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Review

Junhyung Kim, Sang Kyu Park, Joonho Chung
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December 22,2023

Joonho Chung, MD, PhD
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Although some vertebral artery dissection (VADs) cases heal naturally, others progress to stroke,
necessitating intervention. Endovascular treatment (EVT) has gained prominence as a viable ap-
proach for addressing VADs owing to its perceived low risk of procedure-related complications
and high effectiveness. In this review, we share our practical experience of this technique by incor-
porating the indications and methods for VAD treatment via EVT. Our EVT strategies covered
the management of both ruptured and selected cases of unruptured VADs. Unruptured cases that
require treatment include those complicated by lesions with recurring or progressive ischemia,
large dissecting aneurysms with mass effects, early changes in the VAD structure during follow-up,
and involvement of the basilar or bilateral vertebral arteries (VAs). In cases of ruptured VADs, we
aimed to occlude the site of rupture through either VA occlusion or stent-assisted coiling. For un-
ruptured VADs, the goal is to restore the original blood flow dynamics using a range of stenting
techniques. The choice of EVT technique should be made on a case-by-case basis, considering
factors such as the patient’s presenting symptoms, hemodynamic status, adequacy of collateral

blood supply, and anatomical characteristics of the important arteries and perforators.

Endovascular procedures; Dissecting vertebral artery aneurysm; Stents

Intracranial vertebral artery dissection (VAD) is the most com-
mon form of brain arterial dissection. While some types of VAD
heal naturally, others progress to stroke and require treatment.
Stroke caused by VAD can present as brainstem dysfunction, cere-
bellar infarction, or subarachnoid hemorrhage (SAH)I). Sponta-
neous intracranial VAD can be categorized into three primary clin-
ical types: headaches, non-hemorrhagic ischemic symptoms, and
SAH”. Arterial dissection begins with sudden disruption of the in-

ternal elastic lamina and media, leading to the accumulation of
blood within the arterial wall and the formation of an intramural
hematoma. In patients with arterial dissection exhibiting a nar-
rowed or blocked arterial pattern, a subintimal hematoma and inti-
mal flap can restrict blood flow™”.

Endovascular treatment (EVT) has recently gained popularity
as a treatment option for VADs because of its low rates of proce-
dure-related complications and high efficacyz’sﬂ) . The choice of
treatment for patients with VADs depends on the patency of the
contralateral vertebral artery (VA) and the location of the dissec-
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Various endovascular techniques for VAD

tion segment in relation to the origin of the posterior inferior cere-
bellar artery (PICA). Complete occlusion of the dissected segment
has been deemed the optimal treatment for VAD*Y. If the dissec-
tion is located proximal or distal to the PICA without contralateral
VA hypoplasia, the lesion can be treated through complete occlu-
sion of the dissected segment using coils (internal trapping), to al-
low for PICA filling from the contralateral or ipsilateral VA”. How-
ever, when VADs involve the PICA origin, complete isolation of
the dissected segment can be achieved through internal coil trap-
ping with PICA revascularization via bypass surgery or PICA stent-
ing. In such cases, EVT techniques such as VA trapping with VA-PI-
CA stenting, multiple stenting, flow-diverting stenting (FDS), and
stent-assisted coil embolization (SAC) have shown promising out-
comes. In recent years, we have developed and refined strategies for
VAD treatment. In this article, we aim to share our experiences with
VADs, including their indications and EVT methods.

Inclusion criteria

(1) Ahistory of acute clinical symptoms and/or signs relevant to
intracranial VAD; (2) angiographic evidence of VAD (such as an-
eurysmal dilatation of the intracranial VA, pearl-and-string signs, or
tapered steno-occlusion); and (3) available results from digital
subtraction angiography (DSA), magnetic resonance (MR) imag-
ing, and/or computed tomographic (CT) angiography conducted
at symptom onset.

Exclusion criteria

(1) Definitive traumatic VAD; (2) iatrogenic VAD; (3) inciden-
tal discovery of asymptomatic fusiform dilatations of the VAs; (4)
laboratory or angiographic findings suggestive of vasculitis or fibro-
muscular dysplasia; or (S) lack of documented MR or CT angiog-
raphy at the initial assessment.

We performed EVT for intracranial VADs based on the follow-
ing indications:

(1) Ruptured VADs with SAH.

(2) Unruptured VADs:

» VAD with recurrent or progressive ischemia

e Dissecting aneurysms > 7 mm, or those causing mass effects

o Early unfavorable changes in VAD morphology during fol-

low-up
« Involvement of the basilar arteries
« Bilateral VADs

Junhyung Kim et al.

Ruptured VADs presenting with SAH

VADs presenting with SAH are considered unstable and carry a
high risk of rebleeding, as the hemodynamic stress exerted on the
vessel wall can lead to episodes of rebleeding. One study reported a
rebleeding rate as high as 71.4% in a group of 42 untreated pa-
tients'”. In cases of rebleeding, the mortality rate was notably ele-
vated to 46.7%'"”. EVT can reduce hemodynamic stress and create
a favorable environment for healing. The optimal approach for pa-
tients with SAH due to VADs involves complete isolation of the
dissected segment from the circulation.

Unruptured VADs

Currently, there is no consensus regarding the optimal manage-
ment strategies for unruptured VADs. Nevertheless, EVT has
gained preference as a treatment option for VADs owing to the sig-
nificant risk of cranial nerve palsy and brainstem injury associated
with microsurgery. Intracranial VADs can lead to narrowing and
subsequent occlusion of the VA, resulting in thromboembolic isch-
emia”. Ischemic strokes in the posterior fossa involving the brain-
stem may lead to elevated mortality rates and substantial morbidi-
ty, resulting in a variety of neurological deficits'". Moreover, pa-
tients presenting with ischemic symptoms tend to have less favor-
able outcomes compared to those without such symptomsn).
These findings suggest that EVT for VADs during the acute phase
should predominantly focus on preventing the progression or re-
currence of ischemic stroke (particularly in patients presenting
with ischemic symptoms), rather than solely aiming to prevent
SAH.

While most unruptured VADs can spontaneously heal, unrup-
tured VADs subsequently leading to SAH have been reported ',
Large dissecting aneurysms greater than 7 mm or with mass effect
and lesions with adverse changes in shape and size during fol-
low-up are associated with an elevated rupture risk. Therefore,
EVT is advisable for patients with progressive ischemia or recur-
rent ischemic symptoms despite medication, as well as for those
with an enlarged dissection aneurysm observed on follow-up an-
giographic imaging' o),

In the case of unruptured VADs, involvement of the basilar ar-
tery appears to hold significant clinical importance in terms of pa-
tient outcomes. Previous studies have consistently demonstrated
that VADs affecting the basilar artery are independent predictors
122023), Additionally, other factors such as
the initial severity of ischemic symptoms (as indicated by a higher
baseline National Institutes of Health Stroke Scale [NIHSS]

score), dissections involving bilateral VAs, and intracranial VA in-

of unfavorable outcomes

volvement, have all been suggested as predictors of unfavorable
outcomes in cases of unruptured VADs. Consequently, consider-

www.e-jnic.org
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ing EVT for VADs involving the basilar artery, as well as those af-

fecting both VAs seems reasonable’ 2425),

Periprocedural management of antithrombotic
therapy

Treatment of ruptured VADs generally involves the administra-
tion of loading doses of clopidogrel (300 mg) and aspirin (300
mg), delivered through a nasogastric tube following femoral artery
puncture™”. Post-procedural surgical management procedures,
such as external ventricular drainage and ventriculoperitoneal
shunt insertion, can be performed without interruption by anti-
platelet agents.

For symptomatic unruptured VADs, patients are administered
daily doses of 75 mg clopidogrel and 100 mg aspirin for more than
S d before undergoing EVT. During the procedure, patients re-
ceived an intravenous heparin load of 50 IU/kg immediately after
guiding catheter placement, and the activated clotting time was
maintained at twice the baseline level throughout the endovascular
procedure. Heparin administration was discontinued immediately
after completion of the procedure. In the event of thromboembolic
complications during the procedure, an intra-arterial injection of
0.5-1.0 mg of the glycoprotein IIb/IIla antagonist tirofiban is ad-
ministered. After the procedure, patients who have undergone
EVT with stents are prescribed daily doses of 75 mg clopidogrel
for 3 months, and 100 mg aspirin daily for a minimum of 12

Junhyung Kim et al.

months. Patients previously taking anticoagulants continued to re-
ceive the same anticoagulant along with aspirin (100 mg/ d). In
cases involving FDS, patients were prescribed clopidogrel 75 mg
daily for at least 6 months, and aspirin 100 mg daily for at least 24
months. Follow-up angiography is typically scheduled within one
month, 3-6 months, and at 12-24 months for unruptured VADs.
For symptomatic unruptured VADs, follow-up angiography was
conducted at 3—6 months, and then at 12-24 months.

Endovascular techniques
Treatment decisions and endovascular treatment techniques are
summarized in Fig. 1.

Deconstructive technique

A deconstructive technique refers to occlusion of the parent ar-
tery achieved through methods such as internal coil trapping or
proximal coil occlusion. This approach effectively halted blood
flow into the dissected segment of the VA. If dissection is not com-
pletely excluded from the forward arterial circulation after proxi-
mal occlusion, a potential for rebleeding remains. Furthermore, re-
bleeding can occur if the dissection cavity expands following proxi-
mal occlusion. Ideally, the dissected segment should be occluded
both proximally and distally to prevent the risk of rebleeding
through retrograde filling of the dissecting aneurysm. Deconstruc-
tive techniques are preferred and offer advantages for treating rup-
tured VADs, as they can effectively prevent rebleeding, reduce the
likelihood of recurrence, and allow for additional surgical proce-

Reconstructive therapy
« Multiple stenting
« Stent-assisted coil

Is the lesion associated with any of
the following?

« Involvement of PICA

« Poor collateral flow from
contralateral VA

« Bilateral VADs

Is the lesion associated with any of
the following?
« Aneurysm > 7mm
Unruptured « Adverse morphologic change
[Y during follow-up
« Progressive ischemia

Yes « Flow diverting stent

Deconstructive therapy
« VA occlusion with
« PICA stenting

Deconstructive therapy
« VA occlusion

;I Conservative care

Reconstructive therapy
« Multiple stenting
> « Stent-assisted coil

v Is the lesion associated

with any of the following?
Ruptured '—b « Involvement of PICA
« Poor collateral flow from

contralateral VA

Deconstructive therapy
« VA occlusion with PICA stenting

Deconstructive therapy

Yes
No
Yes
No

=

.
| « VA occlusion

A flowchart for the treatment decisions and endovascular treatment strategies for vertebral artery dissection. PICA: Posterior inferior cere-

bellar artery, VAD: Vertebral artery dissection, VA: Vertebral artery.
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dures, including external ventricular drainage and decompressive
surgery, as no antiplatelet medication is necessary. Deconstructive
techniques carry the risk of ischemic stroke in cases where the col-
lateral blood supply is insufficient; therefore, this method is recom-
mended for VADs in nondominant VAs, or VAs with robust collat-

eral circulation.

1) VA trapping (occlusion) by coiling

If dissection occurs either proximal or distal to the PICA, with-
out any significant narrowing (hypoplasia) of the contralateral VA,
the lesion can be completely occluded using coils. In this approach,
the PICA can subsequently receive blood flow from either the con-
tralateral or ipsilateral VA. Our preferred method was VA trapping
by coiling, which involves sacrificing the VA to completely isolate
the dissected segment from the circulatory system. Typically, this
method is applied to VADs that do not involve the PICA origin in
the non-dominant VA using either internal coil trapping or proxi-
mal coil occlusion. Proximal occlusion of the VA entails the place-
ment of coils in the segment proximal to the VAD, effectively
blocking blood flow into the affected region. Conversely, internal
coil trapping involves the embolization of the VA within the dis-
sected segment itself. In cases where a deconstructive method was
considered for dominant VAs, we performed balloon test occlu-
sion at the ipsilateral VA, proximal to the affected segment, to as-

sess the feasibility and safety of the procedure.

2) VA trapping (occlusion) with PICA stenting
When VAD involves the origin of the PICA in the nondominant

Junhyung Kim et al.

VA, a substantial risk of PICA infarction is incurred if internal coil
trapping is performedﬁ’r). In the context of EVT, the preferred ap-
proach in such a case is reconstructive therapy. In our practice, oc-
clusion of the dissected segment by coil embolization, while pre-
serving the PICA through PICA stenting, was considered. We have
previously reported a case in which we treated a patient with a
self-expanding closed-cell Enterprise stent (Codman Neurovascu-
lar, FL, USA) deployed from the proximal VA to the PICA. We
thereby achieved complete occlusion of the dissected segment
through coiling (Fig. 2)6). When the origin of the PICA involves
the distal segment of the VAD, we may perform internal coil trap-
ping of the VAD and PICA stenting by deploying an Enterprise
stent from the distal VA to the PICA, by approaching from the
contralateral VA”.

When we assessed the clinical and radiological outcomes of
VAD:s involving the PICA origin using different EVT approaches
(VA trapping with VA-PICA stenting, multiple stenting, SAC, and
FDS), we found that VA trapping with VA-PICA stenting resulted
in the lowest recurrence rate and favorable neurological outcomes.
In contrast, SAC displayed higher recurrence rates and a high po-
tential for severe, disabling infarctions”.

Regarding PICA patency following VA-PICA stenting, we have
previously shared our experience using Enterprise stents in small
arteries (less than 2 mm in diameter)””. Among the 31 enrolled
patients, three (9.7%) experienced procedure-related complica-
tions, all of which were asymptomatic. Follow-up angiography was
performed in 27 patients (87.1 %) at an average of 15.5 months
post-EVT. In cases where the parent arteries had two acute angles

(A) Three-dimensional reconstruction image showing a ruptured vertebral artery dissection with involvement of the origin of the pos-
terior inferior cerebellar artery (PICA) in a non-dominant vertebral artery (VA). (B) One-year follow-up angiography. (C) Three-dimensional
reconstruction image showing PICA patency. Arrows indicate proximal and distal stent markers in the VA and the PICA.

4
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(four cases), 75.0% were occluded on follow-up angiography. Con-
versely, parent arteries with either no acute angles (13 cases) or
one acute angle (six cases) showed 100% patency on follow-up an-
giography. Further, a significant difference was found between the
sizes of the parent arteries at follow-up and before EVT (p=0.037).
On multivariate logistic regression analysis, the tortuosity (number
of acute angles) of the parent arteries was identified as the sole pre-
disposing factor for size increments of the parent arteries on fol-
low-up angiography. Successful stent navigation and deployment
were achieved in all patients (100%) without symptomatic proce-
dure-related complications. These results suggest that the angio-
graphic configuration and course of the parent arteries are crucial
factors in maintaining the patency of parent arteries with a diame-
ter of less than 2 mm. Thus, stent deployment in small parent arter-
ies is technically safe. Based on our findings, we believe that PICA
patency can be ensured following VA-PICA stenting.

Reconstructive technique

Deconstructive techniques may not always be feasible, especially
in cases of VADs involving the dominant or solitary VA with limit-
ed collateral blood flow, or in instances of bilateral VADs. In such
scenarios, reconstructive techniques that aim to preserve the par-
ent artery by using stents alone or in combination with coiling have
gained prominence as viable alternatives for vessel deconstruction.
Reconstructive techniques offer potential benefits, particularly in
cases in which complete angiographic occlusion is not the primary
goal. Endovascular reconstruction of VADs employing methods
such as multiple stenting (the stent-in-stent technique), SAC, and
FDS have also become more common. The objective of these
techniques is to prevent ischemic complications, while restoring
the original hemodynamics of the affected artery. Notably, all re-
constructive techniques require an extended period of dual anti-
platelet therapy, particularly in the context of SAH, which may
pose challenges for subsequent neurosurgical interventions, such
as external ventricular drainage and craniectomy. However, recon-
structive techniques offer the advantage of maintaining physiologi-
cal blood flow in the ipsilateral VA, which may reduce the risk of
periprocedural morbidity. Understanding the relationship between
the dissected segment of the VA and critical structures such as the
anterior spinal artery, PICA, and medullary perforators is of ut-
most importance to ensure a safe and enduring cure following
EVT.

1) Multiple stenting

In cases of symptomatic unruptured VADs or lesions with ste-
no-occlusive angiographic features such as the pearl-and-string
sign, multiple stenting is often considered. When a self-expanding

www.e-jnic.org
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closed-cell stent is deployed to cover the dissected segment, it facil-
itates the reconstitution of the vessel lumen. This, in turn, aids in
the stabilization of the intimal flaps, and promotes vessel wall repair
by encouraging neointima formation. In instances where the VAD
extends over a very long segment and reaches the basilar artery
without the presence of a large dissecting aneurysm, employing
multiple stents with a telescoping technique can prove to be an ef-
fective treatment method. We prefer using a laser-cut closed-cell
Enterprise stent for multiple stents. This technique was found to
be easy to deploy and exhibited a commendable chronic outward
force, indicating its ability to maintain its diameter against external
forces. Moreover, when using a closed-cell-design stent and opting
for oversizing, the stent tends to possess a higher chronic outward
force™.

One approach we employed for multiple stenting without coil-
ing, particularly when VAD occurred in the dominant or solitary
VA, was the double-stenting technique. This method involves de-
ploying a Low-profile Visualized Intraluminal Support (LVIS)
Blue stent (Microvention, Tustin, CA, USA) within an Enterprise
stent””. LVIS Blue stent is a braided stent known for providing a
high degree of metal coverage, typically ranging from 22-28%.
This characteristic makes the LVIS Blue stent beneficial for achiev-
ing complete obliteration of a dissecting aneurysm, as it enhances
the occlusion rate by exerting a flow diversion effect. Moreover, the
overlapping LVIS Blue stents can potentially act as flow diverter
devices because of their substantial metal coverage surface area.
However, deploying an LVIS Blue stent in a VAD may result in a
reduced metal coverage surface area, as the device often experienc-
es a transition from a constrained to an unconstrained diame-
ter’”*”). To overcome this limitation and capitalize on the flow di-
version effect of the LVIS Blue stent, we utilized the structural
properties of a laser-cut closed-cell Enterprise stent using a tech-
nique known as the LVIS Blue stent-within-an-Enterprise stent.
The Enterprise stent exhibited minimal outward expansion at the
unconstrained segment, and served as a scaffold to reduce the size
of the unconstrained segment across the fusiform dissecting aneu-
rysm neck. This ensured an even distribution of high metal cover-
age surface area and porosity without the presence of a transition
zone at either end of the aneurysm neck. Consequently, the
flow-diverting effect of the LVIS Blue stent remained intact. An
Enterprise stent typically provides a metal coverage surface area
ranging from 8 to 11%. After overlapping with the LVIS Blue stent,
the metal coverage surface area increased to approximately 33% of
the straight vessel. Using this technique, we were able to facilitate
the complete obliteration of VA dissecting aneurysms, while pro-
moting endothelial healing of the VA (Fig. 3)*”. This technique of-
fers a cost-effective alternative to deploying dedicated flow divert-
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Fig. 3. (A) Right vertebral artery (VA) angiography showing the dissecting aneurysm involving 360 degree of the dominant VA. (B) Flow stag-
nation inside the aneurysm immediately after performing a LVIS blue stent-within-an-Enterprise stent technique. (C) Right VA angiography at
6-month follow-up revealing complete obliteration of the aneurysm and remodeling of the VA. The VA shows good patency without in-stent
stenosis. White arrowheads and black arrowheads indicate proximal and distal ends of the LVIS Blue and Enterprise, respectively.

ers. In addition, the delivery and deployment processes are rela-
tively simple and straightforward. However, this technique requires
an adequate time for complete healing of the dissected segment.
Therefore, it may not be suitable for ruptured VADs, given the
challenge of achieving immediate obliteration of the rupture point
and the associated risk of hemorrhagic complications due to the
use of dual antiplatelet agents during the acute phase.

2) Stent-assisted coiling

In cases involving ruptured VADs associated with dissecting an-
eurysms within the dominant or single VA with limited collateral
flow, multiple stenting or FDS may present a risk of rebleeding
during the latent period when the dissecting flap stabilizes and
thrombosis forms within the dissecting aneurysm. Owing to the
non-saccular shape of the dissecting aneurysms, reconstructive
techniques without coils are often challenging for ruptured VADs.
As a result, our preferred approach for patients with ruptured
VADs and aneurysmal dilatation in the dominant or single VA was
the SAC (Fig. 4).

However, when performing SAC for VADs, considering the in-

volvement of critical branches such as the anterior spinal artery,
PICA, or medullary perforators is crucial. Preserving these branch-
es is paramount for safe reconstruction of the VA. In some cases,
achieving complete SAC may be challenging, as dissecting aneu-
rysms frequently exhibit fusiform rather than saccular dilatation. In
such instances, if the rupture point of a dissecting aneurysm is
identified, the coils can be packed densely into that specific area.
SAC of VADs involving the PICA tends to experience a higher re-
currence rate than other treatment options. One study conducted
by Cho et al. assessed the clinical and radiologic outcomes of VADs
involving the PICA based on different types of EVT®. They ob-
served that both the multiple stenting and VA-PICA stenting
groups had the highest rate of postoperative infarction, followed by
the SAC group. However, no infarction occurred in the FDS group
during the follow-up period. Furthermore, dissecting aneurysm re-
currence was noted in 25% of patients treated with SAC, probably
because a strategic decision was made to leave a small portion of
the dissecting aneurysm to ensure patency of the PICA.

To spare these critical branches originating from the VA, two
LVIS Blue stents partially overlapping in the dissecting segment

www.e-jnic.org
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(A) Ruptured bilateral vertebral artery dissections with dominant vertebral artery (VA) on the right. (B) Right dominant VA had fusiform
aneurysmal dilatation with the rupture point on the inferior part. (C) Left non-dominant VA was occluded by internal coil trapping and stent-as-
sisted coiling with triple stenting was performed for the right dominant VA. (D) Follow-up angiography at 12-month showing complete oblitera-
tion of the dissecting aneurysm and well-reconstruction of right dominant VA. A white arrow indicates the anterior spinal artery is originated just

distal to the issecting aneurysm.

can be deployed, ensuring that the proximal and distal segments of
the VA are covered by a single stent. This approach helps reduce
the risk of perforator infarction from the normal VA segment, and
enhances the flow-diverting effect to increase the chances of com-

plete healing of the dissecting segment.

3) Flow diverting stenting

Reconstructive procedures involving FDS have become the pre-
ferred choice worldwide and are gradually replacing multiple stent-
ing procedures (Fig. 5). One notable advantage of FDS is its poten-
tial to preserve the patency of branching vessels and perforators
originating from the parent artery34'33). The presence of gaps be-
tween the stent strands facilitates blood flow into these branching
vessels, while simultaneously disrupting flow into the dissecting
aneurysm and promoting intrasaccular thrombosis. Recent me-
ta-analyses have reported a perforator infarction rate of approxi-
mately 3%, with a slightly higher rate observed in patients with pos-
terior circulation aneurysms compared to those with anterior circu-
lation aneurysms™”
logical when considering a ruptured VAD as a diffuse defect of the

vessel wall. However, comprehensive multicenter studies of the out-

. The concept of wall reconstruction appears

comes of these reconstructive techniques are limited. Most out-
come data are derived from published case series™"*”. As the use
of FDS for VADs continues to grow, larger studies are warranted to
determine long-term outcomes, including aneurysm occlusion
rates, thromboembolic complications resulting from device inser-

tion, and consequences of covered branch vessels and perforators.

EVT has emerged as the preferred treatment for intracranial

www.e-jnic.org

VADs. However, a consistent and universally accepted strategy for
determining when to reconstruct or occlude an affected VA seg-
ment has yet to be established. In this article, we share our re-
al-world practices and experiences accumulated over the past de-
cade in the treatment of VADs using EVT. Our approach was
based on the specific clinical situation and anatomical characteris-
tics of each patient. In cases of ruptured VADs, we generally oc-
cluded the rupture point by performing VA occlusion in the
non-dominant VA or SAC occlusion in the dominant VA. For un-
ruptured VADs, VA reconstruction using various stents is consid-
ered to maintain the original hemodynamics.

Notably, the current trend in treating VADs leans towards recon-
structive techniques using FDS. However, it is essential to recog-
nize that reconstructive techniques involving stents, particularly for
ruptured VADs, pose the risks of procedure-related complications
and recurrence. In a previous study, we reported our experience
with SAC for ruptured wide-necked aneurysms in the acute peri-
od, and assessed the incidence and risk factors of procedure-related
complications™. Among 72 patients treated with SAC, we found a
periprocedural complication rate of 19.4%. The overall proce-
dure-related thromboembolic complication rate regardless of
symptoms was 12.5%, which exceeded the risk of hemorrhagic
complications. Based on these findings, we concluded that micro-
surgical clipping or alternative endovascular techniques, such as
the multiple-microcatheter or balloon-assisted technique, may be
more appropriate first-line treatment options than SAC, particular-
ly for patients with poor clinical grades or acute hydrocephalus.
Furthermore, we evaluated the postoperative stroke risk and recur-
rence rate of both ruptured and unruptured VADs involving the
PICA following different EVT modalities”. Our findings indicated
that VA trapping with VA-PICA stenting showed the lowest rate of
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Fig. 5. (A) Digital subtraction angiography of the left vertebral ar-
tery showing vertebral artery dissection (VAD) with a dissecting
aneurysm. (B) A 6-month follow-up angiography showing complete
healing of the VAD after treatment with a flow diverting stent, Pipe-
line Flex with Shield technology. Although the flow diverting stent
covered the origin of the posterior inferior cerebellar artery (PICA),
the flow of the PICA was patent.

aneurysm recurrence, but was associated with a higher rate of mi-
nor infarction and favorable neurologic outcomes. In contrast,
SAC is associated with high recurrence rates and a risk of fatal dis-
abling infarction. Importantly, the rate of post-treatment recur-
rence did not significantly differ between the reconstructive and
deconstructive techniques. The involvement of the PICA origin by
VADs was identified as the only independent risk factor for recur-
rence after EVT”. These findings underscore the importance of
carefully considering the choice of treatment modality for VADs,
the patient's clinical status, anatomical factors, and the potential
risks and benefits associated with each technique.

In a prior meta-analysis examining patients with vertebrobasilar
dissecting aneurysms treated using either reconstructive or decon-
structive techniques, the immediate occlusion rate was found to be
75.0% (95% CI, 55.0-88.0%), while the long-term occlusion rate
was 87.0% (95% CI, 74.0-94.0%) . Additionally, the angiograph-
ic recurrence rate was estimated to be 7.0% (95% CI, 5.0-10.0%),
with a retreatment rate of 3.0% (95% CI, 2.0-6.0%). The perioper-
ative morbidity rate was 12.0% (95% CI, 9.0-16.0%), and the all-
cause perioperative mortality rate was 8.0% (95% CI, 6.0-11.0%).
The overall rebleeding rate in patients with ruptured dissecting an-
eurysms was 9.0% (95% ClI, 6.0-13.0%). When comparing decon-
structive and reconstructive techniques, we observed that patients
treated with deconstructive methods had higher rates of complete
occlusion not only immediately after the procedure (88.0% vs.
53.0%, p < 0.0001), but also on long-term follow-up angiography
(88.0% vs. 81.0%, p < 0.0001). In contrast, perioperative morbidi-
ty was lower in the reconstructive group than in the deconstructive
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group (4.0% vs. 12.0%, p=0.04). Although we observed a trend
towards a lower perioperative mortality rate (4.0% vs. 10.0%,
p=0.11) and a higher rate of good long-term clinical outcomes
(92.0% vs. 86.0%, p=0.10) in the reconstruction group, these dif-
ferences were not statistically significant. In summary, this me-
ta-analysis suggests that EVT of vertebrobasilar dissecting aneu-
rysms can achieve a high rate of complete occlusion and yield fa-
vorable long-term neurological outcomes. Deconstructive tech-
niques may result in a higher rate of complete angiographic occlu-
sion, whereas reconstructive techniques may be associated with
lower perioperative morbidity. However, long-term neurological
outcomes and retreatment rates were statistically similar between
the two treatment modalities.

Radiologically, VADs can be categorized into three groups: dila-
tation without stenosis, pearl-and-string appearance, and stenosis
without dilatation™
atic unruptured VADs, aneurysmal dilatation is more common
than the steno-occlusive type. This distinction differs from that of
extracranial vertebral artery dissection, in which the steno-occlu-

. In the angjographic evaluation of symptom-

sive type predominates. One possible explanation for this differ-
ence in lesion type is the absence of an external elastic lamina and a
decreased amount of medial elastic tissue in the intradural artery.
Subintimal dissections tend to result in luminal stenosis or occlu-
sion, while subadventitial dissections often result in dilatation. The
primary lesion morphology in symptomatic intracranial VADs
may differ between unruptured and ruptured cases. Further, the
morphology of symptomatic intracranial VADs may change during
follow-up imaging. Ahn et al argued that ruptured VADs are more
likely to present with dilatation without stenosis or a pearl-and-
string appearance than with a stenosis without dilatation apper-
ance'”. In their study, intramural hematoma occurred in 33.9% (78
out of 230) of cases, developing most frequently in lesions featur-
ing stenosis without dilatation (42 out of 60 [70%]), followed by
lesions with a pearl-and-string appearance (27 out of 90 [30%]),
and dilatation without stenosis appearance (9 out of 80 [11%)])
(p< 0.05)". The dilatation-without-stenosis group remained sta-
ble in 74% (25 out of 34) of cases, while the stenosis-without-dila-
tation group showed improvement in 91% (39 out of 43) of cases.
Intracranial VADs with intramural hematoma exhibited progres-
sion at a four-fold higher rate than VADs without intramural hema-
toma (20% vs. 5%, p=0.003)".

CONCLUSION

Determining the optimal course of action for VAD treatment is
a complex decision-making process. Nevertheless, EVT is current-
ly the primary approach for managing VADs. The EVT technique
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should be selected on a case-by-case basis, considering clinical
symptoms, hemodynamic conditions (including collateral blood
supply adequacy), and anatomical characteristics of the neighbor-
ing major arteries and perforators. The decision-making process
should be guided by both endovascular neurosurgeons and inter-
ventional neuroradiologists.
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April 18,2024 Traumatic brain injury (TBI) is a significant global health concern with substantial contributions
to illness and mortality rates. This study aims to scrutinize the intricate interplay between neuro-

logical and circulatory abnormalities post-TBI, particularly focusing on the challenge posed by
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cardiac arrest in TBI patients. The study employs a comprehensive approach, utilizing clinical as-
sessments, electrocardiograms, intracranial pressure monitoring, brain imaging, and biomarker
utilization. It explores the effectiveness of these methods in detecting cardiac arrest in TBI pa-
tients. Additionally, the research delves into resuscitation techniques, hemodynamic stabilization,
intracranial pressure management, and neurological enhancement as potential therapeutic modal-
ities. The results highlight the importance of prompt initiation of cardiopulmonary resuscitation
and adherence to advanced cardiac life support protocols in TBI patients with cardiac arrest. Prog-
nostic factors such as injury severity, response time, effectiveness of resuscitation interventions,
and pre-existing medical conditions are identified as crucial elements in predicting cardiac arrest
outcomes in TBI patients. The study concludes by emphasizing the critical necessity of a compre-
hensive approach to understand and manage the complex relationship between cardiac arrest and
TBI. Incorporating scientific discoveries, clinical perspectives, and technological advancements,
the review underscores the importance of addressing this multifaceted medical challenge through
a thorough analysis and effective management strategies.

Cardiac arrest; Traumatic brain injury; Resuscitation

that can culminate in cardiac arrest”. The intricate interplay be-

tween neurological and cardiovascular pathologies identified in

Cardiac arrest in individuals with traumatic brain injury (TBI)
presents a multidimensional and potentially fatal medical emer-
gency, posing a unique challenge for healthcare personnel and phy-
sicians”. TBI is characterized by abrupt and substantial brain dam-
age resulting from external forces, triggering a cascade of physio-

logical events, including disturbances in cardiovascular function

these cases underscores the necessity for a multidisciplinary ap-
proach to accurately diagnose, manage, and treat these condi-
tions". The occurrence of cardiac arrest in TBI patients significant-
ly impacts both survival rates and neurological outcomes, creating
a considerable obstacle to effective resuscitation and rehabilita-

. 2 .. . . .
tion”. The presence of concurrent injuries or complications fur-
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ther complicates this critical condition, making prompt recogni-
tion and treatment of cardiac arrest more cha]lengingz). The patho-
physiology of cardiac arrest in TBI involves a myriad of interacting
factors. Elevated intracranial pressure, alterations in cerebral auto-
regulation, heightened sympathetic activity, and the incidence of
secondary brain injuries are among the identified risk factors™”.
The objective of this study was to explore the intricate relationship
between cardiac arrest and TBI, elucidating the underlying mecha-
nisms, risk factors, and potential therapeutic options that may con-

Oday Atallah et al.

tribute to overall outcomes (Fig. 1)2'5).

METHODS

Cardiac arrest in TBI patients was the focus of this literature re-
view, which aimed to synthesize and evaluate previous research on
the subject. To gather up-to-date literature on this subject, elec-
tronic databases such as PubMed, Science Direct, and Web of Sci-
ence were meticulously examined. Cardiopulmonary arrest, severe
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Fig. 1. This figure delineates the pathophysiological and cellulo-molecular alterations occurring during cardiac arrest in traumatic brain injury.
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brain damage, and neurological-circulatory abnormalities were
some of the MeSH keywords utilized. To expand the data set, we
also looked through the reference lists of selected papers. Because
it did not include any direct human participants, this study did not
need permission from the institutional board's review for human
research ethics.

Research with patients participating in either qualitative or
quantitative investigations met the inclusion criteria. We only
looked at items that were published in English. To guarantee a
thorough examination of the results, only publications from
peer-reviewed journals were considered. The abstracts and com-
plete texts were evaluated by two authors who complied with the
criteria for exclusion and inclusion, and a third author resolved any
disagreements that arose to reduce the possibility of bias.

Yang et al.” conducted a systematic review and meta-analysis
comparing target temperature management (TTM) against nor-
mal temperature management (NTM) for cardiac arrest follow-
ing TBI In contrast to neurotherapeutic medicine, their me-
ta-analysis revealed that TTM did not reduce mortality rates.
However, it is noteworthy that for individuals with moderate or
severe symptoms in the early stages, TTM might still hold poten-
tial in reducing death rates and improving prognosis. Specifically,
TTM has demonstrated greater effectiveness in the early phases
of moderate and severe conditions compared to NTM, leading
to enhanced prognostic outcomes. Kochanek et al.” emphasized
in their review that managing clinical outcomes for infants and
children who have experienced severe TBI or asphyxia-induced
cardiac arrest involves a series of therapies spanning various med-
ical settings from the field to emergency rooms, intensive care
units, rehabilitation centers, and potentially beyond. Despite the
distinctions between these widely recognized pediatric traumas,
prompt implementation of interventions aimed at preventing
neuronal death in either scenario is likely crucial, possibly begin-
ning at the injury site. According to Kochanek et al”, managing
cerebral edema, a pathophysiological condition often treated in
pediatric intensive care units (PICUs), is more favorable as pre-
vention rather than cure. Finally, this research delves into alterna-
tive therapies for individuals with severe brain injuries, exploring
the potential for altering damaged neural networks and enhanc-

ing regenerative processes.

Individuals who have suffered TBI face an increased risk of car-
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diac arrest due to a complex interplay of factors stemming from di-
rect damage to the brain and the body's physiological responses to
trauma. One primary etiology is the rise in intracranial pressure
(ICP) resulting from a traumatic event. Elevated ICP can impact
cerebral blood flow; escalating the risk of cardiovascular complica-
tions”. TBI is associated with abnormalities in autoregulation that
impair the brain's ability to adequately control blood flow and per-
fusion, heightening the risk of cardiac arrest. The body’s physio-
logical response to trauma includes increased sympathetic activity,
potentially leading to substantial increases in heart rate and blood
pressure, thereby elevating the risk of cardiac arrest. Furthermore,
the development of anoxia and reperfusion injury following trau-
ma, signifying damage due to the restoration of blood flow, can
adversely affect vital organs such as the heart. Additionally, the
systemic inflammatory response commonly observed after TBI
can trigger a chain of physiological events significantly impacting
cardiovascular function and increasing the risk of cardiac arrest”).
Individuals with TBI may experience issues with hypoxia and hy-
potension, further heightening the likelihood of cardiac arrest.
TBISs can induce electrolyte imbalances, disrupting the heart's
normal electrical activity, potentially resulting in arrhythmias and
cardiac arrest. Brainstem involvement, brain herniation, contu-
sions, or hemorrhages within the brainstem can profoundly affect
the body's regulation of critical physiological functions, including
heart activity.

Biomarkers have emerged as critical diagnostic, prognostic,
and therapeutic tools in the complex domains of TBI and cardi-
ac arrest. Various biomarkers, extensively researched in the con-
text of brain injuries, provide insights into severity and progno-
sis (Table 1). Proteins such as S100B, neuron-specific enolase
(NSE), and glial fibrillary acidic protein (GFAP) are among these
indicators”. Inflammatory biomarkers like interleukin-8 (IL-8)
and molecular elements such as microRNAs have shown promise
in diagnosis and prognosis. Jarvis and Fink” note that these bio-
markers can be detected in blood samples, cerebrospinal fluid, and
through modern neuroimaging techniques, rendering them useful
in clinical assessments. Identified biomarkers hold potential in tai-
loring treatment regimens for both TBI and cardiac arrest situa-
tions. However, to enhance diagnostic precision, discovering com-
posite panels, developing consistent testing methodologies, and
comprehensive evaluation of these biomarkers prior to clinical use
are crucial™'”. Nonetheless, transitioning biomarkers from re-

search investigations to clinical practice necessitates a rigorous vali-
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Synopsis of studies on cardiac arrest and traumatic brain injury
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Study Authors/year Study Type Population Outcome Measures Results
1 Kochaneketal. 20017  Review Pediatric TBI and Diagnosis, The importance of individualized treatments
Cardiac Arrest Prognostication based on biomarkers is emphasized.
2 Jackson etal. 2022”  Experimental Neuroprotection Experimental PHLPP ~ The compound NSC74429 has demonstrated
inhibitors neuroprotective effects against several
modes of injury.
3 Mussack et al. 2002'” Prospective Cohort Cardiac Arrestand TBI  S-100B and IL-8 serum  There is a positive correlation between
levels elevated levels of S-100B and IL-8 and
unfavorable outcomes.

4 Yang et al. 2022 Meta-Analysis Cardiac Arrestand TBI  Mortality, Prognosis TTM has the ability to enhance the prognosis
of individuals with moderate and severe
conditions.

S Prout et al. 2017"”) Review Pediatric TBI and Biomarker Investigation The utilization of biomarkers has the

Cardiac Arrest potential to improve the processes of
diagnosis, treatment, and prognosis.

6 Zhao etal. 2021 Retrospective Review ~ Cardiac Arrestand TBI ~ Survival, Neurological ~ The survival rate is associated with the GCS

Function score and pupil reactivity.

TBI: Traumatic brain injury; GCS: Glascow-Coma-Scale; TTM: Target temperature management.

dation process'"?. Thorough testing is imperative to ensure their
clinical utility, accuracy, and reliability'®’. Slovis'” emphasizes the
necessity for substantial clinical investigations to validate the use-
fulness of biomarkers in improving patient outcomes and provid-
ing significant insights for medical decision-making. Mussack et
al” investigated the blood levels of S-100B and Interleukin-8 in
individuals experiencing cardiac arrest or traumatic brain injury.
Their study evaluated levels upon admission and after 12 hours,
followed by a 12-month assessment of long-term neurological im-
plications. Results indicated higher levels of S-100B and Interleu-
kin-8 at the scene of cardiac arrest, which increased after 12 hours.
These findings demonstrate observable changes in S-100B and In-
terleukin-8 levels in individuals with both cardiac arrest and TBIL
Zhao et al.'” selected 42 out of 402 TBI patients admitted to Stony
Brook University Hospital with a Glasgow Coma Scale (GCS)
score of 8. These patients experienced cardiac arrest during their
stay. Seven of the eight patients involved in the accident displayed
good neurological function and survived, leading to a discharge
rate of 19.0%. The research identified GCS at admission and bilat-
eral pupil responsiveness as significant predictive factors for surviv-
al. Surviving patients had an average GCS of 5.3, while non-survi-
vors averaged 3.2 (p=0.020). Prout et al.” examined biomarkers'
potential value in diagnosing, assessing damage severity, and pre-
dicting outcomes in pediatric patients with TBI and cardiac arrest.
Their work underscores the importance of supplementary prog-
nostic indicators following TBI, specifically highlighting both the
absolute rise in central nervous system-based macromolecules and
the timing of their elevation. Post-TBI, pathophysiological path-
ways involve indicators linked to inflammatory mediators, oxida-
tive stress response alterations, and energy metabolism abnormali-
ties (Fig. 1).

www.e-jnic.org

Diagnostic approaches for identifying cardiac arrest episodes in
individuals with TBI encompass various clinical tests and monitor-
ing techniques. The clinical assessment, encompassing vital signs,
neurological function, and overall clinical well-being, remains cru-
cial. Electrocardiogram (ECG) monitoring is vital to detect ar-
rhythmias and irregularities signaling cardiac arrest”. Testing cardi-
ac enzymes and troponin can also confirm heart involvement.
Continuous electroencephalogram (EEG) monitoring aids in sei-
zure detection and identifying changes in brain electrical activity
suggesting cardiac issues. Sandroni et al. recognized somatosensory
evoked potentials (SSEPs) and auditory evoked potentials (AEPs)
as valuable in assessing sensory pathway integrity. These potentials
can be used to evaluate the potential role of the brainstem in cardi-
ac arrest occurrences. Monitoring ICP is crucial in managing TBI
patients experiencing cardiac arrest as elevated ICP can restrict ce-
rebral blood flow and worsen cardiac complications. Assessing
brain structural integrity is pivotal to evaluating potential brainstem
involvement and its impact on cardiac function. Reis et al."” note
that brain imaging techniques such as computed tomography
(CT) and magnetic resonance imaging (MRI) provide valuable
information. Laboratory tests, including blood analysis, can deter-
mine the body's physiological response to TBI and unveil metabol-
ic anomalies affecting cardiovascular health. Echocardiography en-
ables real-time monitoring of cardiac dynamics and identification
of anomalies in heart anatomy and function. Combining these di-
agnostic techniques establishes a comprehensive framework for
detecting cardiac arrest in TBI patients, facilitating prompt inter-
ventions and tailored treatment strategies based on individual pa-

. o 91720
tient conditions” ",
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Given the intricate interplay between neurological and circulato-
ry factors, an integrated therapeutic approach is essential in manag-
ing cardiac arrest in individuals with TBIL Therapeutic options en-
compass a spectrum of interventions targeting resuscitation, he-
modynamic stabilization, intracranial pressure control, and neuro-
logical outcomes improvement”‘n'z}). Restoring circulation relies
on the prompt initiation of cardiopulmonary resuscitation (CPR)
and adherence to advanced cardiac life support (ACLS) guide-
lines. Ensuring proper airway management to guarantee adequate
oxygenation and breathing is crucial to reduce the risk of further
neurological damage in TBI patients experiencing cardiac arrest.
Maintaining hemodynamic stability is essential to supply adequate
blood flow to the brain. Cronberg et al.” highlight achieving opti-
mal blood flow in the injured brain via techniques like fluid resusci-
tation and judicious use of vasoactive drugs. Therapeutic hypo-
thermia emerges as a treatment option aimed at reducing second-
ary brain injury and improving neurological outcomes post-cardiac
arrest. Precisely regulating body temperature is pivotal in this ap-
proach. Yang et al” suggest that customized temperature manage-
ment plays a significant role in neuroprotection by reducing oxida-
tive stress and inflammation through precise temperature regula-
tion. Additionally, interventions aimed at enhancing oxygen deliv-
ery and maintaining cerebral perfusion pressure should be consid-
ered to foster tissue recovery and maintain metabolic equilibrium
within circulatory and cerebral systems. Managing ICP assumes
importance in TBI patients experiencing cardiac arrest. Strategies
like head-of-bed elevation, osmotic agent administration, and ad-
justments to respiratory parameters aim to prevent ICP elevation.
Neuroprotective strategies, such as vigilant avoidance of hypoten-
sion and hyperthermia, safeguard the vulnerable brain from further
injury. Continuous monitoring is indispensable in treating cardiac
arrest in TBI patients. Continuous monitoring of neurological sta-
tus, hemodynamic parameters, and vital signs informs treatment
decisions and evaluates intervention efficacy. Leveraging modern
monitoring technologies, including cerebral oxygenation measures
and intracranial pressure monitoring, has the potential to signifi-

cantly enhance therapeutic precision and efficacy for patients.

Jackson et al.” evaluated compounds NSC13378, NSC25247,
and NSC74429 in animal models, highlighting promising chemi-
cal characteristics for potential CNS targeting. Before this study, no
research on neuroprotection using PHLPP inhibitors had been
conducted. Neuronal culture tests indicated that NSC74429 dis-
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played the highest level of neuroprotection at micromolar concen-
trations. NSC74429 demonstrated neuroprotective effects against
staurosporine-induced apoptosis, glutamate-induced excitotoxici-
ty, and hydrogen peroxide-induced necrosis/oxidative stress. Sub-
sequent testing revealed that administering NSC74429 at a dose of
1 mg/kg for three days enhanced hippocampal survival in both rat
models of suffocating cardiac arrest and mouse models of severe

traumatic brain injury.

Understanding the pathophysiological intricacies and reasons
behind cardiac arrest in individuals with TBI holds paramount im-
portance for medical practitioners. This comprehension is pivotal
in enhancing the standard of patient care, elevating survival rates,
and ultimately improving long-term neurological outcomes. The
pursuit of novel therapies and advancements in multidisciplinary
healthcare represents an ongoing endeavor aimed at mitigating the
severe implications of cardiac arrest in TBI patients. Through this
analysis of the intricate clinical scenario under consideration, our
aim is to provide a comprehensive examination of current knowl-
edge, underscore key areas necessitating further investigation, and
foster continuous efforts to refine the treatment and enhance out-
comes for individuals experiencing cardiac arrest in the context of
TBL
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The objective of this study is to summarize the evidence in Cochrane and non-Cochrane system-

atic reviews, the effects, and the benefits of monitoring intracranial pressure (ICP) in patients with
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Department of Neurosurgery, All head trauma with an indication of ICP monitoring.
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A total of five papers met the criteria for inclusion in the study. These papers consisted of 49 pri-
mary research studies and 19 unique primary research studies. One of the SRs indicated that using
intracranial pressure (ICP) monitoring led to a reduction in mortality. Two of the SRs had mixed
results with temporal variation, while two found no significant difference in mortality with ICP
monitoring. It is important to note that the quality of the SRs varied, with some being of higher
quality than others.

There was no conclusive evidence that ICP monitoring reduces mortality in traumatic brain injury
patients. There was high heterogeneity in included primary research studies. Future research should
aim to address the limitations of these studies and provide more conclusive evidence regarding the

effectiveness of ICP monitoring in reducing mortality in patients with traumatic brain injury:
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Length of hospital stay; Umbrella reviews

© 2024 The Korean Neurointensive Care Societ
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

18 www.e-jnic.org



ICP monitoring in TBI

Traumatic brain injury (TBI) is a significant contributor to mor-
tality and morbidity at a global level, disproportionately affecting
individuals in their prime working years. This multifaceted health
condition has far-reaching economic and social consequences, ren-
dering it a significant public health concern, particularly in devel-
oping nations". The gravity of the situation demands swift, con-
certed efforts to mitigate its impact and improve outcomes for
those affected.

The most reliable method for monitoring intracranial pressure
(ICP) in cases of traumatic brain injury involves the surgical place-
ment of an intracranial sensor, which allows for direct measure-
ment of pressure within the skull”. Three primary locations are
utilized for sensor placement: intraventricular, intraparenchymal,
and subdural. While this approach is highly effective for tracking
patients with severe head trauma, it is also associated with a num-
ber of complications, including hemorrhage, obstruction, misposi-
tioning, infection, and reduced accuracy in cases of asymmetric
hemispheric lesions”. Furthermore, the invasive nature of this
technique requires a neurosurgical procedure, which carries its
own set of risks and considerations. Therefore, while intracranial
sensor insertion may be the gold standard for ICP monitoring in
TBI, it is important to carefully weigh the risks and benefits of this
approach before proceeding with treatment.

The concept of intracranial pressure monitoring gained its
popularity after the publication of brain trauma foundation
(BTF) guidelines on the multimodal management of the trau-
matic brain injury. The multimodal monitoring suggest for the
escalation of therapy in a tiered manner”. The approach for en-
hancing treatment for herniation syndromes is carried out in a
tiered manner and ought to be executed without postponing in-
vasive intracranial monitoring, also known as multimodal moni-
toring. The initial options that may be considered are placing
the patient in an upright position, avoiding neck manipulation,
addressing agitation and fever, attempting hyperosmolar thera-
py, and finally deciding whether urgent surgery is necessary. If
there is clinical improvement, such as in pupil dilation or exam-
ination, these maneuvers may indicate that the patient is ap-
proaching the end of the intracranial volume-pressure curve.
These crucial measures must be taken to ensure that the pa-
tient's health is preserved and that their herniation syndrome is
managed effectively.

Since the start of ICP monitoring in TBI patients, there have
been several studies that produce conflicting and mixed results
on the outcome in TBI patients with ICP monitoring primarily
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mortality and length of hospital stay. Using ICP montoring to
guide the patient management has its own limitations. ICP mon-
itoring is resource intensive and time consuming and depends on
the both the modality used for measurement and location of the
probe. Therefore the monitoring may mislead when there is focal
point of herniation. This is one of the reason why BTF guidelines
recommends on ICP monitoring diffuse pathologies. It is note-
worthy that in a study involving malignant stroke, a considerable
number of patients exhibited a midline shift and pupillary chang-
es despite ICP monitoring revealing an ICP < 22 mm Hg, there-
by indicating that ICP values may not always reflect a concerning
clinical picture”. One of the study found that the ICP montoring
is as good as the clinical examination on the outcomes following
TBI”.

In severe traumatic brain injury (sTBI), Intracranial pressure
monitoring is the preferred method of monitoring. However, the
criteria for its insertion remains unclear. The brain trauma founda-
tion Guidelines Edition 3 provided recommendations for ICP
monitoring, and in the absence of new evidence, the latest revision
defaulted to those recommendations®”. Despite this, practice sur-
veys have shown significant variation in the use of monitoring on
both individual and institutional levels, with poor adherence to
BTF recommendations””. This implies that the decision-making
process is inconsistent and poorly understood, a critical issue when
assessing the efficacy of ICP monitor-based care in non-controlled
studies. Furthermore, some providers may view ICP monitoring
data as having little additional clinical value in uncertain situations.
Therefore, there is a pressing need for a more comprehensive un-
derstanding of the criteria for ICP monitoring insertion and im-
proved adherence to guidelines to enhance the efficacy of ICP
monitoring in the management of sSTBI.

The precise indications for ICP monitoring in TBI patients are
unknonwn and guidelines making recommndations have low pen-
etrance and evidence for the same. Alali et al. pubished the predic-
tors and clinical decision making rule for selecting the ICP moni-
toring in TBI patients based on the clinical and radiological param-
eters'”. However there is significant variability on the medthod of
ICP monitoring and frequency. As the ICP monitoring is resource
intensive, its use if often limited to high resource settings and lower
resource settings use alternative methods of ICP management.
Therefore there is no confirming evidence that ICP monitoring re-
duces mortality in TBI patients.

This overview aims to summarize the evidence in Cochrane and
non-Cochrane systematic reviews, the effects, and the benefits of
monitoring intracranial pressure in patients with head trauma with
an indication of ICP monitoring.
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Overview of reviews

We conducted an Umbrella Review to summarize the possible
benefits and usefulness of monitoring intracranial pressure in pa-
tients with head trauma. This overview of reviews follows the
guidelines and methodology laid down in the Joanna Briggs Insti-
tute manual for evidence synthesis in its Umbrella Review chap-

ter' 1).

Inclusion criteria
Participants

All patients with severe closed head trauma with an indication of
intracranial pressure monitoring according to the Colombian

Guidelines and the Brain trauma foundation guidelines

Intervention
Invasive monitoring of intracranial pressure by its different
methods (external ventricular drainage, catheter with intraparen-

chymal sensors, or epidural catheters)

Comparison

No use of intracranial pressure monitoring.

Outcomes
Primary

Mortality was defined as one point on the Glasgow Outcome
Scale (GOS), or the mRS score of six, in patients with TBI at fol-

low-up.

Secondary
ICU stay was defined by median days of ICU stay and complica-
tions (cardiovascular, infectious, thromboembolic, ischemic)

Type of studies

This review considered systematic reviews of prospective, retro-
spective, or cross-sectional experimental and observational studies.
Systematic reviews that include reports or case series were exclud-
ed. No ongoing systematic review was considered. Systematic re-
views evaluating non-invasive measurements of intracranial pres-

sure as diameter of the optic nerve sheath were excluded.

Search

Five electronic databases were searched systematically and itera-
tively by two authors independently per the defined search strategy
mentioned in Supplementary Material. The following databases
were searched for Systematic reviews: Cochrane Injuries Group
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Specialized Register (up to February 2021); The Cochrane Li-
brary (until February 2021); MEDLINE (Ovid) February 2021;
EMBASE (Ovid); PubMed [http: / /www.ncbinlm.nih.gov/sites/
entrez] (February 2021); LILACS (February 2021). The search
was constructed using terms and descriptors from the Medical
Subject Heading (MeSH) and descriptors in health sciences
(DeCs) for the ILACS search and was combined with Boolean
operators. The keywords for systematic reviews and meta-analysis
were incorporated into the search strategy enabling it to be more
sensitive and specific. In addition, the reference list of the poten-
tially eligible studies was searched to identify more citations. The
search was not limited by date or by language.

Selection of studies

After the search, the citations found in each database were en-
tered into the Mendeley reference manager version 1.19.4 (George
Manson University, Fairfax, Virginia, USA). Two reviewers inde-
pendently examined the titles and abstracts to assess eligibility. Full
texts were extracted, inclusion criteria were applied, and consensus
resolved disagreements. The results of the search process are
shown in a PRISMA flow chart (Preferred Reporting Items for
Systematic Reviews and Meta-analysis) in Fig. 172, Systematic re-
view and meta-analysis were included in the present overview if: 1)
All the original studies included in the SR-MA assessed the role of
ICP monitoring in head injury patients and conformed to the
PICO eligibility criteria laid out a priori; 2) If at least one of the
outcomes were measured in the studies included in the SR-MA.

Assessment of the quality of the included systematic
reviews

The methodological quality of the systematic reviews of includ-
ed randomized clinical trials was analyzed with the AMSTAR tool.
AMSTAR is a valid, reliable, and easy-to-use tool'”. It consists of
11 items and has content validity to measure methodological qual-
ity, in addition to the reliability of systematic reviews; Each of the
11 items is assigned a score of 1 if it meets the specific criteria or a
score of 0 if it does not meet the criteria, is not clear, or is not appli-
cable. The interpretation of critical appraisal is divided into three
levels: 8 to 11 points are of high quality, 4 to 7 points are of moder-
ate quality, and 0 to 3 points are of low quality. Study quality was
assessed using this standardized tool by one of the reviewers and
then checked by the second author. Any reviewer discrepancy was

settled by mutual discussion or discussion with a third reviewer.

Bias risk of included studies
The risk of bias in the included studies is made through the Risk

114)

of Bias in Systematic Reviews tool . This tool is completed in
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MEDLINE/PUBMED: 50 | | EMBASE: 20

LILACS: 20 | | Cochrane Library: 10

100 # of records identified through
database searching

50 # of records after duplicates
removed

50 # of records screened

|—>| 40 # of records excluded |

10 # of full-text articles assessed for
eligibility

S # of full-text articles excluded, with reasons
| Studies included patients with stroke (n = 3)
Studies did not assess clinical outcomes (n=2)

5 # of studies included in qualitative
synthesis

PRISMA flow diagram of the study selection, screening, and inclusion process.

three phases: (1) assess relevance (optional), (2) identify concerns
with the review process, and (3) judge the risk of bias in the review.
Signalling questions are included to help assess specific concerns
about potential biases with the review. We omit phase 1 because

not relevant to result in the risk of bias assessment.

Overview of reviews

The database search yielded 100 studies, of which fifty were re-
moved as duplicates in the citation manager software. Fifty articles
were screened for eligibility as per the title and the abstract. The
full text of ten articles was retrieved for final inclusion, and five SR-
MA were found eligible for inclusion in the present overview per
the eligibility criteria. From the pool of reviews, a grand total of 49
distinctive and individual original articles were identified as meet-
ing our inclusion criteria. Further analysis revealed that out of these
articles, a substantial number of 43 were deemed to be appropriate
for inclusion in the comprehensive meta-analyses. Among these all
the SR-MA’s reported on mortality outcome in ICP monitoring
group Vs non monitoring group. A total of 49 studies reported on
the mortality outcome and 11 studies reported on the functional
outcome and length of hospital stay. Total number of patients stud-
ies in the present overview from pool of systematic reviews were
73,085 and 61,714 patients were included in the meta-analysis.

SR-MA characteristics
The characteristics of the included SR-Mas are presented in Ta-

ble 1. One study was published in 2012, 2014, and 2015, while two
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were published in 2016. Among the five SR-MA included in the
present overview, one presented data from observational studies
only'”, one from RCTs onlys) and three from a combination of ob-
servational and RCT studies'*"”. From all the SR-MAs seven were
RCT and rest (n=42) were observational studies. The median
number of original studies included were nine with range of 2-18.
Most SR-Mas included patients of both gender and all the SR-
MAs included adult patients.

Quality of SR-MAs and orginal studies

There was no tool for the assessment of quality mentioned in
one of the SR-MA'. Cochrane risk of bias tool for the assessment
of RCT and Newcastle Ottawa scale to assess the uality of observa-
tional studies was used in three SR-MAs”'*'"”, One SR-MA used
STROBE and Centre for Evidence Based Medicine (CBEM) cri-
teria checklist to assess the uality of the included studies. All sys-
tematic reviews with meta-analysis (SR-MAs) included in the
study demonstrated appropriate formulation of research inquiries,
establishment of pre-defined and specified eligibility criteria, im-
plementation of a systematic search methodology, and detailed re-
porting of primary study features and outcomes. The majority of
SR-MAs conducted dual screening, evaluated for publication bias
and heterogeneity. These findings suggest that while most SR-
MAs adhere to standard procedures, there is still room for im-
provement in certain aspects of the review process, such as dual
quality assessment. The authors of systematic reviews and me-
ta-analyses employed a variety of instruments to evaluate the quali-
ty of the primary research studies. Because of the wide variety of
tools used for quality assessment the quality of included studies
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Characteristic of included systematic reviews and meta-analysis
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. Risk of bias and
?Zudy el Data base Search PICO question Outcome assessed ~ quality assessment Main Conclusion
uthor, year) Yes/No ol
Mendell_s)on etal No M(EDLINE ) Use ICP monitors ~ Mortality Not reported The isolated benefit of ICP
20127 1966-October 2011 and mortalit monitoring in severe TBI
EMBASE (1977-October  in TBI patier}llts isnot clear%y established.
2011) comparison not Clinical evidence is
monitoring lacking as to the efficacy
of ICP monitoring
mostly attributed to the
heterogeneous nature
of the studies available on
this topic. The significant
modification of signal
effect by confounding
variables suggests that
outcomes in severe
TBI relate to both the
presentation of the patient
and the overall delivery of
care rather than specific
elements within the
system.
Suetal 2014 Yes PUBMED P: patients with TBI Mortality to 6 Months Cochrane Rias of bias No benefit was found
Wan fang database I: ICP monitoring  {Jnfavorable outcome  2ssessment tool in patients with TBI
VIP data base C:NoICP GOSE 1 to 4 points And who underwent ICP
monitoring in Score New Casttle-Ottawa  monitoring. Considering
O: Mortality, Scale (NOS) substantial clinical
Unfavorable Events adverse heterogeneity
outcome, events  Length Stay ICU
adverse, stay ICU
Yuan et al Yes MEDLINE,EMBASE, Monitoring ICP vs STROBE and Centre The current clinical evidence
2015" Cochrane Central No monitoring for for Evidence Based  does not
Re.gister of Controlled TBI Medi'cine (CBEM) 1pdicate that ICD monitoring
Trials (Central) October criteria overall is
2013 Significantly superior to no
ICP monitoring in terms
of the mortality of TBI
patients
Quesada etal Yes MEDLINE, HINARI Monitoring ICP vs  Mortality to 6 months Cochrane risk of bias  The monitoring of
2016” EMBASE, Cochrane No monitoring for G o4 Prognosis tooland GRADE intracranial pressure no
Central Register of TBI (GOSE better than 4) Scale had an impact in terms of
Controlled Trials . mortality. It also showed
(CENTRAL) Poor Prognosis benefits in reducing
(GOSE 4 orless) polypharmacy and the
Length of Stay ICU number of interventions.
Stay ICU with specific
cerebra support
Shen et al Yes EMBASE, PUBMED, and P: patients with TBI Mortality in sub- Cochrane risk of Superior survival was
2016' the Cochrane Library groups bias tooland New  observed in severe
Casttle-Ottawa TBI patients with ICP
Scale (NOS) monitoring, yet the role of

I: ICP monitoring ~ Overall mortality

C:NoICP Mortality in ICU
monitoring Mortality in2 to 6
O: Mortality weeks

ICP monitoring in severe
TBI patients remain to be
further elucidated, more
rigorously designed

studies with long-term
follow-up on the effects
of ICP monitoring are
needed

TBI: Traumatic brain injury, PICO: Patient/population, intervention, comparison and outcomes, ICP: Intracranial pressure, ICU: Intensive care unit.

could not be pooled together. These studies ranged from weakest
evidence to strongest evidence but on a majority the included
studies were of good quality. The uality assessment of included SR-

22

MAs using AMSTAR tool showed that one of the SR-MA was of
moderate uality while four included SR-MA were of high quality
(Table 2). Risk of Bias Assessment with Bristol's University ROBIS
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Table 2. AMSTAR tool: assessment to methodological quality on systematic review included

Study I 5 3 4 5 AMSTéAR Qu;stlons 3 9 10 1 Totl Quality of Systematic Review
Mendelson et al 2012 Yes Yes  Yes No No  Yes Yes No NA No Yes 6/11 Moderate

Suetal 20147 Yes Yes Yes No No Yes Yes Yes Yes Yes Yes 9/11 High

Yuan et al 2015 Yes Yes Yes NR No No Yes Yes Yes Yes Yes 9/11 High

Quesada et al 201 6" Yes Yes Yes NR No Yes Yes Yes Yes No Yes 8/11 High

Shen et a1 2016'® Yes NR  Yes Yes No Yes Yes Yes Yes Yes Yes 9/11 High

NA: Not apply, NR: Not reported.

tool showed that study by Mendelson et al. was at moderate risk of
bias in most of the domains of the tool, unclear in study by quesda
et al. and of low risk of bias in the rest of the SR-MAs. The risk of
bias by the Bristol university ROBIS tool assessment in shown in
Figs.2 and 3.

Summary of the included SR-MAs

The five included SR-MAs presented comparison of 19,402 pa-
tients with ICP monitoring from a control of 53,825 patients with-
out ICP monitoring. The types of ICP monitoring analysed in the
included reviews were intraparenchymal (n =935, 4.8%), external
ventricular drainage (n=620, 3.2%), epdural (n=16), combined
(n=42), and not reported (n=17804, 91.7%). The summary of
the included SR-MAs are shown in Table 3.

The SR-MA included studies with adult patientsls). The includ-
ed studies were six observational retrospective and non random-
ized studies with 11,371 patients. Metaanalysis was not done due
to marked heterogeneity in the included studies. The main con-
cerns in the review were non homogenous inclusion and exlcusion
criteria. Individual studies did multivariate analysis but the number
of variables in each varied. Quality assessment was not done but
undicated the intrastudies differences due to several confunders
like some of the included studies did the analysis without adjusting
for the parameters of age, GCS etc.

This SR-MA included presented both systematic review and
meta-analysis of the included studies from the studies including
adult > 12 years including 385 patients”. Only two RCT’s were
included.Cochrane risk of bias and grade tool was to assess the
quality of included studies and garde strength of evidence. Moni-
toring had no difference from clinical examination in prognosis but
the length of stay and use of hypertonic saline was less in the moni-
toring group. Out of the two RCTs included one had unknown risk
of bias in the random sequence generation . allocation conceal-
ment, reporting bias and other biases.

The SR-MA included 18 studies, 2 RCT rest observational, in-
cluding 7,637 patients with ICP monitoring and 17,862 with no
ICP monitoringlé). Cochrane risk of bias tool and newcastle ottawa
scale was included for the quality assessment. Included RCTs had

www.e-jnic.org
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Study eligibility criteria
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Fig. 2. Risk of bias graph. Review authors’ judgements about each
risk of bias item presented as percentages across all included studies.

unclear risk of selection bias, detection bias, reporting bias and oth-
er biases. The results obtained were mixed results. The outcomes
of the study demonstrated no significant decline in mortality rates
among the ICP monitored group for those who were hospitalized
before 2007, hospital mortality for the same group, and mortality
in randomized controlled trials. Despite this, the overall mortality
rate, mortality rate for those hospitalized after 2007, hospital mor-
tality rate for those hospitalized after 2007, and mortality rate in
observational studies for those hospitalized after 2007, along with
the 2-week mortality rate and 6-month mortality rate, were re-
duced in the ICP monitored group. It was discovered that patients
with an elevated ICP were more likely to necessitate ICP monitor-
ing. The findings indicate that the implementation of ICP moni-
toring can be beneficial for certain patient groups.

The SR-MA included two RCT and seven cohort with a total of
11,038 patientsm. There was no significant effect on the mortality,
adverse events but the hospital stay was longer in the patients with
ICP monitoring. There was considerable heterogeneity in the in-
cluded studies. Cochrane risk of bias tool and Newcastle-ottawa
scale was used to assess the uality assessment of the included stud-
ies.

A comprehensive analysis of 14 studies' comprising of 24,792
patients was conducted, and it was found that there was no signifi-
cant evidence to suggest that ICP monitoring was associated with
a reduction in the risk of death (pooled OR 0.93 [95% CI, 0.77-
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Shen et al 2016'

High Risk
Moderate Risk
Low Risk
No Clear Risk

PHASE 2 PHASE 3
Study Study e.aligi.bility Ident.iﬁcation ar.ld Data collectiox.l and Synthe.sis and Risk Biaf in the
Criteria selection of studies Study appraisal findings Review
Mendelson et al 2012
Suetal 2014
Yuan et al 2015™
Quesada et al 2016

Fig. 3. Risk of bias assessment with Bristol's University ROBIS tool: review authors” judgements about each risk of bias item for each included

systematic review.

Table 3. Summary of systematic reviews included in this Umbrella review

. . . uality of included Results of Outcome with
Study N Type of included Studies ~ Type of ICP monitor Q tsytu dies oo iy
Mendelsonetal 11,434 Retrospective Intraparenchymal: 203 ~ Not Reported Mortality
2012" ICP monitoring: observational studies: 8 (8.46%) ORO0.77,p=0.015
2,717 Total: 8 EVD: 124 (4.56%) 28-day Mortality
Control: 8,717 dural , OR2.1[95% CI, 0.80-5.6] p =0.13
Epidural: 8 (0.29%) Heterogeneity: Not Applicable
Combined: 21(0.77%)
Not reported: 2,361
(86.9%)
Suetal2014” 11,143 RCT:2 Not Reported NOS score Mortality
ICP monitoring: ~ Retrospective High (8-9): 4 (44.44%) OR1.16[95% CI,0.87-1.54] p=0.31
3,282 Observational Studies: Moderate (5-7): 3 12=80%
Control: 7,861 7 (33.33%)
Total: 9 Low (0-4): 0 (0%) Heterogeneity: High
Not Reported: 2
(22.22%) Unfavorable Outcome: OR 1.40
: [95% CI, 0.99-1.98] p=0.06 12=4%
Heterogeneity: Low
Adverse events: OR 1.04 [95% CI,
0.64-1.70] p=0.87 ’=78%
Heterogeneity: High
Length of hospital stay
Mean differences 6.32 L95% Cl,
4.9-7.75] p<0.0001 I’=99%
Heterogeneity: Very High
Yuan etal 2015'" 24,792 RCT: 1 Intraparenchymal: 732 STROBE Check list Mortality
ICP monitoring: Retrospective (10.81%) High: 16-20: 10 InICU: OR 0.92 [95% CI, 0.79-1.06]
6,744 Observational Studies: EVD: 339 (5.02%) (71.43%) p=0.2612=41% ’
Control: 18,048 9 Epidural: 8 (0.12%) Moderate 11-15:2 .
Prospective Combined: 21(0.31%) (14.28%) Heterogeneity: Low
Observational Studies: Not reported: 5644 Low: < 10:1(0.714%)  InHospital OR 1.06 2[95% CL
4 (83.69%) Not Reported: 1 0.8-1.42] p=0.68 I'=84%
Total: 14 (0.714%) Heterogeneity: High
CEBM strength of Leneth ICU st
evidence ng stay
4:n=6 Mean differences 0.29 L95% CI,
2b: n=4 0.3-0.32] p<0.0001 I'=93%
3b:n=3 Heterogeneity: Very High
1b: n=1

Length Hospital stay

Mean differences 0.21 [95% CI,
0.04-0.37] p=0.01’=100%

Heterogeneity: High
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Continued
. . . Quality of included Results of Outcome with
Study N Type of included Studies ~ Type of ICP monitor <tudies R ——
Quesadaetal 358 RCT: 2 EVD: 157 (89.2%) GRADE Scale Mortality RR 0.85 [95% CI, 0.67—-

2016” ICP monitoring:
176 (19.32%)

Control: 182

Shen et al 2016'” 25500 RCT:2 Not reported
ICP monitoring: Retrospective
6,483 Observational Studies:
16
Control: 19,017 Total: 18

Not Reported: 34

High Quality: 2 (100%)  1.07] p=0.17 '=0%
Heterogeneity: Low
Outcomes

Good RR 1.05 [95% CI, 0.84-1.31]
p=0.69 '=20%

Heterogeneity: Low

Poor RR 0.95 [95% CI, 0.79-1.15]
p=0.60 I’=0%

ICU Stay

Overall

Mean differences 3 [95% CI, 2—4]
p<0.0001

Heterogeneity: Not applicable

With Specific support for brain
injuries

Mean differences —1.4 [95% CI, -2.37
to ~0.43] p<0.0001

Heterogeneity: Not applicable

NOS score Mortality:
High (8-9): 14 Overall Risk Ratio 0.85 [95% CI,
(77.77%) 0.73-0.98] p=0.02 I’=84%

Moderate (5-7): 2
(11.11%)

Low (0-4): 0 (0%)

Not Reported: 2
(11.11%)

Heterogeneity: High

In Hospital:

Before 2007: Risk Ratio 1.18 [95%
CI, 0.89-1.56] p=0.25 I'’=86%
Heterogeneity: High
After 2007: Risk Ratio 0.72 [95% CI,
0.63-0.83] p<0.00001 I’=68%
Heterogeneity: High
ICU mortality: Risk Ratio 1.01
[95% CI,0.9-1.13] p=0.85 I’=0%
Heterogeneity: Low

ICP: Intracranial pressure, EVD: External ventricular drainage, RCT: randomized controlled trial, NOS: New Casttle-Ottawa Scale, STROBE: STrengthening
the Reporting of OBservational studies in Epidemiology, ICU: Intensive care unit, CEBM: The Centre for Evidence-Based Medicine, GRADE: The Grading

of Recommendations Assessment, Development and Evaluation.

1.11], p=0.40). However, the results of the meta-analysis revealed
that 7 out of the 14 studies, which included 12,944 patients, and
were published between January 2012 and October 2013, indicat-
ed that ICP monitoring was significantly linked with a greater re-
duction in mortality compared to no ICP monitoring (pooled OR
0.56 [95% CI, 0.41-0.78], p=0.0006). These findings highlight
the importance of keeping up-to-date with the latest research, as
newer studies may provide more accurate and reliable results. In-
terestingly, the 7 studies conducted in North America showed no
significant evidence to suggest that ICP monitoring lowered the
risk of death, which was similar to the studies conducted in other
regions. Furthermore, it was found that the group subjected to ICP
monitoring had significantly longer ICU LOSs (mean difference
[MD] 0.29 [95% CI, 0.21-0.37]; p < 0.00001). These results sug-
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gest that ICP monitoring may not always be beneficial, and further
research is needed to explore its effectiveness and potential draw-
backs. In conclusion, the results of the meta-analysis provide valu-
able insights into the effectiveness of ICP monitoring and highlight
the need for continued research in this area. The pooled analysis
showed that the length of hospital stay was longer in the ICP mon-
itoring group.

Effectiveness of ICP monitoring on mortality

There was no concusive evidence arising from the pooling of
SR-MA that the ICP has efficacy in reducing the mortality. The
study by Mendelson et al."” found that the positive effect of ICP
monitoring on reducing mortality, while rest of the SR-MA found
no significant difference in the mortality among the two groups.
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Interestingly in the study by Yuan et al."” and Shen et al.'” the
wuthors found that there is temporal discrepancy in the mortality
outcome with the ICP monitoring. They found that there was no
significant difference among the groups on pooling the results
from studies done prior to 2007 and 2012 respectively, while the
later studies suugested that the ICP monitoring had beneficial ef-

fect on the mortality outcome.

This comprehensive review provides a summary of the pub-
lished evidence on the impact of ICP monitoring on the duration
of hospital stays, mortality rates, and procedure-related adverse
events in adult patients suffering from traumatic brain injury. This
review is based on a total of 49 primary research studies and 19
unique primary studies, as analyzed by the five SR-MAs. Mortality
was reported as outcome in majority of the primary studies. Only
one SR-MA found that the use of ICP monitoring lowered the
mortality in the TBI patientsls). SR-MAs found that there was no
significant effect on the reduction of mortality with ICP monitor-
ing‘w) . In two SR-MAss the results varied according to the time of
publication of primary studies with later studies having a positive
effect of ICP monitoring on reducing the mortality while earlier
studies did not find any significant effect''”. One of the SR-MA
found that the resources used in the ICU were less with the use of
ICP monitoring group due to better targeted therapyj). The effect
of ICP monitoring on the length of hospital stay was reduced in

5,18)

the ICP monitoring group in one of the SR-MA™ ™ while it was
prolonged in the other'”. There was high heterogeneity in the SR-
MAs”"""Y. The high heterogeneity in the included primary re-
search studies could be due to the combination of different study
types in the systematic reviews, heterogenous population and
mode of ICP monitoring. The variables studied in each of the pri-
mary research studies were varying and that could add to the het-
erogeneity. Though most of the primary research studies focused
on adult patients with both genders and severe traumatic brain in-
jury, the classification of severity of the brain in jury was not uni-
form in all of the studies. The study by Quesda et al. was the only
SR-MA that assessed the neurpsychological function as the out-
come and found that there was no significant impact of ICP moni-
toring on the neuropsychological function of TBI patientss). The
study included two RCTs and was rated as high quality of evi-
dence; however among the two studies the study by Chestnut et al.
was at low risk of bias while there was unclear risk of bias in the
study by Kostic et al. domains of random sequence generation, al-
location concealment, reporting bias and other biases of the Co-
chrane risk of bias tool. Three SR-Mas have combined the obser-
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vational studies with RCTs and performed the subgroup analysis
and found that though there was no significant decrease in mortali-
ty with the ICP monitoring in the RCTS, observational studies
tend to show more effect of reduced mortality. These results were
extracted from a pool of five SR-Mas of which one was rated of
moderate quality and rest four as high quality by the AMSTAR
tool. Because of high heterogeneity in the included studies includ-
ed in the present overview and inclusion of RCTs and observation-
al studies, we have high degree of certainity in the conclusions from
the present overview. The findings from the present overview align
with the RCTs and most of the recent systematic reviews that there
is no significant effect of ICP monitoring on reducing the mortali-
ty. The studies on the procedure related events, neurpsychological
outcomes and length of hospital stay are limited in number to
make any meaningful conclusions and more primary research
studies are required to find the association.

Shibahashi et al. have published the results of the real world ex-
perience in a propensity score matched analysis of 31,660 patients
from 76S hospitals from the Japanese inpatient nationwide data-
base and found that there was significantly reduced mortality in
ICP monitoring group (31.9% vs. 39.1 %) and a longer duration of
hospital stay (35 vs. 28 days)'”. The gaps in the evidence is likely
to filled by more studies on the topic gathering real world experi-
ence and avoiding the potential confounders.

One of the reasons for conflicting evidence could also be due to
the fact that it is not known from the primary researcg studies as to
what was the objective of the placement of the ICP monitoring de-
vices. As found in the several studies, the focus has been on utiliz-
ing the values obtained from the ICP monitoring in guiding the
management, while the ICP monitoring device itself can be used
to lower the ICP when placed inside the ventricles with intermit-
tent CSF release™””. In one of the retrospective study with differ-
ent protocols of ICP monitoring from two different trauma cen-
tres, authors reported that there was no significant difference in
mortality and the complications varied according to the device
used for ICP monitoringzs). According to a study conducted by the
National Trauma Databank, the monitoring of ICP demonstrated
an association with a notable 45% rise in mortality rates. This cor-
relation remained significant even after accounting for head Abbre-
viated Injury Scale (AIS) and Injury Severity Score (ISS) *) The
difference in outcomes with ICP monitoring in individual studies
could also be due to difference in adherence to the management
guidelines and delay in insertion of the ICP monitoring. As found
in the study by shafi etal. The adherence and compliance was only
45%"". The strict adherence to a protocol-driven management
strategy for TBI, which involves the placement of an ICP monitor
for all STBI patients, resulted in a noteworthy reduction in mortali-
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ty rates that, while not statistically significant, is nevertheless note-
worthy™). Furthermore, this approach also led to a marked reduc-
tion in overall costs, as well as a significant decrease in both ICU

and hospital stay durations.

Limitations

This overview of reviews synthesizes the literature on the effect
of ICP monitoring in traumatic brain injury patients. One of the
limitation of the present study is that we have not addressed some
important research questions as no systematic reviews addressed
them. One of the important research question not addressed is the
relationship of ICP monitoring with the radiological extent or the
severity of head injury patients. Though some of the included SR-
MAs did the analysis stratified on the severity of the head injury
the included studies and variables studied were quite heteroge-
nous. Though most of the included SR-MAs were of high quality,
still the strength of evidence is not very strong owing to inherent
limitations of the observational studies and combining RCT with
observational studies in a SR-MA also leads to conflicting evi-
dence. The technique of ICP monitoring, and method baried ex-
tensively in the included studies and more than 90% of the includ-
ed primary research studies did not report on the method of ICP
monitoring and this is a significant limitation. The adverse events
and mortality might also get influence by the mode of ICP moni-
toring. One of the limitation we have found is that the results were
different based on timeline and this could be due to better tech-
niques and equipments available for ICP monitoring evolving over
time. Further with time, there has been an overall improvement in
the management of traumatic brain injuries across the ICUs global-
ly and therefore a time series evaluation of effect of ICP monitoring
on outcomes following TBI would yield more uniform results. The
results from the present overview are conflicting from some of the
larger and more recent studies published; however the aims of the
present reviews was to synthesize the evidence from the existing lit-

erature of systematic reviews, these have not been accounted for.

Notwithstanding the limitations, in the present literature synthe-
sis we have found that the studies showed mixed results on the ef-
fect of ICP monitoring in outcomes following traumatic brain inju-
ry and there is no compelling evidence that ICP monitonring re-
duces the mortality. We have found high heterogeneity in the stud-
ies and future studies addressing the mentioned limitations might
help us to answer the question and increase the strength of evi-
dence on use of ICP monitoring. Due to lack of evidence on the
role of ICP monitoring in reducing the mortality in TBI patients,
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and increased use of ICP monitoring post brain trauma foundation
guidelines, it has been found that more ICP targeted therapies are
used in the pateints undergoing ICP monitoring. Therefore, the
present overview suggest that the outcomes of ICP monitoring has
been continuously evolving with time and therefore there is no
compelling evidence to recommend its universal use or to remove it
from use till stronger evidence is found either in support or againt
ICP monitoring. ICP monitoring should be used as stated in the
brain trauma foundation guidelines in an level one traumacentre fa-
cility with the availability of targeted ICP management therapies.
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The development of endovascular devices and clinical experience, recanalization rate after intraar-

Jac-Yong Shim, MD terial thrombectomy (IA-Tx) has increased. Recent papers reported that the amount of perfusion/
ae-Yong Shim,

Department of Neurosurgery, diffusion (P/D)-mismatching in digital analysis from computer tomography perfusion (CTP)

The Catholic University of Korea image is well correlated well with P/D-mismatching from magnetic resonance image. The pur-
Eunpyeong St. Mary’s Hospital, pose of this study is compare the patient clinical outcomes after IA-Tx, judging from CTP based
327, Sosa-ro, Bucheon 14647, and magnetic resonance imaging (MRI) based study.

Korea

Tel: +82-32-345-3425 218 patients with anterior circulation large vessel occlusion (LVO) treated by IA-Tx were included
E-mail: impr0326@naver.com in this analysis. In the MRI group (n=80), P/D-mismatching from MRI based image analysis by

visual method and in the CTP group (n=138), and recently, P/D-mismatching was decided by
automatized computer programmatic analyzed from CTP based image (Syngowvia program).

Favorable outcome (modified Rankin Score: 0-2), mortality, recanalization, and clinically signifi-
cant hemorrhage was 56.3% (45/80), 6.25% (5/80), 81.3% (65/80) and 25% (20/80) in MRI
group and 4.9% (62/138), 8.9%(18/138), 91.3%(126/138) and 40.6% (56/138) in CTP group
(p=0.000, 0.235, 0.007 and 0.013). Reperfusion injury (27.5% vs, 15.0%, p=0.018) but favorable
outcome was high 55.0% vs. 44.9 $, p=0.00) in the MRI study group.

In our study, patient selection according to the P/D-mismatching from MR-based imaging and
CTP-based image was not different in final clinical outcome. Recent IA-Tx, showed high recanali-

zation rate but it also cause high incidence of reperfusion injury.

Computer tomography perfusion; Intraarterial thrombectomy; Hemorrhagic compli-
cation; Perfusion-diffusion; Recanalization rate; Reperfusion injury

ly viable brain tissues"”. To improve clinical outcomes of stroke
y P

patients, various treatment methods have been developed, with
The aim of ischemic stroke therapy is reperfusion of the isch- each having its advantages and limitations ™.

emic penumbra tissue in order to salvage threatened but potential- Since the MR CLEAN studys) , the first report showing that in-
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traarterial thrombectomy (IA-Tx) is more favorable for improve
clinical outcomes than intravenous tissue plasminogen activator
(IV-tPA) in large vessel occlusion (LVO) patients. Recently, thanks
to the development of endovascular devices and clinical experi-
ence, the percentage of recanalization rate has increased from
about 70-80% to over 95%.

Although successful recanalization rate is increasing, but in some
cases, reperfusion treatment can result unfavorable outcomes. In
this futile recanalization patients, there is no clinical benefit for a
successful recanalization that may sometimes cause an unexpected
brain injuries. To avoid the reperfusion injury and to obtain the pa-
tient safety and treatment effectiveness of IA-Tk, proper patient se-
lection for IA-Tx is increasingly important'” 9,

Many papers have reported that perfusion/diffusion (P/
D)-mismatch on brain magnetic resonance imaging (MRI) image
might be the best method for selecting IA-Tx patients”*”"*"'?,
Nonetheless, MRI evaluation of acute ischemic patients has several
limitations, including a relative long time required to acquire im-
age, high cost, equipment limitations, and patient related rea-
sons”' "', Recent several years, papers have reported that brain
computed tomography (CT) image is as informative as P/D-mis-
match on magnetic resonance (MR) but clinical application of
these CT image instead of MRI image was question-
ablez,4,9,14,11,16—19)‘

From the three or four years ago, we are facing an additional
challenge that we have never experienced before, namely the coro-
navirus disease 2019 (COVID-19) pandemic. Owing to the addi-
tional risk caused by the pandemic, we are unable to evaluate MRI
images of stroke patients, especially if the patient shows fever or
chest problems on chest X-ray. Serologic diagnostic testing for
COVID-19 requires at least 6 hours.

For these several reasons, a CT-perfusion (CTP) with and digi-
talized computerized program (Syngowvia, Siemens Healthcare
GmbH, Erlangen, Germany) was used instead of MR-based P/
D-mismatching, to select infarction patients for IA-Tx. In this
study, although we could not checked CTP and MRI on the same
patient, compared clinical outcome between the 80 patient data
treated with IA-Tx who was selected by the MR-based image study
before the pandemic period and the 138 patient data who was se-
lected by CTP based image after the pandemic season.

This retrospective, observational study was approved by our In-
stitutional Ethics Committee. The treatment protocol was ap-
proved by our Institutional Review Board (approval number:
PC17RESI0028). All patients or their representatives provided
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written consent for treatment.

Patient characteristics

From Mar. 2015 to Nov. 2022, a total of 218 patients diagnosed
with anterior circulation LVO and treated with IA-Tx were includ-
ed in this study. In the MRI group, from Mar. 2015 to May 2018,
80 patients underwent CT-angiography (CTA) as an initial image
study and checked stroke MRI (Magnetone Vidam, Siemens Med-
ical System, Nucich, Germany) about 1 hours after IV-tPA admin-
istration and before the IA-Tx. MRI study was taken. And in CTP
group, 63 patients admitted between Jun. 2019 and Nov. 2022 un-
derwent a CTA as an initial image study and decide the IV-tPA ad-
ministration or not. Than a CTP (Somatom Definition Edge, Sie-
mens Medical Systems, Forchheim, Germany) was checked before
the IA-Tx. If the neurologic status (evaluated by NIHSS or motor
grade) of the patient was not improved after [V-tPA, the patient
was brought to an angiography suite for additional IA-Tx therapy
(Fig. 1).

The mean age of patients was 69.8 * 12.6 years (range, 20 to 98
years, median: 70 years). There were 124 (56.9%) male patients.
Eighty (36.7%) patients was MRI group and 138 (63.3%) patients
was CTP group. There was no significant difference in a ge
(p=0.795), initial NIHSS score (p=0.529), or gender (p=0.499)
between the two groups (MRI and CTP groups) (Table 1). How-

Clinical evaluation &
Brain CT-Angiography

|
v v

(Yes) IV-tPA infusion (No) IV-tPA infusion
Within indication time & After indication time or
no exclusion criteria with exclusion criteria

Acute stroke MRI
(visualized analysis)
or
CT-perfusion
computerized analysis
with Syngo.via program

v
v v

No additional Tx. Consider additional Tx.
General supportive care Intra-arterial thrombectomy

| |
'

Surgical management
GCS < 8 & midline shift > 6
(EVD with Decompression)

A

A 4

Flow diagram of magnetic resonance based treatment proto-
col. CT: Computer tomography; IV-tPA: Intravenous tissue plasmin-
ogen activator; MRI: Magnetic resonance imaging; GCS: Glasgow
Coma scale; EVD: Extraventricular drainage.
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Characteristics and clinical outcomes of the 143 patients treated with IA-Tx

Magnetic resonance base group

Patients no. 80
Age (years)
Mean + SD (median) 64.2+12.1(70)
Male sex (%) 45(56.3)
NIHSS score (Median) 132+6.3(12)
Occlusion vessel site

MCALL. (%) 19(23.8)

Rt. (%) 30(37.5)

ICA Lt (%) 16 (20.0)

Rt. (%) 15(18.8)
Time to femoral puncture 59+2.6(6.0)
Clinical outcomes

(mRS)

0 20

1 12

2 12

Favorable (%) 44 (55.0)

3 12

4 16

S 3

6 (Mortality) 5(6.3)
Recanaliztion (%) 65 (81.3)
SICH (%) 20 (25.0)
Reperfusion Injury 12 (15.0)
P/D-mismatching (%) 59/80(73.8)

Computer tomography base group Significance statistical

138

73.0+11.8(73)
79 (57.2) 0.499
124 +6.8 (13)

48 (34.8)

54(39.1)

17 (12.3)

19(13.8)
6.8+5.0(5.5)

5
38
22
62 (44.9) 0.000
19
55
46
18 (8.9) 0.235
126 (91.3) 0.007
56 (40.6) 0.013
38(27.5) 0.018
116 (84.1) 0.049

NIHSS: National Institute of Health Stroke Score; P/D: Perfusion weighted image/diffusion weighted image; IA-Tx:Intra-arterial thrombolysis; mRS;
Modified Rankin Scale; OP: Operation; SD: Standard deviation; sSICH: Significant intracerebral hemorrhage.

ever, analysis for in IV-tPA treated before the IA-Tx, revealed that
the IV-tPA administration (42/80 in MRI group vs. 44/138in
CTP group, p=0.002) faster in CT group and femoral artery
puncture time (5.9 hours in MRI group vs. 6.9 hours in CTP
group, p=0.000) was faster in MR group.

Radiologic analysis

Each patient's radiological results were analyzed (visual analysis
of MR perfusion-diffusion mismatching) by radiologists after an
acute treatment was completed. If radiologists’ conclusions regard-
ing a patient's images were not in agreement, another radiologist
was consulted. For CTP group, ischemic core and penumbra area
were calculated using a Syngovia program (Siemens Healthcare
GmbH, Erlangen, Germany).

All scans were done with 40 cc of nonionic iodinated contrast
(Isovue-370, iopamidol, 370 mg iodine/mL; Bracco Diagnostics,
Princeton, NJ, USA). In the digitalized automatic program
(Syngowvia CT Neuro Perfusion VB40), recently defined thresh-
olds for infarcted and hypoperfused tissues (relative cerebral
blood flow (rCBF) < 30% and Tmax > 6 s, respectively) were
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2,4,9-11,14,16-19)
used””

Targeted mismatching ratio was defined to be more than 1.8. It
was calculated from the ischemic penumbra area divided the isch-
emic core are. Acute stroke MRI studies have described diffusion
weighted image (DWI) and perfusion weighted image (PWTI)
techniques elsewhere™”. A P/D-mismatching profile was defined
asa PWI lesion > 180% or more of the DWI lesion’”. Recanaliza-
tion was measured using the thrombolysis in cerebral infarction
(TICI) score. Successful recanalization was defined as TICI grade
2b/37.

In patients treated with IA-Tx, a follow-up plain CT image was
obtained immediately after IA-Tx. Clinically significant ICH was
defined as a hemorrhage identified on the follow-up CT scan asso-
ciated with a 4 point or greater increase in National Institute of
Health Stroke Score (NIHSS) score, consistent with the European
Cooperative Acute Stroke Study (ECASS) I & 11 criteria' ",
Reperfusion injury was defined as a disastrous outcome in the
form of fatal edema or intracranial hemorrhage that concomitantly
reversed benefits of re-establishing CBF following mechanical or

chemical therapies for acute ischemic stroke'**”.
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Intraarterial thrombectomy

Angiographic images (Artis Q biplane; Siemens Medical Sys-
tems, Nucich, Germany) were obtained using standard techniques.
Usually, the right-side groin was prepped and draped in a sterile
fashion. The femoral artery was catheterized with an 8-French
sheath and 7-F Terumo guidewire (Terumo Inc., Somerset, NJ,
USA) and a 6-French Cello balloon guide catheter (ev3, Irvine,
CA, USA) or a Sofia intermediate catheter (MicroVention, Aliso
Viejo, CA, USA) in some cases were inserted through the guiding
catheter. Multiple runs in multiple views were obtained to identify
the site of occlusion. The diseased segment was catheterized highly
selectively with a Marksman (ev3, Irvine, CA, USA) and Synchro
2 (Boston Scientific, Natick, MA, USA). Mechanical thrombecto-
my was performed using a Solitaire FR device (ev3, Irvine, CA,
USA), a Trevo 18 microcatheter (Stryker, Kalamazoo, MI, USA),
and Penumbra suction devices combining an outer Penumbra
catheter and an inner Rebar 18 microcatheter (ev3, Irvine, CA,
USA). The stent was usually deployed and kept in place about five
minutes. It was then retrieved with aspiration through the balloon
guide device. This procedure was repeated until the occlusion site
opened. However, in some patients, recanalization efforts failed or
the stent device became detached at the occluded site. After IA-Tx
procedure, all patients were transferred to the neurosurgical inten-

sive care unit for several days.

Surgery indications for decomprssive craniectomy
and postoperative management

DC indications were the followings : (1) the appearance of mas-
sive unilateral brain swelling on computed tomography (CT) scans
with correlating clinical deterioration, (2) worsening of Glasgow
Coma scale (GCS) score < 8 and/or dilated pupils that were un-
responsive to light, (3) midline shift of more than 6 mm, and/or
(4) obliteration of cistern structures on CT scans.23,24) Patients
with primary fatal brainstem failure, indicated by an initial and per-
sisting GCS score of 3 and/or bilaterally fixed and dilated pupils,
were excluded from the surgical decompression. After the decom-
pressive surgery, conventional medical managements, including
hyperosmotic agents, hyperventilation, and extraventricular drain-
age (EVD), were initiated if the ventricular pressure exceeded 20
mmHg.

Variables assessed

Factors included age, sex, NIHSS score on admission, IV-tPA
administration or not, P/D-mismatch on visual analysis on stroke
MRI image and digitalized computerized analysis on CTP image,
and time from the onset of symptoms to IA-Tx intervention, reca-
nalization rate, complications, and clinical outcomes were analyzed.

32

Jae-Yong Shim et al.

Clinical results were analyzed according to the MRI based analy-
sis and digital analysis (Syngowia program) in CTP group. A favor-
able or good outcome was defined as a mRS score of 0 to 2. Com-
plications including postoperative clinical significant ICH, massive

brain edema and reperfusion injuryH‘ZS) .

Statistical analyses

All data are presented as a mean * standard deviation and/or a
median. A Wilcoxon signed-rank test was used to analyze NIHSS
score and mRS. Unpaired t-test and Fisher's exact test were used to
analyze results between groups. Statistical analyses for each out-
come were analyzed using SPSS® software version 20 (IBM, Ar-
monk, NY, USA). For all statistical analyses, significance level was
defined at p-value < 0.0S.

Clinical outcomes according to the MRI group and
CTP group

Patient demographic and clinical results between the MRI group
and the CTP group were compared in Table 1. The mean initial
neurologic status (evaluated with NIHSS) was 13.2 £ 6.3 (medi-
an: 12) for the MRI group and 12.6 * 6.8 (median: 13) for the
CTP group, showing no significant difference between the two
groups (p=0.520) (Table 1).

Favorable outcome (modified Rankin Score: 0-2), mortality, re-
canalization, and clinically significant hemorrhage was 56.3%
(45/80), 6.25% (5/80), 81.3% (65/80) and 25% (20/80) in MRI
group and 4.9% (62/138), 8.9%(18/138), 91.3%(126/138) and
40.6% (56/138) in CTP group (p=0.000, 0.235, 0.007 and
0.013).

Recanalization rate was 81.3% (65/80) in the MRI study group
and 91.3% (126/138) in the CT study group (p=0.007) (Table 1).
Reperfusion injury (27.5% in CT group vs, 15.0% in MR group,
p=0.018) but favorable outcome was high $5.0% vs. 44.9$,
p=0.00) in the MRI study group.

Compare the clinical outcomes according to IV-tPA
or not

Administration of IV-tPA before IA-Tx did not influence patient
outcomes or complications (data not shown). The percentages of
patients with successful recanalization, favorable outcomes, or
those who died or had hemorrhagic complications after receiving
IV-tPA was (90.5%, 49.2%, 4.8%, and 31.7%, respectively) did not
differ significantly from those in patients who did not receive IV-
tPA (86.3%, 50.0%, 6.3%, and 37.5%, p=0.306, p=0.530,
p=0.498, and p = 0.295, respectively).

www.e-jnic.org



Comparison the Perfusion/Diffusion mismatching

Complications according to the MRI group and CTP
group

Compare the MRI group and CTP group showed that clinical
significant ICH was identified in 25.0% (20/80) of patients in the
MRI study group and in 40.6% (56/138 of patients in the CTP
study group (p=0.004). After the successful recanalization by IA-
Tx, reperfusion injury developed in 40.0% (32/80) of patients in
the MRI-based group and in 50.9% (32/63) in the CTP-based
group (p=0.013). In this analysis, mortality did not differ signifi-
cantly between the both groups 6.3% in the CT group vs. 8.9% in
the MR group, p=0.235) (Table 1).

Reopening of the occluded vessels before critical cell damage
occurs is main principal of cerebral ischemic stroke treatment.
During the last several decades, various methods to treat stroke
have been developed, with each having its treatment successes and
limitations'™*'>'*'**”. After the NINDS study, IV-tPA administra-
tion within 3 hours from symptom onset without contraindication
has become the standard treatment for ischemic stroke patientss) .
Since the ECASS I study, the critical therapeutic window was ex-
tended to up to 4.5 hours after ischemic symptom onset”. IV-tPA
therapy has the merit of early beginning of treatment and limita-
tions of poor recanalization rate and various contraindication for
administration. And bridging therapy, in which IV-tPA and IA-Tx
are combined, has been reported to result in high successful reca-

nalization rate over 80-90% of patients with acceptable safe-
4,13-15,23,27,28)

ty

More recently, recanalization and favorable clinical outcomes af-
ter IA-Tx with or without IV-tPA in major LVO have been reported
to be better than those of IV-tPA only””. But in some instance,
even after a successful reperfusion by the IA-Tx, the treatment re-
sult is ultimately futile because the patient’s neurologic status
shows no improvement'”. While in some instance, patient out-
comes are favorable although reperfusion treatment is initiated af-
ter what would normally be considered the therapeutic window
has passedm']s).

The success of recanalization of LVO, is increasing thanks to the
development of new thrombolysis devices and greater interven-
tional experience. However, without proper patient selection pro-
tocols, reperfusion therapy may cause unexpected complications
and lead to worse clinical outcomes'”. Brain imaging technique
gettidfng more and more important to select patients, fit for the
reperfusion therapy. To find the ischemic penumbra on brain im-
age had tried over the last several decades™ """,

At the beginning of IV-tPA treatment, non-contrast CT scan was
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employed as the standard diagnostic image to exclude ICH.
Nowadays, advanced dynamic imaging techniques such as CTA,
CTP, and acute stroke MRI have become importantq'l 113-162527,28)
It is becoming increasingly important to evaluate the viability of
ischemic tissues to improve therapeutic results because the phys-
iologic state is unique for each patientg‘lg'm . Until now, an MRI
based P/D-mismatching is thought to be the best approach for
proper patient selection. Many studies have assessed the merit
and definition of MRI based P/D-mismatching for patient selec-
tion in IV-tPA or IA-Tx treatment”*”"*"****”, The specified crite-
ria for the target mismatch profile on several diagnostic image
technique were summarized on previous studies. These criteria
were: 1) ratio between volumes of critically hypoperfused tissue
and the ischemic core of 1.8 or more, 2) an absolute difference
between the infarction core and the penumbra area of 15 mL or
more; 3) ischemic core volume of less than 70 mL; and 4) less
than 100 mL of tissue with a severe delay in bolus arrival (T max
6 5)2,9,1 1,13-15,17,19,24,29,30)'

Quantitative CTP based, P/D-mismatch classification using
CBF and Tmax is similar to perfusion-diffusion MRI. The greater
accessibility of CTP may facilitate the generalizability of P/D-mis-
match based selection in clinical practice and trials' V),

Although P/D-mismatching identified in an MRI study is the
best tool for selecting acute ischemic stroke patients, this method
has some practical drawbacks. To obtain an MRI image, a quite
long extra time is required. If the patient with metallic implants in
the body is a contraindication, some patients with neurologic or
respiratory problems may find it impossible to tolerate the MRI
process long enough to produce a diagnostic image. In addition, it
is impossible on MRI based image study to calculate the mismatch-
ing amount in a digitalized program”'***'**". During the
COVID-19 pandemic season, MRI studies to evaluate the infarc-
tion core or P/D-mismatch are practically problematic for those
with suspected COVID-19 infection or febrile patients. Many pa-
pers already reported that CTP based computerized digital analysis
for patient selection for P/D-mismatching is as effective as MRI
based method'"™"?.

From this study, P/D-mismatching patients in visual analysis
showed favorable outcome (modified Rankin Score: 0-2) was
55.0% (44/80) in MRI group and 44.9% (62/138) at digitalized
computerized analysis in CTP group (p = 0.000).

Recanalization rate, mortality, clinical significant ICH, and
reperfusion injury were variables according to patients and man-
aged interverntionists not by treatment methods. Many previous
studies have reported that IV-tPA administration before IA-Tx does
not influence clinical outcomes™****.,

Massive brain edema and clinical significant ICH after IV-tPA or
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IA-Tx are defined as reperfusion injurieszz). In some patients, fail to
improve clinical results despite evident recanalization. This might
occur due to incomplete tissue reperfusion, injury of the neurovas-
cular unit, and/or distal microthrombosis, which has been termed
a “no-reflow phenomenon.” On the other end, there is unregulated
reperfusion with hemorrhagic transformation. This process occurs
due to activation of inflammatory mediators along with an im-
paired autoregulatory of the brain vasculature. These factors can
predispose blood extravasation when the ischemic brain tissue is
ultimately reperfused'**”*”,

Decompressive craniectomy (DC) to treat massive brain edema
caused by major infarction patients is regarded as effective treat-
ment option for patient survival **", However, in this study, we did
not evaluate the clinical significance of DC treatment because sur-
gical intervention was entirely decided by the neurosurgeon who
was in charge of each patient, various surgical indication and surgi-
cal method were applied.

In order to improve clinical outcomes and lessen the complica-
tions in acute stroke patients, identifying the ischemic core and
the penumbra area from the brain image is the most important for
patient selection. From this study, MRI based mismatching analy-
sis showed similar clinical outcomes as CTP base mismatching
patients selection method, Author would like to emphasize that
for image analysis P/D-mismatching from MRI and CTP was
similar but for improve the clinical outcome after treatment, prop-
er patient selection and gentle manage the IA-Tx devices is im-
portant.

Limitations

Several limitations in our study, this study was not randomized
control study. Both image study was not taken at same patients.
And according to neurosurgeon, IA-Tx technique and decision
make is somewhat different. Except for the P/D-mismatching
analysis image technique, other treatments applied as same as pos-
sible.

CONCLUSION

In order to improve clinical outcomes and lessen the complica-
tions in acute stroke patients, identifying the ischemic core and the
penumbra area, P/D-mismatching, is the most important for pa-
tient selection. From this study, the CT based P/D-mismatching
analysis showed same clinical outcomes as the MR base P/D-mis-
matching analysis, and genteelly management of the IA-Tx devices
is important, avoid to make a complications.
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Over the recent years, the field of Neurosurgery has witnessed a major transformation in the dissem-
ination of knowledge and professional development using virtual webinars. This change has primarily
been accelerated after the COVID-19 pandemic and the associated ‘social dista.ncing’l). As the health-
care system was faced with unprecedented changes, the utilization of online platforms for neurosurgi-
cal education emerged pivotal in bridging the gap created by restricted in person interactions”. Groups
such as the Society for Neuro-Oncology (SNO), World Federation of Neurosurgical Societies
(WENS), Neurosurgery Cocktail, American Association of Neurological Surgeons (AANS) and Con-
gress of Neurological Surgeons (CNS) committees have transformed their annual meetings and con-
ferences into an online format”. Neurotrauma webinars have been held with societies in Latin America
(La Federacién Latinoamericana de Sociedades de Neurocirugia [FLANC]), Asia (Asian Australasian
Society of Neurological Surgeons [AASNS]), Africa (Continental Association of African Neurological
Surgeons [CAANS]), and the Asian Congress of Neurological Surgeons (ACNS)". All the above
mentioned associations as well as European Association of Neurosurgical Societies (EANS) are effec-
tively taking forward this dynamic approach of virtual education, not only for the neurosurgery resi-
dents and physicians but for the medical students in their academic years as well, aiding them in mak-
ing better career choices”.

Hence, this practice is on the rise and rightly so. These advancements in online neurosurgical educa-
tion have dismantled the geographical barriers allowing neurosurgeons from all over the world direct
access to knowledge and expertise. This makes the whole platform extremely inclusive”. This inclusiv-
ity is further complemented by the live Q/A sessions, fostering the idea of better engagement and im-
mediate feedback. Financially, it provides a cost effective alternative to the in person conferences by re-
ducing expenses associated with travel and accommodation, something that significantly benefits doc-
tors in low income areas and underdeveloped countries”. Another great benefit in learning that virtual
webinars provide is in the opportunity to review the recorded lectures at a later time. This reinforces
the learning and enables better grasp on the knowledge at the ease of the learner. In a research conduct-
ed with neurosurgery residents, it showed that they demonstrated a keen interest and increasing appre-
ciation for this medium of learning and as this new generation is the developer of the future curricu-

lum, it speaks significantly of how the approach to medical education is rapidly becoming digitalized7) .
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However, at the same time where online webinars provide easy
accessibility to medical information they do reduce the avenues of
professional networking. The sheer importance of face to face in-
teraction for personal learning and professional skill building is
something that is undeniable. Professional code of conduct and in-
teraction is rarely something that can be efficiently learnt while be-
ing in the confines of one’s room, alone. Online webinars thus, can
hamper the culture of team building that eventually might have an
impact on the overall work place dynamic in the longer run”.
Moreover, with the passage of time, various studies and interviews
with the neurosurgery residents and physicians have demonstrated
that despite advances in technology and virtual learning, it still is
unable to mimic the in depth experience of learning and attain-
ment of practical skills that the hands-on, in-person learning has to
offer. This does mean that virtual learning platform cannot be re-
lied upon as a sole means of education and that it still significantly
requires improvements by the use of artificial intelligence technol-
ogies and new software facilities, something that is underway”.
However, the technical difficulties related to the availability of sta-
ble internet connectivity and high quality 3D simulators to per-
form and practice procedures on continues to be an affordability
issue for a major chunk of the under privileged nations. This cre-
ates a discrepancy in the quality of learning and medical practice
demonstrated by the neurosurgical community as a whole””. In
addition to that, viewer attention span and concentration during
online seminars has also been noticed to have an impact on the
outcome. Studies demonstrate that the maximum attention span
of an adult is no more than 20 minutes and so a need to make the
webinars more viewer- friendly exists'. This can be done by mak-
ing webinars more interactive allowing active engagement of its
viewers, reducing the duration of the webinar, and allowing break
rooms something that EANS and AANS virtual webinars current-
ly do incorporate. With this growing advancement in the techno-
logical field it is unfair to ignore the difficulty that the older genera-
tion of neurosurgeons and attending find in getting comfortable
with this up rise of virtual education and demonstrated here” and
so due attention should be paid to this aspect as well.

Looking ahead, balancing the convenience of online webinars
with irreplaceable value of hands on experiences and in person in-
teractions remains crucial for the holistic development of neuro-
surgery as a field. The importance of in person learning for skill de-
velopment cannot be denied and thus online education avenues
can only be used as adjuncts to the traditional ways. Furthermore,
improving the existing quality of virtual webinars is paramount as
well. Webinar based neurosurgery can evolve by better incorporat-
ing specialized, hands-on virtual training modules, enabling sur-
geons to practice procedures in a simulated environment. Integrat-
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ing advanced technologies like 3D modeling, augmented reality, or
surgical simulations within these webinars can and will enhance
the understanding and skill development8>. Online medical educa-
tion in neurosurgery should continue to be a collaborative platform
where global neurosurgeons share experiences and innovative
techniques to enrich the learning experience and advance the field
collectively. With the world becoming so rapidly digitalized, it is
only appropriate that medical field makes use of it in the most dili-
gent way possible. However, avenues to make this virtual platform
best suited to the demands of the field of neurosurgery is going to
be an uphill continuous effort.
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