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The systemic inflammatory response syndrome (SIRS) consists of an inflammatory phenomenon
as a response of the immune system against infections, as well as non-infectious injuries, which includes manifestations that affect multiple organs, among which hyperthermia or hypothermia,
leukopenia or leukocytosis, tachycardia, and tachypnea. SIRS accompanies different acute brain
and spinal cord injuries, including subarachnoid hemorrhage, intracerebral hemorrhage, spinal
cord trauma, traumatic brain injury, and status epilepticus. We suggest a new term for this condition neurogenically originated systemic inflammatory response syndrome (NoSIRS). NIRS can
be considered a new syndrome associated with pathological neurological conditions. However,
more research is needed to figure out the true severity of this clinical picture and also figure out
the best way to treat this condition.
Keywords: Systemic inflammatory response syndrome; Inflammation; Intracerebral hemorrhage; Head trauma; Spinal cord injuries; Epileptic status

INTRODUCTION
Traditionally, the inflammatory response syndrome has been
used as a concept to describe a generalized pathophysiological response to the entire body against a stimulus or injury such as infection, trauma, burns, and pancreatitis, among others. According to
the consensus of the American College of Physicians Chest and
the American Society for Critical Medicine published in 1992, the
existence of two out of four criteria defines the process: temperature (36 °C or > 38 °C), the white blood cell count (4000/mm3 or
> 12,000/mm3), heart rate ( > 90 beats/minute) and respiratory

rate ( > 20 breaths/minute)1). This constellation of clinical manifestations reflects a systemic process associated with endothelial
activation and dysfunction, which in turn alters tissue perfusion2).
The overreaction causes tissue damage, organ dysfunction, and
even organ failure, which makes the prognosis worse for patients1,3).
The systemic inflammatory response syndrome (SIRS) accompanies various forms of brain injury and acute spinal cord injury,
including subarachnoid hemorrhage, ischemic cerebrovascular accident, intracerebral hemorrhage, brain trauma, and spinal cord injury. In the following review, the overview about the concept of
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neurogenically originated systemic inflammatory response syndrome (NoSIRS) and the relationship between some forms of
acute injury and the development of SIRS will be explained.

THE CONCEPT OF NEUROGENICALLY
ORIGINATED SIRS
As described above, SIRS is a syndrome characterized by symptomatic indications. If a patient has SIRS, the body's inflammatory
response is stimulated. The effects of the responses quickly spread
to the other organs. Typically, bloodstream chemicals, such as cytokines or hormones are constituting the delivery key3). However,
the Brain is less impacted by SIRS due to its blood brain barrier
system, which has a tight connection between the arterial lumen
and brain parenchyma4). Therefore, the key molecules cannot
cause brain inflammation. However, when the brain is harmed, an
inflammatory response might be initiated. In cases of brain damage, the blood brain barrier is generally compromised. The systemic responses might be stimulated by central cytokines and white
blood cells (microglia)3-5). Various subtypes of brain disease can be
involved such as examples mentioned below. They sometimes
make systematic inflammations, and this is called NoSIRS.

SUBARACHNOID HEMORRHAGE
Subarachnoid hemorrhage (SAH) produces acute brain injury,
secondary to both cerebral and systemic processes4). This phenomenon gives rise not only to a local inflammatory response
propagated by blood degradation but also to a state of systemic inflammation as a result of the action of released cytokines or the release of high amounts of catecholamines into the circulation that
promote activation of the immunological process5). Clinically
identified SIRS occurs in the acute phase after SAH as the manifestation of the systemic inflammatory process, with non-infectious
inflammation manifesting mainly with hyperthermia and leukocytosis. The presentation of SIRS is related to mortality and morbidity rates in patients with SAH. Having SIRS criteria increases the
risk of intracranial and systemic problems, such as vasospasm and
hydrocephalus, as well as other health problems6).
Patients with SAH will develop SIRS in more than half of the
cases, with prevalences of 29% to 89% of patients6-8), without relationship to the method chosen for the treatment of the aneurysm7,8). The intimate connection between the brain and the heart
through vessels and nerves means that once brain damage occurs
after SAH, sympathetic dysfunction can contribute to cardiac arrhythmias, generating the release of cytokines that enter the circulation8), which, by interacting with the modified vascular markers
40
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released after the rupture of the aneurysm, perpetuate brain inflammation9). Similarly, activated neutrophils in the peripheral circulation can damage microvessels in the brain10). Leukocyte diapedesis can happen through damaged microvessels after an injury,
allowing immune cells from the outside to move into the cerebrospinal fluid and brain11).
Patients with SAH xhibit greater serum tiers of interleukin-6
(IL-6) and C-reactive protein, with larger peaks related to late cerebral ischemia12). Similarly, it has been found that SIRS not only
promotes extracerebral organ dysfunction, exacerbating late cerebral ischemia, thus contributing to a worse prognosis, but also
acute lung injury8,13). The rising level of acute-phase proteins, like
C-reactive protein, is related to active vasospasm. This is also true if
there is a diversion device in place to keep an eye on the output of
cerebrospinal fluid. Contraction band necrosis, one of the hallmarks of neurogenic cardiac dysfunction, is seen due to marked
catecholamines surge with high-grade SAH. One of the presentations of high-grade SAH can be sudden cardiac arrest, resistant to
resuscitative measures, and significantly poor prognosis2).

INTRACEREBRAL HEMORRHAGE
Intracerebral hemorrhage (ICH) represents the main cause of
mortality and morbidity in patients with stroke, with a poor prognosis. However, it is important to know that this will depend on
factors such as the severity of the bleeding observed clinically and
radiologically, the age of the patient, the previous use of anticoagulants, and superimposed infections, as well as the neuroinflammatory processes that are triggered in this type of affection. In the
same way, strokes can cause initial inflammation, which can lead to
future problems caused by reperfusion14,15). These problems can
also have an impact on both morbidity and mortality.
Patients with early ICH produce cytokine activation as a protective mechanism that results in a systemic inflammatory response
that is characterized by the absence of infection and the presence
of two or more of the following: hypothermia or hyperthermia;
leukocytosis; or leukopenia; tachycardia; or tachypnea; which are
associated with worsening of the patient's prognosis. Boehme et al.
established the association between SIRS and intracranial hemorrhage in patient prognosis, finding that 20% of their population developed SIRS, with a worse prognosis16).
High levels of C-reactive protein correlate with inflammatory responses to a traumatic event or infection. Increased levels have
been linked to a poorer prognosis and an increased risk of mortality in patients with brain injury. When Lopponen et al. looked at
people who had intracranial trauma, they found that people who
had high levels of C-reactive protein when they first got hurt were
www.e-jnic.org
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more likely to have a bad outcome. They also said that this high
level wasn't linked to other diseases or infections15).
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In any spinal cord injury (SCI), considerable damage is generated that is represented by physical disabilities, which are established
by spinal cord compression, decreased local blood flow, or intraspinal hemorrhage. Any of these phenomena generate mechanisms of
neurodegeneration, gliosis, and inflammation, favoring the establishment of an inflammatory environment with the collection of
degenerating neurons and activated glial cells, which, at the same
time, favors the activation of different pro-inflammatory mediators
with the possibility of triggering SIRS20). SIRS may cause pneumonia, deep vein thrombosis, urinary tract infections, emboli, and
sepsis in these individuals. Kesani et al. demonstrated that patients
with severe SCI who present with criteria for SIRS have more
complications, longer hospital stays, and worse prognosis21).

term and long-term processes begin to affect the central nervous
system (CNS)25). The initial contusion produces damage by shearing, tearing, and/or stretching of neurons, their axons, glia, and
blood vessels (forming hematomas)22,25). This is known as a primary lesion, and it can be focal, diffuse, or a combination of both. In
most cases, any type of primary injury induced by trauma leads to
neuronal loss22). The primary injury triggers a second wave of biochemical mediators that produce cellular and metabolic changes.
This may happen seconds or minutes after trauma and persist for
days, months, or years. This secondary injury is mainly located at
the site of the trauma and the surrounding tissue23). This mechanism causes excitotoxicity, oxidative stress, mitochondrial dysfunction, blood-brain barrier disruption, and neuroinflammation22,25,27).
Neuroinflammation plays a fundamental role in the damage produced after neurological trauma. This concept refers to any inflammatory process located in the central nervous system and includes
the activation of immune cells (particularly glia) and non-immune
cells, as well as the release of inflammatory mediators such as cytokines26). After the insult, there is a massive release of excitatory
neurotransmitters, mainly glutamate, which interacts with neurons
and astrocytes, causing an increase in the flow of Na+, Ca2+, and
K+ions (excitotoxicity)22,25). A catabolic reaction occurs, and the
blood-brain barrier is altered. An injured blood-brain barrier allows
the passage of pro-inflammatory molecules into and out of the
CNS. The release of mediators into the circulation can manifest
clinically as SIRS with possible involvement of other organs28). The
complex nature of both acute and chronic inflammatory reactions
could aggravate the pathological outcome or promote the repair
process. On the other hand, multiorgan damage in some polytraumatized patients could be increased by mediators in the circulation
and this could also contribute to neurological pathology25).

TRAUMATIC BRAIN INJURY

ACUTE PULMONARY INJURY

Traumatic Brain Injury (TBI) is an intracranial injury as a result
of an external force against the head that exceeds the protective
mechanisms of the brain and the cranial vault22). It might be acute
or chronic, local or widespread, mild, moderate, or severe22,23). The
severity can be judged with the Glasgow Coma Scale, which plays
a fundamental role due to its ease of use and reproducibility in clinical practice24). Neurological trauma is a serious health problem
throughout the world, and it is a complex process that involves a
wide spectrum of symptoms and long-term consequences, including disabilities25). It has recently been found that neuroinflammatory processes play a role in the pathophysiology of trauma in the
central nervous system26).
Once the brain receives a mechanical insult, a series of short-

The pathophysiology of acute pulmonary injury (API) in the
setting of acute brain insult is complex. Studies demonstrated that
API was prevalent in individuals with elevated intracranial pressure
in contrast to cerebral perfusion pressure after brain insult29,30). The
crucial landmark of these studies is that API developed on top of
normal apparent lungs on a chest x-ray at admission, explaining
that brain insult was the contributing factor. Capillary pressures
rise in the lung bed, endothelial deterioration occurs, and capillary
leakage into the alveoli and pulmonary interstitial occurs in response to adrenergic surge31). Also, inflammatory mediators like
IL-6 may contribute to API development32,33). To this aim, an “adrenergic surge” and systemic generation of inflammatory mediators
have been proposed as a “double hit” paradigm34).

STATUS EPILEPTICUS
Status epilepticus (SE) is a life-threatening neurological emergency that requires early anticonvulsant treatment as well as determination of the causative etiology. There is evidence, mainly in animal models, that the noninfectious inflammation that occurs may
be a consequence of the prolonged seizure, and the exacerbated inflammation could be the cause of it17). Other studies based on procalcitonin and albumin levels have shown an association with SE
morbidity18). It has been found that about half of the people who
have SE have SIRS, and this is a risk factor for drug resistance and
death19).

SPINAL CORD INJURY
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The function of mechanical ventilation in API is well-known.
Hyperventilation for permissive hypocapnia may cause substantial
lung harm35). With tidal volumes larger than 6–8 ml/kg, modest
permissive hypocapnia (30–35 mmHg) may be achieved without
risking ventilator-induced lung damage36).
Thus, pulmonary injury with a capillary leak, high pressures on
the ventilator, pneumonia, and neurogenic pulmonary edema are
part of this systemic process37). The pulmonary relationship with
acute brain injury is better explained by improvement in pulmonary mechanics with improvement in acute brain injury38).

CONCLUSION
The various neurological pathologies can be a potential source
of proinflammatory biochemical mediators, which, when released
into the systemic circulation, can constitute SIRS. NoSIRS can
therefore be considered a new syndrome associated with pathological neurological conditions. However, future research is required
to study the true severity of this clinical picture and also establish
the ideal management for this disease.
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The golden hour is the time following an injury during which appropriate medical attention carries the highest likelihood of a better outcome. The concept of a golden hour was probably derived
from the French Military’s World war I data for the care of trauma victims, but it is suitable for all
types of acute emergencies. During these golden sixty minutes, the health care providers must focus on eliminating or mitigating the effect of critical events. If not timely addressed, these essential
steps carry a maximum threat to the victim’s life by causing irreversible damage to vital organs. The
major challenge in applying intervention during the golden hour is correctly identifying the correctable step in the victim at the earliest. Training individuals about basic life support is the first
challenge to delivering care at the scene of an accident/ or event or during transport. The advances
in the diagnostic modality and the faster means of transportation have been a major driving force
in decreasing mortality during the early hours following the incident. In the present review, we attempt to draw attention to the importance of golden hour and emphasize that team-building and
quality improvement are crucial to providing better outcomes.
Keywords: Traumatic brain injury; Emergency; Secondary damage; Intracranial hypertension;
Hypothermia

INTRODUCTION
R. Adam Cowley coined the term "golden hour", which denotes
the first 60 minutes after a patient sustains traumatic injury in the
early 1980s (in broader perspective, any critical event related to
health)1,2). If the patient can get the desired or recommended interventions during this period, these will increase the chances of improved outcomes3,4). The concept of the "golden hour" is widely

reported in the management of trauma victims and the current
trauma system concepts are primarily based on this concept of the
"golden hour"3). In trauma care, more so in neurotrauma care
(more specifically in traumatic brain injury cases), the concept of
the first 60 minutes or "golden hour" has been crucial as it determines the entire framework of trauma care which include pre-hospital care, patient transport, emergency room management and
subsequent management protocols. This sequence of events is in-
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fluenced by the "golden hour" concept and thus tries to reduce the
injury to definite intervention times to the least3,5,6). In literature, it
is widely acknowledged that early management intervention can
help to improve outcomes in a spectrum of disorders and disease
conditions7). We try to understand the scope and implications of
the concept of "Golden Hour" or "Golden sixty minutes" about
imparting neurotrauma-related critical care.

"GOLDEN HOUR" OBJECTIVES AND
SCOPE
Over a while, the concept of "golden hour" has been extended to
develop and support management protocols to improve outcomes
in various clinical conditions. These clinical scenarios include a few
acute left ventricular failure, acute right ventricular failure, diabetic
ketoacidosis, haemorrhagic as well as ischemic stroke8,9), myocardial infarction, perinatal and neonatal care5,7,8,10-19), poisoning20), seizures (non-eclamptic), sepsis14,15,21) and thyroid storm10). Across
the disease conditions of clinical scenarios, the basic concepts and
issues addressed largely remain the same. The basic idea is early
identification of potential factors leading to irreversible damage
(e.g., hypoxia, hypotension, hypertension, hyperglycaemia, hypoglycaemia, hypothermia or hyperthermia) and taking measures to
interrupt the cascade of injuries and thus preventing or reducing
the secondary damage3,8,12,16).
The neuro-critical care of traumatic brain injury patients carries
a considerable value in initial management, especially in the golden
hour. Sedation and analgesia are the initial steps to relieve the anxiety and pain in these patients, which in turn will help decrease the
ICP. Preferred medication should have a rapid onset and offset,
predictable pharmacokinetics with minimal alteration in cerebral
metabolism and intracranial pressure22). BTF recommends seizure
prophylaxis with Phenytoin to prevent early post-traumatic seizures23). Clinical monitoring (with GCS-P) and CT findings are
reliable measures to initiate the treatment for elevated ICP24). Ensuring head end elevation, proper neck position, patent endotracheal tube and urinary catheters, and intracranial hematoma must
be ruled out before initiating treatment for elevated ICP. Initial
medical treatment includes intravenous mannitol 20% or hypertonic saline (cerebral decongestant) and sedation. For refractory
intracranial hypertension, intubation and mechanical ventilation
with administration of neuromuscular paralytic agents are recommended. According to brain trauma foundation guidelines, the
role of aggressive hyperventilation has been questioned, but transient hyperventilation is useful. Elevated ICP significantly compromises cerebral perfusion, and urgent measures to alleviate the ICP
are mandatory. ICP monitoring and drainage of CSF are helpful
www.e-jnic.org
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tools in managing severe head injuries during golden hour25).
Hence ICP monitoring has therapeutic and prognostic value in
traumatic brain injury.

CHALLENGES
The foremost challenge in applying the “golden hour” concept is
identifying the crucial steps and events that can result in adverse
outcomes. For example, in a trauma victim, the airway can be compromised if the person is unconscious, a foreign body is in the
mouth (like a broken tooth), or a person develops seizures leading
to airway compromise. These examples can be many and may require minor (jaw thrust or removal of vomitus or foreign body) to
major interventions (endotracheal intubation to surgical airway)
but, if not addressed, can negatively impact the outcome. Additionally, the extent and combination of injuries (i.e., traumatic brain injury with spine or chest injury) can further influence the number
of crucial steps and measures to be looked after in the “golden
hour”26,27).
Although the transport duration to the nearest trauma centre is
critical in managing traumatic brain injury patients27-32), it becomes
crucial that there will be a need to develop trauma centres if not
well advanced, at least with essential trauma care facilities. The
transfer timings can be influenced by the availability of resources
and many other factors like civilian or military conflicts33,34). Additionally, the role of reduction in time delay is controversial4,35) and
needs further studies on the subgroups of patients who will benefit
from early transport thus to allocate the resources. Availability of
basic and essential investigations at the scene of injury like detection of hypoglycaemia and availability of point-of-care tools like
portable ultrasound to detect haemorrhages in hemodynamically
unstable victims can provide a drastically improved outcome36).
Similarly, measures to facilitate intubations can be rewarding. However, they will need resources and efforts to train the individual to
use these tools.

CONCLUSIONS
In broader terms, the "golden hour" concept requires the injured
person to receive the intended intervention at the earliest to avoid
secondary injury. These corrective measures may prevent hypoxia,
hypotension, hypothermia and so on. The interventions can be as
simple as just clearing the airway to jaw thrust to maintain the airway, applying tourniquets to stop the bleeding to more complex
like neurosurgical interventions requiring evacuation of intracranial hematoma to address the raised intracranial pressure and thus
prevent secondary brain damage and its sequel. In this direction,
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future research needs to focus on identifying the possible scenarios
where there is a need to take corrective interventions (from simple
to complex), specify the available resources, and judicially allocate
the available resources to improve outcomes.
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Background
To evaluate whether the obesity paradox exists in neurocritically ill patients.
Methods
This was a retrospective, observational study of patient admitted to the neurosurgical intensive
care unit (ICU) from January 2013 to December 2019. The subjects were classified into two
groups: the non-obese group (body mass index [BMI] < 25 kg/m2) and the overweighted or
obese group (BMI ≥ 25 kg/m2). The primary endpoint was in-hospital mortality.
Results
A total of 527 patients were included in this study. The mean BMI was 23.7 ± 3.6 kg/m2. Of all
neurosurgical patients, 157 patients were overweighted or obese. There were no significant differences in in-hospital mortality, 28-day mortality, and ICU mortality between the two groups (all p
> 0.05). BMI on ICU admission was similar between survivors and non-survivors at discharge (p
= 0.596). In the multivariable analysis, Acute Physiology and Chronic Health Evaluation
(APACHE) II score on ICU admission, invasive intracranial pressure (ICP) monitoring, and use
of more than one hyperosmolar agent were identified to be significantly associated with in-hospital mortality. However, BMI on ICU admission, and serum albumin level were not associated with
in-hospital mortality. The obesity demonstrated a borderline significance relationship with the
probability of in-hospital mortality (p=0.073).
Conclusion
In this study, BMI on ICU admission, and serum albumin level demonstrated a lack of significant
association with in-hospital mortality. Clinical factors including APHCHE II score, ICP monitoring, and hyperosmolar therapy were identified to be associated with prognosis in neurocritically ill
patients. Eventually, the impact of the obesity paradox on these patients remains unclear.
Keywords: Body mass index; Prognosis; Neurosurgery; Intensive care unit

INTRODUCTION
Obesity is a public health problem and is generally known to be

associated with increased morbidity and mortality due to associated complications1,2). Obesity can increase the risk of many chronic
diseases including coronary artery disease, atrial fibrillation, con-

Copyright © 2022 The Korean Neurointensive Care Society
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

48

www.e-jnic.org

Obesity paradox in neurosurgical patients

gestive heart failure, diabetes mellitus, and stroke1,3). Therefore,
obesity is hypothesized as one of the main factors that lead to the
deterioration of health. However, in hospitalized patients, obesity
may have the opposite effect compared with the general population. The obesity paradox was found in patients with heart failure
and coronary heart disease4). Obesity is associated with cardiovascular disease even in the absence of other risk factors; however, after the onset of cardiovascular disease, the relationship between
higher body mass index (BMI) and the clinical prognosis does not
demonstrate linearity4). Interestingly, overweighted or obese patients had more favorable outcomes than normal or underweight
patients with cardiovascular disease4).
The obesity paradox has also been reported in some neurocritically ill patients1,2,5-7). Obesity is associated with favorable
outcomes in stroke subtypes other than subarachnoid hemorrhages, such as intracerebral hemorrhage1,2,5) and ischemic
stroke2,6,7). However, there are limited well-designed clinical
studies that prove the exact relationship between BMI and clinical outcomes in neurocritically ill patients. In this study, we
aimed to evaluate whether the obesity paradox exists in neurocritically ill patients similar to the case of patients with cardiovascular disease. In addition, we evaluated whether BMI on ICU
admission is associated with in-hospital mortality of neurocritically ill patients.

MATERIALS AND METHODS
Study population and design

This was a retrospective, single-center, observational study of patients who were admitted to 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
Samsung Medical Center Institutional Review Board (IRB) (IRB
no. SMC 2020-09-082). The requirement of informed consent
was waived by the IRB due to the study’s retrospective nature. We
included neurosurgical patients who were hospitalized in the ICU
during the study period. We defined neurocritically ill patients as
neurosurgical patients who were hospitalized in the ICU for more
than 7 days due to postoperative management or critical care following brain tumor, subarachnoid hemorrhage, cerebral vascular
surgery, intracerebral hemorrhage, cerebral infarction, traumatic
brain injury or infection of the central nervous system. We excluded patients aged below 18 years, those who did not have the value
of BMI or a brain injury, or those who had insufficient medical records or a ‘do not resuscitation’ order.
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Definitions and outcomes

In this study, the baseline characteristics such as comorbidities,
behavioral risk factors, ICU management, and laboratory data were
collected retrospectively using Clinical Data Warehouse. Our center constructed a “Clinical Data Warehouse Darwin-C” designed
for the investigators to search and retrieve de-identified medical records from electronic archives. The subjects were classified into
two groups: the non-obese group (BMI < 25 kg/m2) and the
overweighted or obese group (BMI ≥ 25 kg/m2)1,8). BMI was obtained on ICU admission. Albumin was defined as a minimal level
of serum albumin within 72 h from ICU admission. Acute Physiology and Chronic Health Evaluation (APACHE) II score was calculated with the worst values recorded during the initial 24 h after
the ICU admission9,10). If the patient was intubated, the verbal
score of the Glasgow Coma Scale was estimated using the eye and
motor scores as described previously11). In this study, the primary
endpoint was in-hospital mortality.

Statistical analyses

All data are presented as mean ± standard deviation for continuous variables or frequencies and proportions for categorical variables. Data were compared using Student’s t-test for continuous
variables and Chi-square test or Fisher’s exact test for categorical
variables. Variables with a p-value less than 0.2 in univariate analyses and clinically relevant variables, including age, sex, BMI, albumin, comorbidities, cause of ICU admission, utilization of organ
support modalities, use of invasive intracranial pressure (ICP)
monitoring device, hyperosmolar therapy, and APACHE II score,
were subjected to stepwise multiple logistic regression analysis to
obtain statistically meaningful predictors of in-hospital mortality.
All the tests were two-sided and p values of less than 0.05 were
considered statistically significant. All the statistical analyses were
performed with R Statistical Software version 4.0.2 (R Foundation
for Statistical Computing, Vienna, Austria).

RESULTS
Baseline characteristics

A total of 12,743 patients were admitted to the neurosurgical
ICU during the study period. Among these neurosurgical patients,
527 neurocritically ill patients were included in the final analysis.
The mean BMI was 23.7 ± 3.6 kg/m2. Of all neurocritically ill patients, 157 (29.8%) patients were overweighted or obese. Malignancy (60.2%) and hypertension (44.4%) were the most common
comorbidities among the selected patients. Brain tumor (41.4%)
and stroke (31.7%) were the most common reasons for ICU ad-

49

Obesity paradox in neurosurgical patients

Chang Ho Yoon et al.

mission. There were no significant differences in baseline characteristics between overweighted or obese and non-obese patients
except for the prevalence of hypertension and hyperosmolar therapy (Table 1).

95% CI: 0.20–0.74), and use of more than one hyperosmolar agent
(adjusted OR: 2.24, 95% CI: 1.1–4.23) were identified to be significantly associated with in-hospital mortality (Table 3). In this
study, BMI on ICU admission, and serum albumin level were not
associated with in-hospital mortality. The relationship between

Clinical outcomes of the overall study population

There were no significant differences in in-hospital mortality,
28-day mortality, and ICU mortality between the two groups (all p
> 0.05). In addition, there were no significant differences in hospital and ICU stay between the groups (both p > 0.05) (Table 2).
BMI on ICU admission was similar between the survivors and
non-survivors at discharge (p = 0.596) (Fig. 1).
In the multivariable analysis, APACHE II score on ICU admission (adjusted odds ratio [OR]: 1.09, 95% confidence interval
[CI]: (1.04–1.14), invasive ICP monitoring (adjusted OR: 0.39,

Table 2. Clinical outcomes according to obesity
Non-obese
(n = 370)
In-hospital mortality
51 (13.8)
28-day mortality
31 (8.4)
ICU mortality
24 (6.5)
Length of ICU stay (hour) 509.7 ± 1513.1
Length of hospital stay (day) 95.7 ± 207.8

Overweight or
obese (n = 157) p-value
16 (10.2)
0.322
10 (6.4)
0.542
10 (6.4)
0.999
400.1 ± 293.1
0.369
127.3 ± 458.6
0.277

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

Table 1. Baseline characteristics according to obesity
Age (years)
Sex, male
BMI (kg/m2)
Albumin (g/dL)
Comorbidities
Malignancy
Hypertension
Diabetes mellitus
Chronic kidney disease
Cardiovascular disease
Chronic liver disease
Behavioral risk factors
Current alcohol consumption
Current smoking
Cause of ICU admission
Brain tumor
Stroke
Traumatic brain injury
Vascular surgery
Others
APACHE II score on ICU admission
Glasgow Coma Scale on ICU admission
ICU management
Mechanical ventilation
Invasive ICP monitoring
Continuous renal replacement therapy
Use of mannitol
Use of more than one hyperosmolar agent
Use of vasopressors

Non-obese (n = 370)
56.7 ± 16.0
195 (52.7)
21.8 ± 2.2
3.0 ± 0.5

Overweight or obese (n = 157)
56.0 ± 15.7
82 (52.2)
28.1 ± 2.6
3.0 ± 0.5

p-value
0.619
0.997
<0.001
0.75

219 (59.2)
151 (40.8)
58 (15.7)
24 (6.5)
13 (3.5)
13 (3.5)

98 (62.4)
83 (52.9)
24 (15.3)
13 (8.3)
10 (6.4)
4 (2.5)

0.551
0.014
0.999
0.582
0.217
0.761

85 (23.0)
56 (15.1)

49 (31.2)
19 (12.1)

0.061
0.438
0.401

148 (40.0)
123 (33.2)
50 (13.5)
21 (5.7)
28 (7.6)
5.9 ± 5.3
13.6 ± 2.4

70 (44.6)
44 (28.0)
24 (15.3)
12 (7.6)
7 (4.5)
5.3 ± 5.4
13.6 ± 2.4

0.238
0.897

244 (65.9)
198 (53.5)
8 (2.2)
154 (41.6)
167 (45.1)
49 (13.2)

114 (72.6)
89 (56.7)
7 (4.5)
58 (36.9)
90 (57.3)
27 (17.2)

0.162
0.566
0.245
0.366
0.014
0.295

Data are presented as numbers (%) or means ± standard deviations.
BMI: Body mass index, ICU: Intensive care unit, APACHE: Acute Physiology and Chronic Health Evaluation, ICP: Intracranial pressure.
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Fig. 1. Body mass index of survivors and non-survivors. There was no
significant difference between the two groups (p = 0.596).
Table 3. Multivariable logistic regression of clinically relevant variables
associated with in-hospital mortality.

BMI (kg/m2)
Obesity
Albumin (g/dL)
APACHE II score on ICU admission
Invasive ICP monitoring
Use of more than one hyperosmolar agent

Adjusted odds ratio p-value
(95% CI) *
1.06 (0.91-1.23)
0.454
0.32 (0.09-1.08)
0.073
0.64 (0.32-1.28)
0.204
1.09 (1.04-1.14) <0.001
0.39 (0.20-0.74)
0.004
2.24 (1.18-4.23)
0.013

*Adjusted for BMI, albumin, age, sex, comorbidities, cause of ICU
admission, utilization of organ support modalities, use of invasive ICP
monitoring device, hyperosmolar therapy, and APACHE II score.
CI: Confidence interval, BMI: Body mass index, APACHE: Acute
Physiology and Chronic Health Evaluation, ICP: Intracranial pressure.

BMI and probability of in-hospital mortality was shown in Fig. 2.
However, the obesity demonstrated a borderline significance relationship with the probability of in-hospital mortality (adjusted
OR: 0.32, 95% CI: 0.09–1.08, p= 0.073).

DISCUSSION
In this study, we investigated the existence of the obesity paradox
in neurocritically ill patients. About 30% of patients were either
overweighted or obese. There was no significant difference in BMI
between the survivors and non-survivors. In addition, there were
no significant differences in in-hospital mortality, 28-day mortality,
ICU mortality, and length of stay in ICU and hospital between the
overweighted or obese and non-obese patients. In the multivariable analysis, APACHE II score on ICU admission, invasive ICP
www.e-jnic.org
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Fig. 2. The probability of in-hospital mortality according to body
mass index within the multivariate model.

monitoring, and use of more than one hyperosmolar agent were
identified to be significantly associated with in-hospital mortality.
However, BMI on ICU admission, and serum albumin level
demonstrated a lack of association with in-hospital mortality. In
this study, the obesity demonstrated a borderline significance relationship with the probability of in-hospital mortality.
Obesity is a well-known risk factor for an increased incidence of
heart failure and coronary heart disease4). However, the patients
with class I obesity and these heart diseases present a more favorable outcome compared with normal or underweight subjects.
Therefore, this phenomenon is termed the “obesity paradox”. Obesity is strongly associated with the occurrence of ischemic heart
disease even in the absence of other risk factors. However, the relationship between higher BMI and clinical outcomes is not linear in
patients with ischemic heart disease4). The obesity paradox has
been reported in patients with trauma as well 12). In addition, previous studies have reported the presence of the obesity paradox in
patients admitted to the ICU for sepsis, severe sepsis, and septic
shock13-15).
BMI on ICU admission has been reported to be associated with
the nutritional status of the patient on ICU admission16). Nutrition
is an important aspect of the management of patients hospitalized
in the ICU17-19). Especially, malnutrition is associated with prolonged hospitalization and duration of mechanical ventilation, increased prevalence of infection, and mortality in critically ill patients18,20,21). In addition, malnutrition is also associated with poor
clinical outcomes in neurocritically ill patients22-24). Loss of skeletal
muscle mass could develop after ICU admission25). In the early
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stage, loss of muscle mass and malnutrition have been reported to
be associated with clinical outcomes in neurocritically ill patients26-28). Malnutrition has been evaluated based on various parameters such as BMI, serum albumin, and skeletal muscle mass18).
However, BMI and serum albumin are not considered useful parameters to accurately assess the nutritional status of critically ill
patients17,18). Whereas, measurement of skeletal muscle mass is
known as a more accurate parameter in representing the nutritional status. The change in skeletal muscle mass may reflect the clinical
prognosis compared to other nutritional measures in critically ill
patients18). In neurocritically ill patients, knowledge about early nutritional status and its change are important for neurological prognosis 22-24). Also, rapidly progressing sarcopenia has been reported
to be associated with poor prognosis26-28), but this change was not
evaluated in the present study.
In this study, clinical factors such as APACHE II score, ICP
monitoring, and hyperosmolar therapy were identified to be associated with prognosis in neurocritically ill patients. To date, it remains unclear whether the obesity paradox can be observed in
neurocritically ill patients2,29-31). Generally, the causes of early mortality in neurocritically ill patients are primary brain injury, and refractory intracranial hypertension or herniation due to severe brain
edema32). Therefore, it is possible to determine the patient’s prognosis based on the primary and secondary brain injuries rather
than nutritional status in the early stage. Henceforth, neurocritically ill patients who survived for more than a week were included in
this study. However, obesity assessed by BMI on ICU admission
did not appear to reflect the nutritional status and prognosis of
these patients.
This study has several limitations. First, this was a retrospective
review of medical records using data extracted from a Clinical Data
Warehouse. The nonrandomized data might lead to selection bias.
Second, lean body mass and loss of muscle mass were not evaluated. Therefore, it might be difficult to access the precise nutritional
status and its change of neurocritically ill patients. Third, it might
be difficult to find statistically meaningful variables because the
proportion of non-survivor compared with a survivor was very low
in this study. Finally, the distribution of causes of ICU admission in
the postoperative group was different from that of the general neurosurgical ICU group, and the proportion of patients with brain tumors was particularly high.

CONCLUSION
In this study, BMI on ICU admission, and serum albumin level
demonstrated a lack of significant association with in-hospital mortality. Clinical factors including APHCHE II score, ICP monitor52
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ing, and hyperosmolar therapy were identified to be associated
with prognosis in neurocritically ill patients. Eventually, the impact
of the obesity paradox on the survival of neurocritically ill patients
remains unclear, and further studies are needed to evaluate the relationship between obesity and clinical outcomes in neurocdritically ill patients.
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Background
Acute subdural hematoma (SDH) often leads to serious neurological deterioration or death. Patients with acute SDH are recommended decompressive craniectomy (DC) if their brain edema
is severe. We investigated the association with early mortality through postoperative radiological
studies after surgery.
Methods
We retrospectively reviewed 31 out of 85 patients that underwent DC due to acute SDH at our
neurosurgical department in January 2011–December 2020. The effect of decompression was estimated through comparison with preoperative and postoperative midline shift (MS) in brain
computed tomography (CT). Brain edema was represented as an increased value, measured by
comparing the lateral displaced parenchymal diameter with the normal brain diameter.
Results
Of the total 31 patients, 15 died during hospitalization (group A) and 16 had the same or improved neurological status (group B). The reduction rate of MS was shown as higher in group B
than in group A; it was significantly different between the two groups. The difference between the
two values (DBD) was calculated by measuring the brain diameter of the operative site after DC
and normal brain diameter for the progress of brain edema. The difference value of MS (DMS)
was greater than DBD for 33.3% and 81.3% of group A and B patients, respectively.
Conclusion
A lower MS reduction rate or higher DBD than DMS increases a patient’s early mortality rate.
Therefore, early mortality in acute SDH patients who underwent DC could be predicted through
analysis of postoperative brain CT.
Keywords: Acute subdural hematoma; Brain edema; Decompressive craniectomy; Mortality

INTRODUCTION
Acute subdural hematoma (SDH) is major clinical disease in se-

vere traumatic brain injury (TBI) that often leads to serious neurological deterioration or death. SDH is often associated with intraparenchymal injury and brain swelling in TBI. Surgical treatment is
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determined by brain imaging study and neurological status; it is
recommended by the maximum depth of hematoma and midline
shift (MS) 1). The general surgical treatment of SDH is hematoma
evacuation. If a brain edema is severe or if it is determined that control of intracranial pressure (ICP) is difficult, a decompressive craniectomy (DC) might be required. Because the cranium is fixed
and there is limited anatomical space, ICP will increase as intracranial volume increases due to SDH, which results in decreased cerebral perfusion pressure (CPP). Since patients with acute SDH will
worsen over time due to decreased CPP, surgical treatment should
be performed as soon as possible.
Despite appropriate surgical treatment and intensive care, the
mortality rate for severe SDH with progressive brain edema is
high; it is presently 36–79%2). A previous study reported that mortality of SDH patients was related to the Glasgow coma scale
(GCS) on arrival, MS and intraoperative brain swelling3). Another
study showed the mortality of SDH patients who underwent DC
was related to lower GCS, MS, hematoma thickness, and age4).
These results show that brain edema is closely related to the prognosis of SDH patients. Therefore, we compared preoperative and
postoperative brain computed tomography (CT) and we investigated the association with early mortality through the reduction of
MS, aggravation of brain edema and significant findings in postoperative imaging studies.

MATERIALS AND METHODS
We retrospectively reviewed a total of 85 patients who underwent DC due to acute SDH at our neurosurgical department in
January 2011–December 2020. From among these, patients with
other types of cerebral hematoma such as epidural hematoma, intracranial hematoma, or severe subarachnoid hemorrhage were excluded. Patients who underwent secondary DC after craniotomy
for aggressive of brain edema or rebleeding were excluded. Patients
who underwent both DC for both SDH, or for whom postoperative brain CT could not be performed due to unstable vital signs
were also excluded (Fig. 1). After exclusion, 31 patients remained
who were sorted into two groups. Finally, we analyzed 15 patients
who died during hospitalization after DC (group A) and 16 patients who were discharged with the same or improved neurological status at the time of arrival at the hospital (group B). All patients
of the group A were expired in 30 days after the operation.
Patients’ age, gender, initial GCS, history of medication including antiplatelet or anticoagulant agents, preoperative pupil response, and time interval from diagnosis to surgery were collected
through a retrospective review of medical reports. Preoperative
brain CT findings were reviewed and to measure MS with side
www.e-jnic.org
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SDH. MS was determined using the distance from the midline to
the septum pellucidum (Fig. 2). Surgical treatment was performed
based on indications that an acute subdural hematoma (SDH)
with a thickness greater than 10 mm or a midline shift greater than
5 mm on CT scan should be surgically evacuated, regardless of the
patient's GCS score. Using the operative records of all patients, intraoperative brain bulging and abrupt hematoma drainage after
durotomy were confirmed and all patients underwent duraplasty
after hematoma removal. Postoperative brain CT that performed
immediately after surgery was also reviewed and the effect of decompression was estimated through comparison with preoperative
MS by measuring MS at the same location. To judge the degree of
brain edema, the extracranial displaced brain diameter of the craniectomy site was measured based on the septum pellucidum after
surgery. Brain edema represented as an increased value when com-

Between January 2011 and December 2020
85 patients underwent decompressive craniectomy
due to acute subdural hematoma

Excluded patients (n = 54)
- Combined with other types of hematoma; epidural hematoma, intracranial
hematoma, severe subarachnoid hemorrhage (n = 11)
- Secondary surgery after craniotomy (n = 14)
- Unavailable post operative computed tomography (n = 15)
- Underwent craniectomy at both side (n = 14)

31 patients are included in this study

Fig. 1. The flow of patient selection process.

Fig. 2. Midline shift (white big arrow) is estimated using the distance
from midline (dotted black line) to the septum pellicidum (star) in
preoperative computed tomography.
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paring this extracranial displaced brain diameter to normal brain
diameter, and the correlation with early outcome was evaluated by
comparing this with the reduction of MS (Fig. 3). In addition, the
presence of Duret hemorrhage, sulcal effacement of contralateral
parenchyma, and intraventricular hemorrhage (IVH) were investigated in postoperative brain CT.
Data were analyzed using SPSS software for personal computers
(SPSS version 21; IBM Corp., Armonk, NY, USA).
Continuous variables were analyzed using the unpaired Student’s t-test and Mann-Whitney U test. Categorical variables were
analyzed using the Pearson X2 test and Fisher’s exact test. Variables
with statistical significance were selected as predictable values and
underwent logistic regression analysis. Any p-value < 0.05 was
considered statistically significant.

RESULTS
Of the total 31 patients, 15 (48.4%) died during hospitalization
and 16 (51.6%) had the same or improved neurological status. A
comparison of 11 variables in total was performed between groups
A and B. There was no significant difference in mean age between
group A (56.06 ± 15.23) and group B (56.87 ± 13.89), and the
patients’ ages were slightly skewed toward elderly in both groups

Fig. 3. Postoperative midline shift (white big arrow) is estimated in
the same way. Difference value of brain diameter (DBD) is calculated
by subtracting the normal brain diameter (black arrow) from extracranial displaced brain diameter (white arrow).
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(age, > 60 years; odds ratio [OR], 0.889; 95% confidence interval
[CI], 0.216–3.662; p = 0.870). There was a higher proportion of
male in both groups (p = 0.654). Demographic data showed no
significant difference between the two groups. Antiplatelet or anticoagulant drug history with bleeding tendency was higher in group
A but there was no significant difference (p = 0.220). Neurological status on arrival at the hospital was defined by GCS score and
abnormal pupil response. The initial median GCS score was 4 in
group A and 5 in group B; there was no significant difference between the two groups. Abnormal pupil response was defined as
pupil size dilatation more than normal (3 mm), negative light reflex, and anisocoria; there was a higher proportion of abnormal pupil response in group A but not to a significant degree (p = 0.333).
Overall, group A showed poor neurological status on arrival at the
hospital. The time interval from diagnosis to surgery was defined
as the difference between the time to examine preoperative brain
CT and the time to start anesthesia for surgery. Its median time
was 69 minutes in group A and 61 minutes in group B; the difference was significant (Table 1).
We could measure some diameters by brain CT imaging before
and after DC. Difference values and reduction rates were calculated by comparing preoperative and postoperative MS. The difference in values of MS (DMS) showed an average of 6.66 ± 2.43
mm in group A and 7.08 ± 2.98mm in group B; it was not significantly different between the two groups (p = 0.668). The reduction rate of MS showed an average 36.20 ± 9.95% decrease in
group A and 52.07 ± 19.39% in group B. Most group A patients
showed a decrease of ≤ 50% (93.3%) and there was a significant
difference between the two groups (Reduction rate of MS > 50%;
odds ratio [OR], 0.056; 95% confidence interval [CI], 0.006–
0.530; p = 0.006). Then, the difference between the two diameter
values (DBD) was calculated by subtracting the normal brain diameter from the extracranial displaced brain diameter; this was significantly different between the two groups (p < 0.001). DMS
and DBD were compared and DMS was greater than DBD in
33.3% of group A and 81.3% of group B. More than half of group B
patients showed a higher degree of improvement in MS than brain
edema; there was a significant difference between the two groups
(p = 0.007). Duret hemorrhage after postoperative brain CT occurred at 46.7% only in group A and contralateral sulcal effacement
was also confirmed for 46.7% only in group A. Each of these was
significantly different (p = 0.002). Postoperative IVH was observed in only 20% in group A; there was no significant difference
between the two groups (p = 0.101) (Table 2).
Finally, we confirmed 4 predictable values, Reduction rate of MS
> 50%, DMS > DBD, Duret hemorrhage, Contralateral sulcal effacement. Reduction rate of MS > 50% shows higher odds ratio
www.e-jnic.org
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Table 1. General values of study in each group
Demographic data
Age
<60, n (%)
>60, n (%)
mean age±SD
Gender (M:F)
medications‡
Preoperational neurologic status
median GCS
Abnormal pupil response§
Time interval to surgery||
median time interval
>60 min

Group A (n=15)*

Group B (n=16)†

p-value

OR (95% CI)

8 (53.3%)
7 (46.70%)
56.06±15.23
12:4
5 (33.3%)

9 (56.3%)
7 (43.8%)
56.87±13.89
14:2
2 (28.6%)

0.870
0.878
0.654
0.220

0.889 (0.216-3.662)

4
14 (93.3%)

5
12 (75.0%)

0.175
0.333

4.667 (0.457-47.629)

69
11 (73.3%)

61
8 (50.0%)

0.008
0.183

0.364 (0.081-1.641)

0.571 (0.081-4.009)
3.500 (0.562-21.811)

M: Male, F: Female, GCS: Glasgow Coma Scale, SD: Standard Deviation, OR: Odds Ratio, CI: Confidence Inscale.
*Patients who expired during hospitalization after decompressive craniectomy. †patients who were discharged with the same or better neurological status.
‡
antiplatelets, anticoagulants, §pupil size dilatation than normal size (3mm), negative light reflex and anisocoria. ||difference between the time to examine
preoperative brain computed tomography and the time to start anesthesia for surgery.

Table 2. Postoperative brain imaging factors of early mortality after decompressive craniectomy in acute SDH
Group A (n=15)
Difference of MS in pre and post-surgery
Mean DMS (mm)
Reduction rate > 50%*
Extracranial brain displacement†
Mean DBD (mm)
DMS > DBD
Duret hemorrhage
Contralateral sulcal effacement
IVH

Group B (n=16)

p-value

OR (95% CI)

6.66±2.43
1 (6.7%)

7.08±2.98
9 (56.3%)

0.668
0.006

0.056 (0.006-0.530)

13.76±8.53
5 (33.3%)
7 (46.7%)
7 (46.7%)
3 (20%)

3.09±3.89
13 (81.3%)
0 (0.0%)
0 (0.0%)
0 (0.0%)

<0.001
0.007
0.002
0.002
0.101

0.115 (0.022-0.602)
0.333 (0.189-0.587)
0.333 (0.189-0.587)
0.429 (0.279-0.657)

MS: Midline Shift, DMS: Difference values between preoperative and postoperative midline shift, DBD: Difference values between extracranial displaced
brain diameter after decompressive craniectomy and normal brain diameter, IVH: Intraventricular Hemorrhage.
*100×(1- postoperative midline shift/preoperative midline shift). †Ipsilateral brain parenchymal diameter after surgery.

Table 3. Odds ratio of postoperative brain imaging factors using logistic
regression analysis
Reduction rate > 50%*
DMS > DBD

p-value
0.050
0.095

OR (95% CI)
10.567 (1.002-111.424)
4.670 (0.763-28.584)

DMS: Difference values between preoperative and postoperative midline
shift, DBD: Difference values between extracranial displaced brain diameter
after decompressive craniectomy and normal brain diameter.
*100×(1- postoperative midline shift/preoperative midline shift).

(p = 0.050) than DMS> DBD in logistic regression analysis.

DISSCUSSION
Intracranial hemorrhage is a serious consequence of TBI. It can
www.e-jnic.org

be divided into SDH, epidural hematoma, intraparenchymal hematoma, and subarachnoid hemorrhage by location of hematoma.
When TBI occurs, the brain tissue is damaged by primary and secondary injury. Primary injury is described as direct mechanical
forces applied to brain tissue; it contributes to secondary brain injury that is defined by dysautoregulation of brain vessels and
blood–brain barrier (BBB) disruption5).
SDH represents the largest portion of TBI; patients with SDH
had worse outcomes compared to those who had other types of
hemorrhage6). When acceleration and deceleration injury occur
due to sudden head movements during trauma, separation of the
dura layer and arachnoid membrane occurs. This causes rupturing
of the bridging vein, which leads to the accumulation of fresh
blood in the subdural space; it can be also caused by direct paren57
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chymal contusion or cortical vessel rupture7). This excessive blood
volume has a mass effect toward brain parenchyma, causing increased ICP and decreased CPP, which produces additional ischemic injury. Furthermore, disruption of cerebral autoregulation,
BBB breakdown, vasospasm and alternation in oxidative metabolism can lead to cerebral blood flow (CBF) decrease and brain edema8-10). The prognosis of SDH has been reviewed in many studies;
it is reportedly associated with several factors such as initial GCS,
MS, hematoma thickness, pupil response, and basal cistern absence3,4,11-13).
Surgical treatment of acute SDH is recommended if the maximum depth of hematoma and MS are > 10 mm and > 5 mm, respectively, regardless of the initial GCS. It is also considered if the
GCS is < 9 points, decreased by 2 points, or there are changes of
pupil size1). Surgical techniques include burr hole trephination,
craniotomy, and decompressive hemicraniectomy. The main purpose of surgical treatment is to prevent secondary brain injury such
as herniation or ischemia by removal of hematoma. It is unclear
whether DC is more effective in patients with SDH than craniotomy. Some reported describe that DC shows unfavorable outcomes
with surgical complications such as extracranial herniation, subdural effusion, expansion contusion or infection by invasive incision
and hydrocephalus14,15). Nevertheless, DC reduces ICP more effectively than other surgical techniques and it leads to the maintenance of adequate cerebral perfusion pressure and improved pressure–volume compensatory reserve16,17). To examine the effectiveness of DC, some studies was reported that surgical groups had a
more worse outcomes or showed more severe disability such as
vegetative state even though lower mortality18,19). DC has the effect
of reducing mortality but is still a challenging procedure in terms
of outcome cost-effectiveness. Although there is no definite surgical indication of DC, if severe brain swelling and bulge showed
during surgery for SDH, the surgeon should consider DC because
it is useful to control ICP.
When SDH occurs, the mass effect of the hematoma itself and
progressive brain edema can result in brain displacement. The degree of displacement can be measured by MS on brain CT, which
could be a prognostic factor20,21). Some previous studies have
shown that MS and hematoma thickness on brain CT in SDH patients were measured and used for prognostic analysis, and patients
with MS > 3 mm than hematoma thickness had worse outcomes22,23). Since the purpose of DC in SDH patients is to reduce
ICP, the effect of DC can be estimated by comparing the MS of
preoperative and postoperative brain CT after hematoma removal.
In addition, the degree of brain edema can be estimated by extracranial displaced diameter and improvement of MS after DC24). It
shows that the changes in MS and brain edema measures after DC
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were related to early mortality in our study.
Duret hemorrhage has two controversial pathogeneses, but both
are caused by increased ICP. The first is arterial origin where a descending transtentorial herniation leads to stretching, spasm, and
infarction of central perforating arteries. The other is vascular
thrombosis of brain stem due to prolonged elevation in ICP. Duret
hemorrhage is commonly associated with severe brain edema and
is regarded as a poor outcome25). Sulcal effacement is a result of
mass effect as brain edema, the mass effect can push the adjacent
gyri together26). Contralateral sulcal effacement could be caused by
diffuse brain edema, or ipsilateral brain edema that has a mass effect to the contralateral hemisphere. Therefore, contralateral sulcal
effacement seems to be a sign of severe or progressive brain edema.
All patients with Duret hemorrhage or contralateral sulcal effacement in postoperative brain CT also had unfavorable outcomes in
our study.
There are some limitations in our study. It had a small number of
patients, so multivariate analysis is not meaningful. Since this study
is a retrospective analysis of a single center, selection bias may have
occurred. Further studies should include more patients and be
conducted at a multicenter.

CONCLUSION
DC has been performed to control ICP in acute SDH patients.
In this study, specific findings at postoperative brain CT are significantly correlated with early outcomes. It has been shown that the
lower MS reduction rate or the higher DBD than DMS increases
patients’ early mortality rate. The occurrence of Duret hemorrhage
or contralateral sulcal effacement was also found to be related to
mortality. Then, early mortality of acute SDH patients who underwent DC could be predicted through analysis of postoperative
brain CT; this will be useful when discussing patient's treatment
plans with guardians.
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Background
Pentothal coma therapy (PCT) and targeted temperature management (TTM) are considered
the most aggressive medical care for patients with severe traumatic brain injury (TBI). However,
there is very little comparison between these two options. We compared the survival rates and
complications between the two treatments.
Methods
Nineteen patients who received treatment for PCT or TTM after severe TBI between March
2018 and April 2022 were retrospectively enrolled. Medical records were reviewed, including general information, neurologic status, treatment courses, survival rate, and complications. Patients
were divided into two groups according to the treatment modalities (PCT vs. TTM), and comparison analyses were conducted.
Results
The survival rate in the TTM group was 33.3% (3/9), which was higher than that in the PCT
group (1/10, 10%). However, this difference was not significant (p = 0.213). In terms of complications, there were no statistically significant differences in hemodynamic instability, cardiovascular disability, hepatic dysfunction, renal dysfunction, pneumonia, urinary tract infection, hyperkalemia, hypokalemia, coagulopathy, or hyperglycemia. Commonly observed complications included hypokalemia in the TTM group (100% in the TTM group vs 70% in the PCT group;
p = 0.073) and hyperkalemia in the PCT group (50% in the PCT group vs 11.1% in the TTM
group; p = 0.069).
Conclusion
Severe TBI patients treated with TTM has non-significantly lower mortality than them with PCT
(66.7% vs. 90%); however, complications of hypokalemia can be frequently observed (100%).
Further study was necessary to evaluate the efficacy and safety of TTM.
Keywords: Hypothermia; Pentothal; Traumatic brain injury; Thiopental sodium; Hypothermia,
Induced
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INTRODUCTION
In patients with severe traumatic brain injury (TBI), elevated intracranial pressure (ICP) after primary damage is known to have a
significant influence on subsequent outcome1). Therefore, several
treatment options are considered for such patients, such as craniectomy with or without hematoma removal, cerebrospinal fluid
drainage, hyperosmolar therapy, sedatives, hyperventilation, etc.2).
Despite maximum medical and surgical treatment, a large portion
of severe TBI patients have poor prognosis. In clinical settings,
pentothal coma therapy (PCT) or targeted temperature management (TTM) can be considered.
While two options are regarded as a last-tier non-surgical therapy in severe TBI patients, the previous studies failed to identify the
safety and efficacy of the treatments. Therefore, these treatments
were regarded as an optional (not-essential) treatment in refractory
elevated ICP situations and the comparison between two options
were rarely reported1,3).
Here, we reported our experience on two treatments in severe
TBI patients and tried to establish a more appropriate treatment by
comparing side effects and survival rates between the two treatments.
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Medical records were collected, including age, sex, diagnosis, underlying disease, initial mental status, Glasgow Coma Scale (GCS)
score, motor grade, pupillary reflex, and application time. For evaluating prognosis, total hospital stays (day) and mortalities (at 2
weeks, 3 months, and 6 months from the end of treatment) were
reviewed. To evaluate side effects, parameters of hemodynamic instability, cardiovascular disability, hepatic dysfunction, renal dysfunction, pneumonia, urinary tract infection, hyperkalemia, hypokalemia, coagulopathy, and hyperglycemia were investigated. Patients were divided into two groups according to the treatment
modalities (PCT vs. TTM), and comparative analyses were conducted.

Statistical analyses

Continuous variables were analyzed as mean and standard deviation, and categorical variables were analyzed as numbers and percentages. For the comparison of PCT and TTM, a chi-square test
was performed for categorical variables, and an independent t-test
was performed for continuous variables. The likelihood ratio was
used when cells with an expected frequency less than 5 exceeded
20%. Statistical significance was set to be when the p value was 0.05
or less. IBM SPSS statistics 25ver. was used.

MATERIALS AND METHODS

RESULTS

Patient selection criteria

The detailed baseline data are shown in table 1. The mean age of
the patient was 68 years, and the mean GCS score was 6. Of these,
11 (57.9%) were male and 8 (42.1%) were female. Subdural hemorrhage (SDH) accounted for the highest rate of diagnosis (47.4
%), and hypertension was the most common underlying disease
(47.4%). The overall survival rate was 21.1%, and the rate of treatment termination due to side effects was the highest (84.2%). Of
these, 10 patients underwent PCT, and 9 patients underwent
TTM.
In table 2, we can see the results of comparison analyses between
two groups. No significances were observed between the groups
except parameters of ‘treatment days (p = 0.004)’ and ‘pupillary reflex (p = 0.033). In terms of outcomes, survival rate of TTM group
(3/9, 33.3%) is higher than that of PCT group (1/10, 10%), which
was not statistically significant (p = 0.0213).
In table 3, a comparison of the side effects between the two
groups is presented. There were no statistically significant differences in parameters of hemodynamic instability, cardiovascular
disability, hepatic dysfunction, renal dysfunction, pneumonia, urinary tract infection, hyperkalemia, hypokalemia, coagulopathy, or
hyperglycemia. However, there was a tendency of differences between hyperkalemia and hypokalemia. Hyperkalemia is much fre-

This was a retrospective single-center study of patients who received treatment for PCT or TTM between March 2018 and April
2022 at our center. A total of 84 patients underwent PCT or TTM,
of which 22 were treated for TBI. Of these, 19 patients were included in the study, except for three who received both treatments
concurrently (Figs. 1, 2).
Severe TBI patients (March 2018-April 2022)

Treated with PCT or TTM (n=22)
Treated with both PCT&TTM
Post-cardiac arrest

Enrolled patients (n=19)

Excluded patients (n=3)

Treatment modality

Group PCT (n=10)

Group TTM (n=9)

Fig. 1. Enrollment flow diagram. The criteria for inclusion and exclusion for patients with TBI are shown.
PCT: Pentothal coma therapy, TTM: Targeted temperature management, TBI: Traumatic brain injury.
www.e-jnic.org
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Moderate-to-severe TBI patients (GCS score: 3–12)

(1) Brain CT: ICP estimation & Mass lesion evaluation
(2) ICP monitor, if possible: EVD, ICP probe, etc.
ICP
(Estimated or monitored) ICP >20 mmHg

(Estimated or monitored) ICP <20 mmHg

Brain CT
Mass lesion: yes

Mass lesion: no

Mass removal
± Decompressive craniectomy

Best medical care:
(1) Hypersmolar therapy (Mannitol or hypertonic saline)
(2) Sedative administration (Ultiva, Midazolam, or Precedex)
(3) Ventilator care (hyperventilation)
(4) EVD management
Refractoly IICP
(>20 mmHg for 15 minutes despite best medical care)
Optional medical care:
(1) TTM (Target temperature managment)

contra-indication: coagulopathy (active bleeding or need surgery), infection, sev electrolyte imbalance

(2) Penthotal coma therapy

contra-indication: hypotension, liver and kidney failure, sev electrolyte imbalance

Fig. 2. Protocol for the treatment of moderate-to-severe brain injury.
TBI: Traumatic brain injury, GCS: Glasgow coma scale, CT: Computed tomography, ICP: Intracranial pressure, EVD: External ventricular
drainage, IICP: Increased intracranial pressure.

quently observed in PCT group (50% vs. 11.1%), whereas hypokalemia is highly notified in TTM group (70% vs. 100%).

DISCUSSION
Severe TBI patients treated with TTM has non-significantly
lower mortality than them with PCT (66.7% vs. 90%); however,
complications of hypokalemia can be frequently observed (100%).
Further study was necessary to evaluate the efficacy and safety of
TTM.
Several studies have been investigated PCT. In 1985, Ward et al.
found no significant difference between the standard treatment
and PCT on the Glasgow Outcome Scale. However, 40% of patients with TBI in whom ICP control failed despite maximum
standard treatment survived at discharge, 68% of which showed
good functional outcomes after 1 year4). According to the Brain
Trauma Foundation 4th TBI guideline, PCT is recommended for
62

refractory elevated ICP without improvement, despite maximum
standard treatment. However, in this case, hemodynamic instability should be carefully adjusted2).
Other studies have shown that PCT causes serious side effects
such as hepatic and renal dysfunction, systemic hypotension, immunosuppressive hypokalemia, and rebound hyperkalemia5).
RCT in 1985 by Ward et al. showed hypotension was observed in
54% patients with PCT, which was higher than that in the control
group (7%, p < 0.001)6).
TTM has also been reported in several studies. TTM has been
used as the standard treatment for neuroprotection after cardiac arrest7). Owing to this neuroprotective effect, several studies have
been conducted on the treatment of TBI via TTM.
A 2018 meta-analysis showed a decrease in mortality risk of patients with TBI due to the cooling method and slow rewarming8).
However, the 2018 study in the Prophylactic Hypothermia Trial to
Lessen Traumatic Brain Injury (POLAR) randomized clinical trial
www.e-jnic.org
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Table 1. Demographic baseline data of patients
Variables
Patient information
Age
Sex
  Female
  Male
Diagnosis
  EDH
  SDH
   Contusion or ICH
   Diffuse swelling or others
Comorbidity
  HTN
  DM
  Dyslipidemia
Neurology
GCS
Pupillary reflex
  Both reactive
  Un-isocoric
  Both un-reactive
Initial mental status
  Alert
  Drowsy
  Stupor
  Coma
About treatment
Decompressive craniectomy
  Yes
  No
Treatment
   Pentothal coma therapy
   Targeted temperature management
Treatment days
ICU days
Treatment termination reason
  Reduced ICP
   Critical adverse effect
   Refusal of treatment
Outcome
Survival_2weeks
Survival_3months
Survival_6months

Mean±SD
68.32±11.9
8 (42.1%)
11 (57.9%)
1 (5.3%)
9 (47.4%)
4 (21.1%)
5 (26.3%)
9 (47.4%)
5 (26.3%)
1 (5.3%)
6.37±3.3
7 (36.8%)
2 (10.5%)
10 (52.6%)
1 (5.3%)
3 (15.8%)
12 (63.2%)
3 (15.8%)

17 (89.5%)
2 (10.5%)
10 (52.6%)
9 (47.4%)
7.26±8.27
14.32±15.72
2 (10.5%)
16 (84.2%)
1 (5.3%)
4 (21.1%)
4 (21.1%)
4 (21.1%)

GCS: Glasgow Coma Scale, ICU: Intensive care unit, EDH: Epidural
hemorrhage, SDH: Subdural hemorrhage, ICH: Intracerebral hemorrhage,
HTN: Hypertension, DM: Diabetes mellitus, ICP: Intracranial pressure.
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Table 2. Comparison between the demographics of pentothal coma
therapy and targeted temperature management
Variables
Patient information
AGE
Sex (Male)
HTN
DM
Dyslipidemia
Neurology
Initial mental status
  Alert
  Drowsy
  Stupor
  Coma
Pupillary reflex
  Both reactive
  Un-isocoric
  Both un-reactive
GCS
GCS_Motor
About treatment
Diagnosis
  EDH
  SDH
   Contusion or ICH
   Diffuse swelling or others
Application time
  After diagnosis
  After surgery
  Others
Treatment duration (days)
Treatment termination reason
  Decreased ICP
   Critical adverse effect
   Refusal of treatment
ICU stay (days)
Outcome
Hospital stay (days)
Survival_ 2weeks
Survival_ 3months
Survival_ 6months

PCT (N=10) TTM (N=9) p value
70.2±13.78 66.22±9.77
5 (50%)
6 (66.7%)
5 (50%)
4 (44.4%)
3 (30%)
2 (22.2%)
1 (10%)
0

0.483
0.463
0.809
0.701
0.33
0.201

1 (10%)
0
7 (70%)
2 (20%)

0
3 (33.3%)
5 (55.6%)
1 (11.1%)

2 (20%)
0
8 (80%)
5.5±3.21
2.8±1.4

5 (55.6%)
2 (22.2%)
2 (22.2%)
7.33±3.32
3.67±1.73

0.033

0.237
0.244
0.368

1 (10%)
6 (60%)
1 (10%)
2 (20%)

0
3 (33.3%)
3 (33.3%)
3 (33.3%)

1 (10%)
8 (80%)
1 (10%)
2.51±1.08

2 (22.2%)
7 (77.8%)
0
12.56±9.63

0.509

0.004
0.334

0
2 (22.2%)
9 (90%)
7 (77.8%)
1 (10%)
0
8.9±11.84 20.33±17.92 0.116
9.1±13.11 22.22±22.62 0.135
1 (10%)
3 (33.3%) 0.213
1 (10%)
3 (33.3%) 0.213
1 (10%)
3 (33.3%) 0.213

The chi-square test was performed for categorical variables and an independent
t-test was performed for continuous variables.
PCT: Pentothal coma therapy, TTM: Targeted temperature management,
GCS: Glasgow Coma Scale, ICU: intensive care unit, EDH: epidural
hemorrhage, SDH: subdural hemorrhage, ICH: intracerebral hemorrhage,
HTN: hypertension, DM: diabetes mellitus, ICP: intracranial pressure.
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Table 3. Comparison of the complications in pentothal coma therapy
and targeted temperature management
Complications
Hemodynamic instability
Cardiovascular
Hepatic
Renal
Pneumonia
Hyperkalemia
Hypokalemia
Coagulopathy
Hyperglycemia

PCT(N=10)
6
0.6
7
0.7
5
0.5
9
0.9
2
0.2
5
0.5
7
0.7
10
1
8
0.8

TTM (N=9)
7
0.778
8
0.889
6
0.667
6
0.667
4
0.444
1
0.111
9
1
7
0.778
6
0.667

p value
0.405
0.313
0.463
0.213
0.252
0.069
0.073
0.115
0.51

PCT: Pentothal coma therapy, TTM: Targeted temperature management.

(RCT) showed no significant difference in functional outcomes
between prophylactic hypothermia and normothermia9). One
study reported that hypothermia can cause hypokalemia, hypovolemia, cardiovascular disease, coagulopathy, infection, hyperglycemia, hepatic dysfunction, etc10). Another study reported that there
were no significant differences between induced hypothermia and
normothermia, despite early induction11). In contrast, another
study showed that long-term hypothermia treatment significantly
increases the survival rate and functional outcomes in patients with
severe TBI, and complications did not show statistical significance12).
Studies on the effects of PCT and TTM have been conducted
several times, but studies comparing the side effects of the two
treatments are rare. In this study, the differences in the individual side effects between the two groups were not statistically significant (Table 3). However, hyperkalemia tended to be higher
in PCT (50% vs. 11.1%, p = 0.069), and hypokalemia tended to
be higher in TTM (100% vs. 70%, p = 0.073). Therefore, it is
necessary to monitor the electrolyte imbalance in each treatment.
The survival rate tended to be higher in the TTM group(3 out
of 9, 33.3%) than PCT group (1 out of 10, 10%; p= 0.213), but it
did not show statistical significance (p= 0.213; Table 2). However,
there was a statistically significant difference in the length of hospitalization and duration of treatment between the two groups
(Table 2). It could be interpreted that the duration of treatment of
TTM was longer than that of PCT to achieve the same treatment
effect. Further studies with larger number of patients will be needed to clarify this tendency.
This study has several limitations. First, this was a retrospective
study conducted at a single center; therefore, treatment for patients
was not randomly assigned. Second, the sample sizes of the two
groups were relatively small. Third, since our center has only 1 ICP
64
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monitor, not-all the patient received ICP monitoring, so we were
unable to describe the ICP values that were important in determining treatment effects. Fourth, the treatment methods for PCT and
TTM were not standardized.

CONCLUSION
Severe TBI patients treated with TTM has non-significantly
lower mortality than them with PCT (66.7% vs. 90%); however,
complications of hypokalemia can be frequently observed (100%).
Further study was necessary to evaluate the efficacy and safety of
TTM.
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Ventriculitis has a poor prognosis, and treatment is technically challenging. We describe a case of
ventriculitis in which bilateral continuous extraventricular lavage was performed and review the
previously published literature on the treatment of ventriculitis using extra-ventricular drainage
(EVD). A 75-year-old woman with ventriculitis and empyema was managed using an extra-ventricular drainage catheter inserted bilaterally at Kocher’s point. As the intravenous meropenem as
empirical antibiotics preoperatively had been administered, the meropenem-mixed saline was
continuously dripped through one EVD catheter intraoperatively. Approximately 1 L of saline
with antibiotics was drained until grossly clear fluid flowed through the other EVD catheter. The
follow-up MRI and the cerebrospinal fluid profile appeared to have improved. The ventriculoperitoneal shunt was performed due to secondary hydrocephalus in the course. Three months later,
the patient was available for cane gait and is currently undergoing follow-up without neurological
complications.
Keywords: Cerebral ventriculitis; Therapeutic irrigation; IInfusions, Intraventricular

INTRODUCTION
Ventriculitis is a neurosurgical disease with a high mortality rate.
The mortality rate of ventriculitis is approximately 30–71%, despite appropriate treatments1,2). In 2017, intravenous (IV) injection
of antibiotics was suggested as the primary treatment by the Infectious Disease Society of America (IDSA) guidelines. If IV treatment is ineffective, antibiotic administration through intrathecal
injection should be performed3). Methods of injecting antibiotics
directly into the intralumbar or intraventricular space have been introduced for injecting antibiotics into the intrathecal. Invasive procedures, such as Ommaya’s reservoir or external ventriculostomy,

inject drugs into the ventricle but are known to be more effective
because antibiotics can be directly injected into the ventricle with a
small injection amount4).
Al Menabbawy et al. introduced treatment with ventricle lavage
using endoscopy, especially in children, where continuous lavage
through neuro-endoscopy resulted in effective treatment and improved prognosis5). However, neuro-endoscopy has disadvantages
such as lack of equipment and skilled experts and long operating
time, making it less accessible than other procedures. We treated a
patient with ventricular inflammation using extraventricular lavage
(EVL) through bilateral Kocher's point extraventricular drainage
(EVD) insertion, an easy and effective treatment method familiar
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Bilateral EVL for ventriculitis

to neurosurgeons. In addition, it may be an effective alternative
treatment for ventriculitis.

CASE REPORT
A 75-year-old woman visited our outpatient clinic complaining
of submandibular swelling and fever. She was taking medication
for diabetes and hypertension; however, laboratory findings revealed that her random blood sugar was poorly controlled (555
mg/dL in the initial laboratory study). To localize the infection focus, pharynx computed tomography (CT) with enhancement revealed a submandibular abscess (Fig. 1). Extraoral incision and
drainage were performed by the dentist, and ampicillin/sulbactam
was administered intravenously as empirical antibiotics. However,
Klebsiella pneumoniae was identified in the patient’s blood culture,
and the antibiotic regimen was changed to meropenem. However,
the patient had a dismal clinical course. Three days after the dental
procedure, the patient showed drowsiness, aphasia, and poor cooperation. Emergent brain magnetic resonance imaging (MRI)
showed enlargement of both lateral ventricles and diffusion-weighted images revealed diffusion restriction on the occipital
horns of both lateral ventricles and the third ventricle (Fig. 2). The
cerebrospinal fluid (CSF) profile (glucose, 1 mg/dL; protein,
1206.8 mg/dL; white blood cell, > 1000/ mm3; polymorphic neutrophils, 88%) suggested bacterial meningitis, and Klebsiella pneu-
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moniae was identified in the CSF culture. For emergent CSF diversion, the patient was referred to the neurosurgery department for
emergent extraventricular drainage. The EVD catheters were inserted bilaterally at Kocher’s points. Before the EVL was performed, the communication between both lateral ventricles was
confirmed. The author confirmed that about 5 cc of normal saline
was administered through the catheter inserted into one ventricle
and a comparable amount of fluid was drained through the other
ventricle without significant intracranial pressure changes.
Empirical intravenous meropenem was recommended by the
physician of infectious medicine for the submandibular abscess
and the ventriculitis that has spread from the submandibular abscess before confirmation of microorganisms. Thus, the author decided to keep meropenem through IV for ventriculitis and conducted lavage into the ventricle using the same antibiotic. Meropenem for EVD lavage was used by mixing 1 g of meropenem with
1 L of normal saline.
Intraoperatively, saline mixed with meropenem was dripped
through one catheter, and turbid fluid was drained through the
other until the draining fluid became grossly clear. Serial CSF cultures after bilateral EVL did not reveal any additional bacterial
strains. The CSF profile improved during hospitalization (Table 1).
After removing the EVD catheter, a follow-up brain MRI revealed
a consecutive increase in ventricle size, respiratory distress, decreased consciousness, and impression with secondary hydrocephalus, and for CSF diversion, an Ommaya reservoir was inserted.
For 2 weeks postoperatively, meropenem IV had been continuously used, and CSF analysis after 4 weeks of EVD lavage showed an
improvement (protein, 219.3.8 mg/dL; white blood cell, 15/
mm3WBC) compared to the initial CSF profile (Table 1); hence, it
was changed to an oral antibiotic, ciprofloxacin. The follow-up
CSF profile at 1 month postoperative showed a sustained improvement (protein, 107.3 mg/dL; white blood cell, 9/mm3WBC)
(Table 1). With serial improvement in CSF profile without addi-

A
Fig. 1. The arrow shows a submandibular abscess. The formation of
abscess cavity with surrounding air bubbles are also found on computed tomography images.
www.e-jnic.org
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C

Fig. 2. All images are taken under T1 contrast enhancement: (A)
shows both ventricular walls Enhancement, (B) shows ventricular
emphysema at the occipital horn, and (C) shows ventricular enlargement of the lateral ventricles.
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Table 1. Cerebrospinal fluid profile changes from pre-operation to postoperative day 56
CSF profile
WBC(/mm3)
Glucose(mg/dL)
Protein(mg/dL)
Appearance

Pre-EVL
>1,000
1
1206.8
Reddish-turbid

Post EVL
76
1
154.6
Colorless-clear

Post EVL Day 8
93
15
399.1
Yellow-clear

Post EVL Day 30
15
38
219.3
Reddish-turbid

Previous VP shunt Day 56
9
107
101.8
Colorless-clear

CSF: Cerebrospinal fluid, EVL: Extraventricular lavage, WBC: White blood cell, VP: Ventriculo-peritoneal.

tional infection, the ventriculoperitoneal shunt for symptomatic
hydrocephalus was performed after removing the previous Ommaya’s reservoir. One month after EVL, the CSF profile showed no
more evidence of infection; then, all antibiotics were discontinued
(Table 1). After discharge from the hospital, on week 31 of bilateral
EVL, she visited the outpatient clinic on foot, relied on a cane, and
showed no significant neurological impairment.

DISCUSSION
Ventriculitis is a fatal infectious disease with a mortality of 30–
70%5). Typical causes of ventriculitis include head trauma, brain
abscess, meningitis, pneumonia, and post-surgical infections3). In
addition, the most common strain associated with ventriculitis is
coagulase-negative Staphylococcus4). In conventional treatment, the
antibiotic infusion is continued to maintain an appropriate dose
systemically3). To maintain a systematic antibiotic concentration, it
can be injected intravenously or intraventricular.
The blood–brain barrier (BBB) is an unavoidable hurdle for intravenous antibiotics to reach the target organs in the central nervous system (CNS). Antibiotics are restricted from diffusing into
the CNS due to tight junctions in the BBB, molecular size, and lipid solubility6). For example, < 9% of the total intravenous injection
concentration of meropenem reaches the ventricle4). However,
there is no such barrier between the CSF and ventricular space;
thus, antibiotics can spread relatively easily.
In ventriculitis, it is difficult to reach effective antibiotic therapeutic concentrations intravenously, and the fatality rate is high. As
such, direct intrathecal injection through the intralumbar or intraventricular route is being used as an alternative to overcome the
limitations of intravenous administration.
When antibiotics are administered through intralumbar routes,
peak arrival time is longer than intraventricular routes, and the
highest reached concentration is lower4). Therefore, if administered
directly to the ventricle, the total dose of antibiotics required to
reach the treatment concentration will be small; hence, side effects
can be expected to be reduced.
In addition to showing improved therapeutic outcomes, endoscopic intraventricular lavage has several advantages. When antibi68

otics are injected directly into the intraventricular space through an
endoscope, less time is required to reach the therapeutic level
through fewer doses than when administered intravenously2). Additionally, it is effective in preventing the occurrence of secondary
infection because the surgery is performed under more aseptic
conditions5). Moreover, considering the biological aspect, there is
no restriction on the passage of antibiotics through BBB; therefore,
more effective antibiotic reactions can be expected6).
However, effective endoscopic interventional lavage has some
limitations. An endoscopic instrument must be prepared, it takes a
considerable amount of time to prepare for scrub and operation,
and more decisively, the operation time is very long. Depending on
the proficiency of the surgeon performing the procedure, additional complications may occur during or after the surgery.
The method of burr hole trephination through both Kocher’s
points implemented in our case and placing the catheter in the
ventricle can overcome the critical disadvantages of endoscopic lavage. Approaching Kocher's point is a familiar procedure for most
neurosurgeons and does not require high proficiency; thus, it can
be performed at the bedside in case of emergency, and no specialized instruments are required.
Moreover, there is a limitation to this method of approaching a
bilateral Kocher’s point. If the catheter is attracted to the frontal
horn by approaching Kocher's point and lavaged, the formation of
laminar flow is relatively reduced compared to when it is maintained in the occipital horn, and the effect of the antibiotic is relatively reduced5). Furthermore, in the current case, before the lavage
procedure, the CSF pathway communication was not secured and
septostomy was not performed. For checking CSF pathway communication, injection of dye intraoperatively or preoperative imaging workup such as cine MRI should be conducted. Because the
CSF pathway could have been blocked secondarily by inflammation and resulted to ICP elevation during lavage fluid administered.
That would be safer and more reasonable to decide whether this
patient can be a candidate for EVL.

CONCLUSIONS
The current case shows that ventriculitis may be treated more
www.e-jnic.org
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effectively with the method we described herein; its safety and effectiveness have been reported not only in our case but also in various other studies. More cases and long-term follow-ups are necessary to establish lavage with EVD procedure as an effective conventional administration of antibiotics option for ventriculitis.
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Secondary hemifacial spasm (HFS) occurs by a conflict between the facial nerve and intracranial
pathology, such as cerebellopontine angle tumor or vascular abnormality like arteriovenous malformation (AVM) or aneurysm. HFS caused by AVM is rare, and optimal combination of treatment options has not been established. AVM treatment with or without microvascular decompression (MVD) of the facial nerve was provided in the previous studies, and the outcomes in
terms of spasm relief have been successful. Here, we report a case of HFS caused by cerebellar
AVM. HFS symptom disappeared after AVM nidus removal without MVD of the facial nerve.
Keywords: Intracranial arteriovenous malformations; Hemifacial spasm; Microvascular decompression surgery; Neurosurgical procedures

INTRODUCTION
Arteriovenous malformations (AVM) is a congenital vascular
abnormality with arterial and venous shunts. Incidence of AVM is
1.21/100,000 person-years (95% confidence interval 1.02–1.42)1).
Posterior fossa AVMs are rare, consisting 7–15% of intracranial
AVMs2). Hemifacial spasm (HFS) is a disease characterized by unilateral involuntary tonic and clonic contraction of the facial muscles. HFS are caused by normal vascular structure compressing the
root exit zone of the facial nerve. Such vascular compression mainly results from by nearby arteries. HFS can occur secondarily by intracranial pathology, such as cerebellopontine angle tumor or vascular abnormality like AVM or aneurysm3). Microvascular decompression (MVD) is the most effective treatment of option for HFS,
as MVD offers the overall spasm-free rate over 90%4).

Neurovascular compression syndrome such as HFS or trigeminal neuralgia related to AVM is very rare, and 37 cases have been
reported so far5). Herein, we report a case of HFS patient with cerebellar AVM. The symptom of HFS was relieved after surgical removal of AVM nidus without MVD of the facial nerve.

CASE REPORT
A 40-year-old woman visited the outpatient clinic for right hemifacial spasm. The symptom started 7 years ago. Her initial symptom was involuntary periocular muscle contraction, which was aggravated by stress and anger. The symptom gradually spread to
perioral muscle after 5 years of initial symptom, and the severity
and the frequency of facial spasm were increased. She experienced
no response to other conservative management such as medica-
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tion, and refused botulinum toxin injection due to its temporary
effect. Neurological examination revealed right tonic and clonic facial spasm involving both periocular and perioral regions. Magnetic resonance imaging (MRI) showed an abnormal vasculature with
maximum diameter of 3 cm in the right cerebellar hemisphere,
which was suspected to be an AVM. Right anterior inferior cerebellar artery (AICA) and posterior inferior cerebellar artery (PICA),
together with prominent venous structure, compressed the root
exit zone of the ipsilateral facial nerve (Fig. 1A). Conventional cerebral angiography showed a right cerebellar AVM supplied by
right PICA and AICA, and drained into sigmoid and occipital sinus (Fig. 1B).
The patient underwent a successful nidus removal without
MVD of the facial nerve. Postoperative MRI taken 6 months after
surgery showed that the diameters of the offending vessels around
the facial nerve were significantly decreased (Fig. 2A). Conventional angiography was followed up after the surgery and showed
no evidence of residual AVM. Early draining veins were not observed, and the flow and size of feeding arteries slowed and decreased, respectively (Fig. 2B). The symptom of HFS was much
relieved after 6 months of surgery, and hardly observed after 2 years
of surgery.

A

DISCUSSION
The risk of intracranial hemorrhage in cerebellar AVM is reported to be 2–4% per year, with a mortality rate of 18%6,7). It is one of
the most common cause of intracranial hemorrhage, especially in
young adults8,9). Although there is still controversy about the timing and method of treatment for unruptured AVM, emergent surgery is required in case of ruptured AVM. And intraventricular
hemorrhage or hydrocephalus can be rapidly accompanied in ruptured AVM, which can also put the patient at great risk. On the
other hand, HFS is not a life-threatening disorder and the treatment for HFS can be delayed. Moreover, the root exit zone of the
facial nerve could not be exposed due to abnormal vasculature all
along the cerebellopontine angle in this case, and the compressing
vessels of our patient might be shrunk and give less effect on the facial nerve after the appropriate treatment of AVM. Therefore, we
decided to treat the AVM first. And, as in prior case reports where
removal of AVM was performed without MVD5), the symptom of
HFS in our patient is almost completely relieved for 2 years after
surgery.
AVM caused by neurovascular compression syndrome, such as
HFS or trigeminal neuralgia, is very rare. Among 37 cases, which
have been reported till now, only 7 cases were found to be involved
with HFS. Treatments for HFS caused by AVM were varied. Cra-

B

Fig. 1. (A) MRI showed an AVM with a maximum diameter of 3 cm in the right cerebellar hemisphere. Right AICA, PICA, and prominent venous structure compressed the root exit zone of the ipsilateral facial nerve. (B) Conventional cerebral angiography showed a right cerebellar AVM
supplied by right PICA and AICA, and drained into sigmoid and occipital sinus.
MRI: Magnetic resonance imaging, AVM: Arteriovenous malformation, AICA: Anterior inferior cerebellar artery, PICA: Posterior inferior cerebellar artery.
www.e-jnic.org
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A

B

Fig. 2. (A) MRI taken 6 months after AVM removal surgery showed that the diameters of the offending vessels around the facial nerve were significantly decreased. (B) Conventional angiography showed no evidence of residual AVM. Early draining veins were not observed, and the flow
and size of feeding arteries slowed and decreased, respectively.
MRI: Magnetic resonance imaging, AVM: Arteriovenous malformation

niotomy and AVM removal or endovascular intervention with or
without MVD were provided, and in terms of spasm relief, the outcome was successful regardless of the combination of treatment
options.
In our case, the symptom of HFS was much improved after
AVM removal without MVD. It is postulated that the changes in
hemodynamics of vasculature around the root exit zone of the facial nerve resulted in decreased physical compression on the nerve,
and thereby might yield physiological restoration of the nerve. If
the symptom of HFS in our case recur in the future, we will consider MVD surgery. This case report does not include any individually identifiable health information, number, characteristic, or
code to identify patients, and carries no risk for the patients. This
study was therefore exempt from institutional review board approval.

CONCLUSIONS
Here, we presented the case of HFS caused by AVM that HFS
symptom disappeared after AVM removal without MVD. HFS
caused by AVM is rare and optimal combination of treatment options has not been established. If performing AVM treatment and
MVD at the same time is too risky, it is recommended to do AVM
treatment first and wait for HFS symptom relief.
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An adequate configuration of health systems for the care of time-dependent pathologies is essential
to ensure a favorable out for patients. Various pathologies where care is time-dependent, have protocols
such as stroke code, trauma code, cardiac arrest code among others1). These processes are in place and
Corresponding Author:
most are activated in anticipation of a complex condition that is life-threatening, requires multiple
Luis Rafael Moscote-Salazar, M.D.,
health disciplines, and is time-sensitive.
Colombian Clinical Research
Group in Neurocritical Care,
Neurotrauma as pathology is a common reason for the utility of health services and intensive care
Bogota, Colombia
units2). This affects the population of different ages and with high mortality. In low-income countries
E-mail: rafaelmoscote21@gmail.com where the availability of resources is limited, we believe that there should be the categorization of neurotrauma. This process will allow the referral of only patients requiring neurosurgical and neurointensive care. For this, we propose the designation of Neurotrauma Code, which would be activated only
focus on moderate head trauma (The one described by Glasgow coma scale 9-13, post-resuscitation).
The process starts in the field with moderate injury and activation is initiated once transport begins.
The emergency department will respond with proper triage, assessment, and investigations. Once neurotrauma is considered the main diagnosis, the neurosurgery and radiology department is activated.
Primary and secondary surveys need to be done This might require emergency room physicians to be
trained in this process. This will be required as trauma surgeons are usually assigned to a level 1 trauma
center, where they are dealing with all types of traumas. The patient will be either send to general critical care ICU, neuro floor unit or transfer to level 1 trauma center based upon the kind of injury. We can
see this process helping all sorts of acute care health care institutions. Neurotrauma code can also be
useful for level 1 trauma centers. These centers are mostly overwhelmed with extensive polytrauma patients, gunshot wounds, falls injuries, motor-vehicle injuries, and assault victims. Moderate neurotrauma might get a somewhat delayed response and activation of neurotrauma code will help to stop the
acute injury process early before it progresses to a severe or irreversible stage.
In conclusion, neurotrauma code (Fig. 1) has a unique need in the bigger scope of trauma and neurocritical care fields. Health care organizations without level 1 trauma centers will benefit from the process to take care of their patients. Level 1 trauma centers with extremely busy services will be able to
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early recognize moderate head injury patients and place them in
the proper treatment pathway.
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Fig. 1. Proposed neurotrauma code pathway.
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Utility of Hemolung® in Acute Neurological Crisis with
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Extracorporeal carbon dioxide removal (ECCO2R) is a process where filtration of CO2 happens
with the blood flow, a central filter, a pump, and an exchange of air/Oxygen mixture. The flow of the
gas mixture decides the percentage removal of CO2. The late last century saw marked improvement in
Corresponding Author:
the technology, although initial efforts were flawed with the large size of the equipment, complications,
Luis Rafael Moscote-Salazar, M.D.,
and no major impact on the outcome. Recently FDA approved technology for ECCO2R from ALung®
Latinamerican Council of
i.e Hemolung® device which was incorporated in the last decade. The key utility is mainly in patients
Neurocritical Care (CLaNI),
Bogota, Colombia.
with severe COPD with acute respiratory failure. Acute respiratory with a pulmonary complication
E-mail: rafaelmoscote21@gmail.com like ARDS or edema requires reduction of driving pressure by keeping the tidal volume low and higher
PEEP. This commonly leads to an increased level of partial pressure of CO2, hence direct impact to abnormal brain hemodynamics with acute brain injury1). Here we suggest early use of Hemolung® in
such a situation.
Early use of ECCO2R can be used in COPD acute respiratory to avoid intubation. Most of these patients have bi-level positive pressure ventilation attempted before proceeding to intubation. There is
evidence for the avoidance of invasive ventilation with intubation with early application of ECCO2R2-7).
Retention of CO2 and anticipatory reduction in PH are commonly seen during the protected lung
strategy in ARDS care. ECCO2R can be used to reduce the build of CO28). With an established pandemic of SARS-CoV2 and extensive ARDS care in the intensive care units, the need for ECCO2R is
more obvious 9,10).
Cerebral hemodynamic is directly impacted by the arterial partial pressure of CO2 and O2. The impact of CO2 is steeper and more obvious. The oxygenation can be maintained with a higher range if adequate circulation is present. Acute respiratory failure with ARDS in acute neurological injury is commonly seen in the neurocritical care practice. There is a constant struggle to protect the lung from ventilatory-induced lung injury and the impact of rising CO2 on the injured brain (Fig. 1). The utility of
ECCO2R can be a help. A lower dose of anticoagulation infusion can be used to avoid any further hemorrhage in an active condition of intracranial hemorrhage11). Hemolung® uses room airflow to remove
CO2 without a need for a high flow oxygen supply. This device will be useful in conditions as mentioned with acute brain injury.
In conclusion, we suggest that Hemolung® device should be present in high capacity neurocritical
care unit. Neurointensivist training and competency need to be maintained. Early inclusion of this de-
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Fig. 1. A proposed flow chart to show the impact of ECCO2R in neurocritical care practice.

vice may be required where a lung-protective approach is used especially in ARDS patients. Further case series and prospective observational trials will probably show that this technology is useful.

NOTES
Conflict of interest

No potential conflict of interest relevant to this article was reported.

REFERENCES
1. Deng RM, Liu YC, Li JQ, Xu JG, Chen G. The role of carbon
dioxide in acute brain injury. Med Gas Res 2020;10:81–84.
2. Moss CE, Galtrey EJ, Camporota L, Meadows C, Gillon S, Ioannou N, Barrett NA. A Retrospective Observational Case Series of Low-Flow Venovenous Extracorporeal Carbon Dioxide
Removal Use in Patients with Respiratory Failure. ASAIO J
2016;62:458–462.
3. Tiruvoipati R, Buscher H, Winearls J, Breeding J, Ghosh D,
Chaterjee S, et al. Early experience of a new extracorporeal carbon dioxide removal device for acute hypercapnic respiratory
failure. Crit Care Resusc 2016;18:261–269.
4. Braune S, Burchardi H, Engel M, Nierhaus A, Ebelt H, Metschke M, et al. The use of extracorporeal carbon dioxide removwww.e-jnic.org

al to avoid intubation in patients failing non-invasive ventilation--a cost analysis. BMC Anesthesiol 2015;15:160.
5. Cole S, Barrett NA, Glover G, Chris ISL, Chris M, Kathleen D,
et al. Extracorporeal carbon dioxide removal as an alternative to
endotracheal intubation for non-invasive ventilation failure in
acute exacerbation of COPD. J Intensive Care Soc 2014;15:
344–346.
6. Mani RK, Schmidt W, Lund LW, Herth FJ. Respiratory dialysis
for avoidance of intubation in acute exacerbation of COPD.
ASAIO J 2013;59:675–678.
7. Burki NK, Mani RK, Herth FJF, Schmidt W, Teschler H, Bonin
F, et al. A novel extracorporeal CO(2) removal system: results
of a pilot study of hypercapnic respiratory failure in patients
with COPD. Chest 2013;143:678–686.
8. Akkanti B, Rajagopal K, Patel KP, Aravind S, Nunez-Centanu E,
Hussain R, et al. Low-flow extracorporeal carbon dioxide removal using the hemolung respiratory dialysis system® to facilitate lung-protective mechanical ventilation in acute respiratory
distress syndrome. J Extra Corpor Technol 2017;49:112–114.
9. Saavedra-Romero R, Paz F, Litell JM, Weinkauf J, Benson CC,
Tindell L, et al. Treatment of severe hypercapnic respiratory failure caused by SARS-CoV-2 lung injury with ECCO2R using
the hemolung respiratory assist system. Case Rep Crit Care
2021;2021:9958343.
10. Akkanti B, Jagpal S, Darwish R, Saavedra Romero R, Scott LK,
77

Hemolung and Neurocritical Care

Dinh K, et al. Physiologic improvement in respiratory acidosis
using extracorporeal Co2 removal with hemolung respiratory
assist system in the management of severe respiratory failure
from coronavirus disease 2019. Crit Care Explor 2021;3:e0372.

78

Tariq Janjua et al.

11. Janjua T, Nussbaum E, Lowary J, Babbini V. Bivalirudin as a
bridge for anticoagulation in high risk neurosurgical patients
with active DVT or high risk of thrombosis. Neurocrit Care
2013;18:349–353.

www.e-jnic.org

Instructions for Authors
General Information
1. Journal of Neurointensive Care (JNIC) is the official journal of the
Korean Neurointensive Care Society and published biannually
((the last day of April and October). This Journal publishes
important papers covering the whole field of neurosurgical
intensive care unit, including studies in neuroscience, neurology,
and molecular biology. Studies on rare cases and technical notes
of special instruments or equipment that might be useful to the
field of neurosurgical intensive care are also acceptable. Drawing
upon the expertise of an interdisciplinary team of physicians from
neurosurgery, neurology, anesthesiology, critical care, and nursing
backgrounds, (JNIC) covers all aspects neurosurgical intensivists
need to be aware of in order to provide optimal patient care.
2. It should be assured that authors must not simultaneously
submit an identical or similar paper for publication elsewhere.
Multiple publication is acceptable only in the case of meeting the
criteria of Uniform Requirements for Manuscripts Submitted
to Biomedical Journals (Ann Intern Med 108: 258-265, 1988).
Manuscripts must be prepared in accordance with Uniform
requirements for Manuscripts submitted to Biomedical Journal
developed by International Committee of Medical Journal
Editors (February 2006).
3.All manuscripts must be written in English. Authors should
minimize the use of English abbreviations. Spell out all
abbreviations at first occurrence, and then introduce them by
placing the abbreviation in parenthesis after the term being
abbreviated. Abbreviation should be avoided as possible as one
can. When it is used, full expression of the abbreviation following
abbreviated word in parentheses should be given at first use.
All units should be given in metric system (The International
System of Units: SI units).

Submission of Manuscript
1. Authors are requested to submit their papers electronically by
using online manuscript submission system(http://submit.
e-jnic.org). This site will guide authors stepwise through the
submission process.
2. Upon submission of a manuscript, authors should upload
author checklist and copyright transfer agreement form
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(http://e-jnic.org/authors/authors.php).
3. The list of the authors in the manuscript should include only
those who were directly involved in the process of the work.
Authors can refer to the guideline by Harvard University in
1999 to find details on authorship(http://www.hms.harvard.
edu/integrity/authorship.html).
4. The editorial board will make a decision on the approval for
publication of the submitted manuscripts, and can request any
further corrections, revisions, and deletions to the article text if
necessary.
5. The price for all work requiring review, publishing, and reprinting of the paper will be determined by the editorial board.

Manuscript Preparation
All manuscripts should be written in English using in 11 points
Arial font and double-spaced.
1. Publication type
JNIC publishes editorials, reviews, original articles including
clinical and laboratory research, case reports, letters to the
editor and etc.Please review the below article type specifications
including the required article lengths, illustrations, table
limits and reference counts. The word count excludes the title
page, abstract, tables, acknowledgements, contributions and
references. Manuscripts should be as succinct as possible.Any
article longer than these limits should be discussed with the
editor.
a) Editorials
Editorials are invited perspectives dealing with very active fields
of research, hot interest, fresh insights, and debates.
Word count: up to 1,000 words
Tables and figures: at editorial discretion
References: up to 10, ideally 5
b) Review articles
The authors and topics for review articles will be selected by
the editorial board and review articles should also undergo the
review process. Manuscripts include titlepage, unstructured
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abstract and keyword, main text (introduction, manuscript
body, conclusion), conflict of interest, acknowledgements (if
necessary), references, tables, figurelegends, and figures.
Abstract: 200 words
Word count: up to 3,000 words
Tables and figures: up to 7
References: 40
c) Original articles
Original articles should contain the results of clinical or basic
research and should be sufficiently well documented to be
acceptable to critical readers. The manuscript for an original
article should be organized in the following sequence: title page,
structured abstract and keywords, main text (introduction,
methods, results, discussion, conclusion), conflict of interest,
acknowledgements (if necessary), references, tables, figure
legends, figures, and supplementary data.
Abstract: Structured, 250 words
Word count: up to 3,500 words
Tables and figures: up to 7
References: 30
d) Case reports
Case repor ts w ill be published only in exceptional
circumstances, when they illustrate a rare occurrence of clinical
importance. These manuscripts should be organized in the
following sequence: title page, unstructuredabstract and
keywords, introduction, case report(s), discussion, conclusion,
acknowledgments, references, tables, figure legends, and figures.
Abstract: 150 words
Word count: 1,500 words
Tables and figures: up to 5
References: 10
e) Letters to the editor
Authors can submit a sound critic or opinion for the specific
article published in the journal, topic of general interest
regarding neurosurgical intensive care, personal view on a
specific scientific issue, departmental announcements or
changes, or other information of the clinical fields.
Word count: 1,000 words
Tables and figures: up to 2
References: 10
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f) Special article
Special articles are devoted to providing updated reports by
specialists in various fields or significant issues (e.g., history
of the field) for the members of the society. The authors and
topics of special drafts will be assigned and specially requested
by the editorial board.The authors’ views in special drafts will be
respected as much as possible.
g) Other Publication Types
Other publication types may be accepted. The recommended
format should be discussed with the Editorial Board.
2. Manuscript format
Authors should refer to “Uniform Requirements for
Manuscripts Submitted to Biomedical Journals” (http://
www.icmje.org/about-icmje/faqs/icmje-recommendations/).
The article should be organized in the order of title, abstract
(Objective, Methods, Results, and Conclusion sections should
be included in laboratory investigation or clinical article but are
not necessary in other types of studies), key words,introduction,
materials and methods, results, discussion, conclusions,
references, tables, and figures or illustrations. In case reports,
materials and methods and results can be replaced with cases.
1) Title page
The title page should be composed of external and internal title
pages.
a) The external title page should contain the article title, and
full names of all authorswith their institutional affiliations
in English. The type of manuscript (Original Article, Case
Report or Case series, Technical report, Letter to editor, etc.)
should be also addressed. When the work includes multiple
authors with different affiliations, the institution where the
research was mainly conducted should be spelled out first,
then be followed by foot notes in superscript Arabic numerals
beside the authors’ names to describe their affiliation in a
consecutive order of the numbers. Then, mark the running
head as not to exceed 50 characters in English. The external
title page should also contain the address, TEL. and FAX.
numbers, and e-mail address of the corresponding author at
the bottom of the page, as well as information on the previous
presentation of the manuscript in conferences and funding
resources, if necessary.
b) The internal title page should only contain the article title
in English. The internal title page must not contain any
information on the names and affiliations of the authors.
2) Abstract and Keywords
All manuscripts must contain an abstract. A list of Key Words,
www.e-jnic.org
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with a maximum of six items, should be included at the end of
the abstract. The selection of Key Words should be based on
Medical Subject Heading (MeSH) of Index Medicus and the
Web site (http://www.nlm.nih.gov/mesh/MBrowser.html).
The abstract should include brief descriptions on the objective,
methods, results, and conclusion as well as a detailed description
of the data. An abstract containing 250 words or less is required
for original articles, 200 words for review articles and 150 words
for case. Abstracts for LaboratoryInvestigation and Clinical
Article should begin with the statement of the paper’s purpose
and end with conclusions. Abstracts for other types of papers
should begin with a brief and clear statement of the paper’s
purposeand be followed by appropriate details that support the
conclusions of the paper.
3) Introduction
The introduction should address the purpose of the article
concisely and include background reports mainly relevant to the
purpose of the paper (detailed review of the literature should be
addressed in the discussion section).
4) Materials and Methods
Materials and Methods section should include sufficient
details of the design, objects, and methods of the article in
order, as well as the data analysis strategies and control of
bias in the study. Enough details need to be addressed in the
methodology section of an experimental study so that it can
be further replicated by others. When reporting experiments
with human subjects, the authors should indicate whether they
received an approval from the Institutional Review Board for
the study. When reporting experiments with animal subjects,
the authors should indicate whether the handling of the animals
was supervised by the research board of the affiliated institution
or a similar one. Photographs disclosing patients must be
accompanied by a signed release form from the patient or family
permitting publication. We endorse the principles embodied in
the ‘Declaration of Helsinki’ and expect that all investigations
involving human materials have been performed in accordance
with these principles. For animal experiment, ‘the Guiding
Principles in the Care and Use of Animals’ approved by the
American Physiological Society must be observed. Explanation
of the experimental methods should be concise and sufficient
for repetition by other qualified investigators. Procedures that
have been published previously should not be described in
detail. However, new or significant modifications of previously
published procedures need full descriptions. The sources of
special chemicals or preparations should be given along with
their location (name of company, city and state, and country).
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Method of statistical analyses and criteria of significance level
should be described. In Case Reports, case history or case
description replace the Materials and Methods section as well as
Results section.
Please inform us the approved number of IRB when you submit
the manuscript.
5) Results
The authors should describe logically their results of observations
and analyses performed using methodology given in the previous
section and provide actual data. For biometric measurements
in which considerable amount of stochastic variation exists
a statistical treatment should be used in principle. The result
section should include sorely the findings of the current study,
and not refer to previous reports. While an effort should be made
to avoid overlapping descriptions by Tables and by main text,
important trends and points in the Table should be described in
the text. Experimental results should be described using Arabic
numbers and the SI unit system.
6) Discussion
Discussions about the findings of the research and interpretations
in relation to other studies are made. It is necessary to emphasize
the new and critical findings of the study, not to repeat the results
of the study presented in the previous sections. The meaning
and limitation of observed facts should be described, and
the conclusion should be related to the objective of the study
only when it is supported by the results of the research. It is
encouraged for the authors to use subheadings in the discussion
section so that the readers can follow the logical flow of the
authors’ thought.
7) Conclusion
The conclusion section should include a concise statement of
the major findings of the study in accordance with the study
purpose.
8) References
a) Only references cited in text must appear in the reference list
and marked in the form of superscript at the end of the sentences
they were used in text (example: reference11,15,18)).
b) All references should bealphabetized by the first author’s last
name.
c) When a work has six or less authors, cite the names of all authors.
When a work has over six authors, cite the first six authors’ name
followed by “et al.”Abbreviations for journal titles should be
congruent with the style of IndexMedicus. A journal title with
one word does not need to be written out in abbreviation. The
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styles of references are as follows:
Journal
1. Dávalos A, Pereira VM, Chapot R, BonaféA, Andersson T,
Gralla J, et al. Retrospective multicenter study of solitaire FR
for revascularization in the treatment of acute ischemic stroke.
Stroke 2012;43:2699–2705.
Website
1. World Health Organization, The International Spinal Cord
Society. International perspectives on spinal cord injury. Geneva,
CH: World Health Organization, 2013(http://apps.who.int/
iris/bitstream/10665/94192/1/WHO_NMH_VIP_13.03_
eng.pdf?ua=1) [Accessed October 1, 2018]
Book
1. Conover WJ: Practical Nonparametric Statistics, ed 2. New
York: Jon Wiley & Sons; 1971. p. 216-218.
Article in a Book
1. Ojemann RG: Surgical management of bacterial intracranial
aneurysms in Schmideck HH, Sweet HH (eds): Operative
Neurosurgical Techniques. Indications, Methods and Results,
ed 2. Orlando: Grune& Stratton; 1988. p. 997-1001
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
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figure number as the file name (i.e. Fig1.jpg). When a figure
is composed of more than 2 parts, authors should combine
the figure in the correct orientation. Separate files without
embedded labels should be submitted only if the Editorial board
requests them after the peer review. Authors should submit
figures in black and white if they want them to be printed in
black and white. Authors are responsible for any additional costs
of producing color figures.
The files should have following resolutions for printing: line art
at 300 dpi, combination half-tones at 300 dpi, and half-tones
(gray scale or color without type or lettering) at 300 dpi. If the
quality of the photographs is considered as inappropriate for
printing, re-submission of them can be requested by the journal.
Tables, graphs, figures, and photographs should be used only
when necessary.

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

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

www.e-jnic.org

Author Checklist
Title of article:
Author(s):
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 ’.

1. Mandatory components of a manuscript
1) Manuscript layouts
2) Manuscript should be prepared in following sequences;
a) Original Article: title page, inner title page, abstract and keywords, introduction, materials and
methods,results, discussion,conclusion, conflicts of interest*, acknowledgment, references, tables,
figure legends, figures and supplementary data.
b) Case Report: title page, inner title page, abstract andkeywords,introduction, case report, discussion,
conclusion, references, tables, figure legends and figures.
c) Review Article: title page, inner title page, abstract and key words, introduction, manuscript body,
conclusion, conflict of interest*, acknowledgment, references, tables, figure legends and figures.
*If applicable

□ Yes / □ No

□ Yes / □ No
□ Yes / □ No
□ Yes / □ No

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

□ Yes / □ No
□ Yes / □ No
□ Yes / □ No

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

□ Yes / □ No

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

□ Yes / □ No

5. Abstract
1)Abstract should have four parts, which are objective, methods, results, and conclusion. Please indicate
the word number after Key words.			
2)Recommended words from Medical Subject Heading Terms database at
http://www.ncbi.nlm.nih.gov/mesh/MBrowser.html are used for Key word and the words are written
within a maximum of six.
6. Text
1) Text is written in 11 points Arial fonts with double line spacing and 3 cm as bottom and left and right
margins on A4 paper
2) Every word except name of a place, a personal name, and a proper noun is written in lower case. Also,
some words such as names of virus, Latin and p values are written in italics. Comma as thousand
separators must be placed for indicating numbers.
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□ Yes / □ No
□ Yes / □ No

□ Yes / □ No
□ Yes / □ No
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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.

Author Checklist

□ Yes / □ No
□ Yes / □ No
□ Yes / □ No

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

□ Yes / □ No
□ Yes / □ No

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.

□ Yes / □ No

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.

□ Yes / □ No

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

□ Yes / □ No

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.

□ Yes / □ No

Date:
Editorial office use only
□ suitable for review process □ a qualified consent for submission acceptance □ needs author’s correction
Date:
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Copyright Transfer Agreement
The author(s) submit my/our manuscript with the following title

in consideration of the Editorial Board of the Journal of Neurointensive Care reviewing, editing and publishing. This manuscript
contains
page(s),

Figure(s),

Picture(s),

Table(s).

I/we hereby transfer, assign and otherwise convey to the Korean Neurointensive Care Society upon acceptance of the manuscript
for publication by the Journal of Neurointensive Care all copyright. I/we have all rights except copyright. I/we can use part or all of
the contents of the manuscript under written agreement of the Korean Neurointensive Care Society. In case that I/we use materials
from the manuscript I/we will clarify the reference.
I/we certify that the contents of the manuscript, in all or in part, has not been published and is not being considered for publication
elsewhere, unless otherwise specified herein.
I certify that I have made a substantial contribution to the medical/scientific/intellectual content of the manuscript and on that
basis agree to be named as an author.
I approve the manuscript for publication and will take public responsibility for its content.
Each of the undersigned is an author of the manuscript and all authors are named on this document.

Author’s name

Author’s signature

Date
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