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INTRODUCTION 

The goal of intensive care unit (ICU) admission is to implement 
various strategies to prevent secondary injury due to hypoxia, cere-
bral hypoperfusion, metabolic stress. It involves optimizing general 
systemic physiology and disease-specific management1,2). All trau-
matic brain injury (TBI) patients must receive daily ICU care simi-
lar to other non-TBI patients in intensive care. Head elevation of 
30° would improve cerebral perfusion pressure (CPP) by reducing 

Head injury or traumatic brain injury (TBI) is considered an instant epidemic in the developed 
world. Head injuries account for one quarter to a third of all trauma-related deaths. According to 
the Global Status Report on Road Safety 2018, more than 1.35 million people were killed in a sin-
gle year. Out of these, 90% of the casualties occurred in developing countries, and India contrib-
utes about 11% of the total share. Until the last decade, cardiac disease, cancer, and road traffic ac-
cidents were considered the leading causes of death in our country. It is predicted that if the inci-
dence of Road Traffic Accidents continues at the present rate, then by the end of 2025, the head 
injury will become the most common cause of death worldwide. The head injury patients pose a 
unique challenge to the treating physicians in the early period of hospitalization and the later dura-
tion of follow-up. The primary role of intensive care management is preventing and treating intra-
cranial hypertension, which causes derangement in cerebral perfusion pressure (CPP), thereby 
preventing secondary brain injury. In the present review, we discuss the effective management of 
TBI in the critical care unit. 
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intracranial pressure (ICP). It also reduces the risk of ventilator-as-
sociated pneumonia (VAP). A neutral position of the head and 
neck would maintain cerebral venous drainage. Avoiding any kind 
of compression around the neck (e.g., tight cervical collar, tight fix-
ation of the endotracheal tube) would reduce cerebral venous 
drainage. Ensure periodic change in patients' position to avoid bed-
sore and eye care, oral care & physiotherapy. Standard VAP and 
central line bundle should be followed to prevent infection3). 

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.

1www.e-jnic.org



RESPIRATORY CARE 

The airway protective reflexes are blunted in TBI patients due to 
decreased level of consciousness. Patients are at high risk of aspira-
tion and other respiratory complications like pneumonia and acute 
respiratory distress syndrome (ARDS)4).  

Respiratory system complications in TBI patients may be related 
to direct thoracic injuries such as pneumothorax, haemothorax, 
flail chest lung contusion. Associated cervical spine injury is anoth-
er most common reason for ventilatory support. The goal of me-
chanical ventilation is to prevent aspiration pneumonia, reduce 
breathing work, and prevent secondary brain injuries associated 
with hypoxemia/hypercapnia. However, no specific ventilatory 
strategies have not been established for TBI patients. Individual-
ised ventilation strategies are essential for good patient out-
comes5,6). The controlled mode (either volume or pressure con-
trol) ventilation may be selected during the initial phase and then 
changed to an assisted mode/pressure support mode as the pa-
tient’s clinical conditions improve. Laryngoscopy and tracheal in-
tubation cause sympathetic stimulation, leading to tachycardiac, 
hypertension, and increased intracranial pressure. The sedative/ 
hypnotic drugs agents selected for intubation should provide opti-
mal intubating conditions with minimum hemodynamic distur-
bances. The most common drugs are etomidate and propofol. Ad-
equate preoxygenation administration of fluids/ vasopressors 
during intubation helps prevent hypoxia and severe hypoten-
sion7-9). Hyperventilation should be used judicially for the treat-
ment of refractory intracranial hypertension. Use any ventilatory 
setting to achieve normocapnia (PaCO2 ≈ 35-mmHg). Both hy-
percarbia and severe hypocarbia are associated with the potential 
risk of ischemic side effects on the injured brain10-12). Indication 
and timing for tracheostomy in TBI patients are still debated. Tra-
cheostomy in TBI patients helps to minimise the duration of a 
ventilator, ICU stay, risk of ventilator-associated lung injuries, re-
quirement for sedation. The TBI patients with one or more failed 
weaning trials should be considered for tracheostomy place-
ment5,13,14). 

CIRCULATORY SYSTEM CARE 

Cardiac dysfunction due to paroxysmal sympathetic hyperactiv-
ity is common (8–33%) in moderate to severe TBI patients. This 
may manifest with ST-T wave, QT prolongation in ECG changes, 
reduced ventricular function and regional wall motion abnormali-
ty. Though there is no specific therapy, non-pharmacological 
methods include avoiding external stimuli, maintaining hydration, 
and correcting electrolyte imbalance. Furthermore, pharmacologi-

cal strategies such as opioid beta-blocker can be used for paroxys-
mal sympathetic hyperactivity15,16). Associated spinal cord injury 
enhances the risk of cardiovascular disturbances due to impair-
ment of sympathetic tone17,18). Adequate cerebral blood flow de-
pends on Cerebral perfusion pressure. Cerebral perfusion pressure 
(CPP), the difference between mean arterial pressure and intracra-
nial pressure (or Central venous pressure), remains constant over a 
wide range of systemic blood pressures in a healthy patient. How-
ever, hemodynamic disturbances such as hypo/hypertension in 
TBI patients can compromise cerebral perfusion pressure. Hypo-
tension (SBP <  90 mm Hg or MAP <  65 mm Hg) is an indepen-
dent predictor for secondary systemic brain insult, thus associated 
with increased mortality following TBI. Intravascular volume de-
pletion due to haemorrhage, polyuria secondary to diabetes insipi-
dus, spinal cord injury with spinal shock is the common cause of 
hypotension in TBI patients. Intravenous fluid administration and 
vasopressors should be used for resuscitation19,20). Ideal intrave-
nous fluid for TBI patients is still controversial. Nevertheless, hy-
potonic fluids should be avoided to prevent volume overload and 
cerebral oedema21,22). Hypertension (SBP >  160 mm Hg or MAP 
>  110 mm Hg) can aggravate brain oedema and ischemia. 

In TBI normotension/normal CPP is preferred , but in several 
situations¬ there may be hypertension (which is the normal physi-
ological response for maintaining the CPP and it also indicates 
preserved autoregulation to maintain CPP). This normal physio-
logical raise in blood pressure can be tolerated. Induced hyperten-
sion should not be considered for patients without ICP monitoring 
as aggressive treatment of blood pressure in patients with raised 
ICP may worsen morbidity or even death. The CPP is the force is 
the primary determinant of cerebral blood flow. The CPP is de-
fined as the difference between the mean arterial pressure (MAP) 
and ICP (CPP =  MAP − ICP). According to the Brain Trauma 
Foundation (BTF) guidelines CPP should be maintained at 60-70 
mmHg23).  

NUTRITION AND GLUCOSE CONTROL 

Early nutrition in TBI patients has shown beneficial effects. It 
has shown a reduction in mortality, overall poor outcome and in-
fections. Malnutrition increases the mortality rate in TBI patients. 
Unless contraindicated enteral feeding is preferred in TBI patients, 
it is physiologic with advantages such as preservation of the gas-
tro-intestinal tract functions, immunological gut barrier, and mu-
cosal integrity24,25). TBI patients may have gastric delays due to in-
creased ICP and opiates use for sedation. Prokinetic agents such as 
metoclopramide improve tolerance. Indirect calorimetry/Harris 
Benedict’s equation/ weight-based formula, i.e., 25–30 Cal per kg 
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body weight per day, can be used to calculate the caloric require-
ment. The BTF guidelines support achieving caloric require-
ments by day seven and trans gastric jejunal feeding23). Stress-in-
duced hyperglycaemia is expected after the head injury, leading 
to secondary brain injury. Hyperglycaemia is associated with an 
increase in release of pro-inflammatory cytokines, which closely 
correlate with poor neurological outcome. Similarly, episodes of 
hypoglycaemia are also detrimental26). Blood glucose levels with-
in tight limits (intensive insulin therapy, 81-108 mg/dl) are also 
controversial because they do not improve neurologic outcome/
mortality/infectious complications. Tight glucose control is as-
sociated with increased hypoglycaemic incidences. The blood 
glucose target in TBI patients is still not defined. A moderate ap-
proach to glucose control to 120–180 mg/dL seems to be appro-
priate 27). 

SEDATION & ANALGESIA 

The principle of sedation and analgesia is to ensure patient 
comfort and relieve pain. TBI patients also limit elevations of 
ICP, discomfort, cough/ pain, and decrease O2 consumption and 
CO2 production. Mechanical ventilation, any ICU procedures/
surgical interventions, nursing care are potential sources of pain28). 
Careful selection of sedation-analgesia drugs for TBI patients is 
essential for good patient outcomes. TBI patients need daily neu-
rological assessments, frequently confounded by sedation. The 
ideal sedative/analgesics for TBI patients should have a rapid on-
set and offset, easy titration and predictable clearance, with no/
minimum effect on ICP and CMRO2 and the cardiovascular sys-
tem. The most common drugs used are fentanyl, propofol, mid-
azolam and dexmedetomidine. These drugs can be used as a sin-
gle agent or combination, either continuous infusions or inter-
mittent boluses. 

SEIZURE PROPHYLAXIS 

Prophylaxis should be considered early post-traumatic seizures 
(presentation within seven days of injury). As per BTF, phenyt-
oin is recommended for early post-traumatic seizures23). The 
current guidelines do not support antiepileptic drug administra-
tion for prevention of late post-traumatic seizures. Though 
side-effect profiles favour levetiracetam, both levetiracetam and 
phenytoin are comparable in efficacy, mortality rate and adverse 
reactions if used for early seizure prophylaxis. Currently, there is 
insufficient evidence to recommend levetiracetam over phenyt-
oin29-31). 

SUPPORTIVE THERAPY FOR HEAD 
INJURY PATIENTS 

Stress ulcer prophylaxis 
An imbalance between mucosal protection and gastric acid pro-

duction is responsible for stress ulcers in TBI patients. These pa-
tients have increased acid secretion due to stress-triggered vagal 
stimulation of the stomach through the CNS pathway and im-
paired mucosal protection due to compromised mucosal microcir-
culation32,33). Both proton pump inhibitors and histamine-2 recep-
tor antagonists reduce the incidence of stress ulcers in trauma pa-
tients. The superiority of one drug over another is not known34).  

Deep venous thrombosis prophylaxis 
Severe TBI patients are at risk of developing venous thrombo-

embolic events (VTE), including deep venous thrombosis (DVT) 
and pulmonary embolism, venous stasis, hypercoagulability due to 
tissue injury. Approximately 20% of TBI patients treated in ICU 
have shown features of VTE. Old age, obesity and severity of TBI 
increase the risk of VTE in TBI patients35,36). TBI patients who re-
ceive pharmacologic prophylaxis have a lower incidence of VTE 
and a lower incidence of worsening haemorrhage. Pharmacologic 
prophylaxis is also safe in patients with intracranial pressure moni-
tors37). Pharmacological DVT prophylaxis and mechanical pro-
phylaxis are recommended for TBI patients if the injury is stable. 
However, there is insufficient evidence for timing, dose, or agent23). 

Hypothermia 
Hypothermia (32°C to 34°C) reduces cerebral metabolic rate, 

preserves tissues in the face of metabolic challenge and decreases 
ICP, there is a lack of evidence to support prophylactic hypother-
mia; though it is not a standard therapy currently , but it can be one 
of the option in the multimodality approach as supported by TBI 
guidelines1). The use of hypothermia is not a standard recommen-
dation in the management of TBI patients23). There is insignificant 
outcomes benefit in patients with TBI treated with hypothermia. 
However, fever should be aggressively managed in severe TBI pa-
tients38). 

Steroids 
Steroids are not recommended to reduce ICP and associated 

mortality in head injury patients23). The CRASH (Corticosteroid 
Randomization after Significant Head Injury) trial has shown un-
favourable outcomes in severe TBI patients if methylprednisolone 
was used39). 
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MANAGEMENT OF INTRACRANIAL 
PRESSURE 

Normal ICP is between 5 mm Hg to 15 mm Hg. Elevated ICP 
or intracranial hypertension is defined as a sustained ICP > 20 mm 
Hg. So measures to control ICP should be initiated with intracrani-
al pressure (ICP) thresholds above 20 mm Hg. Ideally, ICP values, 
clinical findings and brain CT findings should be used to deter-
mine the need to treat raised ICP40). Intracranial hypertension can 
reduce cerebral perfusion pressure (CPP). Before initiating ICP 
targeted therapies the other treatable causes of raised ICP should 
be addressed. These are position of patient, neck flexion, endotra-
cheal tube block/ventricular dyssynergy, pain, blocked urinary 
catheter, intracranial hematoma, etc. Controlling raised ICP de-
pends on the underlying cause. Medical treatment for raised ICP 
includes head-end elevation, IV mannitol [mannitol 20% (0.25–
1.5 g/kg IV bolus)], hypertonic saline [3% infusion], transient hy-
perventilation, barbiturates, and, if ICP remains refractory, seda-
tion, endotracheal intubation, mechanical ventilation, and neuro-
muscular paralysis. Surgical treatment of choice includes CSF 
drainage- EVD (External Ventricular Drainage) and decompres-
sion of a surgical lesion, like intracranial hematoma (ICH), large 
infarct or tumor, if the patient’s condition is deemed salvageable. 
Treating ICP without monitoring carries risks where prolonged 
hyperventilation worsens the outcome. It significantly reduces 
blood flow to the brain, proven by jugular venous oxygen satura-
tion monitoring. Prophylactic paralysis increases pneumonia and 
ICU stay41). So ICP monitoring helps guide therapy and prognosti-
cating patient outcome. 

Guidelines to monitor ICP 
According to BTF guidelines. ICP monitoring in Traumatic 

Brain Injury (TBI) patients can be done if 42); 

1.  CS is 3-8 after resuscitation with abnormal CT brain findings 
[ICH (Intracerebral hematoma), Brain edema, Herniation or 
compressed basal cisterns] [level II evidence] Or  

2.  GCS is 3-8 who has no abnormal CT findings with two of the 
three following criteria [level III evidence]  

• Unilateral/bilateral posturing (flexor or extensor posturing) 
• Age ≥  40 years 
• Hypotension 

ICP monitoring devices based on its action mechanism include 
fluid coupled, non-fluid coupled, fibre optic and pneumatic devic-
es43). ICP monitors based on anatomical locations include – intra-
ventricular access transducers, parenchymal transducers, subdural 

transducers and epidural transducers. 
Bratton et al. ranked ICP monitoring technology based on accu-

racy, reliability and cost44). They are as follows-1st – Fluid coupled 
intraventricular catheter (EVD) with external strain gauge 

2nd –  Fluid coupled intraventricular catheter with macrostrain 
gauge at catheter tip (or) fibre optic device 

3rd – Parenchymal transducers 
4th – subdural devices 
5th – subarachnoid fluid coupled devices 
6th – Epidural devices 

Current concepts in the management of TBI 
Major aspects which needs to the addressed in the current era in 

the management of TBI patients include (a) Moderate hypother-
mia (32 degree Celsius to 34 degree Celsius) which is attained by 
cold saline gastric lavage, cooling blankets and prevention of shiv-
ering by giving paralytic agents. (b) Barbiturate coma achieved in 
patients with severe TBI in whom ICP is uncontrollable with avail-
able standard treatment modalities. The hemodynamically stabili-
ty is considered as the prerequisite for the commencement of this 
therapy. (c) Osmotherapy with hypertonic saline infusion to raise 
the serum sodium upto 150 mEq/L. The hypertonic saline is re-
sponsible for decreasing the cerebral edema by causing the egress 
of cellular fluid to the extracellular space. (d) In case of clinical signs 
of herniation with uncontrolled ICP, the immediate decompres-
sive craniectomy is the standard recommendation in order to miti-
gate the malignant cerebral edema. 

Management of specific post traumatic conditions 
Surgical management of specific brain injuries like an extradural 

hematoma, subdural hematoma, parenchymal lesion and de-
pressed cranial fractures depends on proper indication and timing 
of intervention45). 

Extradural hematoma 
An Extradural hematoma is an acute emergency in neurosurgical 

practice. The indication of surgery depends on the volume of he-
matoma ( >  30cc) regardless of GCS (Fig. 1). If the volume is less 
than 30 cc or midline shift less than 5mm or maximum thickness 
less than 15 mm or GCS greater than 8, patients may be managed 
with close neuromonitoring. Patients with an acute extradural he-
matoma or GCS < 9 or pupillary asymmetry should undergo sur-
gical intervention as soon as possible46). 

Subdural hematoma 
The indication for surgery in subdural hematoma depends on 
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the thickness of the blood clot, and it should be more than 10 mm 
with a midline shift of more than 5 mm irrespective of GCS (Fig. 
2). The other clinical scenario, like acute subdural hematoma with 
GCS less than 9, should be monitored with ICP monitoring. If the 
subdural thickness is less than 10 mm or midline shift less than 5 
mm, then the indication of surgery is two or more than two score 
drops in GCS from the admission GCS with or without pupillary 
asymmetry. The surgical procedure opens the bone flap (cranioto-
my) with hematoma evacuation with or without duroplasty. 

Post-traumatic hematoma or contusion 
The indication of surgery in case of primary brain parenchymal 

hematoma or contusion depends on volume ( > 20 cc) in the fron-
tal or temporal location with midline shift of more than 5 mm46) 
(Fig. 3). If the volume is more than 50 cc, the individual must be 
considered for surgical evacuation of the contusion irrespective of 
the GCS score. The principle of surgery is to evacuate the hemato-
ma or contusion with lax duroplasty. Patients with hematoma <  
20 cc without focal neurological deficits and controlled ICP can be 
managed conservatively with anti-edema measures. In a case of 
herniation, either trans tentorial or uncal, decompressive craniec-
tomy is beneficial to control the ICP. 

Depressed cranial fractures 
The surgical indication for depressed fracture is open compound 

wound with depression of bone fragment more than the thickness 

of skull with or without CSF leak or brain herniation or frontal si-
nus involvement (Fig. 4). The purpose of surgery in depressed 
fracture is to prevent infection or repair the dural tear. Early surgery 
is indicated in the case of a CSF leak or brain herniation. Elevation 
of the bone fragment and debridement is the principles of sur-
gery46). The evacuation of the contused portion of the brain elimi-

Fig. 1. Computerised tomography scan of an individual suggestive of 
right parietal biconvex hyperdense collection of acute blood sugges-
tive of acute extradural hematoma. The blood clot is causing signifi-
cant midline shift as indicated by the red line (11 mm).

Fig. 2. Computerised tomography scan suggestive of convexo con-
cave hyper density in the right fronto parietal region suggestive of 
acute subdural hematoma. The lesion is causing a significant midline 
shift of 14 mm as pointed out with red line.

Fig. 3. The axial cut of computerised tomography scan suggestive 
of significant hyper density in the bilateral frontal lobes with sur-
rounding hypodensity suggestive of edema. This bleed in the brain 
parenchyma reflects cerebral contusion (indicated by blue stars) with 
obvious subgaleal hematoma collection.
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nates the chances of releasing inflammatory mediators and brain 
swelling. 

CONCLUSION 

TBI is devastating as it is detrimental for the individual, family, 
and society. These patients often require monitoring and treatment 
in the intensive care unit with a multimodal and multidisciplinary 
approach to prevent secondary brain injury. Multimodal treatment 
can improve patient outcomes by promoting customized treat-
ment strategies for each patient rather than using the same stan-
dard treatment practice in all the patients. 
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Background 
To evaluate predictors of acute kidney injury (AKI) and their predictive performance during man-
nitol infusion, and the impact of AKI on in-hospital mortality of neurocritically ill patients. 
Methods 
This was a retrospective, observational study of patients who were admitted at a tertiary university 
hospital, Seoul, Republic of Korea, neurosurgical intensive care unit (ICU) from January 2013 to 
December 2019. We included neurosurgical patients on mannitol infusion admitted in the ICU 
The primary endpoint was the occurrence of AKI. 
Results 
A total of 3,964 patients were included in the final analysis. AKI was detected in 540 (13.6%) pa-
tients on mannitol infusion. Measured osmolality and osmolar gap were significantly higher in pa-
tients with AKI than those without (both p< 0.001). However, the predictive power of the two in-
dicators was similar and were both weak predictors of AKI (both C-statistic <0.650). In the multi-
variable analysis, maximal measured osmolality, chronic kidney disease, Acute Physiology and 
Chronic Health Evaluation II score on ICU admission, use of vasopressor, use of glycerin, me-
chanical ventilation, and invasive ICP monitoring were significantly associated with AKI. In-hos-
pital mortality was significantly higher in patients with AKI than those without (11.1% vs. 1.4%, 
p< 0.001). 
Conclusion 
Based on our findings, kidney injury may be associated with poor clinical outcomes in neurosurgi-
cal and neurocritically ill patients, and monitoring serum osmolality and osmolar gap remains im-
portant in the prevention of kidney injury for patients on mannitol infusion. Moreover, clinical 
factors related to ICU management and pre-existing renal disease may aggravate AKI during man-
nitol infusion. 
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INTRODUCTION 

Mannitol infusion is commonly used in the treatment of cerebral 
edema and elevated intracranial pressure (ICP) in patients with 
traumatic brain injury, ischemic stroke, intracranial hemorrhage, 
infection of the central nervous system, and brain tumor1-4). Rapid 
infusion of high doses of mannitol can effectively reduce ICP5,6) in 
a dose-dependent manner5,6). However, various complications 
such as acute kidney injury (AKI), electrolyte imbalance, volume 
depletion, hypotension, and rebound elevated ICP may occur in 
long-term use and high doses of mannitol infusion2). While manni-
tol may show renal protective benefits in specific indications, it has 
also been implicated in renal toxicity therapy7). The renal toxicity 
may be aggravated by dehydration or preexisting renal impair-
ment7) and extreme hyperosmolality may cause acute kidney inju-
ry (AKI)1). Therefore, it is necessary to monitor electrolytes, blood 
urea nitrogen, creatine, serum osmolality, and osmolar gap (OG) 
while using mannitol to prevent AKI and other mannitol infusion 
side effects2).  

However, there are limited well-designed clinical studies that 
prove the exact relationship between mannitol infusion and kidney 
injury, and the AKI risk factors during mannitol infusion in neuro-
critically ill patients1). In this study, we aimed to evaluate the clini-
cal factors related to AKI during mannitol infusion and the impact 
of AKI on in-hospital mortality of neurocritically ill patients. In ad-
dition, we evaluated the effectiveness of serum osmolality and OG 
in predicting AKI during mannitol infusion. 

MATERIALS AND METHODS 

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

tients who were admitted at the Samsung Medical Center, Seoul, 
Republic of Korea, neurosurgical intensive care unit (ICU) from 
January 2013 to December 2019. This study was approved by the 
Samsung Medical Center Institutional Review Board (IRB) (No. 
SMC 2020-09-082). Patients’ records were reviewed and analyzed 
according to the Declaration of Helsinki. The requirement of in-
formed consent was waived by the IRB due to the study’s retro-
spective nature. We included neurosurgical patients who were on 
mannitol infusion during their ICU admission and on postopera-
tive management, following brain tumor, subarachnoid hemor-
rhage, cerebral vascular surgery, intracerebral hemorrhage, cerebral 
infarction, traumatic brain injury or infection of the central nervous 
system. The patients’ laboratory data including serum osmolality, 
sodium, urea, glucose, creatinine, and glomerular filtration rate 
(GFR) should have been obtained within 7 days from ICU admis-

sion. We excluded patients who had end-stage renal disease with 
renal replacement therapy, insufficient medical records, a ‘do not 
resuscitation’ order, transferred to other hospitals, or with un-
known prognosis. 

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 cen-
ter constructed a “Clinical Data Warehouse Darwin-C” designed 
for the investigators to search and retrieve de-identified medical re-
cords from electronic archives. 

The laboratory data were obtained at least once daily from all 
the neurosurgical patients. Assessment of kidney function was 
based on the GFR using the Modification of Diet in Renal Disease 
4-variable formula8). The Acute Kidney Injury Network (AKIN) 
criteria were used to define perioperative acute renal dysfunction9). 
“Stage 1” was defined as an increase of creatinine by ≥  0.3 mg/dL 
or 1.5–1.9 times, “stage 2” as an increase of creatinine 2.0–2.9 
times, and “stage 3” as an increase of creatinine 3 times from base-
line (or serum creatinine of more than or equal to 4.0 mg/dL with 
an acute increase of at least 0.5 mg/dL). Given wide variation in in-
dications and timing of initiation of renal replacement therapy, in-
dividuals who receive renal replacement therapy are considered to 
have met the criteria for stage 3 irrespective of the stage they are in 
at the time of renal replacement therapy9). Calculated osmolality 
(mOsm/kg) was defined as: serum sodium level (mEq/L) ×  2 + 
(glucose[mg/dL]/18) + (blood urea nitrogen [mg/dL]/2.8)2). 
The osmolar gap (OG) was defined as the difference between the 
measured osmolarity and the calculated osmolality2). End-stage 
renal disease was defined as on dialysis or GFR < 30 mL/min/1.73 
m2 for at least 12 weeks10). 

In this study, the primary endpoint was the occurrence of AKI9).  

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

uous variables or frequencies and proportions for categorical vari-
ables. Data were compared using Student’s t-test for continuous 
variables and Chi-square test or Fisher’s exact test for categorical 
variables. A stepwise multiple logistic regression was performed to 
obtain a statistically meaningful predictor of in-hospital mortality. 
Predictive performance of serum osmolality and OG was assessed 
using areas under the curve (AUCs) of receiver operating charac-
teristic (ROC) curves for sensitivity vs. 1-specificity. AUCs were 
compared using the nonparametric approach published by De-
Long et al.11) for two correlated AUCs. All the tests were two-sid-
ed and p values of less than 0.05 were considered statistically signif-
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icant. 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 3,964 patients were included in the final analysis. AKI 

was detected in 540 (13.6%) patients on mannitol infusion. The 
mean age of all the patients was 51.9 ±  16.3 years and 41.4% of pa-
tients were male. Malignancy (53.8%) and hypertension (29.6%) 
were the most common comorbidities, while brain tumor (44.1%) 

was the most common reason for ICU admission (Table 1). 

Clinical outcomes of the overall study population 
Measured osmolalities were significantly higher in patients with 

AKI than those without AKI (all p <  0.001). Maximal osmolar gap 
and creatinine were also significantly higher in patients with AKI 
than those without (both p <  0.001). GFR was significantly lower 
in patients with AKI than those without (86.3 ±  35.3 vs.100.0 ±  
22.8, p <  0.001) (Table 2). In-hospital and ICU mortality were 
significantly higher in patients with AKI than those without 
(11.1% vs. 1.4%, p <  0.001 and 8.1% vs. 0.9%, p <  0.001, respec-
tively). The length of ICU stay was also longer in the AKI group 

Table 1. Comparison between the groups according to the surgery or not

Variables Non-AKI (n = 3424) AKI (n = 540) p value
Patient demographics
 Age (year) 52.0±15.4 51.5 ±21.0 0.518
 Sex, male 1,427 (41.7) 215 (39.8) 0.442
Comorbidities
 Malignancy 1,835 (53.6) 298 (55.2) 0.52 
 Hypertension 992 (29.0) 181 (33.5) 0.036
 Diabetes mellitus 295 (8.6) 64 (11.9) 0.019
 Chronic kidney disease 59 (1.7) 36 (6.7) <0.001
 Cardiovascular disease 37 (1.1) 16 (3.0) 0.001
 Chronic liver disease 49 (1.4) 18 (3.3) 0.003
Behavioral risk factors
 Current alcohol consumption 851 (24.9) 112 (20.7) 0.044
 Current smoking 387 (11.3) 47 (8.7) 0.085
Cause of ICU admission <0.001
 Brain tumor 1,533 (44.8) 216 (40.0)
 Microvascular decompression 932 (27.2) 25 (4.6)
 Vascular surgery 528 (15.4) 54 (10.0)
 Intracerebral hemorrhage 96 (2.8) 60 (11.1)
 Subarachnoid hemorrhage 79 (2.3) 64 (11.9)
 Traumatic brain injury 70 (2.0) 57 (10.6)
 Spinal surgery 82 (2.4) 25 (4.6)
 Central nervous system infection 19 (0.6) 12 (2.2)
 Cerebral infarction 12 (0.4) 6 (1.1)
 Others 73 (2.1) 21 (3.9)
APACHE II score on ICU admission 2.1±3.4 4.2±5.2 <0.001
Glasgow Coma Scale on ICU admission 14.8 ±1.1 13.7 ±3.0 <0.001
ICU management
 Mechanical ventilation 314 (9.2) 215 (39.8) <0.001
 Invasive ICP monitoring 153 (4.5) 116 (21.5) <0.001
 Use of glycerin* 288 (8.4) 152 (28.1) <0.001
 Use of vasopressors 23 (0.7) 40 (7.4) <0.001

Data are presented as numbers (%) or means ± standard deviations.
AKI: Acute kidney injury, ICU: Intensive care unit, APACHE: Acute Physiology and Chronic Health Evaluation, ICP: Intracranial pressure, ICP: Intracranial 
pressure.
*Some patients received more than one hyperosmolar agent.
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Table 2. Measured osmolality and osmolar gap

Variables Non-AKI (n = 3424) AKI (n = 540) p value
Measured osmolality
 mOsm day1 298.6 ± 8.8 303.4± 14.4 <0.001
 mOsm day 2 299.3 ± 9.3 304.1 ± 19.3 <0.001
 mOsm day 3 299.2 ± 11.6 306.1 ± 21.2 <0.001
 mOsm day 4 297.8 ± 12.9 305.0 ± 19.3 <0.001
 mOsm day 5 296.9 ± 14.9 303.9± 20.2 <0.001
 mOsm day 6 294.8 ± 13.3 301.3± 19.2 <0.001
 mOsm day 7 293.3± 13.2 299.7± 18.5 <0.001
 mOsmmax 301.4± 10.6 310.9 ± 21.2 <0.001
Osmolar gap
 OG day 1 2.4 ± 7.1 3.2± 8.8 0.051
 OG day 2 1.1± 7.2 2.9± 10.0 <0.001
 OG day 3 1.6 ± 7.6 3.2 ± 10.4 0.027
 OG day 4 2.4± 7.8 2.2 ± 10.5 0.897
 OG day 5 2.6 ± 6.8 2.8 ± 10.2 0.771
 OG day 6 1.9± 7.4 4.6 ± 11.4 0.040
 OG day 7 2.5 ± 8.0 3.6± 9.3 0.423
 OGmax 4.4± 8.1 8.5 ± 11.5 <0.001
 Crmax 0.7 ± 0.3 1.1 ± 1.5 <0.001
 GFRmin 100.0 ± 22.8 86.3± 35.3 <0.001

Data are presented as numbers (%) or means ± standard deviations.
AKI: Acute kidney injury, mOsm: Measured osmolality, mOsmmax: Maximal 
measured osmolality, OG: Osmolar gap, OGmax: Maximal osmolar gap, 
Crmax: Maximal creatinine, GFRmin: Minimal glomerular filtration rate.

Table 3. Clinical outcome according to Acute kidney injury

Variables Non-AKI (n = 3424)
AKI

Stage 1 (n = 435) Stage 2 (n = 74) Stage 3 (n = 31) p value
In-hospital mortality 47 (1.4) 29 (6.7) 17 (23.0) 14 (45.2) <0.001
28-day mortality 51 (1.5) 30 (6.9) 18 (24.3) 13 (41.9) <0.001
ICU mortality 31 (0.9) 22 (5.1) 12 (16.2) 10 (32.3) <0.001
ICU length of stay (hour) 12.6±14.9 34.1±109.0 38.6 ±49.0 22.5 ±24.7 <0.001
Hospital length of stay (day) 34.6±109.3 116.5 ±234.2 166.7 ±262.2 135.8±188.0 <0.001

Data are presented as numbers (%) or means ± standard deviations.
AKI: Acute kidney injury, ICU: Intensive care unit.

Table 4. Multivariable logistic regression of clinically relevant variables 
associated with acute kidney injury

Variables Adjusted odds ratio (95% CI)* p value
mOsmmax 1.02 (1.01 – 1.03) <0.001
OGmax 1.01 (1.00 – 1.02) 0.166
Chronickidney disease 2.26 (1.35 – 3.69) 0.001
APACHE II score 1.05 (1.02 – 1.07) <0.001
Use of vasopressor 2.86 (1.55 – 5.35) 0.001
Use of glycerin 1.72 (1.30 – 2.25) <0.001
Mechanical ventilation 2.96 (2.30 – 3.80) <0.001
Invasive ICP monitoring 3.09 (2.28 – 4.16) <0.001
CI: Confidence interval, mOsmmax: Maximal measured osmolality, 
OGmax: Maximal osmolar gap, APACHE: Acute Physiology and Chronic 
Health Evaluation, ICP: iIntracranial pressure, ICU: Intensive care unit.
*Adjusted for osmolality, osmolar gap, age, sex, comorbidities, cause of 
ICU admission, utilization of organ support modalities, use of invasive ICP 
monitoring device, hyperosmolar therapy, and APACHE II score.

than non-AKI group (124.5 ± 236.1hr vs. 34.6 ±109.3hr, p<0.001) 
(Table 3). In the multivariable analysis, maximal measured osmo-
lality (adjusted odds ratio [OR]: 1.02, 95% confidence interval 
[CI]: 1.01 – 1.03), chronic kidney disease (adjusted OR: 2.26, 
95% CI: 1.35 – 3.69), Acute Physiology and Chronic Health Eval-
uation (APACHE) II score on ICU admission (adjusted OR: 1.05, 
95% CI: 1.02 – 1.07), use of vasopressor (adjusted OR: 2.86, 95% 
CI: 1.55 – 5.35), use of glycerin (adjusted OR: 1.72, 95% CI: 1.30 
– 2.25), mechanical ventilation (adjusted OR: 2.96, 95% CI: 2.30 
– 3.80), and invasive ICP monitoring (adjusted OR: 3.09, 95% CI: 
2.28 – 4.16) were significantly associated with AKI (Table 4).In 

the ROC curve analysis associated with the prediction of AKI, 
there was no significant difference between the AUC of maximal 
measured osmolality (C-statistic: 0.646, 95% CI: 0.430 – 0.829) 
and that of the maximal osmolar gap (C-statistic: 0.633, 95% CI: 
0.581 – 0.630) (p =  0.396) (Fig. 1). 

DISCUSSION 

In this study, we investigated the clinical factors related to AKI 
during mannitol infusion and the impact of AKI on in-hospital 
mortality of neurosurgical patients and neurocritically ill patients. 
AKI was detected in 13.6% of all the patients on mannitol infusion, 
and the measured osmolarities and OG were significantly higher in 
patients with AKI than those without. Notably, the predictive pow-
er of the two indicators was similar, and both were weak predictors 
of AKI. In the multivariable analysis, maximal measured osmolali-
ty, chronic kidney disease, APACHE II score on ICU admission, 
use of vasopressor, use of glycerin, mechanical ventilation, and in-
vasive ICP monitoring were significantly associated with AKI. Fi-
nally, in-hospital mortality and ICU mortality were significantly 
higher in patients with AKI than those without AKI.  
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Several reports have demonstrated that high doses and long-
term usage of mannitol could easily result in kidney injury1) and 
therefore, it is necessary to monitor the level of serum mannitol 
during hyperosmolar therapy. However, while serum osmolality 
and OG are commonly used to monitor mannitol toxicity and to 
prevent AKI2), there is no routine monitoring protocol for serum 
level of mannitol. Mannitol infusion may be skipped or stopped 
with high serum osmolality and OG. In general, it is known that 
OG is a superior predictor of AKI2) than serum osmolality. On 
contrary, the results of the present study showed that the predictive 
power of the two indicators is similar, and both are weak predictors 
of AKI. Clinical factors related to ICU management and pre-exist-
ing kidney injury were associated with AKI than serum osmolarity 
and OG. Therefore, monitoring of serum osmolality and OG may 
still be important, but clinical factors and pre-existing renal disease 
may be more important in predicting AKI in the management of 
neurocritically ill patients. 

In the previous study, AKI was a common and severe complica-
tion in the medical and surgical ICUs with high morbidity and 
mortality 12). Furthermore, AKI may be associated with increased 
costs and prolonged length of stay in the ICU and hospital12). AKI 
has also proven to be a major cause of poor clinical outcomes in 
ischemic stroke, subarachnoid hemorrhage, and traumatic brain 
injury patients 12-15). Moreover, mortality increased in proportion 

to the severity of AKI in neurocritically ill patients, and sepsis and 
chronic kidney disease were associated with AKI in neurocritically 
ill patients12) Similarly, in this study, the clinical outcomes, clinical 
factors related to ICU management and CKD were also associated 
with AKI in neurocritically ill 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 nature of the registry data might 
have resulted in a selection bias. Second, while long-term and high 
doses of mannitol infusion may cause AKI, but the total amount of 
infused mannitol was factored in the analysis. Third, mild AKI was 
more common than moderate and severe AKI in this study. Finally, 
the distribution of neurosurgical diseases in the postoperative 
group was different from that of the general neurosurgical ICU 
group, and the proportion of patients with brain tumors was par-
ticularly high. 

CONCLUSION 

The results of the present study showed that kidney injury is as-
sociated with poor clinical outcomes in neurosurgical and neuro-
critically ill patients, and monitoring serum osmolality and OG re-
mains important in preventing kidney injury in patients on manni-
tol infusion. Moreover, clinical factors related to ICU management 
and pre-existing renal disease were shown to aggravate AKI. There-
fore, during mannitol infusion in neurosurgical and neurocritically 
ill patients, careful monitoring of laboratory tests and clinical fac-
tors related to ICU management can reduce kidney injury. 
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INTRODUCTION 

Patients with severe spinal cord injury (SCI), including com-

Objective 
Patients with spinal cord injury (SCI) are often unstable and require intensive care unit (ICU) 
treatment in the acute phase. This study assists in the prognosis and treatment direction of SCI pa-
tients by retrospectively examining and analyzing the clinical characteristics of SCI patients admit-
ted to the ICU. 
Methods 
In this study, a total of 102 SCI patients were admitted to the ICU of our hospital from February 
2013 to March 2019. Based on the medical records, the patient’s gender, age, mechanism of inju-
ries, day of hospitalization, surgery timing, tracheostomy, ventilator use, steroid use, underlying 
disease, and hypotension were investigated. To assess the clinical outcome, the american spinal in-
jury association (ASIA) impairment scale and limb motor grade three weeks and six months after 
injury was evaluated. 
Results 
Of the 102 patients, 76 (74.5%) were male, and the average age was 57.57 years. Of these, 87 
(85.3%) had spinal surgery, while 30 (34.5%) had surgery within 36 h after injury. High doses of 
steroids were administered in 15 patients (14.9%). As for the ASIA impairment scale, Grade A at 
the initial stage of injury reached 15% of all patients but decreased to 5.1% after three weeks and 
1.9% after six months. 
Conclusion 
Early surgery was advantageous in improving the lower extremity motor grade at three weeks of 
injury. Although steroid use has no significant effect compared to the risk of complications in sev-
eral previous studies, in this study, it was observed that the ASIA scale improved six months after 
injury in patients receiving high-dose steroids. 

Keywords: Spinal cord injuries; Multiple trauma; Critical care; Neuroprotection; Surgical de-
compression; Infections  
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plete cervical spine injuries, are highly unstable in the acute phase 
and require hospitalization in the intensive care unit (ICU) with 
continuous cardiac, hemodynamic and respiratory monitoring1,2). 
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Respiratory complications can quickly worsen within five days of 
injury, so active respiratory management should be initiated3). He-
modynamic instability should also be corrected quickly because 
recent studies recommended preventing systemic hypotension be-
cause maintaining proper spinal cord perfusion in patients with 
acute SCI may reduce long-term disability1,4). Additionally, SCI pa-
tients are vulnerable to hospital-acquired infections because they 
spend a considerable amount of time in the hospital5). Patients 
with traumatic spinal injuries also accompany other polytrauma 
injuries6), and the inability of self-hygiene due to paralysis, reflex 
loss, bedsores, tracheal intubation, prolonged placement of the 
catheter, and steroid use makes SCI patients susceptible to differ-
ent infections, making the treatment of the disease more complex 
and challenging7). 

Methylprednisolone has been noted for its potential as a thera-
peutic agent for SCI due to its inhibitory effect on active oxygen-in-
duced lipid peroxidation, an essential biochemical mechanism of 
early SCI8). High-dose methylprednisolone has been widely used 
as an main medical treatment by many spine surgeons from the 
1990s to the early 2000s since the National Acute Spinal Cord In-
jury Studies (NASCIS)9,10). However, in several randomized clini-
cal studies afterward, it was reported that neurological improve-
ment was insignificantly compared to the serious side effects1,8). It 
was suggested that the 2013 AANA/CNS guideline announced 
that steroid administration is no longer recommended4). Converse-
ly, the positive effect of steroid administration is still reported spo-
radically, and the 2017 AOSpine guideline recommended it as a 
treatment option for acute SCI within eight hours of injury11). 

Early decompression of the spinal cord helps improve clinical 
outcomes. In a meta-analysis of clinical trials, if the duration of spi-
nal cord compression is long, studies are showing worsened results, 
including neurological recovery and blood circulation disorders12). 
However, until recently, clinical evidence is lacking, and there are 
no international guidelines for the timing of surgery1,13). 

Since SCI leaves severe disability in patients, several studies have 
been conducted on the treatment of SCI. However, it is challeng-
ing to consistently control parameters in clinical studies of SCI pa-
tients due to various trauma mechanisms, degrees of cord injury, 
and types of spinal surgery. In the case of a prospective study, there 
is also an ethical problem in randomly selecting the treatment op-
tion for patients with critical cord injury rather than the best treat-
ment considered by the attending physician. 

To relatively standardize SCI patients, patients with traumatic 
cervical spine injuries were confined. Among them, it was assumed 
that patients who received ICU treatment were critically injured 
patients. To find the prognostic factors in patients with SCI, a ret-
rospective study of these ICU patients was performed. 

MATERIALS AND METHODS 

Patient selection and data acquisition 
Traumatic cervical SCI patients treated at our hospital's ICU 

from February 2013 to May 2019 were retrospectively reviewed. 
Of the 123 traumatic SCI patients, 102 patients were included, ex-
cluding patients who were transferred to the general ward within 
24 h of admission to the ICU and patients without adequate clini-
cal data six months after the injury. Demographic data, spinal sur-
gery, timing of surgery, tracheostomy, ventilator, steroid use, diabe-
tes, infection, and hypotension of less than 90 mean arterial pres-
sure within a week after injury were investigated using medical re-
cords. For clinical outcome analysis, upper and lower extremity 
muscle strength and ASIA impairment scale were analyzed at ini-
tial, three weeks and six months after the injury. 

Statistical analyses 
To discover the difference between the patient groups according 

to the surgery or not and the effect of surgery on the prognosis of 
patients, the patients were divided into two groups: the patient 
group who underwent surgery and the patient who did not under-
go surgery. The group that underwent surgery was divided into a 
group that operated within 36 h after injury and a group that oper-
ated after 36 h for comparative analysis.  

Categorical variables were analyzed with chi-square and Fisher’s 
exact tests, and continuous variables were compared with Student’s 
t-tests and Mann–Whitney test. Multivariable logistic regression 
models were later made to control the potential compounding 
variables. Statistical calculations were performed using SPSS ver-
sion 20.0 (IBM Corp., Armonk, NY, USA). 

RESULTS 

The patient demographics are listed in Table 1. Among the 102 
patients, 76 were male (74.5%), and 26 were female (25.5%), and 
the average age was 57.57 years. The average total length of hospi-
tal stay was 65.04 d, and the average length of ICU stay was 13.28 
d. Eighty-seven patients (85.3%) underwent spine-related surgery, 
and among them, 30 patients received operation within 36 h after 
injury. Seventy-seven (75.5%) were with the chief complaint of 
trauma, while nine (8.8%) of them were accompanied by skull 
fracture or traumatic intracranial hemorrhage. Ten patients (9.8%) 
required ventilator care during the ICU stay, and four patients 
(3.9%) required tracheostomy. Of these, 3 patients had failed extu-
bation for more than 3 weeks, and the remaining 1 patient was an 
emergency tracheotomy due to a hematoma in the anterior cervi-
cal surgical site. The steroid was administered to 15 patients 
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To analyze the factors related to the patient's prognosis, logistic 
regression analysis of the parameters for neurological symptoms 3 
weeks and 6 months after SCI was performed (Table 4-6). Logistic 
regression analysis showed that surgery within 36 hours had a sig-
nificant positive correlation with improvement in leg motor after 3 

Table 1. Patients demographics

ICU patients with SCI N=102
Male (%) 76 (74.5%)
Age, mean ±SD 57.57 ± 16.91
Hospitalization days, mean ±SD 65.04 ± 59.51
ICU days, mean ±SD 13.28 ± 29.26
Surgery (%)
 Total 87 (85.3%)
 Within 36h 30 (34.5%)
Trauma (%)
 Total 77 (75.5%)
 Head trauma 9 (8.8%)
Respiratory (%)
 Tracheostomy 4 (3.9%)
 Mechanical ventilation 10 (9.8%)
Steroid use (%) 15 (14.9%)
Diabetes (%) 16 (15.7%)
Complications (%)
 Infections 66 (64.7%)
 Hypotension (MAP < 90) 91 (89.2%)

ICU: Intensive care unit, SCI: Spinal cord injury, SD: Standard deviation, 
MAP: Mean arterial pressure.

Table 2. Comparison between the surgery group and the non-surgery group

Group Surgery (N=87) Non-surgery (N=15) p value
Male 66 (75.9%) 10 (66.7%) 0.450
Age 57.17 ± 16.91 59.87 ± 17.30 0.583
Hospitalization days 66.95 ± 59.14 53.93 ± 62.49 0.067†

ICU.day 11.90 ± 28.40 21.33 ± 33.80 0.364†

Head trauma 8 (9.2%) 1 (6.7%) 1.000
Tracheostomy 4 (4.6%) 0 (0.0%) 1.000
Mechanical ventilation 8 (9.2%) 2 (13.3%) 0.639
Arm motor improvement
 3 weeks 0.64 ± 1.43 0.25 ± 0.50 0.029*,†

 6 months 1.22 ± 1.66 1.00 ± 2.16 0.985*

Leg motor improvement
 3 weeks 0.80 ± 1.22 0.25 ± 0.50 0.120
 6 months 1.49 ± 1.58 0.25 ± 1.26 0.043*,†

Steroid use 12 (13.8%) 3 (20.0%) 0.433
Diabetes 13 (14.9%) 3 (20.0%) 0.701
Hypotension 78 (89.7%) 13 (86.7%) 0.663

ICU, intensive care unit.
†Mann–Whitney test was used to compare two groups.
*Indicates significant difference with p<0.05.

(14.9%) whereas sixteen patients (15.7%) had a comorbidity of 
diabetes mellitus. A total of 66 (64.7%) patients required consulta-
tion with the division of infectious diseases due to infectious dis-
eases. Meanwhile, during ICU treatment, 91 (89.2%) patients had 
a mean arterial pressure (MAP) of less than 90. 

Table 2 shows the results of comparative analysis of 102 enrolled 
patients divided into two groups, 87 who underwent surgery and 
15 who did not. There were no differences in sex, mean age, head 
trauma, tracheostomy, mechanical ventilation, steroid use, diabe-
tes, and hypotension between the groups. On the other hand, the 
total number of hospitalization and ICU treatment days tended to 
be longer in the non-surgical group but did not reach statistical sig-
nificance. However, in the case of arm motor, the surgical group 
was significantly better at three weeks (p = 0.029), but there was 
no difference around six months. In the case of leg motor, the sur-
gical group exhibited significantly better results at six months 
(p = 0.043). 

The 87 patients who underwent surgery were compared by di-
viding the surgical timing into two groups of 36 h from injury 
(Table 3). Among the total surgery patients, 30 patients (34.5%) 
had surgery within 36 hours, and their average age was 50.7 years, 
which is about 10 years younger than the late surgery group. 
(p = 0.009). Additionally, the total hospital stay and intensive care 
unit treatment days were longer in the early surgery group 
(p = 0.068 and p = 0.021, respectively), and steroid use was also 
significantly higher (p < 0.001). 
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weeks of SCI (Table 4), whereas steroid use showed a significant 
positive correlation with improvement of leg motor after 6 months. 
(Table 5). Although not presented, no significant parameters were 
observed in the regression analysis in the case of arm motor. 

A graph comparing changes in the distribution of ASIA grade by 

period is indicated in Fig. 1. Initially, 42.9% of the patients were 
ASIA-C grade, and the most severe ASIA-A grade was 15.3%. 
However, after three weeks, the number of ASIA-A patients re-
duced to 5.1%, and the relatively mild cases of ASIA-D and E in-
creased from 25.6%–47.0%. At six months, 1.9% of all patients 
were still ASIA-A grade without improvement, and patients with 
ASIA-D and E accounted for 62.9%, which is 2.5 times higher than 
the initial. A regression analysis was also conducted on the correla-
tion between the parameters and the degree of improvement of the 
ASIA grade, and steroid use was significant in the degree of im-
provement at six months (Table 6). 

In this series, 66 patients (64.7%) developed a fever during hos-
pitalization. Of these, 63 patients were treated with antibiotics, and 
the remaining three were atelectasis, steroid-related, and drug fever. 
The sites of infection and causative microorganisms of 63 patients 

Table 3. Comparison between the groups according to the surgery timing

Group Surgery < 36h (N=30) Surgery ≥ 36h (N=57) p value
Male 25 (83.3%) 41 (71.9%) 0.359
Age 50.70 ± 15.34 60.58 ± 16.83 0.009*
Hospitalization days 85.90 ± 80.20 56.98 ± 41.80 0.068†

ICU.day 20.17 ± 45.19 7.54 ± 11.19 0.021†

Head trauma 4 (13.3%) 4 (7.0%) 0.563
Tracheostomy 2 (6.7%) 2 (3.5%) 0.897
Mechanical ventilation 5 (16.7%) 3 (5.3%) 0.174
Arm motor improvement
 3 weeks 1.14 ± 1.75 0.42 ± 1.23 0666†

 6 months 1.50 ± 1.74 1.10 ± 1.64 0.496†

Leg motor improvement
 3 weeks 1.07 ± 0.73 0.68 ± 1.38 0.210†

 6 months 1.36 ± 1.34 1.55 ± 1.69 0.903
Steroid use 10 (33.3%) 2 (3.5%) < 0.001*
Diabetes 3 (10.0%) 10 (17.5%) 0.534
Hypotension 26 (86.7%) 52 (91.2%) 0.769

ICU, intensive care unit.
†Mann–Whitney test was used to compare two groups.
*Indicates significant difference with p<0.05.

Table 4. Logistic regression analysis of leg motor improvement at three 
weeks

Variable
Univariate analysis Multivariate analysis

p value Odds ratio p value Odds ratio
Age 0.811 1.004
Surgery within 36 h 0.007* 6.448 0.006* 6.369
Steroid use 0.075 0.215 0.073 0.226
Hypotension 0.487 0.577
Diabetes 0.696 0.767

*Indicates significant difference with p<0.05.

Table 5. Logistic regression analysis of leg motor improvement at six 
months

Variable
Univariate analysis Multivariate analysis
p value Odds ratio p value Odds ratio

Age 0.797 0.993
Surgery within 36h 0.291 3.316
Steroid use 0.020* 0.022 0.015* 0.061
Hypotension 0.442 0.339
Diabetes 0.365 0.351

*Indicates significant difference with p<0.05.

Table 6. Logistic regression analysis of ASIA grade improvement at six 
months

Variable
Univariate analysis Multivariate analysis
p value Odds ratio p value Odds ratio

Age 0.583 0.987
Surgery within 36h 0.080 7.055 0.077 6992
Steroid use 0.037* 0.045 0.038* 0.063
Hypotension 0.283 0.271
Diabetes 0.919 0.906

ASIA: American spinal injury association.
*Indicates significant difference with p<0.05.
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(22 patients had more than one type of infection) with infection 
are indicated in Table 7.  

Regarding the occurrence of infection, urinary tract infection 
was the most common with 35 patients (57.5%), followed by re-
spiratory tract infection 30 (49.2%) and skin infection. The micro-
organism was isolated 126 times; 50 (39.7%) were gram-positive, 
67 (53.2%) were gram-negative, otherwise, eight (5.6%) were fun-
gal and one (1%) was parasitic. Between the isolated microorgan-
ism of 126, Staphylococcus aureus (S.aureus) was isolated in 18 
(14.3%). MRSA was isolated in 12 (9.5%), which occupied a lot 
among the isolated S.aureus. Bacteria producing extended-spec-
trum beta-lactamase were isolated in six (4.8%). 

DISCUSSION 

According to the study results that hypotension has adverse ef-
fects in the early stages of traumatic SCI, it was recommended to 
maintain the MAP at 85-90 in the first week as a recent guide-
line14). In 1976, Zach et al. conducted a prospective study of 117 
patients with acute SCI in the ICU, which improved neurological 
outcomes through early, aggressive treatment and blood pressure 
management15). 1991 Wolf et al. In a study of 52 patients with bilat-
eral cervical dislocation targeting a MAP >  85-mmHg for five 
days, they found that the patients exhibited neurological improve-

ment.16) In 1993, Levi et al. (1993) targeted 50 SCI patients with 
MAP >  90-mm Hg more aggressively than MAP >  85-mmHg, 
and concluded that aggressive hemodynamic support reduced 
mortality and morbidity17). In 1997, Vale et al. reported that 77 
SCI patients treated in the ICU with a MAP >  85-mmHg target 
and aggressive hemodynamic support for seven days indicated 
clinical improvement at one year follow-up18). 

In patients with SCI, Spinal ischemia, which can be exacerbated 
by hypotension and hypoxia, plays a vital role in the occurrence of 
secondary progressive injury19). Intracellular mechanism of the SCI 
cascade, including neurogenic shock, microhemorrhage, isch-
emia-reperfusion injury, apoptosis, is related to secondary SCI20). 
Because of the fact that ischemia, hypotension and hypoxia can ex-
acerbate secondary SCI, blood pressure control is one of the fac-
tors that play an essential role in reducing secondary SCI. Unfortu-
nately, in patients with ACSI, hemodynamic and autonomic insta-
bility can often be found in the early stages of injury21). In this 
study, MAP of less than 90-mmHg was observed in 91 of 102 pa-
tients (89.2%) during the stay in ICU. Lower MAP than the guide-
line may have been caused by the underestimation of the impor-
tance of maintaining MAP. Additionally, the fact that autonomic 
nerve instability frequently appears in patients with severe SCI 
probably had an impact. Currently, our center maintains a MAP of 
85 or higher in patients with severe SCI, even with vasopressors. 

ASIA grade ■ A ■ B ■ C ■ D ■ E

Initial

3 weeks

6months

15.3

5.1

1.9 14.8 20.4 48.1 14.8

7.1 40.8 37.8 9.2

16.3 42.9 20.4 5.1

Fig. 1. A graph comparing changes in the distribution of american spinal injury association (ASIA) grade by period.

19www.e-jnic.org

SCI patients treated in ICU Jeong Su Han et al.



Respiratory complications in the acute phase of spinal cord inju-
ry are the leading cause of morbidity and mortality, accounting for 
80.0% of mortality in patients with cervical SCI. Moreover, the 
prevalence of respiratory complications is very high, reaching 
36.0%–80.0%22). High mortality and morbidity in SCI patients can 
be explained by respiratory dysfunction due to damage of the re-
spiratory muscles, decreased vital capacity, difficulty in sputum dis-
charge, and decreased compliance of lung and chest wall23). And 
some of these patients require a ventilator, and long-term use of the 
ventilator will require tracheostomy23). 

Tracheostomy rates in CSCI patients vary from 20.0% to 
75.0%24). Although there is no clear standard for the timing of tra-
cheostomy, some authors have argued that early tracheostomy 
(within 4 days) can reduce the duration of ICU hospitalization and 
respiratory complications, regardless of the degree of cervical spine 
injury25). Since we did not perform tracheostomy as it could inter-
fere with the anterior cervical approach, the proportion of trache-
ostomy among all SCI patients was as low as 3.9%. We try extuba-
tion when the patient shows improvement in respiratory function, 
and tracheostomy is performed only for patients who have repeat-
edly failed extubation. 

Patients with SCI are at high risk of healthcare-associated infec-
tions due to the frequent use of invasive medical devices, such as 
urinary and endovascular catheters. However, data on infection 
prevention and treatment in patients with SCI are lacking.26) Respi-
ratory infections in patients with SCI are the most common during 
initial hospitalization, with a frequency of 60%. Streptococcus 
pneumoniae was the most common causative agent, and the prev-
alence of Pseudomonas was also observed to be high. Similarly, our 
study showed that Pseudomonas is the most prevalent cause of re-
spiratory infection. Additionally, in patients with SCI, the typical 
pneumonia symptom occurrence rate is relatively low, making it 
challenging to detect pneumonia immediately. In our study, respi-
ratory tract infection occurred in 30 patients (49.2%), and ten 
(9.8%) received ventilator treatment. Four patients (3.9%) under-
went tracheostomy. So, it is crucial to ensure adequate preventive 
measures, such as vaccination against pneumonia26). 

Urinary tract infection (UTI) is reported to develop within the 
first 50 d in 22% of patients with acute SCI, and is a significant 
cause of patient mortality and morbidity27). It is associated with 
urinary catheterization, and E. coli is the most common causative 
organism, which is the same as the results of this study. Even 
though the prevalence of UTI is high, the prevention method is 
unclear26). Considering the high prevalence of UTI in patients with 
SCI, periodic urine culture is suggested even when asymptomatic. 

Bedsores also frequently act as a cause of infection in SCI pa-
tients. As a result of the bacteriological study of infected bedsores 

Table 7. The prevalence of infectious diseases in SCI patients

Site of infectionb Patient No. (%)a

Renal/Urinary tract 35 (57.4%)
Respiratory tract 30 (49.2%)
Skin 9 (14.8%)
Abdominal 3 (4.9%)
Central nervous systemc 2 (3.3%)
Catheter related blood stream 2 (3.3%)
Another sited 3 (4.9%)
Microorganismsb No. (%)a

Positive isolates 126 (100%)
Gram-positive 50 (39.7%)
 MSSA 6 (12.0%)
 MRSA 12 (24.0%)
 Staphylococcus epidermidis 4 (8.0%)
 Other Staphylococcus speciese 9 (18.0%)
 VSE 9 (18.0%)
 VRE 2 (4.0%)
 Streptococcus pneumonia 1 (2.0%)
 Other Streptococcus speciesf 1 (2.0%)
 Clostridioides difficile 3 (6.0%)
 Othersg 3 (6.0%)
Gram-negative 67 (53.2%)
 ESBL-producing Escherichia coli 4 (6.0%)
 Non-ESBL-producing Escherichia coli 6 (9.0%)
 Pseudomonas species 14 (20.9%)
 Acinetobacter species 20 (29.9%)
 ESBL-producing Klebsiella species 2 (3.0%)
 Non-ESBL-producing Klebsiella species 10 (14.9%)
 Enterobacter species 2 (3.0%)
 Haemophilus influenzae 2 (3.0%)
 Othersh 7 (10.4%)
Fungi 8 (6.3%)
 Candida species 8 (100%)
 Aspergillus species 0 (0.0%)
 Others 0 (0.0%)
Parasitesi 1 (0.8%)

SCI: Spinal cord injury, MSSA: Methicillin-susceptible Staphylococcus 
aureus, MRSA: Methicillin-resistant Staphylococcus aureus, VRE: vancomycin-
resistant Enterococcus, VSE: Vancomycin-sensitive Enterococcus, ESBL: 
Extended-spectrum β-lactamases.
aPercentage do not necessarily equal 100 because 63 patients consulted 
with Infectious Medicine may have had more than 1 type of infection or 
microorganism.
bPatients may have had more than one infection.
cAn epidural abscess was counted as a Central nervous system infection.
dTracheitis, Osetomyelitis.
eIncluding Staphylococcus capitis (7), Staphylococcus caprae (1), and 
Staphylococcus haemolyticus (1).
fIncluding Streptococcus salivarius (1).
gIncluding Corynecbacterium (3).
hIncluding Proteus mirabilis (1), Citrobacter koseri (1), Stenotrophomonas 
maltophilia (3), Chryseobacterium indologenes (1) and Providencia rettgeri (1).
iIncluding Mycobacterium tuberculosis complex (1).
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conducted by Heymet et al., the most frequently identified bacteria 
were Enterobacteriaceae group, accounting for 29%, and Staphylo-
coccus spp. It was followed by 28% (mostly S. aureus)28). In our se-
ries, although relatively few compared to the previous literature, 
bedsore-related infections occurred in 14.8% of patients, mostly 
due to Staphylococcus aureus. Rapid identification and treatment of 
severe infections within the first 24 h after onset with appropriate 
antibiotics is associated with better outcomes. However, nearly 
40% of SCI patients do not get adequate initial empirical antibiotic 
therapy26). In order to quickly identify an infection, we immediate-
ly and simultaneously perform blood, sputum, and urine cultures 
when a fever occurs. And before the causative organism is identi-
fied, empirical antibiotics are administered early through consulta-
tion with the Division of Infectious Diseases. 

The American Spinal Injury Association (ASIA) Impairment 
Scale is commonly used to classify the neurological severity of 
SCI29), and is also being used because it is essential to view the 
prognosis of patients with SCI accurately30). In 2009, Martina R et 
al. conducted a cohort study in which SCI patients were classified 
using ASIA grade within two weeks of injury and at 1, 3, 6, and 12 
months after injury. Of SCI patients classified as ASIA -A within 
15 d of injury, 71.7% were still A at six months post-injury, 16.2% 
had ASIA-B, 4.7% had ASIA-C, 6.8% had ASIA-D, and 0.5% had 
converted to ASIA-E., And only 25% of patients initially analyzed 
using ASIA-B remained B, and most converted to C and D. More 
than 70% of ASIA-C converted to D, while nearly 90% of ASIA-D 
did not29). In recent years, it has been reported that the ASIA Im-
pairement Scale conversion rate of patients with complete SCI has 
increased compared to the past30), which is thought to be due to 
the influence of the management of mean arterial blood pressure 
and the development of surgical techniques in managing traumatic 
SCI. In this study, the number of patients who had ASIA-A in the 
initial evaluation decreased from 15% to 1.9% at 6 months after in-
jury, showing a significantly high ASIA Impairment Scale conver-
sion rate. 

Components of secondary SCI, such as neuropathy, microhem-
orrhage, ischemia-reperfusion injury, and apoptosis, are major tar-
gets for prophylactic intervention and treatment in patients with 
acute SCI31). Although methylprednisolone had been spotlighted 
as a treatment regimen to prevent this secondary SCI, In NASCIS 
II and III, which were adopted by organizations worldwide, there 
is no proven evidence that methylprednisolone makes neurologi-
cal improvement8,32). In addition, some studies have pointed out 
that high-dose steroid use in patients with acute spinal cord injury 
is skeptical because of the risk of serious side effects compared to 
the neurological benefits8). On the other hand, some studies have 
still shown benefits from the use of high-dose methylpredniso-

lone33). To date, there is no clear alternative to steroids to the pre-
ventive intervention of secondary SCI. Even the slight improve-
ment in sphincter control or finger motor function reported in 
NASICS trials can have a decisive effect on a patient's life. There-
fore, some argue that it may be ethically justified to use drugs with 
potential efficacy in patients with SCI20). In our department, high-
dose steroid therapy is not used in elderly patients. This is because 
there is currently insufficient evidence to support the benefits of 
steroid use versus side effects. However, in a young, severe SCI pa-
tients, methylprednisolone 500-mg/day was started, and the dose 
was gradually reduced over seven days. Methylprednisolone-treat-
ed patients showed improvement in lower extremity muscle 
strength and ASIA grade 6 months after injury, and there was one 
serious side effect along with fever due to leukemoid reaction. 
However, caution is needed in the interpretation of the efficacy of 
methylprednisolone use in this retrospective study because the ste-
roid treatment group was characterized by relatively young age and 
severe injuries. 

Many spine surgeons have agreed on the benefits of early surgery 
in SCI patients with spinal cord compression or spinal instability. 
However, there is no consensus on the most favorable time for sur-
gery, as it varies from study to study, such as within 36 hours or 
within 72 hours34-37). In a prospective cohort study of 313 patients 
with acute SCI, Fehlings et al. found that the group that underwent 
surgery at a mean of 14 hours showed at least a grade 2 improve-
ment in the ASIA injury scale after 6 months compared to the 
group that underwent surgery at a mean of 48 hours35). And 
Haldrup et al suggested that patients who underwent surgery with-
in 24 hours had better neurological outcomes 1 year after trauma 
than those who underwent surgery after 24 hours36). In this study, 
30 patients (34.48%) who underwent surgery within 36 hours 
showed relatively greater improvement in lower extremity strength 
3 weeks after injury. Early surgical treatment shortens the ICU hos-
pital stay, reduces complications, and improves neurological out-
comes, so we suggest that early surgery is recommended except for 
patients who are difficult to operate due to unstable vital signs. 

The comorbidity of traumatic brain injury (TBI) is reported in 
16%-59%38), and this comorbidity is an important problem that 
increases the probability of early death in patients with spinal cord 
injury by 370%39). In this study, 66 (64.7%) patients had a head 
impact and underwent an initial brain CT scan. Of these, nine 
(13.6%) patients with contusion, hemorrhage with or without 
skull fracture were observed using a CT scan. TBI's severity may 
interfere with the reliability of the initial neurological examination, 
which is vital as it may interfere with patient treatment planning 
and outcome prediction. High conversion rates can be shown in 
early hours or days after injury in patients with complete SCI who 
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are misclassified due to inaccurate initial neurological examina-
tion40). 

This study has some drawbacks because it was a retrospective 
study conducted at a single institution. There were limits to the 
control of various variables that could affect the prognosis, such as 
the extent and severity of SCI, the mechanism of trauma, and the 
underlying diseases. In addition, a bias is expected because steroid 
administration subjects were not randomly selected, but relatively 
young patients with few underlying diseases were selected. Howev-
er, we tried to reduce the heterogeneity of patients by limiting the 
study subject to SCI patients who require treatment in the ICU. 
Short-term and long-term prognosis were analyzed with various 
risk factors. In addition, the prevalence of infection sites and micro-
organisms in SCI patients was thoroughly investigated. These data 
are expected to provide useful information for the treatment of 
SCI. And although caution is required in interpretation, the find-
ings that steroid use and early surgery improved the prognosis of 
patients with spinal cord injury suggest that further studies on 
these treatments are still needed. 

CONCLUSION 

SCI causes different fatal complications, and treatment for these 
complications is critical in preventing secondary damage to the 
spinal cord and decreasing morbidity in patients. In this study, early 
surgery within 36 hours of injury was meaningful in improving 
lower extremity motor grade after 3 weeks in SCI patients, and it 
was observed that the ASIA injury scale was further improved at 6 
months of injury in patients receiving high-dose steroids. 
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INTRODUCTION 

Radiation therapy is effective for the treatment of nasopharyn-
geal cancer due to the high radiation sensitivity of tumors1-3). Com-
mon complications that occur after radiation therapy include xero-
stomia and swallowing impairment; however, neurosurgical com-
plications such as brain abscess and carotid artery stenosis have 
also been reported2). Furthermore, radiation therapy can cause 
vasculopathies such as moyamoya phenomenon and aneurysm 
formation4). Cerebrospinal fluid (CSF) leakage due to radio-in-
duced osteonecrosis is also noted1). However, the role of a neuro-
surgeon in the treatment of complications is limited compared to 
that of an otolaryngologist or an oncologist. We report a case of a 
patient with nasopharyngeal cancer with complications requiring 
neurosurgical intervention. 

A 66-year-old patient with nasopharyngeal cancer who had received chemotherapy and radiation 
therapy visited our emergency center with severe epistaxis. The patient was followed up with in-
ternal carotid artery trapping after a pseudoaneurysm was revealed in computed tomography an-
giography. Cerebrospinal fluid leakage was noted during follow-up observation after the interven-
tion. This case presents various neurosurgical complications that can occur in patients with naso-
pharyngeal cancer. 
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CASE REPORT 

A 66-year-old female patient with nasopharyngeal cancer visited 
the hospital with severe epistaxis(12/01/1). The patient had re-
ceived radiotherapy in 2000 and total maxillectomy in 2013. A 
recurrence was found in magnetic resonance imaging (MRI) 
conducted due to the presence of a symptom of sixth cranial 
nerve palsy during follow-up observation, which was further 
confirmed by biopsy. Concurrent chemoradiotherapy 
(07/26/21-9/1/21) was performed with no therapeutic effect; 
consequently, palliative chemotherapy (10/24/21~11/24/21) 
was executed due to recurrent nasopharyngeal cancer with skull 
base involvement including bilateral carotid canals (Fig. 1). 
During 1L2C palliative chemotherapy, the patient presented 
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symptoms of massive epistaxis accompanied by hypovolemic 
shock. An early aneurysm was suspected at the left cavernous in-
ternal carotid artery (ICA) on MRI (Fig. 2A), but the patient 
was discharged from the hospital because otolaryngology exam-
ination showed absence of bleeding. However, severe epistaxis 
was reconfirmed immediately after discharge. Computed tomog-
raphy (CT) angiography showed increased size of the aneurysm 
despite the short interval (Fig. 2B). Digital subtraction angiogra-
phy showed an inferior projecting aneurysm with lobulated con-
figuration arising from the left cavernous ICA (Fig. 3). 

Endovascular treatment 
At the time of endovascular intervention, because the size of the 

previously identified lesion was increased to a long diameter of 
20 mm, coiling was not feasible, and cross-filling through the an-
terior communicating artery was confirmed via a left common 
carotid artery (CCA) compressed right ICA angiogram. Conse-
quently, endovascular ICA trapping was performed (Fig. 4). Sub-
sequent angiogram confirmed a contrast leakage in the dome 
part of the aneurysm sac. Thereafter, 13 coils were deployed 
from the distal cavernous ICA to the petrocavernous junction 
using Target 360 Ultra 5 mm ×  15 mm. Nine pushable coils 
(Mnester) were inserted into the distal, neck, and proximal por-

Fig. 1. T1-weighted contrast enhanced magnetic resonance imaging. 
Contrast enhancement is observed in the skull base, including in 
both carotid canals.

Fig. 2. (A) Magnetic resonance angiography image. An early aneurysm is suspected since a long diameter of about 1.7 mm is observed on the left 
cavernous internal carotid artery. (B) Computed tomography angiography image. Despite the short interval, the aneurysm of the left cavernous 
internal carotid artery previously observed showed a significant increase in size up to 5.2 mm in the long diameter.
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Fig. 3. Digital subtraction angiography image. On left internal ca-
rotid artery angiogram, the aneurysm was observed with lobulated 
configuration, arising from the left cavernous internal carotid artery, 
showing inferior direction.

Fig. 4. Digital subtraction angiography image. (A) Cross-filling through the anterior communicating artery on the internal carotid artery angio-
gram was checked. (B) The left cavernous internal carotid artery pseudoaneurysm increased to a long diameter of 20 mm. (C) Contrast leakage 
from the dome portion of the aneurysmal sac after stent deployment. (D, E) Complete obliteration of the left petrocavernous internal carotid 
artery is shown.

tions of the aneurysm and petrous ICA. A subsequent left CCA 
angiogram showed that the antegrade of left proximal ICA was 
obliterated, and that the distal ICA was contrasted through exter-
nal carotid artery-ophthalmic anastomosis. The cross-filling 
through the anterior communicating artery had no significant 
difference from that observed in the ICA angiogram performed 
before the procedure. 

Postoperative course 
The patient received care in the intensive care unit after inter-

vention. During the nine days of intensive care, no additional neu-
rological deterioration was identified; subsequently, the patient 

was transferred to a general ward without any special events. The 
patient complained of intermittent headaches but recovered gradu-
ally. The patient was stably discharged eight days later. 

Eight days after discharge, the patient visited our emergency 
center with altered mental status, symptoms of posterior nasal drip 
and headache. Neurological examination showed a Glasgow coma 
scale score of 9. Otolaryngologic examinations revealed CSF leak-
age and erosive skull lesions. Brain CT showed pneumocephalus 
(Fig. 5). Thus, intracranial hypotension due to CSF leakage was di-
agnosed which was thought to be the cause of the patient’s mental 
status deterioration. Therefore, conservative treatment involving 
lumbar drainage was performed. After lumbar drainage, CSF leak-
age and pneumocephalus disappeared and the patient was slightly 
improved (Fig. 6); however, due to delirium and poor general con-
dition, no significant improvement in consciousness was exhibited. 
Moreover, aspiration pneumonia occurred; therefore, the patient 
was transferred to hospice after tracheal intubation. 

DISCUSSION 

Most nasopharyngeal cancers are treated with radiation therapy, 
and complications after radiation therapy are often managed by 
oncologists or otolaryngologists1-3). However, as seen in this case, 
fatal neurosurgical complications may also occur. In addition, there 
have been reports of other neurosurgical complications such as 
brain abscess, CSF leakage, carotid artery stenosis, aneurysm, tem-
poral lobe necrosis, and clinical hypopituitarism1-3,5-7). 

Moreover, there have been cases in which vasculopathies that 
occurred after such radiation therapy were treated with neurosurgi-
cal endovascular procedures4,5,7-10). Therefore, neurosurgeons need 
to be alert regarding the evaluation and treatment of complications 
of nasopharyngeal cancer. 

The anatomical position of the nasopharynx is close to the skull 
base, which is thought to be a risk factor for tumor invasion or radi-
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ation therapy to cause neurosurgical complications. This assump-
tion adds credibility that CSF leakage is reported not only in naso-
pharyngeal cancers that have undergone radiation treatment but 
also in other nasopharyngeal tumors where radiation treatment is 
not administered11). 

Treatment methods for pseudoaneurysms are generally catego-

Fig. 5. Conventional brain computed tomography image showing pneumocephalus.

Fig. 6. Conventional brain computed tomography image. Pneumocephalus is improved after lumbar drainage.

rized into surgical and vascular.  
Surgical treatments of pseudoaneurysms that are traditionally 

used include ICA ligation and trapping clipping with or without an 
extracranial-intracranial bypass12). However, unlike a true aneu-
rysm, the vascular wall of a pseudoaneurysm is very thin and has a 
high risk of rupture13). Moreover, because of the development of 
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increasingly advanced intravascular procedures, many cases are be-
ing managed with endovascular treatments. 

Endovascular stent insertion with or without endosaccular oc-
clusion is an effective endovascular treatment14). Endosaccular oc-
clusion alone has been reported in cases where the coil is exposed 
due to osteonecrosis and degeneration of surrounding tissues after 
radiation therapy, and accordingly, the use of an endosaccular stent 
is a safer method4). Other studies point out the limitations of treat-
ing aneurysms using stents alone in that it leads to thrombosis of 
the aneurysm; however, since the placement of stents helps in 
complete coiling, it would be better to combine coiling and stent 
insertion14). 

Endovascular trapping is an effective treatment provided there 
is sufficient collateral blood flow4). This can be done by using de-
tachable balloons or microcoils. Treatment with microcoils can 
achieve fast and permanent obliteration; however, the risk of a 
distal embolic event due to thrombogenesis has been reported4). 
Heparinization and temporary proximal flow arrest during the 
procedure have been reported as ways to lower the risk of these 
problems15). 

In our case, coiling was not chosen due to the increased size of 
the aneurysm in a short time; subsequently, ICA trapping was 
planned. Since contrast leakage was confirmed after stent deploy-
ment, ICA flow was stopped immediately; hence, microcoils were 
employed. Likewise, heparinization was not implemented because 
its benefits were less compared to the risks involved. Usually trap-
ping is performed using only microcoils without a stent; however, 
since the neck of the aneurysm was wide in this case, stent deploy-
ment was performed to protect the aneurysm sac by preventing 
coil herniation. 

Applying a vascularized flap is good for the treatment of CSF 
leakage16). Although the method of implementing craniotomy is 
common, Daniel et al. argued that repairing CSF leakage with 
an endonasal endoscopic approach was less invasive and safe17). 
Although we had planned CSF leakage repair using such a vas-
cularized flap, surgery was not feasible as the patient had termi-
nal cancer. Therefore, lumbar drainage was performed, and con-
servative treatment was undertaken. However, aspiration pneu-
monia eventually occurred, and the general condition deterio-
rated. 

CONCLUSIONS 

Complications in nasopharyngeal cancer patients require neuro-
surgical attention and immediate acute intensive care and first aid if 
necessary. 
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In clinical practice, the element of the patient-clinician relationship can lead to dynamics where treat-
ment decisions can be clouded with the clinician’s personal biases or unrecognized acumen judgment 
errors. This translates to therapeutic momentum (TM). Therapeutic momentum was a term proposed 
by Rodrigo et al in 20121), they describe as: In situations when doctors do not stop or because of per-
sonal clinical decisions they do not interrupt therapeutic strategies without any benefit and contrary to 
evidence that supports maintaining treatment. In addition to the definition, we propose 2 classes of 
Therapeutic momentum: When the doctor has the deleterious effects of maintaining a therapy, and 
when the physician is unaware of the deleterious effects of maintaining a therapy. 

The concept of TM is strongly presented in the realm of traumatic brain injury (TBI). The examples 
of therapeutic momentum in BTI may include but are not limited to: fluid therapy (Hypertonic-Man-
nitol) without evidence of increased intracranial pressure, anticonvulsants - keeping post-trauma antie-
pileptics for more than 7 days, gastroprotection (maintaining proton inhibitors without evidence of di-
gestive tract bleeding), neuroimaging (performing control neuroimaging in unstable patients with no 
obvious clinical indication), and invasive intracranial pressure monitoring (maintaining intracranial 
pressure monitor when intracranial hypertension has resolved) 

We propose an algorithm for TM in circumstances where we consider strategies that are not effective 
in patients with TBI (Fig. 1). Truly the progression of TBI through the stages of care can lead to TM 
moments and each step deviation can lead the patient to a path of declined status. The moment of ini-
tial management includes optimization of perfusion pressure, airway control, avoid hypotension1), hy-
percarbia, correction of coagulopathy, control of temperature, and decision to proceed to surgery.  

Decompression after 48 hours if intracranial pressure (ICP) and cerebral perfusion pressure (CPP) 
can be controlled is the preferred pathway2-4). Early decompression might be required from epidural 
hemorrhage, marked ICP not controlled with medical management, or obstructive hydrocephalus5). 
Without trying medical management and going right to surgery might lead to unnecessary systemic 
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compromise. Most of these patients also have systemic injuries in-
cluding pulmonary. Protective lung ventilation is the goal in any in-
tubated patient, although increased PaCO2 can lead to cerebral 
edema and the balance can shift towards a negative outcome. TM 
can lead the clinician to oxygenate more than what is required and 
hypo or hyperventilate leading to low or high PaCO2 receptively. 
At this stage, some patients may benefit from short-term extracor-

TM in TBI

48 hours decompression vs 
Early decompression

Keep OaCO2 normal vs Lung 
protection with high PaCO2

Using early pentobarbital
vs

Using deep sedation only

ICP normal
vs

CPP goal with normal ICP and MAP

Post decompression continued full sedation
vs

Reduced suppression

Removal of ICP bolt
vs

Continue ICP checks post peak swelling

Early trach
vs

Waiting till normal ICP

GI protection
vs

Delayed nutrition

Heparin with controlled labs
vs

Risk of DVT and PE

Optimistic approach with reasonable imaging 
vs 

Withdrawal with adequate imaging

Supportive care when neuro examination not possible 
vs 

Comfort care

Aggressive rehab with normal ICP 
vs 

Delayed rehab due to poor neuro examination

Fig. 1. Algorithm for therapeutic momentum in circumstances where we consider strategies that are not effective in patients with traumatic brain 
injury.

poreal circulation if the service is available. Position of the head 
makes a difference with relative hyperperfusion and decreased ve-
nous return. While achieving central venous access or during intu-
bation, keeping the head of the bed flat for a longer period will lead 
to reducing central venous return, hence worse cerebral edema. 
The same goes for choosing internal veins for placement of central 
access. 
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TBI induced cerebral edema can be controlled with deep seda-
tion and early initiation of the general anesthesia approach may 
help with reduction in longer sedation needs. Pentobarbital reduc-
es cerebral metabolic rate (CMR) and central temperature. A rath-
er progressive escalation of sedation due to concern for deep seda-
tion effects, it may be prudent to go right to this agent. If the ICP is 
controlled but the patient has lower mean arterial pressure (MAP), 
this might cause the number for CPP to be lower. At this stage, fol-
lowing ICP is better than staying the single number of CPP. This 
can happen with younger patients who do not have high diastolic 
pressures. Rather than continuing following CPP with a bolt, the 
bolt can be removed, or if external ventricular drainage is present to 
just manage the cerebrospinal fluid (CSF) diversion rather than 
ICP. 

There are critical steps during the intensive care management of 
TBI patients and TM can sidestep some of these to benefit factors 
that may not help with the progression. These are full suppressive 
sedation in the early phase after decompressive craniectomy to 
avoid any detamponade effect of cerebral edema; early tracheosto-
my if possible before ICP become resistant and high for a pro-
longed period; active prevention of deep vein thrombosis (DVT) 
with agents like heparin and not taking a chance of a terrible ca-
tastrophe of pulmonary embolism; and initiation of trophic feed to 
avoid hyperglycemia with the full goal caloric feeding. All elements 
are simultaneous and concurrent in the management progression. 

Due to intense and prolonged resuscitation of TBI patients, TM 
can lead clinicians to err towards the early track to a cessation of ef-
forts and comfort care. Rehabilitation starts from the early phase 
and involvement of a full spectrum of services assist in decision 
making and eventual discharge to a long-term treatment facility for 
continued acute rehabilitations. 

In summary, TM in TBI management is very much part of our 

practice. The recognization of this and keep avoid distraction in 
the TBI course is considered valid and important for the practice 
of medicine. Early education for the trainees and proper streamlin-
ing of the thought process will help keep TM in check. Further re-
search in this field will be required and repeated reminders in cer-
tain aspects for senior clinicians. 
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Traumatic brain injury is an important cause of disability, especially in the young population. Ac-
cording to Center for Disease Control and prevention data, there has been an increase in cases in the 
last 2 decades, despite the notable development of preventive technologies and the development of 
management guides. Clinical inertia is a concept where late initiation or lack of intensification of treat-
ment in a patient and the failure to achieve the goals established from the beginning. This can be de-
fined in the management term as therapeutic inertia. This concept is well known in pathologies such as 
hypertension and diabetes, in which we do not reach the therapeutic goal, and this carries the risk of 
deterioration of the patient1). It is known that therapeutic inertia occurs in half of the cases due to fail-
ures by the clinicians, in 30% associated with the patient himself, and 20% due to the characteristics of 
the health care system. 

The burden of brain trauma injury leads to multiple Swiss cheese breakthroughs with clinical inertia 
is one of the unknown factors. To better understand the element of clinical inertia and traumatic brain 
injury management, a brief visit to the process of traumatic brain injury will be helpful. Traumatic brain 
injury management starts in the field, followed by a transit time to the trauma bay. In trauma bay, most 
of the level trauma centers already have a trauma team present to receive traumatic brain injury. Here 
things can get complicated. The patient needs to have 2 levels of trauma reviews including imaging 
studies, a neurosurgical consult, and further management. Some patients go to the operating room but 
mostly end up in the trauma intensive care for at least 72 hours before a major neurosurgical procedure 
is performed. After 72 hours, the neurocritical care management has different phases: acute phase, sta-
bilization phase/non-survival phase, and discharge planning. All these phases lead to multiple areas of 
clinical inertia. This clinical inertia is related to progression of care, change of shifts, the arrival of new 
admits, and major disasters like the present Covid-19 pandemic. Looking at the  

progression of care in traumatic brain injury patients, multiple steps can be reviewed, and a stage is 
set to reduce the risk of clinical inertia (Fig. 1). 
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Fig. 1. Proposed stages where clinical Inertia can play a role in the 
flow of the patient care with acute traumatic brain injury.

Step 1 

This is the time when traumatic brain injury is first noticed in 
the field and emergency medical staff is called for initiation of care. 
There is a delay by the first responder due to trying to take steps to 
stabilize the injuries vs getting the victim to level 1 trauma center. 
The next aspect is the response of emergency medical staff, which 
can have multiple limitations including but not limited to other 
emergencies in the area and disaster situations. Emergency medical 
staff focuses more on the airway might lead to a delay in recogni-
tion of severe traumatic brain injury signs like unequal pupils in an 
awake patient. It is easy to be sidetracked due to profound hypox-
emia with acute pneumothorax or an active bleeding extremity. 

Step 2 

Traumatic brain injury arrival to step 2 leads to activation of trau-
ma team which includes neurosurgical evaluation. This is a crucial 
stage in decision making and triage of patients. It is easy with low 
Glasgow coma scale (GCS) to make the call to proceed to imaging 
and further workup. There are 2 aspects of care where clinical iner-
tia can lead to delay in the management of the acute impending 
neurological crisis, i.e., when there are other pressing needs of trau-
ma below the head and another one is high GCS on presentation. 
Imaging can lag in a patient with diffuse axonal injury though GCS 

is low while a focal collection of epidural hemorrhage may present 
with awake and alert status. A vigilant fast primary survey followed 
by imaging and close neuro examination might help to overcome 
this aspect of clinical inertia. Earlier consultation with neurosur-
gery and neurocritical care improves the odd of channeling trauma 
to the neurological injury pathway. 

Step 3 

Traumatic brain injury patients who end up going to neurosurgi-
cal interventions to have high likely have low GCS and injury pat-
tern is at a high risk of decline. There are always certain limitations 
and clinicians have to watch for the inertia of any delay. Transport 
is the critical part of this clinical inertia. Who takes the patient to 
the operating room? What equipment is required? Any ongoing 
resuscitation is processing during the transport? A proper transport 
system in place can help with all these questions. The same is true 
if the patient is going to be admitted to the neurocritical care unit. 

Step 4 

Neurocritical care admission is required for most traumatic brain 
injury presentations. The earlier phase either from the emergency 
department or operating room requires the same process as pre-
sented in the emergency department. Clinical inertia can lead to a 
delay in the examination as the patient got stabilized in the emer-
gency department or had a successful surgical procedure. These 
patients require central access, invasive arterial monitoring to keep 
cerebral perfusion pressure intact, and close cerebral monitoring 
with a multimodal catheter. With stable clinical signs, usually, the 
thought is to wait and see approach vs proactive preventive ap-
proach to avoid any neurological crisis like an incidental drop in 
mean arterial pressure, hypoxemia due to acute pulmonary injury, 
or progressive increase in central temperature. All these elements 
can lead to decline and loss in the positive momentum gained by 
emergency department and operating room resuscitative methods. 
Other patients in the intensive care unit with instability lead to 
clinical inertia for a new traumatic brain injury admission. It is 
known in the critical care arena that time of the day and week of 
the day play a key role in the initial care of traumatic brain injury 
patients. During nighttime shortage of attending level intensivists 
and on the weekend a limited staff presence leads can lead to clini-
cal inertia and delayed early management.  

Step 5 

The first few hours in the intensive care unit for traumatic brain 
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injury can be a dynamic process. After initial admission and stabi-
lizing, the progression can be more predictable. The anticipation of 
peak swelling can be missed due to clinical inertia. To slow down 
the process and to create a plateau phase for cytotoxic edema is ex-
tremely important. Having stable vital signs and postoperative nor-
mal intracranial pressure can lead to a false sense of security due to 
clinical inertia. Once intracranial pressure starts going up due to 
maximum time of swelling, the management becomes more reac-
tionary rather than preemptive. Keeping caregivers and families 
abreast with the pathway most of these patients take is part of the 
initial management. If the patient has not gone to the operating 
room in the beginning, usually it will be after 48 hours as per evi-
dence that these patients do well with delayed decompression. 
During the first 48 hours, keep mean arterial pressure normal, tem-
perature normal, having access like central and arterial line, preven-
tion of stress ulceration and deep venous thrombosis, and manage-
ment of other injures. 

Stage 6 

Critical care progression in traumatic brain injury patients is usu-
ally long and requires multiple interventions. Acute pulmonary 
management can cause clinical inertia with early weaning vs early 
tracheostomy. Tracheostomy timing is usually early after intracra-
nial pressure stabilization if the patient cannot come off the ventila-
tor with routine weaning process. The deep venous thrombosis 
risk is high in traumatic brain injury patients and early initiation of 
chemoprophylaxis is required once no further intervention is re-
quired. Clinical inertia will impact both of these factors. There are 
other less but still important critical care managements include 
early nutrition, skincare, stress ulcer prevention, devices integrity, 
and close clinical relationship with the family. 

Stage 7 

Discharge planning starts from admission. The clinical inertia 

can be due to clinical instability in the beginning followed by neu-
roprognosis. The second part is more cumbersome and requires 
time. The wishes and expectations of the patient play a key role 
and clinical inertia can cause a delay in decision making. Who 
makes the decision? Is the patient proceeding to a functional out-
come vs marked disability? What is the baseline? How functional 
patient wants to be? All these questions are important, and ambi-
guity can be due to clinical inertia where one aspect is more im-
portant and others are not in the focus. Delay in exit from the in-
tensive care can be due to placement limitation which can be due 
to ventilator dependency, renal support requirement or need for 
active rehabilitation for a patient who is awake and will get better 
faster. 

Considering this discussion, flow-chart, and the evidence, it is 
important for clinicians to be aware of clinical inertia in traumatic 
brain injury care. There is a need for more research and training in 
the field of clinical inertia in critical care medicine, especially in the 
traumatic brain injury population. We suggested a structured edu-
cation, followed by some interval reminder updates in the career of 
clinicians who are going to practice traumatic brain injury care. 
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Spinal cord injury presentation to intensive care can be due to acute traumatic events, peri-operative 
injury, controlled surgical trauma to fix the spinal metastatic process, or perfusion limitation with exit-
ing compression. One aspect which is not clear about the presentation is the perfusion of the spinal 
cord after chronic severe compromise if relieved1,2). Patients have symptoms and signs of spinal cord 
limitations for a certain period followed by imaging which confirms the compromise. A surgical deci-
sion is made upon multiple factors including the severity of symptoms, progression of spinal cord com-
pression, and findings on the imaging. Here we describe a new concept of spinal cord focal reperfusion 
injury after a chronic severe compromise is partially relieved via endoscopic decompression. 

A 44-year-old male with a history of T8-9 disc bulge for 6 months presented to our intensive care 
unit with new BLE weakness after undergoing a right lateral endoscopically guided T8-9 microdiscec-
tomy at an outpatient surgical center. His symptoms started 6 months ago with numbness of the right 
leg with no weakness. His symptoms before surgery were urinary retention, perineal numbness, erec-
tile dysfunction, and right flank numbness. An MRI was done before the surgery showing at the T8-T9 
level a 13 ×  9 ×  13 mm extramedullary extradural lesion which was favored to represent a partially 
calcified disc herniation (Fig. 1A and Fig. 2B). A repeat MRI of the thoracic spine on admission to the 
intensive care unit showed significant central canal stenosis and evidence of cord compression which is 
displaced towards the left and posteriorly within the spinal canal. There was evidence of cord signal ab-
normality suggesting cord edema (Fig. 1B and Fig. 2B). His right leg strength was limited to antigravity, 
he was not able to bear weight and his sensory deficit was to both superficial and deep touch. The re-
flexes were markedly reduced. The management for the acute spinal cord injury started with fluids, 
MAP goal of >  85 mmHg for 72 hours, Dexamethasone and Minocycline. The next day he felt a little 
better with increased strength in the right leg, not able to weight bear, and getting rehabilitation in 
the bed. On the third day, the MAP goal was relaxed and fluids were stopped. He was able to bear 
weight and take a few steps. The steroids were weaned off and Minocycline was restricted to a total 
of 7 days. He was discharged to the stroke unit followed by acute neurological rehabilitation. A for-
mal and written informed consent was obtained from the patient for the publication of the case in-
formation and images. 

Hyperperfusion is a phenomenon that is seen when circulation is provided after perfusion was limit-
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ed for some time3,4). The best example seen in neurocritical care is 
the middle cerebral artery hyperperfusion after internal carotid ar-
tery stenosis corrective procedure5). Here we notice a reperfusion 
injury or central spinal cord edema due to relief of severe single-lev-

Fig. 1. T2 Axial FLAIR, Sagittal sections. (A) Centered at the T8-T9 
level there is a 13 × 9 × 13 mm extramedullary extradural lesion, par-
tially calcified disc herniation. (B) Interval resection of a described 
via a right transforaminal approach. Fluid and hematocrit layers in the 
resection cavity, which approximates the size of the resected lesion.

Fig. 2. T2 Axial FLAIR, transverse section. (A) Significant central 
canal stenosis and evidence of cord compression which is displaced 
towards the left and posteriorly within the spinal canal. (B) Mass ef-
fect on the cord remains severe though intramedullary edema at the 
level of the lesion is more obvious.

el compression. There is no intraoperative injury noticed and pa-
tient improvement was seen within a few days to be able to stand 
and take a few steps. This process will require further confirmation 
with an experimental severe subacute focal cord compression. 
Meanwhile, clinicians should consider this phenomenon in chron-
ic severe focal spinal cord pathologies. 
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addressed in the discussion section).

4) Materials and Methods
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Discussions about the findings of the research and interpretations 
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and limitation of observed facts should be described, and 
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only when it is supported by the results of the research. It is 
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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.
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styles of references are as follows:
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1. Dávalos A, Pereira VM, Chapot R, BonaféA, Andersson T, 
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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.
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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 

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

Publication

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

Post-Publication Discussion and 
Corrections

The post-publication discussion is available through letter to the 
editor. If any readers have a concern on any articles published, 
they can submit letter to the editor on the articles. If there 
founds any errors or mistakes in the article, it can be corrected 
through errata, corrigenda, or retraction.
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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, 
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4. Inner title page
Only title of the manuscript is listed. Any information on the authors and corresponding author is not 
shown on the inner title page

5. Abstract
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 
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within a maximum of six.

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

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

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



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

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

specify the reason in the cover letter.

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

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

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

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

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