
Journal of N
eurointensive Care

Vol.3 · N
o.2 · O

ctober 2020

eISSN  2635-5280

Vol. 3 · No. 2 · October 2020



Vol. 3 · No. 2 · October 2020

Aims and Scope
Journal of Neurointensive Care (J Neurointensive Care, JNIC) is the official journal of the Korean Neurointensive 
Care Society and is published biannually (the last day of April and October). It is a peer reviewed, open access 
journal aimed at publishing all aspects of neurointensive care medicine, such as stroke, brain and spine trauma, 
perioperative neurosurgical intensive care, neuro-pediatric severe anormaly, CNS infection, seizure, myelitis and 
etc. It is intended for all neurointensive care providers as neurosurgeons, neurologists, anesthesiologists, emergency 
physicians, and critical care nurses treating patients with urgent neurologic disorders.

Open Access
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 noncommercial use, 
distribution, and reproduction in any medium, provided the original work is properly cited.

Subscription information
The Korean Neurointensive Care Society will send J Neurointensive Care for free to some important individuals 
and institutions. Full text PDF files are also available at the official website (http://www.e-jnic.org). To order a 
subscription to J Neurointensive Care, please contact out editorial office.

Publisher: Jeong-Taik Kwon

Editors-in-Chief: Dong-Hyuk Park

Editorial Office
Department of Neurosurgery, Korea University College of Medicine
73, Inchon-ro, Seongbuk-gu, Seoul 02841, Korea
Tel: +82-2-920-6833    Fax: +82-2-929-0629    E-mail: jnic.editor@gmail.com

Printing Office M2community Co.
8th FL, DreamTower, 66 Seongsui-ro, Seongdong-gu, Seoul 04784, Korea
Tel: +82-2-2190-7300   Fax: +82-2-2190-7333   E-mail: journal@m2community.co.kr

Copyright © 2020 by Korean Neurointensive Care Society
∞This paper meets the requirements of KS X ISO 9706, ISO 9706-1994 and ANSI/NISO Z39.48-1992 (Permanence of Paper)

eISSN 2635-5280
http://www.e-jnic.org



Editors-in-Chief

Dong-Hyuk Park  Korea University, Korea

Associate Editor

Jun Seok W. Hur  Korea University, Korea 

Editorial Board

Jin Hwan Cheong  Hanyang University, Korea
Won-Sang Cho  Seoul National University, Korea
Kyu-Sun Choi  Hanyang University, Korea
Joon ho Chung  Yonsei University, Korea
Eun Jin Ha  Seoul National University, Korea
Kyung Sool Jang  The Catholic University of Korea, Korea
Ju Ho Jeong  Dongguk University, Korea
Kwang Wook Jo  The Catholic University of Korea, Korea
Sung Pil Joo  Chonnam National University, Korea
Chang-Hyun Kim  Keimyung University, Korea
Tae Gon Kim  CHA University, Korea
Young Jin Kim  Dankook University, Korea
Young Woo Kim  The Catholic University of Korea, Korea
Young Zoon Kim  Sungkyunkwan University, Korea
Doo-Sik Kong  Sungkyunkwan University, Korea
Hyon-Jo Kwon  Chungnam National University, Korea
Soon Chan Kwon  Ulsan University, Korea
Jong-Young Lee  Hallym University, Korea
Sang Weon Lee  Pusan National University, Korea
Sung Ho Lee  Kyung-Hee University, Korea
Taek Kyun Nam  Chung-Ang University, Korea
Cheol Wan Park  Gachon University, Korea
Jun Bum Park  Ulsan University, Korea
Keun Young Park  Yonsei University, Korea
Young Seok Park  Chonbuk National University, Korea
Jeong-Am Ryu  Sungkyunkwan University, Korea
Sang Woo Song  Konkuk University, Korea
Chan Jong Yoo  Gachon University, Korea

Editorial Board

eISSN 2635-5280
http://www.e-jnic.org



CONTENTS

Review Article

29 Current Prophylactic Hypothermia for Intracranial Hypertension after Traumatic Brain Injury 
 Joohyun Kim, Sang-Hoon Lee, Junseok W Hur, Kyung-Jae Park, Jang-Bo Lee, Shin-Hyuk Kang, Tai-Hyoung Cho, Jung-Yul Park, 
 Yong-Gu Jung, Dong-Hyuk Park

Original Articles

33 Predictors for Unfavorable Outcomes and Recurrence after Endovascular Treatment for Ruptured Intracranial Aneurysms
 Junwon Kim, Haewon Roh, Sang-il Suh, Taek-Hyun Kwon, Won Ki Yoon

42 Consultation Patterns of Neurosurgical Patients Admitted to Intensive Care Units Vary with Neurointensivist 
 Co-management

 Hyunjun Cho, Yun Im Lee, Jeong-Am Ryu

48 Optimal Timing and Complications of Cranioplasty: A Single-Center Retrospective Review of 109 Cases
 Young-Mook Kim, Taejoon Park, Sang-Pyung Lee, Jin-wook Baek, Kyoung-Soo Ryou, Seong-Hwan Kim

58 Analysis of Elevated Serum Amylases, Lipase Levels in Neurointensive Care Unit Based on Abdominal CT Scan
 Mu Seung Park, Jin Seo Yang, Hyuk Jai Choi, Jin Pyeong Jeon, Suk Hyung Kang, Yong Jun Cho

64 Acute and Subacute Deterioration in Elderly Acute Subdural Hematoma Patients Who Were Initially Managed with 
 Non-Surgical Treatment

 Seung Hoon Lee, Tae Woo Kim, Hyung Sik Shin, Yong Soon Hwang, Sun Yoon Chung

Case Report

71 Spontaneous Disappearance and Recanalization of Ruptured Pericallosal Artery Aneurysm
 Seung Hoon Lee, Chang Kyu Park, Sun Yoon Chung

Vol. 3 · No. 2 · October 2020



INTRODUCTION 

After a report on the effect of hypothermia on minimizing brain 
damage following cardiac arrest, many hypothermia studies have 
been conducted on patients with traumatic brain injury (TBI)1-3). 
Among them, there were studies that hypothermia in TBI patients 
lowers intracranial pressure (ICP) caused by cerebral edema and 
improves the patient’s outcome4). On the other hand, in a recent 
multicenter randomized controlled trial (RCT) study in adults, the 
authors concluded that the effect of hypothermia treatment could 
not be confirmed5). There have been disagreements regarding the 
effectiveness of hypothermia for patients with TBI. A large number 
of medical providers are in effort to set a standard treatment guide-
line for hypothermia after TBI patients to use hypothermia as a 
complementary treatment option of controlling ICP. Since then, 
large-scale studies have been conducted on the application of hy-

Hypothermia performed in patients with traumatic brain injury (TBI) reduces cerebral metabo-
lism and cerebral blood flow, subsequently decreasing intracranial pressure (ICP). There have 
been many disagreements about the effectiveness of prophylactic hypothermia in its clinical appli-
cation. Until now, hypothermia has been used without standardized treatment guidelines and per-
formed by each medical provider’s personal judgment. Recently, a large-scale randomized con-
trolled trial regarding hypothermia was conducted, and it concluded that the early use of therapeu-
tic hypothermia in the staged management of ICP elevation is not beneficial. Therefore, it is our 
latest knowledge that it is difficult to derive a standardized treatment protocol for prophylactic hy-
pothermia in TBI patients, and also, it is not advantageous to the patient.

Keywords: Hypothermia; Traumatic brain injury; Intracranial pressure; Intracranial hypertension
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pothermia to patients with TBI in various centers under different 
conditions. Therefore, we would like to examine the possibility of 
deriving a standard treatment guideline by analyzing the clinical 
applications and treatment outcome of hypothermia for patients 
with TBI, recently published through several large-scale studies.

PATHOPHYSIOLOGY 

When the body temperature decreases, the brain’s metabolism 
decreases by 6-10% per degree, and the energy demand decreas-
es6). As the cell membrane is stabilized, the indiscriminate influx of 
sodium and calcium ions and consequent cerebral edema decreas-
es7). In addition, hypothermia suppresses apoptosis, reduces the 
influx of polymorphonuclear leukocytes into the brain tissue and 
secretion of cytokines, thereby reducing the inflammatory re-
sponse. As a result, it shows a neuroprotective effect and a decrease 
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in ICP caused by ischemia or TBI8,9).  

CLINICAL APPLICATIONS OF HYPOTHERMIA 

Hypothermia was induced for TBI patients who were unre-
sponsive to stage 1 treatments (defined as mechanical ventila-
tion, sedation, head of bed to 30°, analgesia, cerebral perfusion 
pressure optimization, +/- ventriculostomy, or +/- surgical re-
moval of space-occupying lesions) and who were ICP of > 20 
mmHg for at least 5 minutes10,11). A bolus of intravenous, refrig-
erated 0.9% sodium chloride (20 to 30 ml per kilogram of body 
weight) was administered and after that maintained with each 

site’s usual cooling technique. Patients randomized into the hy-
pothermia group received therapeutic temperature modulation 
(TTM) with an initial target of 35°C12), but the temperature was 
lowered incrementally down to as low as 32 °C until ICP was 
below 20 mmHg. Hypertonic solutions were then administered 
only if hypothermia was ineffective. Patients in the control 
group received hypertonic solutions once stage-1 therapies had 
failed to bring the ICP to ≤  20 mmHg. Once hypothermia 
started, it was maintained for at least 48 h and then re-warmed 
at a rate of 0.25°C per hour if ICPs were under control. The pri-
mary outcome was scored using the Extended Glasgow Out-
come Scale (GOS-E) at 6 months (Fig. 1)11). 

Intracranial pressure >20 mm Hg within 10 days after injury

Stage 3 Options (if required)
Continued medical care 
Barbiturate therapy with processed EEG monitoring 
Decompressive craniectomy 
Further surgical intervention if required

Day 28, Hospital Discharge, or Death
MOHS grade, length of stay in ICU and hospital

6-Mo Follow-up
GOS-E score

Stage 1

Stage 2

Stage 3

Trial Follow-up

Hypothermia Group 
Continue stage 1 treatments and initiate hypothermia 
Add stage 2 treatments only if needed 
Barbiturates not permitted

Control Group
Continue stage 1 treatments and add stage 2 treatments without 

therapeutic hypothermia 
Stage 2 treatment: 

Mannitol (maintain serum osmolarity
<315 mOsm per kilogram of water) 
Hypertonic saline (avoid in hyponatremia,caution with cardiac or 

pulmonary problems) 
Inotropes to maintain cerebral perfusionpressure 260 mm Hg 
Barbiturates not permitted

Fig. 1. Stages of therapeutic management and trial follow-up (adopted from Andrews PJ et al.)11). CSF, denotes cerebrospinal fluid; EEG, 
electroencephalographic; GOS-E, Extended glasgow outcome scale; ICU, intensive care unit; MOHS, modified oxford handicap scale.

Traumatic Brain Injury 
Stage 1 treatment:

Admission to ICU 
Mechanical ventilation 
Sedation 
Analgesia with or without paralysis 
Head of bed elevated to 30 degrees 
Intravenous fluids with or without inotropes to maintain
mean arterial pressure 280 mm Hg 

Stage 1 options:
Ventriculostomy with or without CSF drainage 
Surgical removal of space-occupying lesions
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TREATMENT EFFECT OF HYPOTHERMIA 

According to the previously published meta-analysis regarding 
the role of hypothermia in patients with TBI, hypothermia showed 
significant improvement on survival rate and functional recovery 
rate13,14). Contrary to the previous knowledge, a recently conducted 
multicenter RCT study concluded that hypothermia did not lead 
to any positive outcomes than conventional treatment11,15,16). 
While prophylactic hypothermia after TBI has been extensively 
studied in the “National Acute Brain Injury Study: Hypothermia” 
(NABISH)15) trials and “Prophylactic Hypothermia Trial to Less-
en Traumatic Brain Injury” (POLAR) RCT with little success, the 
specific use of “late-rescue” hypothermia to treat intracranial hy-
pertension after TBI has acquired less attention16). Euro-
Therm3235, another open-label RCT study, compared use versus 
non-use of hypothermia prior to administering hypertonic solu-
tions as a part of a staged treatment of intracranial hypertension af-
ter TBI11). In contrast to expectations, hypothermia did not show a 
superior effect compared to conventional treatment in large-scale 
studies. One of the possible explanations for no change would be 
the timing of rewarming coinciding with the point at which cere-
bral edema worsens17). Other feasible reasons include TBI’s mech-
anism being different from that of brain injury caused by cardiac 
arrest and medical provider’s ineptness in controlling the patient’s 
fluid volume and blood pressure17). 

The trial was initially designed to enroll 600 patients. However, 
it terminated early after recording and randomizing 387 subjects 
due to undesirable outcomes in the hypothermia group. The ad-
justed common odds ratio for the GOS-E score was 1.53 (95% 
confidence interval, 1.02 to 2.30; P = 0.04), indicating that the hy-
pothermia group had a more unsatisfactory outcome than in the 
control group. A favorable outcome (GOS-E score of 5 to 8, indi-
cating moderate disability or good recovery) was yielded in 26% of 
the patients in the hypothermia group compared to 37% in the 
control group (p = 0.03)11). This trial addressed convincing evi-
dence that application of hypothermia to 32-35 °C likely has more 
risks than benefits for treatment of intracranial hypertension in 
TBI10). 

However, many centers still perform hypothermia when the fol-
lowing conditions arise during the treatment of traumatic brain in-
jury patients, and these conditions have not been studied in Euro-
therm3235 trials10). 

a) Use only after hypertonic solutions have failed, 
b) For more severe ICP elevations ( >  25–30 mmHg), or 
c) Only after barbiturate coma has failed.

The efficacy of hypothermia in these clinical situations remains 
unclear, especially with patients who have severe, refractory elevat-
ed ICP. Many centers still continue to utilize TTM management to 
33 °C for patients with ICP >  25 mmHg who have failed hyper-
tonic solutions in order to reduce the use of barbiturate-induced 
coma. However, there is no evidence refuting nor supporting this 
treatment. 

CONCLUSION 

The early use of therapeutic hypothermia in the staged manage-
ment of ICP elevation is not beneficial10). There is also growing ev-
idence that prophylactic hypothermia does not improve patients’ 
outcomes and does not have a significant effect on intracranial hy-
pertension. As stated in the earlier NABISH trials, it is our latest 
knowledge that it is difficult to derive a standard treatment proto-
col for prophylactic hypothermia in TBI patients, and also it is not 
beneficial to the patient. 
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Objective 
With current increase in the use endovascular treatment (EVT) for ruptured aneurysms, it is im-
portant to recognize factors associated with unfavorable outcomes and recurrence in patients with 
subarachnoid hemorrhage (SAH) treated with endovascular coiling. This study aimed to identify 
the predictors of unfavorable outcomes and recurrence in patients who received EVT for ruptured 
aneurysms. 
Methods 
102 patients who were treated with an endovascular procedure for a ruptured aneurysm, including 
both stent-assisted and non-stent-assisted coil embolizations, were enrolled in this study. A retro-
spective analysis was performed to identify significant predictors of unfavorable outcomes and re-
currence. 
Results 
At the last follow-up, 72 patients (70.59%) showed a favorable outcome (modified Rankin Scale 
[mRS] score: 0–2), while 30 patients (29.41%) showed an unfavorable outcome (mRS score: 
3–6). In the univariate and multivariate logistic regression analyses, the following variables were 
found to be the significant predictors of unfavorable outcomes among patients with all-grade 
SAH: initial Hunt–Hess grade (p = 0.02), periprocedural complications (p = 0.01), and external 
ventricular drainage (EVD) (p = 0.03), while those among patients with good-grade SAH (Hunt–
Hess grades 1–3) were as follows: age (p = 0.009), re-bleeding before treatment (p = 0.002), EVD 
(p = 0.003), and delayed cerebral ischemia (p = 0.04). Further, the aneurysm volume (p = 0.043) 
and initial Raymond classification (p = 0.04) were found to be significantly correlated with recur-
rence.Conclusion: There are various predictors of unexpected unfavorable outcomes and recur-
rence in patients who receive EVT for ruptured aneurysms. Therefore, careful individualized con-
sideration is necessary for patients with acute SAH who plan to receive EVT. 

Keywords: Endovascular treatment; Risk factors; Patient outcome assessment; Treatment out-
come; Subarachnoid hemorrhage
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INTRODUCTION 

Endovascular treatments for ruptured aneurysms have progres-
sively replaced clipping since the International Subarachnoid An-
eurysm Trial was published in 20026,13,19,21,28). In addition, the rapid 
advancements in endovascular technology have expanded the in-
dications for securing ruptured aneurysms using endovascular 
treatment1). However, subarachnoid hemorrhage (SAH) remains 
associated with an overall mortality of approximately 50%2). Even 
in survivors of SAH, unfavorable neuropsychological outcomes are 
common, and the recurrence rate is relatively high15,23). Previous 
studies have identified several factors associated with unfavorable 
outcomes or recurrence in SAH16,25,26). However, most of these 
studies were performed on heterogeneous patient groups that re-
ceived surgical clipping or endovascular coiling. To the best of our 
knowledge, risk factor analyses of unfavorable outcomes and recur-
rence in patients with aneurysmal SAH treated with endovascular 
coiling only are scarce30). With the current increase in the use of en-
dovascular treatment for ruptured aneurysms, it is important to 
recognize factors associated with unfavorable outcomes and recur-
rence in patients with SAH treated with endovascular coiling de-
serves emphasis. Therefore, we performed a retrospective analysis 
to identify the predictors of unfavorable outcomes and recurrence 
in patients with SAH who received endovascular treatment. 

MATERIALS AND METHODS 

General 
A total of 411 ruptured aneurysms were treated in our institute 

between January 2011 and December 2017, and 124 of these were 
treated with an endovascular method (287 aneurysms treated with 
surgical clipping were excluded). Of these 124 aneurysms, 12 dis-
secting aneurysms treated with stents only, 4 aneurysms related to 
Moyamoya disease, 5 aneurysms with arteriovenous malforma-
tion, and 1 mycotic aneurysm were excluded. Therefore, a total of 
102 aneurysms that were treated with an endovascular method, in-
cluding both non-stent-assisted coil embolization and stent-assist-
ed coil embolization (SAC), in 102 patients were included in the 
study (Fig. 1). 

Clinical outcomes were measured using the modified Rankin 
Scale (mRS) at the last follow-up. Based on the mRS score at the 
last follow-up, patients were categorized into the following two 
groups: favorable outcome (mRS score: 0–2) and unfavorable out-
come (mRS score: 3–6). Before analyzing the clinical aggravation 
factors in patients with good-grade SAH, we defined good-grade 
SAH as SAH with an initial Hun–Hess scale score of 1–3 and 
poor-grade SAH as SAH with an initial Hunt–Hess scale score of 

4–5. The volumes of the aneurysms were measured using a web-
site-based open source calculator (http://www.angiocalc.com; 
Angiocalc® LLC, Charlottesville, Virginia) and were based on their 
digital subtraction angiographic findings. Any aneurysm with an 
increased filling of contrast in the neck or body was considered a 
recurrence, regardless of the need for retreatment. All proce-
dure-related complications were also reported, regardless of their 
clinical significance. Thromboembolic complications were con-
firmed as intraprocedural angiographic evidence or brain magnetic 
resonance imaging findings that were consistent with those for 
acute cerebral infarction. Hydrocephalus was diagnosed using 
brain computed tomography (CT) in the presence of neurological 
deterioration. Delayed cerebral ischemia (DCI) was diagnosed as 
the presence of vasospasm after careful exclusion of other causes. 

Our institutional review board approved this retrospective study, 
and the need for informed consent was waived owing to its retro-
spective nature. 

Endovascular treatment 
All procedures were performed under general anesthesia. Sys-

temic heparinization was maintained in all patients via the admin-
istration of normal saline mixed with heparin at a concentration of 
3 units of heparin per 1 mL of saline. After the achievement of suf-
ficient aneurysm obliteration, an intravenous 50 U/kg dose of hep-
arin was injected as a bolus, and for achieving a 2.5-fold higher level 
of the baseline activated clotting time during the procedure, several 
intermittent boluses of heparin were additionally administered. In 
patients treated with SAC, immediate postoperative administration 
of 100 mg acetylsalicylic acid and 400 mg clopidogrel was per-
formed; thereafter, 100 mg acetylsalicylic acid and 75 mg clopido-
grel were administered daily for at least 3 months followed by life-

January 2011 – December 2017
A total of 411 ruptured aneurysms

Exclusion:
287 aneurysms that were treated with surgical clipping

Exclusion:
12 dissecting aneurysms

4 aneurysms with moya moya disease
5 aneurysms with arteriovenous malformation

1 mycotic aneurysms

A total of 124 aneurysms that were treated 
with endovascular treatment

A total of 102 aneurysms that were treated with endovascular treatment in acute 
SAH were enrolled

Fig. 1. Flow chart of participant inclusion.
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long administration of 100 mg acetylsalicylic acid. The decision to 
perform SAC was based on the aneurysm morphology and the re-
lationship between the parent artery and aneurysm. Self-expand-
ing stents (mainly Enterprise®; Cordis, Miami Lakes, Florida) were 
used in all cases of SAC for wide-necked aneurysms ( > 4 mm) and 
for aneurysms with an unfavorable dome-to-neck ratio ( < 1.5) and 
as a rescue method when the coils bailed out into the parent artery. 
The aneurysms were embolized with various bare-platinum coils 
at the surgeon’s preference. Radiographic follow-up using digital 
subtraction angiography (DSA), computed tomography angiogra-
phy (CTA), or magnetic resonance angiography (MRA) was con-
ducted after endovascular treatment as part of a routine protocol at 
our hospital; plain skull radiography was conducted at 3, 6, and 12 
months after treatment, MRA at 6 and 24 months after treatment, 
and DSA at 1 and 3 years after treatment if there were abnormal 
findings on CTA or MRA. 

Statistical analysis 
Data were collected and expressed as means and standard devia-

tions for continuous variables and frequencies or percentages for 
categorical variables. We analyzed these variables using an unpaired 
t-test, the chi-square test, and Fisher’s exact test. Multivariate and 
univariate logistic regression analyses for unfavorable outcomes 
and recurrence were conducted. For the multivariate logistic re-
gression analysis, all factors that showed significance in the univari-
ate logistic regression analysis were included. A prognostic model 
that included the significant factors in the multivariate logistic re-
gression analysis for unfavorable outcomes was created, and the 
area under the receiver operating characteristic curve (AUROC) 
was used to test the model’s prediction ability. An AUROC of 
> 0.80 indicated excellent discrimination.15 A p-value of ≤ 0.05 
was considered statistically significant. All analyses in the present 
study were performed using the Statistical Package for Social Sci-
ences (Version 21; IBM, Armonk, New York). 

RESULTS 

Favorable outcomes versus unfavorable outcomes 
The baseline demographics and details of favorable outcome 

and unfavorable outcome groups are shown in Table 1. The mean 
clinical follow-up duration of the entire cohort was 790.00 (range, 
8–1869) days. A total of 71 patients were available for angiographic 
follow-up, and their mean angiographic follow-up duration was 
704.69 (range, 176–1855) days. At the last follow-up, 72 patients 
(70.59%) showed a favorable outcome, while 30 patients (29.41%) 
showed an unfavorable outcome (Fig. 2). Of the 15 patients who 
showed an mRS score of 6 (dead) at the last follow-up, 10 patients 

died from increased intracranial pressure during hospitalization. 
Therefore, the rate of in-hospital mortality was 9.80%. 

The comparison analysis between the two groups showed that 
patients in the unfavorable outcome group were older than those 
in the favorable outcome group (p <  0.001). In addition, there 
were significant differences in the initial Glasgow coma scale 
(GCS) score, Hunt–Hess grade, and modified Fisher grade be-
tween the two groups. The unfavorable outcome group constitut-
ed more patients treated with external ventricular drainage (EVD) 
in the acute phase of SAH than the favorable outcome group 
(60.00% vs. 12.50%, p <  0.001, odds ratio [OR] =  10.500, 95% 
confidence interval [CI] =  3.82–28.84). Of the entire cohort, a to-
tal of six patients underwent decompressive craniectomy after their 
ruptured aneurysms were secured to reduce their increased intra-
cranial pressure. The unfavorable outcome group constituted more 
patients who underwent decompressive craniectomy than the fa-
vorable outcome group (p =  0.008, OR =  14.200, 95% CI =  
1.581–127.501). A total of six patients had re-rupture of their rup-
tured aneurysm before treatment; among these patients, five 
showed an unfavorable outcome and one was discharged with 
mild memory impairment and a headache. 

No significant differences in the aneurysm characteristics were 
observed between the two groups. The overall rate of periproce-
dural complications was 13.72%, including nine cases of intrapro-
cedural thromboembolism (8.82%), one case of re-rupture during 
the procedure (0.98%), three cases of remote hemorrhage 
(2.94%), and one case of re-bleeding after successful embolization 
(0.98%). The rate of periprocedural complications in the unfavor-
able outcome group was higher than that in the favorable outcome 
group (33.33% vs. 5.56%, p =  0.001, OR =  8.50, 95% CI =  2.40–
30.03). Compared to patients in the favorable outcome group, a 
larger number of patients in the unfavorable outcome group need-
ed shunt operations for hydrocephalus (33.33% vs. 15.28%, p =  
0.04, OR =  2.77, 95% CI =  1.02–7.49). The rate of DCI in the 
two groups was similar. The rate of recurrence in all patients was 
29.58%, and there was no significant difference between the two 
groups. 

Predictors of unfavorable outcomes 
The results of the univariate and multivariate logistic regression 

analyses for unfavorable outcomes are presented in Table 2. In the 
univariate logistic regression analysis, older age (p <  0.001), initial 
lower GCS score (p <  0.001), initial higher Hunt– Hess grade (p 
<  0.001), higher modified Fisher grade (p <  0.001), decompres-
sive craniectomy (p =  0.02), re-bleeding before treatment (p =  
0.02), periprocedural complications (p =  0.001), EVD (p <  
0.001), and longer clinical follow-up duration (p =  0.03) were sig-
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nificantly associated with unfavorable outcomes. Aneurysm geom-
etry, such as the size of the dome or neck, and volume were not rel-
evant factors. In the multivariate logistic regression analysis, a high-
er initial Hunt–Hess grade (p =  0.02), periprocedural complica-
tions (p =  0.01), and EVD (p =  0.03) were found to be the signif-
icant predictors associated with unfavorable outcomes. 

Subgroup analysis for the unfavorable outcomes of 
patients with good-grade SAH 

Our cohort included 75 patients with good-grade SAH (initial 
Hunt–Hess grades 1–3) and 27 patients with poor-grade SAH 
(initial Hunt–Hess grades 4–5). 

The results of the univariate and multivariate logistic regression 
analyses for the predictive factors of unfavorable outcomes in pa-
tients with good-grade SAH are presented in Table 3. In the uni-
variate logistic regression analysis, older age (p =  0.002), re-bleed-

Table 1. Baseline dem ographics. Of 102 patients, 71 (69.61%) were available for angiographic follow-up

Entire cohort (n=102) Favorable outcome  
(mRS 0-2, n=72)

Unfavorable outcome  
(mRS 3-6, n=30) p-value

Age† 57.65 ± 12.20 54.61 ± 10.33 64.96 ± 13.36 <.001
Female (%)‡ 72 (70.5) 52 (72.22) 20 (66.67) 0.58
Initial GCS† 12.08 ± 3.77 13.08 ±3.02 9.70 ± 4.33 <.001
Hunt-Hess Grade† 2.73 ± 0.94 2.47 ± 0.78 3.36 ±0.99 <.001
Modified Fisher Gradef 2.50 ±1.19 2.22 ± 114 3.20 ± 1.03 <.001
ICH presence‡ 2 (1.96) 2(2.78) 0 >.99
EVD presence‡ 27 (26.47) 9(12.50) 1 8 (60.00) <.001
Decompressive craniectomy 6 (5.88) 1 (1.39) 5 (16.67) 0.008
Rebleeding before treatment 6 (5.88) 1 (1.39) 5 (16.67) 0.008
Aneurysm characteristics
 Location (anterior circulation, %)‡ 36(35.29) 28 (38.89) 8 (26.67) 0.24
 Neck (mm)† 4.07 ± 2.05 3.90 ± 1.96 4.47 ± 2.24 0.21
 Diameter (mm)† 6.04 ± 3.49 5.69 ±3.60 6.86 ±3.12 0.13
 Height (mm)† 5.63 ±3.31 5.38 ±3.35 6.22 ± 3.18 0.25
 Volume (cc)† 0.23 ± 0.62 0.23 ± 0.72 0.24 ±0.31 0.94
Endovascular treatment
 Operation time (min)† 59.30 ± 28.82 55.91 ±28.55 67.27 ±28.36 0.08
 SAC‡ 38 (37.25) 25 ( 34.72) 13 (43.33) 0.41
 Interval time between diagnosis and treatment (days)† 1.36 ±3.81 1.04 ±2.51 2.13 ±5.85 0.33
Peri-procedural complications 14(13.72) 4(5.56) 10 (33.33) 0.001
DCI‡ 10 (9.80) 9(12.5) 1 (3.33) 0.27
Shunt-dependent HDC‡ 21 (20.59) 11 (15.28) 10 (33.33) 0.04
Clinical and radiological Outcomes
 Mortality‡ 10 (9.80) 0 10(33.33) <.001
 Final mRS† 1.95 ±2119 0.63 ± 0.67 5.10 ± 1.06 <.001
 Initial Raymond classification‡ 1.44 ± 0.51 1.48 ± 0.53 1.33 ±0.47 0.16
 Final Ray iiiund classilication† 1.49 ± 0.60 1.46 ± 0.59 1.75+0.70 0.21
 Recurrence‡ 21/71 19/63 2/8 >.99
GCS: Glasgow coma scale, ICH: Intracerebral hemorrhage, EVD: Extraventricular drainage, ACT: Activated clotting time, SAC: Stent-assisted coil 
embolization, DCI: Delayed cerebral ischemia, HDC: Hydrocephalus, mRS: modified Rankin Scale.
†One-paired student t-test.
‡Fisher’s exact test or chi-square test.
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Fig. 2. Outcomes measured using the modified Rankin Scale at the 
latest follow-up.
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ing before treatment (p =  0.05), EVD (p =  0.001), and develop-
ment of DCI (p =  0.05) were significantly associated with unfa-
vorable outcomes; similarly, all these factors were identified as the 
significant predictors of unfavorable outcomes in the multivariate 
logistic regression analysis. However, the analysis of patients with 
poor-grade SAH did not reveal any significant predictive factors of 
unfavorable outcomes (results not shown in the table). 

Prognostic model for unfavorable outcomes 
Prognostic models that were based on the findings of the mul-

tivariate logistic regression analysis of unfavorable outcomes 
were created for patients with all-grade SAH and good-grade 
SAH (Fig. 3). The prognostic model for patients with all-grade 
SAH included the initial Hunt–Hess grade, EVD, and periproce-
dural complications. The prognostic model for patients with good-
grade SAH included age, re-bleeding before treatment, DCI, and 
EVD. Both prognostic models showed excellent discrimination; 
the prognostic model for unfavorable outcomes in patients with 
all-grade SAH had an AUROC of 0.877 (p <  0.001, 95% CI =  
0.807–0.947) and that in patients with good-grade SAH had an 
AUROC of 0.909 (p <  0.001, 95% CI =  0.784–1.000). 

Predictors of recurrence 
The following factors were found to be the significant predictors 

of recurrence in the univariate logistic regression analysis: larger 
aneurysm neck diameter (p =  0.02), larger maximal aneurysm di-
ameter (p =  0.02), greater aneurysm height (p =  0.01), larger an-
eurysm volume (p =  0.04), and initial Raymond classification (p 
=  0.04). Conversely, the following factors were found to be the 
significant predictors in the multivariate logistic regression analy-
sis: aneurysm volume (p =  0.04) and initial Raymond classifica-
tion (p =  0.04) (Table 4). 

Subgroup analysis for recurrence (SAC versus coil 
embolization without stenting) 

The following factors were tested in the univariate logistic re-
gression analysis of patients treated with coil embolization without 
stenting: age (p =  0.43), aneurysm location (p =  0.25), aneurysm 
neck (p =  0.009), aneurysm diameter (p =  0.03), aneurysm 
height (p =  0.06), aneurysm volume (p =  0.06), initial Raymond 
classification (p =  0.007), and angiographic follow-up duration (p 
=  0.51). However, only the following factors were found to be sig-
nificantly correlated with recurrence in the multivariate logistic re-
gression analysis: aneurysm neck (p =  0.04) and initial Raymond 
classification (p =  0.03) (Table 5). These same factors were tested 

Table 2. Predictors of unfavorable outcomes

Factors
Univariate analysis Multivariate analysis

Odds ratio 95% CI p-value Odds ratio 95% CI p-value
Age 1.081 1.037-1.127 <.001 - - -
Initial GCS 0.791 0.701-0.891 <.001 - - -
Initial HH 2.895 1.731-4.840 <.001 30.870 1.787-533.408 .02
Modified Fisher Grade 2.231 1.432-3.477 <.001
Decompress i\e- cramiechmiy 14.200 1.581-127.501 .02
Re-bleeding before Ireatmenl 14.200 1.58-127.501 .02 - - -
Pcrip roced u ra 1 8.50 2.40-30.031 .001 8.882 1.235-63.870 .01
complications
EVD presence 10.500 3.822-28.847 <.001 6.370 1.140-35.602 .03
Clinical follow-up days 0.999 0.998-1.000 .03 - - -

CI: Confidence interval, GCS: Glasgow coma, scale, HH: Hunt-Hess grade, EVD: Extraventricular drainage.

Table 3. Predictors of unfavorable outcomes in good-grade subarachnoid hemorrhage

Factors
Univariate analysis Multivariate analysis

Odds ratio 95% CI p-value Odds ratio 95% CI p-value
Age 1.102 1.036-1.173 .002 1.142 1.034-1.261 .009
Re-bleeding before treatment 12.400 1.02-149.806 .05 187.030 6.766-5170.36 .002
EVD presence 14.286 2.795-73.017 .001 60.158 3.865-936.43 .003
DCI 12.400 1.026-149.806 .05 23.211 1.256-429.001 .04

EVD: Extraventricular drainage, DCI: Delayed cerebral ischemia.

37www.e-jnic.org

Analysis of SAH patients receiving EVT Junwon Kim et al.



in the univariate logistic regression analysis of patients treated with 
SAC. However, no significant predictors of recurrence of aneurysm 
in patients treated with SAC were observed: age (p =  0.62), aneu-
rysm location (p =  0.93), aneurysm neck (p =  0.25), aneurysm 
diameter (p =  0.24), aneurysm height (p =  0.10), aneurysm vol-
ume (p =  0.36), initial Raymond classification (p =  0.98), and 
angiographic follow-up duration (p =  0.60). 

DISCUSSION 

The current study demonstrated that various clinical variables 
are associated with unfavorable outcomes or recurrence in patients 
with SAH who are treated with endovascular coil embolization. 
The prognostic models that included the significant factors in the 
multivariate logistic regression analysis revealed an excellent dis-
crimination of unfavorable outcomes in patients with all-grade 
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Fig. 3. Area under the receiver operating characteristic curves (AUROCs) for the prediction of undesirable outcomes in the prognostic models. 
(Left) The prognostic model of unfavorable outcomes for the patients with all-grade subarachnoid hemorrhage (SAH) had an AUROC of 0.877 
(p < 0.001, 95% confidence interval [CI] = 0.807–0.947). (Right) The prognostic model of unfavorable outcomes for the patients with good-
grade SAH had an AUROC of 0.909 (p < 0.001, 95% CI = 0.784–1.000).

Table 4. Predictors of recurrence

Factors
Univariate analysis Multivariate analysis

Odds ratio 95% Cl p-value Odds ratio 95% Cl p-value
Aneurysm neck 1.348 1.045-1.739 .02 - - -
Aneurysm diameter 1.197 1.031-1.390 .02 - - -
Aneurysm height 1.279 1.055-1.551 .01 - - -
Aneurysm volume 10.077 1.098-92.511 .04 11.127 1.079-114.744 .04
Initial Raymond classification 2.830 1.041-7.690 .04 3.129 1.062-9.215 .04

CI: Confidence interval.

Table 5. Predictors of recurrence in patients treated with coil embolization without a stent in subarachnoid hemorrhage

Factors
Univ ariate analysis Multivariate analysis

Odds ratio 95% Cl p-value Odds ratio 95% Cl p-valuc
Aneurvsm neck 2.186 1.221-3.915 .009 1.987 1.048-3.767 .04
Aneurvsm diameter 1.289 1.031-1.611 .03 - - -
Initial raymond classification 8.250 1.774-38.364 .007 6.313 1.208-32.986 .03

CI: Confidence interval.
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SAH and good-grade SAH. 
Aneurysmal SAH has a mortality rate of 50% and is a leading 

cause of cerebrovascular mortality5,14,18,20,27). Since the introduction 
of endovascular methods for treating cerebral aneurysms by Gug-
lielmi et al., these treatment strategies are currently accepted, with 
surgical clipping of the neck of the aneurysm as the standard treat-
ment modality for cerebral aneurysms1,4,6,7,11,21,28). Traditionally, the 
predictive factors of unfavorable surgical outcomes in patients with 
aneurysmal SAH included the following: poor initial neurological 
status, presence of hydrocephalus, large aneurysm, complexity of 
the anatomy, high Fisher grade, presence of a posterior circulation 
aneurysm, and old age25). However, the predictors for patients who 
receive endovascular treatment only for ruptured aneurysms have 
not been extensively studied30). 

Our comparison analysis between the favorable and unfavorable 
outcome groups revealed results almost identical to those of previ-
ous studies that also included patients treated with surgical clip-
ping16,25,26). Old age, poor initial neurological status, high Fisher 
grade, EVD, decompressive craniectomy for poor-grade SAH, and 
re-bleeding before treatment were the significantly different factors 
observed between the two groups. However, the geometry of the 
aneurysm was not a relevant factor. Our results can be explained by 
the advent of endovascular treatment with fewer technical limita-
tions related to brain swelling and no brain manipulation. Geomet-
rical complexity can be overcome by various dedicated techniques 
of endovascular treatment for ruptured aneurysms, such as multi-
ple catheterization, balloon assistance, and stent assistance. These 
techniques can increase the rate of a thromboembolic complica-
tion; however, such complications can be prevented by adequate 
heparinization and postoperative medication. Several studies have 
shown that there is no significant difference in the clinical out-
comes between stent-assisted and non-stent-assisted techniques 
for ruptured aneurysms3,29). 

The multivariate logistic regression analysis in our study revealed 
that the initial Hunt–Hess grade, periprocedural complications, 
and need for EVD were predictive factors of unfavorable outcomes. 
However, neurologically poor patients frequently require EVD for 
intracranial pressure relief. Therefore, the initial Hunt–Hess grade 
and periprocedural complications are the truly meaningful predic-
tive factors of unfavorable clinical outcomes. In our cohort, the 
periprocedural complication rate was high at 13.72%. The majority 
of complications were thromboembolic in nature, which should be 
addressed with a delicate medical prevention protocol12). 

During postoperative care, we frequently encountered clinical 
aggravation in patients with an initial good-grade SAH. Owing to 
the good preoperative condition of patients with good-grade SAH, 
clinical aggravation was easy to identify in this subpopulation of 

patients. Therefore, a subgroup analysis of our cohort was per-
formed to compare patients with good-grade SAH and poor-grade 
SAH and identify the cause of aggravation. The subgroup analysis 
revealed that old age, re-bleeding before treatment, EVD, and DCI 
were significantly associated with unfavorable outcomes among 
patients with an initial good-grade SAH. Numerous previous stud-
ies have reported that re-bleeding before treatment is highly associ-
ated with unfavorable outcomes and a high mortality rate17,22,25). In 
addition, DCI is also a well-known severe complication in patients 
with SAH and occurs in 19%–63% of patients with acute SAH8,10). 
Our subgroup analysis results for patients with good-grade SAH 
suggest that early obliteration of the ruptured aneurysm and ag-
gressive monitoring, prevention, and management of DCI are 
mandatory for the treatment of these patients. Because old age and 
the need for EVD are fixed factors that cannot be altered, other 
modifiable factors, such as early treatment of ruptured aneurysms 
and management with tight surveillance of DCI, should be ad-
dressed with high attention. 

We found no significant predictors of unfavorable outcomes in 
patients with poor-grade SAH. However, many previous studies 
have suggested significant factors that are related to clinical out-
comes in patients with poor-grade SAH5,16,26,27). Shirao et al. report-
ed that older age, a high Fisher grade, and a low density area associ-
ated with vasospasm on CT were independent predictors of unfa-
vorable clinical outcomes in patients with poor-grade SAH (World 
Federation of Neurosurgical Society grades 4–5) treated with sur-
gical clipping or endovascular coiling26). Schuss et al. reported that 
various predictors were significantly associated with unfavorable 
outcomes in patients with poor-grade SAH; however, they indicat-
ed that an early and aggressive treatment could result in favorable 
outcomes in up to 24% of these patients25). 

Recurrence is the primary disadvantage of endovascular coiling 
compared to clipping, and many studies have been published on 
recurrence and its prevention9,23). The rates of recurrence vary from 
17% to 90%23).The rate of recurrence in this study was 29.58%, and 
the significant predictive factors of recurrence in our cohort were 
the volume of the aneurysm and initial Raymond classification. 
Numerous previous studies have reported a lower risk of recur-
rence with SAC than with coil embolization without stenting24). 
However, the rate of recurrence in patients treated with SAC in our 
study was similar to that in patients treated with coil embolization 
without stenting. The underlying mechanism for this similarity is 
not clear, but it may be related to the follow-up loss and the uneven 
follow-up durations in our cohort. 

The subgroup analysis of the predictive factors of recurrence in 
coil embolization without stenting showed the aneurysm neck size 
and initial Raymond classification as the predictive factors. How-
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ever, no predictive factors were found in patients treated with SAC. 
Thus, we hypothesized that the aneurysm neck covered by a de-
ployed stent could make its size insignificant to induce recurrence. 

There are several limitations in our study. This study was a retro-
spective, single-center study with a relatively small sample size. Ra-
diologic follow-ups were not performed for all patients. Al-
most-ruptured aneurysms located in the middle cerebral artery 
were treated with surgical clipping rather than endovascular treat-
ment at our institute; therefore, there was patient selection bias, 
and the effect of the location of the aneurysm was not considered 
in the analysis. The physiological condition and combined mor-
bidity of individualized patients, such as pneumonia or cardiac dis-
ease, were also not considered in this study. 

CONCLUSIONS 

In this study, a high initial Hunt–Hess grade, periprocedural 
complications, and need for EVD were the predictive factors of un-
favorable outcomes in patients with SAH treated with endovascu-
lar coil embolization. The factors associated with clinical aggrava-
tion in patients with good-grade SAH were age, re-bleeding before 
treatment, and development of DCI. Therefore, every patient with 
good-grade SAH should be treated with early intervention and 
thorough strategies to reduce periprocedural complications and 
manage DCI. Recurrence was related to the aneurysm volume, 
neck size, and initial obliteration rate; this implicates that the pur-
suit of complete embolization is required for reduction of the re-
currence rate. 
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Objective 
To evaluate the consultation patterns in the neurosurgical intensive care unit (ICU) and the neu-
rointensivist factors that may influence consultations. 
Methods 
This was a retrospective, single-center, observational study of neurosurgical patients admitted to 
ICU from January 2013 to December 2019. In this study, only formal consultation was defined as 
the consultation, but curbside consultation was excluded. 
Results 
A total of 12,743 patients were analyzed in this study. Malignancy (54.6%) and hypertension 
(30.6%) were the most common comorbidities. Brain tumor (43.0%) and microvascular decom-
pression (17.6%) were the most common reasons for ICU admission. Among total neurosurgical 
patients, 3,056 (24.0%) patients had 8,789 consultations during their ICU stay. The departments 
of Infectious disease (27.9%), Pediatrics (9.6%) and Rehabilitation (9.6%) were the three most 
frequently consulted specialties, accounting for up to 47.1% of all the consultations. The frequen-
cy of the consultations involving infectious disease and pediatric services except for permission to 
use restricted antibiotics, and consultation services involving neurology, pulmonology and respi-
ratory care by respiratory therapists were reduced compared to levels before neurointensivist 
co-management. However, the consultations with otorhinolaryngologists, radiologists and endo-
crinologists were increased compared to levels after neurointensivist co-management. Consulta-
tions replied within 24h before initiation of neurointensivist co-management were increased. 
Conclusion 
In this study, we were able to identify an interesting consultation patterns of neurosurgical and 
neurocritically ill patients. Neurointensivist co-management may have an impact on the consulta-
tion under general and neurocritical management. 
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INTRODUCTION 

Neurosurgical and neurocritically ill patients admitted to the in-
tensive care unit (ICU) may have other medical and surgical prob-
lems as well as neurosurgical issues16). Neurocritically ill patients 
and old neurosurgical patients often exhibit various comorbidi-
ties2,5,10). Therefore, they may frequently manifest various ailments 
during their ICU stay. The timely evaluation of heart diseases and 
airway or pulmonary complaints is critical2,5,10). Therefore, consul-
tation with different medical and surgical subspecialists is an im-
portant strategy to manage the care of these patients. However, 
there is limited data regarding the consultation patterns of neuro-
surgical patients in the ICU. 

Neurointensivists are specialists equipped with skills and exper-
tise to manage various aspects of neurosurgical and neurocritically 
ill patients admitted to the ICU. They focus on the management of 
patients with acute neurological conditions including traumatic 
brain injury, stroke, status epilepticus, and neuromuscular respira-
tory failure as well as general critical care1,3,16,17). Therefore, neuro-
intensivist co-management may affect the consultation patterns of 
these patients. 

We conducted a retrospective observational study of neurosurgi-
cal and neurocritically ill patients who were admitted to the ICU. 
The objective of this study was to evaluate the consultation pat-
terns in the neurosurgical ICU and identify the neurointensivist 
factors that may influence the consultations of these patients under 
the care of general and neurocritical managements. 

MATERIALS AND METHODS 

Study population and design 
This was a retrospective, single-center, observational study of 

neurosurgical patients admitted to the ICU at Samsung Medical 
Center from January 2013 to December 2019. This study was ap-
proved by the Institutional Review Board of Samsung Medical 
Center (approval number: SMC 2020-09-082). The requirement 
for informed consent was waived due to its retrospective nature. 
We included neurosurgical patients admitted to the ICU during 
the study period. We excluded patients who had insufficient medi-
cal records. 

Definitions and outcomes 
All consecutive neurosurgical and neurocritically ill patients ad-

mitted to the ICU were evaluated in this study. The following data 
were extracted from Clinical Data Warehouse on ICU admission: 
age, sex, comorbidity, severity score, and reasons for ICU admis-
sion. Data regarding consultations of neurosurgical patients were 

also obtained through the Clinical Data Warehouse. The initial 
Glasgow Coma Scale (GCS) was defined as the best GCS within 
24 h of ICU admission. The severity of illness was assessed by the 
Acute Physiology and Chronic Health Evaluation II (APACHE II) 
scores9). In this study, only formal consultation was defined as the 
consultation, whereas curbside consultation was excluded4). 

Neurointensivist co-management was initiated on October 1, 
201416). During the co-management period, the neurointensivist 
worked for 6 days per week during the daytime. The neurointen-
sivist was involved in various aspects of care, such as general critical 
care, neurocritical care and post-operative management, including 
hemodynamic monitoring, nutritional support, and use of me-
chanical ventilation and renal replacement therapy, neuro-moni-
toring, and control of malignant intracranial hypertension16). The 
neurocritical care team consisted of an attending neurointensivist, 
neurosurgical resident, critical care dietitian and pharmacist16). 

We evaluated the overall consultation patterns of the neurosurgi-
cal patients in the ICU and compared the consultation patterns be-
fore and after initiation of mandatory neurointensivist co-manage-
ment.  

Statistical analyses  
Our center has constructed the “Clinical Data Warehouse Dar-

win-C” designed for investigators to search and retrieve de-identi-
fied medical records from the electronic archive system. After final-
izing the patient list for this study, the clinical data and laboratory 
data were extracted from the Clinical Data Warehouse Darwin-C. 
All data are presented as means ±  standard deviations for continu-
ous variables and numbers (percentages) for categorical variables. 
Data were compared using Student’s t-test for continuous variables 
and the chi-square test or Fisher’s exact test for categorical vari-
ables. All tests were two-sided and p values of less than 0.05 were 
considered statistically significant. All data were analyzed using R 
Statistical Software (version 4.0.2; R Foundation for Statistical 
Computing, Vienna, Austria). 

RESULTS 

Baseline characteristics 
A total of 12,743 patients were analyzed. Among these patients, 

a quarter of patients (3,353) were admitted to an ICU other than 
the neurosurgery ICU. The mean age of all patients was 48.8 ±  
19.8 years. The study included 5,630 (44.2%) male patients. Ma-
lignancy (54.6%) and hypertension (30.6%) were the most com-
mon comorbidities. Brain tumors (43.0%) and microvascular de-
compressions (17.6%) were the most common reasons for ICU 
admission. GCS and APACHE II scores on ICU admission were 
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higher in patients compared with levels before initiation of neuro-
intensivist co-management (both p < 0.001) (Table 1). 

Consultations patterns before and after neurointensivist 
co-management 

Among 12,743 neurosurgical patients, 3,056 (24.0%) had 8,789 
consultations during their ICU stay. Half of all the consulted pa-
tients (1,337) needed two and more consultations (Table 2). 

Among the departments consulted, Infectious diseases (27.9%), 
Pediatrics (9.6%) and Rehabilitation (9.6%) were the three most 
frequently consulted specialties (Fig. 1). These services constitut-
ed 47.1% of the total consultations. Routine and emergent consul-
tations (64.4%) and permission to use restricted antibiotics 
(21.5%) were the most common types of consultations. Half of all 
the emergent consultations were determined by a surgeon. 

The routine and emergent consultations with Infectious disease 

Table 1. Demographics and clinical factor of patients in neurointensive care unit who had elevated pancreatic enzymes

Before (N=3,457) After (N=9,286) Total (N=12,743) p-value
Age (yr) — mean ± SD 47.6 ± 20.4 49.3 ± 19.5 48.8 ± 19.8 < 0.001
Gender, male — no. of patients (%) 1,579 (45.7) 4,051 (43.6) 5,630 (44.2) 0.04
Comorbidities — no. of patients (%)
 Malignancy 1,844 (53.3) 5,108 (55.0) 6,952 (54.6) 0.097
 Hypertension 972 (28.1) 2,927 (31.5) 3,899 (30.6) < 0.001
 Dyslipidemia 572 (16.5) 1,745 (18.8) 2,317 (18.2) 0.004
 Diabetes mellitus 475 (13.7) 1309 (14.1) 1784 (14.0) 0.627
 Chronic kidney disease 104 (3.0) 252 (2.7) 356 (2.8) 0.403
 Chronic liver disease 65 (1.9) 155 (1.7) 220 (1.7) 0.461
 Cardiovascular disease 61 (1.8) 159 (1.7) 220 (1.7) 0.901
Cause of ICU admission — no. of patients (%) < 0.001
 Brain tumor 1,402 (40.6) 4,081 (43.9) 5,483 (43.0)
 Microvascular decompression 575 (16.6) 1,664 (17.9) 2,239 (17.6)
 Elective vascular surgery 522 (15.1) 1,464 (15.8) 1,986 (15.6)
 Intracranial hemorrhage 177 (5.1) 380 (4.1) 557 (4.4)
 Traumatic brain injury 175 (5.1) 339 (3.7) 514 (4.0)
 Subarachnoid hemorrhage 132 (3.8) 332 (3.6) 464 (3.6)
 Spinal surgery 114 (3.3) 236 (2.5) 350 (2.7)
 Congenital anomaly 38 (1.1) 108 (1.2) 146 (1.1)
 Central nerve system infection 35 (1.0) 80 (0.9) 115 (0.9)
 Cerebral infarction 34 (1.0) 39 (0.4) 73 (0.6)
 Others 253 (7.3) 563 (6.1) 816 (6.4)
Initially admitted ICU— no. of patients (%) < 0.001
 Neurosurgical ICU 2,317 (67.0) 7,073 (76.2) 9,390 (73.7)
 Other ICUs 1,140 (33.0) 2,213 (23.8) 3,353 (26.3)
GCS on ICU admission — mean ± SD 14.3 ± 2.2 14.7 ± 1.5 14.6 ± 1.7 < 0.001
APACHE II score on ICU admission — mean ± SD 4.3 ± 5.2 3.3 ± 4.4 3.6 ± 4.6 < 0.001

ICU: intensive care unit; SD: standard deviation; GCS: Glasgow Coma Scale; APACHE: Acute Physiology and Chronic Health Evaluation.

Table 2. Demographics and clinical factor of patients in neurointensive care unit who had elevated pancreatic enzymes

Before (N=3,457) After (N=9,286) Total (N=12,743) p-value
Number of consultation — no. of patients (%) 0.003
 0 2,557 (74.0) 7,130 (76.8) 9,687 (76.0)
 1 472 (13.7) 1,207 (13.0) 1,679 (13.2)
 2 158 (4.6) 391 (4.2) 549 (4.3)
 3 83 (2.4) 170 (1.8) 253 (2.0)
 4 45 (1.3) 110 (1.2) 155 (1.2)
 5 and more 142 (4.1) 278 (3.0) 420 (3.3)
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and Pediatrics specialists except permission to use restricted antibi-
otics, and those involving Neurology, Pulmonology and Respirato-
ry Care by a respiratory therapist were significantly decreased com-
pared to the levels before neurointensivist co-management. Howev-
er, the consultations with Otorhinolaryngology, Radiology and En-
docrinology departments were increased compared to the levels af-
ter initiation of neurointensivist co-management. The consultations 
replied within 24h were also increased after compared to the levels 
before initiation of neurointensivist co-management (Table 3). 

DISCUSSION 

In this study, we investigated the consultation patterns and the 
neurointensivist factors that may influence the consultations of 
neurosurgical and neurocritically ill patients under the care of gen-
eral and neurocritical managements. The major findings are as fol-
lows. First, a quarter of patients admitted to the ICUs needed con-
sultations for medical or other surgical supports, and a half of them 
needed two or more consultations. Second, Infectious disease, Pe-
diatrics and Rehabilitation were the three most frequently consult-
ed specialty services. Third, consultations with Infectious disease 
and Pediatrics experts except for permission to use restricted anti-
biotics and those involving Neurology, Pulmonology and Respira-
tory Care services by respiratory therapist were significantly de-
creased compared to the levels before initiation of neurointensivist 
co-management. Fourth, the frequency of the consultations replied 
within 24h increased compared to the level before initiation of 
neurointensivist co-management. 

Neurosurgical and neurocritically ill patients carry various co-

morbidities and complications during their ICU stay6,7,12,15). Car-
diopulmonary complications are particularly common in elderly 
neurosurgical patients and neurocritically ill patients6,15,16). In addi-
tion, postoperative infectious complications are not uncom-
mon6,13). It may be difficult to manage pediatric patients unless a 
pediatrician is available. Therefore, consultations with medical and 
other surgical subspecialties play an important role in patient’s 
treatment. Recently, early rehabilitation has been emphasized in 
neurosurgical ICU14). Early mobilization of critically ill patients has 
been shown to reduce the complications associated with critical ill-
ness8,11). Therefore, based on comorbidities, complications and re-
habilitative treatment trends, Infectious disease, Pediatrics and Re-
habilitation experts might be the three most frequently consulted 
professionals by neurosurgical patients in this study. 

Neurointensivists are critical care physicians specifically focused 
on the management of neurocritically ill patients1,3,16,17). Because of 
this increasing complexity of acute care involving the neurocritically 
ill patients, a multidisciplinary approach to neurocritical care is nec-
essary16). The frequency of infectious, pediatric and respiratory con-
sultations was reduced after neurointensivist co-management, 
which may be related to general critical care by neurointensivist. 
However, the frequency of cardiologist consultation was not signifi-
cantly different between before and after neurointensivist co-man-
agement. Following prior assessment by neurointensivist, a cardiol-
ogist consultation was performed to confirm acute coronary syn-
drome in this study. The increase in Otorhinolaryngology consulta-
tion was due to an increase in endoscopic pituitary surgery. The re-
sponse period for the consultation was shortened compared to the 
response before initiation of neurointensivist co-management, 
which may be because the neurointensivist requested prompt re-
sponses from a specialist in cases of emergent consultation. 

This study has several limitations. First, it was a retrospective re-
view of medical records and the data extracted from Clinical Data 
Warehouse. Second, most requests for consultation were deter-
mined by neurosurgeon. It was not protocol-based. Therefore, the 
non-randomized nature of registry data might have resulted in se-
lection bias. Third, the distribution of neurosurgical diseases was 
different from that of the general neurosurgery ICU, and the pro-
portion of patients with brain tumors was particularly high. Finally, 
the neurointensivist in this study is a neurologist trained to manage 
all aspects of critically ill patients in medical and surgical ICUs. The 
treatment approach of this neurointensivist might have influenced 
the consultation patterns of neurocritically ill patients16). 

CONCLUSION 

In this study, we were able to identify an interesting consultation 
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Table 3. Distribution of consultations before and after neurointensivist co-management

Before (N=2,963) After (N=5,826) Total (N=8,789) p-value
Consulted department — no. of patients (%)
 Infectious disease total 840 (28.3) 1,615 (27.7) 2,455 (27.9) 0.551
  Routine consultation 326 (11.0) 457 (7.8) 783 (8.9) < 0.001
  Permission to use restricted antibiotic 514 (17.3) 1,158 (19.9) 1,672 (19.0) 0.005
 Pediatrics total 316 (10.7) 528 (9.1) 844 (9.6) 0.018
  Routine consultation 236 ( 8.0) 386 (6.6) 622 (7.1) 0.023
  Permission to use restricted antibiotic 80 (2.7) 142 (2.4) 222 (2.5) 0.503
 Rehabilitation 302 (10.2) 541 (9.3) 843 (9.6) 0.185
 Otorhinolaryngology 201 (6.8) 583 (10.0) 784 (8.9) < 0.001
 Radiology 181 (6.1) 455 (7.8) 636 (7.2) 0.004
 Cardiology 144 (4.9) 318 (5.5) 462 (5.3) 0.255
 General surgery 81 (2.7) 173 (3.0) 254 (2.9) 0.578
 Oncology 76 (2.6) 151 (2.6) 227 (2.6) 0.997
 Neurology 92 (3.1) 134 (2.3) 226 (2.6) 0.029
 Pulmonology 92 (3.1) 123 (2.1) 215 (2.4) 0.005
 Gastroenterology 73 (2.5) 141 (2.4) 214 (2.4) 0.959
 Pharmacology 55 (1.9) 132 (2.3) 187 (2.1) 0.238
 Endocrinology 41 (1.4) 138 (2.4) 179 (2.0) 0.003
 Nephrology 67 (2.3) 99 (1.7) 166 (1.9) 0.081
 Respiratory care by respiratory therapist 35 (1.2) 35 (0.6) 70 (0.8) 0.006
 Nutritional support 16 (0.5) 46 (0.8) 62 (0.7) 0.235
 Others 351 (11.8) 614 (10.5) 965 (11.0) 0.069
Type of consultation — no. of patients (%) 0.001
 Routine and emergent consultation 1,996 (67.4) 3,661 (62.8) 5,657 (64.4)
 Permission to use restricted antibiotic 594 (20.0) 1,300 (22.3) 1,894 (21.5)
 Request for examination 302 (10.2) 687 (11.8) 989 (11.3)
 Pill identification 55 (1.9) 132 (2.3) 187 (2.1)
 Nutrition support 16 (0.5) 46 (0.8) 62 (0.7)
Consultation replied within 24h — no. of patients (%) 1,476 (49.8) 3,838 (65.9) 5,314 (60.5) < 0.001
Emergent consultation — no. of patients (%) 218 (7.4) 471 (8.1) 689 (7.8) 0.247
Reasons of emergent consultation — no. of patients (%) 0.556
 Judgement of surgeon 124 (57.4) 264 (55.3) 388 (56.0)
 Acute deterioration of disease 53 (24.5) 114 (23.9) 167 (24.1)
 Instability of patients’ vital signs 17 (7.9) 52 (10.9) 69 (10.0)
 For emergent operation 22 (10.2) 44 (9.2) 66 (9.5)
 Others 0 (0) 3 (0.6) 3 (0.4)

patterns of neurosurgical and neurocritically ill patients. Neuroin-
tensivist co-management may affect the consultation patterns of 
these patients under the care of general and neurocritical manage-
ment. 
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INTRODUCTION 

Cranioplasty is the surgical procedure used to repair surgical 

Objective 
Cranioplasty is the surgical reparation of decompressive craniectomy. Although cranioplasty is 
performed for cosmetic and functional benefits, and is a simple surgical procedure, it is usually as-
sociated with a relatively high complication rate, ranging from 10% to 50%. 
Methods 
This was a retrospective review of 109 patients who had undergone a cranioplasty over a period of 
10 years. At our institution, the time period were classified into very early (<30 days), early (be-
tween 30-60 days), late (between 60-90 days), and more late (>90 days) interventions based on 
the time period before cranioplasty. We evaluated postoperative complications and the relation-
ship between their occurrence and the timing of the cranioplasty. 
Results 
The overall complication rate in this study was 44%. Hydrocephalus was the most common com-
plication (34.9%), followed by infections (6.4%), hematoma (4.6%), and others such as seizure 
(0.9%) and headache (0.9%). Infections were the only complications whose incidence increased 
with the early timing of the cranioplasty. The incidence of hematoma increased with the late tim-
ing of cranioplasty and was probably a result of its prolonged operation time (p=0.007). The inci-
dence of hydrocephalus was not associated with cranioplasty timing but the indication of craniec-
tomy and the number of revision surgeries performed before cranioplasty. (p=0.046) 
Conclusion 
Cranioplasty is associated with high rate of complication and the incidence of the complications 
vary with the timing of the operation. There are many advantages of early cranioplasty that can be 
redeemed if strict measures are taken, while performing the surgery, to prevent postoperative in-
fections. 
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skull defect secondary to decompressive craniectomy. When a 
medically refractory intracranial hypertension occurs (such as 
brain trauma, spontaneous intracranial hemorrhage, malignant in-
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farction, injuries with a cerebral edema like subdural hemorrhage 
or epidural hemorrhage), decompressive craniectomy is known to 
be the therapeutic strategy that is effective in helping the patients 
survive. Decompressive craniotomy helps to control intracranial 
pressure and maintain cerebral perfusion1,13,20,30).  

Cranioplasty is performed to protect the brain from mechanical 
assault, for cosmetic reasons, and to prevent complications of skull 
defect like the sinking skin flap syndrome2,11,18). It is known to im-
prove cerebrospinal fluid dynamics and it sometimes accelerates 
neurologic recovery1,11,15,17). 

Cranioplasty can be divided into early cranioplasty and late cra-
nioplasty depending on its timing after the decompressive craniec-
tomy. Although there are small differences, a time of 2 or 3 months 
is used as a reference to distinguish between early and late timings 
in most cases8,11,15,19,20,24,26,30). Depending on the situation, there are 
cases in which the surgery is performed very early ( < 1 month) or 
ultra-early ( < 14 day)24). However, there is no clear-cut consensus 
on the timing of the cranioplasty13). The timing reference used de-
pends on the trends of the implications of the timing of the surgery. 

Although cranioplasty is a relatively simple neurosurgical proce-
dure, the incidence of complications is known to be very high, 
reaching up to 10% to 50%1,11,20,24). The types of the complications 
vary; they include infections, intracranial hemorrhage, hydroceph-
alus, seizure, bone resorption, and extra-axial fluid collection18,20,24). 
According to some reports, the types of complications differ de-
pending on the timing of the surgery13,15,20,24). 

There have been attempts to determine the appropriate timing 
of the surgery by investigating the relationship between the timing 
of the surgery and the complications20,24,27). Some studies claim 
that early cranioplasty induces more complications and that late 
cranioplasty is more advantageous10,27), while others have grouped 
frequent complications per timing period by categorizing the tim-
ing of each complication15,24). Many studies are recently suggesting 
that early cranioplasty is better by stating that that there is no strong 
correlation between the timing of the cranioplasty and complica-
tions19,30). These studies instead emphasize on the benefits of early 
cranioplasty1,7,9,11,16,20,28,30). 

Mostly, early cranioplasty was performed in this study. This 
study aimed to examine the complications of early cranioplasty 
and to compare and analyze the results with previous findings. 

MATERIALS AND METHODS 

This study compared all patients who had a cranioplasty proce-
dure after undergoing decompressive craniectomy for various rea-
sons, during the 10-year period between June 2010 and June 2020. 
Indications for the decompressive craniectomy were malignant ce-

rebral infarcts (27 cases, 24.8%), subarachnoid hemorrhage (SAH) 
due to aneurysmal rupture (25 cases, 23%), intracerebral hemor-
rhage (7 cases, 6.4%), arteriovenous malformations (2 case, 1.8%), 
and traumatic brain injury (48 cases, 44.0%). Comparative analy-
ses were also performed between the complications of each indica-
tion. As earlier reported, the main complications after cranioplasty 
included symptomatic hemorrhage, bone flap infection, symptom-
atic hygroma, and symptomatic hydrocephalus requiring implanta-
tion of a ventriculoperitoneal (VP) shunt1,18). In this study, the pre-
dictors of the frequent complications were identified by using data 
collected retrospectively while focusing on the aforementioned 
complications. 

Data collection 
This study included all patients who underwent a cranioplasty 

after undergoing decompressive craniectomy in the author’s hospi-
tal during the above mentioned 10-year period. The patients’ evo-
lution reports and radiologic data were retrospectively collected in 
this study. The patients’ demographic characteristics, the etiology 
of the brain injury, the timing of cranioplasty, and the clinical out-
come were analyzed to bring out the frequency of the complica-
tions as function of these factors. Outpatient records were used for 
patients who were discharged or transferred. The patients’ history 
and laboratory data were also used. The maximum follow-up dura-
tion was established at 2 months and the clinical outcomes and 
surgical outcomes at 2 months were investigated.  

Cranioplasty timing was divided into early timing and late tim-
ing using the benchmark of 60 days post-craniectomy8,20,26,27). A 
cranioplasty that was performed before 30 days was considered as 
a very early timing for cranioplasty. Furthermore, a cranioplasty 
performed after 90 days was considered as more late timing for cra-
nioplasty. 

The preparation and processing for the cranioplasty bone flap 
were as follows: The bone material was used was categorized as au-
tologous bone or synthetic prosthesis. In accordance with the 
Bone Bank Management Regulations, autologous bones were pro-
cessed at a constant temperature of -80°C and stored frozen in the 
bone bank (ultra-low temperature freezer, MDF-U52V, SANYO, 
JAPAN). It was thawed from one hour before the cranioplasty. 
Then, it was submerged into pure potadine and then mixed with 
saline and vancomycin for 15 minutes each before being washed to 
be used in the cranioplasty26). 

In cases where the use of a synthetic bone flap was involved, the 
artificial bone flap arrived from the manufacturer to the hospital 2 
days beforehand. This artificial bone flap was sterilized in a vacu-
um speed autoclave (HS-1606VD) machine set at 134°C for 
twenty minutes. Further, one hour before the surgery, it was sub-
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merged into pure potadine and then mixed with saline and vanco-
mycin for 15 minutes each before being washed to be used in the 
cranioplasty. 

Clinical outcome 
To assess the clinical outcomes, 2 widely used scales were used: 

the Glasgow Coma Scale (GCS) and the GOS. The patient’s con-
dition immediately before the cranioplasty was assessed using the 
2 scales. Further, 2 months after the surgery, the 2 scores were 
re-evaluated and compared to examine the changes in each score7). 

Surgical outcome 
The surgical outcomes after the cranioplasty were analyzed 

while focusing on the complications that occurred after the sur-
gery. Comparative analyses were performed for complications that 
are frequent after cranioplasty and require additional management. 
These included hydrocephalus, infection, and hematoma. Compli-
cations such as seizure and headache were included as “Others.” In 
particular, subdural hygroma was similar to external hydrocephalus 
and thus was included put under hydrocephalus. The frequencies 
and prevalence rates of these complications were comparatively 
analyzed with different variables such as the timing of the surgery 
and the indication of the surgery. 

Statistical analysis 
Statistical analysis was performed using the software IBM SPSS 

Statistics 21.0 (IBM Corporation) and results with p < 0.05 were 
considered statistically significant. Additionally, chi-squared analy-
sis was performed to test for associations with complications via 
meta-analysis. 

Because this was an observational study, formal approval was 
given by the institutional Ethical Review Board of our hospital and 
patients’ consent was not required. 

RESULTS 

Patients’ characteristics 
A total of 109 consecutive patients underwent a cranioplasty 

between June 1, 2010 and June 1, 2020. The cranioplasties were 
performed after a median delay of 49 days (7–167 days) post de-
compressive craniectomy. The indications of decompressive cra-
niectomy in these patients were malignant cerebral infarct 
(24.8%), aneurysmal SAH (22.9%), traumatic brain injury 
(43.1%), intracerebral hemorrhage (6.4%), and arteriovenous 
malformation (1.8%) (Table 1.)  

In this study, among patients who underwent a cranioplasty, a 
total of 44 % (48 out of 109) had at least one complication. This 

outcome was significant compared to the previously reported prev-
alence of complications (10-50%) in other studies. Among these 
complications, infection necessitating explantation of the flap com-
prised 6.4% (7/109), postoperative hydrocephalus requiring a 
shunt comprised 34.9% (38/109), postoperative hematoma re-
quiring evacuation comprised 4.6% (5/109), and others including 
seizure and headache comprised 1.8% (2/109) of the cases. 

Among the 109 patients, 107 (98.2%) used an autologous bone 
graft and 2 (1.8%) used a synthetic prosthesis bone flap. In both 
cases, titanium material and Polyether ether ketone material were 
used for performing the cranioplasty. 

Clinical outcome 
Concerning the GCS score, preoperative GCS score and 

2-month postoperative GCS score were assessed. In general, the 
GCS score of all patients who underwent a cranioplasty showed a 
general increase from an average preoperative GCS score of 10.7 
to an average postoperative GCS score of 11. Although the differ-
ence was small, the increase was greater for the late timing group 
(Table 1). 

The average GOS score assessed 2 months after the cranioplasty 
showed no differences when compared to the GOS before the cra-
nioplasty (Table 1). 

Timing of cranioplasty 
Among the 109 patients, 5.5% (14/109) patients corresponded 

to very early timing ( < 30 days), 59.6% (65/109) patients corre-
sponded to early timing (30-60 days), 22% (24/109) patients cor-
responded to late timing (60-90 days), and 5.5% (6/109) patients 
corresponded to more late timing ( > 90 days). The mean time 
lapse between the decompressive craniectomy and cranioplasty 
was 49 days ±  23 (7-167 days). There was no statistically signifi-
cant association between the demographic data of the patients 
(age, sex, etc.) and the clinical outcomes (GCS, GOS), time of cra-
nioplasty, type of implant, and presence of VP shunt (Table 2). 

A shunt was placed to treat hydrocephalus on 30 patients. On 
average, the VP shunt was place after 28 ± 31 (0-157) days after the 
cranioplasty. 

Number of surgeries before the cranioplasty 
The cases, which required additional surgeries, due to rebleeding 

or cerebral edema progression, after the decompressive craniecto-
my and before the cranioplasty, were analyzed. The average num-
ber of additional surgeries other than the decompressive craniecto-
my was 2.6 (range, 1–9). The relationship between the number of 
surgeries and the complications was examined. While there was no 
particular association with other complications, the prevalence of 
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Table 1. Characteristics of 109 patients undergoing cranioplasty after decompressive craniectomy

Character Total (n=109) Without complication (n=57) Complication (n=52) p-value
Gender (M:F) (%) 1.5 : 1 1.8:1 1.3:1 0.261
Age (Mean±SD) 52.6(±16.1) 51.7(±17.3) 53.8(±14.27)
Underlying ds.
 HTN 31 17 14 0.604
 DM 9 6 3 0.613
Etiology
 TBI 48 24 24 0.643
 Infarction 27 20 7 0.062
 SAH 25 11 16 0.215
 ICH 7 4 3 0.930
 Others 2 0 2 0.801
Timing of cranioplasty (day) 49.2(±23.1) 47.6(±25.0) 51.4(±20.1)
 Very early 14 12 2 0.028*
 Early 65 36 29 0.391
 Late 24 13 11 0.810
 More late 6 3 3 0.656
Op time (min) 121±51.9 112.0±52.1 132.8±50.1 0.211
Op count (n) 2.7±1.2 2.4±1.0 3.1±1.4 0.087
Bone flap
 Autologous (n) 107 64 43
 Allograft (n) 2 0 2
GCS
 Pre (mean±SD) 10.8(±2.9) 11.6(±2.5) 9.4(±3.0)
 Post (mean±SD) 11.4(±3.2) 12.4(±2.7) 10.0(±3.4)
GOS
 Pre (mean±SD) 3.1(±1.0) 3.4(±1.0) 2.6(±0.8)
 Post (mean±SD) 3.1(±1.0) 3.4(±1.0) 2.6(±0.8)
M:male, F:female, ds.:diseases, HTN: hypertension, DM: diabetes mellitus, TBI: traumatic brain injury, SAH: subarachnoid hemorrhage, ICH: intracerebral 
hemorrhage, OP: operation, min: minute, n: number of patient, GCS: Glasgow coma scale, GOS: Glasgow outcome scale, pre: pre-operative, post: post-
operative The GOS was scored as follows: 1 = dead, 2 = vegetative state, 3 = dependent and disabled, 4 = independent, 5 = return to work.
*The complication has low statistical significance at the very early timing.

Table 2. Postoperative complication rate by etiology

Variable TBI (n=48) Infarction (n=27) SAH (n=25) ICH (n=7) Others (n=2) All (n=109)
Age (year) (Mean±SD) 47.1±17.6 62.4±13.6 53.6±8.3 46.14±18.4 62±18.3 52.6±16.1
Meantime of CP (days) 46.6±27.5 48.51±21.4 51.64±14.9 57.85±24.8 57.5±5.0 49.17±23.9
Op time (min) 125.7±47.6 125.8±49.9 103.2±41.3 106.7±27.2 119±31.1 121.1±51.9
Complication
(n, (%)) 24 (50.0) 7 (25.9) 16 (64) 3 (27.5) 2 (100) 52 (47.7)
 Hydro 20 (41.7) 3 (11.1) 13 (52) 1 (14.3) 1 (50.0) 38 (34.9)
 Infection 3 (6.3) 2 (7.4) 2 (8.0) 0 0 7 (6.4)
 Hematoma 1 (2.1) 0 1 (4.0) 2 (28.6) 1 (50.0) 5 (4.6)
 Others 0 2 (7.4) 0 0 0 2 (1.8)
Time to CP
 Very early 9 (18.8) 4 (14.8) 1 (4) 0 0 14 (12.8)
 Early 28 (58.3) 15 (53.6) 17 (68) 4 (57.1) 1 (50) 65 (59.6)
 Late 7 (14.6) 7 (25.9) 6 (24) 2 (28.6) 1 (50) 23 (21.1)
 More late 4 (8.3) 1 (3.7) 1 (4) 1 (14.3) 0 6 (5.7)

TBI: traumatic brain injury, SAH: subarachnoid hemorrhage, ICH: intracerebral hemorrhage, others: arteriovenous malformation, CP: cranioplasty, Op: 
operation, min: minute, n: number of patient, hydro: hydrocephalus.
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hydrocephalus significantly increased with increase in the number 
of surgeries (p = 0.046) (Table 3). 

Operation time 
The mean operation time (duration) of the cranioplasty proce-

dure was 121.1 ± 51.9 minutes. The relationship between the oper-
ation time and the postoperative complications was examined. 
There was no particular association between the operation time 
and the incidence of complications, even for infections (p 
= 0.633). 

However, when the relationship between the timing of the cra-
nioplasty operation and the operation time (duration) was exam-
ined, the operation time needed to perform the surgical procedure 
significantly increased with increased delay of the cranioplasty 
(p = 0.009) (Table 3).  

Complications  
Among the 109 patients who underwent cranioplasty, hydro-

cephalus was observed in 38 patients (32.1%). A VP shunt was 
placed in all the cases except for 8 patients. Among these patients, 
the VP shunt was placed after the cranioplasty in 23 cases and the 
VP shunting procedure was performed simultaneously with cra-
nioplasty in the remaining 7 cases. For the 8 cases where the VP 
shunt was not placed, the surgery could not be performed because 
the caregivers’ refused to give their consent. This was because of 
the relative worsening of the patients’ clinical status. 

Although there was no significant association between the tim-
ing of cranioplasty and hydrocephalus, traumatic brain injury 
(51.4%) and spontaneous arachnoid hemorrhage (31.4%) among 
the initial indications of decompressive craniectomy comprised 
82.8% of all the cases of hydrocephalus. Furthermore, as previously 
stated, there was a statistically significant correlation between the 
number of revision surgeries before the cranioplasty and the preva-

lence of hydrocephalus. (p = 0.046) (Table 4.) 
Postoperative infections after the cranioplasty were observed in 

6 cases (5.5%). Concerning the relationship between infections 
and the timing of the cranioplasty, the prevalence rate of infec-
tions was higher in the cranioplasty performed in the very early 
and early timing groups compared to those of the other timing 
groups (Fig. 1). However, there were no statistical significance. 
Additionally, risk factors of infections that were suggested in many 
previous studies 3,11,25,29) (underlying diseases, systemic infec-
tion, operation time, etc.) were also investigated. No clear rela-
tionships were found (Table 4) and there were no statistically sig-
nificant association found with the preoperative laboratory data 
(Table 5). 

A revision surgery was performed due to rebleeding after cranio-
plasty in 4 cases (3.7%). In terms of the relationship between a 
hemorrhagic event and the cranioplasty timing, it was observed 
that later timing of the cranioplasty was associated with a greater 
frequency of hemorrhagic event, and this was a statistically signifi-
cant finding (p = 0.009). There were no statistically significant as-
sociations found for other variables. 

For other complications, there was 1 case each of seizure (0.9%) 
and of headache (0.9%). Because the numbers of cases were small 
for these, it was not possible to compare the differences to the cra-
nioplasty timing. 

DISCUSSION 

The DECRA and RESCUEICP’s randomized controlled tri-
als3,19) and the DECIMAL, DESTINY, and HAMLET randomized 
controlled trials showed that decompressive craniectomy signifi-
cantly treated intracranial hypertension and was associated with an 
increase in survival rates in traumatic brain injury and spontaneous 
ischemic or hemorrhagic stroke23,24,25). 

Table 3. The incidence rate of Complication and Meta-analysis results by time

Variable
Very early (<30days) Early (30-60days) Late (60-90days) More late (>90days) All P value

(n=14, 12.8%) (n=65, 59.6%) (n=24, 22.0%) (n=6, 5.5%) (n=109) (n=109)
Gender (M:F) 1.8:1 1.2:1 2.3:1 2:1 1.5:1
Age (Mean±SD) 46.5±20.1 54.84±15.1 52.09±14.1 45.5±23.1 52.6±16.1
Complication (n, (%)) 3 (21.4) 34 (52.3) 12 (50) 3 (50) 52 (47.7)
 Hydrocephalus 2 (14.2) 26 (40.0) 8 (33.3) 2 (33.3) 38 (34.9) 0.382
 Infection 1 (7.1) 5 (7.7) 1 (4.2) 0 7 (6.4) 0.849
 Hematoma 0 1 (1.5) 3 (12.5) 1 (16.7) 5 (4.6) 0.058
 Others 0 2 (3.1) 0 0 2 (1.8) 0.710
Mean duration (day) 21.0±6.4 42.1±8.0 68.7±7.4 113.3±27.1 49.2±23.1
Op time (min) 99.2±38.0 115.9±46.8 124.5±45.5 115.7±27.4 121.5±51.9 0.009*

*It has statistical significance that the operation time becomes shorter as the time of operation gets earlier.
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The first reported cranioplasty was performed in 16681). There-
after, most neurosurgeons performed cranioplasty as a routine 
neurosurgical procedure to treat the surgical skull defect after a de-
compressive craniectomy10). This of course is done for cosmetic 
reasons and to protect the brain from external mechanical in-
sult6-8). However, it also helps to prevent the sinking skin flap syn-

drome (a complication of cranial defect) and paradoxical hernia-
tion, which can cause coma or even death3,17). Furthermore, there 
are reports showing that cranioplasty also accelerates restoration of 
brain parameters such as cerebrospinal fluid circulation, dynamics 
of local cerebral blood flow, and cerebral metabolic rate of oxygen 
and glucose, ultimately enabling the recovery of cognitive, behav-

Table 4. Postoperative Complications of Meta-Analysis

Character
Hydrocephalus (n=38, 34.9%) Infection (n=7, 6.4%) Hematoma (n=5, 4.6%) Others (n=2, 1.8%) All (n=109)

(p-value) (p-value) (p-value) (p-value) (p-value)
Age (year) (Mean±SD) 53.2±13.8 52.6±17.1 57.2±16.3 60±24.0 53.8±14.3

(0.508) (0.702) (0.065) (0.176) (0.438)
Sex (M:F) 1.1:1 0.75:1 1.5:1 1:1 1.3:1

(0.716) (0.350) (0.986) (0.986) (0.261)
Operation time (min) 129±59.6 148.1±51.8 103.4±29.7 161.5±20.5 119.7±52.8

(0.323) (0.709) (0.200) (0.290) (0.203)
Numbers of operation 3.2±1.4 4.1±2.3 2.6±0.9 2±0 2.7±1.2

(0.046*) (0.151) (0.792) (0.543) (0.082)
Underlying ds.
  HTN 11 2 2 0 15

(0.857) (0.454) (0.628) (0.139) (0.604)
 DM 2 0 0 0 2

(0.935) (0.412) (0.492) (0.329) (0.613)
Time to cranioplasty
 <60DAYS 29 7 1 2 39

(0.530) (0.418) (0.007*) (0.158) (0.440)
 <90DAYS 37 8 5 2 52

(0.947) (0.509) (0.146) (0.581) (0.762)

M:male, F:female, min:minute, ds.: diseases, HTN: hypertension, DM: diabetes mellitus, TBI: traumatic brain injury, SAH: subarachnoid hemorrhage, ICH: 
intracerebral hemorrhage.
*Statistically less hematoma occured in the case of surgery befor 60 days.
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Fig. 1. The incidence rate of complications by timing (%).
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ioral, and motor functions3,9,14,26). 
Therefore, it appears evident to stipulate that it would be benefi-

cial to perform the cranioplasty as early as possible. However, it is 
not that simple in reality. Although cranioplasty is a relatively sim-
ple neurosurgical procedure, the complication rate is reported to 
be up to 10-50%4,9,13). Also, there have been claims that early cra-
nioplasty is associated with greater complications and, consequent-
ly, is more detrimental to the patient11). Although some studies 
claim that there are different types of complications depending on 
the timing of the cranioplasty and that the timing of the cranioplas-
ty and the complication rate is unrelated, the appropriate timing of 
cranioplasty is still controversial3-5,10,13).  

A gross examination of the 109 cases of cranioplasty that were 
analyzed in this study showed that the cranioplasties were mostly 
performed in the early timing (30-60 days), accounting for 59.6% 

(65/109) of the cases. Furthermore, the complications rate was 
highest in the early timing (30-60 days), accounting for 52.3% 
(34/65). Among the complications, hydrocephalus was the most 
frequent complication and accounted for 73.1% (38/52) (Table 3) 
(Fig. 1). 

However, we cannot conclude from these findings that most 
complications occur in the cranioplasties performed at the early 
timing and that hydrocephalus is the most common complication. 
The reason being the fact the hydrocephalus most frequent com-
plication of cranioplasty was not associated with operative timing 
bur the other factors, such as the cause of craniectomy and the 
number of revision surgery. In other word, the trends of complica-
tions for each timing must be evaluated by the prevalence without 
hydrocephalus. 

The reason was the fact that the most frequent complications of 

Table 5. Timing and Etiology and risk of preoperative Infection hematologic analysis result

Variable WBC mean (K/ul) ESR mean (mm/Hr) CRP mean (mg/dl)
Time to CP
 Very early 7.7±1.7 25.4±17.8 1.2±1.4
 Early 6.9±2.0 32.0±24.1 1.4±1.7
 Late 7.1±2.3 39.2±28.1 2.2±4.3
 More late 5.7±1.4 33.8±21.0 0.5±0.4
Etiology
 TBI 7.4±2.0 33.0±25.7 1.5±3.0
 Infarction 6.4±2.3 33.6±23.6 1.3±1.4
 SAH 6.5±1.5 30.6±19.1 1.5±2.1
 ICH 7.7±2.0 45.0±36.2 2.1±3.1
 Others 7.1±1.4 23.0±25.5 1.0±0.3

TBI: traumatic brain injury, SAH: subarachnoid hemorrhage, ICH: intracerebral hemorrhage, others: arteriovenous malformation.

Fig. 2. The incidence rate of complications by timing excluding hydrocephalus.
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hydrocephalus in cranioplasty were not related to the timing of sur-
gery but related to other factors such as the cause of craniectomy 
and the number of revision surgeries. That was, the propensity for 
each timing complication should be assessed by prevalence with-
out hydrocephalus. 

The results of investigating the prevalence of complications after 
cranioplasty in association with the timing of the operation re-
vealed the following: 

Firstly, complications were most frequent in the late timing 
16.6% (4/24) when it come to the prevalence of complication 
without hydrocephalus and there was a little different from that in 
the more late timing. Although no statistical significance was ob-
served (p = 0.382), it was observed that the incidence rate of the 
complications tended to be higher in the late timing (60days or lat-
er) group of cranioplasty except for hydrocephalus. 

First, complications were highest at 16.6% (4/24) when the 
prevalence of complications without hydrocephalus was late tim-
ing, which was slightly different from the late period. No statistical 
significance was observed (p = 0.382), but a tendency for a higher 
incidence of complications was observed in the late timing (60 
days or longer) group of cranioplasty excluding hydrocephalus 
(Fig. 2). 

Secondly, as shown in the results of this study, there were associ-
ations between the timing of the cranioplasty and each of the fre-
quent complications. The relationship between hydrocephalus and 
the cranioplasty timing showed no large differences in the preva-
lence rates of hydrocephalus between early timing (40.0%) and 
late timing (33.3%) groups. As mentioned before, traumatic brain 
injury and SAH among the initial indications of the decompressive 
craniectomy accounted for 82.8% of the cases with hydrocephalus. 
As such, it appears that the cause of craniectomy, which is the ini-
tial condition of the patient’s disease, had a stronger relationship 
than the operation timing. This finding is in line with the studies 
explaining the mechanism of hydrocephalus (by the mass effect of 
blood clots and the obstruction by inflammation-mediated adhe-
sions of the ventricle)4,5,23). Additionally, there was a statistically 
significant association between the prevalence of hydrocephalus 
and the number of revision surgeries performed between the de-
compressive craniectomy and the cranioplasty (p = 0.046). In oth-
er words, it is possible that the prevalence of the hydrocephalus is 
not strongly related to the timing of the cranioplasty. 

The evaluation of the relationship between the prevalence of 
post cranioplasty infection and the timing of the cranioplasty 
showed that infections were not quite different between in very 
early timing cranioplasties ( < 30 days) (7.1%) and the infection 
rate in the early timing (30-60 days) (7.7%) were also higher com-
pared to the late timing (0.7%). Although these findings were not 

statistically significant (p value = 0.084), this suggests that more in-
fections can occur if the cranioplasty is performed before 60 days. 
This is in line with the findings by Cheng et al.6) and Kim et al.14) 
This implies that one must be cautious about infections when per-
forming early timing cranioplasty in earlier timings, and especially 
in very early timing cranioplasty15,22,24). This study also examined 
the relationship between previously reported data6,12,25,26), infection 
factors, demographic information, underlying disease, graft materi-
al, and preexisting and post cranioplasty infection and found no 
statistical significance. In particular, this study did not find a signifi-
cant difference between incidence of infections and the duration of 
the cranioplasty as suggested by Lim et al.25) (p = 0.709). 

This study also examined the relationship between the timing of 
the cranioplasty and the prevalence of revision surgeries due to 
bleeding after the cranioplasty. It was found that the prevalence of 
rebleeding increased with an increase delay in the timing of the cra-
nioplasty. Although this finding was not statistically significant, this 
could be explained by the fact that the duration of operation 
lengthened with increasing delay in the timing (p = 0.009). Also, 
adverse events occur more frequently during dissection because 
adhesion are more common in later surgeries1,19,30). These trends 
found in this study are different from the findings of Ryan et al. 
They found that the timing of the operation and the occurrence of 
hematoma are not strongly related. However, this finding is in line 
with the trends mentioned by Patrick et al.27), and suggests that 
more attention should be given to bleeding control during surgery 
because the prevalence rate of bleeding increases with delayed sur-
gery. 

While it has been reported that the trends of the complications 
after the cranioplasty differ with timing15,24), the trends found in 
this study did not match the trends found in previous studies. 
However, these findings suggest that it cannot be easily concluded 
that the complications after cranioplasty are related to the timing of 
the cranioplasty and that the surgeons must be cautious about cer-
tain complications at specific timings11,21). 

There are already many known advantages of performing an ear-
ly cranioplasty. First, early cranioplasty contributes to the recovery 
of the normal cerebrospinal fluid circulation3), decreased cerebral 
blood flow and disturbed brain metabolism could be restored9,14-17). 
Furthermore, there are improvements in neurocognitive and neu-
rological functions as a result. Not only that, early cranioplasty al-
low an easy dissection of tissue planes as there is less scar tissue 
thus, shortening the duration of the surgery3). Furthermore, early 
cranioplasty decreases the time during which the patient is at risk 
of incurring another injury without a bone flap in place4). It is 
known that this can enable more active rehabilitation and reduce 
the length and cost of hospital stay through a quicker recovery2,3,4). 
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CONCLUSION 

Cranioplasty after decompressive craniectomy is associated with 
high complication rate and the incidence of the complications vary 
with the timing of the operation. There are many advantages of 
early cranioplasty, and we can make use of these advantages by per-
forming the surgery while taking strict measures to prevent post-
operative infections. 

There are some limitations of this study. Despite the fact that the 
data collected was promising, data analysis was retrospective. 
Therefore, the study suffers from the drawbacks of retrospective 
analysis. It is possible that the underlying pathology heterogeneity 
that led to decompressive craniectomy has biased the complication 
rates after cranioplasty. In addition, these results represent only a 
single-center experience. 
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INTRODUCTION 

Acute pancreatitis is a gastrointestinal disease with hyperamy-
lase, hyperlipase and accompanied by symptoms such as epigastric 

Objective 
To evaluate the clinical characteristics of patients in neurointensive care unit (NICU) whose pan-
creatic enzyme has elevated and the appropriate cut off value of amylase, lipase for conducting the 
computerized tomography (CT) scans. 
Methods 
This was retrospective study of 66 patients in NICU unit who had elevated pancreatic enzymes 
from January 2008 to December 2013. We classified the subjects with two groups according to 
CT findings of pancreas – Balthazar score. Patients’ demographic and clinical data was analyzed 
and level of amylase, lipase was evaluated using receiver operating characteristics curve. 
Results 
The patients were categorized into 2 groups according to CT findings. Morphologic alteration of 
pancreas was classified in Group 1, and normal pancreas in CT findings was classified in Group 2. 
There were no statistical differences between groups, but peak serum lipase level was elevated in 
Group 1 with statistical significance (p=0.032). By receiver operating characteristics (ROC) 
curve, we could suspect pancreatitis more precisely in patients with elevated amylase levels > 
2-fold the upper normal limit (207 U/L, 73.3% sensitivity and 60.6% specificity), or elevated li-
pase levels > 4-fold the upper normal limit (1243 U/L, 80% sensitivity and 60.6% specificity) cal-
culated by maximum of the Youden index. 
Conclusions 
According to our results, serum lipase level is more significant value for pancreatitis. And abdomi-
nal CT should be considered if patient’s amylase levels are more than 2-fold and lipase levels are 
more than 4-fold. 
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abdominal pain, nausea, vomiting1). In intensive care unit, patients 
with elevation of pancreatic enzymes is common, and for further 
evaluation, an imaging study such as abdominal sonography or 
computerized tomography (CT) is performed2). However, it is dif-
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ficult to know whether the elevation of amylase, lipase means the 
acute pancreatitis because neurointensive care unit (NICU) pa-
tients cannot express abdominal symptoms due to decreased level 
of consciousness. Patients in NICU are already exposed to radia-
tion due to frequent brain CT scans, and the patient's transfer for 
study is often limited. Although abdominal imaging study is essen-
tial for diagnosis in acute pancreatitis, not all patients in NICU 
with hyperamylase, hyperlipase can be scanned with abdominal 
study3). For this reason, the diagnosis of acute pancreatitis in NICU 
is limited, and it is very important to suspect and diagnose the 
acute pancreatitis because the severe acute pancreatitis causes sep-
sis and affects the patient's outcome. The objective of this study is 
to evaluate the clinical characteristics of patients in NICU whose 
pancreatic enzyme has elevated. Also, we evaluate the appropriate 
cut off value of amylase, lipase for conducting the CT scans. 

MATERIALS AND METHODS 

Our study was approved by the institutional review board (IRB 
number 2020-09-008). From January 2008 to December 2013, 
1789 patients were admitted to our NICU. We initially excluded 
patients who had elevated pancreatic enzymes (amylase or lipase) 
at the time of hospitalization. Reference range of amylase was 30-
110 U/L, and reference range of lipase was 23-300 U/L. 134 pa-
tients had elevated pancreatic enzymes in clinical course, and we fi-
nally enrolled 63 patients who had assessed the pancreas by con-
trast-enhanced abdominal computed tomography. We classified 
the subjects with two groups according to CT findings: Group 1 - 
morphological alteration of pancreas, Group 2 – normal pancreas. 
The CT findings was based on Balthazar score4). The morphologic 
alteration of pancreas means Balthazar grade B, C, D, E and normal 
pancreas means Balthazar grade A. The data associated with the 
patients’ demographic characteristics and the clinical information 
was obtained from their medical records and analyzed retrospec-
tively. The data included age, gender, indication of admission to 
NICU, types of surgery, initial Glasgow coma scale (GCS) score, 
mode of admission. We obtained data of clinical information; vital 
sign (body temperature, mean arterial pressure), serum markers 
(hemoglobin, creatinine, alanine aminotransferase, aspartate ami-
notransferase). 

Data were analyzed using version 23 of the Statistical Package 
for the Social Sciences (SPSS) software (SPSS Inc.). Fisher’s exact 
test was used to categorical variables and for continuous variables 
independent t-test or Mann-Whitney U-test were used. We ana-
lyzed amylase and lipase using receiver operating characteristics 
(ROC) curve maximum of the Youden index. 

RESULTS 

(A) The patients were categorized into 2 groups; there were 30 
patients (47%) in Group 1 and 33 patients (53%) in Group 2. In 
comparison of demographic and clinical characteristic data, there 
were no statistical differences between groups (Table 1). Mean age 
was 54.2 (Group 1: 53.1, Group 2: 55.2), there was no significant 
difference (p = 0.604). Thirty-one patients were hospitalized for 
trauma and 32 patients with spontaneous diseases. Sixteen patients 
received conservative treatment without surgery and 47 patients 
underwent surgery. 8 patients were treated with trephination, 23 
patients with craniotomy, 11 patients with craniectomy, 2 patients 
with coil embolization due to aneurysmal rupture, 3 patients with 
spine surgery. There were no statistical differences. And there were 
no differences in clinical events: Hypotension (Mean arterial pres-
sure < 100mmHg), Fever (Body temperature > 38°c), Anemia 
(Hemoglobin < 10mg/dL), Asparatate aminotransferase (AST), 
Alanine aminotransferase (ALT) level (mg/dL), Renal failure (Se-
rum Cr > 1.5mg/dL (Table 2). In mortality, 3 patients in 

Group 1 and 2 patients in Group 2 were expired by primary neu-
rosurgical diseases not pancreatitis (Table 3). 

(B) GCS was classified with score; 13~15 was mild, 9~12 was 
moderate, 3~8 was severe (Table 4). Mean serum amylase was 213 
U/L in patients with mild GCS, 229 U/L in patients with moder-
ate GCS, 328 U/L in patients with severe GCS. Mean serum lipase 
was 1695 U/L in patients with mild GCS, 1850 U/L in patients 
with moderate GCS, 1906 U/L in patients with severe GCS. There 
were no statistical differences (p = 0.327 in amylase, p = 0.657 in li-
pase). 

(C) Peak serum lipase level was elevated in Group 1 with statisti-
cal significance (p = 0.032). Peak serum lipase level was 2459.4 U/
L in group 1, and 1533.2 U/L in Group 2 (Fig. 1, Table 5). But 
there was no statistically difference in amylase levels between the 
two groups (p = 0.082). By ROC curve, we could suspect pancre-
atitis more precisely in patients with elevated amylase levels >  
2-fold the upper normal limit (207U/L, 73.3% sensitivity and 
60.6% specificity), or elevated lipase levels >  4-fold the upper nor-
mal limit (1243 U/L, 80% sensitivity and 60.6% specificity) calcu-
lated by maximum of the Youden index (Fig. 2).

DISCUSSION 

There are some studies about asymptomatic elevated serum am-
ylase and lipase level in the intensive care unit (ICU). Particularly, 
the reported incidence of these without pre-existing pancreatic le-
sions are varies from 15% to 66% in NICU2,5,6). Liu et al reported 
that 11 (15%) of the 75 patients with intracranial events had expe-
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Table 1. Demographics and clinical factor of patients in neurointensive care unit who had elevated pancreatic enzymes

All patients (n=63) Group 1 (n=30) Group 2 (n=33) p-value
Demographic
 Age(years) 54.2±15.9 53.1±2.9 55.2±2.8 0.604
 Male(n) 36 15 21 0.201
 Onset time 13.5±14.9 10.7±4.2 16.1±20.1 0.155
 Initial GCS 7.2±4.5 7.0±4.7 7.3±4.2 0.769

0.476
Mode of admission
Trauma
 Brain(n) 29 15 14
 Spine(n) 2 0 2
Spontaneous
  ICH (n) 12 3 9
 SAH (n) 15 8 7
 Cerebral Infarction (n) 2 1 1
 AVM (n) 2 2 0
 Spine (n) 1 1 0
Operation 0.629
 None (n) 16 6 10
 Trephination (n) 8 4 4
 Craniotomy (n) 23 13 10
 Craniectomy (n) 11 4 7
 Embolization (n) 2 1 1
 Spine surgery (n) 3 1 2

Table 2. Clinical events of patients during hospitalization

Events Group 1 (n=30) Group 2 (n=33) p-value
Hypotension (MAP<100mmHg) 14 10 0.205
Fever (BT>38°C) 7 9 0.778
Anemia (Hb<10mg/dL) 12 8 0.278
AST level (mg/dL) 66.7±45.8 59.8±51.4 0.576
ALT level (mg/dL 74.2±80.5 65.8±77.3 0.673
Renal failure (Serum Creatinine >1.5mg/dL) 1 0 0.476

MAP: Mean arterial pressure; BT: Body temperature; Hb: Hemoglobin; AST: Asparatate aminotransferase; ALT: Alanine aminotransferase.

Table 3. Clinical outcomes of patients with elevated pancreatic enzymes. 
There was no statistical difference between two groups. And there was 
no death related with pancreatitis.

Mortality Group 1 (n=30) Group 2 (n=33)
Related primary diseases 3 2
Pancreatitis N N
Others N N

rienced increased serum amylase and lipase levels and Justice et al 
noted that 25 (66%) of the 38 patients diagnosed with intracranial 
hemorrhage had hyper-lipasemia, and 17 (45%) of these 25 pa-
tients had also hyper-amylasemia5,6). Vitale et al described that 
there was a 38% prevalence of hyper-amylasemia in patients with 

traumatic brain injury7). Manjuck et al examined the incidence as-
sociated with asymptomatic elevated serum lipase level in the ICU 
and 40% of patients were identified2). In our study, 134 (7%) of the 
1789 patients were observed with elevated pancreatic enzymes 
which is a proportion less than often reported results and among 
them, 63 patients were performed contrast enhanced abdomen 
CT. Though retrospective study, elevated serum pancreatic en-
zymes were slightly lower encountered in our NICU, but not un-
common clinical events. 

Prior studies have revealed several possible factors which are as-
sociated with elevated serum pancreatic enzymes in critical ill pa-
tients, such as age, GCS score, fever, hypotension, anemia, renal 
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failure, serum AST and ALT levels2,5,6,8). Hypotension was ob-
served in 24 patients (38 patients), fever in 16 patients (25%), ane-
mia in 20 patients (31%), renal failure in 1 patients (1%). 38 pa-
tients (60%) was noted elevated serum AST level and elevated se-
rum ALT level was observed in 34 patients (54%). 

Mean serum AST level was 66.7mg/dL in Group 1, and 
59.8mg/dL in Group 2. And mean serum ALT level was 74.2mg/
dL in Group 1, and 65.8mg/dL in Group 2. In our study, there was 
no statistical difference in clinical events during ICU admission. 

Common mechanisms of elevated pancreatic enzyme are over 
production by inflammation, pathologic tissue or drug and re-
duced clearance of serum amylase or lipase in the body2,5,8,9). Vitale 
et al studied 60 patients with severe head injury and reported that 
severe head injury activated the pathways that increase amylase lev-
els in the blood. They explained that the central nervous system 
may regulate the serum amylase levels7). In this study, though we 
did not examine all possible factors leading to increase serum pan-
creatic enzymes, these patients without pre-existing pancreatic le-
sion might be influenced by vagal stimulation from altered modu-
lation of central control of pancreatic enzyme release after brain ac-
cidents. 

The pancreas and the salivary glands play an important role in 
the serum amylase level, and therefore the diagnosis of acute pan-
creatitis may be usually rest on an amylase level10). Besides elevated 
serum lipase may appear in the absence of clinical or radiological 
evidence of acute pancreatitis5,6). Pacheo et al assessed validity of 
serum amylase and lipase for the diagnosis of acute/chronic pan-
creatitis prospectively and concluded that the sensitivities of both 
enzyme were similar, but the specificity and positive predictive val-
ue of serum amylase (92.6%/83.2%) were higher than serum li-
pase (88.8%/75.8%)11). Denz et al studied prospectively accuracy 
of pancreatitis-associated protein (PAP) comparing serum lipase 
level to diagnose acute pancreatitis in critical ill patients and they 
confirmed acute pancreatitis using contrast-enhanced computed 
tomography. They concluded that serum PAP values were signifi-

Table 4. Serum amylase, lipase level according to the glasgow coma scale (GCS)

Mild (n=11, 17%) Moderate (n=10, 16%) Severe (n=42, 67%) p-value
Amylase (U/L) 212 229 328 0.327
Lipase (U/L) 1695 1850 1906 0.657

Mild: GCS 13-15, Moderate: GCS 9-12, Severe: GCS 3-8.

Table 5. Difference of serum amylase, lipase level between two groups. There was a statistically significant difference in the level of the lipase

All patients (n=63) Group 1 (n=30) Group 2 (n=33) p-value
Peak amylase, U/L 261.6±131.6 291.8±121.4 234.1±136.3 0.082
Peak lipase, U/L 1974.2±1728.1 2459.4±2119.8 1533.2±1136.5 0.032
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Fig. 1. Comparison of peak serum level of amylase, lipase in two 
groups and box plot. Peak lipase level was significantly elevated in 
Group 1. CT positive: Group 1, CT negative: Group 2
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Fig. 2. ROC curve calculated by maximum of the Youden index: 
amylase levels > 2-fold the upper normal limit (207 U/L, 73.3% 
sensitivity and 60.6% specificity), lipase levels > 4-fold the upper 
normal limit (1243 U/L, 80% sensitivity and 60.6% specificity).
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cantly higher in patients with morphological alterations of the pan-
creas12). We obtained serum lipase level from patients when serum 
amylase level was peaked because of higher sensitivity and specific-
ity of serum amylase for diagnosing of pancreatitis. Mean value of 
serum lipase level was more elevated in Group I (p = 0.032) and 
peaked serum amylase level was indistinguishable (p = 0.082). 
Manjuck and Lee reported peak serum lipase value in patients with 
increased pancreatic enzymes who had a normal appearance of 
pancreas in radiologic study was lower level than those who had an 
abnormal appearance of pancreas with statistical significance 
(p < 0.01)2,8). Gwozdz et al compared the diagnostic sensitivities of 
serum amylase, lipase, trypsinogen, and elastase and concluded 
that on hospital admission, all four serum assays were equally sen-
sitive, but on subsequent days lipase, trypsinogen and elastase sig-
nificantly surpassed the sensitivity of the serum amylase assay13). 

In previous study, Manjuck et al studied the optimal cut-off val-
ue and assessed the average amylases level in a confirmed diagnosis 
was approximately three times the upper normal limit, and the av-
erage lipase level was approximately five times2). Lee et al evaluated 
nearly half of the patients admitted to the NICU with gastrointesti-
nal signs had elevated serum pancreatic enzyme levels and suggest-
ed abdominal CT should be indicated for patients if serum amylase 
levels are more than three-fold and lipase levels are more than five-
fold the upper normal limits8). In this study, the optimal cut-off val-
ues for amylase were two times (207 U/L) the upper limit of the 
normal reference (sensitivity 73%, specificity 61%) and lipase were 
four times (1244 U/L) the upper limit of the normal reference 
(sensitivity 80%, specificity 61%) calculated by maximum of the 
Youden index. These cut-off values were a little lower value than 
previous study. We assumed that this gap of cut off values was be-
cause numbers of enrolled patients with pancreatitis confirmed by 
abdominal CT or ultrasound were different; 11 patients for Man-
juck et al, 9 patients for Lee et al, and 30 patients for this study. 

Lee et al reported the causes of mortality for 14 patients with el-
evated pancreatic enzymes were brain insult or sepsis without in-
tra-abdominal events8). Mortality of our two groups confirmed by 
abdomen CT scan were similar (p = 0.662) and the causes of death 
were related with primary their diagnoses not pancreatic problem; 
2 patients for traumatic brain injury, 1 patients for cerebral infarc-
tion, and 2 patients for aneurysmal subarachnoid hemorrhage. 

Our study has several limitations. Our study was a retrospective 
study and not a randomized controlled study. And sample size was 
relatively small. Further randomized, controlled studies with a larg-
er study population are required. 

CONCLUSION 

The results of the present study have revealed that we should fo-
cus on serum lipase level during follow-up in patients with elevated 
pancreatic enzyme and GCS scores do not affect serum amylase, 
lipase level. And, also abdominal CT scan should be considered if 
patient’s amylase levels are more than 2-fold and lipase levels are 
more than 4-fold the upper normal limits because we can assume 
morphologic alteration of pancreas and for these cases. 
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Objective 
We investigated the features and possible predictors of deterioration in the acute or subacute phase 
of acute subdural hematoma (ASDH) patients aged > 65 years who initially received conservative 
treatment. 
Methods 
Between January 2016 and December 2019, 184 patients with ASDH were treated in a single in-
stitution. Eighty-two patients aged ≥ 65 years who had initially presented with preserved neuro-
logical status and conservatively treated were included in this study. We classified patients into de-
terioration and non-deterioration groups according to whether deterioration occurred in the acute 
and subacute phases. Medical records and computed tomography scans were reviewed, retrospec-
tively. 
Results 
Twelve out of 82 patients (14.6%) exhibited deterioration in the acute or subacute phase; the re-
maining 70 patients had not deteriorated in the acute and subacute phases. Clinical outcome at 
discharge was significantly worse in the deterioration group (p<0.001) than in the non-deteriora-
tion group. The proportion of patients taking antithrombotics was significantly higher in the dete-
riorated patients (p=0.003). In the deterioration group, the midline shift was more severe 
(p<0.001), the hematoma was thicker (p=0.001), and the proportion of mixed-density hemato-
mas was higher (p<0.001). 
Conclusion 
Even when elderly ASDH patients present with an initially good neurological status, acute or sub-
acute deterioration is not uncommon. Maximum care should be paid to elderly patients under ini-
tial conservative management, especially those taking antithrombotics. 

Keywords: Hematoma; Subdural, acute; Aged; Glasgow coma scale; Platelet aggregation inhibi-
tors
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INTRODUCTION 

The conventional indication of surgery for acute subdural hema-
toma (ASDH) is widely accepted but, it does not specify the indi-
cation in elderly and the younger patients separately3). There have 
been many reports of unfavorable surgical outcomes in elderly 
ASDH patients even in those with an initially good neurological 
status2-4,17). To date, there is some uncertainty in making decisions 
for surgery in elderly ASDH patients18). Furthermore, in elderly 
patients, many comorbidities and expected complications of gen-
eral anesthesia can impede the decision-making process. Before re-
considering whether the conventional indication of surgery is ap-
propriate for elderly patients, the clinical course and outcome of 
conservative treatment in an elderly ASDH patient needs to be 
clarified. We investigated features and possible predictors of clinical 
deterioration in the acute or subacute stage in a specified patient 
population aged 65 years and over. 

MATERIALS AND METHODS 

Patient selection and data collection 
The Institutional Review Board approved this retrospective 

study and waived the requirement for informed consent. Between 
January 2016 and December 2019, 184 patients with ASDH were 
admitted to our institution. We made the decision of operation ac-
cording to the conventional surgical indication. But, exceptionally, 
even with a maximal thickness of hematoma was ≥  10mm and/or 
midline shift ≥  5mm on the initial computed tomography (CT) 
scan, if the patients were on Glasgow Coma Scale (GCS) score ≥  
14 and did not show any neurological deficits except for mild to 
moderate degree headache, careful observation in the intensive 
care unit was planned. We excluded 32 patients who had under-
gone emergent surgery, 52 patients under 65 years of age, two pa-
tients who died immediately after visiting the emergency room 
(ER), two patients who could not undergo surgery because of un-
stable vital signs and seven patients who refused to surgery. Patients 
with deterioration caused by definite progression of associated 
trauma (n = 4) and the main lesion on the initial computed tomog-
raphy (CT) scan was associated injury (n = 3) were also excluded. 
A total of 82 patients who initially exhibited good neurological sta-
tus with not much ASDH and were thus determined to be man-
aged conservatively were reviewed. We divided the phases based 
on the time from trauma onset, less than 4 days as the acute phase, 
4 to 20 days as the subacute phase, and more than 21 days as the 
chronic phase, referring to a previous study9). Deterioration was 
defined as a decrease of ≥  2 points on the Glasgow Coma Scale 
(GCS) scores, focal neurological deficits and medical treatment-re-

sistant seizure. We classified patients into deterioration (DT) and 
non-deterioration (NDT) groups according to whether deteriora-
tion occurred ≤  20 days from trauma onset. The DT group was 
classified into two subgroups, deterioration in the acute phase as 
an acute DT (ADT) subgroup and deterioration in subacute phase 
as subacute DT (SADT) subgroup. Age, sex, trauma mechanism, 
medical history, initial GCS scores in ER, platelet count; pro-
thrombin time– international normalized ratio (PT-INR); activat-
ed partial thromboplastin time (aPTT); and modified Rankin 
Scale (mRS) scores at discharge were recorded. Unfavorable out-
come at discharge was defined as mRS score of 4~6. Antithrom-
botic therapy were divided into six categories as single antiplatelet, 
dual antiplatelets, vitamin-K antagonist (warfarin), direct oral anti-
coagulants, other combinations of antiplatelet agents with antico-
agulants, and no antithrombotics. 

Radiological evaluation 
Maximal hematoma thickness, midline shift, density of hemato-

ma, degree of brain atrophy, and combined lesions were assessed 
on initial and follow-up brain CT scans. Midline shift was mea-
sured as the maximal distance between the midline of the dis-
placed neural structures and the center line of the skull. Compared 
with the brain gray matter, hematoma density was classified as ho-
mogenous if only high density of hematoma was distributed along 
the convexity, and mixed if high and low density were mixed in the 
hematoma, respectively. To evaluate brain atrophy, frontal horn in-
dex (FHI), cella media index (CMI), and sylvian fissure ratio 
(SFR) were recorded based on CT scans. FHI and CMI were cal-
culated based on the method described by Meese14). We calculated 
FHI as the ratio of the greatest distance between the outer tables of 
the frontal bone to the maximal length between both external sur-
faces of lateral ventricle anterior horns5,14). CMI was recorded as 
the ratio of the greatest distance between both temporal bone out-
er tables at the cella-media level to the maximum length between 
lateral surfaces of both lateral ventricles on the same slice5,14). We 
modified the SFR measurement by referring to previous stud-
ies9,16). The ratio of the total maximal length of both Sylvian fis-
sures to the maximal distance between the outer tables of temporal 
bones was recorded as SFR. If an intracranial lesion obliterated the 
cistern, the value of fissure on the opposite side was measured and 
multiplied by two16). In this study, the smaller the FHI value, the 
smaller the CMI value and the greater the SFR value, indicating the 
progression of brain atrophy. 

Statistical analysis 
Fisher’s exact test and chi-square test for categorical values, and a 

Mann-Whitney test for numerical values were performed to deter-
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mine a value with a p < 0.05 as statistical significance. The basic 
mean value and standard deviation (SD) values are also described. 
All analyses were performed with MedCalc (MedCalc Statistical 
Software version 19.1.7 (MedCalc Software Ltd, Ostend, Belgium; 
https://www.medcalc.org; 2020). 

RESULTS 

Twelve (14.6%) out of 82 patients deteriorated in the acute or 
subacute phase (DT group) and 70 (85.4%) patients (NDT 
group) did not undergo deterioration in the acute or subacute 
phase. Between the two groups, initial GCS scores (p =  0.20) were 
not significantly different. The mean ( ±  SD) time from onset to 
deterioration was 5.0 ±  4.9 days. Two patients in the DT group 
(17%) could not undergo surgery due to unstable vital signs, while 
10 (83%) underwent craniotomy or burr hole trephination. All pa-
tients in the DT group initially showed that CT findings were not 

consistent with definite indication of surgery and/or good GCS 
score of ≥  14. Table 1, 2 presents the baseline characteristics and 
clinical findings. In baseline characteristics, only premorbid anti-
thrombotic medication (p = 0.003) was significant for deteriora-
tion. Age (p = 0.75), sex (p = 0.36) and mechanism of trauma were 
not significantly different between the two groups. The medical 
history of diabetes mellitus (p = 0.49), hypertension (p = 1.00), 
coronary artery disease (p = 1.00), atrial fibrillation (p = 0.05), 
ischemic stroke (p = 0.42), chronic kidney disease (p = 0.10) and 
liver disease (p = 1.00) did not show significant differences. There 
were no significant differences in the laboratory findings. However, 
mortality (p = 0.002) and proportion of unfavorable outcomes at 
discharge (p < 0.001) were higher in the DT group. 

Table 3 describes the findings of the initial CT scan. In the DT 
group, the midline was more displaced (p < 0.001) and the hema-
toma was thicker (p = 0.001). Mixed density hematoma was more 
common in the DT group (p < 0.001). Although the mean FHI 

Table 1. Baseline characteristics

Characteristics Non-deterioration (n=70) Deterioration (n=12) p value
Age
 Mean (years) ± SD 77 ± 7.3 77.3 ± 6.6 0.75
Sex, n (%)* 0.36
 Male 35 (50) 8 (67)
 Female 35 (50) 4 (33)
Mechanism of trauma, n (%)
 Slip 36 (51) 6 (50) 0.93
 Fall 11 (15.7) 3 (25) 0.42
 Traffic accident 11 (15.7) 0 (0) 0.35
 Assault 3 (4.3) 0 (0) 1.00
 Unknown 10 (14.3) 3 (25) 0.39
 Other 0 (0) 0 (0) N/A
Medical history, n (%)
 Diabetes mellitus 17 (24.3) 4 (33.3) 0.49
 Hypertension 49 (70) 9 (75) 1.00
 Coronary artery disease 5 (7.1) 1 (8.3) 1.00
 Atrial fibrillation 7 (10) 4 (33.3) 0.05
 Ischemic Stroke 11 (15.7) 3 (25) 0.42
 Chronic kidney disease 2 (2.9) 2 (16.7) 0.10
 Liver disease 3 (4.3) 0 (0) 1.00
Antithrombotic therapy, n (%) 0.003
 Single antiplatelet 24 (34.3) 7 (58.3)
 Dual antiplatelets 3 (4.3) 1 (8.3)
 Warfarin 2 (2.9) 0 (0)
 Direct oral anticoagulant 3 (4.3) 3 (25)
 Other combinations of antithrombotics 0 (0) 0 (0)
 No antithrombotics 38 (54.3) 1 (8.3)

SD: Standard deviation; N/A: Non applicable.
*Number of females.
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Table 2. Neurological and laboratory findings

Findings Non-deterioration (n=70) Deterioration (n=12) p value
Initial GCS score 13.91 ± 1.729 14.25 ± 1.71 0.20
Duration from onset to deterioration
 Mean (days) ± SD N/A 5.0 ± 4.9 N/A
Laboratory findings
 Blood platelet count (x 103/µl) 203 ± 78.2 197 ± 59.7 0.95
 PT-INR 1.12 ± 0.26 1.10 ± 0.295 0.68
 aPTT (sec ± SD) 33.92 ± 4.58 35.12 ± 6.88 0.77
Outcomes at discharge*, n (%)
 Unfavorable outcome† 10 (14.3) 8 (66.7) <0.001
 Cases of mortality 0 (0) 3 (25) 0.002

GCS: Glasgow Coma Scale; N/A: Non applicable.
*Assessed by modified Rankin Scale (mRS) score.
†mRS score 4-6.

Table 3. Findings on initial computed tomography scan

Findings Non-deterioration (n=70) Deterioration (n=12) p value
Midline shift (mean ± SD) mm 0.67 ± 1.46 4.10 ± 3.43 < 0.001
Hematoma thickness (mean ± SD) mm 7.03 ± 4.31 10.94 ± 3.78 0.001
Hematoma density, n (%) < 0.001*
 Homogenous 51 (72.9) 2 (16.7)
 Mixed 19 (27.1) 10 (83.3)
Combined lesion, n (%)
 Intraparenchymal hemorrhage 21 (30) 3 (25) 1.00
 Subarachnoid hemorrhage 32 (45.7) 5 (41.7) 1.00
 Skull fracture 2 (2.9) 2 (16.7) 0.10
 Pneumocephalus 0 (0) 1 (8.3) 0.14
 Intraventricular hemorrhage 0 (0) 1 (8.3) 0.14
 Epidural hematoma 12 (17.1) 0 (0) 1.00
Brain atrophy
 Frontal horn index 3.57 ± 0.35 3.64 ± 0.40 0.43
 Cella-media index 4.41 ± 1.12 4.81 ± 0.76 0.07
 Sylvian fissure ratio 0.067 ± 0.03 0.063 ± 0.025 0.84

*Incidence of mixed-density hematoma

and mean CMI were slightly higher and the mean SFR was slightly 
lower in the DT group, statistical differences were not identified in 
FHI (p = 0.43), CMI (p = 0.07), and SFR (p = 0.84) values. There 
were no significant differences in the combined intracranial lesions. 

Table 4 summarizes the characteristics of the 12 patients with 
deterioration. Six patients deteriorated in the acute phase and the 
other six patients deteriorated in the subacute phase. Time from 
onset to deterioration was 15.3 ±  14.7 (mean ±  SD) hours in the 
acute phase and 223.2 ±  64.8 (mean ±  SD) hours in the subacute 
phase, respectively. A decrease in GCS score ≥  2 was observed in 
five patients of the ADT subgroup and in three patients in the 
SADT subgroup. One patient in the ADT subgroup showed in-
tractable seizure. Focal neurological deficits without a decrease of 

GCS score ≥  2 were observed only in the SADT subgroup (n = 3). 
Evident rebleeding was identified all patients in the ADT subgroup. 
On the contrary, changes in hematoma density to the subacute 
stage were observed only in the SADT subgroup. The same num-
ber of patients in the two subgroups (n = 4) showed unfavorable 
outcomes at discharge, and two patients in the ADT subgroup and 
one patient in the SADT subgroup expired due to deterioration. 

DISCUSSION 

According to a previous study, 6.5% to 23.2% of initially conser-
vatively treated ASDH patients eventually experience worsening 
that required surgery in their clinical course1,16). A more recent 
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study described that 9% of ASDH patients experienced worsening 
in the subacute phase9). Our study focused on elderly ASDH pa-
tients; 14.6% of initially non-surgically managed patients presented 
with deterioration on ≤  20 days from trauma onset.  

The patients in the DT group were more likely to have mixed 
density hematomas on the initial CT scan. Although the number 
of patients in the two subgroups was too small for statistical analy-
sis, CT findings at the time of deterioration were different between 
the two subgroups. Even initial CT scans of two subgroups showed 
the same mixed density hematoma, it seems that the course of he-
matoma differs depending on the mechanism of development of 
mixed density. All cases in the SADT subgroup showed increased 
volume of hematoma with a change of density in a pattern similar 
to that presented in previous reports on subacute hematoma ex-
pansion (Fig. 1)9,16). An initially mixed density hematoma that is 
going to turn into a subacute expansion might be a mixture of cere-
brospinal fluid with transudate, exudate from the dural membrane 
or concurrent ASDH combined with chronic hematoma11,16). 
However, in the ADT subgroup in our study, the increased hema-
toma volume on follow-up CT scan was not accompanied by a 
change of density, but rather resulted from evident rebleeding 
(Fig. 2). We interpreted that mixed density on the initial CT scan 
of the ADT subgroup might be an ominous signal of hyperacute 
hematoma expansion secondary to active bleeding caused by an 
injured intracranial vessel or antithrombotic-induced coagulopa-
thy. 

A recent meta-analysis reported that traumatic brain injury 
(TBI) patients aged ≥  65 years who were taking antithrombotics 

Table 4. Characteristics of subgroups of deteriorated patients

Characteristics Deterioration on acute phase (n=6) Deterioration on subacute phase (n=6)
Time from onset to deterioration
 Hours (Mean ± SD) 15.3 ± 14.7 223.2 ± 64.8
 Days (Mean ± SD) 0.64 ± 0.61 9.3 ± 2.7
Presentation of deterioration, n (%)
 Decrease of GCS score ≥ 2 5 (83.3) 3 (50)
 Focal neurological deficits† 0 (0) 3 (50)*
 Intractable seizure 1 (16.7) 0 (0)
Follow up CT scan findings, n (%)
 Rebleeding 6 (100) 1 (16.7)‡

 Change of hematoma density 0 (0) 6 (100)
Outcomes, n (%)
 mRS score 4~6 at discharge 4 (66.7) 4 (66.7)
 Mortality case 2 (33.3) 1 (16.7)

SD: Standard deviation; GCS: Glasgow Coma Scale; mRS: modified Rankin scale.
*Two patients with aphasia and one patient with hemiparesis.
†Focal neurological deficits without a decrease of GCS score ≥ 2.
‡A follow-up CT scan in the acute phase of this patient showed a slightly increased volume of hematoma compared to initial CT scan. But, this patient did not 
deteriorated in the acute phase. The CT scan in the subacute phase showed hematoma enlargement along with a change in density and aggravated swelling.

BA

Fig. 1. An 81-year-old male patient taking clopidogrel came to the 
emergency room (ER) 3 hours after tripping down the stairs. He was 
neurologically symptom free except for moderate degree headache. 
(A) A hematoma thinner than the skull is observed on brain CT 
taken 3 hours from trauma onset. The patient was admitted and the 
antiplatelet agent was stopped. There were no symptoms other than 
repeated headaches with improvement and aggravation. However, 
on the 10th day of the hospitalization, he complained of severe 
headache and drowsy mentality with a Glasgow Coma Scale (GCS) 
score 3/4/6. A follow-up CT scan showed hematoma enlargement 
along with a change in density and aggravated swelling with midline 
shifting. Emergent craniotomy was performed, and the hematoma 
was totally removed. The postoperative course was uneventful. The 
patient was discharged home a mRS 3 on the 15th day after surgery.

had more chances of intracranial bleeding and poorer outcomes 
than those who were not on antithrombotics15). Therefore, prompt 
reversal of antithrombotic effects in patients prone to acute deteri-
oration is considered safe. We routinely performed immediate ces-
sation of antithrombotics; however this seems to be not enough 
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Fig. 2. A 66-year-old female patient taking aspirin and clopidogrel 
was found lying drunk and was taken to the ER by the Emergency 
Medical Service. (A) Initial CT performed after 6 hours from the 
last normal time showed an 8mm-thick mixed density hematoma 
with minimal midline shifting. The patient showed no symptoms 
other than drowsy mentality of a GCS score 3/5/6 in the first 
assessment, so we decided to monitor the patient closely. However, 
4 hours later, she deteriorated to a stuporous mentality of GCS score 
1/1/5. (B) The follow-up CT showed the apparent enlargement of 
the hematoma and aggravated swelling. An urgent craniotomy and 
hematoma removal was performed. The postoperative course was 
uneventful and the patient was transferred to a rehabilitation hospital 
with a mRS 4 on the 26th day postoperatively.

during the acute phase. This is because it takes time to eliminate 
the antithrombotic effect completely. Furthermore, vulnerable pa-
tients such as the ADT group are exposed to the risk of antithrom-
botic-induced coagulopathy until the disappearance of its effect. 
Unfortunately, as of now, it seems unclear how to promptly elimi-
nate the effect of antithrombotics6-8,10,12,15). 

Tranexamic acid (TXA) is routinely administered for almost all 
patients with TBI in our institution. A recently published me-
ta-analysis study reported that TXA administration tends to reduce 
mortality in TBI patients, and the occurrence of thromboembolic 
events was not significant19). At present, administration of TXA is 
may be an option for reducing risk of antithrombotic-induced 
bleeding tendency. 

It has been expected that the atrophic brain is more prone to he-
matoma expansion9,16). A possible mechanism is that the wide sub-
dural space itself results in an increased chances of vessel injury 
within its movement due to impacts13,16). In our study, although 
not statistically significant, it seems that brain atrophy tends to be 
more severe in the NDT group. These results are somewhat incon-
sistent with those previous studies but this is thought to reflect the 
compressed neural structures caused by hematoma or swelling of 
the acute phase. Because FHI and CMI use the values obtained 
from the lateral ventricles, if the ventricle is compressed due to he-
matoma, this will inevitably affect the results. And SFR can also be 
affected by combined lesion on the contralateral side or diffuse 
brain swelling. 

This study has several limitations. Our study is based on a retro-
spective method with a relatively small number of cases in a single 
institution. Therefore, there may be an effect of patient selection 
bias. Even for the homogeneity of the study population and for fo-
cusing on more severe cases in acute settings, chronic SDH that 
may occur in the course of ASDH could not be evaluated. More-
over the antithrombotic type - related risk of deterioration could 
not be analyzed. Larger studies for investigating the clinical course 
of elderly ASDH patients and optimal management strategies are 
needed. 

CONCLUSION 

Acute or subacute deterioration occurred in 14.6% of non-surgi-
cally managed elderly ASDH patients. ASDH-related deaths and 
unfavorable outcomes were more common in the deterioration 
group. Close monitoring and extreme caution is necessary for 
non-surgically treated elderly ASDH patients, especially those tak-
ing antithrombotics, even if they presented with initially good neu-
rological status.  
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INTRODUCTION 

Spontaneous thrombosis seems to occur in natural course of un-
ruptured large or giant aneurysm3). But it can occur even after a 
rupture of a relatively small aneurysm2,6,10). In the acute setting of 
subarachnoid hemorrhage (SAH), it is a situation that required 
caution because spontaneous thrombosis is likely not a true cure10). 
And the timing of its recanalization is unpredictable, and subse-
quent fatal rebleeding is uncontrollable. Although ruptured aneu-
rysm at any location can be spontaneously thrombosed, reports on 
spontaneous disappearance of ruptured distal anterior cerebral ar-
tery (DACA) aneurysm are scarce6,10). Here, we describe an excep-
tional case of spontaneous thrombosis and recanalization of rup-
tured pericallosal artery aneurysm. 

We report a case of spontaneous disappearance and recanalization of ruptured pericallosal artery 
aneurysm. A patient in her 40s presented with semicomatose mentality and massive intraventricu-
lar hematoma. Initial computed tomography angiogram (CTA) showed definite saccular aneu-
rysm on pericallosal artery. But, cerebral angiography while attempting urgent coil embolization 
showed disappearance of the ruptured aneurysm along with thrombotic occlusion of parent ar-
tery. Then, the patient had been receiving conservative management in the intensive care unit. 
The CTA was repeated on hospitalization day (HD) 7 and 14. Recanalization was detected on 
CTA of HD 22. The ruptured aneurysm was obliterated with endovascular coiling on the HD 23. 
The aneurysm has been stable for 36 months. Careful surveillance for recanalization followed by 
delayed intervention will be crucial in the exceptional situations of a spontaneously disappearing 
aneurysm. 

Keywords: Subarachnoid hemorrhage; Intracranial aneurysm; Angiography, Digital subtraction

Spontaneous Disappearance and Recanalization of 
Ruptured Pericallosal Artery Aneurysm   
Seung Hoon Lee1, Chang Kyu Park2, Sun Yoon Chung1

1Department of Neurosurgery, Sanggye Paik Hospital, Inje University College of Medicine, Seoul, Korea 
2Department of Neurosurgery, Kyung Hee University College of Medicine, Seoul, Korea 

J Neurointensive Care 2020;3(2):71-74
https://doi.org/10.32587/jnic.2020.00304

Case Report

Received: September 30, 2020 
Accepted: October 7, 2020 

Corresponding Author: 
Sun Yoon Chung, M.D.
Department of Neurosurgery, 
Sanggye Paik Hospital, Inje 
University College of Medicine, 
1342 Dongil-ro, Nowon-gu, Seoul 
01757, Korea 
Tel: +82-2-950-1035 
Fax: +82-2-950-1040 
E-mail: S5530@paik.ac.kr  

eISSN 2635-5280 

CASE REPORT 

A female patient in her 40s, without underlying disease visited 
the emergency room with deteriorating consciousness. Comput-
ed tomography (CT) scan revealed massive intraventricular he-
matoma with acute hydrocephalus and frontal intracerebral hema-
toma (Fig. 1). The patient presented semicomatose mentality 
with Glasgow coma scale (GCS) 1/1/2, World Federation of 
Neurosurgical Society grade V on the initial assessment. CT an-
giogram (CTA) revealed a saccular aneurysm in the pericallosal 
artery (Fig. 2). The patient's spontaneous breathing gradually be-
came weaker and irregular. To avoid impending critical brain her-
niation, we decided to perform extraventricular drainage (EVD) 
before coil embolization. For concern of EVD induced rebleeding, 
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postoperative months, functional state of the patient was GCS 
4/3/6 and mRS score 4. Follow-up DSA at 36 months postopera-
tively revealed no recurrence other than the small residue of the 
aneurysm neck. 

DISCUSSION 

Several studies have suggested possible mechanisms of sponta-
neous thrombosis. Turbulent flow and subsequent endothelial 
damage appear to be a major cause of spontaneous thrombosis in 

Fig. 1. Computed tomography (CT) scan showed massive 
intraventricular hematoma with acute hydrocephalus and 
intracerebral hematoma in corpus callosum.

Fig. 2. (A) Initial Computed tomography (CT) angiogram revealed 
aneurysm located in the pericallosal artery without vasospastic 
feature of parent artery. (B) The aneurysm was located at the 
bifurcation site and measured 7.9 × 5.0 × 4.3 mm in size, with a 
narrow neck (2.8 mm).

Tranexamic acid was administrated intravenously and then EVD 
was performed. Then, patient was transferred to the angio suite. 
Left internal carotid artery (ICA) angiogram was performed but, 
aneurysm disappeared and the parent artery was not visualized 
distal to A2 segment due to thrombotic occlusion (Fig. 3). The 
procedure was stopped and the patient was transferred to the in-
tensive care unit (ICU). Tranexamic acid was no longer adminis-
tered. CTA was repeated on the 7th, 14th, and 22nd hospitaliza-
tion days (HD). Recanalization of the aneurysm was detected on 
the 22nd HD (Fig. 4A-C). Coil embolization was performed on 
the 23rd HD (Fig. 4D). Follow-up digital subtraction angiography 
(DSA) on the 27th postoperative day showed no interval change 
in the obliterated aneurysm. The patient was transferred to a reha-
bilitation hospital on the 51st HD with a state of GCS 4/T/6 and 
modified Rankin scale (mRS) score of 5. On the follow up 36 

BA

Fig. 3. Left internal carotid angiogram, anteroposterior view (A) 
and lateral view (B). The parent artery distal to A2 segment was not 
visualized on angiogram. White arrow indicates intraluminal filling 
defect suggestive of thrombotic occlusion.

B

D

A

C

Fig. 4. (A) On hospitalization day (HD) 7, A2 and A3 were 
visualized on computed tomography (CT) angiogram. (B) The 
parent artery was more clearly delineated, and the aneurysm neck 
was slightly visible on HD 14. (C) Entire aneurysm was revealed on 
HD 22. (D) Coil embolization was performed on the next day of 
detecting recanalization.

BA
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large or giant aneurysm3). It is speculated that use of the antifibri-
nolytics, vasospasm, and elongated aneurysm shape with thick he-
matoma around the aneurysm may be the mechanism of sponta-
neous disappearance of small ruptured aneurysms2,6,10). On DSA of 
our case, disappearance of the aneurysm is obviously due to 
thrombosis of the aneurysm and parent artery (Fig. 3). It clearly 
shows filling defects inside the lumen not the segmental narrowing 
as in vasospasm. 

A blood blister-like aneurysm (BBA) can exhibit rapid morpho-
logical changes over time4,5). Rarely, BBA can occur in locations 
other than the ICA, and it may have a saccular shape5). However, 
the location of the denifite bifurcation site in our case does not 
match the typical BBA location of the nonbranching site4,5). Al-
though spontaneous thrombosis may occur in the clinical course 
of ruptured dissecting aneurysm, the dissecting feature of proximal 
narrowing with pseudoaneurysm formation could not be found in 
angiograms in our case9). 

Spetzler et al. described a possible relation between spontaneous 
thrombosis and the antifibrinolytics for preventing clot lysis in-
duced rebleeding10). In a systematic review, it was reported that an-
tifibrinolytic treatment reduced rebleeing rate of ruptured aneu-
rysm up to 40%1). But it is not recommended as a routine practice 
because it does not improve mortality and clinical outcome1). Our 
situation was an exception, since we had no choice but to perform 
an EVD before aneurysm repair. Therefore Tranexamic acid 
(TXA) was inevitably used to reduce the possibility of rebleed-
ing7). A recent multicenter study reported that even with no statis-
tical significance, procedural thrombosis was more common in the 
group of SAH patients with TXA treatment8). Since we experi-
enced this case, we have not used TXA in patients scheduled for 
urgent endovascular treatment. 

Reports on spontaneous thrombosis of DACA aneurysms are 
scarce6,10). Yoshikazu et al. reported findings similar to our case. In 
their report, ruptured DACA aneurysm was seen in CTA at 2.5 
hours after rupture, but DSA after 8.5 hours from rupture failed to 
reveal aneurysm6). They suggested an elongated shape with a nar-
row neck and thick hematoma compressing the aneurysm as a 
cause of spontaneous thrombosis6). The CT finding of a large in-
tracerebral hematoma around the aneurysm in our case was similar 
to their report. 

The recanalization timing after spontaneous thrombosis of a 
ruptured small aneurysm is difficult to predict accurately. Accord-
ing to few previous reports, entire recanalization was detected in 
DSA on days 14-19 from the detection of spontaneous thrombo-
sis2,6,10). The time interval between follow-up imaging studies also 
differed between previous reports, ranging from 4-11 days2,6,10). We 
repeated the angiogram every week to check for the changes over 

time. In previous literature, the fastest detection of the time point 
of entire recanalization was 14 days from the first discovery of dis-
appearance10). Although it is difficult to draw a definite conclusion, 
it seems appropriate to conduct the first follow-up angiogram 
within 14 days after detection of spontaneous disappearance.  

CONCLUSION 

The exact timing of the recanalization following the sponta-
neous thrombosis of the ruptured aneurysm is difficult to predict. 
Repeated angiogram is crucial for the surveillance of recanaliza-
tion. 
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9) Tables, figures, and illustrations
Tables and figure legends should be included below the 
references pages at the end of the paper, but figures should be 
submitted separately fromthe text of paper. Table should be 
simple and should not duplicate information in figures. Title all 
tables and number them with Arabic numerals in the order of 
their citation. Type each table on a separate sheet. Describe all 
abbreviations. Each column should have an appropriate heading, 
and if numerical measurements are given, the unit should be 
added to column heading. The significance of results should 
be indicated by appropriate statistical analysis. Table footnotes 
should be indicated with superscript markings. When remarks 
are used to explain items of the table, the markers should be 
given in the order of *, †, ‡, §, ||.
Each figure should be submitted as a separate file, with the 

figure number as the file name (i.e. Fig1.jpg). When a figure 
is composed of more than 2 parts, authors should combine 
the figure in the correct orientation. Separate files without 
embedded labels should be submitted only if the Editorial board 
requests them after the peer review. Authors should submit 
figures in black and white if they want them to be printed in 
black and white. Authors are responsible for any additional costs 
of producing color figures.
The files should have following resolutions for printing: line art 
at 300 dpi, combination half-tones at 300 dpi, and half-tones 
(gray scale or color without type or lettering) at 300 dpi. If the 
quality of the photographs is considered as inappropriate for 
printing, re-submission of them can be requested by the journal. 
Tables, graphs, figures, and photographs should be used only 
when necessary.

Publication

Once a manuscript is accepted for publication by the journal, 
it will be sent to the press, and page proofs will be sent to 
authors. Authors must respond to the page proofs as soon as 
possible after making necessary corrections ofmisspellings, and 
the location of the photographs, figures or tables. Authors can 
make corrections for only typing errorsand are not allowed to 
make any author alteration or substantive changes of the text. 
Proofs must be returned to the press within 72 hours of receipt. 
No response from the authors within this time frame will lead 
the publication of the proof read without corrections, and the 
editorial board is not responsible for any mistakes or errors 
occurring in this process.

Post-Publication Discussion and 
Corrections

The post-publication discussion is available through letter to the 
editor. If any readers have a concern on any articles published, 
they can submit letter to the editor on the articles. If there 
founds any errors or mistakes in the article, it can be corrected 
through errata, corrigenda, or retraction.
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Author Checklist

1. Mandatory components of a manuscript
1) Manuscript layouts
2) Manuscript should be prepared in following sequences;

a) Original Article: title page, inner title page, abstract and keywords, introduction, materials and 
 methods,results, discussion,conclusion, conflicts of interest*, acknowledgment, references, tables,   
 figure legends, figures and supplementary data.

b) Case Report: title page, inner title page, abstract andkeywords,introduction, case report, discussion, 
conclusion, references, tables, figure legends and figures.

c) Review Article: title page, inner title page, abstract and key words, introduction, manuscript body, 
conclusion, conflict of interest*, acknowledgment, references, tables, figure legends and figures.
*If applicable

2. Word count
1) The word count of abstract and manuscript are within limits for the publication type.
2) Please indicate the total word number at the title page.
3) All pages are numbered in sequence, starting with the title page.

3. Title page
The title page must contain all of the followings; clear title, name and affiliation of all authors, information 
of the corresponding author (address, telephone number, fax number, and e-mail address), type of article 
and running head.

4. Inner title page
Only title of the manuscript is listed. Any information on the authors and corresponding author is not 
shown on the inner title page

5. Abstract
1)Abstract should have four parts, which are objective, methods, results, and conclusion. Please indicate 

the word number after Key words.   
2)Recommended words from Medical Subject Heading Terms database at 

http://www.ncbi.nlm.nih.gov/mesh/MBrowser.html are used for Key word and the words are written 
within a maximum of six.

6. Text
1) Text is written in 11 points Arial fonts with double line spacing and 3 cm as bottom and left and right 

margins on A4 paper
2) Every word except name of a place, a personal name, and a proper noun is written in lower case. Also, 

some words such as names of virus, Latin and p values are written in italics. Comma as thousand 
separators must be placed for indicating numbers.
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Author(s) should check the following items under the heading of ‘Authors’. The spaces under the heading of ‘Editorial Staff ’ are 
reserved for editorial office. Please leave no marking at the spaces under the heading of ‘Editorial Staff ’.



7. Figures and tables
Cite in numerical order as they are first mentioned in the text

8. References
1) References are described followed by the rules of the Journal of JNIC
2) It is recommended that references may contain at least one of the articles of JNIC. If it may not, please 

specify the reason in the cover letter.

9. Tables
1) Table style should follow the conventional rules as suggested in Instructions to Authors.
2) Tables should be self-explanatory, and the data must not be duplicated in the text or figures

10. Figures and Figure legends
Each figure should be submitted as a separate file, with the figure number as the file name (i.e. Fig1.
jpg). When a figure is composed of more than 2 parts, authors should combine the figure in the correct 
orientation. Separate files without embedded labels should be submitted only if the Editorial board 
requests them after the peer review. Authors should submit figures in black and white if they want them to 
be printed in black and white. Authors are responsible for any additional costs of producing color figures.

11. Figure resolution
Author must guarantee the quality of figures. It should be noted that the manuscript could be rejected if 
print-suitable high-quality figures are not provided at the initial phase of submission.

12. Figure legend
Figure legend should be self-explanatory. Abbreviations should not be used, and the present tense must 
be used for the description. Appropriate description of dyeing method and magnification for histological 
figure should be provided

13. Submission
All authors should sign on the transfer of copyright and agreement and corresponding author should 
indicate that he (she) takes full responsibility of authorship from all authors.
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