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Abstract

Backgrounds

Acute traumatic subdural hematoma (SDH) can be a life-threatening neurosurgical emergency that
necessitates immediate evacuation. Predictor data for functional outcomes are scarce and mostly
retrospective. The purpose of this prospective research is to evaluate the clinical presentation, risk

factors, and final outcomes of SDH patients who underwent surgical intervention.

Methodology

A prospective observational study was conducted on a consecutive series of patients with surgically
treated subdural hematoma (SDH) from November 2022 to March 2023. A comparison was made
between individuals with favourable and unfavourable 3-month outcomes (as measured by the Glasgow
Outcome Scale [GOS] 0—-3 versus 4-5) in terms of baseline clinical data, hospital and surgical course,
complications, and imaging data. A multivariable logistic regression model was developed in order to
determine the independent predictors of good outcomes. The nomogram was constructed by applying
the model.

Results

101 SDH patients were surgically managed and followed up for 3 months. The admission GCS,
haemoglobin, BUN, presence of brain bulge, and other associated injuries were found to be significantly
different between good and poor outcome patients. The presence of a brain bulge was found to be
significant in the multivariate model. A score of 30 can ensure a good functional outcome with a 95%
probability.

Conclusion

The authors anticipate that the findings from this study, conducted at a single institution are helpful in
preoperative discussions with patients and their families. These insights specifically pertain to the
anticipated postoperative outcomes following the surgical evacuation of SDH.

Introduction

One of the most typical neurological emergencies is an acute subdural hematoma (SDH). While there is a
lack of comprehensive epidemiological data, previous investigations have found a prevalence of
11%-20% in patients with brain injury [1, 2]. Headache, psychiatric symptoms, cognitive impairment,
seizures, and focal neurologic abnormalities are all possible SDH symptoms [3]. The death rate is in the
range of 55 and 80 percent [4, 5]. It is unclear, if functional recovery has improved over the last decade [6,
7], despite the fact that healthcare utilisation has increased and mortality has decreased. The impact of
baseline clinical features and hospitalisation occurrences on long-term functional recovery is little
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understood. Therefore, the purpose of this prospective, observational study was to discover independent
determinants of good functional outcome at 3 months in a surgically treated SDH group.

Material and methods

This is single-centric prospective study done at tertiary centre from November 2022 to March 2023.
Subjects with or without additional intracranial/extracranial injuries who had surgical evacuation for
posttraumatic acute SDHs were included in the analysis. Non-traumatic SDH as well as posttraumatic
SDH treated conservatively during hospitalization were not included in the study. All participants had their
parents or legal guardians or other responsible adults given the written and informed consent for the
surgery. This study was approved by the Institute Ethical Committee. In accordance with the principles
outlined in the Helsinki Declaration [8], the study was conducted.

All the related information was taken from medical record and departmental electronic data base.
Patients' demographics, clinical presentation, and neurological condition were documented. The
hematoma, mass effect, and other intracranial lesions were noted as per radiological images. The
specifics surgical intervention, hospital stay, death, and day of discharge were recorded. In the follow-up
period, the record of readmission, death, or transfer to a nearby facility were noted. Patients were checked
on 3 months after surgery to assess how well they were functioning. All patients were treated in
accordance with an established advanced trauma life support procedure. At presentation and throughout
their hospital stay, the patient's level of consciousness was evaluated using the Glasgow Coma Scale
(GCS)[9]. Computed tomography (CT) scans were performed on everyone who had even a remote
possibility of having a history of head trauma. The conservative management was given for
asymptomatic or neurologically stable patients and those who had minimal symptoms and an SDH of
volume <15 mL without mass effect who were hospitalized for 24 hours or more than 24 hours after the
accident. The following criteria were used to select the patients for surgery:

a) Thickness of hematoma >10 mm or mid line shift >5mm

b) Thickness of hematoma < 10 mm and mid line shift <5 mm with anyone of the followings.
1. GCS drop by >/= 2 points from injury to admission

2. and /or asymmetric and or fixed and dilated pupil.

3.and/or ICP >20 mm of Hg.

The three different surgical procedures were performed including craniotomy with fixing of the bone flap,
burr hole and decompressive craniectomy as per indication. After surgery, everyone was kept in ICU. The
CT scan was performed for all the postoperative patients within 12—24 hours after surgery. The patient
was transferred to the general ward after extubation and stabilising the general conditions. The
functional outcome was evaluated using the Glasgow Outcome Scale (GOS) score before the patient was

allowed to go home. Patients were followed up at every three months telephonically to determine how
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they were doing using the Glasgow Outcome Scale (GOS) Score. The GOS consists of a "structured
interview with parents/guardians/patients regarding changes in function after injury in seven areas:
consciousness, independence at home, independence outside the home, school or work, social and
recreational activities, family and friends, and return to normalcy." An impartial writer, unaware of the
hematoma's precise radiographic position, performed the interview. The outcomes of the GOS score were
classified into “Good” and “Poor”, as shown in Table 1. This article's material and methodology are based
on study done by Echara M et al [10].

Table 1

Interpretation of Outcome by GOS Scale at
3-month follow-up.

GOS scale Score  Outcome
Good recovery 5 Good
Moderate disability 4

Severe disability 3 Poor
Vegetative state 2

Death 1

Statistical analysis- The information was retrieved and then entered into a Microsoft Excel spreadsheet.
SPSS version 26 software program and STATA 17 [11] were used for the analysis. Categorical variables
were represented as proportions. Continuous variables were presented as median and interquartile range
values. All parameters were tested for normality using Shapiro—Wilk. Mann—Whitney U-tests were used
for continuous variables which were non-normally distributed and student t test were used for normally
distributed continuous variables. Chi-square tests was used for categorical variables. GOS outcome was
converted into binary categories using 1,2,3 as poor outcome and 4,5 as good outcome. It was coded as 1
for good outcome and 0 for poor outcome. Univariate logistic regression was run to assess the
association between various categories. Correlation coefficients was also calculated. Variables which
had higher correlation co-efficient (>0.5) or had VIF of more than 5 or which caused Hosmer Lemeshow
test [12] to become significant were dropped from the multivariable model. Multivariable logistic
regression was run to assess the association between the factors and favourable GOS outcome. OR
(Odd’s ratio) were reported with 95% confidence interval ( C.I.) P value less than 0.05 was taken as
significant. The logistic regression was performed in STATA 17 software. The nomolog command for
normogram was used in STATA and checked through calibration and hosmer lemeshow test.

Results

Out of all 101 patients, the median age was 45.5 years (Range = 4-85) and 72.3% patients were males.

The median GCS at admission was 11 (Range = 3-15). The loss of consciousness, vomiting and ENT
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bleed were present in 67.3%, 59.4% and 49.6% of patients respectively. Seizure and midline shift (MLS)
were present in 9.9% and 93.1% of patients respectively. The median MLS was 7.2 mm (Range = 1.1-20).
In 92.1% of patients there was mass effect during the time of admission and 26.7% patients had brain
bulge. 10.9% and 20.8% patients had hypotension and hypothermia respectively. During the time of
discharge 57.4% had poor outcome. In Table 2, we compared the clinico-demographic profile as well as
biochemical and radiological parameters between patients with good and poor outcome. Out of all the
parameters, the value of GCS at admission as well as discharge, haemoglobin, blood urea nitrogen,
creatinine and presence of brain bulge, other main injury, face injury, hypotension, inotropic support and
good GOS at discharge were found to be significant. The GCS at admission was found to be 12 among
the good outcome patients and 9 among the poor outcome patients. Similarly the GCS at discharge was
significantly higher (GCS-15) among the patient with good outcome than the patients with poor outcome
(GCS-11).
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Table 2

— Comparison of biochemical parameters between good and poor clinical outcome at 3 months

Parameters

Age

Sex

Male

Female

GCS at admission
Loss of consciousness
Vomiting

ENT bleeding
Seizure
Respiratory rate
Pulse rate

SBP

DBP

Temperature of the body

Mid Line shift (MLS)
MLS size

Fracture on CT
Mass effect
Contusion

Brainstem injury

Presence of dot hemorrhage

Edema

Obliteraion of 3rd ventricles or basal cisterns

effaced

Poor outcome
(GOS 1-3)

40 (20-62)
63.6%

36.4%

9 (3-12)
72.7%

45.5%

27.3%

9.1%

21 (17-26)
96 (57-107)
123 (96-154)

81.27 +/-16.09

98.2 (97.6-
99.8)

90.9%

7.25 (6-10)
36.4%
90.9%
90.9%

0%

18.2%
72.7%
100%

Good outcome
(GOs 4/5)

40 (27-55)
76.3%

23.7%

12 (11-13)
57.9%
65.8%
39.5%
5.3%
18 (18-20)
73 (69-90)

119.5 (116-
133)

72.47 +/-13.62
98.05 (98-98.4)

92.1%
7.2 (6.2-8)
42.1%
89.5%
65.8%
15.4%
10.5%
47.4%
92.1%

LOC- Loss of consciousness, MLS — Mid line shift, SAH — Sub arachnoid haemorrhage

p
value

0.857
0.402

0.005*
0.374
0.223
0.46
0.641
0.113
0.51
0.657

0.076
0.507

0.898
0.806
0.733
0.89

0.104
0.672
0.495
0.138
0.336
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Parameters

Traumatic SAH

IVH

Evacuated hematoma
EDH

Brain bulge

Other major injury
Chest injury

Face injury

Spine injury

Extremities / long bone fracture

Hypotension

Hypertension

Hypothermia

Inotropic support
Hemoglobin (g/dl)

Sodium (mEg/L)
Hematocrit (g/dl)
Potassium (mEqg/L)

Blood urea nitrogen (mg/dl)
RBC

Platelet (lacs/cubic mm)

Creatinine (mg%)
pCO2 (mm of Hg)
WBC (/ cubic mm))

Poor outcome
(GOS 1-3)
45.5%

9.1%

100%

63.6%

45.5%

40%

0%

20%

40%

18.2%

18.2%

18.2%

18.2%

10.59 +/-1.03
137 (129-141)
32 (29-39)

3.7 (3.2-4)
18.35 (11-25.6)
4.29 +/-2.44
148 (82-221)

0.6 (0.5-0.7)
31 (20-46)
10 (4.5-20)

Good outcome
(GOS 4/5)
18.9%

2.6%

97.4%

5.3%

15.8%

16.7%

66.7%

16.7%

0%

2.6%

18.4%

13.2%

2.6%

11.8 +/-1.92
137 (135-139)
33 (30-35)
3.8 (3.7-4)
30.3 (28-33.9)
3.91 +/-0.71

163.5 (135-
181)

0.7 (0.6-0.8)
32.65 (29.2-36)

10.95 (9.6~
13.1)

LOC- Loss of consciousness, MLS — Mid line shift, SAH — Sub arachnoid haemorrhage

value

0.074
0.34
0.587

0.001*
0.038*
0.387
0.035*
0.887
0.087
0.058*
0.986
0.675
0.058*
0.01*
0.571
0.792
0.112
0.007*
0.617
0.518

0.035*
0.684
0.675




Parameters Poor outcome Good outcome P
(GOS 1-3) (GOS 4/5) value
Glucose level (mg%) 122 (109-202) 117.5(112- 0.719
129)
p02 (mm of Hg) 189 (63—308) 198 (107-239.2)  0.765
Calcium (g/dl) 8(7.1-8.9) 8.65 (8.4-8.9) 0.071
HCO3 (mmol/L) 21 (13-25) 20 (18.8-22) 0.737
pH 7.4 (7.3-7.4) 7.4 (7.3-7.4) 0.078
GCS at discharge 11 (8-14) 15 0.001*
GOS at discharge ( good-GOS 4/5) 0% 86.8% 0.001*

LOC- Loss of consciousness, MLS — Mid line shift, SAH — Sub arachnoid haemorrhage

The mean value of haemoglobin was 10.59+/-1.03 g/dl among the poor outcome patients and
11.8+/-1.92 g/dl among the good outcome patients. The value of blood urea nitrogen was 18.35(11-25.6)
mg/dl and 30.3(28-33.9) mg/dl among the patients with poor and good outcome respectively. The value
of creatinine was significantly higher among the patients with good outcome (0.7(0.6-0.8) mg%) than
poor outcome (0.6(0.5-0.7) mg%). A significantly higher proportion (63.6%) of patients with poor outcome
had brain bulge. Only 5.3% patients with good functional outcome had brain bulge. 45.5% patients with
poor outcome had other major injury while 15.8% patients with good outcome had major injury. No
patients with poor outcome had face injury while 66.7% patients with good outcome had face injury.
18.2% poor outcome patients required inotropic support and 2.6% of the good outcome patients required
that. None of the patients with poor outcome at 3 months had good GOS at the time of discharge
whereas 86.8% of the good outcome patients had good GOS at the time of discharge. Table 3 showed
that patients who had undergone craniectomy had 0.23 times lower odds for favourable GOS compared
to those who were not underwent for the craniectomy.
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Table 3

Univariate analysis of parameters predicting good
outcome. LOC- Loss of consciousness, MLS — Mid line
shift, SAH — Sub arachnoid haemorrhage

Parameters
Female
Absence of LOC

Absence of vomiting

Absence of ENT bleeding

Absence of seizure
Presence of MLS
Fracture

Mass effect
Contusion

Dot hemorrhage
Edema

Traumatic SAH
Craniotomy

Burr hole (evacuation)
Craniectomy
Brain bulge
Major injury
Spine injury
Hypotension
Hypertension
Hypothermia
Inotropic support
Age

GCS at admission
Respiratory rate

Pulse rate
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Odd’s ratio
0.54
1.93
0.43
0.575
1.8
1.17
1.27
0.85
0.19
0.53
0.34
0.27
1.39
2.49
0.23
0.03
0.23
0.27
0.12
1.02
0.68
0.12
0.99
1.39
0.92
0.99

p value
0.405
0.379
0.229
0.463
0.645
0.899
0.733
.89
0.135
0.5
0.148
0.076
0.666
0.205
0.043*
0.0071*
0.047*
0.37
0.1
0.986
0.676
0.1
0.871
0.005*
0.156
0.479




Parameters Odd’sratio p value
SBP 1.01 0.495
DBP 0.96 0.086
Temperature 0.71 0.393
Sp02 0.99 0.924
MLS size 0.99 0.886
Hemoglobin (g/dl) 1.56 0.062
Sodium (mEq/L) 1.07 0.345
Hematocrit (g/dl) 0.98 0.767
Potassium (mEq/L) 4.14 0.107
Blood urea nitrogen (mg/dl)  1.09 0.031*
RBC 0.82 0.409
Platelet (lacs/cubic mm) 1.001 0.798
Creatinine (mg%) 48.74 0.087
pCO2 (mm of Hg) 0.98 0.503
WBC (/ cubic mm ) 1.03 0.65
Glucose level (mg%) 1.001 0.801
p0O2 (mm of Hg) 1.001 0.813
Calcium (g/dl) 1.12 0.483
HCO3 (mmol/L) 0.98 0.731
pH 1.05e06  0.08

This association was statistically significant in the univariate logistic model. Patients with brain bulge
was negatively associated with favourable GOS at discharge with OR of 0.03. Participants with history of
other major injury have 0.23 times lower odds for favourable GOS compared to those patients without
such associated injuries. This association was statistically significant in the univariable logistic model.
For each unit increase in GCS there was 1.39 times increase in the odds of favourable GOS (statistically
significant). For each unit increase in blood urea nitrogen there was 1.09 times increase in the odds of
favourable GOS which was found to be statistically significant. In the multivariable logistic model only
presence of brain bulge during admission was found to be significantly associated with the favourable
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GOS at 3 months as shown in Table 4. There were 0.02 times lower odds for favourable GOS among
those who had brain bulge compared to those in whom no brain bulge was found.

Table 4
Multivariate analysis for GOS favourable outcome
at 3 months (Pseudo R square = 0.48, p value =
0.001).LOC- Loss of consciousness, MLS - Mid
line shift, SAH — Sub arachnoid haemorrhage

Parameters Odd'sratio  p value
Female 0.33 0.367
Absence of LOC 3.39 0.437
Absence of vomiting 0.17 0.304
Fracture 12.94 0.244
EDH 2.42 0.54
Edema 0.08 0.099
Traumatic SAH 0.25 0.507
Burr hole (evacuation) 6.2 0.308
Craniotomy 9.08 0.161
Brain bulge 0.02 0.028*
Major injury 2.86 0.637
Hypertension 0.8 0.893
Hypothermia 3.4 0.624
MLS size 1.07 0.742
p0O2 (mm of Hg) 0.99 0.923

In Fig. 1, the scores for each variable as per their individual value and at the end the probability for
favourable GOS are given (probability ranging from 0 to 1). Only variable fitting the logistic model and
calibrating with non-significant Hosmer Lemeshow test were put in the model.

Discussion

This work was one of the initial attempts, based on our current understanding, to provide a
comprehensive analysis of prospective, extended-term functional outcomes over a three-month period for
a sequential series of patients diagnosed with acute subdural hematoma (SDH). Another notable
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advantage of this study was the absence of confounding factors such as the discontinuation of life-
sustaining care and the inclusion of ill patients, as these individuals were deliberately excluded. This
deliberate exclusion served to restrict the interpretation of other studies that evaluated mortality as a
primary outcome [13, 14].

The majority of the patients in our study were male, accounting for 72.3% of the total sample. This
finding suggested a natural inclination among males to exhibit behaviours associated with violence, as
indicated by previous research [15-21]. Nevertheless, no notable disparity was observed in the
distribution of gender and age between those with favourable and unfavourable outcomes. Patients who
fared well in our study had considerably higher GCS values both at admission and at discharge. The GCS
at admission was found to be significant in univariate analysis. Older age, poor premorbid functional
status, and poor admission neurological status had all been proven to independently predict a poor 3-
month functional outcome in earlier research. According to the research of others [22, 23], the key
determinants predicting outcome after traumatic brain injury with acute SDH were the patient's age, the
severity of the damage, and the patient's neurological status upon admission. The presence of a brain
bulge or other severe injuries was revealed to be statistically significant in our study when analysed using
a univariate method. Our results were consistent with those of the prior research.

A large proportion of patients with a good 3-month functional outcome had facial injuries, a finding that
was found to be statistically significant. To the best of our knowledge, there was no existing study that
had examined the impact of facial injuries on the functional outcome of patients with acute subdural
hematoma who undergo surgical management. This finding's most likely explanation was the prompt
provision of airway assistance to facial injury patients. The cardiovascular condition of patients at
admission, along with their hospital progression, significantly influences the long-term functional
outcome of subdural hematoma (SDH) patients. Previous research indicated that the occurrence of
comorbidities, specifically hypertension and hypotension during admission, as well as the administration
of vasopressor medication, exhibited notable disparities between patients with favourable and
unfavourable outcomes.

Additionally, it was discovered that a majority of the patients who experienced hypotension and
necessitated the administration of vasopressors to sustain cardiovascular stability exhibited
unfavourable results during the 3-month follow-up period [10, 24]. In the present investigation, our
findings revealed a degree of resemblance between the outcomes observed for hypotension and the
administration of vasopressor agents. The poor functional outcome group had a notably greater number
of patients experiencing hypotension and receiving vasopressors. However, upon conducting univariate
analysis, these two characteristics did not demonstrate statistical significance. The etiology of the
hypotension may be associated with an additional significant trauma resulting in haemorrhage. In our
investigation, in contrast to the aforementioned findings, there was no significant difference observed in
the prevalence of hypertension between patients with good outcomes and those with poor outcomes.
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Our research has analysed biochemical indicators between patients with good and bad functional
outcome at 3 months post-surgery. There was no study comparing biochemical parameters to the
functional outcome of SDH patients that we were aware of. Patients who fared well showed considerably
greater levels of haemoglobin, blood urea nitrogen, and creatinine. Anaemia is a measure of both the
presence of other, more serious medical conditions and the body's ability to withstand them. In some
studies, it was found that patients with a preoperative haemoglobin of less than 10.0g/dL on admission
were found to have a lower 6-month functional score on the Hip Handicap Impact Scale (HHS),
Postoperative Mobility Scale (PMS), and SF-36 Rating of Physical Function and Physical Functioning
[25]. Similar findings concerning anaemia were discovered in our investigation. There was no statistically
significant difference in haematocrit between the patients who fared well and those who did not. This
suggested that severe trauma or haemorrhage causing intravascular volume loss manifested as anaemia
in patients with a poor outcome.

The creatinine levels observed in both groups fell within the established normal range. However, the blood
urea levels were found to be elevated in the group of patients who experienced a favourable outcome.
The variable was also determined to be statistically significant in univariate analysis, exhibiting a positive
odds ratio in predicting a favourable outcome. Based on the available information, there was no study on
the correlation between blood urea nitrogen (BUN) levels and functional outcomes in patients with
subdural hematoma (SDH). Nevertheless, a study examining acute ischemic stroke revealed a positive
association between the BUN/Cr ratio and the three-month outcome. Similarly, another study focusing on
intracerebral haemorrhage discovered that an increased BUN:creatinine ratio served as an independent
predictor of mortality within 30 days [26, 27].

We developed a nomogram to predict good functional outcome at 3 months follow up. There was 95%
probability of having good functional outcome if a patient had a score of 30 and there was 10%
probability of having good functional outcome if a patient had a score of 15.

Limitations:

1. Smaller sample size limits us in generalizing the results.
2. We appreciate that the follow up period should have been more for better interpretation of results.

3. In order to determine the viability of the nomogram, it is crucial to conduct extensive, multicentre
research. This will increase the model's chances of widespread acceptance.

Conclusion

GCS at admission, brain bulge, presence of other significant injuries, craniectomy, and BUN were all
related with the functional outcome after ICU admission for SDH. Identifying the patient characteristics or
events most likely to result in improved functional recovery had far-reaching implications for patient
treatment after the hospital stay.

Page 13/18



Declarations

Source of funding

All authors have no source of funding to disclose.
Declaration of competing interest

All authors have nothing to disclose.

Ethical approval

This study involves human participants and was approved by Institutional research committee (IRC)
(AlIMS/Pat/IRC/2021/834) and institutional ethical committee (IEC) (AIIMS/Pat/1EC/2020/834) of All
India Institute of Medical Sciences, Patna. All procedures were performed in accordance with the
Declaration of Helsinki.

Consent

Written informed consent was obtained from all the participants for publication of accompanying
images. A copy of the written consent is available for review by the Editor-in-Chief of this journal on
request.

Data availability statement: The data that support the findings of this study are available from the
corresponding author, Dr Anil Kumar, upon reasonable request.

Authors' contributions:

Conception or design of the work: Dr Anil Kumar and Dr Mainak Sinha

Data collection: Dr Venkatesh Karthikeyan, Dr Anurag Kumar, Dr Majid Anwer, and Dr Rekha Kumari
Data analysis and interpretation: Dr Venkatesh Karthikeyan and Mr Vineet Kumar Kamal

Drafting the article: Dr Anil Kumar, Shashikant Kumar and Dr Mainak Sinha

Critical revision of the article: Mr Vineet Kumar Kamal and Dr Rekha Kumari

Final approval of the version to be published: All authors.

Acknowledgements: Mrs Nidhi Verma and Mr Alok Kumar for all the support.

Guarantor: Dr Anil Kumar.

References

Page 14/18



11.

12.

13.

14.

. Servadei F. Prognostic factors in severely head injured adult patients with acute subdural

haematoma’s. Acta Neurochir Wien. 1997;139:279-85.

. Servadei F, Nasi MT, Giuliani G, Cremonini AM, Cenni P, Zappi D, Taylor GS. CT prognostic factors in

acute subdural haematomas: the value of the worst CT scan. Br J Neurosurg. 2000;14(2):110-6.
https://doi.org/10.1080/02688690050004525.

. Haselsberger K, Pucher R, Auer LM. Prognosis after acute subdural or epidural haemorrhage. Acta

Neurochir. 1988;90(3-4):111-6. https://doi.org/10.1007/bf01560563.

. Yadav YR, Parihar V, Chourasia ID, Bajaj J, Namdev H. The role of subgaleal suction drain placement

in chronic subdural hematoma evacuation. Asian J Neurosurg. 2016;11(3):214-8.
https://doi.org/10.4103/1793-5482.145096.

. Rosengrn J, Gjerris F. Long-term follow-up review of patients with acute and subacute subdural

hematomas. J Neurosurg. 1978;48(3):345-9. https://doi.org/10.3171/jns.1978.48.3.0345.

. Frontera JA, de los Reyes K, Gordon E, Gowda A, Grilo C, Egorova N, Patel A, Bederson JB. Trend in

outcome and financial impact of subdural hemorrhage. Neurocrit Care. 2011;14(2):260-6.
https://doi.org/10.1007/s12028-010-9418-2.

. Jain B, Das AK, Agrawal M, Babal R, Purohit DK. Implications of DTI in mild traumatic brain injury for

detecting neurological recovery and predicting long-term behavioural outcome in paediatric and
young population-a systematic review. Childs Nerv Syst. 2021;37(8):2475-86.

. World medical association declaration of Helsinki: Ethical principles for medical research involving

human subjects. JAMA [Internet]. 2013;310(20):2191. http://dx.doi.org/10.1001/jama.2013.281053.

.Jain S, Iverson LM. Glasgow Coma Scale. StatPearls [Internet] Treasure Island; 2023.

. Echara M, Das AK, Agrawal M, Gupta A, Sharma A, Singh SK. Prognostic Factors and Outcome of

Surgically Treated Supratentorial versus Infratentorial Epidural Hematoma in Pediatrics: A
Comparative Study of 350 Patients at a Tertiary Center of a Developing Country. World Neurosurg.
2023;171:e447-55.

Statistical software for data science [Internet]. Stata.com. [cited 2023 Aug 23]. Available from:
https://www.stata.com/.

Traverso 12DankersF, Wee A, Van Kuijk L. Prediction Modeling Methodology. In: Kubben P Dumontier
M, Dekker A, editors. Fundamentals of Clinical Data Science. Cham (CH: Springer; 2018.

Frontera JA, Curtis JR, Nelson JE, Campbell M, Gabriel M, Mosenthal AC, Mulkerin C, Puntillo KA, Ray
DE, Bassett R, Boss RD, Lustbader DR, Brasel KJ, Weiss SP, Weissman DE, Improving Palliative Care
in the ICU Project Advisory Board. Integrating palliative care into the care of neurocritically ill
patients: A report from the improving palliative care in the ICU project advisory board and the center
to advance palliative care. Crit Care Med. 2015;43(9):1964-77.
https://doi.org/10.1097/CCM.0000000000001131.

Weimer J, Nowacki A, Gordon E, Frontera J. (n.d.). Withdrawal of lifesustaining therapy in patients
with intracranial hemorrhage: selffulfilling prophecy or accurate prediction of outcome? Crit Care
Med.

Page 15/18



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Balik V, Lehto H, Hoza D, Sulla I, Hernesniemi J. Posterior fossa extradural haematomas. Cent Eur
Neurosurg. 2010;71(4):167-72. https://doi.org/10.1055/s-0030-1249046.

Karasu A, Sabanci PA, I1zgi N, Imer M, Sencer A, Cansever T, Canbolat A. Traumatic epidural
hematomas of the posterior cranial fossa. Surg Neurol. 2008;69(3):247-51.
https://doi.org/10.1016/j.surneu.2007.02.024. dicussion 251-2.

Malik NK, Makhdoomi R, Indira B, Shankar S, Sastry K. Posterior fossa extradural hematoma: our
experience and review of the literature. Surg Neurol. 2007;68(2):155-8.
https://doi.org/10.1016/j.surneu.2006.10.051. discussion 158.

Dhellemmes P, Lejeune JP, Christiaens JL, Combelles G. Traumatic extradural hematomas in infancy
and childhood. Experience with 144 cases: Experience with 144 cases. J Neurosurg. 1985;62(6):861—
4. https://doi.org/10.3171/jns.1985.62.6.0861.

Paiva WS, de Andrade AF, Mathias Junior L, Guirado VM, de Amorim P, Magrini RL, N. N., Teixeira MJ.
Management of supratentorial epidural hematoma in children: report on 49 patients. Arq
Neuropsiquiatr. 2010;68(6):888-92. https://doi.org/10.1590/s0004-282x2010000600011.

Sencer A, Aras Y, Akcakaya MO, Goker B, Kiris T, Canbolat AT. Posterior fossa epidural hematomas in
children: clinical experience with 40 cases: Clinical article. J Neurosurg Pediatr. 2012;9(2):139-43.
https://doi.org/10.3171/2011.11.peds11177.

Das AK, Agrawal M, Babal R, Purohit DK. Biological significance of serum biomarkers in sports-
related concussion injury-A systematic review. Turkish Neurosurg. 2022;32(5):709-19.
https://doi.org/10.5137/1019-5149.JTN.35745-21.3.

Kog¢ RK, Akdemir H, Oktem IS, Meral M, Menku A. Acute subdural hematoma: outcome and outcome
prediction. Neurosurg Rev. 1997;20(4):239-44. https://doi.org/10.1007/bf01105894.

Leitgeb J, Mauritz W, Brazinova A, Janciak I, Majdan M, Wilbacher I, Rusnak M. Outcome after severe
brain trauma due to acute subdural hematoma: Clinical article. J Neurosurg. 2012;117(2):324-33.
https://doi.org/10.3171/2012.4.JNS111448.

Weimer JM, Gordon E, Frontera JA. Predictors of functional outcome after subdural hematoma: A
prospective study. Neurocrit Care. 2017;26(1):70-9. https://doi.org/10.1007/s12028-016-0279-1.
Sim YE, Sim S-ED, Seng C, Howe TS, Koh SB, Abdullah HR. Preoperative Anemia, Functional
Outcomes, and Quality of Life After Hip Fracture Surgery: Preoperative anemia and hip fracture
repair. J Am Geriatr Soc. 2018;66(8):1524~-31. https://doi.org/10.1111/jgs.15428.

Deng L, Wang C, Qiu S, Bian H, Wang L, Li Y, Wu B, Liu M. Association between blood urea nitrogen-
to-creatinine ratio and three-month outcome in patients with acute ischemic stroke. Curr Neurovasc
Res. 2019;16(2):166—72. https://doi.org/10.2174/1567202616666190412123705.

Dev B, Singh VK, Kumar A, Chaurasia RN, Kumar A, Mishra VN, Joshi D, Pathak A. Raised Blood Urea
Nitrogen-Creatinine Ratio as a Predictor of Mortality at 30 Days in Spontaneous Intracerebral
Hemorrhage: An Experience from a Tertiary Care Center. Neurol India. 2022 Jul-Aug;70(4):1562-
1567.10.4103/0028-3886.355134. PMID: 36076659.

Page 16/18



Figures

Nomogram
Fyperiension - 3
wan g A
eranioiemy “ |
DuThals o .
=1 1 o
edama ; o
El o 1
fraciure ‘ |
= 1 z
EEE 3 1
T T T T T T T T T T T T T T T T T T T T T T T
0 1 2 3 5 6 T 8 9 10 11
Score
Prob o5 K % 1 2 23587 F & &5 ® o)
T T T T T T T T T T T T
0 10 20 30 40 50
Totalscore
Fage 102
Nomogram
po_z 0.0 24850 465.00
mis_sizz
Qoo R 16.00
mypotnerins - .
T T T T T T T T T T T T T T T T T T T T T T T
0 1 2 3 T 8 9 10 1
Score
Prob  of7 Gl @ 1 1§ 35687 B B 65 T oo
T T T T T T T T T T T T
0 10 20 30 40 50
Total score
Fage2afl
Figure 1

Nomogram for favourable GOS favourable (GOS 4,5) / unfavourable (GOS 1,2,3) at 3 months
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( Sex- 1=male,2=female; Hypertension/Brain bulge/Craniotomy/Burr
hole/tSAH/Edema/EDH/Fracture/Hypothermia -0=absent,1=present; LOC-1=yes,2=no)
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