
Journal of N
eurointensive Care

Vol.4 · N
o.1 · April 2021

Pages 1-46

eISSN  2635-5280

Vol. 4 · No. 1 · April 2021



Vol. 4 · No. 1 · April 2021

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  M2PI
8th FL, DreamTower, 66 Seongsui-ro, Seongdong-gu, Seoul 04784, Korea
Tel: +82-2-6966-4930   Fax: +82-2-6966-4945   E-mail: support@m2-pi.com

Copyright © 2021 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

Original Articles

1 An Observational Study on the Effect of Nimodipine on Cerebral Blood Flow Velocity and Oxygenation in Patients with  
 Subarachnoid Haemorrhage

 Ruby Chackupurakal, Marlene Gebauer, Fabian Dusse, Alexander Hartmann, Makoto Nakamura, Frank Wappler, Samir G Sakka

6 Characteristics of Traumatic Brain Injury Patients in Korean Military Hospitals During Non-War Years
 Sun Ho Kim, Jang Hun Kim

13 Volumetric Analysis of Malignant Middle Cerebral Infarction (MMI): Infarction Volume Before Decompressive  
 Hemicraniectomy for MMI is Associated With Poor Consciousness

 Dong Wook Kim, Haewon Roh, Won Ki Yoon, Taek-Hyun Kwon, Jong Hyun Kim

21 A Prognostic Model of Pontine Hemorrhage Based on Hemorrhage Volume and Location
 Minhan Kim, Suhee Cho, Seung Hoon You, Jieun Park, Wonhyoung Park, Jung Cheo Park, Jae Sung Ahn, Moinay Kim, Seungjoo Lee

30 Association of Hyponatremia and Clinical Prognosis in Neuro Critically Ill Patients
 Changmin Ha, Jeong-Am Ryu

Case Reports

36 Clinical case of CNS-involved refractory thrombotic thrombocytopenic purpura
 Minhan Kim, Moinay Kim, Seungjoo Lee

42 Hemorrhagic Reversible Cerebral Vasoconstriction Syndrome: Clinical Presentation, Differential Diagnosis, 
  Mechanism, and Treatment

 Se-Heum Park, Sang-Hoon Lee, Kyung-Jae Park, Shin-Hyuk Kang, Dong-Hyuk Park

Vol. 4 · No. 1 · April 2021



Objective 
In patients with subarachnoid haemorrhage (SAH), nimodipine is administered to prevent for cerebral 
vasospasm. In this prospective observational study, we examined the effect of nimodipine on cerebral 
blood flow velocity (BFV) (transcranial Doppler, TCD) and regional oxygen saturation (rSO2) 
(near-infrared spectroscopy, NIRS) as well as its systemic haemodynamic effects. 
Methods 
After ethics approval, we enrolled 18 adult patients (11 females) with SAH after aneurysm rupture. Af-
ter treatment of the bleeding source, patients underwent extended haemodynamic monitoring by 
transpulmonary thermodilution (PiCCOTM, Pulsion, Maquet Getinge Group, Feldkirchen, Germa-
ny). Measurements of systemic haemodynamics as well as cerebral oxygenation and blood flow veloci-
ty were performed 30 minutes before and after the enteral administration of nimodipine (60 mg). Data 
was compared by paired t-test. A p<0.05 was considered as statistically significant. Data are expressed 
as mean ± SD. 
Results 
Patients’ mean age was 59 ± 11 years. Enteral nimodipinincrease in heart rate (75 vs. 79/min, p<0.05) 
and cardiac index (3.27 vs. 3.58 l/min/m2, p<0.05). While noe administration was associated with a 
decrease in mean arterial pressure (93 vs. 88 mmHg, p<0.05), an radrenaline dose and BFV did not 
change significantly, NIRS revealed a reduction in cerebral oxygenation, but rSO2 values remained 
within a healthy range in all patients (right 71 vs. 69 %, p<0.05; left 74 vs. 72 %, p<0.05). 
Conclusions
In patients with SAH, enteral nimodipine led to inconclusive changes in systemic haemodynamics. Al-
though cerebral oxygenation as assessed by NIRS decreased after nimodipine administration, BFV re-
mained stable.

Keywords: Cerebral blood flow velocity; Cerebral oxygenation; Nimodipine; Subarachnoid haemor-
rhage; Systemic haemodynamics
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INTRODUCTION 

Subarachnoid haemorrhage after aneurysm rupture (SAH) is 
associated with significant morbidity and mortality6). Delayed ce-
rebral ischemia (DCI) is a clinical syndrome of focal neurological 
deficits that develop in one third of patients, and is a major cause of 
death and disability after SAH11,12). Although further aspects like 
brain injury, inflammation and microthrombosis and their influ-
ence on DCI are currently being discussed13), cerebral vasospasms 
(CVS) remain the most serious complication of SAH, leading to 
DCI and infarction14). CVS after SAH are described as narrowing 
of angiographically visible cerebral arteries6) and occur in 70 % of 
patients with SAH after aneurysm rupture12). Typically, CVS occur 
between day 3 and 4 after aneurysm rupture, their peak is between 
day 7 to 10 and they resolve by day 14 to 27,12). Nimodipine re-
mains the only approved medication to prevent DCI9). As a lipo-
philic antagonist of calcium channels, nimodipine acts as a cere-
brovascular vasodilator. In the largest randomized multicenter 
double-blind placebo-controlled study, nimodipine significantly 
reduced cerebral infarctions and poor outcome in patients with 
SAH8). According to the guidelines of the American Heart Associ-
ation and the American Stroke Association, nimodipine should be 
administered orally to all patients with SAH (Class I, Level of Evi-
dence A) 6). Therefore, it is routinely administered (60 mg every 
four hours) from the time of SAH presentation through day 216). 

In clinical routine, transcranial Doppler (TCD) is a widely used 
tool to monitor for the development of SAH-induced CVS by as-
sessing blood flow velocity (BFV) in the intracranial arteries6). 
Furthermore, near-infrared spectroscopy (NIRS) enables bedside 
brain monitoring by a non-invasive measurement of regional cere-
bral oxygen saturation (rSO2) via absorption of near-infrared light 
of oxyhaemoglobin (HbO), deoxyhaemoglobin (Hb), and cyto-
chrome-oxidase3,13,15,17,18). Since there is still a lack of knowledge, 
we studied the systemic haemodynamic effects of nimodipine (as 
assessed by transpulmonary thermodilution with PiCCOTM tech-
nology) as well as its impact on BFV and rSO2 (as assessed by 
TCD and NIRS) in SAH patients.

METHODS

After approval from the institutional review board (Ethics Com-
mittee of the University of Witten/ Herdecke, number 48/2012, 
chair: Prof. Dr. med. P. Gaidzik, date of approval 2 September 
2013), written individual informed consent was obtained for pa-
tients who presented at our hospital with SAH. In this prospective 
observational study, we included 18 adult critically ill patients with 
SAH between August 2014 and June 2018. 

After SAH was diagnosed by computed tomography (CT), 
treatment was achieved by means of open surgical clipping or en-
dovascular aneurysm obliteration. In all patients, an intracranial 
probe was inserted for continuous measurement of intracranial 
pressure (ICP). All patients were sedated and mechanically venti-
lated with continuous measurement of arterial blood pressure, 
heart rate, oxygen saturation and continuous recording of electro-
cardiogram. All patients enrolled underwent advanced hemody-
namic monitoring with PiCCOTM technology (Pulsion, Maquet 
Getinge Group, Feldkirchen, Germany) due to poor clinical condi-
tion with haemodynamic instability. For the transpulmonary ther-
modilution measurement, a 15 ml bolus of cold 0.9 % saline was 
injected via a central venous catheter (V. cava superior). This pro-
cedure was repeated three times and the average was used to calcu-
late the thermodilution parameters to calibrate the device for con-
tinuous pulse contour analysis. Regional cerebral oxygenation was 
detected by NIRS (INVOSTM 5100 C, Somanetics, Minneapolis, 
MN, USA). Self-adhesive oximetry strips were applied bilaterally 
on the patient’s forehead for continuous measurement of rSO2. 
TCD was performed to assess BFV of the intracranial arteries 
(middle cerebral artery (MCA) and anterior cerebral artery (ACA) 
using device (Multi-Dop®, Singen, Germany). 

Nimodipine was routinely administered (60 mg every four 
hours) via a gastric probe to all patients beginning from the time of 
SAH presentation. Measurements of systemic and cerebral haemo-
dynamics as well as regional cerebral oxygenation were performed 
30 minutes before and after the administration of nimodipine. This 
time point was chosen since, according to the technical informa-
tion, nimodipine which after oral administration is detected in 
blood after 10-15 min with a maximum after about 40 min. Each 
patient’s examination and data collection were performed by the 
same examiner. 

Data were tested for normal distribution by the Kolmogor-
ov-Smirnov test. Data are expressed as mean ±  SD. The effect of 
nimodipine on systemic and cerebrovascular variables was com-
pared using a paired t-test (Microsoft® Excel). P values less than 
0.05 were considered as statistically significant. 

RESULTS

Eighteen patients (mean age 59 ±  11 years, 11 females, 7 males) 
with SAH were included in this study (Table 1). Twelve aneu-
rysms were treated with clip occlusion and five aneurysms were 
embolized with coils. In one case no bleeding source was found, 
hence no treatment was performed in this patient. After nimodip-
ine administration a significant decrease in mean arterial pressure 
(MAP) (93 vs. 88 mmHg, p < 0.05) was observed together with a 
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concomitant increase in heart rate (75 vs. 79/min, p < 0.05). Fur-
thermore, cardiac index (CI) increased significantly (3.27 vs. 3.58 
l/min/m2, p < 0.05) (Table 2). TCD showed normal and stable 
mean BFV in MCA and ACA before and after nimodipine admin-
istration. NIRS revealed a significant bifrontal reduction of rSO2 
(right 71 vs. 69 %, p <0.05; left 74 vs. 72 %, p <0.05), yet staying 
within a physiological range among the study population (Table 3). 

Elevated BFV of both MCA and ACA was seen in one patient, 
with values up to 200 cm/sec (Fig. 1A and B). In this patient, ni-
modipine administration was associated with a further bilateral in-
crease of BFV of MCA and ACA. While rSO2 values remained 
without significant change after nimodipine administration, NIRS 
detected a non-significantly lower right sided cerebral oxygen satu-
ration (69 vs. 81 %) consistent with a considerably high BFV in 
MCA on the same side.

DISCUSSION

In patients with SAH, we found that enteral nimodipine admin-
istration was associated with hypotension, an increase in heart rate 
and slightly higher noradrenaline requirements, while CI increased 
significantly. No significant changes in BFV in MCA and ACA 
were detected by TCD. Interestingly, NIRS revealed a decrease in 
frontal regional cerebral oxygenation, probably due to impaired ce-
rebral autoregulation, however rSO2 values were within a physio-

Table 1. Baseline characteristics of all patients

Patient Age (years) Gender Aneurysm localization Hunt & Hess grade Treatment SAPS II SOFA
1 76 male BA V Coiling 45 8
2 76 female PICA III Coiling 38 9
3 54 female MCA/PICA III Clipping 28 9
4 62 male AComA I Clipping 24 0
5 44 female PCA V Coiling 29 9
6 56 female AComA III Clipping 25 8
7 51 female MCA V Clipping 32 7
8 50 female PICA V Coiling 28 8
9 50 female MCA II Clipping 29 7
10 50 female PCA I/II Clipping 23 7
11 62 female MCA IV Clipping 32 8
12 80 female * III - 46 7
13 71 male ICA/PComA III Clipping 46 9
14 52 male ICA IV Clipping 35 6
15 53 male PComA II Coiling 39 12
16 55 male BA III Clipping 31 8
17 69 female BA V Clipping 33 12
18 54 male MCA V Clipping 31 11

BA: Basilar artery, PICA: Posterior inferior cerebellar artery, MCA: Middle cerebral artery, AComA: Anterior communicating artery, PCA: Posterior cerebral 
artery, ICA: Internal carotid artery, PComA: Posterior communicating artery, SAPS: Simplified acute physiology score, SOFA: Sequential organ failure 
assessment.
*Aneurysm was not detected by angiography.

Table 3. Variables of cerebral blood flow velocity and oxygenation 
before and 30 minutes after enteral administration of 60 mg of 
nimodipine

Before After p-value
BFV - MCA right (cm/sec) 71 ± 40 71 ± 40 0.9
BFV - MCA left (cm/sec) 67 ± 28 68 ± 35 0.87
BFV - ACA right (cm/sec) 60 ± 21 60 ± 33 0.92
BFV - ACA left (cm/sec) 66 ± 28 69 ± 35 0.59
rSO2 right (%) 71 ± 9 69 ± 10 <0.05
rSO2 left (%) 74 ± 10 72 ± 8 <0.05

BFV: Blood flow velocity, MCA: Middle cerebral artery,ACA: Anterior 
cerebral artery, rSO2: Regional cerebral oxygen saturation.

Table 2. Systemic haemodynamics and vasopressor support before and 
30 minutes after enteral administration of 60 mg of nimodipine  

Before After p-value
Heart rate (1/min) 75 ± 19 79 ± 19 <0.05
MAP (mmHg) 93 ± 14 88 ± 11 <0.05
CI (l/min/m2) 3.27 ± 0.67 3.58 ± 0.84 <0.05
CPP (mmHg) 83 ± 17 78 ± 14 <0.05
Norepinephrine (µg/kg/min) 0.25 ± 0.20 0.27 ± 0.22 <0.05

MAP: Mean arterial pressure, CI: Cardiac index, CPP: Cerebral perfusion 
pressure.

logical range in all patients.
In healthy subjects, nimodipine has shown to be effective in in-

creasing cerebral perfusion in spite of its hypotensive effect. Similar 
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to our results, a decrease in arterial blood pressure with a concomi-
tant increase in heart rate appeared without significant change of 
mean BFV in MCA. However, in contrast to our data, NIRS-de-
rived regional oxygenation saturation improved after nimodipine 
administration4). 

In patients with SAH, the effect of nimodipine is ambiguous. Ni-
modipine seems to be unable to alter the incidence or severity of 
vasospasm6,12), yet it reduces the risk of DCI and improves neuro-
logic outcome after SAH12). If clinically significant DCI occurs, ar-
terial hypertension is recommended to improve cerebral perfu-
sion12). While several studies report increased cerebral blood flow 
(CBF) due to nimodipine, few show reduced CBF linked to de-
creased MAP and CPP5,10,16). In contrast, one retrospective study 
even revealed an enhanced risk of CVS with a higher need for va-
sopressor agents associated with nimodipine administration10). Ni-
modipine is routinely used to prevent CVS, but its effect on pa-
tients with existing CVS might be risky. When nimodipine induces 
hypotension, an impaired autoregulation might lead to reduced ce-
rebral perfusion with decreased rSO2 values in these patients. It re-
mains unclear how many patients were indeed affected by CVS in 
the present study. TCD is widely used to consider CVS if mean 
BFV in MCA exceeds 120 cm/sec10). Overall, mean BFV in our 
patients remained within a physiological range. A pathologic in-
crease of BFV only occurred in one patient in whom we found 
even further acceleration of BFV after nimodipine administration. 
In this case, rSO2 showed normal and stable values. 

So far, no clear recommendation regarding the interpretation of 
NIRS values exists. Maslehaty et al. suggests rSO2 below 40 % or a 
decrease by 25 % from the baseline to be associated with DCI and 
neurological deficits13). This did not appear in any of our patients. 
Either nimodipine administration did not lead to an improvement 
of cerebral perfusion and oxygenation as mean BFV and rSO2 re-
mained within the normal range anyway, or the used methods 

were inadequate to detect a possible improvement. 
When interpreting TCD- and NIRS-derived values, one should 

consider that TCD mainly assesses the MCA area, while bilaterally 
applied oximetry sensors on the forehead mainly involve the ACA 
territory and only partially covers the important MCA area13). A 
modified application of the sensors should be considered. Howev-
er, regardless of the applied location, near-infrared light only pene-
trates 2-2,5 cm into the head, hence NIRS only reflects the cortical 
region without assessing deeper regions of the brain14). In addition, 
NIRS measurements can be tampered by factors like fever or sweat 
of the skin13). 

Though NIRS succeeded to detect improvement of rSO2 after 
intraarterial infusion of fasudil hydrochloride, a potent vasodilator, 
to a patient suffering from SAH-induced CVS14), its diagnostic 
value needs to be further investigated. Whether other methods as 
digital substraction angiography or perfusion CT would be able to 
detect an impact of nimodipine on BFV remains uncertain, too. 

Our study has several limitations. As a lipophilic vasodilator, we 
expected nimodipine to cause cerebrovascular dilation with elevat-
ed CBF and rSO2. Due to its low bioavailability and in accordance 
with previous studies1,2,10), it is conceivable that the gastric adminis-
tration of nimodipine failed to attain therapeutic plasma concen-
trations needed to achieve the desired effect. However, in this clini-
cal study, nimodipine plasma concentrations were not measured 
and hence a dose-effect relation cannot be analyzed. Furthermore, 
the sample size and the heterogeneity of the patient population are 
major limitations of this observational study.

CONCLUSIONS

In summary, enteral nimodipine is routinely used to prevent 
DCI, which can occur due to CVS in patients with SAH. In our 
study population, nimodipine showed inconclusive changes in sys-
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temic haemodynamics. BFV in MCA and ACA remained stable, 
not supporting the idea of cerebrovascular dilation following ni-
modipine administration. It remains unclear why rSO2 decreased 
bilaterally, when we assume the absence of CVS due to overall nor-
mal BFV in this study population. Further studies are required to 
conclude the cerebral effect of enteral nimodipine in patients with 
SAH.
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Objective 
Because of the specialty of the military medical system, there might be different characteristics of 
patients with traumatic brain injury (TBI) comparing to the patients in university hospitals. How-
ever, the characteristics of the soldiers’ TBI has never been reported. Therefore, we tried to identi-
fy the different characteristics of TBI patients in military hospitals by comparing them of other 
hospitals. 
Methods 
We extracted the data of TBI patients from the databank of the Korean Multicenter TBI study. Pa-
tients, who were diagnosed with TBI and admitted to the ten institutions (including two military 
hospitals) between January 2016 and December 2018, were retrospectively enrolled. They are di-
vided into ‘Military’ and ‘Other’ groups according to the admitted hospitals, and statistical com-
parisons were conducted on gathered information. 
Results 
Among 4601 enrolled patients, 133 patients were from two military hospitals and 4468 patients 
belong to the eight university hospitals. Military patients show significant younger age and male 
predominance. In general, they have fewer past histories and different trauma mechanisms - more 
sports-related and lesser traffic accident-related. They usually show higher initial Glasgow coma 
scale scores and better favorable outcomes - lower incidence of neurologic deterioration in mild 
TBIs and better modified Rankin Scale scores in moderate to severe TBIs. 
Conclusions 
Military hospitals usually take care of small numbers of patients who are young males with mild 
TBIs. Because of the different characteristics of group members and traumatic severity, the pa-
tients usually show favorable outcomes. Therefore, the optimized medical system is mandatory. 
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INTRODUCTION

In 1953, the Armed Forces Medical Command of Republic of 
Korea (ROK) was established. It provided medical service and 
welfare for the military service personnel6). Up to date, it offers sev-
eral military hospitals distributed near corps and is able to handle 
the situation of potential mass casualties after wartime. Because of 
the huge gap between the numbers of the patients in wartime and 
those in non-wartime, military hospitals usually utilize the different 
medical systems according to the situations3,4,11). During the non-
war years (a confrontation with the North), military medical ser-
vice usually takes care of small numbers of the patients; therefore, a 
few military hospitals are concentrated and equipped with the 
medical resources to treat the severe traumatic brain injury (TBI) 
patients. However, the characteristics of the military personnel’s 
TBI in ROK during the non-war years has never been reported; 
and the majority of the literatures on military TBI are limited to 
the wartime situation such as combat injuries1,7,9).

By the merest chance, two military hospitals (AFCH, Armed 
Forces Capital Hospital; and AFYH, Armed Forces Yangju Hospi-
tal) participated in the Korean multi-centered TBI (KMTBI) 
study for identifying the clinical features and analyzing risk factors 
for young TBI patients. They constructed a large databank which 
includes patients diagnosed with TBI for 3 consecutive years 
(2016~2018) in participants’ hospitals. By using these data, we 
could identify the different characteristics of the military person-
nel’s TBI comparing to those of the general populations. It might 
be helpful to understand the characteristics of military TBIs and to 
optimize the military medical systems in non-wartime situations.

MATERIALS AND METHODS

Patients and data acquisition
The data were extracted from the registered data bank system 

from the KMTBI study. Ten institutions (eight university hospitals 
and two military hospitals) are participated in the KMTBI study. 
The patients, who were admitted to the hospitals and diagnosed 
with definitive TBI from January 2016 to December 2018, were 
retrospectively enrolled. Patients, who were aged under 15 or who 
had poor medical records, were excluded. In this study, the data 
were registered online and were freely accessible to the research 
team of the institutions. The extracted data contained age, sex, past 
medical histories, mechanism of trauma, diagnosis, neurologic sta-
tus including Glasgow coma scale (GCS) scores, treatment modal-
ity, and outcomes. The outcome was measured by the modified 
Rankin Scale scores on discharging date in mild TBI and at six-
month in moderate to severe TBIs. In addition, the neurological 

deterioration was defined when the GCS score decrement is larger 
than 2 points. The previous study was approved by the Institution-
al Review Board of the Human Research Center of each institu-
tion. The requirement for obtaining informed consent was omitted 
because it is a retrospective design. 

In the current study, the patients were divided into “Military 
Hospital” group and “Other Hospital” group according to the insti-
tution that the patients are admitted to. In addition, patients were 
classified as mild (13-15) and moderate/severe TBIs (3-12) ac-
cording to their GCS scores.

Statistical analysis 
Baseline characteristics of military hospital groups were exam-

ined. Furthermore, comparison analyses between the groups were 
conducted by two steps; “mild” and “moderate/severe” TBIs ac-
cording to the GCS scores. Continuous values were presented as 
mean and standard deviation, and they were compared by using 
independent t-test. Discontinuous variable data were presented as 
numbers and percentages, and they were compared by using Chi-
square analysis. Statistical analyses were conducted using a stan-
dard software (version 23.0, SPSS, IBM, Chicago, IL, USA), and 
the significance was considered if p <  0.05.

RESULTS

Table 1 demonstrates the comparison of general demographics 
between military and other hospital groups. Total 133 patients 
(107 from AFCH and 26 from AFYH) were identified as the mili-
tary personnel, and they were young and had male predominance 
with significances. They have less past medical histories including 
hypertension, diabetes, cardiologic disease, alcohol abuse, and an-
tiplatelet agent medications. In terms of TBI mechanism, they sig-
nificantly have more frequent association with sports and less asso-
ciation with traffic accidents. More than a half of the military per-
sonnel were transferred from other hospitals (55.3%). Regarding 
diagnosis, concussion and epidural hematoma were more frequent 
in military group, whereas acute and chronic subdural hematoma 
were highly occurred in other hospital groups. In military group, 
most of the patients had mild TBI (88.0%) with better initial GCS 
scores (14.40 ± 2.24). Consequently, the outcome of modified 
Rankin Scale (mRS) was favorable in military group. 

Table 2 shows the results of comparison between the groups in 
‘mild TBI’. The GCS score is significantly higher in military group. 
Non-specific symptoms such as headache, dizziness, nausea and 
vomiting, and loss of consciousness are more frequently occurred 
in military group, and motor weakness is often observed in other 
hospital groups. Most of the military patients received conservative 
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treatment without surgical interventions, and the outcome (inci-
dence of neurological deterioration, decrement in GCS score > 2) 
was more favorable. The mRS score is slightly higher in military 
personnel, and it is not significant. 

Table 3 presents the results of comparison between the groups 
in ‘moderate to severe TBIs’. Initial neurologic status according to 
the GCS score, mental status, symptoms, and signs have no signifi-
cant differences between the groups. However, the military per-
sonnel significantly show favorable outcomes in 3 or 6-months 
mRS scores. 

The TBI mechanism (A), initial diagnosis (B), initial GCS score 
and 6-month mRS score (C) are illustrated in Fig. 1.

DISCUSSION 

Herein, we tried to figure out the different clinical features of 
military personnel’s TBI comparing to the general populations. In 
general, the military personnel are significantly young and healthy 
(lower rate of having past medical histories) and show high male 
predominance. They showed better prognosis including lesser 
neurologic deterioration in mild TBIs (p = 0.004) and lower mRS 
scores at 3 or 6 months in moderate to severe TBIs (p = 0.001). 
From military medical perspective, military personnel’s TBI should 
be optimized because of their lesser TBI events and better progno-
sis. 

The TBI patients from military hospitals have never been re-

Table 1. Comparison between the enrolled patients of military and other hospitals

Parameters Military Hospitals (n=133) Other hospitals (n=4468) OR or MD 95% CI p-value
Age 23.2 ±7.688 61.11 ±17.443 -37.905 -40.879 -34.931 0.000
Sex (male) 131 0.985 3075 0.688 29.672 7.333 120.071 0.000
Hypertension 5 0.038 1780 0.398 16.952 6.924 41.508 0.000
Diabetes 1 .8% 889 0.199 32.788 4.578 234.817 0.000
Cardiologic disease 3 0.023 399 0.089 4.249 1.347 13.409 0.002
Hepatic disease 1 .8% 108 0.024 3.270 0.453 23.602 0.149
Alcohol abuse 0 0 199 0.045 0.001
Smoking 49 0.368 695 0.156 0.316 0.220 0.453 0.000
Antiplatelet medication 1 .8% 438 0.098 14.346 2.001 102.857 0.000
Mechanism 0.000
 Traffic accident 20 0.15 1280 0.286
 Sports-related 20 0.15 33 0.007
 Fall down 65 0.489 2145 0.48
 Assault 20 0.15 276 0.062
 Unknown 8 0.06 734 0.164
Transfer 73 0.553 1436 0.326 0.391 0.276 0.554 0.000
Diagnosis 0.000
 Concussion, Skull fx. 45 0.338 636 0.142
 EDH 19 0.143 374 0.084
 Acute SDH 27 0.203 1648 0.369
 Chronic SDH 6 0.045 603 0.135
 Contusion, ICH 14 0.105 622 0.139
 Traumatic SAH, IVH 20 0.15 526 0.118
 Others 2 0.016 59 0.013
GCS score 14.4 ±2.243 13.11 ±3.389 1.293 0.694 1.891 0.000
 Mild 117 0.88 3465 0.776 0.015
 Moderate 5 0.038 394 0.088
 Severe 11 0.083 609 0.136
mRS (3 or 6 months) 0.58 ±1.298 1.26 ±1.953 -0.680 -1.014 -0.345 0.000
 0 or 1 126 0.947 3550 0.795 0.000
 2 or more 7 0.053 918 0.205

OR: Odds ratio, MD: Mean difference, CI: Confidential index, fx.: fracture, EDH: Epidural hematoma, SDH: Subdural hematoma, ICH: Intracerebral 
hemorrhage, SAH: Subarachnoid hemorrhage, IVH: Intraventricular hemorrhage, GCS: Glasgow coma scale, mRS: modified Rankin Scale.
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ported due to the following reasons. First, the incidence of head 
trauma in the military corps is relatively low due to the limited so-
cial activities of the military personnel and their efforts for reduc-
ing a non-combat injury. Second, majority of military hospitals’ 
members is consisted of short-term working military officers (3 to 
5 years), and they rarely investigate or report the literatures. Third, 
due to the situation of prolonged confrontation against the North, 
the military remains tense and is separated from the society in 
terms of location as well as a scholastic exchange. Also, the process 
of the military medical investigation is quite complicated.

Characteristics of military TBIs during the non-war 
years 

The result of the current study would be a good reference for the 
military doctors working in the military hospitals. In order to iden-
tify the clinical characteristics of the military TBI patients, the opti-
mized military medical system can be equipped during this non-
war years in ROK. They can place the medical resources in the 

right place with the most efficient ways. Specifically, the most of 
the patients in military group are young male soldiers, and they 
show the clinical differences: lesser past medical diseases, higher 
incidence of sports-related trauma, lower incidence of traffic acci-
dents, and lesser frequent diagnosis of chronic subdural hemato-
ma12,13). We conclude that the military hospital usually cares mild 
TBI patients, that the most of them is young male soldiers. Only 
10% of the military patients had severe TBI, and others had favor-
able outcomes which means non-severe TBI (Table 1). 

From the ‘mild TBI’ comparison (Table 2), we can draw a con-
clusion that the clinical manifestation, clinical courses, and out-
comes of military mild TBI patients are related to ‘young male’ pa-
tients. The patients significantly complain bitterly of non-specific 
symptoms: headache, dizziness, nausea and vomiting, and loss of 
consciousness. A larger number of young patients might be related 
to the sensitive detection of increased intracranial pressure, and the 
symptoms can be frequently observed among the young age group. 
On contrary, ‘motor weakness’ is significantly highly observed 

Table 2. Comparison between mild TBI patients of military and other hospitals

Parameters Military Hospitals (n=117) Other hospitals (n=3465) OR or MD 95% CI p-value
GCS score 0.001
13 0 0 341 0.113
14 8 0.068 319 0.106
15 109 0.932 2354 0.781
Symptom
 Headache 97 0.829 2244 0.648 0.379 0.233 0.616 0.000
 Dizziness 56 0.479 563 0.162 0.211 0.145 0.307 0.000
 Nausea, vomiting 42 0.359 315 0.091 0.179 0.120 0.265 0.000
 LOC 59 0.504 728 0.21 0.261 0.180 0.379 0.000
 Aphasia, dysarthria 3 0.026 218 0.063 2.551 0.804 8.094 0.099
 Motor weakness 2 0.017 511 0.147 9.947 2.450 40.378 0.000
 Altered mentality 3 0.026 161 0.046 1.852 0.582 5.891 0.250
 Amnesia 6 0.051 117 0.034 0.647 0.279 1.5 0.306
Treatment 0.003
 Conservative 106 0.906 2621 0.756
 Burr-hole 6 0.051 560 0.162
 Open craniotomy 5 0.043 183 0.053
 Decompressive craniectomy 0 0 80 0.023
 Others 0 0 21 0.006
Deterioration 0 0 121 0.035 0.004
3-month OPD f/up 61 0.521 1978 0.571 1.221 .844 1.766 0.288
  Symptomatic 28 0.459 1093 0.544 1.405 .843 2.342 0.191
  Asymptomatic 33 0.541 917 0.456
mRS 1.478 .961 2.274 0.073
 0 89 0.761 2365 0.683
 1 or more 28 0.239 1100 0.317

R: Odds ratio, MD: Mean difference, CI: Confidential index, GCS: Glasgow coma scale, LOC: Loss of consciousness, OPD: Out-patient department, mRS: 
modified Rankin Scale.
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among other hospital groups: it might be related to the chronic 
subdural hemorrhage which frequently occurred in elderly pa-
tients10). Therefore, the treatment such as burr-hole trephination is 
more frequently conducted in other hospital groups. In terms of 
outcome, we can find that no military patients were deteriorated, 
which means that the military personnel in mild TBI have rarely 
been worsened to moderate or severe TBIs. 

In moderate to severe TBIs (Table 3), the favorable clinical 
courses and outcome in military personnel are identified. The ini-
tial neurologic status, including GCS scores, level of consciousness, 
and neurological symptom and signs, have no differences between 
the groups. Treatment modality does not vary among the groups, 

neither. However, the mRS score in military group is approximate-
ly 1 point higher than that in other hospital groups. Because more 
than a half of the military patients who had no symptoms or had 
mild symptoms (mRS 0 to 1) were treated, physicians should ac-
tively treat the patients.

Clinical implication of the study 
We identify the low incidence of TBI in military personnel and 

small numbers of ‘severe’ patients which requires the human as 
well as medical resources for treating. In non-wartime years, the 
military hospitals in ROK divided their works and specialties for 
better efficacy. If we have TBI patients (especially, severe), they ini-

Table 3. Comparison between moderate to severe TBI patients of military and other hospitals 

Parameters Military Hospitals (n=16) Other hospitals (n=1124) OR or MD 95% CI p-value
GCS score 6.63 ±3.777 8.15 ±3.732 -1.520 -4.121 1.080 0.252
 Mild 0 0 121 0.108 0.132
 Moderate 5 0.313 394 0.351
 Severe 11 0.688 609 0.542
Level of consciousness
 Alert 0 0 79 0.07 0.133
 Drowsy 2 0.125 335 0.298
 Stupor 8 0.5 416 0.37
 Coma 6 0.375 294 0.262
Symptom & Signs
 Bilateral fixed pupils 6 0.375 207 0.184 0.376 0.135 1.047 0.052
 Unilateral dilated pupil 3 0.188 83 0.074 0.346 0.097 1.237 0.143
 Motor weakness 3 0.188 102 0.091 0.432 0.121 1.543 0.236
 Unresponsiveness 0 0 18 0.016 0.986 0.979 0.993 0.610
Another major organ injury 5 0.313 221 0.197 0.538 0.185 1.566 0.248
Operation 0.522
 Conservative Tx. 6 0.375 502 0.447
 Burr-hole trephination 0 0 90 0.08
 Open craniotomy 4 0.25 150 0.133
 Decompressive craniectomy 6 0.375 382 0.34
Medical treatment 0.066
 Conservative Tx. 14 0.875 888 0.79
 ICP monitoring 2 0.125 29 0.026
 Hypertonic saline 0 0 57 0.051
 Coma therapy 0 0 51 0.045
 Hypothermia 0 0 99 0.088
Complication
  Medical 6 0.375 392 0.362 0.947 0.342 2.625 0.916
 Surgical 3 0.188 90 0.08 0.381 0.097 1.501 0.152
mRS (3 or 6 months) 3.06 ±2.435 4.06 ±2.009 -0.997 -1.993 -0.002 0.049
 0 or 1 9 0.563 206 0.183 0.001
 2 or 3 0 0 205 0.182
 4 or 5 2 0.125 305 0.271
 6 5 0.313 408 0.363

OR: Odds ratio, MD: Mean difference, CI: Confidential index, GCS: Glasgow coma scale, ICP: Intracranial pressure, mRS: modified Rankin Scale.
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tially visit the nearest military hospital and are transferred to the 
superior hospitals. Consequently, AFCH carries on providing the 
medical service as the supremacy hospital. In addition, AFYH is 
located on front lines and usually prepare for the potential combat 
injuries. Maybe this systematic difference leads to the higher trans-
fer rates of military hospitals (55.3%). Instead, the medical com-
mand operates an all-time helicopter emergency transporting sys-
tems in order to assess and manage the patients better2). The fastest 
transporting system may enable the better clinical outcomes. Ac-
cording to our results, two hospitals greatly manage the military 
TBI patients, and the outcomes are favorable. 

Limitations
The present study has several limitations. First, the data were ex-

tracted from the databank system of KMTBI, and they did not in-
clude radiological images. Therefore, known prognostic factors ob-
served in brain computed tomography (CT), such as poor Mar-

shall or Rotterdam CT scores, were omitted5,8). Second, the data 
were registered from each different hospital’s reviewers, and there 
might be an inter-observer bias. 

CONCLUSIONS 

Military hospitals usually take care of young male soldiers with 
mild TBIs. Because of the different characteristics of group mem-
bers and traumatic severity, the patients usually survive and show 
favorable outcomes. Therefore, the optimized treatment should be 
mandatory.
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Fig. 1. Graphical plots of the trauma mechanisms (A), final diagnosis (B), and the initial GCS scores and final mRS outcomes (C).
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Objective 
In patients with malignant middle cerebral infarction (MMI), early decompressive hemicraniectomy 
(DHC) is well-known to reduce mortality and improve clinical outcome. Nevertheless, its effectiveness 
in clinical outcomes has only been confirmed by defining outcomes in terms of the modified Rankin 
scale (mRS), and many studies have already suggested that survival with severe dependency, such as 
mRS 4 or 5, is not acceptable. However, several other important domains are closely related to quality 
of life, such as consciousness or cognition, and these are not directly measured in the mRS. Therefore, 
the present study aimed to identify significant factors associated with poor consciousness, such as min-
imally conscious state (MCS) or vegetative state (VS) in patients undergoing DHC to treat MMI. 
Methods 
Between January 2011 and December 2017, 22 patients who survived from MMI after DHC and had 
more than 6 months of follow-up were enrolled our study. Clinical outcomes 6 months after DHC 
were measured, and the patients were divided into two groups based on their level of consciousness. 
Preserved consciousness was categorized as a favorable outcome, while poor consciousness such as 
MCS or VS constituted an unfavorable outcome. Clinical and radiological variables using volumetric 
measurement were analyzed to identify factors that were significantly associated with unfavorable out-
come. 
Results 
Of the entire cohort, eight patients (36.36%) were placed in the unfavorable outcome (MCS or VS) 6 
months after DHC to treat MMI. In univariate and multivariate logistic analysis, only infarction volume 
in the preoperative CT was a significant independent predictor of unfavorable outcome (odds ratio: 
1.021, 95% confidence interval: 1.001–1.042, p = 0.023). 
Conclusions 
The present study suggested that defining unfavorable outcome based on level of consciousness to re-
flect quality of life should be considered. We identified infarction volume as a significant predictor of 
poor consciousness.

Keywords: Decompressive craniectomy; MCA infarction; Outcome; Consciousness; mRS
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INTRODUCTION

Malignant middle cerebral artery infarction (MMI) is a devas-
tating disease that inevitably leads to either death or severe disabili-
ty2,12,13,23). Early decompressive hemicraniectomy (DHC) is a well-
known treatment for MMI that reduces mortality and improves 
clinical outcomes, according to several randomized controlled tri-
als13,23). However, most previous studies regarding the effectiveness 
of DHC in MMI treatment have focused on mortality rather than 
long-term neurological disability5,12, 26, 27). In addition, studies eval-
uating the effect of this treatment on clinical outcomes have de-
fined favorable outcomes using the modified Rankin scale (mRS), 
which focuses on degree of disability without considering patients’ 
consciousness29). More specifically, the mRS does not reflect real 
favorable outcomes because it fails to take into account several im-
portant domains, namely cognition, language, visual function, and 
emotional impairment, which are closely related to quality of life16). 
Therefore, the framing of acceptable outcome after DHC to treat 
MMI must be reconsidered. 

Even when patients survive MMI, those with poor conscious-
ness, such as vegetative state (VS) or minimally conscious state 
(MCS), exert an emotional and financial burden on their fami-
lies2). Considering both these burdens and the current consensus, 
we believe that the decision to perform DHC to treat MMI should 
be based on the patient’s chance of achieving an individually ac-
ceptable long-term outcome, rather than simply on their chance of 
survival. In particular, clinicians should take into account the pa-
tient’s predicted level of consciousness. 

Hence, identifying the prognostic factors associated with poor 
consciousness after DHC to treat MMI will allow more considered 
counselling with patient’s families before DHC and inform clinical 
decision making regarding whether to perform surgery based on 
the patient’s expressed will12). In this respect, the present study 
aimed to identify the significant factors associated with poor con-
sciousness in patients undergoing DHC to treat MMI. To our 
knowledge, it was the first study to define “unfavorable outcome” 
as poor consciousness and elucidate which factors were significant-
ly associated with that outcome.

MATERIALS AND METHODS

General
All patients who underwent DHC to treat MMI at our hospital 

between January 2011 and December 2017 were enrolled in the 
present study. We reviewed all relevant medical records and surgi-
cal reports and collected both clinical and radiological data. Specif-
ically, the clinical data comprised the patients’ age, sex, comorbidi-

ties (hypertension, diabetes mellitus, atrial fibrillation), initial Na-
tional Institutes of Health Stroke Scale (NIHSS) score, Acute 
Physiology, Age, Chronic, Health Evaluation 2 (APACHE II) 
score, interval from MMI to DHC, dominant side, changes to pu-
pil size or response, and success of recanalization before DHC. The 
radiological data consisted of midline-shift on pre-operative studies 
(pineal gland displacement), presence of intracerebral or intraven-
tricular hemorrhage, basal cistern effacement, DHC bone flap size, 
and infarction volume on preoperative CT scan. 

Based on the patients’ level of consciousness 6 months after 
DHC, clinical outcome was dichotomized as favorable or unfavor-
able. The favorable outcome included patients who had preserved 
conscious awareness and could communicate with their relatives, 
while the unfavorable outcome was composed of patients who 
showed poor consciousness such as MCS or VS, which were diag-
nosed according to previous studies9,14). Institutional review board 
approval was obtained for this retrospective study, and informed 
consent was waived due to its retrospective nature.

Image analysis
Preoperative cerebral CT scan was performed using multidetec-

tor scanning with a bone algorithm. The following parameters 
were used: display field of view, 15–18 cm; tube current, 80/100 
mA; tube voltage, 120 KV. Axial images had a slice thickness of 
1-mm with coronal and sagittal reconstructions. All images from 
the preoperative CT were stored in DICOM format; quantitative 
infarction volume was then calculated using the 3D tool from 
OsiriX MD (Pixmeo, Geneva, Switzerland). On the axial CT  
images, low density area was manually outlined in every slice  
(Fig. 1A). The images were inspected visually to identify whether 
all the low density outlines in every single axial slice had been ex-
tracted correctly. The 3D tool was then used to create a 3D model 
and measure the cerebral infarction volume. This tool allows vol-
ume to be measured based on various consecutive areas within the 
region of interest (Fig. 1B and C). The DHC bone flap size was 
calculated using the same image analysis program. The bone defect 
in each patient’s postoperative lateral plain X-ray was outlined man-
ually, and the area of the region was measured.

Surgery and management
DHC was performed when the patients with MMI showed poor 

neurological status combined with space-occupying cerebral swell-
ing, as visualized on CT or magnetic resonance imaging (MRI). A 
standard frontotemporoparietal craniectomy was performed and 
stellate fashion duroplasty was conducted. The craniectomy was 
made as large as possible basally and in the anteroposterior direc-
tion, with aggressive decompression of the temporal lobe to pre-
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vent uncal herniation. In all patients, immediate postoperative ce-
rebral CT scan was carried out to rule out procedural complica-
tions and confirm the status of the infarction area. After surgery, 
patients were transferred to the intensive care unit; their intracrani-
al pressure (ICP) was monitored and they remained intubated and 
sedated until it was within the normal range. The critical ICP 
threshold was defined as an ICP >  20 mmHg for longer than 10 
minutes. This was treated using aggressive osmotic therapy and ad-
ditional deep sedation. Blood pressure, electrolytes, glucose, and 
blood gases were strictly controlled.

Statistical analysis
Data were presented as mean ±  standard deviation for continu-

ous variables and as frequency or percentage for categorical vari-
ables. For continuous values, between-group difference was deter-
mined using the independent student’s t-test or the Mann–Whit-
ney U test, depending on statistical distribution. For categoric val-
ues, between-group differences were determined using chi-square 
statistics or Fisher’s exact test, as appropriate. 

Univariate and multivariate binary logistic regression analyses 
were conducted for unfavorable consciousness. All factors that 
showed significance in the univariate analysis were included in the 
multivariate analysis. A p-value ≤  0.05 was considered statistically 
significant. All analyses in the present study were performed using 
the Statistical Package for the Social Sciences (Version 21; IBM, 
Armonk, New York).

RESULTS 

General 
A total of 34 patients were included; of these, eight (23.53%) 

were excluded because they died in the period of acute manage-
ment for increased intracranial pressure (IICP) after DHC. Two 
patients who showed large hemorrhagic transformation with in-
farction upon admission were also excluded, as were two who did 
not re-visit our hospital after discharge. Hence, our study involved 
22 patients who survived MMI after DHC were followed up for 
more than 6 months (Fig. 2). 

The baseline demographics and details of both the entire cohort 
and the two groups (favorable consciousness and unfavorable con-
sciousness) are shown in Table 1. Across the entire cohort, a total 
of eight patients (36.36%) showed either MCS or VS 6 months af-
ter DHC and were included in unfavorable outcome, while 14 pa-
tients (63.64%) had preserved consciousness and were included in 
favorable outcome. The unfavorable outcome contained more pa-
tients who showed changes in pupil size or response before DHC 
(odds ratio [OR]: 39.00, 95% confidence interval [CI]: 3.600–
96.000, p =  0.002). Furthermore, APACHE II score was signifi-
cantly higher in the unfavorable outcome than in the favorable out-
come (16.12 ±  2.10 vs. 12.07 ±  3.62, p =  0.009), and patients in 
the unfavorable outcome had larger infarction volume than those 
in the favorable outcome (527.79 ±  116.89 vs. 331.40 ±  77.71, p 
≤  0.001) (Fig. 3).

Univariate and multivariate binary logistic analysis 
for unfavorable consciousness 

Univariate analysis showed that the following parameters were 
associated significantly with unfavorable outcome: changes in pu-
pil size or response before DHC (OR: 39.00, 95% CI: 2.933–
518.84, p =  0.006), higher APACHE II score (OR: 1.80, 95% CI: 
1.06–3.04, p =  0.028), larger infarction volume (OR: 1.022, 95% 
CI: 1.004–1.039, p =  0.013), while multivariate analysis only con-

Fig. 1. The process of Image analysis using the OsiriX MD program (Pixmeo, Geneva, Switzerland). (A) On the axial computed tomography 
images, the low density areas were manually outlined in every single slice. The images were inspected visually to identify whether all the low 
density outlines in every single axial slice had been extracted correctly. (B-C) The 3D tool was then used to create a 3D model and measure 
cerebral infarction volume.
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firmed infarction volume as a significant independent predictor of 
unfavorable outcome (OR: 1.021, 95% CI: 1.001–1.042, p =  
0.036) (Table 2).

DISCUSSION

The current study demonstrated that the proportion of patients 
with poor consciousness such as MCS or VS 6 months after DHC 
to treat MMI was 36.36%, and that infarction volume measured in 
the preoperative CT scan was an independent predictor of poor 
consciousness. To our knowledge, it was the first attempt to define 
ubfavorable outcome as poor consciousness and elucidate which 

factors were significantly associated with this outcome.

Limitations of mRS for defining clinical outcome after 
DHC to treat MMI 

Several tools exist to measure stroke outcomes, the most widely 
used of which are the NIHSS score, mRS, and the Barthel index. In 
particular, the mRS is commonly used to assess the level of disabil-
ity after stroke and can be used to guide rehabilitation plans. How-
ever, some factors that are closely related to the quality of life, such 
as consciousness, cognition, language, visual functions, and emo-
tional impairment, are not directly measured in this scale6,7,16). 

In their review and meta-analysis of large middle cerebral artery 

Fig. 2. Inclusion criteria. DHC: Decompressive hemicraniectomy, MMI: Malignant middle cerebral infarction, IICP: Increased intracranial 
pressure, ICH: Intracerebral hemorrhage.

8 patients who died after DHC were excluded

Exclusion :
Follow-up loss (n=2)

Lare ICH at adimission (n=2)

January 2011 - December 2017
A total of 34 patients who were treatde with DHC for MMI

A total of 22 patients who had more than 6 months follow-up days
after DHC

A total of 26 patients who survived from MMI

Table 1. Baseline demographics

Entire cohort (n = 22) Favorable (n = 14) Unfavorable (n = 8) p-value
Age (years)† 58.09 ± 10.35 58.14 ± 10.65 58.00 ± 10.52 0.973
Female (%)‡ 5/22 4/14 1/8 0.613
HTN (%) 7/22 3/14 4/8 0.343
Diabetes mellitus (%) 3/22 2/14 1/8 > 0.99
Atrial fibrillation (%) 8/22 5/14 4/8 > 0.99
Pupil areflexia (%) 7/22 1/14 6/8 0.002*
Dominant side (%) 13/22 8/14 5/8 > 0.99
Initial NIHSS 16.22 ± 2.87 16.07 ± 2.73 16.50 ± 3.29 0.714
APACHE II 13.54 ± 3.68 12.07 ± 3.62 16.12 ± 2.10 0.009*
Tissue plasminogen activator (%) 6/22 44330 44263 > 0.99
Recanalization (%) 6/22 44330 44204 0.351
Interval between stroke and DHC (hours) 52.91 ± 27.38 60.00 ± 26.20 40.50 ± 26.39 0.082
Midline shift (mm) 11.17 ± 3.71 10.28 ± 3.66 12.73 ± 3.46 0.188
Basal cistern effacement (%) 19/22 11/14 8/8 0.273
The ICH presence (%) 13/22 8/14 5/8 > 0.99
Infarction volume (mm3) 408.10 ± 133.03 331.40 ± 77.71 541.38 ± 98.76 < 0.001*
DHC size (cm2) 124.96 ± 19.61 120.95 ± 17.54 131.95 ± 22.23 0.275

Health Evaluation II, DHC: Decompressive hemicraniectomy, ICH: Intracranial cerebral hemorrhage, OR: Odds ratio, NIHSS: Initial National Institutes of 
Health Stroke Scale, APACHE II: The Acute Physiology, Age, Chronic.
*p-value < 0.05, †Independent two-sample t-test or Mann–Whitney U test, ‡Chi square statistics of Fisher’s exact test.
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infarction, Alexender et al. reported that the rate of severe depen-
dency among patients who underwent DHC to treat MMI was 
80%2). Meanwhile, Hecht et al. demonstrated that the proportion 
of patients with severe disability (mRS <  3) 12 months after DHC 
to treat MMI was 80.2%12). Therefore, given that most patients un-
dergoing DHC to treat MMI cannot avoid hemiplegia or severe 
hemiparesis (mRS <  3) and are likely to remain dependent, it may 
be unreasonable to define “unfavorable outcome” simply as “de-
pendency” (mRS <  3), which focuses on level of disability only. 
Hence, the definition of “unfavorable outcome” in survivors after 
DHC to treat MMI should be reconsidered.

Paradox of disability
The paradox of disability refers to how patients’ perceptions of 

personal health, well-being, and life satisfaction are often discor-
dant with their objective health status and disability1). 

In real practice, especially in the treatment of patients with severe 
disability who have survived stroke, clinicians often encounter the 
paradox of disability: Why do many patients with serious and per-
sistent disabilities report that they experience good or excellent 
quality of life when, to most external observers, they seem to have 
an undesirable daily existence?” 

In a stroke study carried out by Honeybul, more participants 
changed their attitude to define mRS ≤  4 (dependency) as an ac-
ceptable outcome after this concept of disability paradox was intro-
duced13). This alteration in the participants’ attitude to dependency 
originated from the belief that despite severe disability, patients can 
be happy and experience good quality of life. Nonetheless, to feel 
or experience happiness or satisfaction in life, well-preserved con-
sciousness is essential, so we redefined favorable clinical outcome 
after DHC to treat MMI based on the patients’ level of conscious-
ness, regardless of their level of disability.

Significant factors associated with unfavorable 
consciousness 

In the group comparison and univariate analysis of unfavorable 
outcome, three factors had a significant relation to poor conscious-
ness: changes in pupil size or response before DHC, higher APACHE 
II score, and infarction volume as measured in the preoperative CT 
scan. 

Areflexia of pupil response or anisocoria of pupil sign reflects 
damage to the brain stem due to herniation, which confers an in-
creased risk of irreversible brain injury. Many previous studies have 
suggested that early DHC before signs of brain stem herniations 

Fig. 3. Box plots between the favorable and unfavorable outcome groups. APACHE II was significantly higher in the unfavorable outcome group 
than in the favorable outcome group (16.12±2.10 vs. 12.07±3.62, p = 0.009), and patients in the unfavorable outcome group had larger infarction 
volume than those in the favorable outcome group (541.38±98.76 vs. 331.40±77.71, p ≤ 0.001).
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Table 2. Univariate and multivariate binary logistic analysis for unfavorable outcome  

Factors
Univariate analysis Multivariate analysis

OR 95% CI p-value OR 95% CI p-value
Pupil areflexia 39.00 2.933–518.84 0.006 - - -
APACHE II 1.80 1.06–3.04 0.028 - - -
Infarction volume 1.022 1.004–1.039 0.013 1.021 1.001–1.042 0.036

APACHE II: The Acute Physiology, Age, Chronic.

*
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appear, such as pupillary change, can improve mortality and clini-
cal outcomes10,17,21,22,24). In line with these previous findings, the 
present study also demonstrated that areflexia of pupil response is 
significantly related with poor consciousness. To assess the physio-
logical conditions of each patient with MMI, APACHE II score 
was applied and calculated in every case. The APACHE II score is 
among the most widely used scales to predict outcome in patients 
in intensive care units (ICUs); it was originally developed to de-
scribe groups of ICU patients and evaluate medical treatment30). 
The score considers 12 variables of the most commonly measured 
physiological factors, comprising three main components: vital 
signs (heart rate, mean blood pressure, respiratory rate, tempera-
ture and Glasgow coma score), variables derived from routine ve-
nous blood tests (hematocrit, white blood cell count, serum potas-
sium, serum sodium and serum creatinine), and variables derived 
from routine arterial blood tests (serum pH and PaO2). In our anal-
ysis of group comparisons and univariate analysis, APACHE II 
score was significantly correlated with poor consciousness 6 
months after DHC, probably because APACHE II score can cap-
ture extremes of various physiological parameters that may cause 
more brain injury (i.e. blood pressure, hypoxia, fever, and other 
signs of systemic inflammation) 20). Within this scoring system, the 
Glasgow coma scale is a well-known significant predictor of clinical 
outcome in patients with various diseases, and it may play an im-
portant role in predicting outcome4). 

With technical advances and greater availability of radiological 
image analysis software, more objective ways to measure the actual 
volume of the infarction, as well as other diseases such as intracra-
nial hemorrhage or masses, have been introduced and applied in 
various clinical studies8,12,15,18,19,25). In some of these, lesion volume 
was a better predictor of outcome than traditional qualitative 
scales15,18). The present study suggested, by both univariate and 
multivariate analyses, that volume of infarction is more closely cor-
related with favorable clinical outcome, based on the level of con-
sciousness, than other previous qualitative scales.

Dominant hemisphere and consciousness 
Contrary to our expectation, dominant hemisphere was not 

found to be a predictor of poor consciousness in the present study, 
showing no significant difference in group comparison analysis. 
Specifically, eight of 13 patients (61.54%) with infarction in the 
dominant hemisphere showed favorable outcome 6 months after 
DHC, and six of nine patients (66.67%) with infarction in the 
non-dominant hemisphere were included in the favorable out-
come. Consistent with our findings, a previous study by Kilincer et 
al. that focused on large hemispheric infarction also showed that 
dominance was not correlated with clinical outcome. The authors 

advocated that dominant hemisphere infarction should not be an 
exclusion criterion when deciding whether to perform DHC to 
treat MMI17). In particular, we assumed that the recovery of lan-
guage function can be explained in terms of neuroplasticity and of 
functional compensation by the non-dominant hemisphere during 
the 6 months following stroke. This assumption is in line with the 
findings of previous publications3,11,28).

Limitations
The present study had several limitations. First, it was a retro-

spective, single-center investigation with a small sample size. 
Furthermore, the method used to calculate infarct volumes was 

not fully automated, so it inevitably had interobserver bias. Hence, 
to draw a more general conclusion, further prospective study with 
a larger sample size is needed, and fully automated techniques 
should be developed to allow volume calculation without interob-
server bias.

CONCLUSION

Given that most patients undergoing DHC to treat MMI are 
likely to have severe dependency, with an mRS 4 or 5, it might be 
unreasonable to define unfavorable outcome based on mRS, which 
focuses on level of disability. The present study suggested that de-
fining unfavorable outcome based on the level of consciousness to 
reflect quality of life should be considered. We identified infarction 
volume as a significant predictor of poor consciousness.
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Objective 
Spontaneous pontine hemorrhages have the highest mortality rate. Posterior pontine hemorrhage 
has a poor prognosis, although more research is required in this area. Herein, we attempted to deter-
mine the prognosis of pontine hemorrhage by schematically illustrating the volume and location and 
developing a scoring model to predict the relationship between initial hemorrhage characteristics 
and clinical outcome. 
Methods 
This multicenter, retrospective study was conducted between January 2010 and December 2019. We 
developed a scoring model using computed tomography (5-mm sections) to plot the location and 
volume of pontine hemorrhages. All hemorrhage volumes were classified as mild (0.5–5 cm3), mod-
erate (5–10 cm3), or severe (10–16 cm3). 
Results 
As the pontine hemorrhage volume increased, the Glasgow Coma Scale (GCS) and Eastern Cooper-
ative Oncology Group scores (ECOG) were significantly lower, while the modified Rankin Scale 
(mRS) was higher (p<0.001). In the mild and moderate groups, the GCS recovered from 11.36 to 
12.89 and 4.68 to 7.31 over 24 months, respectively. The mRS improved from 3.25 to 2.82 in the 
mild hemorrhage group but deteriorated in the moderate hemorrhage group from 
4.93 to 5.24 over 24 months. More extensive pontine hemorrhages were 
associated with shorter life expectancy. The mild, moderate, and severe groups showed 32.79%, 
89.29%, and 100% mortality, respectively (p<0.0001). The anterior and posterior hemorrhage 
groups had 69.44% and 42.86% mortality (p=0.0020), respectively. 
Conclusion 
According to our prognosis model, initial hemorrhage volume was the most significantly related neu-
rological outcome. Hemorrhage location showed no relationship with neurological outcome. How-
ever, anterior upper pontine hemorrhage volume was correlated with shortened survival time.

Keywords: Prognostic model of pontine hemorrhage; Prognosis of pontine hemorrhage; Anterior 
and posterior pontine hemorrahge; Neurologic outcome of pontine hemorrhage
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INTRODUCTION

The brainstem consist of the midbrain, the pons, and the medul-
lar oblongata, located in the posterior part of the brain1). The brain-
stem is a unique structure and has the crucial connection among 
the cerebrum, the cerebellum and the spinal cord. The brainstem 
is responsible for multiple critical functions, including blood pres-
sure, heart rate, respiration and awakeness2). The cranial nerve nu-
clei that are located in the brainstem have a crucial role in balance, 
hearing, swallowing, speech, motor and sensory. In other words, 
brainstem injury can result in various symptoms like cardiac and 
respiratory dysfunction, facial palsy, dysarthria, vision abnormality, 
decreased consciousness and even death. Hence early diagnosis 
and appropriate management of brainstem injury is the key factor 
to reduce morbidity and mortality. 

Hemorrhagic stroke is a disastrous cerebrovascular disease asso-
ciated with a vast degree of morbidity and mortality3). Among 
these, intracerebral hemorrhage (ICH) accounts for 10-28% of 
stroke worldwide and results in very high mortality and morbidity 
rates that have not changed for more than decades4). 

Pontine hemorrhage accounts for approximately 10% of all 
ICH5), and its outcome is closely related to the recovery of con-
sciousness, motor function, and respiratory drive as the cranial 
nerves V to VIII originate from the pons6). These patients usually 
have very poor prognosis with overall mortality rates of 30-50%3). 
Despite these high mortality rates, most of pontine hemorrhage 
patients are treated conservatively.6 For primary hemorrhage origi-
nate from the posterior fossa, the American Stroke Association 
Guidelines recommend considering the surgical removal of cere-
bellar hematoma, but not the brainstem hematoma7). The guide-
line recommends against the surgical evacuation of brainstem he-
matoma for poor clinical outcome. Hence, it is difficult to treat and 
predict the outcome of brainstem hemorrhage patients. 

Several studies have attempted to predict prognosis in patients 
with pontine hemorrhage, although many predictors based on 
clinical and radiological features have been identified in conserva-
tive patients6,8). Previous studies have found that brainstem volume 
is similar in adult patients, regardless of age9), and the greater hem-
orrhage volume is associated with reduced consciousness and 
worse prognosis, regardless of age or sex6,8,10,11). Few reports have 
revealed an association between prognosis and bleeding loca-
tion5,12-18). These reports show large variation in survival and func-
tional recovery rates. 

In the present study, we exclusively developed a pontine hemor-
rhage measurement model using an axial cut in a simple, 5-mm 
computed tomography (CT) scan. We hypothesized that progno-
sis in patients with pontine hemorrhage could be predicted by 

schematically illustrating the hemorrhage’s volume and location. 
On this basis, we developed a scoring model to predict the rela-
tionship between initial pontine hemorrhage characteristics and 
clinical outcome. To the best of our knowledge, no report has fo-
cused on the association between the volume and location of pon-
tine hemorrhage with patient’s clinical outcome.

MATERIALS AND METHODS

Appropriate institutional review board approval and patient con-
sent were obtained for this study. The data that support the find-
ings of this study are available from the corresponding author upon 
reasonable request.

Study Design and Participants
This is a retrospective and multicenter study conducted in differ-

ent Korean neuro-intensive care units (ICU)s between January 
2010 and December 2019. Only patients aged over 18 years were 
included in the study. The following are criteria for inclusion of pa-
tients in our study: 1) diagnosis of pontine ICH based on CT in-
cluding hypertensive, vascular abnormality (arteriovenous malfor-
mation [AVM], cavernous malformation [CM], or malignancy 
bleeding, 2) age ≥ 18 or ≤ 80 years; and 3) expectation of staying 
in the ICU ≥  48 hours. The exclusion criteria were as follows: (1) 
any evidence of traumatic brain injury, (2) loss to follow-up before 
24-months post-hemorrhage (3) pregnancy, (4) post-cardiac ar-
rest with the diagnosis of severe hypoxic brain injury, and (5) do 
not resuscitate ordered patients. The relevant data were obtained 
from the medical records by a physician and trained research nurse. 
The following candidate factors were analyzed: (1) age, (2) sex, 
(3) comorbidities, namely hypertension (previous diagnosis or 
prescription of relevant medication), diabetes mellitus (previous 
diagnosis or prescription of relevant medication), end-stage renal 
disease (prior diagnosis of chronic kidney disease or regular hemo-
dialysis), the vascular abnormality (AVM, CM or etc.), malignancy 
bleeding, previous cancer history, (4) hemorrhage date, and (5) 
use of anticoagulants or antiplatelets (Table 1).

Radiologic Evaluation
The diagnosis of ICH was assessed based on CT scans. The vol-

ume of the brainstem in males and females does not differ signifi-
cantly among various age groups9). Accordingly, we developed a 
scoring model using a CT scan (5-mm thin section) (Fig. 1). In 
this model, we defined a single cell as a hemorrhage volume of 0.5 
cm3 (8 x 7.5 x 5 mm). All hemorrhages were classified as mild 
(0.5–5 cm3; 1–10 colored cells), moderate (5–10 cm3; 11–20 col-
ored cells), or severe (10–16 cm3; 21–32 colored cells). All pa-
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tients’ schematic data, and each cell was numbered and converted 
into data. In the location analysis, cells numbered 1–4, 9–12, 17–
20, or 25–28 were classified as anterior, while all others were de-
fined as posterior. Cells numbered 1–16 were classified as mid-

brain, while all others were defined as pontine. The volume of 
hemorrhage was measured with CT using 1.5 to 5 mm-thick slices; 
the slices were processed using software developed in-house 
[AsanJ, based on a plug-in package ImageJ (https://rsbweb.nih.

Table 1. Table caption 

Characteristics Mild (n=61) Moderate (n=28) Severe (n=12) p-value
Sex (Male:Female) (%) 3.7 : 1 2.2 : 1 5:1 0.0435
Age ± 56.4 (±12.4) 59.9 (±11.7) 59.4 (±17.6) 0.4441
Admission
 sBP ± 170.5 (±42.0) 170.7 (±31.2) 176.3 (±35.0) 0.9128
 dBP ± 100.0 (±27.5) 97.9 (±27.4) 101.0 (±27.9) 0.9376
 mBP ± 123.5 (±30.1) 122.2 (±25.3) 126.1 (±29.4) 0.9380
 BST ± 146.9 (±52.2) 183.9 (±68.8) 209.6 (±74.5) 0.0014
Underlying ds. (%)
 HTN 43 (70.5%) 14 (50.0%) 8 (66.7%) 0.1685
 DM 8 (13.1%) 4 (14.3%) 4 (33.3%) 0.2110
 Vascular lesion 4 (6.6%) 3 (10.7%) 0 (0%) 0.6154
 ESRD 4 (6.5%) 4 (14.3%) 1 (8.3%) 0.4601
 CM 9 (14.8%) 2 (7.1%) 0 (0%) 0.3666
 Metastatic brain tumor 2 (3.3%) 0 (0%) 0 (0%) 1.0000
Perviouscancer history 10 (16.4%) 4 (14.3%) 0 (0%) 0.3753
Antiplatelets and anticoagulants use* 6 (9.8%) 5 (17.9%) 3 (25%) 0.2244

sBP: Systolic blood pressure, dBP: Diastolic blood pressure, mBP: Mean blood pressure, ds.: disease, HTN: Hypertension, DM: Diabetes mellitus, ESRD: 
End-stage renal disease, CM: Cavernous malformation, Hemorrhage volume: Mild, 1–10 colored cells (0.5–5 cm3), moderate: 11–20 colored cells (5–10 
cm3), severe: 21–32 colored cells (10–15 cm3).
*Aspirin, plavix, cilostazol, warfarin, novel oral anticoagulants; ±: these values are given am mean ± standard deviation.

Fig. 1. Schematic tool for pontine hemorrhage volume estimation.
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gov/ij)]. To minimize measurement errors, the hemorrhage mea-
surements were performed by two board-certified neurosurgeons 
who were blinded to treatment assignment and the mean value 
was documented.

Assessment and Follow-up
All patients were assessed using the Glasgow Coma Scale 

(GCS), Eastern Cooperative Oncology Group performance status 
(ECOG), and modified Rankin Scale (mRS) at 0, 6, 12, and 24 
months from the bleeding date. If not possible, patient evaluation 
was performed via the telephone interview by a nurse or doctor 
not involved in the study and patient’s management. The primary 
outcome was to evaluate the clinical relationship between the hem-
orrhage volume, location with our assessment tools on different 
time intervals.

Statistical Analysis
All data were summarized as mean ±  standard deviation for 

continuous variables and frequency and percentage for categorical 
variables. Hemorrhage volume groups were compared using either 
the chi-squared or Fisher’s exact test for categorical data, and either 
analysis of variance or the Kruskal–Wallis test for continuous vari-
ables. To analyze longitudinally measured outcomes, such as GCS, 
ECOG, and mRS, a linear mixed model was applied to the evaluat-
ed group; least square mean, and standard error were used to eval-
uate time effect, as well as how group and time interacted with out-
comes. Crude Cox’s proportional hazard model was used to evalu-
ate how hemorrhage volume and location were associated with 
death, while Cox’s proportional hazard model was applied for mul-
tivariable adjustments. Statistical analysis was carried out using 
SAS 9.4 (SAS Institute, Cary, NC). A p-value <  0.05 was deemed 
statistically significant.

RESULTS

We retrospectively screened 190 hemorrhagic stroke patients 
who were admitted to ICU between January 2010 and December 
2019. After inclusion and exclusion criteria were applied, we retro-
spectively identified 101 patients. There were no significant differ-
ences in baseline characteristics between the patients with different 
hemorrhage volumes except the blood sugar level at admission 
(Table 1). The mean age for the mild, moderate and severe groups 
were 56.4 ± 12.4, 59.9 ± 11.7, 59.4 ± 17.6 years, respectively. All 
groups showed male predominance (p = 0.0435). The most com-
mon comorbidities were hypertension (Mild 70.5% vs. Moderate 
50% vs. Severe 66.7%, p = 0.1685) and diabetes (Mild 13.1% % vs. 
Moderate 14.3% vs. Severe 33.3%, p = 0.2110). Previous adminis-

tration of antiplatelet or anticoagulant showed no significant differ-
ences between the three groups (Mild 9.8% vs. Moderate 17.9% 
vs. Severe 25%, p = 0.2244). The results are summarized in Table 1.

The significant relationship between the neurological outcomes 
and hemorrhage volume was observed (Table 2; Fig. 2). On ad-
mission GCS was significantly different among  3 groups (Mild 
11.36 ± 0.47 vs. Moderate 4.68 ± 0.69 vs. Severe 3.08 ± 1.05, 
p < 0.0001). GCS evaluated 3-month after the hemorrhage showed 
similar results; Mild 12.54 ± 0.41 vs. Moderate 6.16 ± 0.72, 
p < 0.0001. No significant differences were observed on 12 and 
24-month GCS evaluation. Severe group patients were not includ-
ed in the 6, 12 and 24-month evaluation as no patients survived at 
this time interval. The significant difference was observed compar-
ing the admission and 24-month GCS improvement (Mild 
1.53 ± 0.58 vs. Moderate 2.64 ± 1.94, p = 0.0001). Similar findings 
were observed for the clinical outcomes using ECOG and mRS. 

Unlike the strong association between the hemorrhage volume 
and the neurological outcome, significant association was only ob-
served on only time effect assessment in the hemorrhage location 
analysis (Table 3). When the location was dichotomized into ante-
rior and posterior, mild (p = 0.0277) and moderate (p = 0.0002) 
groups showed significant differences at time effect. No other sig-
nificant findings were observed on group effect, interaction of 
group & time, group comparisons at a specific time point 0 and 0 
vs 24 months. Similar findings were observed when the hemor-
rhage locations were dichotomized into upper and lower pontine 
locations. The significant association was only observed on only 
time effect in the mRS for mild (p = 0.0459) and moderate 
(p = 0.0025) groups. No other significant findings were observed 
on any other effect and group comparisons. Severe group patients 
(n = 5) were not included in the location analysis as there were too 
small number of patients to perform statistical analysis. 

In terms of life expectancy, a significant difference was found de-
pending on the location and volume of pontine hemorrhage (Table 4; 
Fig. 2). Larger pontine hemorrhage was related to shorter life ex-
pectancy. The 24-month follow-up mortality rates in the mild, 
moderate, and severe groups were 32.79%, 89.29%, and 100%, re-
spectively (p <  0.0001). In the location analysis, there was a posi-
tive correlation between anterior pontine bleeding volume and 
shortened survival time. In the multivariable-adjusted analysis, the 
anterior and posterior hemorrhage group had 69.44% and 42.86% 
mortality rates, respectively, after adjustment for hemorrhage vol-
ume (p =  0.0020) (Fig. 2). In the midbrain and pontine groups, 
the mortality rates were 57.14% and 52.94%, respectively. The haz-
ard ratio (HR) was high (HR =  1.518), but no significant results 
were obtained (p =  0.5867) because the midbrain hemorrhage 
group had only four patients.
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DISCUSSION

Spontaneous pontine hemorrhage is becoming more common 
and has a significant impact on the physical, psychological, and so-
cial well-being of patients and their families. Some patients recover 
neurologically, while others have a poor neurological progno-
sis5,11,12,19). In general, posterior pontine hemorrhage has a poorer 
prognosis than anterior18), but few studies have investigated this 

difference, and the present study showed contradictory results in 
this regard. 

We decided to use a simple schematic tool to quantify pontine 
hemorrhage. Human brainstem volume is almost constant in males 
and females, at about 18.99 ±  2.36 cm3 and 22.05 ±  4.01 cm3, re-
spectively. Moreover, it does not differ significantly with age9). 
Therefore, the number of 5-mm brainstem cuts seen in an axial CT 
scan is probably constant. We schematically illustrated pontine 

Table 2. Relationship between neurological outcomes and hemorrhage volume over time

Months Mild (n=61) Moderate (n=28) Severe (n=12) p-value
GCS score ± 0 11.36 (±0.47) 4.68 (±0.69) 3.08 (±1.05) < 0.0001*

6 12.54 (±0.41) 6.16 (±0.72) < 0.0001**

12 12.95 (±0.39) 7.02 (±0.74) < 0.0001**

24 12.89 (±0.55) 7.31 (±1.93) 0.4547**

0 vs. 24 +1.53 (±0.58) +2.64 (±1.94) 0.0001*

ECOG ± 0 2.54 (±0.13) 3.89 (±0.19) 4.00 (±0.29) < 0.0001*

6 2.15 (±0.14) 3.63 (±0.26) < 0.0001**

12 2.04 (±0.14) 3.63 (±0.28) 0.3482**

24 2.05 (±0.14) 3.15 (±0.30) < 0.0001**

0 vs. 24 -0.49 (±0.10) +0.74 (±0.26) 0.6583*

mRS ± 0 3.25 (±0.21) 4.93 (±0.31) 5.08 (±0.48) < 0.0001*

6 3.15 (±0.21) 5.59 (±0.32) 6.00 (±0.48) < 0.0001**

12 2.93 (±0.22) 5.82 (±0.41) < 0.0001**

24 2.82 (±0.23) 5.24 (±0.56) < 0.0001**

0 vs. 24 -0.43 (±0.13) 0.32 (±0.49) < 0.0001*

GCS: Glasgow coma scale, ECOG: Eastern cooperative oncology group performance status, mRS: modified Rankin Scale.
*p value of group comparisons at a specific time point 0, 0 vs. 24 months respectively.
** linear mixed model: p-value of group effect, time effect and interaction of group & time respectively ±: these values are given as mean ± standard deviation.

Fig. 2. (A) The relationship between mRS and hemorrhage volume over time. (B) Survival time in the each amount of hemorrhage groups (mild, 
moderate and severe), (C,D) anterior vs posterior and midbrain vs pontine hemorrhage groups.
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hemorrhage using axial CT images, in which the midbrain was 
completely separated from the thalamus and surrounded by the 
ambient cistern. 

Several papers have described the relationship between location 
and volume of brainstem hemorrhage11,12,18,20-23), but most drew no 
schematic conclusion about the location of pontine bleeding. 
Many investigations have predicted that only initial consciousness, 
measured using the GCS, has any significant effect on prognosis. 
The prognosis of dorsal pontine hemorrhage is poor in horizontal 
brainstem structures such as the tectum. However, the schematic 

tool used in the present article is very intuitive and could be used 
to distinguish between the upper and lower pons, as well as to 
identify the hemorrhage location using only a CT scan easily. 

Our study had some limitations. Referral bias cannot be exclud-
ed as all participating centers were large, university-affiliated, tertia-
ry care institutions. Consequently, our prediction tool may not 
represent the general population. 

Furthermore, the mRS does not accurately reflect neurological 
improvement or deterioration. As the mRS increases from 1 to 5, 
the patient’s neurological condition worsens. However, a patient 

Table 3. Anterior vs posterior and midbrain vs pontine location analysis with mRS score (0, 6, 12, 24 months)

Hemorrhage volume Months
mRS ±

p-value
mRS ±

p-value
Anterior Posterior Midbrain Pontine

Mild 0 3.43 (±0.44) 3.21 (±0.33) 0.6512 1.67 (±1.00) 3.35 (±0.23) 0.1068
(n=60)* 6 3.38 (±0.44) 3.08 (±0.33) 0.6246* 0.67 (±1.25) 3.27 (±0.29) 0.0548*

(n=59)* 12 3.09 (±0.46) 2.91 (±0.34) 0.0277* 0.67 (±1.47) 3.57 (±0.35) 0.0459*

24 3.09 (±0.46) 2.73 (±0.35) 0.9288* 0.67 (±1.55) 3.39 (±0.46) 0.4986*

0 vs. 24 -0.34 (±0.24) -0.48 (±0.18) 0.4892 -1.00 (±1.04) +0.34 (±0.25) 0.7481
Moderate (n=27)* 0 5.08 (±0.26) 4.80 (±0.23) 0.242 5.00 (±0.62) 4.92 (±0.17) 0.8661
(n=28)* 6 5.70 (±0.26) 5.47 (±0.23) 0.1936* 6.00 (±0.62) 5.55 (±0.17) 0.6669*

12 5.75 (±0.26) 5.32 (±0.44) 0.0002* 5.77 (±0.26) 0.0025*

24 5.55 (±0.58) 4.76 (±0.58) 0.7250* 5.17 (±0.40) 0.4392*

0 vs. 24 +0.46 (±0.55) -0.04 (±0.56) 0.7934 +0.24 (±0.38) 0.7934
Severe 0
(n=5)† 6

12
24

0 vs. 24

The other was p value of group comparisons at a specific time point 0, 0 vs. 24 months respectively.
*Anterior vs posterior: Patients with the same anterior and posterior hemorrhage volumes were excluded.
**Midbrain vs pontine: Patients with the same anterior and posterior hemorrhage volumes were excluded.
***Linear mixed model, p-value of group effect, time effect, interaction of group & time respectively.
†The severe hemorrhage group had no statistics results because only five patients were included.
±: these values are given as mean ± standard deviation; mRS: modified Rankin Scale.

Table 4. Mortality rate at 24 months

Hemorrhage volume Death n (%) in 24 months HR (95% CI)* p-value
Mild (n=61) 20 (32.8%) 1.00
Moderate (n=28) 25 (89.3%) 5.57 (2.48-12.51) < 0.0001
Severe (n=12) 12 (100%) 11.68 (4.12-33.16) < 0.0001
Location analysis 1
 Anterior 25 (69.4%) 1.00
 Posterior 24 (42.9%) 0.35 (0.18-0.68) 0.0020
Location analysis 2
 Midbrain 4 (57.1%) 1.00
 Pontine 45 (52.9%) 1.52 (0.34-0.85) 0.5867

HR: Hazard ratio.
Cells numbered 1–4, 9–12, 17–20, and 25–28 were classified into the anterior portion, while all other cells were placed into the posterior portion. Cells 
numbered 1–16 were classified into the midbrain portion, while all others were placed into the pontine portion (Fig. 1).
*Multivariable adjusted analysis used. Adjustment factor was used, as in Table 1.
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with 6 points on the mRS is considered dead, and it is impossible 
to determine whether their mortality was neurological in origin. 
Many pontine hemorrhages result in decreased consciousness and 
high mortality in the acute period because obstructive hydroceph-
alus leads to chemoreceptor injury and direct brainstem compres-
sion8,18,23). Another limitation of the present study was that bleed-
ing was only measured in the upper pons. There are three crucial 
brainstem respiratory centers: the pneumotaxic center or pontine 
respiratory group in the dorsal lateral pons, the dorsal respiratory 
group, and the ventral respiratory group (Fig. 3)24-26). In the brain-
stem as a whole, the respiratory center is mainly in the rear, but it is 
concentrated in the front in the upper pons. In the present study, 
only upper pontine hemorrhage was analyzed, that is, from the 
midbrain to the point 2 cm lower. Therefore, the respiratory center 
would have been damaged in the group with a large volume of an-
terior pontine bleeding, and the respiratory tract was likely dam-
aged in this group, influencing mortality. The correlation between 
location and prognosis in brainstem hemorrhage could be further 
studied in an analysis that included the pons and medulla. 

Previous studies analyzing the prognosis of brainstem hemor-
rhage have been limited because they only analyzed the midbrain, 
pons, and medulla. However, in the present study, a more accurate 
bleeding-location relationship was confirmed using the intuitive 

schematic tool, which could subdivide the brain region. From this 
point of view, our study complemented previous papers’ short-
comings and helped extend the data range.

CONCLUSION

According to our prediction model, the initial volume of pontine 
hemorrhage was most significantly related to neurological out-
comes in the mild hemorrhage group. Hemorrhage location 
showed no relationship with neurological outcome. However, a 
positive correlation was observed between anterior upper pontine 
hemorrhage volume and shortened survival time. If the range of re-
search data is extended from the lower pons to the medulla, the 
brainstem position with the most fatal prognosis could be evaluat-
ed using a simple CT scan.
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Objective 
To investigate the impact of hyponatremia severity on in-hospital mortality of neurocritically ill 
patients. 
Methods 
This was a retrospective, observational study of patients who were admitted at a tertiary university 
hospital, Seoul, Republic of Korea, neurosurgical intensive care unit (ICU) from January 2013 to 
December 2019. We included neurocritically ill patients whose serum sodium concentrations 
were obtained during the ICU admission. The primary endpoint was in-hospital mortality. 
Results 
A total of 903 patients were included in the final analysis. Hyponatremia was detected in 359 
(39.8%) patients. There was no significant difference in in-hospital mortality between the no hy-
ponatremia group and the hyponatremia group (8.8% vs. 9.7%, p = 0.724). However, the length of 
ICU stay was longer in the hyponatremia group than no hyponatremia group (282.3± 295.9 hr vs. 
141.8 ± 89.3 hr, p < 0.001). In the multivariable analysis, severe hyponatremia (adjusted odds ratio 
[OR]: 5.41, 95% confidence interval [CI]: 1.23 – 20.54), malignancy (adjusted OR: 3.45, 95% 
CI: 1.29 – 9.72), continuous renal replacement therapy (adjusted OR: 6.15, 95% CI: 1.65 – 
23.38), invasive intracranial pressure monitoring (adjusted OR: 0.39, 95% CI: 0.17 – 0.83) and 
Glasgow Coma Scale on ICU admission (adjusted OR: 0.6, 95% CI: 0.52 – 0.69) were significant-
ly associated with in-hospital mortality. 
Conclusion 
Based on our findings, mild to moderate hyponatremia were not associated with clinical out-
comes. However, severe hyponatremia was significantly associated with in-hospital mortality. 
Therefore, adequate and timely regulation of serum sodium level is important for favorable prog-
nosis and survival of neurocritically ill patients. 
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INTRODUCTION

Hyponatremia is a common electrolyte abnormality in hospital-
ized patients6,9,13,17). It could be mild with nausea and vomiting or 
severe with lethargy, seizures, and loss of consciousness14). In the 
critically ill, especially neurocritically ill patients, hyponatremia is 
also a common electrolyte disorder and is associated with clinical 
prognosis13,14). Hyponatremia may induce neurological complica-
tions including cerebral edema, increased intracranial pressure 
(ICP), seizures, altered mentality, and brain death due to exacerba-
tion of brain edema6). In addition, neurocritically ill patients may 
be more vulnerable to hyponatremia and may develop clinical 
symptoms in the absence of severe hyponatremia6,16). Therefore, 
inadequate or delayed hyponatremia treatment may lead to signifi-
cant morbidity and mortality13) in neurocritically ill patients. How-
ever, the number of studies that have reported the correlation be-
tween hyponatremia severity and the clinical outcomes of neuro-
critically ill patients is limited. In this study, we aimed to evaluate 
the impact of hyponatremia severity on in-hospital mortality of 
neurocritically ill patients.

MATERIALS AND METHODS

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

tients who were admitted at the Samsung Medical Center, Seoul, 
Republic of Korea, neurosurgical intensive care unit (ICU) from 
January 2013 to December 2019. This study was approved by the 
Institutional Review Board (IRB) of Samsung Medical Center (IRB 
approval number: SMC 2020-09-082). Patients’ records were re-
viewed and analyzed according to the Declaration of Helsinki. The 
requirement of informed consent was waived by the IRB due to its 

retrospective nature. We included neurocritically ill patients and 
those who were on neurosurgical postoperative management, in-
cluding brain tumor, subarachnoid hemorrhage, cerebral vascular 
surgery, intracerebral hemorrhage, cerebral infarction, traumatic 
brain injury, infection of the central nervous system. In addition, the 
patients should have been hospitalized in the ICU for more than 3 
days or died within 3 days after ICU admission, and their serum so-
dium concentrations should have been obtained during the ICU 
admission. We excluded patients whose hypernatremia was above 
145 mEq/L during their ICU stay, who had insufficient medical re-
cords, who had a ‘do not resuscitation’ order, who were admitted to 
departments other than neurosurgery, and who were transferred to 
other hospitals or with unknown prognosis (Fig. 1).

Definitions and outcomes In this study, the baseline characteris-
tics such as comorbidities, behavioral risk factors, ICU manage-
ment, and laboratory data were collected retrospectively using 
Clinical Data Warehouse. Our center constructed a “Clinical Data 
Warehouse Darwin-C” designed for investigators to search and re-
trieve de-identified medical records from electronic archives. The 
serum sodium levels were obtained at least once every day from all 
neurosurgical patients. Hyponatremia was defined as serum sodi-
um <  135 mmol/L5). In addition, to help determine the associa-
tion between the clinical outcomes and severity of hyponatremia, 
the patients were categorized into four subgroups: no hyponatre-
mia ( ≥ 135mEq/L), mild hyponatremia (130 – 134mEq/L), 
moderate hyponatremia (125 – 129mEq/L), and severe hyperna-
tremia ( < 125mEq/L)5). In this study, the primary endpoint was 
in-hospital mortality.

Statistical analyses
All data are presented as mean ±  standard deviation for contin-

Fig. 1. Study flow chart. ICU: Intensive care unit.

Exclusion
Transferred to general wards within 3 days (n = 10,693)
Hypernatremia during ICU admission (n = 691)
Insufficient laboratory data (n = 275)
No neurocritical illness (n = 119)
Unknown prognoses (n = 42)
Admitted to departments other than neurosurgery (n = 20)

Serum Na < 135 (n = 359) Serum Na ≥ 135 (n = 544)

Study population (n = 903)

Patients admitted to the neurosurgical ICU
Jan. 2013-Ded. 2019

(n = 12,743)
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Table 1. Baseline characteristics

Variable Normal (n = 544) Hyponatremia (n = 359) p value
Patient demographics
 Age (year) 43.4 ± 24.1 47.2 ± 24.7 0.021
 Sex, male 276 (50.7) 212 (59.1) 0.017
Comorbidities
 Malignancy 332 (61.0) 264 (73.5) <0.001
 Hypertension 147 (27.0) 112 (31.2) 0.200
 Diabetes mellitus 44 (8.1) 41 (11.4) 0.118
 Chronic kidney disease 19 (3.5) 31 (8.6) 0.002
 Cardiovascular disease 19 (3.5) 13 (3.6) 0.999
 Chronic liver disease 13 (2.4) 12 (3.3) 0.518
Behavioral risk factors
 Current alcohol consumption 100 (18.4) 68 (18.9) 0.901
 Current smoking 55 (10.1) 38 (10.6) 0.906
Cause of ICU admission 0.017
 Brain tumor 276 (50.7) 195 (54.3)
 Intracerebral hemorrhage 69 (12.7) 46 (12.8)
 Vascular surgery 70 (12.9) 34 (9.5)
 Traumatic brain injury 54 (9.9) 35 (9.7)
 Subarachnoid hemorrhage 52 (9.6) 34 (9.5)
 Central nervous system infection 8 (1.5) 14 (3.9)
 Cerebral infarction 15 (2.8) 1 (0.3)
APACHE II score on ICU admission 5.0 ± 5.0 5.9 ± 5.5 0.006
Glasgow Coma Scale on ICU admission 13.1 ± 2.4 13.0 ± 2.3 0.696
ICU management
 Mechanical ventilation 182 (33.5) 162 (45.1) 0.001
 Continuous renal replacement therapy 10 (1.8) 12 (3.3) 0.225
 Invasive ICP monitoring 206 (37.9) 177 (49.3) 0.001
 Use of mannitol* 268 (49.3) 140 (39.0) 0.003
 Use of glycerin* 141 (25.9) 96 (26.7) 0.843
 Use of vasopressors 36 (6.6) 26 (7.2) 0.819

Data are presented as numbers (%) or means ± standard deviations.
APACHE: Acute Physiology and Chronic Health Evaluation, ICP: intracranial pressure, ICU: intensive care unit, ICP: intracranial pressure.
*Some patients received more than one hyperosmolar agent.

uous variables or frequencies and proportions for categorical vari-
ables. Data were compared using Student’s t-test for continuous 
variables and Chi-square test or Fisher’s exact test for categorical 
variables. A stepwise multiple logistic regression was performed to 
obtain a statistically meaningful predictor of in-hospital mortality. 
All tests were two-sided and p values of less than 0.05 were consid-
ered statistically significant. All statistical analyses were performed 
with R Statistical Software version 4.0.2 (R Foundation for Statisti-
cal Computing, Vienna, Austria).

RESULTS

Baseline characteristics
A total of 12,743 patients were admitted to the neurosurgical 

ICU during the study period, among them 903 patients were in-
cluded in the final analysis. The mean age of all the patients was 
44.9 ±  24.4 years and 54.0% of patients were male. Hyponatremia 
was detected in 359 (39.8%) patients. Malignancy (66.0%) and hy-
pertension (37.1%) were the most common comorbidities, while 
brain tumors (52.2%) and intracerebral hemorrhage (12.7%) were 
the most common reasons for ICU admission (Table 1).

Clinical outcomes of the overall study population
There was no significant difference in in-hospital mortality be-

tween the no hyponatremia group and the hyponatremia group 
(8.8% vs. 9.7%, p =  0.724). However, the length of ICU stay was 
longer in the hyponatremia group than no hyponatremia group 
(282.3 ±  295.9 hr vs. 141.8 ±  89.3 hr, p < 0.001). In addition, 
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there were no significant differences in the clinical outcome ac-
cording to the hyponatremia severity-based groups except hospital 
length of stay (p <  0.001) (Table 2). 

In the multivariable analysis, severe hyponatremia (adjusted odds 
ratio [OR]: 5.41, 95% confidence interval [CI]: 1.23 – 20.54), ma-
lignancy (adjusted OR: 3.45, 95% CI: 1.29 – 9.72), continuous re-
nal replacement therapy (adjusted OR: 6.15, 95% CI: 1.65 – 23.38), 
invasive ICP monitoring (adjusted OR: 0.39, 95% CI: 0.17 – 0.83) 
and Glasgow Coma Scale on ICU admission (adjusted OR: 0.6, 
95% CI: 0.52 – 0.69) were significantly associated with in-hospital 
mortality (Table 3). 

In the survival rate analysis, the patients with severe hyponatre-
mia had the worst survival rate among the overall patients. Howev-
er, there were no significant differences in the mortality rates of pa-
tients according to the severity of hyponatremia (p =  0.430, Fig. 2). 

DISCUSSION

In this study, we investigated the impact of hyponatremia on 
in-hospital mortality of neurocritically ill patients. Major findings 
of this study were as follows. First, based on our findings, approxi-
mately one-third of the neurocritically ill patients had hyponatre-
mia during their ICU stay. However, there was no significant differ-
ence in in-hospital mortality between the no hyponatremia group 

and the hyponatremia group. There were also no significant differ-
ences in the clinical outcome among the hyponatremia severity 
based. On the other hand, the length of ICU stay was longer in the 
hyponatremia group than in the no hyponatremia group. Although 
hyponatremia did not show significant association with clinical 
outcomes in the univariable analysis, severe hyponatremia showed 
significant association with mortality in multivariable analysis. In 
addition, the multivariable analysis revealed that severe hyponatre-
mia, malignancy, continuous renal replacement therapy, invasive 
ICP monitoring, and Glasgow Coma Scale on ICU admission 
were significantly associated with in-hospital mortality. 

Hyponatremia is the most common electrolyte abnormality in 
hospitalized patients3) and especially the neurocritically ill pa-
tients9); previous studies reported hyponatremia in up to 38 % of 
critically ill patients and up to 50 % of neurosurgical pa-
tients2,7,9,16,19). Although the pathophysiology of hyponatremia in 
neurocritically ill patients is multifactorial, cerebral salt wasting 
syndrome and syndrome of inappropriate antidiuretic are the most 
common causes of hyponatremia in these patients6,9,13). Hypona-
tremia has been associated with the clinical progress of neurocriti-
cally ill patients9,13,15). Acute hyponatremia can cause brain edema 
and rapid neurological deterioration by increasing the osmotic gra-
dient between the cerebral interstitial tissue and serum9). If pro-
longed, hyponatremia even in mild cases can lead to increased in-

Table 2. Clinical outcome according to the severity of hyponatremia

Variable No hyponatremia (n = 544) Mild (n = 257) Moderate (n = 73) Severe (n = 29) p value
In-hospital mortality 48 (8.8) 25 (9.7) 5 (6.8) 5 (17.2) 0.406
28-day mortality 43 (7.9) 17 (6.6) 4 (5.5) 2 (6.9) 0.841
ICU mortality 29 (5.3) 14 (5.4) 3 (4.1) 2 (6.9) 0.948
ICU length of stay (hour) 43.4 ± 201.9 86.0 ± 297.4 49.9 ± 31.7 49.8 ± 36.7 0.092
Hospital length of stay (day) 141.8 ± 89.3 268.6 ± 317.5 295.7 ± 215.4 370.5 ± 261.3 < 0.001

Data are presented as numbers (%) or means ± standard deviations. ICU: intensive care unit.

Table 3. Multivariable analysis of in-hospital mortality according to the severity of hyponatremia

Variable Adjusted odds ratio (95% CI)* p value
Hyponatremia
 No hyponatremia 1 Reference
 Mild hyponatremia 0.92 (0.45 – 1.85) 0.818
 Moderate hyponatremia 0.54 (0.12 – 1.87) 0.368
 Severe hyponatremia 5.41 (1.23 – 20.54) 0.017
Malignancy 3.45 (1.29 – 9.72) 0.016
Continuous renal replacement therapy 6.15 (1.65 – 23.38) 0.007
ICP monitoring 0.39 (0.17 – 0.83) 0.019
Glasgow Coma Scale on ICU admission 0.60 (0.52 – 0.69) < 0.001

CI: confidence interval, APACHE: Acute Physiology and Chronic Health Evaluation, ICP: intracranial pressure, ICU: intensive care unit.
*Adjusted for hyponatremia, age, sex, comorbidities, cause of ICU admission, utilization of organ support modalities, use of invasive ICP monitoring device, 
hyperosmolar therapy, and APACHE II score.
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tracranial pressure, neurological abnormalities, and even death4,9). 
Some complications, such as hyponatremic seizures, are more 
prevalent in severe cases of hyponatremia than in benign disease9). 
For instance, the clinical manifestations of hyponatremia are severe 
in neurocritically ill patients with intractable intracranial hyperten-
sion, severe brain damage, or neurosurgical intervention6,16). 

Similar to the previous reports, in this study, hyponatremia was 
also a common electrolyte abnormality in neurocritically ill pa-
tients. However, most hyponatremia cases were mild and only 3% 
of all patients showed severe hyponatremia. In the present study, 
severe hyponatremia was a significant predictor of in-hospital mor-
tality, while mild to moderate hyponatremia were not associated 
with clinical outcomes. However, these findings are inconsistent 
with previous studies6,16). Even patients with normal sodium level 
or hyponatremia were excluded from this study if they had a histo-
ry of hypernatremia during ICU hospitalization. Several studies re-
vealed that hypernatremia was associated with poor clinical out-
comes in neurocritically ill patients8,10,11,18). Although hyperosmolar 
therapy is the standard approach to the treatment of intracranial 
hypertension in the neurocritically ill patients, it is associated with 
hypernatremia and hyperosmolar therapy-induced acute kidney 
injury that can aggravate hypernatremia1,11,18). In addition, hypo-
thalamic dysfunction due to brain injury can contribute to hyper-
natremia12,18). Therefore, ICU-acquired hypernatremia is a possible 
complication in severe brain injuries. For this study, it is possible 
that some patients with severe brain injuries were excluded due to 
accompanied hypernatremia. 

This study has several limitations. First, this was a retrospective 
review of medical records using data extracted from a Clinical Data 
Warehouse. The nonrandomized nature of registry data might 

have resulted in a selection bias. Second, the duration of hypona-
tremia and correction of serum sodium was not reflected in this 
study. Third, most hyponatremia cases were mild with only a small 
percentage of severe hyponatremia cases. Finally, the distribution 
of neurosurgical diseases was different from that in the general 
neurosurgical ICU, and the proportion of patients with brain tu-
mors was particularly high. 

CONCLUSIONS 

Based on our study findings mild to moderate hyponatremia 
were not associated with clinical outcomes in neurocritically ill pa-
tients. However, severe hyponatremia was significantly associated 
with in-hospital mortality. Therefore, adequate and timely regula-
tion of serum sodium level is important for favorable prognosis 
and survival of neurocritically ill patients.
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The thrombotic thrombocytopenic purpura (TTP) is not a common disease entity and presents 
multiple systemic symptoms, constellation of ambiguous GI complaints, fever, neurologic deficits 
and renal failure. As well as the mentioned symptoms, unexpected atypical symptoms related to 
small vessel occlusion could be complicated. In this case, multifocal cerebral infarction and 
non-territorial cardiac ischemia was noted. Surgery-related TTP is not common and needed to 
differentiate from surgery-related complications. We reported orthopedic surgery-related clinical 
vignette of TTP treated by plasmapheresis and the related literature would be reviewed.

Keywords: Thrombotic thrombocytopenic purpura; Cerebral infarction; Coronary artery; Plas-
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INTRODUCTION

Thrombotic thrombocytopenic purpura (TTP) is a multi-sys-
temic microvascular disorder caused by imbalance between the 
formation of unusually large von Willebrand factor (vWF) multi-
mer and cleaving proteinase ADAMTS131,2) TTP is used to pres-
ent a constellation of symptoms of microangiopathic hemolytic 
anemia (MAHA), characteristic peripheral blood smear findings, 
fever, renal failure and neurologic abnormalities3). It is sometimes 
characterized by combination of atypical clinical features, make it 
difficult to differentiate from other diseases such as idiopathic 
thrombocytopenic purpura (ITP), disseminated intravascular co-
agulation (DIC) and sepsis. Specifically, the diagnosis is challeng-
ing when TTP is maninfestated with multifocal cerebral infarction 
because many clinical conditions could result in. With the develop-
ment of recent molecular diagnostics based on the ADAMTS 13 
assay, the diagnosis rate of TTP has been refined compared to the 

past. However, the point that needs to be careful in the diagnosis of 
TTP is to consider the low sensitivity of ADAMTS 13 assay al-
though it showed high specificity3,4). Therefore, in the case of clini-
cal presumptive TTP, the ADAMTS 13 assay is often demonstrat-
ed negative results. Although it is certain that the ADAMTS 13 as-
say is an important molecular method for diagnosing TTP, the 
availability of assay is limited to special lab and it takes a lot of time 
for diagnosis. Hence, it is not reasonable to depend on ADAMT 
13 assay in the diagnosis of TTP, but the diagnosis based on clini-
cal circumferences is more judicious not to delay the treatment3,4). 
A recent targeted therapy with rituximab has been tried to alleviate 
the excessive immunologic responses in TTP, the results is current-
ly anecdotal. Thus, therapeutic plasmapheresis (TPE) has been 
played a pivotal role in the treatment of TTP5,6). In fact, prior to 
plasmapheresis was applied to treatment, the mortality rate of TTP 
had been reached 90%, but it decreased to less than 20% after in-
troduction of plasmapheresis7). In this report, clinical vignette of 
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postoperative CNS-involved TTP treated by plasmapheresis and 
related literature would be reviewed.

CASE

A 78-year-old woman with the history of cerebral infarction 
three years ago, visited hospital because of right hip pain after slip 
down episode. In physical and radiologic examination, right hip 
fracture was diagnosed. There were no noticeable abnormalities in 
blood chemistry, cardiopulmonary and neurologic examination. 
Consequently, she underwent bipolar hemiarthroplasty (BPHA). 

After 5-day recovery, she presented slightly decreased conscious-
ness and disorientation without prominent neurologic deficits. In 
diffusion-weighted MR images, no diffusion–restricted lesion re-
vealed, however, cerebral blood flow delay was noted in time-to-
peak (TTP) images (Fig. 1A). Unfortunately, global aphasia and 
hypobulic compliance were immediately followed by period of 
consistent deterioration of consciousness. Multifocal cerebral in-
farction was noted over frontal, temporal lobe and cerebellar hemi-
sphere in diffusion-weighted image and ADC map (Fig. 1B). How-
ever, there were no evidence of thromboembolic source. Cerebral 
vasculature including carotid artery was patent without luminal ir-
regularities in contrast-enhanced MR angiography. Additionally, 
cardiac arrhythmia had not been reported during hospital course 
in continuous EKG monitoring. At presentation, her platelet count 
was 13 ×  109/L with mild normochromic normocytic anemia 
(hemoglobin was 10.3 g/dL). Initial blood smear showed occa-
sional schistocytes with true thrombocytopenia (Fig. 2). On the 
following day, unexplained fever was developed and thrombocyto-
penia steadily worsened to 2.5 x 109/L. At same time, oliguria and 
blood pressure drop was sustained and revealed due to non-territo-
rial cardiac dysfunction in echocardiography (Fig. 3). Cumulative-
ly, the diagnosis of thrombotic thrombocytopenic purpura (TTP) 
was considered. She continued to deteriorate further with severe 

Fig. 1. (A) MR findings of the first day of clinical deterioration. 
Multiple acute embolic infarction in left temporoparietal lobe and 
deep white matter. Old infarcted lesions were also denoted by DWI-
FLAIR mismatch in bilateral temporoparietal lobe and left frontal 
lobe. The peak time of cerebral blood flow was prolonged at left 
temporoparietal lobe. (B) MR findings during plasmapheresis. Re-
infarction at left temporoparietal lobe and new multiple embolic 
infarction at bilateral frontal, right temporoparietal, centrum semi-
ovale, and left cerebellum. DWI, diffusion-weighted image; ADC, 
apparent-diffusion coefficient; CT, computed tomography; FLAIR, 
fluid-attenuated inversion recovery; TTP, time to peak; MRA, 
magnetic resonance angiograph.
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Fig. 2. Peripheral blood smear (Wright stain, × 1,000). (A) Before plasmapheresis. Frequent schistocytes, spherocytes, and absence of platelets. (B) 
During plasmapheresis. Occasional schistocytes, spherocytes, and presence of platelets. (C) After plasmapheresis. Disappearance of schistocytes, 
spherocytes, and adequate platelets.
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respiratory distress and did not improve despite intensive respira-
tory and circulatory supports including inotropic agents. The 
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schistocyte count (based on classical triangular hyperchromatic 
RBCs) was slightly increased after a serial investigation. Direct anti-
globulin test (DAT) was negative. Serial blood investigations noted 
worsening of anemia (8.4 g/dL) and thrombocytopenia (11 ×  
109/L) with reticulocytosis (7.5%). Lactate dehydrogenase (LDH) 
was 929 U/L (high) and liver function test (LFT) was abnormal. 
AST, ALT, and total bilirubin were 95 U/L, 99 U/L, and 32 umol/
L, respectively. Results of coagulation screening tests (PT, APTT, 
and fibrinogen) were normal. D-dimer was elevated (3.68 ug/mL). 
Autoimmune profiles were negative for antinuclear antibody 
(ANA) and double stranded DNA (dsDNA). Under impression of 
TTP, therapeutic plasmapheresis was performed daily for 10 days 
with goal of normalization of platelet count and LDH. 

Serial peripheral blood smear showed a reduced number of 
schistocytes in the blood film with increasing platelet count after 
plasmapheresis. Her condition was steadily improved, and she was 
transferred to general ward after 20 days of ICU admission follow-
ing sustained normalization of platelet count, hemoglobin, and 
LDH levels (Fig. 4). 

DISCUSSION 

Pathogenesis
TTP is classified into congenital and acquired TTP. The con-

genital TTP accounts for less than 5% of total TTP and is usually 
presented at birth or in childhood. Congenital TTP occurs in an 
autosomal recessive manner by the homozygous mutation of the 
ADAMTS 13 gene located in the chromosome 9q34 locus. Most 
TTP is the form of acquired TTP. The von Willebrand factor 
(vWF), a glycoprotein secreted from vascular endothelial cells as a 
very large polymeric form, induces platelet adhesion and aggrega-
tion in vascular lesions. The ADAMTS 13, one of the metallopro-
teinases presents in plasma, cleaves the shear-induced conforma-

Fig. 3. Illustrations of echocardiographic findings during TTP flare. Moderate LV systolic dysfunction with multiple non-territorial regional wall 
motion abnormalities at mid-posterior, mid-inferior, and mid-septal wall. These findings are consistent with multi-vessel coronary artery disease 
suggesting TTP involvement of coronary arteries.
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tional unfolded vWF. By clearing vWF before fully activating vWF 
formation by shear stress, ADAMTS 13 inhibits excessive 
vWF-mediated platelet aggregation1,4). Autoimmune TTP is 
caused by the production of anti-ADAMTS 13 antibody, which in-
hibits the proteolytic activity of ADAMTS 13. The anti-ADAMTS 
13 antibody is usually an IgG type, binds to ADAMTS 13 and ac-
celerates its removal from the plasma by opsonization or by an un-
known mechanism. Because of ADAMTS 13 deficiency, uncon-
trolled large vVF polymer is formed and acts as a pivotal player in 
the manifestation of TTP clinical symptoms. Although the 
ADAMTS 13 deficiency is not consistently observed in all TTP 
patients, this is currently considered a model to elucidate the 
mechanisms of TTP2,5).

There have been known several predisposing factors that cause 
TTP as well as ADAMTS 13 deficiency (Table 1)4,8). Vascular en-
dothelial damage is another central factor leading to thrombotic 
microangiopathy and could be caused by drugs, infections, toxins, 
and other clinical conditions that cause vascular endothelial dam-
age. The patient in this report presented renal impairment and 
neurologic abnormalities after one week of hip hemiarthroplasty 
(BPHA). Although the mechanism how orthopedic surgery in-
duces TTP is uncertain, it is not uncommon for TTP to occur after 
orthopedic surgery. There was no drug history that could induce 
the TTP except for orthopedic surgery. 

Diagnosis
Paradoxically, thrombotic and thrombocytopenic-associated 

symptoms are coincidentally occurred in TTP9,10). Organ involve-
ment by thrombosis in microvasculature manifests symptoms such 
as renal impairment, cardiac ischemia, central neurologic deficit. 
On the contrary, the hemorrhage symptoms including epistaxis, 
bruising, petechia, hematuria, hemoptysis, etc. are resulted from 
secondary thrombocytopenia caused by consumptive thrombocy-
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cits, hemorrhagic complications were accompanied. 
Characteristically, cardiac ischemia was presented as non-territo-

rial pattern associated with multi-focal embolism in small coronary 
vessels9,11). Multifocal cerebral infarction caused by small vessel oc-
clusion was also observed in diffusion weighted images. Given that 
there were no evidences of atrial fibrillation and carotid artery 
thrombosis, the source of microembolism was not evident. 

In the laboratory test, the compatible findings for MAHA were 
observed and abundant schistocytes were revealed in peripheral 
blood smear. Direct antiglobulin test was negative. Severe throm-
bocytopenia, platelet count below 20,000/ul and mildly prolongat-
ed prothrombin time (PT) within 5 seconds of upper limit were 
also revealed. These are reasonable findings indicating TTP rather 
than DIC. The viral antigen and autoantibody test were also nega-
tive1,2,4). 

Recent studies have recommended measuring the ADAMTS 13 
activity before treatment. The ADAMTS 13 assay includes cleav-
ing activity of ADAMTS 13, neutralizing or non-neutralizing auto-
antibody measurement. The severely decreased ADAMTS 13 ac-
tivity ( < 5%) or the presence of IgG antibody to ADAMTS 13 es-
tablish the diagnosis of TTP. In case of severe ADAMTS 13 activi-
ty ( < 5%), the diagnostic specificity for TTP reaches to 90%. 
However, there are limitations in the ADAMTS 13 assay-guided 
treatment of TTP because the low sensitivity (60%), low accessi-
bility of tests and lagging time to report the results. Patients in this 
case were diagnosed as TTP based on clinical and laboratory find-
ings prior to confirmation of ADAMTS 13 assay4,10,11).

Treatment
Two-thirds of cases of TTP patients are sporadic TTP, and one-

third of patients tend to relapse after TTP remission. Chronic re-
current form of TTP may be associated with genetic predisposi-
tion and autoantibody. On the other hand, in cases which link to 
malignancy or transplantation, they are usually presented as acute 
episode. 

In the past, therapeutic splenectomy was performed in patients 
with refractory or chronic recurrent TTP. Currently, there are bet-

Fig. 4. Dynamic changes of peripheral blood profiles and chemistries 
during TTP progress. Idiopathic fever (A) was alleviated after 
therapeutic plasmapheresis (TPE). Microangiopathic hemolysis and 
thrombocytopenia were also improved response to TPE demonstrated 
by the increased platelet (B), normalization of reticulocyte (C) and 
LDH (D). Delayed deterioration of renal function (E) was noted 
during TTP course. TPE, therapeutic plasmapheresis; LDH, lactated 
dehydrogenase.
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Table 1. Conditions and diseases associated with thrombotic 
thrombocytopenic purpura

Pregnancy and postpartum
Drugs (quinine and quinidine, ticlopidine, clopidogrel, cyclosporine, interferon-a, 

statins
Chemotherapy (cisplatin, mitomycin, gemcitabine)
Allogenic bone marrow transplantation
Connective tissue diseases (Marfan syndrome, lupus erythematous and 

scleroderma)
Post-surgery (cardiac surgery and orthopedic surgery)

tosis. Moreover, non-specific symptoms such as fever, pallor, jaun-
dice, fatigue, myalgia are also observed in TTP. In this case, ambig-
uous fever, renal impairment, cardiac dysfunction, neurologic defi-
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ter treatment options than splenectomy in the aspect of surgical 
risk-benefit, but the splenectomy had been shown a firm effect to 
prevent recurrence of TTP. There were retrospective studies 
showed the remission rate of the splenectomy after TTP episode. 
When observing average 111 months (range, 9 to 230 months), re-
lapse-free survival reached 10 years and relapse rate was 17% when 
splenectomy was done. Currently one of the most important treat-
ment methods of TTP is daily plasmapheresis and it has been re-
ported that the mortality rate is decreased by about 90 to 20%. It 
restores ADAMTS13 by removing autoantibody from the 
blood8,12,13). Recently, early plasmapheresis is recommended be-
cause in cases that plasmapheresis is delayed, usually need a large 
volume of plasma infusion. The total period and number of plas-
mapheresis required for TTP remission are highly variable de-
pending on the patients, however, obviously long period of plas-
mapheresis is needed especially in the antibody-mediated TTP. 
Daily exchanges should last at least two days even after reaching 
the normal level of platelet count ( >  150 ×  109/l). Transfusion is 
one of the essential adjunctive therapies during therapeutic plas-
mapheresis. Red cell transfusion should be administered according 
to clinical need, especially when anemia is getting worse. During 
active hemolysis, folate supplementation could be also required. 
Unless TTP is associated with life-threatening hemorrhage, platelet 
transfusion is not routinely indicated. Prophylactic use of LMWH 
to prevent thrombosis in high risk patients is recommended once 
the Platelet count reaches above 50 ×  109/l. 

Steroid is widely used during plasmapheresis at early period of 
acute immune TTP. High dose steroids were reported to show min-
imal side effects and improve patient prognosis. However, there is 
no randomized clinical trial proving that a combination of plasma-
pheresis and steroid is superior to plasmapheresis alone5,10,13).

Relapse 
Relapse is defined by TTP recurrence after 30 days from initial 

episode. The TTP relapse is known to occur in 20 to 50% of total 
TTP cases. Canadian Apheresis group reported 36% relapse rate 
over a 10 year follow up of TTP patients. 

Patients with ADAMTS 13 activity less than 10% or in which 
anti-ADAMTS 13 antibody is positive in blood during remission 
period are reported to show a 3-fold higher recurrence rate over 1 
year. In case that ADAMTS 13 activity was 5% or less, the recur-
rence rate reached 38.5%, but in case of 15% or more, only 5% of 
the patients relapsed in previous report4,5,12).

The use of rituximab during acute TTP episode was reported to re-
duce the risk of relapse. In patients with ADAMTS 13 activity less 
than 5%, elective rituximab therapy could normalize ADAMTS 13 
activity and decreased relapse rate. 

Cumulatively, TTP patients are recommended to counsel the 
symptoms and dangers of recurrence and monitor ADAMTS 13 
activity periodically.

Patient Consent
The patient and guardian have consented to the submission of 

the case report for submission to the KJCCM.
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INTRODUCTION 

Reversible cerebral vasoconstriction syndrome (RCVS) is typi-
cally characterized by clinically severe headache, neurologic deficits 
caused by ischemia or intracerebral hemorrhage, and radiologically 
observed multifocal cerebral artery vasoconstriction1,2). 

The purpose of this case report was to report the clinical treat-
ment and management, as well as discuss the imaging characteris-
tics, of an RCVS patient. 

CASE REPORT 

A 28-year-old woman with no past medical history presented 

Reversible cerebral vasoconstriction syndrome (RCVS) is a clinical and radiologic syndrome that 
presents with a severe headache associated with multifocal segmental vasoconstriction of the cere-
bral arteries. The pathophysiology of RCVS is unknown, but changes in arterial tone seem to a key 
mechanism. The clinical course of RCVS is self-limiting, resolving spontaneously. RCVS usually 
follows a benign course, but the prognosis can vary because delayed intracerebral hemorrhage, 
ischemic, or hemorrhagic stroke can occur. Computed tomography angiography and digital sub-
traction angiography are the diagnostic methods of choice. The calcium channel blocker and anal-
gesic agent, nimodipine, seems to reduce the severity of the headaches. This case report character-
ized the clinical presentation, diagnosis, differential diagnosis, clinical course, and management of 
RCVS to assist with differentiating it from other conditions it may be confused with. 

Keywords: Reversible cerebral vasoconstriction syndrome; Primary reversible cerebral vasocon-
striction syndrome; primary angiitis of the central nervous system  
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with a severe headache (VAS 7) and vomiting. She underwent a 
cesarean section a week earlier and had no particular postoperative 
complications. When she came to our emergency room, her initial 
mental status was drowsy, and her blood pressure was normal. 
Computed tomography (CT) showed a left basal ganglia Intrace-
rebral hemorrhage (ICH) and a subarachnoid hemorrhage (SAH) 
in the left frontal sulci (Fig. 1). Rheumatoid factor, antinuclear an-
tibody, and inflammation-related laboratory tests were performed, 
all of which were normal. She complained of anxiety and dizziness. 
High blood pressure (160/90 mmHg) was noted and the fol-
low-up CT showed left intracerebral hemorrhage resolution and 
marked low density in the left ACA-MCA border zone (Fig. 2) on 
day 10. There was no difference in consciousness, and dizziness re-
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peatedly improved and worsened. CT angiography (CTA) re-
vealed smooth, contoured, narrowing bilateral intracranial arteries, 
and no demonstrable cerebral aneurysm or vascular malformation 
(Fig. 3). A tentative diagnosis of RCVS was made. The patient was 
started on nimodipine 270 mg oral administration per day and was 
treated for high blood pressure. Digital subtraction angiography 
(DSA) was done on day 11. Diffuse vasospasm involving bilateral 
intracranial arteries, intraarterial drug infusion angioplasty in bilat-
eral ICAs using nimodipine 3mg shows poor response of drug in-
fusion angioplasty (Fig. 4). Magnetic resonance (MR) perfusion 
was performed on day 18. No dealyments were found in the time 
to peak or mean transit time. The MRI T1 contrast image revealed 
probable ICH in the left basal ganglia, gyral enhancement along 
the left frontal convexity, and probable subacute infarction (Fig. 5). 
Her consciousness, anxiety, and dizziness improved on day 28, 
without neurologic deficits. 

Repeat CTA three months post-admission revealed bilateral, 
multifocal, reversible vasoconstriction, confirming a diagnosis of 
RCVS. The patient is still undergoing outpatient follow-up with-
out any special neurologic disorders. 

DISCUSSION 

RCVS has a clinical presentation of thunderclap headache, nau-
sea, vomiting, photophobia, encephalopathy, seizure, focal neuro-
logic deficit due to ischemia, cerebral edema, and cerebral infarc-
tion3). An initial DSA and CTA are the preferred imaging modali-
ties, and such images show multifocal segmental vasoconstriction 
and reversibility of angiographic spasms in the three months fol-
lowing the onset of clinical symptoms4). Although the pathophysi-
ology is still not yet clearly defined, multiple factors can cause SAH 
including pial vessels and reperfusion injury due to high flow in 
spastic vessels3). Sympathetic hyperreactivity by medication, endo-
thelial dysfunction, and oxidative stress are prone to generating va-
soconstriction, causing RCVS4). The risk factors include the post-
partum state, adrenergic or serotonergic drugs, chronic migraines, 
and vasoactive material (cocaine, ecstasy, amphetamines, alcohol, 
and nicotine)5). Post-partum RCVS usually occurs in the first week 

Fig. 1. Cerebral computed tomography scan on day 1 after the occurrence 
of mental changes (drowsy) and ICH in the Lt. basal ganglia, SAH along 
the Lt. cerebral sulci and IVH. ICH, intracerebral hemorrhage; Lt., left; 
SAH, subarachnoid hemorrhage; IVH, intraventricular hemorrhage.

Fig. 2. Cerebral computed tomography scan on day 10 (left) and 
resolving process of the ICH in the Lt. basal ganglia, SAH, and marked 
low-density in the Lt. ACA-MCA watershed zone (right, arrows).

Fig. 3. CT angiography on day 10 and smooth, contoured, narrowing 
bilateral intracranial arteries, with no demonstrable cerebral aneurysm 
or vascular malformation.

Fig. 4. DSA on day 11. Diffuse vasospasm involving bilateral intracranial 
arteries (left) and intraarterial drug infusion angioplasty in bilateral ICAs 
using nimodipine 3 mg, respectively, with poor response in drug infusion 
angioplasty (right).
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after delivery. Most cases are associated with administered vaso-
constrictors, such as ergotamine and oxytocin5). 

RCVS can be differentially diagnosed by primary angiitis of the 
central nervous system (PACNS) and primary reversible cerebral 
vasoconstriction syndrome (PRES). Clinically, PACNS usually 
has a chronic onset, not significant thunderclap headache, and pro-
gresses to stepwise neurological deterioration. Because PACNS in-
volves inflammation of the blood vessels, cerebrospinal fluid (CSF) 
analysis shows inflammatory changes. PACNS can be diagnosed 
by several occlusions seen on angiography, with similar angio-
graphic findings on DSA and CTA. Mandell et al. reported that 
high-resolution magnetic resonance imaging (HRMRI) could be a 
diagnostic choice in differentiating the distinct wall characteristics 

of both diseases. The PACNS group showed wall thickening and 
wall enhancement, and the RCVS group exhibited wall thickening 
without wall enhancement. Obusez et al reported that HRMRI 
showed a continuous pattern in RCVS throughout the entire wall, 
with or without an enhancing wall pattern. This enhancing pattern 
is distinct in the short segmental concentric or eccentric enhancing 
wall pattern of PACNS5,6). With time, RCVS stabilizes, and the an-
giographic findings tend to improve quickly, whereas the arterial 
luminal irregularity in PACNS does not improve in a short time5). 
Multiple cerebral infarctions can occur in PACNS and RCVS, and 
PACNS patients are typically prone to acute infarction in the bor-
der-zone territories7). In contrast, PACNS tends to cause acute in-
farction in the large branch artery territory or small vessel occlusion 
area8). Intra-arterial vasodilators such as nimodipine have been 
proposed to have differential diagnostic value in RCVS. The drug 
immediately normalizes spasms in RCVS, whereas vasodilators in-
fused at the lesion in PACNS do not consistently produce chang-
es9). However, in our case, intra-arterial nimodipine infusion did 
not result in vasodilation. After nimodipine infusion, the overall ar-
terial caliber was similar to that in the pre-treatment state. 

RCVS and PRES overlap significantly in clinical and radiograph-
ic features. PRES has an acute onset, with severe headache, visual 
changes, and seizures, which can be reversible. MRI T2 images can 
differentiate PRES from RCVS, in which symmetric both side ede-
ma is seen in the cortex and subcortical white matter, mostly of the 
posterior parietal and occipital lobes, that quickly reverses. In 
PRES patients, on post-contrast images, superficial leptomeningeal 
enhancement is the most common finding. One-third of the pa-
tients exhibit combined gyral cortical enhancement in the T1 im-
ages10-12). Vasogenic edema occurs in the parietal-occipital regions 
in 90% of the patients12). 

A quarter of the patients with PRES are normotensive. A more 
recent study reported that endothelial dysfunction could trigger 
the regulation of arterial tone and affect vasoconstriction with hy-
poperfusion13,14). MR perfusion demonstrated reduced cortical rel-
ative cerebral blood volume(rCBV) in PRES lesions, and a string-
of-beads pattern along with reduced rCBV indicates a hypoperfu-
sion state in PRES14). 

SAH or ICH in RCVS typically occurs in cerebral convexities a 
few days after the initial headache, before infarction15). Ducros et al. 
found different time courses of thunderclap headaches, vasocon-
striction, and ischemia, suggesting that vasospasm starts in the 
small arterioles and gradually progresses toward medium-sized and 
large arteries15,16). The mechanism of ICH and SAH in RCVS pa-
tients is still unknown. Recurrent vessel rupture and reperfusion 
injury from vasoconstriction and dilation of the leptomeningeal ar-
teries is hypothesized16). Endothelial dysfunction in vessel walls 

Fig. 5. Magnetic resonance (MR) perfusion on day 18. Time to peak 
and mean transit time delays were not found (upper). The MRI T1 
contrast image revealed probable ICH in the Lt. basal ganglia (lower 
left) and gyral enhancement along the Lt. frontal convexity, with 
probable subacute infarction (lower right).

Fig. 6. CT angiography follow-up at three months. Diffuse vasospasm 
was not noted.
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can be the key to explaining the stroke mechanism16). The mecha-
nism of intraventricular hemorrhage following RCVS has not been 
clearly defined. The blood supply of the fourth ventricle comes 
from the perforator branch of Posterior cerebral artery (PCAs) and 
superior cerebellar artery (SCAs) 17). In our patient, (Intraventricu-
lar hemorrhage) IVH and left (basal ganglia) BG ICH was detect-
ed on the initial CT scan, supporting the theory that small arteries 
are more susceptible to repeated vasoconstriction and vasodilation 
than medium or large-sized arteries. Our findings support that 
these perforators may be affected by vasoconstriction and reperfu-
sion. 

From the treatment of RCVS, guidelines have been established 
by observational data and opinions18). Because of the self-limiting 
disease entity, symptomatic treatment and Intensive care unit 
(ICU) administration following close blood pressure monitoring 
should be done. Vasoactive drugs should be avoided at first, and 
analgesic agents administered to relieve severe headaches and as 
seizure prophylaxis. Osmotic agents can also be used19). Calcium 
channel blockers and magnesium sulfate have been reported to re-
duce vascular tone18,19). 

Long-term treatment should include the secondary prevention 
of stroke, and antihypertensive agents with calcium channel block-
ers and nimodipine can be considered. Oral or intravenous ni-
modipine has been reported to provide symptom relief, especially 
for headaches9). Balloon-angioplasty was reported in some cases, but 
four of five patients died20,21). Intra-arterial vasodilator therapy has 
been reported to improve vasoconstriction. However, multiple treat-
ments may be needed due to recurrent arterial spasms9,22). In our case, 
intra-arterial nimodipine 3 mg infusion was administered continuous-
ly for two days, yet the vasospasm did not improve (Fig. 4). 

CONCLUSION 

The pathophysiological mechanism of PACNS, PRES, and 
RCVS is still unknown. PACNS, PRES, and RCVS are clinically 
and radiologically similar with overlapping findings and are a part 
of a continuous disease entity, so the initial diagnosis can be diffi-
cult. Several theories have debated the involvement of cerebral au-
toregulation and endothelial dysfunction. 

Developing MRI and neuroradiological studies and clinical find-
ings may help with diagnosis and treatment. Discovering patho-
physiologic algorithms and the accumulation of treated cases can 
improve clinical outcomes. 
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7) Conclusion
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8) References
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b) All references should bealphabetized by the first author’s last 
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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 
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through errata, corrigenda, or retraction.
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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.
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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
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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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