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

Keywords: Systemic inflammatory response syndrome; Inflammation; Intracerebral hemor-
rhage; Head trauma; Spinal cord injuries; Epileptic status  
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INTRODUCTION 

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

rate ( >  20 breaths/minute)1). This constellation of clinical mani-
festations reflects a systemic process associated with endothelial 
activation and dysfunction, which in turn alters tissue perfusion2). 
The overreaction causes tissue damage, organ dysfunction, and 
even organ failure, which makes the prognosis worse for pa-
tients1,3). 

The systemic inflammatory response syndrome (SIRS) accom-
panies various forms of brain injury and acute spinal cord injury, 
including subarachnoid hemorrhage, ischemic cerebrovascular ac-
cident, intracerebral hemorrhage, brain trauma, and spinal cord in-
jury. In the following review, the overview about the concept of 
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neurogenically originated systemic inflammatory response syn-
drome (NoSIRS) and the relationship between some forms of 
acute injury and the development of SIRS will be explained.  

THE CONCEPT OF NEUROGENICALLY 
ORIGINATED SIRS 

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

SUBARACHNOID HEMORRHAGE 

Subarachnoid hemorrhage (SAH) produces acute brain injury, 
secondary to both cerebral and systemic processes4). This phe-
nomenon gives rise not only to a local inflammatory response 
propagated by blood degradation but also to a state of systemic in-
flammation as a result of the action of released cytokines or the re-
lease of high amounts of catecholamines into the circulation that 
promote activation of the immunological process5). Clinically 
identified SIRS occurs in the acute phase after SAH as the manifes-
tation of the systemic inflammatory process, with non-infectious 
inflammation manifesting mainly with hyperthermia and leukocy-
tosis. The presentation of SIRS is related to mortality and morbidi-
ty rates in patients with SAH. Having SIRS criteria increases the 
risk of intracranial and systemic problems, such as vasospasm and 
hydrocephalus, as well as other health problems6). 

Patients with SAH will develop SIRS in more than half of the 
cases, with prevalences of 29% to 89% of patients6-8), without rela-
tionship to the method chosen for the treatment of the aneu-
rysm7,8). The intimate connection between the brain and the heart 
through vessels and nerves means that once brain damage occurs 
after SAH, sympathetic dysfunction can contribute to cardiac ar-
rhythmias, generating the release of cytokines that enter the circu-
lation8), which, by interacting with the modified vascular markers 

released after the rupture of the aneurysm, perpetuate brain in-
flammation9). Similarly, activated neutrophils in the peripheral cir-
culation can damage microvessels in the brain10). Leukocyte dia-
pedesis can happen through damaged microvessels after an injury, 
allowing immune cells from the outside to move into the cerebro-
spinal fluid and brain11). 

Patients with SAH xhibit greater serum tiers of interleukin-6 
(IL-6) and C-reactive protein, with larger peaks related to late cere-
bral ischemia12). Similarly, it has been found that SIRS not only 
promotes extracerebral organ dysfunction, exacerbating late cere-
bral ischemia, thus contributing to a worse prognosis, but also 
acute lung injury8,13). The rising level of acute-phase proteins, like 
C-reactive protein, is related to active vasospasm. This is also true if 
there is a diversion device in place to keep an eye on the output of 
cerebrospinal fluid. Contraction band necrosis, one of the hall-
marks of neurogenic cardiac dysfunction, is seen due to marked 
catecholamines surge with high-grade SAH. One of the presenta-
tions of high-grade SAH can be sudden cardiac arrest, resistant to 
resuscitative measures, and significantly poor prognosis2). 

INTRACEREBRAL HEMORRHAGE 

Intracerebral hemorrhage (ICH) represents the main cause of 
mortality and morbidity in patients with stroke, with a poor prog-
nosis. However, it is important to know that this will depend on 
factors such as the severity of the bleeding observed clinically and 
radiologically, the age of the patient, the previous use of anticoagu-
lants, and superimposed infections, as well as the neuroinflamma-
tory processes that are triggered in this type of affection. In the 
same way, strokes can cause initial inflammation, which can lead to 
future problems caused by reperfusion14,15). These problems can 
also have an impact on both morbidity and mortality.  

Patients with early ICH produce cytokine activation as a protec-
tive mechanism that results in a systemic inflammatory response 
that is characterized by the absence of infection and the presence 
of two or more of the following: hypothermia or hyperthermia; 
leukocytosis; or leukopenia; tachycardia; or tachypnea; which are 
associated with worsening of the patient's prognosis. Boehme et al. 
established the association between SIRS and intracranial hemor-
rhage in patient prognosis, finding that 20% of their population de-
veloped SIRS, with a worse prognosis16). 

High levels of C-reactive protein correlate with inflammatory re-
sponses to a traumatic event or infection. Increased levels have 
been linked to a poorer prognosis and an increased risk of mortali-
ty in patients with brain injury. When Lopponen et al. looked at 
people who had intracranial trauma, they found that people who 
had high levels of C-reactive protein when they first got hurt were 
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more likely to have a bad outcome. They also said that this high 
level wasn't linked to other diseases or infections15). 

STATUS EPILEPTICUS 

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

SPINAL CORD INJURY 

In any spinal cord injury (SCI), considerable damage is generat-
ed that is represented by physical disabilities, which are established 
by spinal cord compression, decreased local blood flow, or intraspi-
nal hemorrhage. Any of these phenomena generate mechanisms of 
neurodegeneration, gliosis, and inflammation, favoring the estab-
lishment of an inflammatory environment with the collection of 
degenerating neurons and activated glial cells, which, at the same 
time, favors the activation of different pro-inflammatory mediators 
with the possibility of triggering SIRS20). SIRS may cause pneumo-
nia, deep vein thrombosis, urinary tract infections, emboli, and 
sepsis in these individuals. Kesani et al. demonstrated that patients 
with severe SCI who present with criteria for SIRS have more 
complications, longer hospital stays, and worse prognosis21). 

TRAUMATIC BRAIN INJURY 

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

Once the brain receives a mechanical insult, a series of short-

term and long-term processes begin to affect the central nervous 
system (CNS)25). The initial contusion produces damage by shear-
ing, tearing, and/or stretching of neurons, their axons, glia, and 
blood vessels (forming hematomas)22,25). This is known as a prima-
ry lesion, and it can be focal, diffuse, or a combination of both. In 
most cases, any type of primary injury induced by trauma leads to 
neuronal loss22). The primary injury triggers a second wave of bio-
chemical mediators that produce cellular and metabolic changes. 
This may happen seconds or minutes after trauma and persist for 
days, months, or years. This secondary injury is mainly located at 
the site of the trauma and the surrounding tissue23). This mecha-
nism causes excitotoxicity, oxidative stress, mitochondrial dysfunc-
tion, blood-brain barrier disruption, and neuroinflammation22,25,27). 

Neuroinflammation plays a fundamental role in the damage pro-
duced after neurological trauma. This concept refers to any inflam-
matory process located in the central nervous system and includes 
the activation of immune cells (particularly glia) and non-immune 
cells, as well as the release of inflammatory mediators such as cyto-
kines26). After the insult, there is a massive release of excitatory 
neurotransmitters, mainly glutamate, which interacts with neurons 
and astrocytes, causing an increase in the flow of Na+, Ca2+, and 
K+ions (excitotoxicity)22,25). A catabolic reaction occurs, and the 
blood-brain barrier is altered. An injured blood-brain barrier allows 
the passage of pro-inflammatory molecules into and out of the 
CNS. The release of mediators into the circulation can manifest 
clinically as SIRS with possible involvement of other organs28). The 
complex nature of both acute and chronic inflammatory reactions 
could aggravate the pathological outcome or promote the repair 
process. On the other hand, multiorgan damage in some polytrau-
matized patients could be increased by mediators in the circulation 
and this could also contribute to neurological pathology25). 

ACUTE PULMONARY INJURY 

The pathophysiology of acute pulmonary injury (API) in the 
setting of acute brain insult is complex. Studies demonstrated that 
API was prevalent in individuals with elevated intracranial pressure 
in contrast to cerebral perfusion pressure after brain insult29,30). The 
crucial landmark of these studies is that API developed on top of 
normal apparent lungs on a chest x-ray at admission, explaining 
that brain insult was the contributing factor. Capillary pressures 
rise in the lung bed, endothelial deterioration occurs, and capillary 
leakage into the alveoli and pulmonary interstitial occurs in re-
sponse to adrenergic surge31). Also, inflammatory mediators like 
IL-6 may contribute to API development32,33). To this aim, an “ad-
renergic surge” and systemic generation of inflammatory mediators 
have been proposed as a “double hit” paradigm34). 
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The function of mechanical ventilation in API is well-known. 
Hyperventilation for permissive hypocapnia may cause substantial 
lung harm35). With tidal volumes larger than 6–8 ml/kg, modest 
permissive hypocapnia (30–35 mmHg) may be achieved without 
risking ventilator-induced lung damage36). 

Thus, pulmonary injury with a capillary leak, high pressures on 
the ventilator, pneumonia, and neurogenic pulmonary edema are 
part of this systemic process37). The pulmonary relationship with 
acute brain injury is better explained by improvement in pulmo-
nary mechanics with improvement in acute brain injury38). 

CONCLUSION 

The various neurological pathologies can be a potential source 
of proinflammatory biochemical mediators, which, when released 
into the systemic circulation, can constitute SIRS. NoSIRS can 
therefore be considered a new syndrome associated with patholog-
ical neurological conditions. However, future research is required 
to study the true severity of this clinical picture and also establish 
the ideal management for this disease. 

NOTES 

CONFLICTS OF INTEREST 
The authors declare that they have no competing interests. 

REFERENCES 

1. Aird WC. The role of the endothelium in severe sepsis and mul-
tiple organ dysfunction syndrome. Blood 2003;101:3765–
3777. 

2. Sauaia A, Moore EE, Johnson JL, Chin TL, Banerjee A, Sperry 
JL, et al. Temporal trends of postinjury multiple-organ failure: 
still resource intensive, morbid, and lethal. J Trauma Acute Care 
Surg 2014;76:582–593.  

3. Talmor M. Relationship of Systemic Inflammatory Response 
Syndrome to Organ Dysfunction, Length of Stay, and Mortality 
in Critical Surgical Illness. Arch Surg 1999;134:181. 

4. Sehba FA, Bederson JB. Mechanisms of acute brain injury after 
subarachnoid hemorrhage. Neurol Res 2006;28:381–398. 

5. McKeating EG, Andrews PJ, Signorini DF, Mascia L. Transcra-
nial cytokine gradients in patients requiring intensive care after 
acute brain injury. Br J Anaesth 1997;78:520–523. 

6. Yoshimoto Y, Tanaka Y, Hoya K. Acute Systemic Inflammatory 
Response Syndrome in Subarachnoid Hemorrhage. Stroke 
2001;32:1989–1993. 

7. Tam AK, Ilodigwe D, Mocco J, Mayer S, Kassell N, Ruefenacht 

D, et al. Impact of systemic inflammatory response syndrome 
on vasospasm, cerebral infarction, and outcome after subarach-
noid hemorrhage: Exploratory analysis of CONSCIOUS-1 da-
tabase. Neurocrit Care 2010;13:182–189. 

8. Dhar R, Diringer MN. The burden of the systemic inflammato-
ry response predicts vasospasm and outcome after subarach-
noid hemorrhage. Neurocrit Care 2008;8:404–412. 

9. Açıkgöz Ş, Edebali N, Barut F, Can M, Tekin İÖ, Büyükuysal Ç, 
et al. Ischemia modified albumin increase indicating cardiac 
damage after experimental subarachnoid hemorrhage. BMC 
Neurosci 2014;15:33. 

10. Friedrich V, Flores R, Muller A, Bi W, Peerschke EI, Sehba FA. 
Reduction of neutrophil activity decreases early microvascular 
injury after subarachnoid haemorrhage. J Neuroinflammation 
2011;8:103. 

11. Schneider UC, Schiffler J, Hakiy N, Horn P, Vajkoczy P. Func-
tional analysis of Pro-inflammatory properties within the cere-
brospinal fluid after subarachnoid hemorrhage in vivo and in vi-
tro. J Neuroinflammation 2012;9:28. 

12. Rothoerl RD, Axmann C, Pina AL, Woertgen C, Brawanski A. 
Possible role of the C-reactive protein and white blood cell 
count in the pathogenesis of cerebral vasospasm following an-
eurysmal subarachnoid hemorrhage. J Neurosurg Anesthesiol 
2006;18:68–72. 

13. Kitamura Y, Nomura M, Shima H, Kuwana N, Kuramitsu T, 
Chang CC, et al. Acute lung injury associated with systemic in-
flammatory response syndrome following subarachnoid hem-
orrhage: a survey by the Shonan Neurosurgical Association. 
Neurol Med Chir (Tokyo) 2010;50:456–460. 

14. Boehme AK, Comeau ME, Langefeld CD, Martini S, Testai FD, 
Woo D, et al. Systemic inflammatory response syndrome, infec-
tion, and outcome in intracerebral hemorrhage. Neurol Neuro-
immunol Neuroinflamm 2017;5:e428. 

15. Löppönen P, Qian C, Tetri S, Juvela S, Huhtakangas J, Bode 
MK, Hillbom M. Predictive value of C-reactive protein for the 
outcome after primary intracerebral hemorrhage. J Neurosurg 
2014;121:1374–1379. 

16. Boehme AK, Hays AN, Kicielinski KP, Kapoor N, Lyerly MJ, 
Elkind MS, et al. Systemic Inflammatory Response Syndrome 
and Outcomes in Intracerebral Hemorrhage. Neurocrit Care 
2016;25:133–140. 

17. Di Napoli M, Behrouz R, Topel CH, Misra V, Pomero F, Girau-
do A, et al. Hypoalbuminemia, systemic inflammatory response 
syndrome, and functional outcome in intracerebral hemor-
rhage. J Crit Care 2017;41:247–253. 

18. Janigro D, Iffland PH 2nd, Marchi N, Granata T. A role for in-
flammation in status epilepticus is revealed by a review of cur-

www.e-jnic.org42

Inflammation Ebtesam Abdulla et al.

https://doi.org/10.1182/blood-2002-06-1887
https://doi.org/10.1182/blood-2002-06-1887
https://doi.org/10.1182/blood-2002-06-1887
https://www.ncbi.nlm.nih.gov/pubmed/24553523
https://www.ncbi.nlm.nih.gov/pubmed/24553523
https://www.ncbi.nlm.nih.gov/pubmed/24553523
https://www.ncbi.nlm.nih.gov/pubmed/24553523
https://doi.org/10.1001/archsurg.134.1.81
https://doi.org/10.1179/016164106x114991
https://doi.org/10.1179/016164106x114991
https://doi.org/10.1093/bja/78.5.520
https://doi.org/10.1093/bja/78.5.520
https://doi.org/10.1093/bja/78.5.520
https://doi.org/10.1161/hs0901.095646
https://doi.org/10.1161/hs0901.095646
https://doi.org/10.1161/hs0901.095646
https://doi.org/10.1007/s12028-010-9402-x
https://doi.org/10.1007/s12028-010-9402-x
https://doi.org/10.1007/s12028-010-9402-x
https://doi.org/10.1007/s12028-010-9402-x
https://doi.org/10.1007/s12028-008-9054-2
https://doi.org/10.1007/s12028-008-9054-2
https://doi.org/10.1007/s12028-008-9054-2
https://doi.org/10.1186/1471-2202-15-33
https://doi.org/10.1186/1742-2094-8-103
https://doi.org/10.1186/1742-2094-8-103
https://doi.org/10.1186/1742-2094-8-103
https://doi.org/10.1186/1742-2094-8-103
https://doi.org/10.1186/1742-2094-9-28
https://doi.org/10.1186/1742-2094-9-28
https://doi.org/10.1186/1742-2094-9-28
https://doi.org/10.1186/1742-2094-9-28
https://doi.org/10.1097/01.ana.0000181693.30750.af
https://doi.org/10.1097/01.ana.0000181693.30750.af
https://doi.org/10.1097/01.ana.0000181693.30750.af
https://doi.org/10.1097/01.ana.0000181693.30750.af
https://doi.org/10.2176/nmc.50.456
https://doi.org/10.2176/nmc.50.456
https://doi.org/10.2176/nmc.50.456
https://doi.org/10.2176/nmc.50.456
https://doi.org/10.1212/nxi.0000000000000428
https://doi.org/10.1212/nxi.0000000000000428
https://doi.org/10.1212/nxi.0000000000000428
https://doi.org/10.1212/nxi.0000000000000428
https://doi.org/10.3171/2014.7.jns132678
https://doi.org/10.3171/2014.7.jns132678
https://doi.org/10.3171/2014.7.jns132678
https://doi.org/10.3171/2014.7.jns132678
https://doi.org/10.1007/s12028-016-0255-9
https://doi.org/10.1007/s12028-016-0255-9
https://doi.org/10.1007/s12028-016-0255-9
https://doi.org/10.1007/s12028-016-0255-9
https://doi.org/10.1016/j.jcrc.2017.06.002
https://doi.org/10.1016/j.jcrc.2017.06.002
https://doi.org/10.1016/j.jcrc.2017.06.002
https://doi.org/10.1016/j.jcrc.2017.06.002
https://doi.org/10.1111/epi.12271
https://doi.org/10.1111/epi.12271


rent therapeutic approaches. Epilepsia 2013;54 Suppl 6(0 
6):30–32. 

19. Sutter R, Valença M, Tschudin-Sutter S, Rüegg S, Marsch S. 
Procalcitonin and mortality in status epilepticus: an observa-
tional cohort study. CritCare 2015;19:361. 

20. Szklener S, Korchut A, Godek M, Balicka-Adamik L, Bielecki D, 
Rejdak R, Rejdak K. Systemic inflammatory response syn-
drome in the course of status epilepticus: 7-year, two-center ob-
servational study. Epilepsy Res 2017;137:53–55. 

21. Sun X, Jones ZB, Chen XM, Zhou L, So KF, Ren Y. Multiple or-
gan dysfunction and systemic inflammation after spinal cord in-
jury: a complex relationship. J Neuroinflammation 2016;13: 
260. 

22. Kesani AK, Urquhart JC, Bedard N, Leelapattana P, Siddiqi F, 
Gurr KR, Bailey CS. Systemic inflammatory response syn-
drome in patients with spinal cord injury: Does its presence at 
admission affect patient outcomes? Clinical article. J Neurosurg 
Spine 2014;21:296–302. 

23. Lozano D, Gonzales-Portillo GS, Acosta S, de la Pena I, Tajiri N, 
Kaneko Y, et al. Neuroinflammatory responses to traumatic 
brain injury: Etiology, Clinical consequences, And therapeutic 
opportunities. Neuropsychiatr Dis Treat 2015;11:97–106. 

24. McGinn MJ, Povlishock JT. Pathophysiology of Traumatic 
Brain Injury. Neurosurg Clin N Am 2016;27:397–407. 

25. Grote S, Böcker W, Mutschler W, Bouillon B, Lefering R. Diag-
nostic value of the glasgow coma scale for traumatic brain injury 
in 18,002 patients with severe multiple injuries. J Neurotrauma 
2011;28:527–534. 

26. Das M, Mohapatra SS, Mohapatra SS. New perspectives on cen-
tral and peripheral immune responses to acute traumatic brain 
injury. J Neuroinflammation 2012;9:236. 

27. Rathbone AT, Tharmaradinam S, Jiang S, Rathbone MP, Kum-
bhare DA. A review of the neuro- and systemic inflammatory 
responses in post concussion symptoms: Introduction of the 
“post-inflammatory brain syndrome” PIBS. Brain Behav Im-
mun 2015;46:1–16. 

28. Guerriero RM, Giza CC, Rotenberg A. Glutamate and GABA 
imbalance following traumatic brain injury. Curr Neurol Neuro-
sci Rep 2015;15:27. 

29. Chaikittisilpa N, Krishnamoorthy V, Lele AV, Qiu Q, Vavilala 
MS. Characterizing the relationship between systemic inflam-
matory response syndrome and early cardiac dysfunction in 
traumatic brain injury. J Neurosci Res 2018;96:661–670. 

30. Rogers FB, Shackford SR, Trevisani GT, Davis JW, Mackersie 
RC, Hoyt DB. Neurogenic pulmonary edema in fatal and non-
fatal head injuries. J Trauma 1995;39:860–866; discussion 866-
868. 

31. Touho H, Karasawa J, Shishido H, Yamada K, Yamazaki Y. Neu-
rogenic pulmonary edema in the acute stage of hemorrhagic 
cerebrovascular disease. Neurosurgery 1989;25:762–768.  

32. Busl KM, Bleck TP. Neurogenic Pulmonary Edema. Crit Care 
Med 2015;43:1710–1715. 

33. Ott L, McClain CJ, Gillespie M, Young B. Cytokines and meta-
bolic dysfunction after severe head injury. J Neurotrauma 1994; 
11:447–472. 

34. McKeating EG, Andrews PJ, Signorini DF, Mascia L. Transcra-
nial cytokine gradients in patients requiring intensive care after 
acute brain injury. Br J Anaesth 1997;78:520–523. 

35. Mascia L. Acute lung injury in patients with severe brain injury: 
a double hit model. Neurocritical Care 2009;11:417–426. 

36. Neumann JO, Chambers IR, Citerio G, Enblad P, Gregson BA, 
Howells T, et al. The use of hyperventilation therapy after trau-
matic brain injury in Europe: an analysis of the BrainIT data-
base. Intensive Care Medicine 2008;34:1676–1682. 

37. Acute Respiratory Distress Syndrome Network, Brower RG, 
Matthay MA, Morris A, Schoenfeld D, Thompson BT, et al. 
Ventilation with lower tidal volumes as compared with tradi-
tional tidal volumes for acute lung injury and the acute respira-
tory distress syndrome. N Engl J Med 2000;342:1301–1308.  

38. Davison DL, Terek M, Chawla LS. Neurogenic pulmonary ede-
ma. Crit Care 2012;16:212.  

43www.e-jnic.org

Inflammation Ebtesam Abdulla et al.

https://doi.org/10.1111/epi.12271
https://doi.org/10.1111/epi.12271
https://doi.org/10.1186/s13054-015-1072-9
https://doi.org/10.1186/s13054-015-1072-9
https://doi.org/10.1186/s13054-015-1072-9
https://doi.org/10.1016/j.eplepsyres.2017.09.003
https://doi.org/10.1016/j.eplepsyres.2017.09.003
https://doi.org/10.1016/j.eplepsyres.2017.09.003
https://doi.org/10.1016/j.eplepsyres.2017.09.003
https://doi.org/10.1186/s12974-016-0736-y
https://doi.org/10.1186/s12974-016-0736-y
https://doi.org/10.1186/s12974-016-0736-y
https://doi.org/10.1186/s12974-016-0736-y
https://www.ncbi.nlm.nih.gov/pubmed/24836657
https://www.ncbi.nlm.nih.gov/pubmed/24836657
https://www.ncbi.nlm.nih.gov/pubmed/24836657
https://www.ncbi.nlm.nih.gov/pubmed/24836657
https://www.ncbi.nlm.nih.gov/pubmed/25657582
https://www.ncbi.nlm.nih.gov/pubmed/25657582
https://www.ncbi.nlm.nih.gov/pubmed/25657582
https://www.ncbi.nlm.nih.gov/pubmed/25657582
https://doi.org/10.1016/j.nec.2016.06.002
https://doi.org/10.1016/j.nec.2016.06.002
https://doi.org/10.1089/neu.2010.1433
https://doi.org/10.1089/neu.2010.1433
https://doi.org/10.1089/neu.2010.1433
https://doi.org/10.1089/neu.2010.1433
https://doi.org/10.1186/1742-2094-9-236
https://doi.org/10.1186/1742-2094-9-236
https://doi.org/10.1186/1742-2094-9-236
https://doi.org/10.1016/j.bbi.2015.02.009
https://doi.org/10.1016/j.bbi.2015.02.009
https://doi.org/10.1016/j.bbi.2015.02.009
https://doi.org/10.1016/j.bbi.2015.02.009
https://doi.org/10.1007/s11910-015-0545-1
https://doi.org/10.1007/s11910-015-0545-1
https://doi.org/10.1007/s11910-015-0545-1
https://doi.org/10.1002/jnr.24100
https://doi.org/10.1002/jnr.24100
https://doi.org/10.1002/jnr.24100
https://doi.org/10.1002/jnr.24100
https://doi.org/10.1097/00005373-199511000-00009
https://doi.org/10.1097/00005373-199511000-00009
https://doi.org/10.1097/00005373-199511000-00009
https://doi.org/10.1097/00005373-199511000-00009
https://doi.org/10.1227/00006123-198911000-00011
https://doi.org/10.1227/00006123-198911000-00011
https://doi.org/10.1227/00006123-198911000-00011
https://doi.org/10.1097/ccm.0000000000001101
https://doi.org/10.1097/ccm.0000000000001101
https://doi.org/10.1089/neu.1994.11.447
https://doi.org/10.1089/neu.1994.11.447
https://doi.org/10.1089/neu.1994.11.447
https://doi.org/10.1093/bja/78.5.520
https://doi.org/10.1093/bja/78.5.520
https://doi.org/10.1093/bja/78.5.520
https://doi.org/10.1007/s12028-009-9242-8
https://doi.org/10.1007/s12028-009-9242-8
https://doi.org/10.1007/s00134-008-1123-7
https://doi.org/10.1007/s00134-008-1123-7
https://doi.org/10.1007/s00134-008-1123-7
https://doi.org/10.1007/s00134-008-1123-7
https://doi.org/10.1056/nejm200005043421801
https://doi.org/10.1056/nejm200005043421801
https://doi.org/10.1056/nejm200005043421801
https://doi.org/10.1056/nejm200005043421801
https://doi.org/10.1186/cc11226
https://doi.org/10.1186/cc11226


The golden hour is the time following an injury during which appropriate medical attention car-
ries the highest likelihood of a better outcome. The concept of a golden hour was probably derived 
from the French Military’s World war I data for the care of trauma victims, but it is suitable for all 
types of acute emergencies. During these golden sixty minutes, the health care providers must fo-
cus on eliminating or mitigating the effect of critical events. If not timely addressed, these essential 
steps carry a maximum threat to the victim’s life by causing irreversible damage to vital organs. The 
major challenge in applying intervention during the golden hour is correctly identifying the cor-
rectable step in the victim at the earliest. Training individuals about basic life support is the first 
challenge to delivering care at the scene of an accident/ or event or during transport. The advances 
in the diagnostic modality and the faster means of transportation have been a major driving force 
in decreasing mortality during the early hours following the incident. In the present review, we at-
tempt to draw attention to the importance of golden hour and emphasize that team-building and 
quality improvement are crucial to providing better outcomes. 

Keywords: Traumatic brain injury; Emergency; Secondary damage; Intracranial hypertension; 
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INTRODUCTION 

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

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

"GOLDEN HOUR" OBJECTIVES AND 
SCOPE 

Over a while, the concept of "golden hour" has been extended to 
develop and support management protocols to improve outcomes 
in various clinical conditions. These clinical scenarios include a few 
acute left ventricular failure, acute right ventricular failure, diabetic 
ketoacidosis, haemorrhagic as well as ischemic stroke8,9), myocardi-
al infarction, perinatal and neonatal care5,7,8,10-19), poisoning20), sei-
zures (non-eclamptic), sepsis14,15,21) and thyroid storm10). Across 
the disease conditions of clinical scenarios, the basic concepts and 
issues addressed largely remain the same. The basic idea is early 
identification of potential factors leading to irreversible damage 
(e.g., hypoxia, hypotension, hypertension, hyperglycaemia, hypo-
glycaemia, hypothermia or hyperthermia) and taking measures to 
interrupt the cascade of injuries and thus preventing or reducing 
the secondary damage3,8,12,16). 

The neuro-critical care of traumatic brain injury patients carries 
a considerable value in initial management, especially in the golden 
hour. Sedation and analgesia are the initial steps to relieve the anxi-
ety and pain in these patients, which in turn will help decrease the 
ICP. Preferred medication should have a rapid onset and offset, 
predictable pharmacokinetics with minimal alteration in cerebral 
metabolism and intracranial pressure22). BTF recommends seizure 
prophylaxis with Phenytoin to prevent early post-traumatic sei-
zures23). Clinical monitoring (with GCS-P) and CT findings are 
reliable measures to initiate the treatment for elevated ICP24). En-
suring head end elevation, proper neck position, patent endotra-
cheal tube and urinary catheters, and intracranial hematoma must 
be ruled out before initiating treatment for elevated ICP. Initial 
medical treatment includes intravenous mannitol 20% or hyper-
tonic saline (cerebral decongestant) and sedation. For refractory 
intracranial hypertension, intubation and mechanical ventilation 
with administration of neuromuscular paralytic agents are recom-
mended. According to brain trauma foundation guidelines, the 
role of aggressive hyperventilation has been questioned, but tran-
sient hyperventilation is useful. Elevated ICP significantly compro-
mises cerebral perfusion, and urgent measures to alleviate the ICP 
are mandatory. ICP monitoring and drainage of CSF are helpful 

tools in managing severe head injuries during golden hour25). 
Hence ICP monitoring has therapeutic and prognostic value in 
traumatic brain injury. 

CHALLENGES 

The foremost challenge in applying the “golden hour” concept is 
identifying the crucial steps and events that can result in adverse 
outcomes. For example, in a trauma victim, the airway can be com-
promised if the person is unconscious, a foreign body is in the 
mouth (like a broken tooth), or a person develops seizures leading 
to airway compromise. These examples can be many and may re-
quire minor (jaw thrust or removal of vomitus or foreign body) to 
major interventions (endotracheal intubation to surgical airway) 
but, if not addressed, can negatively impact the outcome. Addition-
ally, the extent and combination of injuries (i.e., traumatic brain in-
jury with spine or chest injury) can further influence the number 
of crucial steps and measures to be looked after in the “golden 
hour”26,27). 

Although the transport duration to the nearest trauma centre is 
critical in managing traumatic brain injury patients27-32), it becomes 
crucial that there will be a need to develop trauma centres if not 
well advanced, at least with essential trauma care facilities. The 
transfer timings can be influenced by the availability of resources 
and many other factors like civilian or military conflicts33,34). Addi-
tionally, the role of reduction in time delay is controversial4,35) and 
needs further studies on the subgroups of patients who will benefit 
from early transport thus to allocate the resources. Availability of 
basic and essential investigations at the scene of injury like detec-
tion of hypoglycaemia and availability of point-of-care tools like 
portable ultrasound to detect haemorrhages in hemodynamically 
unstable victims can provide a drastically improved outcome36). 
Similarly, measures to facilitate intubations can be rewarding. How-
ever, they will need resources and efforts to train the individual to 
use these tools.  

CONCLUSIONS 

In broader terms, the "golden hour" concept requires the injured 
person to receive the intended intervention at the earliest to avoid 
secondary injury. These corrective measures may prevent hypoxia, 
hypotension, hypothermia and so on. The interventions can be as 
simple as just clearing the airway to jaw thrust to maintain the air-
way, applying tourniquets to stop the bleeding to more complex 
like neurosurgical interventions requiring evacuation of intracrani-
al hematoma to address the raised intracranial pressure and thus 
prevent secondary brain damage and its sequel. In this direction, 
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future research needs to focus on identifying the possible scenarios 
where there is a need to take corrective interventions (from simple 
to complex), specify the available resources, and judicially allocate 
the available resources to improve outcomes. 
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INTRODUCTION 

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

associated with increased morbidity and mortality due to associat-
ed complications1,2). Obesity can increase the risk of many chronic 
diseases including coronary artery disease, atrial fibrillation, con-
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Background 
To evaluate whether the obesity paradox exists in neurocritically ill patients. 
Methods 
This was a retrospective, observational study of patient admitted to the neurosurgical intensive 
care unit (ICU) from January 2013 to December 2019. The subjects were classified into two 
groups: the non-obese group (body mass index [BMI] < 25 kg/m2) and the overweighted or 
obese group (BMI ≥ 25 kg/m2). The primary endpoint was in-hospital mortality. 
Results 
A total of 527 patients were included in this study. The mean BMI was 23.7 ± 3.6 kg/m2. Of all 
neurosurgical patients, 157 patients were overweighted or obese. There were no significant differ-
ences in in-hospital mortality, 28-day mortality, and ICU mortality between the two groups (all p 
> 0.05). BMI on ICU admission was similar between survivors and non-survivors at discharge (p 
= 0.596). In the multivariable analysis, Acute Physiology and Chronic Health Evaluation 
(APACHE) II score on ICU admission, invasive intracranial pressure (ICP) monitoring, and use 
of more than one hyperosmolar agent were identified to be significantly associated with in-hospi-
tal mortality. However, BMI on ICU admission, and serum albumin level were not associated with 
in-hospital mortality. The obesity demonstrated a borderline significance relationship with the 
probability of in-hospital mortality (p=0.073). 
Conclusion 
In this study, BMI on ICU admission, and serum albumin level demonstrated a lack of significant 
association with in-hospital mortality. Clinical factors including APHCHE II score, ICP monitor-
ing, and hyperosmolar therapy were identified to be associated with prognosis in neurocritically ill 
patients. Eventually, the impact of the obesity paradox on these patients remains unclear. 
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gestive heart failure, diabetes mellitus, and stroke1,3). Therefore, 
obesity is hypothesized as one of the main factors that lead to the 
deterioration of health. However, in hospitalized patients, obesity 
may have the opposite effect compared with the general popula-
tion. The obesity paradox was found in patients with heart failure 
and coronary heart disease4). Obesity is associated with cardiovas-
cular disease even in the absence of other risk factors; however, af-
ter the onset of cardiovascular disease, the relationship between 
higher body mass index (BMI) and the clinical prognosis does not 
demonstrate linearity4). Interestingly, overweighted or obese pa-
tients had more favorable outcomes than normal or underweight 
patients with cardiovascular disease4). 

The obesity paradox has also been reported in some neuro-
critically ill patients1,2,5-7). Obesity is associated with favorable 
outcomes in stroke subtypes other than subarachnoid hemor-
rhages, such as intracerebral hemorrhage1,2,5) and ischemic 
stroke2,6,7). However, there are limited well-designed clinical 
studies that prove the exact relationship between BMI and clini-
cal outcomes in neurocritically ill patients. In this study, we 
aimed to evaluate whether the obesity paradox exists in neuro-
critically ill patients similar to the case of patients with cardio-
vascular disease. In addition, we evaluated whether BMI on ICU 
admission is associated with in-hospital mortality of neurocritical-
ly ill patients. 

MATERIALS AND METHODS 

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

tients who were admitted to the Samsung Medical Center, Seoul, 
Republic of Korea, neurosurgical intensive care unit (ICU) from 
January 2013 to December 2019. This study was approved by the 
Samsung Medical Center Institutional Review Board (IRB) (IRB 
no. SMC 2020-09-082). The requirement of informed consent 
was waived by the IRB due to the study’s retrospective nature. We 
included neurosurgical patients who were hospitalized in the ICU 
during the study period. We defined neurocritically ill patients as 
neurosurgical patients who were hospitalized in the ICU for more 
than 7 days due to postoperative management or critical care fol-
lowing brain tumor, subarachnoid hemorrhage, cerebral vascular 
surgery, intracerebral hemorrhage, cerebral infarction, traumatic 
brain injury or infection of the central nervous system. We exclud-
ed patients aged below 18 years, those who did not have the value 
of BMI or a brain injury, or those who had insufficient medical re-
cords or a ‘do not resuscitation’ order. 

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 subjects were classified into 
two groups: the non-obese group (BMI <  25 kg/m2) and the 
overweighted or obese group (BMI ≥  25 kg/m2)1,8). BMI was ob-
tained on ICU admission. Albumin was defined as a minimal level 
of serum albumin within 72 h from ICU admission. Acute Physiol-
ogy and Chronic Health Evaluation (APACHE) II score was cal-
culated with the worst values recorded during the initial 24 h after 
the ICU admission9,10). If the patient was intubated, the verbal 
score of the Glasgow Coma Scale was estimated using the eye and 
motor scores as described previously11). In this study, the primary 
endpoint was in-hospital mortality. 

Statistical analyses 
All data are presented as mean ±  standard deviation for 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. Variables with a p-value less than 0.2 in univariate analy-
ses and clinically relevant variables, including age, sex, BMI, albu-
min, comorbidities, cause of ICU admission, utilization of organ 
support modalities, use of invasive intracranial pressure (ICP) 
monitoring device, hyperosmolar therapy, and APACHE II score, 
were subjected to stepwise multiple logistic regression analysis to 
obtain statistically meaningful predictors of in-hospital mortality. 
All the tests were two-sided and p values of less than 0.05 were 
considered statistically significant. All the statistical analyses were 
performed with R Statistical Software version 4.0.2 (R Foundation 
for Statistical Computing, Vienna, Austria). 

RESULTS 

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

ICU during the study period. Among these neurosurgical patients, 
527 neurocritically ill patients were included in the final analysis. 
The mean BMI was 23.7 ±  3.6 kg/m2. Of all neurocritically ill pa-
tients, 157 (29.8%) patients were overweighted or obese. Malig-
nancy (60.2%) and hypertension (44.4%) were the most common 
comorbidities among the selected patients. Brain tumor (41.4%) 
and stroke (31.7%) were the most common reasons for ICU ad-
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mission. There were no significant differences in baseline charac-
teristics between overweighted or obese and non-obese patients 
except for the prevalence of hypertension and hyperosmolar thera-
py (Table 1). 

Clinical outcomes of the overall study population 
There were no significant differences in in-hospital mortality, 

28-day mortality, and ICU mortality between the two groups (all p 
>  0.05). In addition, there were no significant differences in hospi-
tal and ICU stay between the groups (both p >  0.05) (Table 2). 
BMI on ICU admission was similar between the survivors and 
non-survivors at discharge (p =  0.596) (Fig. 1). 

In the multivariable analysis, APACHE II score on ICU admis-
sion (adjusted odds ratio [OR]: 1.09, 95% confidence interval 
[CI]: (1.04–1.14), invasive ICP monitoring (adjusted OR: 0.39, 

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

Table 1. Baseline characteristics according to obesity

Non-obese (n = 370) Overweight or obese (n = 157) p-value
Age (years) 56.7 ± 16.0 56.0 ± 15.7 0.619
Sex, male 195 (52.7) 82 (52.2) 0.997
BMI (kg/m2) 21.8 ± 2.2 28.1 ± 2.6 <0.001
Albumin (g/dL) 3.0 ± 0.5 3.0 ± 0.5 0.75
Comorbidities
 Malignancy 219 (59.2) 98 (62.4) 0.551
 Hypertension 151 (40.8) 83 (52.9) 0.014
 Diabetes mellitus 58 (15.7) 24 (15.3) 0.999
 Chronic kidney disease 24 (6.5) 13 (8.3) 0.582
 Cardiovascular disease 13 (3.5) 10 (6.4) 0.217
 Chronic liver disease 13 (3.5) 4 (2.5) 0.761
Behavioral risk factors
 Current alcohol consumption 85 (23.0) 49 (31.2) 0.061
 Current smoking 56 (15.1) 19 (12.1) 0.438
Cause of ICU admission 0.401
 Brain tumor 148 (40.0) 70 (44.6)
 Stroke 123 (33.2) 44 (28.0)
 Traumatic brain injury 50 (13.5) 24 (15.3)
 Vascular surgery 21 (5.7) 12 (7.6)
 Others 28 (7.6) 7 (4.5)
APACHE II score on ICU admission 5.9 ± 5.3 5.3 ± 5.4 0.238
Glasgow Coma Scale on ICU admission 13.6 ± 2.4 13.6 ± 2.4 0.897
ICU management
 Mechanical ventilation 244 (65.9) 114 (72.6) 0.162
 Invasive ICP monitoring 198 (53.5) 89 (56.7) 0.566
 Continuous renal replacement therapy 8 (2.2) 7 (4.5) 0.245
 Use of mannitol 154 (41.6) 58 (36.9) 0.366
 Use of more than one hyperosmolar agent 167 (45.1) 90 (57.3) 0.014
 Use of vasopressors 49 (13.2) 27 (17.2) 0.295

Data are presented as numbers (%) or means ± standard deviations.
BMI: Body mass index, ICU: Intensive care unit, APACHE: Acute Physiology and Chronic Health Evaluation, ICP: Intracranial pressure.

Table 2. Clinical outcomes according to obesity

Non-obese  
(n = 370)

Overweight or  
obese (n = 157) p-value

In-hospital mortality 51 (13.8) 16 (10.2) 0.322
28-day mortality 31 (8.4) 10 (6.4) 0.542
ICU mortality 24 (6.5) 10 (6.4) 0.999
Length of ICU stay (hour) 509.7 ± 1513.1 400.1 ± 293.1 0.369
Length of hospital stay (day) 95.7 ± 207.8 127.3 ± 458.6 0.277

Data are presented as numbers (%) or means ± standard deviations.
ICU: Intensive care unit.
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BMI and probability of in-hospital mortality was shown in Fig. 2. 
However, the obesity demonstrated a borderline significance rela-
tionship with the probability of in-hospital mortality (adjusted 
OR: 0.32, 95% CI: 0.09–1.08, p = 0.073). 

DISCUSSION 

In this study, we investigated the existence of the obesity paradox 
in neurocritically ill patients. About 30% of patients were either 
overweighted or obese. There was no significant difference in BMI 
between the survivors and non-survivors. In addition, there were 
no significant differences in in-hospital mortality, 28-day mortality, 
ICU mortality, and length of stay in ICU and hospital between the 
overweighted or obese and non-obese patients. In the multivari-
able analysis, APACHE II score on ICU admission, invasive ICP 

monitoring, and use of more than one hyperosmolar agent were 
identified to be significantly associated with in-hospital mortality. 
However, BMI on ICU admission, and serum albumin level 
demonstrated a lack of association with in-hospital mortality. In 
this study, the obesity demonstrated a borderline significance rela-
tionship with the probability of in-hospital mortality. 

Obesity is a well-known risk factor for an increased incidence of 
heart failure and coronary heart disease4). However, the patients 
with class I obesity and these heart diseases present a more favor-
able outcome compared with normal or underweight subjects. 
Therefore, this phenomenon is termed the “obesity paradox”. Obe-
sity is strongly associated with the occurrence of ischemic heart 
disease even in the absence of other risk factors. However, the rela-
tionship between higher BMI and clinical outcomes is not linear in 
patients with ischemic heart disease4). The obesity paradox has 
been reported in patients with trauma as well 12). In addition, previ-
ous studies have reported the presence of the obesity paradox in 
patients admitted to the ICU for sepsis, severe sepsis, and septic 
shock13-15).  

BMI on ICU admission has been reported to be associated with 
the nutritional status of the patient on ICU admission16). Nutrition 
is an important aspect of the management of patients hospitalized 
in the ICU17-19). Especially, malnutrition is associated with pro-
longed hospitalization and duration of mechanical ventilation, in-
creased prevalence of infection, and mortality in critically ill pa-
tients18,20,21). In addition, malnutrition is also associated with poor 
clinical outcomes in neurocritically ill patients22-24). Loss of skeletal 
muscle mass could develop after ICU admission25). In the early 
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Fig. 1. Body mass index of survivors and non-survivors. There was no 
significant difference between the two groups (p = 0.596).

Table 3. Multivariable logistic regression of clinically relevant variables 
associated with in-hospital mortality.

Adjusted odds ratio  
(95% CI) * p-value

BMI (kg/m2) 1.06 (0.91-1.23) 0.454
Obesity 0.32 (0.09-1.08) 0.073
Albumin (g/dL) 0.64 (0.32-1.28) 0.204
APACHE II score on ICU admission 1.09 (1.04-1.14) <0.001
Invasive ICP monitoring 0.39 (0.20-0.74) 0.004
Use of more than one hyperosmolar agent 2.24 (1.18-4.23) 0.013

*Adjusted for BMI, albumin, age, sex, comorbidities, cause of ICU 
admission, utilization of organ support modalities, use of invasive ICP 
monitoring device, hyperosmolar therapy, and APACHE II score.
CI: Confidence interval, BMI: Body mass index, APACHE: Acute 
Physiology and Chronic Health Evaluation, ICP: Intracranial pressure.
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stage, loss of muscle mass and malnutrition have been reported to 
be associated with clinical outcomes in neurocritically ill pa-
tients26-28). Malnutrition has been evaluated based on various pa-
rameters such as BMI, serum albumin, and skeletal muscle mass18). 
However, BMI and serum albumin are not considered useful pa-
rameters to accurately assess the nutritional status of critically ill 
patients17,18). Whereas, measurement of skeletal muscle mass is 
known as a more accurate parameter in representing the nutrition-
al status. The change in skeletal muscle mass may reflect the clinical 
prognosis compared to other nutritional measures in critically ill 
patients18). In neurocritically ill patients, knowledge about early nu-
tritional status and its change are important for neurological prog-
nosis 22-24). Also, rapidly progressing sarcopenia has been reported 
to be associated with poor prognosis26-28), but this change was not 
evaluated in the present study. 

In this study, clinical factors such as APACHE II score, ICP 
monitoring, and hyperosmolar therapy were identified to be asso-
ciated with prognosis in neurocritically ill patients. To date, it re-
mains unclear whether the obesity paradox can be observed in 
neurocritically ill patients2,29-31). Generally, the causes of early mor-
tality in neurocritically ill patients are primary brain injury, and re-
fractory intracranial hypertension or herniation due to severe brain 
edema32). Therefore, it is possible to determine the patient’s prog-
nosis based on the primary and secondary brain injuries rather 
than nutritional status in the early stage. Henceforth, neurocritical-
ly ill patients who survived for more than a week were included in 
this study. However, obesity assessed by BMI on ICU admission 
did not appear to reflect the nutritional status and prognosis of 
these patients. 

This study has several limitations. First, this was a retrospective 
review of medical records using data extracted from a Clinical Data 
Warehouse. The nonrandomized data might lead to selection bias. 
Second, lean body mass and loss of muscle mass were not evaluat-
ed. Therefore, it might be difficult to access the precise nutritional 
status and its change of neurocritically ill patients. Third, it might 
be difficult to find statistically meaningful variables because the 
proportion of non-survivor compared with a survivor was very low 
in this study. Finally, the distribution of causes of ICU admission in 
the postoperative group was different from that of the general neu-
rosurgical ICU group, and the proportion of patients with brain tu-
mors was particularly high. 

CONCLUSION 

In this study, BMI on ICU admission, and serum albumin level 
demonstrated a lack of significant association with in-hospital mor-
tality. Clinical factors including APHCHE II score, ICP monitor-

ing, and hyperosmolar therapy were identified to be associated 
with prognosis in neurocritically ill patients. Eventually, the impact 
of the obesity paradox on the survival of neurocritically ill patients 
remains unclear, and further studies are needed to evaluate the re-
lationship between obesity and clinical outcomes in neurocdriti-
cally ill patients. 
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Background 
Acute subdural hematoma (SDH) often leads to serious neurological deterioration or death. Pa-
tients with acute SDH are recommended decompressive craniectomy (DC) if their brain edema 
is severe. We investigated the association with early mortality through postoperative radiological 
studies after surgery. 
Methods 
We retrospectively reviewed 31 out of 85 patients that underwent DC due to acute SDH at our 
neurosurgical department in January 2011–December 2020. The effect of decompression was es-
timated through comparison with preoperative and postoperative midline shift (MS) in brain 
computed tomography (CT). Brain edema was represented as an increased value, measured by 
comparing the lateral displaced parenchymal diameter with the normal brain diameter. 
Results 
Of the total 31 patients, 15 died during hospitalization (group A) and 16 had the same or im-
proved neurological status (group B). The reduction rate of MS was shown as higher in group B 
than in group A; it was significantly different between the two groups. The difference between the 
two values (DBD) was calculated by measuring the brain diameter of the operative site after DC 
and normal brain diameter for the progress of brain edema. The difference value of MS (DMS) 
was greater than DBD for 33.3% and 81.3% of group A and B patients, respectively. 
Conclusion 
A lower MS reduction rate or higher DBD than DMS increases a patient’s early mortality rate. 
Therefore, early mortality in acute SDH patients who underwent DC could be predicted through 
analysis of postoperative brain CT. 
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INTRODUCTION 

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

vere traumatic brain injury (TBI) that often leads to serious neuro-
logical deterioration or death. SDH is often associated with intra-
parenchymal injury and brain swelling in TBI. Surgical treatment is 
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determined by brain imaging study and neurological status; it is 
recommended by the maximum depth of hematoma and midline 
shift (MS) 1). The general surgical treatment of SDH is hematoma 
evacuation. If a brain edema is severe or if it is determined that con-
trol of intracranial pressure (ICP) is difficult, a decompressive cra-
niectomy (DC) might be required. Because the cranium is fixed 
and there is limited anatomical space, ICP will increase as intracra-
nial volume increases due to SDH, which results in decreased cere-
bral perfusion pressure (CPP). Since patients with acute SDH will 
worsen over time due to decreased CPP, surgical treatment should 
be performed as soon as possible. 

Despite appropriate surgical treatment and intensive care, the 
mortality rate for severe SDH with progressive brain edema is 
high; it is presently 36–79%2). A previous study reported that mor-
tality of SDH patients was related to the Glasgow coma scale 
(GCS) on arrival, MS and intraoperative brain swelling3). Another 
study showed the mortality of SDH patients who underwent DC 
was related to lower GCS, MS, hematoma thickness, and age4). 
These results show that brain edema is closely related to the prog-
nosis of SDH patients. Therefore, we compared preoperative and 
postoperative brain computed tomography (CT) and we investi-
gated the association with early mortality through the reduction of 
MS, aggravation of brain edema and significant findings in postop-
erative imaging studies. 

MATERIALS AND METHODS 

We retrospectively reviewed a total of 85 patients who under-
went DC due to acute SDH at our neurosurgical department in 
January 2011–December 2020. From among these, patients with 
other types of cerebral hematoma such as epidural hematoma, in-
tracranial hematoma, or severe subarachnoid hemorrhage were ex-
cluded. Patients who underwent secondary DC after craniotomy 
for aggressive of brain edema or rebleeding were excluded. Patients 
who underwent both DC for both SDH, or for whom postopera-
tive brain CT could not be performed due to unstable vital signs 
were also excluded (Fig. 1). After exclusion, 31 patients remained 
who were sorted into two groups. Finally, we analyzed 15 patients 
who died during hospitalization after DC (group A) and 16 pa-
tients who were discharged with the same or improved neurologi-
cal status at the time of arrival at the hospital (group B). All patients 
of the group A were expired in 30 days after the operation. 

Patients’ age, gender, initial GCS, history of medication includ-
ing antiplatelet or anticoagulant agents, preoperative pupil re-
sponse, and time interval from diagnosis to surgery were collected 
through a retrospective review of medical reports. Preoperative 
brain CT findings were reviewed and to measure MS with side 

SDH. MS was determined using the distance from the midline to 
the septum pellucidum (Fig. 2). Surgical treatment was performed 
based on indications that an acute subdural hematoma (SDH) 
with a thickness greater than 10 mm or a midline shift greater than 
5 mm on CT scan should be surgically evacuated, regardless of the 
patient's GCS score. Using the operative records of all patients, in-
traoperative brain bulging and abrupt hematoma drainage after 
durotomy were confirmed and all patients underwent duraplasty 
after hematoma removal. Postoperative brain CT that performed 
immediately after surgery was also reviewed and the effect of de-
compression was estimated through comparison with preoperative 
MS by measuring MS at the same location. To judge the degree of 
brain edema, the extracranial displaced brain diameter of the cra-
niectomy site was measured based on the septum pellucidum after 
surgery. Brain edema represented as an increased value when com-

Fig. 1. The flow of patient selection process.

Between January 2011 and December 2020
85 patients underwent decompressive craniectomy 

due to acute subdural hematoma

31 patients are included in this study

Excluded patients (n = 54)
-  Combined with other types of hematoma; epidural hematoma, intracranial 

hematoma, severe subarachnoid hemorrhage (n = 11)
- Secondary surgery after craniotomy (n = 14)
- Unavailable post operative computed tomography (n = 15)
- Underwent craniectomy at both side (n = 14)

Fig. 2. Midline shift (white big arrow) is estimated using the distance 
from midline (dotted black line) to the septum pellicidum (star) in 
preoperative computed tomography.

55www.e-jnic.org

Postoperative radiological factors after DC Myung-Han Ryu et al.



paring this extracranial displaced brain diameter to normal brain 
diameter, and the correlation with early outcome was evaluated by 
comparing this with the reduction of MS (Fig. 3). In addition, the 
presence of Duret hemorrhage, sulcal effacement of contralateral 
parenchyma, and intraventricular hemorrhage (IVH) were investi-
gated in postoperative brain CT. 

Data were analyzed using SPSS software for personal computers 
(SPSS version 21; IBM Corp., Armonk, NY, USA). 

Continuous variables were analyzed using the unpaired Stu-
dent’s t-test and Mann-Whitney U test. Categorical variables were 
analyzed using the Pearson X2 test and Fisher’s exact test. Variables 
with statistical significance were selected as predictable values and 
underwent logistic regression analysis. Any p-value <  0.05 was 
considered statistically significant.  

RESULTS 

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

(age, > 60 years; odds ratio [OR], 0.889; 95% confidence interval 
[CI], 0.216–3.662; p =  0.870). There was a higher proportion of 
male in both groups (p =  0.654). Demographic data showed no 
significant difference between the two groups. Antiplatelet or anti-
coagulant drug history with bleeding tendency was higher in group 
A but there was no significant difference (p =  0.220). Neurologi-
cal status on arrival at the hospital was defined by GCS score and 
abnormal pupil response. The initial median GCS score was 4 in 
group A and 5 in group B; there was no significant difference be-
tween the two groups. Abnormal pupil response was defined as 
pupil size dilatation more than normal (3 mm), negative light re-
flex, and anisocoria; there was a higher proportion of abnormal pu-
pil response in group A but not to a significant degree (p =  0.333). 
Overall, group A showed poor neurological status on arrival at the 
hospital. The time interval from diagnosis to surgery was defined 
as the difference between the time to examine preoperative brain 
CT and the time to start anesthesia for surgery. Its median time 
was 69 minutes in group A and 61 minutes in group B; the differ-
ence was significant (Table 1). 

We could measure some diameters by brain CT imaging before 
and after DC. Difference values and reduction rates were calculat-
ed by comparing preoperative and postoperative MS. The differ-
ence in values of MS (DMS) showed an average of 6.66 ±  2.43 
mm in group A and 7.08 ±  2.98mm in group B; it was not signifi-
cantly different between the two groups (p =  0.668). The reduc-
tion rate of MS showed an average 36.20 ±  9.95% decrease in 
group A and 52.07 ±  19.39% in group B. Most group A patients 
showed a decrease of ≤ 50% (93.3%) and there was a significant 
difference between the two groups (Reduction rate of MS > 50%; 
odds ratio [OR], 0.056; 95% confidence interval [CI], 0.006–
0.530; p =  0.006). Then, the difference between the two diameter 
values (DBD) was calculated by subtracting the normal brain di-
ameter from the extracranial displaced brain diameter; this was sig-
nificantly different between the two groups (p <  0.001). DMS 
and DBD were compared and DMS was greater than DBD in 
33.3% of group A and 81.3% of group B. More than half of group B 
patients showed a higher degree of improvement in MS than brain 
edema; there was a significant difference between the two groups 
(p =  0.007). Duret hemorrhage after postoperative brain CT oc-
curred at 46.7% only in group A and contralateral sulcal effacement 
was also confirmed for 46.7% only in group A. Each of these was 
significantly different (p =  0.002). Postoperative IVH was ob-
served in only 20% in group A; there was no significant difference 
between the two groups (p =  0.101) (Table 2). 

Finally, we confirmed 4 predictable values, Reduction rate of MS 
>  50%, DMS > DBD, Duret hemorrhage, Contralateral sulcal ef-
facement. Reduction rate of MS >  50% shows higher odds ratio 

Fig. 3. Postoperative midline shift (white big arrow) is estimated in 
the same way. Difference value of brain diameter (DBD) is calculated 
by subtracting the normal brain diameter (black arrow) from extra-
cranial displaced brain diameter (white arrow).
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(p = 0.050) than DMS > DBD in logistic regression analysis. 

DISSCUSSION 

Intracranial hemorrhage is a serious consequence of TBI. It can 

be divided into SDH, epidural hematoma, intraparenchymal he-
matoma, and subarachnoid hemorrhage by location of hematoma. 
When TBI occurs, the brain tissue is damaged by primary and sec-
ondary injury. Primary injury is described as direct mechanical 
forces applied to brain tissue; it contributes to secondary brain in-
jury that is defined by dysautoregulation of brain vessels and 
blood–brain barrier (BBB) disruption5). 

SDH represents the largest portion of TBI; patients with SDH 
had worse outcomes compared to those who had other types of 
hemorrhage6). When acceleration and deceleration injury occur 
due to sudden head movements during trauma, separation of the 
dura layer and arachnoid membrane occurs. This causes rupturing 
of the bridging vein, which leads to the accumulation of fresh 
blood in the subdural space; it can be also caused by direct paren-

Table 1. General values of study in each group

Group A (n=15)* Group B (n=16)† p-value OR (95% CI)
Demographic data
 Age
 <60, n (%) 8 (53.3%) 9 (56.3%)
 >60, n (%) 7 (46.70%) 7 (43.8%) 0.870 0.889 (0.216-3.662)
 mean age±SD 56.06±15.23 56.87±13.89 0.878
 Gender (M:F) 12:4 14:2 0.654 0.571 (0.081-4.009)
 medications‡ 5 (33.3%) 2 (28.6%) 0.220 3.500 (0.562-21.811)
Preoperational neurologic status
 median GCS 4 5 0.175
 Abnormal pupil response§ 14 (93.3%) 12 (75.0%) 0.333 4.667 (0.457-47.629)
Time interval to surgery||

 median time interval 69 61 0.008
 >60 min 11 (73.3%) 8 (50.0%) 0.183 0.364 (0.081-1.641)

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

Table 2. Postoperative brain imaging factors of early mortality after decompressive craniectomy in acute SDH

Group A (n=15) Group B (n=16) p-value OR (95% CI)
Difference of MS in pre and post-surgery
 Mean DMS (mm) 6.66±2.43 7.08±2.98 0.668
 Reduction rate > 50%* 1 (6.7%) 9 (56.3%) 0.006 0.056 (0.006-0.530)
Extracranial brain displacement†

 Mean DBD (mm) 13.76±8.53 3.09±3.89 <0.001
 DMS > DBD 5 (33.3%) 13 (81.3%) 0.007 0.115 (0.022-0.602)
Duret hemorrhage 7 (46.7%) 0 (0.0%) 0.002 0.333 (0.189-0.587)
Contralateral sulcal effacement 7 (46.7%) 0 (0.0%) 0.002 0.333 (0.189-0.587)
IVH 3 (20%) 0 (0.0%) 0.101 0.429 (0.279-0.657)

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

Table 3. Odds ratio of postoperative brain imaging factors using logistic 
regression analysis

p-value OR (95% CI)
Reduction rate > 50%* 0.050 10.567 (1.002-111.424)
DMS > DBD 0.095 4.670 (0.763-28.584)

DMS: Difference values between preoperative and postoperative midline 
shift, DBD: Difference values between extracranial displaced brain diameter 
after decompressive craniectomy and normal brain diameter.
*100×(1- postoperative midline shift/preoperative midline shift).
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chymal contusion or cortical vessel rupture7). This excessive blood 
volume has a mass effect toward brain parenchyma, causing in-
creased ICP and decreased CPP, which produces additional isch-
emic injury. Furthermore, disruption of cerebral autoregulation, 
BBB breakdown, vasospasm and alternation in oxidative metabo-
lism can lead to cerebral blood flow (CBF) decrease and brain ede-
ma8-10). The prognosis of SDH has been reviewed in many studies; 
it is reportedly associated with several factors such as initial GCS, 
MS, hematoma thickness, pupil response, and basal cistern ab-
sence3,4,11-13).  

Surgical treatment of acute SDH is recommended if the maxi-
mum depth of hematoma and MS are > 10 mm and > 5 mm, re-
spectively, regardless of the initial GCS. It is also considered if the 
GCS is < 9 points, decreased by 2 points, or there are changes of 
pupil size1). Surgical techniques include burr hole trephination, 
craniotomy, and decompressive hemicraniectomy. The main pur-
pose of surgical treatment is to prevent secondary brain injury such 
as herniation or ischemia by removal of hematoma. It is unclear 
whether DC is more effective in patients with SDH than cranioto-
my. Some reported describe that DC shows unfavorable outcomes 
with surgical complications such as extracranial herniation, subdu-
ral effusion, expansion contusion or infection by invasive incision 
and hydrocephalus14,15). Nevertheless, DC reduces ICP more effec-
tively than other surgical techniques and it leads to the mainte-
nance of adequate cerebral perfusion pressure and improved pres-
sure–volume compensatory reserve16,17). To examine the effective-
ness of DC, some studies was reported that surgical groups had a 
more worse outcomes or showed more severe disability such as 
vegetative state even though lower mortality18,19). DC has the effect 
of reducing mortality but is still a challenging procedure in terms 
of outcome cost-effectiveness. Although there is no definite surgi-
cal indication of DC, if severe brain swelling and bulge showed 
during surgery for SDH, the surgeon should consider DC because 
it is useful to control ICP. 

When SDH occurs, the mass effect of the hematoma itself and 
progressive brain edema can result in brain displacement. The de-
gree of displacement can be measured by MS on brain CT, which 
could be a prognostic factor20,21). Some previous studies have 
shown that MS and hematoma thickness on brain CT in SDH pa-
tients were measured and used for prognostic analysis, and patients 
with MS > 3 mm than hematoma thickness had worse out-
comes22,23). Since the purpose of DC in SDH patients is to reduce 
ICP, the effect of DC can be estimated by comparing the MS of 
preoperative and postoperative brain CT after hematoma removal. 
In addition, the degree of brain edema can be estimated by extra-
cranial displaced diameter and improvement of MS after DC24). It 
shows that the changes in MS and brain edema measures after DC 

were related to early mortality in our study. 
Duret hemorrhage has two controversial pathogeneses, but both 

are caused by increased ICP. The first is arterial origin where a de-
scending transtentorial herniation leads to stretching, spasm, and 
infarction of central perforating arteries. The other is vascular 
thrombosis of brain stem due to prolonged elevation in ICP. Duret 
hemorrhage is commonly associated with severe brain edema and 
is regarded as a poor outcome25). Sulcal effacement is a result of 
mass effect as brain edema, the mass effect can push the adjacent 
gyri together26). Contralateral sulcal effacement could be caused by 
diffuse brain edema, or ipsilateral brain edema that has a mass ef-
fect to the contralateral hemisphere. Therefore, contralateral sulcal 
effacement seems to be a sign of severe or progressive brain edema. 
All patients with Duret hemorrhage or contralateral sulcal efface-
ment in postoperative brain CT also had unfavorable outcomes in 
our study. 

There are some limitations in our study. It had a small number of 
patients, so multivariate analysis is not meaningful. Since this study 
is a retrospective analysis of a single center, selection bias may have 
occurred. Further studies should include more patients and be 
conducted at a multicenter. 

CONCLUSION 

DC has been performed to control ICP in acute SDH patients. 
In this study, specific findings at postoperative brain CT are signifi-
cantly correlated with early outcomes. It has been shown that the 
lower MS reduction rate or the higher DBD than DMS increases 
patients’ early mortality rate. The occurrence of Duret hemorrhage 
or contralateral sulcal effacement was also found to be related to 
mortality. Then, early mortality of acute SDH patients who under-
went DC could be predicted through analysis of postoperative 
brain CT; this will be useful when discussing patient's treatment 
plans with guardians.  
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Background 
Pentothal coma therapy (PCT) and targeted temperature management (TTM) are considered 
the most aggressive medical care for patients with severe traumatic brain injury (TBI). However, 
there is very little comparison between these two options. We compared the survival rates and 
complications between the two treatments. 
Methods 
Nineteen patients who received treatment for PCT or TTM after severe TBI between March 
2018 and April 2022 were retrospectively enrolled. Medical records were reviewed, including gen-
eral information, neurologic status, treatment courses, survival rate, and complications. Patients 
were divided into two groups according to the treatment modalities (PCT vs. TTM), and com-
parison analyses were conducted. 
Results 
The survival rate in the TTM group was 33.3% (3/9), which was higher than that in the PCT 
group (1/10, 10%). However, this difference was not significant (p = 0.213). In terms of compli-
cations, there were no statistically significant differences in hemodynamic instability, cardiovascu-
lar disability, hepatic dysfunction, renal dysfunction, pneumonia, urinary tract infection, hyperka-
lemia, hypokalemia, coagulopathy, or hyperglycemia. Commonly observed complications includ-
ed hypokalemia in the TTM group (100% in the TTM group vs 70% in the PCT group;  
p = 0.073) and hyperkalemia in the PCT group (50% in the PCT group vs 11.1% in the TTM 
group; p = 0.069). 
Conclusion 
Severe TBI patients treated with TTM has non-significantly lower mortality than them with PCT 
(66.7% vs. 90%); however, complications of hypokalemia can be frequently observed (100%). 
Further study was necessary to evaluate the efficacy and safety of TTM. 
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INTRODUCTION 

In patients with severe traumatic brain injury (TBI), elevated in-
tracranial pressure (ICP) after primary damage is known to have a 
significant influence on subsequent outcome1). Therefore, several 
treatment options are considered for such patients, such as craniec-
tomy with or without hematoma removal, cerebrospinal fluid 
drainage, hyperosmolar therapy, sedatives, hyperventilation, etc.2). 
Despite maximum medical and surgical treatment, a large portion 
of severe TBI patients have poor prognosis. In clinical settings, 
pentothal coma therapy (PCT) or targeted temperature manage-
ment (TTM) can be considered. 

While two options are regarded as a last-tier non-surgical thera-
py in severe TBI patients, the previous studies failed to identify the 
safety and efficacy of the treatments. Therefore, these treatments 
were regarded as an optional (not-essential) treatment in refractory 
elevated ICP situations and the comparison between two options 
were rarely reported1,3). 

Here, we reported our experience on two treatments in severe 
TBI patients and tried to establish a more appropriate treatment by 
comparing side effects and survival rates between the two treat-
ments. 

MATERIALS AND METHODS 

Patient selection criteria 
This was a retrospective single-center study of patients who re-

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

Severe TBI patients (March 2018-April 2022)

Treated with PCT or TTM (n=22)

Excluded patients (n=3)Enrolled patients (n=19)

Group PCT (n=10) Group TTM (n=9)

Treated with both PCT&TTM
Post-cardiac arrest

Treatment modality

Fig. 1. Enrollment flow diagram. The criteria for inclusion and exclu-
sion for patients with TBI are shown.
PCT: Pentothal coma therapy, TTM: Targeted temperature manage-
ment, TBI: Traumatic brain injury.

Medical records were collected, including age, sex, diagnosis, un-
derlying disease, initial mental status, Glasgow Coma Scale (GCS) 
score, motor grade, pupillary reflex, and application time. For eval-
uating prognosis, total hospital stays (day) and mortalities (at 2 
weeks, 3 months, and 6 months from the end of treatment) were 
reviewed. To evaluate side effects, parameters of hemodynamic in-
stability, cardiovascular disability, hepatic dysfunction, renal dys-
function, pneumonia, urinary tract infection, hyperkalemia, hypo-
kalemia, coagulopathy, and hyperglycemia were investigated. Pa-
tients were divided into two groups according to the treatment 
modalities (PCT vs. TTM), and comparative analyses were con-
ducted. 

Statistical analyses 
Continuous variables were analyzed as mean and standard devi-

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

RESULTS 

The detailed baseline data are shown in table 1. The mean age of 
the patient was 68 years, and the mean GCS score was 6. Of these, 
11 (57.9%) were male and 8 (42.1%) were female. Subdural hem-
orrhage (SDH) accounted for the highest rate of diagnosis (47.4 
%), and hypertension was the most common underlying disease 
(47.4%). The overall survival rate was 21.1%, and the rate of treat-
ment termination due to side effects was the highest (84.2%). Of 
these, 10 patients underwent PCT, and 9 patients underwent 
TTM. 

In table 2, we can see the results of comparison analyses between 
two groups. No significances were observed between the groups 
except parameters of ‘treatment days (p = 0.004)’ and ‘pupillary re-
flex (p = 0.033). In terms of outcomes, survival rate of TTM group 
(3/9, 33.3%) is higher than that of PCT group (1/10, 10%), which 
was not statistically significant (p = 0.0213). 

In table 3, a comparison of the side effects between the two 
groups is presented. There were no statistically significant differ-
ences in parameters of hemodynamic instability, cardiovascular 
disability, hepatic dysfunction, renal dysfunction, pneumonia, uri-
nary tract infection, hyperkalemia, hypokalemia, coagulopathy, or 
hyperglycemia. However, there was a tendency of differences be-
tween hyperkalemia and hypokalemia. Hyperkalemia is much fre-
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Moderate-to-severe TBI patients (GCS score: 3–12)

(1) Brain CT: ICP estimation & Mass lesion evaluation
(2) ICP monitor, if possible: EVD, ICP probe, etc.

(Estimated or monitored) ICP >20 mmHg

Mass lesion: yes

Mass removal
± Decompressive craniectomy

Mass lesion: no

Refractoly IICP
(>20 mmHg for 15 minutes despite best medical care)

Best medical care:
(1) Hypersmolar therapy (Mannitol or hypertonic saline)
(2) Sedative administration (Ultiva, Midazolam, or Precedex)
(3) Ventilator care (hyperventilation)
(4) EVD management

Optional medical care:

(1) TTM (Target temperature managment) 
contra-indication: coagulopathy (active bleeding or need surgery), infection, sev electrolyte imbalance

(2) Penthotal coma therapy
contra-indication: hypotension, liver and kidney failure, sev electrolyte imbalance

(Estimated or monitored) ICP <20 mmHg

ICP

Brain CT

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

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

DISCUSSION 

Severe TBI patients treated with TTM has non-significantly 
lower mortality than them with PCT (66.7% vs. 90%); however, 
complications of hypokalemia can be frequently observed (100%). 
Further study was necessary to evaluate the efficacy and safety of 
TTM. 

Several studies have been investigated PCT. In 1985, Ward et al. 
found no significant difference between the standard treatment 
and PCT on the Glasgow Outcome Scale. However, 40% of pa-
tients with TBI in whom ICP control failed despite maximum 
standard treatment survived at discharge, 68% of which showed 
good functional outcomes after 1 year4). According to the Brain 
Trauma Foundation 4th TBI guideline, PCT is recommended for 

refractory elevated ICP without improvement, despite maximum 
standard treatment. However, in this case, hemodynamic instabili-
ty should be carefully adjusted2). 

Other studies have shown that PCT causes serious side effects 
such as hepatic and renal dysfunction, systemic hypotension, im-
munosuppressive hypokalemia, and rebound hyperkalemia5). 
RCT in 1985 by Ward et al. showed hypotension was observed in 
54% patients with PCT, which was higher than that in the control 
group (7%, p <  0.001)6). 

TTM has also been reported in several studies. TTM has been 
used as the standard treatment for neuroprotection after cardiac ar-
rest7). Owing to this neuroprotective effect, several studies have 
been conducted on the treatment of TBI via TTM. 

A 2018 meta-analysis showed a decrease in mortality risk of pa-
tients with TBI due to the cooling method and slow rewarming8). 
However, the 2018 study in the Prophylactic Hypothermia Trial to 
Lessen Traumatic Brain Injury (POLAR) randomized clinical trial 
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Table 2. Comparison between the demographics of pentothal coma 
therapy and targeted temperature management

Variables PCT (N=10) TTM (N=9) p value
Patient information
 AGE 70.2±13.78 66.22±9.77 0.483
 Sex (Male) 5 (50%) 6 (66.7%) 0.463
 HTN 5 (50%) 4 (44.4%) 0.809
 DM 3 (30%) 2 (22.2%) 0.701
 Dyslipidemia 1 (10%) 0 0.33
Neurology
 Initial mental status 0.201
  Alert 1 (10%) 0
  Drowsy 0 3 (33.3%)
  Stupor 7 (70%) 5 (55.6%)
  Coma 2 (20%) 1 (11.1%)
 Pupillary reflex 0.033
  Both reactive 2 (20%) 5 (55.6%)
  Un-isocoric 0 2 (22.2%)
  Both un-reactive 8 (80%) 2 (22.2%)
 GCS 5.5±3.21 7.33±3.32 0.237
 GCS_Motor 2.8±1.4 3.67±1.73 0.244
About treatment
 Diagnosis 0.368
  EDH 1 (10%) 0
  SDH 6 (60%) 3 (33.3%)
  Contusion or ICH 1 (10%) 3 (33.3%)
  Diffuse swelling or others 2 (20%) 3 (33.3%)
 Application time 0.509
  After diagnosis 1 (10%) 2 (22.2%)
  After surgery 8 (80%) 7 (77.8%)
  Others 1 (10%) 0
 Treatment duration (days) 2.51±1.08 12.56±9.63 0.004
 Treatment termination reason 0.334
  Decreased ICP 0 2 (22.2%)
  Critical adverse effect 9 (90%) 7 (77.8%)
  Refusal of treatment 1 (10%) 0
 ICU stay (days) 8.9±11.84 20.33±17.92 0.116
Outcome
 Hospital stay (days) 9.1±13.11 22.22±22.62 0.135
 Survival_ 2weeks 1 (10%) 3 (33.3%) 0.213
 Survival_ 3months 1 (10%) 3 (33.3%) 0.213
 Survival_ 6months 1 (10%) 3 (33.3%) 0.213

The chi-square test was performed for categorical variables and an independent 
t-test was performed for continuous variables.
PCT: Pentothal coma therapy, TTM: Targeted temperature management, 
GCS: Glasgow Coma Scale, ICU: intensive care unit, EDH: epidural 
hemorrhage, SDH: subdural hemorrhage, ICH: intracerebral hemorrhage, 
HTN: hypertension, DM: diabetes mellitus, ICP: intracranial pressure.

Table 1. Demographic baseline data of patients

Variables Mean±SD
Patient information
 Age 68.32±11.9
 Sex
  Female 8 (42.1%)
  Male 11 (57.9%)
 Diagnosis
  EDH 1 (5.3%)
  SDH 9 (47.4%)
  Contusion or ICH 4 (21.1%)
  Diffuse swelling or others 5 (26.3%)
 Comorbidity
  HTN 9 (47.4%)
  DM 5 (26.3%)
  Dyslipidemia 1 (5.3%)
Neurology
 GCS 6.37±3.3
 Pupillary reflex
  Both reactive 7 (36.8%)
  Un-isocoric 2 (10.5%)
  Both un-reactive 10 (52.6%)
 Initial mental status
  Alert 1 (5.3%)
  Drowsy 3 (15.8%)
  Stupor 12 (63.2%)
  Coma 3 (15.8%)
About treatment
 Decompressive craniectomy
  Yes 17 (89.5%)
  No 2 (10.5%)
 Treatment
  Pentothal coma therapy 10 (52.6%)
  Targeted temperature management 9 (47.4%)
 Treatment days 7.26±8.27
 ICU days 14.32±15.72
 Treatment termination reason
  Reduced ICP 2 (10.5%)
  Critical adverse effect 16 (84.2%)
  Refusal of treatment 1 (5.3%)
Outcome
 Survival_2weeks 4 (21.1%)
 Survival_3months 4 (21.1%)
 Survival_6months 4 (21.1%)

GCS: Glasgow Coma Scale, ICU: Intensive care unit, EDH: Epidural 
hemorrhage, SDH: Subdural hemorrhage, ICH: Intracerebral hemorrhage, 
HTN: Hypertension, DM: Diabetes mellitus, ICP: Intracranial pressure.
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(RCT) showed no significant difference in functional outcomes 
between prophylactic hypothermia and normothermia9). One 
study reported that hypothermia can cause hypokalemia, hypovo-
lemia, cardiovascular disease, coagulopathy, infection, hyperglyce-
mia, hepatic dysfunction, etc10). Another study reported that there 
were no significant differences between induced hypothermia and 
normothermia, despite early induction11). In contrast, another 
study showed that long-term hypothermia treatment significantly 
increases the survival rate and functional outcomes in patients with 
severe TBI, and complications did not show statistical signifi-
cance12). 

Studies on the effects of PCT and TTM have been conducted 
several times, but studies comparing the side effects of the two 
treatments are rare. In this study, the differences in the individu-
al side effects between the two groups were not statistically sig-
nificant (Table 3). However, hyperkalemia tended to be higher 
in PCT (50% vs. 11.1%, p = 0.069), and hypokalemia tended to 
be higher in TTM (100% vs. 70%, p = 0.073). Therefore, it is 
necessary to monitor the electrolyte imbalance in each treat-
ment. 

The survival rate tended to be higher in the TTM group(3 out 
of 9, 33.3%) than PCT group (1 out of 10, 10%; p = 0.213), but it 
did not show statistical significance  (p = 0.213; Table 2). However, 
there was a statistically significant difference in the length of hospi-
talization and duration of treatment between the two groups  
(Table 2). It could be interpreted that the duration of treatment of 
TTM was longer than that of PCT to achieve the same treatment 
effect. Further studies with larger number of patients will be need-
ed to clarify this tendency. 

This study has several limitations. First, this was a retrospective 
study conducted at a single center; therefore, treatment for patients 
was not randomly assigned. Second, the sample sizes of the two 
groups were relatively small. Third, since our center has only 1 ICP 

monitor, not-all the patient received ICP monitoring, so we were 
unable to describe the ICP values that were important in determin-
ing treatment effects. Fourth, the treatment methods for PCT and 
TTM were not standardized.  

CONCLUSION 

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

Keywords: Cerebral ventriculitis; Therapeutic irrigation; IInfusions, Intraventricular
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INTRODUCTION 

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

inject drugs into the ventricle but are known to be more effective 
because antibiotics can be directly injected into the ventricle with a 
small injection amount4). 

Al Menabbawy et al. introduced treatment with ventricle lavage 
using endoscopy, especially in children, where continuous lavage 
through neuro-endoscopy resulted in effective treatment and im-
proved prognosis5). However, neuro-endoscopy has disadvantages 
such as lack of equipment and skilled experts and long operating 
time, making it less accessible than other procedures. We treated a 
patient with ventricular inflammation using extraventricular lavage 
(EVL) through bilateral Kocher's point extraventricular drainage 
(EVD) insertion, an easy and effective treatment method familiar 
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to neurosurgeons. In addition, it may be an effective alternative 
treatment for ventriculitis. 

CASE REPORT 

A 75-year-old woman visited our outpatient clinic complaining 
of submandibular swelling and fever. She was taking medication 
for diabetes and hypertension; however, laboratory findings re-
vealed that her random blood sugar was poorly controlled (555 
mg/dL in the initial laboratory study). To localize the infection fo-
cus, pharynx computed tomography (CT) with enhancement re-
vealed a submandibular abscess (Fig. 1). Extraoral incision and 
drainage were performed by the dentist, and ampicillin/sulbactam 
was administered intravenously as empirical antibiotics. However, 
Klebsiella pneumoniae was identified in the patient’s blood culture, 
and the antibiotic regimen was changed to meropenem. However, 
the patient had a dismal clinical course. Three days after the dental 
procedure, the patient showed drowsiness, aphasia, and poor co-
operation. Emergent brain magnetic resonance imaging (MRI) 
showed enlargement of both lateral ventricles and diffu-
sion-weighted images revealed diffusion restriction on the occipital 
horns of both lateral ventricles and the third ventricle (Fig. 2). The 
cerebrospinal fluid (CSF) profile (glucose, 1 mg/dL; protein, 
1206.8 mg/dL; white blood cell, > 1000/ mm3; polymorphic neu-
trophils, 88%) suggested bacterial meningitis, and Klebsiella pneu-

Fig. 1. The arrow shows a submandibular abscess. The formation of 
abscess cavity with surrounding air bubbles are also found on com-
puted tomography images.

Fig. 2. All images are taken under T1 contrast enhancement: (A) 
shows both ventricular walls Enhancement, (B) shows ventricular 
emphysema at the occipital horn, and (C) shows ventricular enlarge-
ment of the lateral ventricles.

moniae was identified in the CSF culture. For emergent CSF diver-
sion, the patient was referred to the neurosurgery department for 
emergent extraventricular drainage. The EVD catheters were in-
serted bilaterally at Kocher’s points. Before the EVL was per-
formed, the communication between both lateral ventricles was 
confirmed. The author confirmed that about 5 cc of normal saline 
was administered through the catheter inserted into one ventricle 
and a comparable amount of fluid was drained through the other 
ventricle without significant intracranial pressure changes. 

Empirical intravenous meropenem was recommended by the 
physician of infectious medicine for the submandibular abscess 
and the ventriculitis that has spread from the submandibular ab-
scess before confirmation of microorganisms. Thus, the author de-
cided to keep meropenem through IV for ventriculitis and con-
ducted lavage into the ventricle using the same antibiotic. Mero-
penem for EVD lavage was used by mixing 1 g of meropenem with 
1 L of normal saline. 

Intraoperatively, saline mixed with meropenem was dripped 
through one catheter, and turbid fluid was drained through the 
other until the draining fluid became grossly clear. Serial CSF cul-
tures after bilateral EVL did not reveal any additional bacterial 
strains. The CSF profile improved during hospitalization (Table 1). 
After removing the EVD catheter, a follow-up brain MRI revealed 
a consecutive increase in ventricle size, respiratory distress, de-
creased consciousness, and impression with secondary hydroceph-
alus, and for CSF diversion, an Ommaya reservoir was inserted. 
For 2 weeks postoperatively, meropenem IV had been continuous-
ly used, and CSF analysis after 4 weeks of EVD lavage showed an 
improvement (protein, 219.3.8 mg/dL; white blood cell, 15/
mm3WBC) compared to the initial CSF profile (Table 1); hence, it 
was changed to an oral antibiotic, ciprofloxacin. The follow-up 
CSF profile at 1 month postoperative showed a sustained improve-
ment (protein, 107.3 mg/dL; white blood cell, 9/mm3WBC)  
(Table 1). With serial improvement in CSF profile without addi-
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tional infection, the ventriculoperitoneal shunt for symptomatic 
hydrocephalus was performed after removing the previous Om-
maya’s reservoir. One month after EVL, the CSF profile showed no 
more evidence of infection; then, all antibiotics were discontinued 
(Table 1). After discharge from the hospital, on week 31 of bilateral 
EVL, she visited the outpatient clinic on foot, relied on a cane, and 
showed no significant neurological impairment. 

DISCUSSION 

Ventriculitis is a fatal infectious disease with a mortality of 30–
70%5). Typical causes of ventriculitis include head trauma, brain 
abscess, meningitis, pneumonia, and post-surgical infections3). In 
addition, the most common strain associated with ventriculitis is 
coagulase-negative Staphylococcus4). In conventional treatment, the 
antibiotic infusion is continued to maintain an appropriate dose 
systemically3). To maintain a systematic antibiotic concentration, it 
can be injected intravenously or intraventricular. 

The blood–brain barrier (BBB) is an unavoidable hurdle for in-
travenous antibiotics to reach the target organs in the central ner-
vous system (CNS). Antibiotics are restricted from diffusing into 
the CNS due to tight junctions in the BBB, molecular size, and lip-
id solubility6). For example, < 9% of the total intravenous injection 
concentration of meropenem reaches the ventricle4). However, 
there is no such barrier between the CSF and ventricular space; 
thus, antibiotics can spread relatively easily. 

In ventriculitis, it is difficult to reach effective antibiotic thera-
peutic concentrations intravenously, and the fatality rate is high. As 
such, direct intrathecal injection through the intralumbar or intra-
ventricular route is being used as an alternative to overcome the 
limitations of intravenous administration. 

When antibiotics are administered through intralumbar routes, 
peak arrival time is longer than intraventricular routes, and the 
highest reached concentration is lower4). Therefore, if administered 
directly to the ventricle, the total dose of antibiotics required to 
reach the treatment concentration will be small; hence, side effects 
can be expected to be reduced. 

In addition to showing improved therapeutic outcomes, endo-
scopic intraventricular lavage has several advantages. When antibi-

otics are injected directly into the intraventricular space through an 
endoscope, less time is required to reach the therapeutic level 
through fewer doses than when administered intravenously2). Ad-
ditionally, it is effective in preventing the occurrence of secondary 
infection because the surgery is performed under more aseptic 
conditions5). Moreover, considering the biological aspect, there is 
no restriction on the passage of antibiotics through BBB; therefore, 
more effective antibiotic reactions can be expected6). 

However, effective endoscopic interventional lavage has some 
limitations. An endoscopic instrument must be prepared, it takes a 
considerable amount of time to prepare for scrub and operation, 
and more decisively, the operation time is very long. Depending on 
the proficiency of the surgeon performing the procedure, addition-
al complications may occur during or after the surgery. 

The method of burr hole trephination through both Kocher’s 
points implemented in our case and placing the catheter in the 
ventricle can overcome the critical disadvantages of endoscopic la-
vage. Approaching Kocher's point is a familiar procedure for most 
neurosurgeons and does not require high proficiency; thus, it can 
be performed at the bedside in case of emergency, and no special-
ized instruments are required. 

Moreover, there is a limitation to this method of approaching a 
bilateral Kocher’s point. If the catheter is attracted to the frontal 
horn by approaching Kocher's point and lavaged, the formation of 
laminar flow is relatively reduced compared to when it is main-
tained in the occipital horn, and the effect of the antibiotic is rela-
tively reduced5). Furthermore, in the current case, before the lavage 
procedure, the CSF pathway communication was not secured and 
septostomy was not performed. For checking CSF pathway com-
munication, injection of dye intraoperatively or preoperative imag-
ing workup such as cine MRI should be conducted. Because the 
CSF pathway could have been blocked secondarily by inflamma-
tion and resulted to ICP elevation during lavage fluid administered. 
That would be safer and more reasonable to decide whether this 
patient can be a candidate for EVL. 

CONCLUSIONS 

The current case shows that ventriculitis may be treated more 

Table 1. Cerebrospinal fluid profile changes from pre-operation to postoperative day 56

CSF profile Pre-EVL Post EVL Post EVL Day 8 Post EVL Day 30 Previous VP shunt Day 56
WBC(/mm3) >1,000 76 93 15 9
Glucose(mg/dL) 1 1 15 38 107
Protein(mg/dL) 1206.8 154.6 399.1 219.3 101.8
Appearance Reddish-turbid Colorless-clear Yellow-clear Reddish-turbid Colorless-clear

CSF: Cerebrospinal fluid, EVL: Extraventricular lavage, WBC: White blood cell, VP: Ventriculo-peritoneal.
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effectively with the method we described herein; its safety and ef-
fectiveness have been reported not only in our case but also in vari-
ous other studies. More cases and long-term follow-ups are neces-
sary to establish lavage with EVD procedure as an effective conven-
tional administration of antibiotics option for ventriculitis. 

NOTES 
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Secondary hemifacial spasm (HFS) occurs by a conflict between the facial nerve and intracranial 
pathology, such as cerebellopontine angle tumor or vascular abnormality like arteriovenous mal-
formation (AVM) or aneurysm. HFS caused by AVM is rare, and optimal combination of treat-
ment options has not been established. AVM treatment with or without microvascular decom-
pression (MVD) of the facial nerve was provided in the previous studies, and the outcomes in 
terms of spasm relief have been successful. Here, we report a case of HFS caused by cerebellar 
AVM. HFS symptom disappeared after AVM nidus removal without MVD of the facial nerve. 

Keywords: Intracranial arteriovenous malformations; Hemifacial spasm; Microvascular decom-
pression surgery; Neurosurgical procedures
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INTRODUCTION 

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

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

CASE REPORT 

A 40-year-old woman visited the outpatient clinic for right hemi-
facial spasm. The symptom started 7 years ago. Her initial symp-
tom was involuntary periocular muscle contraction, which was ag-
gravated by stress and anger. The symptom gradually spread to 
perioral muscle after 5 years of initial symptom, and the severity 
and the frequency of facial spasm were increased. She experienced 
no response to other conservative management such as medica-
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tion, and refused botulinum toxin injection due to its temporary 
effect. Neurological examination revealed right tonic and clonic fa-
cial spasm involving both periocular and perioral regions. Magnet-
ic resonance imaging (MRI) showed an abnormal vasculature with 
maximum diameter of 3 cm in the right cerebellar hemisphere, 
which was suspected to be an AVM. Right anterior inferior cerebel-
lar artery (AICA) and posterior inferior cerebellar artery (PICA), 
together with prominent venous structure, compressed the root 
exit zone of the ipsilateral facial nerve (Fig. 1A). Conventional ce-
rebral angiography showed a right cerebellar AVM supplied by 
right PICA and AICA, and drained into sigmoid and occipital si-
nus (Fig. 1B). 

The patient underwent a successful nidus removal without 
MVD of the facial nerve. Postoperative MRI taken 6 months after 
surgery showed that the diameters of the offending vessels around 
the facial nerve were significantly decreased (Fig. 2A). Conven-
tional angiography was followed up after the surgery and showed 
no evidence of residual AVM. Early draining veins were not ob-
served, and the flow and size of feeding arteries slowed and de-
creased, respectively (Fig. 2B). The symptom of HFS was much 
relieved after 6 months of surgery, and hardly observed after 2 years 
of surgery. 

DISCUSSION 

The risk of intracranial hemorrhage in cerebellar AVM is report-
ed to be 2–4% per year, with a mortality rate of 18%6,7). It is one of 
the most common cause of intracranial hemorrhage, especially in 
young adults8,9). Although there is still controversy about the tim-
ing and method of treatment for unruptured AVM, emergent sur-
gery is required in case of ruptured AVM. And intraventricular 
hemorrhage or hydrocephalus can be rapidly accompanied in rup-
tured AVM, which can also put the patient at great risk. On the 
other hand, HFS is not a life-threatening disorder and the treat-
ment for HFS can be delayed. Moreover, the root exit zone of the 
facial nerve could not be exposed due to abnormal vasculature all 
along the cerebellopontine angle in this case, and the compressing 
vessels of our patient might be shrunk and give less effect on the fa-
cial nerve after the appropriate treatment of AVM. Therefore, we 
decided to treat the AVM first. And, as in prior case reports where 
removal of AVM was performed without MVD5), the symptom of 
HFS in our patient is almost completely relieved for 2 years after 
surgery. 

AVM caused by neurovascular compression syndrome, such as 
HFS or trigeminal neuralgia, is very rare. Among 37 cases, which 
have been reported till now, only 7 cases were found to be involved 
with HFS. Treatments for HFS caused by AVM were varied. Cra-

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

AA BB

71www.e-jnic.org

HFS caused by AVM Hye Won Choi et al.



niotomy and AVM removal or endovascular intervention with or 
without MVD were provided, and in terms of spasm relief, the out-
come was successful regardless of the combination of treatment 
options. 

In our case, the symptom of HFS was much improved after 
AVM removal without MVD. It is postulated that the changes in 
hemodynamics of vasculature around the root exit zone of the fa-
cial nerve resulted in decreased physical compression on the nerve, 
and thereby might yield physiological restoration of the nerve. If 
the symptom of HFS in our case recur in the future, we will con-
sider MVD surgery. This case report does not include any individ-
ually identifiable health information, number, characteristic, or 
code to identify patients, and carries no risk for the patients. This 
study was therefore exempt from institutional review board ap-
proval. 

CONCLUSIONS 

Here, we presented the case of HFS caused by AVM that HFS 
symptom disappeared after AVM removal without MVD. HFS 
caused by AVM is rare and optimal combination of treatment op-
tions has not been established. If performing AVM treatment and 
MVD at the same time is too risky, it is recommended to do AVM 
treatment first and wait for HFS symptom relief. 
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An adequate configuration of health systems for the care of time-dependent pathologies is essential 
to ensure a favorable out for patients. Various pathologies where care is time-dependent, have protocols 
such as stroke code, trauma code, cardiac arrest code among others1). These processes are in place and 
most are activated in anticipation of a complex condition that is life-threatening, requires multiple 
health disciplines, and is time-sensitive. 

Neurotrauma as pathology is a common reason for the utility of health services and intensive care 
units2). This affects the population of different ages and with high mortality. In low-income countries 
where the availability of resources is limited, we believe that there should be the categorization of neu-
rotrauma. This process will allow the referral of only patients requiring neurosurgical and neurointen-
sive care. For this, we propose the designation of Neurotrauma Code, which would be activated only 
focus on moderate head trauma (The one described by Glasgow coma scale 9-13, post-resuscitation). 

The process starts in the field with moderate injury and activation is initiated once transport begins. 
The emergency department will respond with proper triage, assessment, and investigations. Once neu-
rotrauma is considered the main diagnosis, the neurosurgery and radiology department is activated. 
Primary and secondary surveys need to be done This might require emergency room physicians to be 
trained in this process. This will be required as trauma surgeons are usually assigned to a level 1 trauma 
center, where they are dealing with all types of traumas. The patient will be either send to general criti-
cal care ICU, neuro floor unit or transfer to level 1 trauma center based upon the kind of injury. We can 
see this process helping all sorts of acute care health care institutions. Neurotrauma code can also be 
useful for level 1 trauma centers. These centers are mostly overwhelmed with extensive polytrauma pa-
tients, gunshot wounds, falls injuries, motor-vehicle injuries, and assault victims. Moderate neurotrau-
ma might get a somewhat delayed response and activation of neurotrauma code will help to stop the 
acute injury process early before it progresses to a severe or irreversible stage.  

In conclusion, neurotrauma code (Fig. 1) has a unique need in the bigger scope of trauma and neur-
ocritical care fields. Health care organizations without level 1 trauma centers will benefit from the pro-
cess to take care of their patients. Level 1 trauma centers with extremely busy services will be able to 
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early recognize moderate head injury patients and place them in 
the proper treatment pathway.
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Fig. 1. Proposed neurotrauma code pathway.
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Extracorporeal carbon dioxide removal (ECCO2R) is a process where filtration of CO2 happens 
with the blood flow, a central filter, a pump, and an exchange of air/Oxygen mixture. The flow of the 
gas mixture decides the percentage removal of CO2. The late last century saw marked improvement in 
the technology, although initial efforts were flawed with the large size of the equipment, complications, 
and no major impact on the outcome. Recently FDA approved technology for ECCO2R from ALung® 
i.e Hemolung® device which was incorporated in the last decade. The key utility is mainly in patients 
with severe COPD with acute respiratory failure. Acute respiratory with a pulmonary complication 
like ARDS or edema requires reduction of driving pressure by keeping the tidal volume low and higher 
PEEP. This commonly leads to an increased level of partial pressure of CO2, hence direct impact to ab-
normal brain hemodynamics with acute brain injury1). Here we suggest early use of Hemolung® in 
such a situation. 

Early use of ECCO2R can be used in COPD acute respiratory to avoid intubation. Most of these pa-
tients have bi-level positive pressure ventilation attempted before proceeding to intubation. There is 
evidence for the avoidance of invasive ventilation with intubation with early application of ECCO2R2-7). 
Retention of CO2 and anticipatory reduction in PH are commonly seen during the protected lung 
strategy in ARDS care. ECCO2R can be used to reduce the build of CO2

8). With an established pan-
demic of SARS-CoV2 and extensive ARDS care in the intensive care units, the need for ECCO2R is 
more obvious 9,10). 

Cerebral hemodynamic is directly impacted by the arterial partial pressure of CO2 and O2. The im-
pact of CO2 is steeper and more obvious. The oxygenation can be maintained with a higher range if ad-
equate circulation is present. Acute respiratory failure with ARDS in acute neurological injury is com-
monly seen in the neurocritical care practice. There is a constant struggle to protect the lung from ven-
tilatory-induced lung injury and the impact of rising CO2 on the injured brain (Fig. 1). The utility of 
ECCO2R can be a help. A lower dose of anticoagulation infusion can be used to avoid any further hem-
orrhage in an active condition of intracranial hemorrhage11). Hemolung® uses room airflow to remove 
CO2 without a need for a high flow oxygen supply. This device will be useful in conditions as men-
tioned with acute brain injury.  

In conclusion, we suggest that Hemolung® device should be present in high capacity neurocritical 
care unit. Neurointensivist training and competency need to be maintained. Early inclusion of this de-
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vice may be required where a lung-protective approach is used es-
pecially in ARDS patients. Further case series and prospective ob-
servational trials will probably show that this technology is useful. 
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conclusions of the paper.

3) Introduction
The introduction should address the purpose of the article 
concisely and include background reports mainly relevant to the 
purpose of the paper (detailed review of the literature should be 
addressed in the discussion section).

4) Materials and Methods
Materials and Methods section should include sufficient 
details of the design, objects, and methods of the article in 
order, as well as the data analysis strategies and control of 
bias in the study. Enough details need to be addressed in the 
methodology section of an experimental study so that it can 
be further replicated by others. When reporting experiments 
with human subjects, the authors should indicate whether they 
received an approval from the Institutional Review Board for 
the study. When reporting experiments with animal subjects, 
the authors should indicate whether the handling of the animals 
was supervised by the research board of the affiliated institution 
or a similar one. Photographs disclosing patients must be 
accompanied by a signed release form from the patient or family 
permitting publication. We endorse the principles embodied in 
the ‘Declaration of Helsinki’ and expect that all investigations 
involving human materials have been performed in accordance 
with these principles. For animal experiment, ‘the Guiding 
Principles in the Care and Use of Animals’ approved by the 
American Physiological Society must be observed. Explanation 
of the experimental methods should be concise and sufficient 
for repetition by other qualified investigators. Procedures that 
have been published previously should not be described in 
detail. However, new or significant modifications of previously 
published procedures need full descriptions. The sources of 
special chemicals or preparations should be given along with 
their location (name of company, city and state, and country). 

Method of statistical analyses and criteria of significance level 
should be described. In Case Reports, case history or case 
description replace the Materials and Methods section as well as 
Results section.
Please inform us the approved number of IRB when you submit 
the manuscript.

5) Results
The authors should describe logically their results of observations 
and analyses performed using methodology given in the previous 
section and provide actual data. For biometric measurements 
in which considerable amount of stochastic variation exists 
a statistical treatment should be used in principle. The result 
section should include sorely the findings of the current study, 
and not refer to previous reports. While an effort should be made 
to avoid overlapping descriptions by Tables and by main text, 
important trends and points in the Table should be described in 
the text. Experimental results should be described using Arabic 
numbers and the SI unit system.

6) Discussion
Discussions about the findings of the research and interpretations 
in relation to other studies are made. It is necessary to emphasize 
the new and critical findings of the study, not to repeat the results 
of the study presented in the previous sections. The meaning 
and limitation of observed facts should be described, and 
the conclusion should be related to the objective of the study 
only when it is supported by the results of the research. It is 
encouraged for the authors to use subheadings in the discussion 
section so that the readers can follow the logical flow of the 
authors’ thought.

7) Conclusion
The conclusion section should include a concise statement of 
the major findings of the study in accordance with the study 
purpose.

8) References
a) Only references cited in text must appear in the reference list 

and marked in the form of superscript at the end of the sentences 
they were used in text (example: reference11,15,18)).

b) All references should bealphabetized by the first author’s last 
name.

c) When a work has six or less authors, cite the names of all authors. 
When a work has over six authors, cite the first six authors’ name 
followed by “et al.”Abbreviations for journal titles should be 
congruent with the style of IndexMedicus. A journal title with 
one word does not need to be written out in abbreviation. The 
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styles of references are as follows:

Journal
1. Dávalos A, Pereira VM, Chapot R, BonaféA, Andersson T, 
Gralla J, et al. Retrospective multicenter study of solitaire FR 
for revascularization in the treatment of acute ischemic stroke. 
Stroke 2012;43:2699–2705.

Website
1. World Health Organization, The International Spinal Cord 
Society. International perspectives on spinal cord injury. Geneva, 
CH: World Health Organization, 2013(http://apps.who.int/
iris/bitstream/10665/94192/1/WHO_NMH_VIP_13.03_
eng.pdf?ua=1) [Accessed October 1, 2018]

Book
1. Conover WJ: Practical Nonparametric Statistics, ed 2. New 
York: Jon Wiley & Sons; 1971. p. 216-218.

Article in a Book
1. Ojemann RG: Surgical management of bacterial intracranial 
aneurysms in Schmideck HH, Sweet HH (eds): Operative 
Neurosurgical Techniques. Indications, Methods and Results, 
ed 2. Orlando: Grune& Stratton; 1988. p. 997-1001

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

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

Publication

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

Post-Publication Discussion and 
Corrections

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

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

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

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

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

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

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

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

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

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

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

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

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

some words such as names of virus, Latin and p values are written in italics. Comma as thousand 
separators must be placed for indicating numbers.
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□ Yes / □ No
□ Yes / □ No
□ Yes / □ No
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□ Yes / □ No

□ Yes / □ No

□ Yes / □ No

□ Yes / □ No

□ Yes / □ No

Title of article:                                                                                                                                                                                                                                                                                               

Author(s):                                                                                                                                                                                                                                                                                                  

Author(s) should check the following items under the heading of ‘Authors’. The spaces under the heading of ‘Editorial Staff ’ are 
reserved for editorial office. Please leave no marking at the spaces under the heading of ‘Editorial Staff ’.



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.

□ Yes / □ No

□ Yes / □ No

□ Yes / □ No

□ Yes / □ No
□ Yes / □ No

□ Yes / □ No

□ Yes / □ No

□ Yes / □ No

□ Yes / □ No

Date:                                                                                      

Editorial office use only

□ suitable for review process     □ a qualified consent for submission acceptance     □ needs author’s correction

Date:                                                                                      
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basis agree to be named as an author.
I approve the manuscript for publication and will take public responsibility for its content.
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