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Abstract 

Background: Traumatic Brain Injury (TBI) in children is one of the most common causes of death 

and disability in children. Cardiac arrhythmias can be cited as one of the main factors influencing the 

mortality and morbidity of these children. The purpose of this study was to investigate the frequency 

and types of cardiac arrhythmias in children with TBI in the Intensive Care Unit (ICU) of Bahonar 

Hospital in Kerman. 

Methods: This study is a cross-sectional descriptive-analytical study examining patients under 18 

years of age who were admitted to the ICU with TBI during 2018-2019 for cardiac arrhythmias. Data 

were collected using a checklist, including demographic characteristics and other variables in the 

patient’s file. Finally, the data were analyzed using SPSS version 22. 

Results: Forty-six of the 240 traumatized patients admitted to the ICU developed cardiac arrhythmias, 

the most common of which was sinus tachycardia. The incidence of arrhythmias was significantly 

higher in patients with subarachnoid hemorrhage (SAH), cerebral contusion, and intracerebral 

hemorrhage (ICH) than in those with other brain lesions. Most bradycardia was seen in mixed lesions. 

Dangerous arrhythmias, such as bradycardia and ventricular tachycardia (VT), were also significantly 

more common in the severe trauma group. 

Conclusion: It seems that in children with a head injury, the incidence of cardiac arrhythmias is 

significantly associated with the Glasgow Coma Scale (GCS) and some lesions due to brain trauma 

such as SAH, ICH, and brain contusion. 
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1- INTRODUCTION 

Traumatic brain injury (TBI) in 

children is an important problem, 

especially in developing countries (1). 

Trauma is the most common cause of 

death in children aged 1-14 years, and TBI 

accounts for 40% of deaths due to fatal 

trauma in pediatrics (2). The main causes 

of TBI in children are falls and accidents 

(3). In the USA, 475,000 children per year 

are admitted to the emergency room due to 

TBI (4). 

Arrhythmias and electrocardiographic 

(ECG) changes are due to catecholamine 

and cytokine release and occur in the first 

few days after concussion (5). Cardiac 

problems after subarachnoid hemorrhage 

(SAH) include myocardial dysfunction and 

electrical (ECG) changes (6). Regional 

wall motion abnormalities are mostly due 

to catecholamine‐induced myocardial 

injury (7). ECG changes after TBI often 

occur in the absence of coronary vessel 

injuries (8, 9), and it is usually seen in 

patients with severe TBI and high 

intracranial hypertension. The most 

common ECG changes reported in these 

patients include prolongation of the QT 

interval, ST segment abnormalities, flat or 

inverted T waves, U waves, peaked T 

waves, Q waves, and widened QRS 

complexes (10). Most of the ECG changes 

due to TBI are transient and resolve within 

2 weeks (11). Among these changes, 

prolonged QTc syndrome is closely related 

to SAH and the severity of brain injury; 

and may predispose the patients to 

ventricular arrhythmias such as torsade s 

de pointes (12). 

The most common cause of myocardial 

injury after severe TBI is sympathetic 

hyperactivity (13), leading to an increased 

afterload related to hypertension and 

tachycardia and a secondary increase in 

myocardial O2 demand. The catecholamine 

surge may also cause direct injury to the 

myocardium and sub endocardial 

hemorrhage, which is reported in up to 

50% of patients who died from a head 

injury (14). In 15.7% of patients with fetal 

head trauma, global systolic dysfunction 

and regional wall motion abnormalities 

were reported (15). Left ventricular 

dysfunction is a consequence of 

sympathetic hyperactivity, which is often 

reversible (16). ECG abnormalities, 

particularly symmetrical T wave inversion 

or prolonged QTc, are risk factors for left 

ventricular systolic dysfunction (17). 

In some cases, bradycardia is observed due 

to the Cushing triad. Depression of 

sympathetic activity may be due to 

brainstem dysfunction or neurogenic shock 

(18). In one study, neurogenic hypotension 

occurred in 13% of patients with an 

isolated head injury and was associated 

with higher mortality than hemorrhagic 

hypotension (19). 

The most important measures include 

treating brain problems and eliminating the 

underlying causes of arrhythmias such as 

hypothermia (20). The aim of this study 

was to investigate the prevalence of 

various cardiac arrhythmias in children 

after TBI and their relationship with the 

severity of TBI and the type of brain 

lesions. 

2- MATERIALS AND METHOD 

This study was registered in the 

research department of Kerman University 

of Medical Sciences. Patients under 18 

years old admitted to the ICU due to TBI 

from June 2017 to June 2019 were 

evaluated for incidence and type of 

arrhythmia during the first 3 days of 

hospitalization. Also, the average urinary 

level of vanillylmandelic acid (VMA) 

during this period was measured and 

compared with cardiac findings and the 

Glasgow Coma Scale (GCS) of patients. 

All patients with ECG changes were 

consulted by a pediatric cardiologist, and if 

necessary, echocardiography was 

requested to rule out the underlying heart 

disease. 
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2-1. Inclusion and exclusion criteria 

Inclusion criteria encompassed trauma 

patients under 18 years of age admitted to 

the ICU of Shahid Bahonar Hospital in 

Kerman during the first 24 hours of 

trauma. 

Exclusion criteria were chest trauma, 

hypoxemia, hypercapnia, severe 

hypotension, electrolyte disturbance, 

previous heart disease, severe acidosis, and 

arrhythmogenic drug use in the last 24 

hours. 

2-2. Data Analysis 

Data (including age, sex, type of brain 

lesion, GCS, and type of arrhythmia) were 

collected and statistically analyzed using 

SPSS version 22 (SPSS Inc., Chicago, Ill, 

USA). P values less than 0.05 were 

considered statistically significant. 

3- RESULTS 

From among the 240 patients, 159 

were male and 81 were female, while out 

of the 46 (19.1%) patients who underwent 

ECG, 27 (58.7%) were male and 19 

(41.3%) were female. There was no 

significant relationship between the 

frequency of cardiac arrhythmias and 

gender (P = 0.228). 

The mean age of patients was 10.18 ± 5.21 

years, the mean age of patients with 

arrhythmia was 9.93 ± 5.18 years, and the 

mean age of other patients without 

arrhythmia was 10.25 ± 5.23 years. There 

was no relationship between the frequency 

of arrhythmias and mean age (P = 0. 704; 

Table 1). 

 

Table-1: Relationship between patients’ demographic information and arrhythmia 

prevalence. 

Variables Total 
With 

arrhythmia 

Without 

arrhythmia 
P value 

Sex 
Male 159 (66.2%) 27 (58.7%) 132 (68%) 

0.228 
Female 81 (33.8%) 19 (41.3%) 62 (32%) 

Age 10.18 ± 5.21 9.93 ± 5.18 10.25 ± 5.23 0.704 

 

The most common arrhythmia were Sinus 

Tachycardia (50%), PAC (17.3%), 

Bradycardia (10.8%), PVC (6.5%), SVT 

(6.5 %), VT (4.3%), and JET (4.3%) 

Respectively (Table 2). 

 

Table-2: Prevalence of arrhythmias in children with TBI 

Arrhythmia 

type 

Sinus 

tachycardia 
PAC a Bradycardia PVC b SVT c VT d JET e 

Prevalence % 23 (50%) 8 (17.3%) 5 (10.8%) 3 (6.5%) 3 (6.5%) 2 (4.3%) 2 (4.3%) 

a) premature atrial contraction, b) Premature ventricular contraction, c) Supraventricular 

tachycardia, d) Ventricular tachycardia, e) Junctional ectopic tachycardia 

 

The incidence of cardiac arrhythmias 

based on the type of brain lesions included 

14 cases (30.4%) in SAH, 10 cases 

(21.7%) in brain contusion, 8 cases 

(17.4%) in intracerebral hemorrhage 

(ICH), 6 cases (13%) in mixed 

pathologies, 4 cases (8.7%) in diffuse 

axonal injury (DAI), and 4 cases (8.7%) in 

intraventricular hemorrhage (IVH), 

respectively. Evidence shows that patients 

https://www.webmd.com/heart-disease/arrhythmia
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with SAH, brain contusion, and ICH 

significantly had, respectively, more 

cardiac arrhythmias than other brain 

pathologies (P = 0. 001). 

Thirty-one (67.4%) of arrhythmias were in 

the severe TBI group, 13 (28.3%) in the 

moderate group, and 2 (4.3%) in the mild 

TBI group (P = 0. 001). Also, 10 (71%) of 

the 14 cases manifested elevated urinary 

catecholamine metabolites at the initial 

presentation. Also, the mean urinary level 

of VMA was 1.7 times the upper normal 

limit; however, in patients with 

arrhythmia, it was 2.4 times, and in 

patients without arrhythmia, it was 1.3 

times the upper normal limit ( related to 

patients' age )which was statistically 

significant (P = 0. 01; Table 3). 

 

Table-3: Relationship between the type of brain lesion urinary VMA level and the 

prevalence of cardiac arrhythmias 

Variables Total With arrhythmia 
Without 

arrhythmia 
P value 

Brain 

lesion type 

DAI a 84 (35%) 4 (8.7%) 80 (41.5%) 

0.001 

Contusion 79 (32.9%) 10 (21.7%) 68 (35.2%) 

IVH b 9 (3.8%) 4 (8.7%) 5 (2.6%) 

SAH c 37 (15.4%) 14 (30.4%) 23 (11.9%) 

ICH d 20 (8.3%) 8 (17.4%) 12 (6.2%) 

MIX 11 6 (13%) 5 (2.6%) 

GCS e 

>12 42 (17.6%) 2 (4.4%) 40 (20.7%) 

0.001 12-9 125 (52.3%) 13 (28.3) 112 (58%) 

<9 72 (30.1%) 31 (67.4%) 41 (21.2%) 

Mean urinary level of 

VMAf/upper normal limit 
1.7 2.4 1.3 0.01 

a) Diffuse axonal injury, b) Intraventricular hemorrhage, c) Subarachnoid hemorrhage,  

d) Intracerebral hemorrhage, e) Glasgow Coma Scale, f)Vanillylmandelic acid 

 

As can be seen in Table 4, comparing the 

mean urinary level of VMA with different 

TBI groups showed that mean urinary 

VMA was 1.2 times the upper normal limit 

in the mild brain injury group (GCS > 12), 

1.6 times the upper normal limit in the 

moderate TBI group (GCS 9-12), and 2.5 

times the upper normal limit in the severe 

TBI group (GCS < 9) for patients age. 

Based on these findings, there is a 

significant relationship between the 

urinary level of VMA and the severity of 

brain injury; thus, with increasing severity 

of TBI, the level of VMA also increased 

significantly (P = 0. 01; Table 4). 

 

Table-4: Relationship between GCS and urinary VMA level 

Variables 
Mean urinary level of VMA 

/upper normal limit 
P value 

GCS e 

>12 1.2 

0. 01 12-9 1.6 

<9 2.5 

 

Out of the 46 subjects of cardiac 

arrhythmia, 5 cases were bradycardia (all 

of them were in the severe TBI group). 

Out of the 8 cases of PAC, 4 cases (50%) 

were in the severe TBI group and 4 cases 

(50%) in the moderate TBI group. Out of 
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the 23 patients with sinus tachycardia, 12 

cases (52.2%) were in the severe TBI 

group, 9 cases (39.1%) in the moderate 

TBI group, and 2 cases (8.7%) were in the 

mild TBI group. All of the patients with 

supraventricular tachycardia (SVT), 

junctional ectopic tachycardia (JET), 

ventricular tachycardia (VT), and PVC 

(Premature ventricular contractions) were 

in the severe TBI group. 

4- DISCUSSION 

Out of 240 head trauma pediatrics, 46 

(19.1%) patients had ECG changes. Our 

results showed no significant relationship 

between the frequency and the type of 

cardiac arrhythmia with age and sex of 

patients. However, the incidence of 

arrhythmias was significantly associated 

with the severity of TBI; thus, 67.4% of 

arrhythmias were observed in the severe 

TBI group, 28.3% in the moderate group, 

and 4.3% in the mild TBI group. There 

was a significant relationship between the 

types of brain lesions and the incidence of 

arrhythmias; thus, 30.4% of arrhythmias 

occurred in patients with SAH, 21.7% in 

patients with brain contusions, 17.4% in 

patients with ICH, 13% in patients with 

mixed lesions, 8.7% in patients with DAI, 

and 8.7% in patients with IVH. 

So far, several studies have been 

performed to identify the predisposing 

factors and frequency of arrhythmias in 

children with TBI. For instance, Grunsfeld 

et al. showed that the most common post-

traumatic arrhythmias were sinus 

tachycardia, PAC, PVC, and AF)Atrial 

fibrillation), usually seen in the first 7 days 

after TBI. Severe and dangerous 

arrhythmias such as VF and torsade s de 

point were less common (21). In our study, 

the most common arrhythmias after TBI 

were sinus tachycardia, PAC, bradycardia, 

and PVC, respectively. SVT and then VT 

and JET, were observed less frequently. 

The slight differences in the results of 

these two studies may be due to 

differences in the statistical population and 

differences in age groups of patients. 

Many studies have suggested the effect of 

sympathetic hyperactivity after brain 

trauma and its association with the 

incidence of cardiac arrhythmias. Gregory 

and Smith (2012) found that increased 

sympathetic system activity after a severe 

TBI caused myocardial damage. Also, 

most neurogenic arrhythmias were benign, 

and fatal arrhythmias (such as VT) 

occurred less frequently. Further, 38% of 

SAH patients developed arrhythmias, of 

which 5%-8% developed life-threatening 

arrhythmias such as VT (22). 

Goldstein et al. showed that sympathetic 

hyperactivity in children with TBI was an 

important factor in the development of 

cardiac arrhythmias and that plasma levels 

of catecholamine might be useful in 

determining the prognosis and recovery 

rate of TBI children (23). Krishnamoorthy 

et al. found that TBI increased the activity 

of the neuroendocrine system and the 

release of large amounts of 

catecholamines. Besides myocardial 

dysfunction and arrhythmia, increased 

intracranial pressure (ICP) also caused the 

release of catecholamines from the ends of 

the sympathetic fibers (24). Our results 

also showed a direct relationship between 

the urinary level of VMA as a metabolite 

of epinephrine and the severity of brain 

trauma, which can cause arrhythmia in 

severe brain injury in children and 

adolescents. 

According to Abhik et al., in TBI children, 

the most common arrhythmias were 

observed in those with ICP more than 30 

mm Hg; they mentioned that the most 

important cause of arrhythmias in these 

patients was autonomic system 

hyperactivity (25). Grosse-Wortmann et al. 

(2006) reported an 8-year-old child with 

TBI who developed a variety of 

arrhythmias during the hospital stay 

period, including SVT and PVC, 

prolonged QT interval and ventricular 

fibrillation, JET, and reentry tachycardia. 
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Each arrhythmia had a separate pathogenic 

pathway, and not all were associated with 

high ICP (26). However, Novkoski et al. 

showed a direct relationship between ICP 

and patients’ clinical conditions. In 

patients with lower GCS, they observed 

higher ICP (27). 

The present study used GCS as a measure 

of the severity of brain injury. As in the 

above studies, with a decrease in GCS, we 

observed an increase in the incidence of 

arrhythmias; thus, 67.4% of arrhythmias 

were observed in the severe trauma group, 

and the prevalence of dangerous 

arrhythmias (such as bradycardia and VT) 

was higher in this group. The protective 

effect of mild hypothermia in TBI patients 

was proven; however, Bourdages et al., 

aiming to evaluate the effect of therapeutic 

hypothermia on the incidence of cardiac 

arrhythmias in pediatrics with TBI, found 

that 77% of children who developed 

cardiac arrhythmias were hypothermic 

(28). Kanev found that the prevalence of 

cardiac arrhythmia was significantly 

higher in hypothermic TBI children than in 

normothermic patients. Severe 

hypothermia (temperature < 30 °C) causes 

long QT and inverted T waves (29). Also, 

Osborn found that severe hypothermia 

(core temperature < 32 °C) could lead to 

dangerous cardiac arrhythmias in TBI 

children (30). Due to the direct effect of 

hypothermia on the prevalence of various 

arrhythmias in trauma patients, we 

eliminated their hypothermia before the 

evaluation of ECG changes. However, in 

the study by Bourdages et al., the 

prevalence of arrhythmia in head injury 

children with normothermia was 22%, 

which is consistent with our study 

(19.1%). 

Abrisham kar et al. showed that patients 

with severe TBI were at risk for electrolyte 

disorders (including hypokalemia); 

hypocalcemia and hypomagnesemia could 

lead to prolonged QT and fatal arrhythmias 

(31). Suman et al. indicated that out of 18 

severe injuries, 10 (55.5%) had abnormal 

sodium levels and 3 (16.6%) had abnormal 

potassium levels, leading to the 

prolongation of the QT interval and lethal 

arrhythmias (32). Mierzewska-Schmidt 

and Gawecka concluded that neurogenic 

stunned myocardium (NSM; a sudden 

onset of myocardial dysfunction after 

severe brain injury) was a result of an 

imbalance in the autonomic nervous 

system. The most common ECG changes 

include the prolonged QT interval, ST 

segment changes, T-wave inversion, and 

new Q-wave or U-wave (33). Kerro et al. 

revealed that NSM that followed SAH 

could result in many complications such as 

arrhythmias, pulmonary edema, and 

prolonged intubation, which can 

negatively impact long-term recovery from 

SAH; and increase morbidity and 

mortality. This necessitates the need to 

accurately diagnose and treat NSM (34). 

5- CONCLUSION 

It seems that in children, there is a 

direct relationship between the severity of 

TBI and the risk of cardiac arrhythmia. 

Also, the highest rates of arrhythmias were 

in patients with SAH, brain contusion, 

ICH, mixed lesions, DAI, and IVH, 

respectively. In children with moderate to 

severe TBI, continuous cardiac monitoring 

should be established in addition to 

correcting the underlying causes of 

arrhythmia. 

6- ACKNOWLEDGMENTS 

The authors appreciate the Clinical 

Research Development Unit, Shahid 

Bahonar Hospital, Kerman University of 

Medical Sciences, Kerman, Iran. 

7- REFERENCES 

1. Karimi yk, amirjamshidi a. Traumatic 

brain injuries in children. 2017. 

2. Meshkini A SF, Salimimehr N. Clinical 

and laboratory symptoms in pediatric 



Ahmadipour and Ahmadinejad 

Int J Pediatr, Vol.10, N.10, Serial No.106, Oct. 2022                                                                                    16792 

stroke. Medical Journal of tabriz university 

of medical sciences. 2009; 31(2):95-9. 

3. Guthrie E MJ, Richards P, McQuaid M, 

Pavlakis S. Traumatic brain injury in 

children and adolescents. Child and 

adolescent psychiatric clinics of North 

America. 1999; 8(4):807-26. 

4. Kim SW JH, Kim JY, Kim Y. Heart 

Rate Variability among Children with 

Acquired Brain Injury. Annals of 

Rehabilitation Medicine. 2017; 41(6):951-

60. 

5. Lim H, Smith M. Systemic 

complications after head injury: a clinical 

review. Anaesthesia. 2007; 62(5):474-82. 

6. Macmillan C, Grant I, Andrews P. 

Pulmonary and cardiac sequelae of 

subarachnoid hemorrhage: time for active 

management? Intensive care medicine. 

2002; 28(8):1012-23. 

7. Kothavale A, Banki NM, Kopelnik A, 

Yarlagadda S, Lawton MT, Ko N, Smith 

WS, Drew B, Foster E, Zaroff JG. 

Predictors of left ventricular regional wall 

motion abnormalities after subarachnoid 

hemorrhage. Neurocritical Care. 2006; 

4(3):199-205. 

8. Clifton GL, Ziegler MG, Grossman RG. 

Circulating catecholamines and 

sympathetic activity after head injury. 

Neurosurgery. 1981; 8(1):10-4. 

9. HERSCH C. Electrocardiographic 

changes in head injuries. Circulation. 

1961; 23(6):853-60. 

10. Jachuck S, Ramani P, Clark F, Kalbag 

R. Electrocardiographic abnormalities 

associated with raised intracranial 

pressure. Br Med J. 1975; 1(5952):242-4. 

11. Cheung RT, Hachinski V. The insula 

and cerebrogenic sudden death. Archives 

of Neurology. 2000; 57(12):1685-8. 

12. Collier BR, Miller SL, Kramer GS, 

Balon JA, Gonzalez III LS. Traumatic 

subarachnoid hemorrhage and QTc 

prolongation. Journal of neurosurgical 

anesthesiology. 2004; 16(3):196-200. 

13. Mann DL, Kent RL, Parsons B, 

Cooper 4th G. Adrenergic effects on the 

biology of the adult mammalian 

cardiocyte. Circulation. 1992; 85(2):790-

804. 

14. Clifton GL, McCormick WF, 

Grossman RG. Neuropathology of early 

and late deaths after head injury. 

Neurosurgery. 1981; 8(3):309-14. 

15. Hüttemann E, Schelenz C, 

Chatzinikolaou K, Reinhart K. Left 

ventricular dysfunction in lethal severe 

brain injury: impact of transesophageal 

echocardiography on patient management. 

Intensive care medicine. 2002; 28(8):1084-

8. 

16. Dujardin KS, McCully RB, Wijdicks 

EF, Tazelaar HD, Seward JB, McGregor 

CG, Olson IJ. Myocardial dysfunction 

associated with brain death: clinical, 

echocardiographic, and pathologic 

features. The Journal of heart and lung 

transplantation. 2001; 20(3):350-7. 

17. Mayer SA GL, Sherman D, Lennihan 

L, Fink ME. Electrocardiographic markers 

of abnormal left ventricular wall motion in 

acute subarachnoid hemorrhage. Journal of 

Neurosurgery. 1995; 83:889-96. 

18. Kocsis B, Fedina L, Pasztor E. Effect 

of preexisting brain ischemia on 

sympathetic nerve response to intracranial 

hypertension. Journal of Applied 

Physiology. 1991; 70(5):2181-7. 

19. Mahoney EJ, Biffl WL, Harrington 

DT, Cioffi WG. Isolated brain injury as a 

cause of hypotension in the blunt trauma 

patient. Journal of Trauma and Acute Care 

Surgery. 2003; 55(6):1065-9. 

20. Randall M. Neurogenic hypotension in 

patients with severe head injuries. J 

trauma. 1998; 44:958-64. 

21. Grunsfeld A FJ, Nathan BR. 

Cardiopulmonary complications of brain 



Is There a Relationship between the Types and Severity of Acute Traumatic Brain Injuries … 

Int J Pediatr, Vol.10, N.10, Serial No.106, Oct. 2022                                                                                    16793 

injury. Curr Neurol Neurosci Rep. 2005; 

5:488-93. 

22. Gregory T, Smith M. Cardiovascular 

complications of brain injury. Continuing 

Education in Anesthesia, Critical Care & 

Pain. 2012; 12(2):67-71. 

23. Goldstein B, Kempski MH, DeKing 

DB, Cox C, DeLong DJ, Kelly MM, 

Woolf PD. Autonomic control of heart rate 

after brain injury in children. Critical care 

medicine. 1996; 24(2):234-40. 

24. Krishnamoorthy V, Mackensen GB, 

Gibbons EF, Vavilala MS. Cardiac 

dysfunction after neurologic injury: what 

do we know and where are we going? 

Chest. 2016; 149(5):1325-31. 

25. Abhik K. Biswas WAS, John F. 

Sommerauer, Peter M. Luckett. Heart rate 

variability after acute traumatic brain 

injury in children. Critical Care Medicine. 

2000; 28(12):3907-12. 

26. Grosse-Wortmann L, Bindl L, Seghaye 

M-C. Multiple types of cardiac 

arrhythmias in a child with head injury and 

raised intracranial pressure. Pediatric 

cardiology. 2006; 27(2):286-8. 

27. Novakoski M, Gvozdenović A, Kelečić 

M, Gopčević A, Mazul-Sunko B, 

Širanović M, Fotivec A, Vukić M, 

Negovetić L, Perić M. Correlation between 

Glasgow Coma Scale Score and 

intracranial pressure in patients with 

severe head injury. Acta clinica Croatica. 

2001; 40(3):191-5. 

28. Bourdages M, Bigras J-L, Farrell CA, 

Hutchison JS, Lacroix J. Cardiac 

arrhythmias associated with severe 

traumatic brain injury and hypothermia 

therapy. Pediatric critical care medicine: a 

journal of the Society of Critical Care 

Medicine and the World Federation of 

Pediatric Intensive and Critical Care 

Societies. 2010; 11(3):408-14. 

29. Kanev MD P. Phase II clinical trial of 

moderate hypothermia after severe 

traumatic brain injury in children. 2005. 

30. Osborn JJ. Experimental hypothermia: 

respiratory and blood pH changes in 

relation to cardiac function. American 

Journal of Physiology-Legacy Content. 

1953; 175(3):389-98. 

31. Abrishamkar S, Fard SA, Momeni A, 

Irii AR, Rohanizadegan M. QT Interval 

Changes in Moderate and Severe Brain 

Injuries. Neurosurgery Quarterly. 2012; 

22(2):123-5. 

32. Suman S, Kumar N, Singh Y, Kumar 

V, Yadav G, Gupta BK, Pandey A R, 

Pandey S. Evaluation of serum electrolytes 

in traumatic brain injury patients: 

prospective randomized observational 

study. J Anaesth Crit Care Open Access. 

2016; 5(3):00184. 

33. Mierzewska-Schmidt M, Gawecka A. 

Neurogenic stunned myocardium—do we 

consider this diagnosis in patients with 

acute central nervous system injury and 

acute heart failure? Anaesthesiology 

intensive therapy. 2015; 47(2):175-80. 

34. Kerro A, Woods T, Chang JJ. 

Neurogenic stunned myocardium in 

subarachnoid hemorrhage. Journal of 

critical care. 2017; 38:27-34. 

 

 

 


