a newly developed aneurysm at the posterior communicating segment of the left ICA. F, G)
Postoperative DSA revealed complete occlusion of the aneurysms at the posterior communicating and choroidal segments of the left
ICA.
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Figure 6: Images of the fifth procedure (November 2021). A) DSA indicated the recurrence of the aneurysm (black arrow) at the choroidal
segment of the left ICA (the second treated aneurysm). B) DSA revealed that the LVIS stent was deployed to cover the aneurysm neck
without coil embolization. C) The immediate postoperative DSA showed intra-aneurysmal contrast stasis (white arrow).

B DISCUSSION lar pathways, where ionizing radiation stimulates NF-kB and
matrix metalloproteinases (MMPs), facilitating aneurysm de-
velopment and rupture (6,8,10,13); impaired adventitial repair
due to RT-induced fibroblast dysfunction (11); and hemody-
namic stress, wherein altered shear forces exacerbate struc-
tural vessel fragility (9). The average latency between cancer

RT induces complex vascular injury through multiple inter-
related mechanisms. These include endothelial dysfunction
and chronic inflammation, which promote atherosclerosis and
compromise vessel wall integrity (14); activation of molecu-
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diagnosis and intracranial aneurysm formation has been re-
ported as 4.3 + 3.1 years (15). However, this case is excep-
tionally rare—demonstrating the sequential formation of three
entirely new aneurysms and one recurrence within just 4 years.
In this patient, the compounding effects of hypertension and
smoking-related atherosclerosis likely intensified RT-induced
vascular damage. Although the primary NPC was localized in
the nasopharynx, standard radiation fields often encompass
the skull base and proximal intracranial arteries due to po-
tential tumor spread along neural pathways. The dose-depen-
dent relationship between RT and intracranial aneurysms is
well documented: 1) the carotid siphon receives substantial
scatter radiation during NPC treatment (typically 60-70 Gy
to the primary tumor site) (15); 2) histological analyses have
revealed similar features of radiation vasculopathy—such as
vasa vasorum obliteration and medial necrosis—in both cervi-
cal and intracranial carotid segments (2); and 3) hemodynamic
compensation for proximal stenosis, as seen in this patient’s
80% cervical ICA narrowing, increases stress on distal arterial
walls, thereby accelerating aneurysm formation in irradiated
but non-stenotic intracranial regions (5).

Typically, LVIS stent-assisted coil embolization for small an-
eurysms carries a low recurrence rate, reported at 7.4% (12),
and there have been no prior reports of new aneurysm forma-
tion within the stent-covered segments. Remarkably, this case
represents the first documented instance of a de novo aneu-
rysm arising from the mid-portion of an LVIS stent’s coverage
area (Figure 5D, E)—a novel and clinically significant event
with important implications for endovascular device selection
in radiation-compromised vasculature. In the context of post-
RT vasculopathy, even unruptured aneurysms may warrant a
lower threshold for intervention, though the choice between
EVT and surgery must be individualized. Moreover, DSA re-
vealed coil displacement in the previously treated aneurysm,
likely due to inflammation-induced endothelial instability. Tak-
ing into account the patient’s medical history, family prefer-
ences, and financial considerations, LVIS stent-assisted coil
embolization was successfully performed for both aneurysms.
However, during the most recent procedure (November 2021),
the recurrent aneurysm was treated with an LVIS stent alone
—without coils—to cover the aneurysm neck (Figure 6B), con-
sidering the risks of coil migration and potential compromise
of the choroidal artery. Postoperative DSA showed contrast
stagnation within the aneurysm sac (Figure 6C), suggesting
effective flow diversion. In such complex cases, flow diverters
may also serve as a viable alternative.

In summary, while LVIS stent-assisted coiling provided imme-
diate aneurysm occlusion in RT-induced cases, its long-term
durability was limited (Figure 6A, Figure 3D-E, and Figure 5G),
and coil migration was observed at irradiated sites, likely due
to ongoing inflammation and vascular remodeling (Figure 5C).
Therefore, an adaptive treatment strategy was employed: for
the recurrent aneurysm (Figure 6A-C), standalone LVIS stent
placement—without coiling—was used to prioritize parent
vessel reconstruction over direct aneurysm filling, achieving
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effective contrast stasis through flow diversion. This case
yields several clinical insights: patients with NPC who have a
history of smoking, hypertension, and received radiation dos-
es exceeding 60 Gy should undergo lifelong vascular surveil-
lance. We recommend follow-up DSA at 6, 12, and 24 months
post-EVT. Regarding treatment approach, stent-assisted coil-
ing remains a valid first-line option for primary aneurysms,
whereas flow diverters may offer a superior alternative for re-
current lesions, particularly to prevent coil migration.

The consistent use of endovascular treatment in this case was
guided by three primary factors: First, irradiated tissues are
prone to poor wound healing and carry an increased risk of
surgical complications, such as carotid blowout (1,2). Second,
the stepwise development of aneurysms across multiple seg-
ments of the ICA—from cervical to intracranial—would neces-
sitate overly extensive and invasive surgical exposure. Third,
repeated open surgeries would impose significant cumulative
morbidity, especially given the patient’s radiation-induced
tissue fibrosis (2). These considerations support the current
clinical consensus, which favors endovascular intervention
over open surgery for radiation-induced vasculopathy when
anatomically feasible.

B CONCLUSION

This case underscores the dynamic and recurrent nature of
RT-induced internal carotid artery aneurysms. Despite achiev-
ing “complete” initial treatment, rigorous and ongoing angio-
graphic monitoring is essential for early detection of de novo
or recurrent lesions. In irradiated vasculature, endovascular
strategies should shift from solely focusing on aneurysm oc-
clusion to prioritizing vessel preservation and long-term vas-
cular integrity.
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ABSTRACT

Using intravenous contrast, photon-counting computed tomography angiography (PCCT-A) provides detailed images of intracranial
vessels. We report a case in which PCCT-A revealed a 1.5 mm aneurysm at the bifurcation of the middle cerebral artery that was
not seen on magnetic resonance angiography. This case highlights the clinical value of PCCT-A in noninvasively detecting small
intracranial aneurysms.

KEYWORDS: Photon-counting computed tomography angiography, Small intracranial aneurysm, Neurovascular imaging,

Noninvasive angiography, Middle cerebral artery bifurcation

B INTRODUCTION

ntracranial aneurysms are serious cerebrovascular
Iconditions that can have life-threatening consequences if

they remain undiagnosed or untreated (19). Widely used
imaging tools such as computed tomography angiography
(CT-A) and magnetic resonance angiography (MR-A) often lack
sufficient spatial resolution, which limits their ability to reveal
very small aneurysms (20). Although highly informative, even
2D digital subtraction angiography (DSA) can be hindered by
overlapping vascular structures or unfavorable viewing angles
in complex regions, such as arterial bifurcations. Therefore,
3D rotational angiography remains the most reliable approach
for detecting small aneurysms (25).

In recent years, photon-counting computed tomography
(PCCT) has been introduced as a noninvasive technique that
markedly improves vascular imaging and may enhance the
detection of aneurysms (18). In our institution, after adopting
PCCT angiography (PCCT-A) as the routine vascular imaging
method in patients with suspected stroke, we observed an

increase in the number of aneurysms detected (24). PCCT
provides higher spatial resolution, improved contrast between
tissues, and fewer artifacts compared to conventional
computed tomography (CT) systems (14). These technical
advances allow recognition of vascular changes that might
otherwise remain undetected with standard imaging modalities
(18).

Here, we present a case in which a 1.5 mm aneurysm at the
bifurcation of the middle cerebral artery (MCA) was detected
incidentally by PCCT-A, and we discuss the potential implica-
tions of this observation for clinical practice.

B CASE REPORT

A 60-year-old man presented to the emergency department
with ongoing hypotension and dizziness. His past medical his-
tory was unremarkable, with no neurological deficits or chron-
ic illnesses. A non-contrast cranial CT obtained on a 128-slice
SOMATOM AS+ scanner (Siemens, Erlangen, Germany)
showed no signs of intracranial hemorrhage or ischemia. How-
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ever, a hyperdense appearance of the proximal basilar artery
raised suspicion of possible thrombosis or imaging artifact
(8). To investigate this suspicion further, a contrast-enhanced
PCCT-A was performed with 70 mL of iodinated contrast ma-
terial. This examination confirmed patency of the basilar artery
with no evidence of thrombus, thereby resolving the concern
raised by the initial non-contrast CT. This outcome highlights
the advantage of PCCT-A in evaluating vascular patency. In-
cidentally, a 1.5 mm saccular aneurysm was detected at the
bifurcation of the left MCA (Figure 1). The aneurysm was not
detectable on MR-A. Given its small size and low aspect ra-
tio, a conservative management approach was adopted with
regular follow-ups.

Technical Notes

PCCT is a cutting-edge imaging modality that offers improved
spatial resolution, enhanced tissue contrast, and reduced ar-
tifacts compared to conventional CT. These features allow the
identification of small vascular anomalies that conventional
imaging methods may miss.

In this case, the PCCT-A was performed using a NAEOTOM
Alpha Photon-Counting CT scanner (Siemens, Erlangen, Ger-
many). The scan protocol used the following parameters: slice
thickness of 0.6 mm, X-ray tube voltage of 140 kV, DW of 21.6
cm, 70 mL of Imeron 300 M contrast medium (Bracco, Milan,
Italy), and intravenous injection of 300 mg of iodine/mL with a
flow rate of 5 mL/s.
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Figure 1: PCCT-A of an aneurysm at the bifurcation of the
MCA. Hard and soft kernel (para-coronary) with resulting 3D
reconstructions.
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The dose length product for this case was 653 mGy*cm (132
effective mAs, CTDIvol*mGy 15.4 L, SSDE 26.00 mGy), which
is comparable to or slightly lower than conventional CT-A pro-
tocols. These parameters optimized the detection of small
vascular structures while minimizing patient radiation expo-
sure. Today, the (theoretically) maximal resolution of PCCT
can reach 0.11 mm in-plane (3,23).

B DISCUSSION

Identifying small aneurysms remains clinically challenging, as
their progression and risk of rupture are not yet fully clarified
in the current literature (22). In this setting, PCCT enhances
diagnostic confidence by offering superior spatial resolution
and clearer delineation of vascular abnormalities compared to
conventional CT-A and MR-A (23).

In this case, the detection of the aneurysm was facilitated by
the improved spatial resolution and noise reduction capabili-
ties of PCCT-A. Studies have suggested that aneurysms with
a size ratio greater than 3 mm and an aspect ratio (the ratio
of aneurysm height to neck width) greater than 1.6 are more
prone to rupture (28). However, given the small size and favor-
able aspect ratio of the aneurysm in this case, conservative
management was adopted, aligning with current guidelines
(10).

Invasive vs. Noninvasive Imaging for Aneurysm Detection

Three-dimensional rotational DSA remains the gold standard
for detecting and evaluating intracranial aneurysms due to its
unmatched spatial resolution and ability to visualize dynam-
ic vascular processes, such as flow patterns and associated
arteriovenous fistulas or malformations. However, its invasive-
ness carries inherent procedural risks, including arterial injury,
hemorrhage, infection, and allergic reactions to the contrast
agent. In patients with subarachnoid hemorrhage, a thorough
assessment may involve as many as four separate 3D DSA
scans, since both carotid and vertebral arteries on each side
must be examined individually. This approach inevitably adds
to the patient’s total radiation exposure (1,27).

In the past, conventional imaging often failed to detect small
aneurysms (<3 mm). Indeed, a systematic review revealed a
sensitivity of only 61% for CT-A and 38% for MR-A (28). In
contrast, PCCT-A offers a noninvasive alternative with mod-
erate radiation exposure that can visualize such small an-
eurysms and eliminate the procedural risks associated with
DSA (16). The photon-counting detector technology enables
significantly improved spatial resolution and reduced radiation
exposure, offering a safer option for patients who require mul-
tiple imaging studies.

He et al. demonstrated that ultra-high-resolution PCCT-A sub-
stantially improves diagnostic accuracy and morphological
characterization of unruptured aneurysms (9). This enhanced
spatial resolution enables a more precise assessment of the
shape and size of the aneurysm, both of which are critical for
evaluating rupture risk and treatment planning.

The diagnostic performance of PCCT-A has been shown to
closely align with that of DSA, the current gold standard. De



Beukelaer et al. demonstrated that PCCT-A provides compa-
rable accuracy in assessing stents, flow diverters, and aneu-
rysms after coiling or clipping, while offering the significant
advantage of being noninvasive (5,6).

Another notable feature of PCCT-A is its ability to generate
virtual non-contrast reconstructions from contrast-enhanced
datasets. Decker et al. validated a novel calcium-preserving
reconstruction algorithm, which reliably simulates non-con-
trast images, potentially eliminating the need for separate
non-contrast scans in patients with vascular implants (7).

Regarding follow-up imaging after flow diversion, PCCT-A
offers high-quality visualization of the aneurysm lumen and
associated thrombus formation. Wei et al. and Marque et al.
highlighted the potential of PCCT-A for accurate monitoring
of treatment response and long-term outcomes (15,26). Fur-
thermore, Higaki et al. emphasized its value in both pre- and
post-operative settings for cranial and spinal vascular pathol-
ogies (12).

However, PCCT-A has limitations in assessing associated dy-
namic vascular processes, such as arteriovenous fistulas and
arteriovenous malformations, where DSA remains the superior
modality.

Technical Comparisons: PCCT-A vs. 3D DSA

PCCT-A outperforms conventional CT-A in terms of sharp-
ness and signal-to-noise ratio, enabling the detection of small
vascular anomalies with greater clarity (23). Compared to 3D
rotational DSA, PCCT-A offers competitive spatial resolution
and eliminates artifacts caused by overlapping vascular struc-
tures. The ability to distinguish blood from iodine enhances
the applicability of PCCT-A (2). Additionally, the reduced radi-
ation dose and lower contrast agent requirements of PCCT-A
make it a more patient-friendly option for routine screening
and follow-up evaluations (13).

However, when combined with cone beam CT, 3D rotation-
al DSA remains the preferred method for assessing dynam-
ic vascular abnormalities and real-time blood flow, which are
crucial for evaluating arteriovenous shunts and other flow-re-
lated pathologies (28). Despite these advantages, DSA is lim-
ited by its inability to detect fully thrombosed aneurysms or
aneurysms in border zones, such as small anterior communi-
cating artery aneurysms, which can be more easily detected
using PCCT-A (17,24).

Future Implications for PCCT-A in Clinical Practice

Although 3D DSA is still regarded as the gold standard for
detecting aneurysms, advances in PCCT-A may gradually shift
this perspective. PCCT-A combines noninvasiveness with
high spatial resolution and lower radiation exposure, making
it an attractive option for routine imaging, particularly in fol-
low-up examinations (4). Its potential role in detecting inciden-
tal aneurysms also warrants further study, and the possibility
of screening patients at increased risk without exposing them
to invasive procedures could be a significant benefit (18).

Kardas H. et al: Aneurysm Detected by Photon-Counting CT

Nevertheless, PCCT-A has limitations that prevent it from en-
tirely replacing DSA at present. For instance, dynamic pro-
cesses such as arteriovenous fistulas or flow characteristics
are not well visualized with this method. Due to its high tem-
poral resolution, dual-source CT may complement PCCT-A
by offering improved visualization of these phenomena (21).
Progress in both technologies could help close these gaps
and strengthen their contribution to cerebrovascular imaging.
Additionally, it remains uncertain whether PCCT-A is suffi-
ciently sensitive to reveal small dissecting or blister-type an-
eurysms.

Further innovations are also underway. For example, Hernan-
dez-Fajardo et al. reported on color K-edge angiography with
gadolinium-based contrast, demonstrating that enhanced
spectral resolution may improve tissue differentiation and vas-
cular assessment (11).

B CONCLUSION

This case demonstrates that PCCT-A is capable of detect-
ing very small incidental aneurysms that conventional imag-
ing may miss. The improved spatial resolution and reduced
noise of PCCT-A enable more accurate assessment, which
in turn supports earlier diagnosis, better-informed treatment
decisions, and—when appropriate—timely intervention that
may help to prevent rupture-related complications. Howev-
er, the high level of detail inevitably increases the interpretive
workload for neuroradiologists, who must carefully evaluate
additional subtle findings. While the results of this case are en-
couraging, further clinical experience and systematic research
are required to establish how PCCT-A should be incorporated
into everyday workflows. Its role in initial detection, risk as-
sessment, and long-term follow-up of aneurysms remains to
be clarified in future studies.
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ABSTRACT

Stereotactic radiosurgery (SRS) is an established treatment for vestibular schwannoma, offering high tumor control rates and a
favorable safety profile. SRS-induced facial palsy is typically a late-onset complication, with acute-onset cases being exceedingly
rare. We report the case of a 42-year-old man with a left-sided Koos grade | vestibular schwannoma who underwent single-fraction
Gamma Kbnife radiosurgery with a prescription dose of 11 Gy to the 50% isodose line. Baseline facial nerve function was intact.
Seventy-two hours post-treatment, the patient developed House-Brackmann (HB) grade V peripheral facial palsy, accompanied
by severe vestibular symptoms. Magnetic resonance imaging obtained on post-treatment day 6 demonstrated reduced contrast
enhancement, partial capsular breakdown, and central hypointensity within the tumor, suggestive of acute necrotic change.
Vestibular symptoms improved rapidly following corticosteroid therapy; however, facial palsy recovery was gradual, improving to HB
grade Il at 12 months, with persistence at final follow-up (20 months). The tumor remained radiologically stable. Acute-onset facial
palsy following SRS for vestibular schwannoma is extremely rare, with only four previous cases reported in the literature. This is the
first reported case to occur following a relatively low margin dose—11 Gy —in contrast to the 13-14 Gy doses prescribed in earlier
reports.

KEYWORDS: Schwannoma, Gamma Knife radiosurgery, facial palsy

ABBREVIATIONS: SRS: Stereotactic radiosurgery, GKRS: Gamma Knife radiosurgery, HB: House-Brackmann

H INTRODUCTION tibular symptoms, facial numbness, and facial nerve-related

adverse effects, such as facial spasm and palsy (7,15).

effective treatment modality for vestibular schwannom-

as, offering excellent long-term tumor control rates and
a favorable safety profile (6,7,10). According to the European
Association of Neuro-Oncology guidelines (5), SRS may be
preferred over microsurgery for smaller vestibular schwan-
noma cases where preservation of facial nerve and hearing
function is the primary therapeutic goal. However, despite its
overall favorable safety profile, SRS can cause complications
in a subset of patients, including hearing deterioration, ves-

Stereotactic radiosurgery (SRS) is a well-established and

Previous studies have reported facial nerve preservation rates
ranging from 92.9% to 96.2% following Gamma Knife radio-
surgery (GKRS) for vestibular schwannomas (8,15). Typically,
SRS-induced facial palsy is a late-onset complication that may
be either transient or permanent (7). In contrast, acute-onset
facial palsy is extremely rare following SRS, with only a few
cases reported in the literature (2,9,11,14). Herein, we present
a patient with vestibular schwannoma who developed acute
facial palsy shortly after receiving GKRS.
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B CASE REPORT

A 42-year-old man presented with left-sided tinnitus, persist-
ing for more than two years, and progressive hearing loss on
the same side that had developed over the preceding months.
He had no complaints suggestive of vestibular dysfunction.
The patient had a medical history of hypertension and anxiety
disorder, both of which were well controlled with regular med-
ication. He was also an active smoker.

On physical examination, there was no response to conversa-
tional speech on the left side. Audiometric evaluation revealed
severe sensorineural hearing loss on the left, with a pure tone
average of 75 dB. Facial nerve function was intact bilateral-
ly. In addition, there were no clinical signs of vestibular nerve
dysfunction, such as gait instability, spontaneous nystagmus,
or a positive Romberg sign.

Magnetic resonance imaging (MRI) revealed a Koos grade |
vestibular schwannoma measuring 11 x 8 mm, located within
the left internal auditory canal. Single-fraction, frame-based
GKRS was delivered with a prescription dose of 11 Gy to the
50% isodose line (Figure 1). Radiosurgery parameters are
summarized in Table I. The maximum dose to the left cochlea
was 10.8 Gy, with a mean dose of 5.3 Gy. The facial nerve
received a maximum dose of 10.4 Gy, measured along its
visible cisternal segment, as the intracanalicular portion was
obscured by tumor-related compression.

Approximately 72 hours after radiosurgery, the patient pre-
sented with left-sided facial weakness and severe vestibular
symptoms —including nausea, vomiting, dizziness, imbalance,
and vertigo—and required hospitalization. Physical examina-
tion revealed grade V peripheral left facial palsy, according to
the House-Brackmann (HB) scale.

MRI obtained on post-treatment day 6 demonstrated a cen-
trally hypointense area within the lesion. The peripheral en-
hancing rim appeared irregular, with multiple discontinuities
suggestive of partial capsular breakdown. Quantitative as-
sessment was performed using region of interest analysis
on contrast-enhanced T1-weighted MRI. This revealed a de-
crease in the tumor-to-brainstem signal intensity ratio from 1.7
pre-GKRS to 1.1 at day 6, reduced to 0.8 in the central portion
of the lesion, consistent with early necrotic change (Figure 2).

Vestibular symptoms markedly improved within days follow-
ing corticosteroid therapy. However, the recovery from facial
palsy was gradual, requiring several months. Three months
after radiosurgery, vestibular symptoms had completely re-
solved, and facial palsy had improved to HB grade Ill. At 12
months, facial function had further improved to HB grade II,
and the tumor remained radiologically stable. At the final fol-
low-up, conducted 20 months after treatment, facial palsy
persisted at HB grade Il.

N DISCUSSION

Several risk factors for facial palsy have been investigated ex-
tensively in patients undergoing SRS for vestibular schwan-
noma (8,15). A recent review comprising 15 studies and 3,155
patients treated with single-fraction GKRS reported a long-

Can OB. and Ruksen M: Acute Facial Palsy after Gamma Knife

term facial nerve preservation rate of 92.9%, with a median
follow-up of 59.4 months (8). Among all patients, those who
received a margin dose of <13 Gy had a facial nerve preserva-
tion rate of 96.5%. Factors such as prior surgery, age over 60,
and larger tumor volume have been associated with poorer
facial nerve outcomes (8,15).

The facial palsies reported in these studies typically represent
late-onset toxicity following SRS (8,15). Indeed, cranial nerve
palsies are also well-recognized late-onset and progressive
complications of conventional radiotherapy (3). In contrast,
the patient described in this case report developed an acute
and unexpected facial palsy shortly after treatment. Further-
more, although central tumor necrosis is a well-recognized
long-term effect of SRS in vestibular schwannomas—typically
appearing several months post-treatment as an asymptomat-
ic radiological finding (1,12)—it was observed on MRI within
days of GKRS in this instance.

The coexistence of facial palsy and MRI findings suggestive
of acute tumor necrosis raises the possibility of a mecha-
nistic association; however, the lack of histopathological or

Figure 1: Axial post-contrast T1-weighted magnetic resonance
imaging (A) and high-resolution T2-weighted constructive inter-
ference in steady state (CISS) image (B) obtained as part of the
Gamma Knife radiosurgery planning protocol. The tumor is clearly
visualized on both sequences, while the seventh and eighth cra-
nial nerves are distinctly delineated on the CISS image. A margin
dose of 11 Gy was prescribed to the 50% isodose line (yellow
contours).

Table I: Radiosurgery Parameters

Parameter Value
Margin Dose 11 Gy
Maximum Tumor Dose 22 Gy
Mean Tumor Dose 16.3 Gy
Isodose Line 50%
Coverage 100%
Gradient Index 3.04
Selectivity 0.83
Number of Shots 8
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Figure 2: Axial (A) and coronal (B) post-contrast T1-weighted magnetic resonance images obtained pre-treatment, and at 6 days and

12 months post-Gamma Knife radiosurgery.

advanced imaging confirmation limits definitive conclusions.
The incomplete recovery of facial function (HB grade Il at 20
months) may be related to partial and irreversible facial nerve
injury secondary to acute necrotic or inflammatory changes,
or to acute or delayed radiosurgery-induced nerve damage.

A small number of similar cases have previously been de-
scribed in the literature (2,9,11,14). To our knowledge, the first
detailed case was reported by Tago et al. in 2000, and only
four cases have been documented over the past quarter-cen-
tury (14). In contrast to our case, in which a margin dose of 11
Gy was prescribed, previous reports involved higher margin
doses, ranging from 13 to 14 Gy. Although our routine prac-
tice for single-fraction GKRS is a margin dose of 12 Gy to the
50% isodose line for vestibular schwannomas (5), a reduced
margin dose of 11 Gy is prescribed for a subset of patients
based on recent studies (4,13). This was applied in the present
case to minimize the cochlear dose, as the tumor was located
in close proximity to the cochlea.

In all previously reported cases (2,9,11,14), and the present
instance, symptoms developed within 36 hours to 4 days after
radiosurgery. None of the patients had a prior history of facial
palsy, and the newly developed deficits ranged from HB grade
Il to V. A common feature among all cases was the presence
of additional cranial nerve-related symptoms—such as hear-
ing loss or vestibular dysfunction—in addition to facial palsy,
as also observed in our patient. Moreover, all cases—includ-
ing ours—demonstrated reduced contrast enhancement on
early post-radiosurgery MRI, possibly reflecting acute tumor
response.

622 | Turk Neurosurg 36(4):620-623, 2026

B CONCLUSION

The mechanism underlying SRS-induced acute facial palsy
remains unclear, and only four cases have been previously
reported in the literature. To the best of our knowledge, this is
the fifth well-documented case of acute facial palsy following
SRS. Notably, it is the first reported case occurring after a rel-
atively low margin dose of 11 Gy, compared to higher doses
in all previously reported cases.
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ABSTRACT

Grynfeltt-Lesshaft hernia is a rare type of posterolateral abdominal wall hernia that may be either congenital or acquired. Only a few
cases have been reported following surgical procedures. The risk of herniation increases after surgeries involving this region due to
the weakening of the musculofascial structures, particularly in operations involving the thoracolumbar junction. Proper dissection
and reconstruction of the paravertebral and deep back muscles are therefore crucial in minimizing the risk of herniation. In this
paper, we discuss the mechanisms underlying the development of Grynfeltt-Lesshaft hernia following posterior thoracolumbar
stabilization surgery —a procedure that is increasingly performed in neurosurgical practice. We also address the predisposing factors
and emphasize the importance of meticulous reconstruction of the musculofascial structures within the superior lumbar triangle to

prevent this rare complication.

KEYWORDS: Grynfeltt - Lesshaft hernia, renal hernia, posterolateral abdominal wall, thoracolumbar instrumentation

B INTRODUCTION

rynfeltt and Lesshaft described a hernia developing in
the superior lumbar triangle in 1886 and 1870, respec-

tively. The superior lumbar (Grynfeltt-Lesshaft) triangle
is bordered medially by the quadratus lumborum and erec-
tor spinae muscles, laterally by the posterior margin of the
internal abdominal oblique muscle, and superiorly by the 12th
rib (3). The floor of this triangle is formed by the aponeuro-
sis of the transversalis muscle, while its roof consists of the
latissimus dorsi and external oblique muscles (Figures 1,2).
Grynfeltt-Lesshaft hernias account for approximately 1% of all
abdominal wall hernias (1).

In this paper, we discuss the mechanisms underlying the
development of Grynfeltt-Lesshaft hernia following posterior
thoracolumbar stabilization surgery—a procedure increas-
ingly utilized in neurosurgical practice. We also highlight the
predisposing factors and the importance of meticulous recon-

struction of the musculofascial structures in the superior lum-
bar triangle to prevent this rare complication.

B CASE REPORT

A 46-year-old female presented to the outpatient clinic with
low back pain and anterior bilateral thigh pain persisting for
four months. On neurological examination, there was ten-
derness over the thoracolumbar region on palpation, but no
motor or sensory deficits were noted. Lumbar magnetic res-
onance imaging (MRI) and computed tomography (CT) scans
revealed a cystic lesion in the L1 vertebral body (Figure 3A).
With a preliminary diagnosis of aneurysmal bone cyst, the
patient underwent tumor resection, T11-L3 posterior thoraco-
lumbar instrumentation, and T12-L1 laminectomy.

Her symptoms resolved in the postoperative period, and she
was fitted with a steel underwire lumbar corset for six weeks.
Histopathological examination confirmed the diagnosis of
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Figure 1: Axial abdominal CT image demonstrating anatomical
structures adjacent to the superior lumbar (Grynfeltt-Lesshaft) tri-
angle, including the quadratus lumborum, erector spinae, internal
oblique, external oblique, latissimus dorsi muscles and transver-
salis fascia.

Figure 2: Schematic illustration of the superior lumbar (Gryn-
feltt-Lesshaft) triangle. The triangle is bordered medially by the
quadratus lumborum and erector spinae muscles, laterally by the
posterior border of the internal abdominal oblique muscle, and
superiorly by the 12th rib. The floor is formed by the transversalis
fascia, and the roof is formed by the latissimus dorsi and external
oblique muscles.

Figure 3: Preoperative CT (A) midsagittal and midaxial reconstruction shows a cystic lesion located in the L1 vertebra corpus (arrows),
postoperative CT (B) sagittal and axial reconstruction shows left renal hernias (arrows).

aneurysmal bone cyst. Three years postoperatively, the pa-
tient presented again with recurrent low back pain lasting two
months. Imaging revealed a rod fracture, and revision surgery
(T10-S1 instrumentation) was performed. The patient’s com-
plaints resolved completely after the revision.

At the 10" postoperative month, a palpable, painless swell-
ing was detected in the left flank region. Ultrasonography
performed with the Valsalva maneuver revealed no apparent
fascial defect, but the left kidney was seen adjacent to the lat-
eral abdominal wall. Subsequent CT and MRI imaging demon-
strated a left-sided renal herniation secondary to atrophy and
weakening of the paravertebral muscles and fascia (Figures
3B, Figure 4). Laboratory tests, including renal function tests,
were within normal limits. The patient was evaluated by a mul-

tidisciplinary team, and conservative management with peri-
odic physical examinations and renal function monitoring was
recommended. No significant changes were observed during
follow-up.

H DISCUSSION

Lumbar hernias account for approximately 2% of all abdom-
inal wall hernias. They may be congenital or acquired; about
20% are congenital, typically occurring in infants as a result
of weakness of the lateral abdominal wall. Acquired lumbar
hernias constitute roughly 80% of cases and can be classified
as spontaneous (primary) or secondary. The two types occur
with similar frequency (5).
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Figure 4: T2-weighted axial MRI image showing atrophy of the
left paravertebral muscles (arrowhead) and weakening of the fas-
cia compared to the right side, resulting in left-sided renal herni-
ation (arrow).

The first reported case of Grynfeltt-Lesshaft hernia was pub-
lished by Presti et al., describing a 42-year-old female who
presented with low back pain and hematuria and was found
to have Grynfeltt-Lesshaft hernia involving the kidney and
ureteropelvic junction (5). Surgical repair was performed suc-
cessfully. Another case was reported in a patient who had un-
dergone laparoscopic adrenalectomy for Cushing’s syndrome

).

Primary lumbar hernias are associated with risk factors such
as obesity, tall stature, chronic bronchitis, and muscular at-
rophy, whereas secondary lumbar hernias may result from
trauma, benign or malignant lesions of the lumbar bones or
muscles, retroperitoneal hematoma, or previous surgery (2,4).
Review of the literature indicates that postoperative lumbar
hernias have been described following laparoscopic adrenal-
ectomy, pyeloplasty, and colectomy, with a higher prevalence
among female patients around 60 years of age (6).

Clinical presentation may vary from asymptomatic swelling
to severe pain, hematuria, or renal impairment. On physical
examination, a flank bulge that increases with the Valsalva
maneuver may be observed, sometimes accompanied by ten-
derness. Incarcerated hernias may lead to elevated urea and
creatinine levels. Imaging modalities such as ultrasonography,
CT, MRI, and intravenous pyelography are valuable diagnos-
tic tools (1,6).

To the best of our knowledge, this is the first reported case
of Grynfeltt-Lesshaft hernia developing after posterior thora-
columbar stabilization surgery. Factors contributing to herni-
ation may include the use of cautery to detach paravertebral
muscle groups from posterior vertebral elements, postopera-
tive muscle atrophy, inadequate or excessively wide muscle
dissection, and insufficient reconstruction of musculofascial
structures at the end of the procedure, all of which reduce
regional strength.

The risk of hernia formation increases in patients with comor-
bidities such as diabetes, hypertension, and hypothyroidism,

626 | Turk Neurosurg 36(4):624-626, 2026

in older female patients, in surgeries involving the thoraco-
lumbar junction due to its proximity to the Grynfeltt-Lesshaft
triangle, and in revision surgeries (5,6).

B CONCLUSION

For surgical procedures at the thoracolumbar junction, careful
dissection of paravertebral muscles, minimal use of cautery,
anatomically accurate reconstruction of the musculofascial
structures, and limiting the extent of dissection are critical for
preserving the integrity of the posterior abdominal wall and
minimizing the risk of Grynfeltt-Lesshaft hernia.
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Dear Editor,

he multi-center study by Jiang et al. provides a provoc-
ative challenge to the traditional systolic blood pressure

(SBP) <90 mmHg hypotension threshold in severe trau-
matic brain injury (sTBI) (3). However, several methodological
gaps warrant discussion before these findings can influence
clinical guidelines.

First, the authors conclude that mean arterial pressure (MAP)
is the strongest predictor of one-week mortality. Yet, in neu-
rosurgical practice, MAP is primarily a surrogate for cerebral
perfusion pressure (CPP=MAP-ICP). Without concurrent data
on intracranial pressure (ICP), a high MAP may simply be a
compensatory response to intracranial hypertension rather
than an independent driver of survival. This distinction is vi-
tal; targeting a specific MAP range without acknowledging the
underlying intracranial physiology risks mismanaging the very
perfusion the authors aim to optimize.

Furthermore, the optimal SBP range (120-129 mmHg) must
be viewed through the lens of potential confounding by in-
dication. Admission blood pressure and lactate are heavily
influenced by pre-hospital fluid resuscitation and vasopres-
sor use—Vvariables not explicitly controlled for in this analysis
(1,2). This raises questions about whether the authors’ prefer-
ence for MAP over SBP is a statistical artifact of their specific
cohort rather than a universal physiological truth.

Finally, while the utility of lactate is emphasized for re-
source-limited settings, its lack of specificity for neuro-meta-
bolic crises—as opposed to systemic polytrauma—remains a
limitation. Did the authors adjust for extracranial injury severity
to isolate lactate’s neuro-specific prognostic value?

Even though Jiang et al. correctly highlighted the inadequacy
of binary hypotension definitions, clinicians should exercise
caution in adopting these narrow numerical targets until the

interplay between systemic hemodynamics and intracranial
physiology is clarified (3).
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