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ABSTRACT 
Introduction: Subarachnoid haemorrhage (SAH) is a devastating event, with a 

mortality of up to 50%. Acute cardiac dysfunction is common after such an event, and 

it is known to have a negative impact on the outcome of these patients. Cardiac 

troponin release occurs frequently after SAH and represents an early biomarker for 

neurogenic cardiac dysfunction. 

Objective: The present study aimed to evaluate the impact of a raised troponin value 

on the outcome of SAH patients. 

Methods: This is a prospective observational study held between 2014-2017 at the 

University Emergency Hospital, Bucharest. Data on clinical admission status, high-

sensitivity troponin I, ECG and echocardiographic evaluation results, ICU length of 

stay and in-hospital mortality rate. Statistical analysis was performed using non-

parametrical Mann-Whitney and chi-square tests. The results were considered 

significant at p<0.05. 

Results: A total of 335 consecutive patients with non-traumatic SAH were admitted 

during the study period. 92 of them were excluded and 243 were analyzed, 203 with 

aneurysmal SAH and 40 with non-aneurysmal, non-traumatic SAH. High-sensitivity 

troponin I reached its peak level 48 to 72 hours after SAH and was higher in patients 

with aneurysmal SAH. For all SAH patients, its median and peak values on days 1 and 

2 were correlated with the ICU length of stay and inversely correlated with in-hospital 

length of stay. For the first 3 days, the median and maximum troponin values are 

higher in patients who died compared with those who survived and were discharged 

home (p-value < 0.001). Predictors of an elevated troponin on day 1 are loss of 

consciousness at ictus, a high Hunt and Hess and Fisher Scale grade, intraventricular 

haemorrhage and cerebral midline shift. 

Conclusions: The release of cardiac troponin is a valuable marker of neurogenic 

cardiac dysfunction in the first 3 days after SAH. The study replicates other data in the 

literature and highlights the association between SAH severity, early troponin 

elevation and in-hospital death. 

Keywords 
aneurysmal subarachnoid 

haemorrhage, 
non-aneurysmal, 

non-traumatic subarachnoid 
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cardiac troponin, 
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INTRODUCTION 

Subarachnoid hemorrhage (SAH) is a medical 

emergency, still associated with a high morbidity and 

mortality, despite the recent advancement in its 

treatment. The fact that it affects people in the prime 

of their lives makes it an important public health 

concern. It is a well-known fact that subarachnoid 

hemorrhage is associated with neurogenic 

myocardial dysfunction, of which cardiac troponin is 

a reliable marker. Up to 63% of aneurysmal SAH 

patients have a cardiopulmonary involvement and 

23% of them die as a result of such a complication (1-

3). The cardiac dysfunction becomes a sign of the 

severity of SAH, as well as a marker of bad outcome. 

It is associated with neurologic complications, such 

as vasospasm and delayed cerebral ischemia, and 

with a high in-hospital mortality (4-6). The diagnosis 

of such a myocardial dysfunction is made taking into 

consideration the early electrocardiographic 

changes, the release of cardiac troponin and 

NTproBNP and the echocardiographic wall motion 

anomalies. 

Moreover, this stress cardiomyopathy is 

encountered early in the clinical evolution of 

aneurysmal SAH, as the majority of patients who are 

diagnosed with such a complication have a lower 

arterial blood pressure and thus a higher need for 

vasopressors, more ST-T anomalies and even a high 

value of the cardiac troponin at the moment of their 

hospital admission (7). Troponin has a high 

sensibility for detecting the cardiopulmonary stress 

encountered in SAH, with up to 70% of patients 

having a rising troponin value in the first two days 

from the aneurysmal rupture. Furthermore, a high 

troponin value is corelated with a prolonged 

corrected QT interval on the electrocardiography 

and echocardiographic anomallies (3)(4)(7-12). 

 

MATERIALS AND METHOD 

We conducted a prospective observational study. All 

consecutive adult patients admitted to the 

Neurosurgical or the Intensive Care Unit of the 

University Emergency Hospital, Bucharest, between 

December 2014 and December 2017 were included. 

Their identity was anonymized and all of them were 

treated by their attending doctors according to 

national and international protocols for SAH, without 

any interference from the lead author of this paper, 

who collected the data. A series of data were 

collected, among them preexisting pathologies and 

known SAH risk factors, clinical status on admission 

(neurological and cardiovascular parameters, such 

as Glasgow Coma Scale grade, arterial pressure and 

heart rate) vasopressor requirement, oxygenation 

index, SAH extension on CT (Fisher Scale grade, 

intracerebral and intraventricular hemorrhage 

extension), ECG and echocardiographic evaluation 

results, high-sensitivity troponin I value, ICU length of 

stay and in-hospital mortality. Exclusion criteria were 

represented by: traumatic SAH, preexisting cardiac 

disease (ischemic heart disease, congestive heart 

failure, cardiac pacing, atrial fibrillation or atrial 

flutter), chronic renal failure, fluid balance and 

electrolytic anomalies or treatment with drugs that 

might affect the ECG or a period longer than 24 hours 

between the debut of symptoms and the transfer to 

the University Emergency Hospital. Statistical 

analysis was performed using SPSS v27.01.0 (SPSS 

Inc., Chicago, Ill., USA). Data was represented using 

means or medians and non-parametric Mann-

Whitney tests were performed to analyze the 

difference between groups. Categorical data was 

assessed using chi-square tests. A p value <0.05 was 

considered statistically significant. 

 

RESULTS 

Between December 2014 and December 2017, there 

were 335 adult patients with SAH admitted to the 

University Emergency Hospital in Bucharest. We 

excluded 92 of them due to criteria mentioned 

above, so 243 of them were studied – 203 with 

aneurysmal SAH and 40 with non-aneurysmal, non-

traumatic SAH.  

 

Aneurysmal SAH 

Of the 203 patients with aneurysmal SAH, the 

majority were women (55.17%) and lived in an urban 

area (61.58%). The mean age was 51.4±12.1 years 

old, with the youngest patient being 20, and the 

oldest 79 years old. The mean age was 52 years old 

for women and 49 years old for men. The mean body 

mass index was 28 (interquartile range IQR 26, 31), 

102 patients (50,2%) were smokers and 42 (20.7%) 

were using alcohol. 45 patients (22%) were 

dyslipidemic, 48 (23.6%) were hypertensive, 11 (5.4%) 

had a history of stroke and 20 patients (9.9%) had 

diabetes. The mean duration from symptom debut 

to hospital admission was 2.67 hours for people 

coming from rural areas, and 1.64 hours for people 

coming from urban areas. The median for the 
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admission Glasgow Coma Scale score was 7.5 (IQR 5, 

14). Most of the patients with a ruptured aneurysm 

(135 or 66.5%) were admitted to the Intensive Care 

Unit, with a median ICU stay of 1 day (IQR 0, 4) and a 

median hospital stay of 9 days (IQR 1, 19). More than 

half of them (113 or 55.7%) died during their hospital 

stay.  

 
 

Table 1. Data for day 1 
 

Parameter All patients (n=243) 
Non-aneurysmal 

SAH (n=40) 

Aneurysmal SAH 

patients (n=203) 

Median for systolic arterial pressure (IQR) 

 

135 

(125,155) 

 

140  

(135,150) 

 

135 

(125,155) 

Median for mean arterial pressure (IQR) 

101.67 

 

(88.34,11) 

 

105.83 

(94.6,113) 

 

101.67 

(85,115) 

No. and percentage of patients with vasopressor 

treatment 

42 

(17.3%) 

1 

(2.5%) 
41 (20.2%) 

Median for heart rate (IQR) 
85 

(70, 95) 

80  

(71.25, 90) 

85  

(70, 95) 

Median for oxygenation index (IQR) 
300  

(263.5, 327) 
371.5 (321.5, 448.5) 

290 

(260, 321.75) 

Mechanically ventilated 145 (59.7%) 
20 

(50%) 
125 (61.6%) 

Median for troponin level (IQR) 
0. 62 

(0.02,1.24) 

0.36  

(0.17,0.59) 

0.63 

(0.09,1.24) 

No. and percentage of patients with high troponin 

value 
113 (74.8%) 6 / 9 (66.7%1) 107 / 142 (75.4%1) 

Median for corrected QT interval (IQR) 
410 

(378, 448) 

386 

(372, 418) 

416 

(380, 452) 

No. and percentage of patients with prolonged 

corrected QT interval 

47 

(19.3%) 
0 47 (23.2%) 

 

1 Percentage based on total number of patients with available troponin value for day 1 
 

Other data collected for day 1 are shown in table 1. 

The median for the maximum high-sensitivity 

cardiac troponin I level was 1.02 ng/ml, with an 

interquartile range of 0.26 to 1.96 ng/ml. For those 

patients in whom high-sensitivity cardiac troponin I 

level was measured, its value increased from day 1, 

reaching a peak value on day 3 (48 to 72 hours from 

the rupture of the aneurysm). Table 2 shows data 

regarding the high-sensitivity cardiac troponin I 

values for patients with aneurysmal SAH. 

 
Table 2. High-sensitivity cardiac troponin I level 
 

 Day 1 Day2 Day 3 

Median for 

troponin level 

(IQR) 

0.63 ng/ml  

 

(0.09,1.24) 

0.98 ng/ml 

 

(0.29,1.91) 

1.7 ng/ml 

 

(0.85,2.63) 

No. and 

percentage of 

patients with 

high troponin 

value 

107 / 142 

patients 

 

(75.4%1) 

67 / 84 

patients 

 

(79.8%1) 

41 / 41 

patients 

 

(100%1) 

 

1 Percentage of the patients with available troponin value for day 

 
 

Figure 1. Distribution of troponin value during the first 3 days 

after SAH versus death rate 

 

For all patients (aneurysmal and non-aneurysmal, 

non-traumatic SAH), both maximum troponin value 

(p<0.001) and troponin value from day 1 (p<0.028) 

and day 2 (p<0.001) were correlated with their ICU 

stay, and inversely correlated with their in-hospital 

stay (p<0.001 for all). Moreover, for patients with 

aneurysmal SAH, these values were correlated with 
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their in-hospital stay (p<0.001) and not with their ICU 

stay. Furthermore, the maximum troponin value and 

the troponin level during the first 3 days were 

significantly higher in patients who died during their 

hospital stay compared with those who were 

discharged (p<0.001 for all) (Figure 1). 

 

Table 3. Predictors of elevated troponin (troponin ˃ 0.03 ng/dL) 

on day 1 
 

Variable 

No of 

patients with 

elevated 

troponin on 

day 1 

N=107 (%) 

OR (95%CI) 
P 

value 

Loss of 

consciousness 

at ictus 

68 (63.6%) 
5.03  

(2.14, 11.83) 
<0.001 

Hunt&Hess 

grade IV or V 
86 (80.4%) 

4.86  

(2.14, 11.02) 
<0.001 

Fisher Scale 

grade III or IV 
84 (80%) 

10  

(4.16, 24) 
<0.001 

Intraventricular 

hemorrhage 
51 (47.7%) 

5.46  

(1.97, 15.15) 
<0.001 

Midline shift 51 (47.7%) 
4.4  

(1.69, 11.46) 
0.001 

 

Admission clinical and radiographic variables (CT) 

predictive of increased day 1 high-sensitivity cardiac 

troponin I levels included: loss of consciousness at 

ictus, higher Hunt and Hess grade (IV and V), higher 

Fisher scale grade (III and IV), intraventricular 

hemorrhage and midline shift on admission CT. 

 

Non-aneurysmal, non-traumatic SAH 

This group consists of 40 patients, with 57.5% 

originating from urban areas and 42.5% of them 

being women. The mean age was also 51.48±11.87 

years old, with the youngest being 28, and the oldest 

71 years old, in both men and women. The mean 

body mass index was also 28 (IQR 26, 31), 15 patients 

(37.5%) were smokers and 6 (15%) were using 

alcohol. 14 patients (35%) were dyslipidemic, 9 

(22.5%) were hypertensive, and 13 patients (32.5%) 

had diabetes. None had a history of stroke. The 

mean duration from symptom debut to hospital 

admission was 4.4 hours for both rural and urban 

areas, but with a median value of 2 hours for people 

coming from rural areas, compared with 5 hours for 

people coming from urban areas. The median for the 

admission Glasgow Coma Scale score was 11.5 (IQR 

5.25,15). Just like patients with aneurysmal SAH, 

more than half of the people in this subgroup were 

admitted to the Intensive Care Unit (21 or 52.5%), 

with a median ICU stay of 1 day (IQR 0, 4) and a 

median hospital stay of 18.5 days (IQR 5.25, 26).Less 

than half of them (17 or 42.7%) died during their 

hospital stay.  

 

DISCUSSION AND CONCLUSIONS 

Our data correlate well with those found in the 

literature when it comes to the general 

characteristics of the people in the 2 subgroups: 

women are more affected by SAH caused by 

aneurysm rupture, while more men are affected by 

non-aneurysmal, non-traumatic SAH. Both 

subgroups are represented by people in their prime 

(about 51 years old), coming from urban areas 

(13)(14). As expected, smoking was the most 

prevalent risk factor encountered in our cohort, in 

half of the patients. A series of studies cites smoking 

as the most important modifiable risk factor for 

aneurysmal rupture (15-20). The fact that alcohol 

consumption was declared by only about a quarter 

of the patients may be so because of the social 

stigma associated with it, or because of the 

underreporting bias – people tend to underestimate 

their alcohol intake. A high alcohol consumption 

represents an important risk factor for aneurysm 

rupture (15)(17)(21)(22). In contrast to the literature 

(15)(17)(21-23), not finding hypertension as a main 

risk factor for SAH may be explained by the general 

lack of preventive medicine in our country, with a 

certain number of people believing that you should 

visit a doctor only when you are “sick”, without 

realizing that a lot of diseases are, in fact, “silent 

killers”. 

It was important to study all of these risk factors, 

as all of them are also risk factors for cardiac disease, 

where troponin plays a key role. On the one hand, for 

aneurysmal SAH, the more rapid hospital admission 

for people coming from urban areas compared to 

those from rural areas could be easily explained by 

their proximity to a hospital. On the other hand, vice-

versa was observed for non-aneurysmal, non-

traumatic SAH. This seems to represent a paradox – 

lighter symptoms compared to those produced by 

the rupture of an aneurysm make people living in an 

urban area ignore them for a longer period of time, 

precisely because they can access medical support at 

any time they feel they finally need to. Nevertheless, 

the time frame between symptom debut to hospital 
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admission remains short in terms of troponin 

release and detection. This is important as it did not 

interfere with the trend of our troponin results. 

A lower median value of the Glasgow Coma Scale 

Score, a higher percentage of ICU admission and a 

higher death rate for patients with aneurysmal SAH 

versus non-aneurysmal, non-traumatic SAH was 

observed, as expected, due to its more severe 

evolution, with a known high mortality (1)(24)(25). 

The cardiac dysfunction in patients with SAH was 

readily apparent when analyzing general data, like 

mean arterial pressure, need of vasopressors, heart 

rate, and even oxygenation index and need of 

mechanical ventilation, or specific parameters like, 

troponin level and corrected QT interval on the 

electrocardiogram. The subgroup of aneurysmal 

SAH patients had a lower mean arterial pressure and 

a higher need of vasopressor treatment, a lower 

oxygenation index and a higher percentage of 

mechanically ventilated people, all of which are 

markers of a cardiac involvement. Moreover, a 

higher percentage of aneurysmal SAH patients had 

an abnormal troponin level, with a median troponin 

value almost double the one observed in non-

aneurysmal, non-traumatic SAH. The fact that 

troponin elevation is detected early in the evolution 

of SAH is very useful in order to detect the incidence 

of cardiac dysfunction immediately after SAH.  

For the first day of hospital admission, our study 

revealed a high frequency of high-sensitivity cardiac 

troponin I elevation - 74.8% out of the 151 patients 

who were tested in the entire SAH group, with a 

higher percentage in the aneurysmal SAH subgroup 

(75.4% out of the 142 patients who were tested) 

compared to the non-aneurysmal, non-traumatic 

subgroup (66.7% out of the 9 patients who were 

tested). We may have overestimated the true 

incidence of an elevated troponin I value, due to the 

fact that not all patients included in the study were 

tested. On the one hand, other studies (8)(26-28) 

revealed that only 20% to 40% of the patients with 

aneurysmal SAH had a detectable troponin I release. 

On the other hand, all these other cited studies used 

cardiac troponin I assays, whereas we investigated 

the dynamics of high-sensitivity cardiac troponin I, 

which, as its name suggests, has much lower limits of 

detection (29). Therefore, new studies may be 

needed in order to describe de dynamics of high-

sensitivity cardiac troponin I assays in patients with 

SAH. Troponin reaching a peak on day 3, that is 48 to 

72 hours after aneurysmal rupture in our study, is 

also well correlated with other literature references 

(30). 

We found that high-sensitivity cardiac troponin I 

measurements after SAH have prognostic 

significance. A raised value on day 1 and 2 (which 

represent the first 48 hours after SAH) is significantly 

correlated with the ICU stay, and inversely correlated 

with in-hospital stay. This suggests a more severe 

clinical evolution for patients with a high troponin 

value and supports the idea that cardiac dysfunction 

associated with SAH may be involved in their poor 

outcome. Moreover, the fact that maximum troponin 

level, as well as troponin values during the first 3 

days after SAH are significantly higher in patients 

who died, versus patients who were discharged 

home suggests that cardiac troponin should be 

routinely measured in SAH patients, in order to be 

able to offer a more intensive management for these 

patients. Furthermore, these results reinforce the 

general recommendation of a thorough cardiac 

monitoring, including serial troponin measurements, 

especially during the first 3 days in all SAH patients. 

Patients with more severe SAH grades should be 

primarily monitored closely for cardiac dysfunction, 

as they demonstrated to be more likely to develop 

an elevated level of serum cardiac troponin I. There 

was a strong correlation between the extent of 

cardiac troponin I elevation and various parameters 

of SAH severity, such as loss of consciousness at 

ictus, a high Hunt and Hess grade, intraventricular 

hemorrhage, midline shift and a high Fisher scale 

grade. These results demonstrate the neurogenic 

origin of heart injury in aneurysmal SAH patients. 

Further research is needed to investigate whether 

certain measures to optimize cardiac treatment after 

SAH improve outcome. 
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ABSTRACT 
Background: Diffuse gliomas are the most frequent primary central nervous system 

(CNS) neoplasms, originating from the parenchyma itself, oligodendrogliomas 

accounting for approximately 10% of cerebral gliomas. For the past 20 years, the 

study of genetic/molecular mechanisms of glioma genesis and progression has 

gradually come into focus. However, the biological and clinical significance of these 

mutations are still to be completely characterized. The purpose of this article is to 

describe our clinical experience with oligodendrogliomas and to review the current 

literature, in order to better describe the characteristics of the molecular/genetic 

oligodendroglioma subgroups. 

Methods: We performed a single-institution retrospective study that included 66 

patients with oligodendrogliomas operated in our department between January 2011 

and December 2018. 

Results: Our study included 26 female patients (39%) and 40 male patients (59%). 

The mean age at presentation was 39.9year-old (range 26-59year-old). The tumours 

were located predominantly in the right hemisphere (53%), the majority being 

situated in the frontal lobe (59%). 64% of the patients had signs of mass effect on the 

imaging studies, 13% presented with brain herniation syndromes, and 16 % of the 

surgically treated patients had a relapse with regrowth and malignant transformation 

of the tumour. The most common complaint that the patients had at admission was 

a headache. Seizures were the second most common symptom that determined the 

patients to seek medical attention. 

Conclusion: The expanding knowledge regarding the genetic alterations of 

oligodendroglial tumours could lead to significant changes in treatment strategies. 

However, the utility of each particular marker in planning the treatment has yet to be  
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established. Emerging data will, most likely, improve outcome 

prediction and adjuvant therapy strategies by identifying the 

patients most likely to benefit from a particular treatment. 

 

INTRODUCTION 

Diffuse gliomas are the most frequent primary 

central nervous system (CNS) neoplasms, originating 

from the parenchyma [1]. About 75% of gliomas in 

adults are astrocytic, two-thirds being glioblastomas, 

the most malignant form. Oligodendroglial tumors 

account for than 10% of the gliomas [2]. For the 

largest part of the last century, the diagnosis of 

oligodendrogliomas has been based on 

histopathological aspects alone. For the past 20 

years, the study of genetic/molecular mechanisms of 

glioma genesis and progression has gradually come 

into focus. The 2021 World Health Organization 

(WHO) Classification of Tumors of the CNS includes 

molecular features for diagnosis and further 

classification of oligodendroglioma into IDH-mutant 

and 1p/19q-codeleted [3]. The biological and clinical 

significance of these mutations are still to be 

completely characterized. The purpose of this article 

is to describe our clinical experience with 

oligodendrogliomas and to review the current 

literature, in order to better describe the 

characteristics of the molecular/genetic 

oligodendroglioma subgroups. 

 

MATERIALS AND METHODS 

We performed a single institution retrospective 

study that included the patients of the 4th Clinical 

Department of Neurosurgery of the Bagdasar-Arseni 

Clinical Emergency Hospital.  

We retrospectively reviewed the case files of 66 

patients with oligodendrogliomas operated in our 

department between January 2011 and December 

2018. We only included patients operated for 

oligodendrogliomas with a positive 

anathomopathological examination for a “classical” 

oligodendroglioma. Exclusion criteria were diagnosis 

of primary glioblastoma, oligoastrocitoma with 

important oligodendroglial compound or patients 

with a high suspicion for oligodendroglioma, that 

refused surgery or biopsy for diagnosis. Data were 

obtained by studying patient files.  

 

RESULTS 

Our study included 26 female patients (39%) and 40 

male patients (59%). The mean age at presentation 

was 39.9year-old (range 26-59year-old). The tumors 

were located predominantely in the right 

hemisphere (53%), the majority being situated in the 

frontal lobe (59%). 64% of the patients had signs of 

mass effect on the imaging studies, 13% presenting 

with brain herniation syndromes (Figure 1).  

 

Figure 1. Distribution of patients based on the 

presence/absence of mass effect on imaging studies. 

 

16 % of the surgical treated patients had a relapse 

with regrowth and malignant transformation of the 

tumor (Figure 2). 

 

 
 

Figure 2. Distribution of the patients based on the 

presence/absence of relapse with malignant transformation. 

 
Figure 3. Distribution of the patients based on the clinical 

symptoms at admission. 
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The most common complaint that the patients had 

at admission was headache. Seizures were the 

second most common symptom that determined 

the patients to seek medical attention (Figure 3). 

 

ILLUSTRATIVE CASE 

A 30-year-old male with no significant medical 

history was referred to our clinic for intense 

headache, progressively worsened during the month 

prior to admission. Clinical examination showed no 

neurological deficit. Gadolinium-enhanced MRI scan 

revealed a right fronto-temporal tumor, measuring 

9.5 cm in diameter, compressing the adjacent 

structures and producing mass effect on the right 

lateral ventricle (Figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4. Gadolinium enhanced MRI scan, axial section, showing a right fronto-temporal tumour, measuring 9.5 cm in diameter, 

compressing the adjacent structures with inhomogenous enhancement. 

 

Figure 5. Intraoperative aspect showing the yellow-grey tumour.           Figure 6. Intraoperative aspect showing the resection cavity. 
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We performed a gross total resection through a 

pterional approach (Figure 5, Figure 6). The patient 

was discharged 7 days later, with no postoperative 

neurological deficits. Control CT scan showed a gross 

total resection of the tumor (Figure 7). 

 

 
 

Figure 7. Postoperative CT scan showing the resection cavity. 

Figure 8. Histopathological specimen showing arciform 

vascularization. 

 

Histopathological examination showed arciform 

vascularization (Figure 8), “boiled egg cells” (Figure 9) 

and high fibrilarity (Figure 10). 
 

MLPA analysis of the tumor sample identified a 

codeletion of 1p19q and a c.395G>A (p.R132H) 

mutation in the exon 4 of IDH1 gene. The analysis 

was negative for mutations of exons 11 and 15 of 

BRAF gene, EGFRvIII, MGMT promoter methylation 

and TERT promoter mutation. 

The patient had a favorable evolution, with no 

neurological deficits and was discharged in the 

seventh postoperative day. 

Figure 9. Histopathological specimen showing “boiled egg 

cells” aspect. 

 

Figure 10. Histopathological specimen showing high fibrillarity. 

 

DISCUSSION 

Under the generic term “oligodendroglioma” is a 

heterogenous group of tumors, with a variable 

response to adjuvant therapy. This variance 

highlights the need for markers that can guide the 

clinical decision-making. Codeletion of 1p19q occurs 

in 50 to 76% of oligodendrogliomas [4] [5]. EORTC 

26951 and RTOG 9402 studies proved that 

combining radiation therapy with procarbazine, 

vincristine and lomustine chemotherapy protocol 

drastically increased overall survival in 1p19q 

codeleted anaplastic oligodendroglioma patients 

compared to radiotherapy alone [6] [7]. The EORTC 

26951 trial investigated the adding of six cycles of 

standard procarbazine, vincristine and lomustine to 
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radiation therapy of 59.4 Gy in 33 fractions in 

anaplastic oligodendroglioma patients and reported 

a significant difference in overall survival [7] [8]. 

Patients with 1p19q codeleted oligodendrogliomas 

benefitted more from the addition of chemotherapy 

to radiotherapy, the risk reduction in patients with 

non-codeleted tumors being significantly lower [7]. 

Regarding both trials, it is also notable the fact that 

patients with 1p19q codeleted oligodendrogliomas 

who were treated with adjuvant radiotherapy alone 

initially, had a lower survival rate at progression, 

despite being administered a heightened 

chemotherapy regimen [4] [7]. The CODEL trial has 

been designed to compare administration of 

adjuvant therapy consisting of either radiotherapy 

alone, themozolomide alone or radiotherapy 

combined with themozolomide. The analysis from 

the initial study design showed that themozolomide-

alone patients experienced a significantly shorter 

progression free survival, compared to either one of 

the radiotherapy arms [9]. The study has been 

subsequently redesigned to compare radiotherapy 

combined with procarbazine, lomustine and 

vincristine to radiotherapy and themozolomide 

regimens and is still ongoing.  

Mutations of IDH1 and IDH2 seem to occur in 

about 70% of oligodendroglioma tumors, mainly 

affecting amino acid 132 of IDH1 or IDH2 [10] [11]. 

IDH1 is known to function as a tumor suppressor, its 

mutational inactivation leading to tumorigenesis, 

partially through the induction of the HIF-1 pathway 

[12] [13]. IDH mutations have been reported in 

several studies to produce a favorable prognostic 

impact [7] [10] [14]. However, despite the more 

favorable prognosis of patients with 

oligodendrogliomas harboring IDH mutations, it 

hasn’t been proven yet that the treatment strategy 

should be changed regarding the IDH status. 

 

CONCLUSION 

The expanding knowledge regarding the genetic 

alterations of oligodendroglial tumors could lead to 

significant changes in treatment strategies. However, 

the utility of each particular marker in planning the 

treatment has yet to be established. Emerging data 

will, most likely, improve outcome prediction and 

adjuvant therapy strategies through identifying the 

patients most likely to benefit from a particular 

treatment.
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ABSTRACT 
Glomus jugulare tumours are extremely rare, slow-growing, hypervascular tumours 

that arise within the jugular foramen of the temporal bone and frequently involve the 

lower cranial nerves. We performed a retrospective study for patients treated 

between January 2005 and December 2019, reviewing clinical and radiological data 

for 91 cases of glomus jugulare tumours. Data were available for 91 patients 

presenting with 96 tumours. Surgery was 1st intention of treatment for 13 cases, the 

endovascular approach was 1st intention for 6 cases and GKRS was primarily 

performed in 72 cases. Combined treatment options were used in 19 cases. The 

median age at the time of treatment was of 57 years. The tumour volume varied 

between 0.5 and 73.4 cm3 with a median value of 8.3 cm3. For the cases treated with 

GKRS, the peripheral dose ranged between 8 and 35 Gy on the 35% to 65% isodose, 

with a median of 14 Gy on the 45% isodose. The average follow-up was 38 months 

with a maximum of 94 and consisted of contrast-enhanced MRI every six months in 

the first year after the procedure and every 1 to 2 years afterwards. The overall 

tumour control rate was 95.6% using multimodal treatment options for glomus 

jugulare tumours. Multimodal treatment for glomus jugulare tumours offers the 

patient the chance for the best possible outcome and long-term survivability. An 

individual treatment approach for this kind of very rare head and neck tumour (0,6% 

of all head and neck tumours) is recommended to choose the best risk-versus-benefit 

treatment option. 

 

 
BACKGROUND 

Glomus jugulare tumor is a benign neuroendocrine tumor that arises 

from the jugular foramen. This tumor characterized by a slow-growing 

pattern. Paragangliomas, also known as chemodectomas represent 

benign tumors with the origin from neural crest derivates also known 

as the parangalia [1],[2],[3]. These tumors are highly vascularised. They can 

receive blood supply from both from the external carotid artery and 

internal carotid artery. The localization of these tumours can widely
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vary, from carotid bifurcation to the auricular branch 

of the vagus nerve. The most frequent localization is 

the carotid body, accounting for almost half of the 

tumors [5], [6] whereas glomus jugulare tumors 

represent 24% of them [6]. Even though they are 

benign tumors, the symptomatology can be the 

cause of the mass effect [2]. 

Usually, these tumors are diagnosed in the fourth 

to sixth decade of life, with a moderate female 

predilection. Most of the glomus jugulare tumors are 

isolated lesions but around 20% of them present 

hereditary components [4]. The inherited tumors are 

usually bilateral and the onset of the symptoms is 

reported to be earlier than the onset 

symptomatology of the sporadic tumors. The 

reported malignancy of these tumors is less than 5% 
[2]. 

Around 25% of the paragangliomas remain silent 

and are incidentally discovered. The symptoms 

caused by these tumors depend on their location. 

Lower cranial nerves impairment is reported in more 

than 10% of patients [8]. The most common 

neurological deficits reported are tongue deviation, 

hoarseness, facial palsy, dysphagia, and shoulder 

weakness [2],[7],[8]. Additionally, patterns of cranial 

nerve palsies were described and these include [12]: 
 

• Vernet syndrome that represents motor paralysis 

of cranial nerves IX, X and XI; [9] 

• Collet- Sicard syndrome described as the palsy of 

cranial nerves IX,X,XI and XII; [10] 

• Horner syndrome – oculosympathetic palsy. [11] 
 

Due to its slow-growing pattern and the complex 

anatomy of the skull base and neck, observation of 

the patient is considered a good treatment 

alternative. In more than 60% of the cases, tumor 

volume remains stable or decrease in size [14]. 

However, if the tumor tends to be symptomatic, 

surgical excision or stereotactic radiosurgery will be 

take into account. 

 

CASE SERIES 

We performed a retrospective study for patients 

treated between January 2005 and December 2019, 

reviewing clinical and radiological data for 91 cases 

of glomus jugulare tumors. Data were available for 

91 patients presenting with 96 tumors. 

  

Surgery was the treatment of choice for 13 cases, 

endovascular embolization was performed as first 

intention treatment for 6 cases and GKRS was 

primarily performed in 72 cases. 

 

 
 

Figure 1. Distribution of the treatment option 

 

Combined treatment options were used in 19 cases 

(1 surgery with GKRS, 18 endovascular with GKRS). 44 

glomus jugulare tumors were identified on the right 

side, and 47 on the left side. In the study group, we 

had 23 male patients and 63 female patients. 11 

patients were in the 15-39 age group while 80 

patients were older than 40 yrs. The median age at 

the time of treatment was of 57 years. The tumor 

volume varied between 0.5 and 73.4 cm3 with a 

median value of 8.3 cm.  

For the cases treated with GKRS, the peripheral 

dose ranged between 8 and 20 Gy on the 35% to 65% 

isodose, with a median of 14 Gy on the 45% isodose. 

The average follow-up was 38 months with a 

maximum of 94 and consisted of contrast-enhanced 

MRI every six months in the first year after the 

procedure and every 1 to 2 years afterward. Overall 

tumor control rate was 95.6% using multimodal 

treatment options for glomus jugulare tumors. 

 

Table 1. Most common comorbidities 
 

COMORBIDITY 

Lower cranial nerves deficits 

Dizziness 

Tinnitus 

Hearing impairment 

Hemorrhages 

Hydrocephalus 

Hemiparesis 

 

Treatment approach 

 

13, 14% 

6, 7% 

 

72, 79% 
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Comorbidities were noted in 37 patients (40.6%) and 

consisted of lower cranial nerves deficits (26.4%), 

dizziness, tinnitus, partial or complete hearing loss in 

21.9% of cases, 2 hemorrhages, 2 secondary 

hydrocephalus, and 1 hemiparesis. 23 patients 

(24.3%) presented recurrences: 13 after surgery, 6 

after embolization, and 4 after GKRS. However, the 

mortality rate was 0. 

 

CASE 1 

The first case is represented by a female patient of 

53 years old, whose symptoms are vertigo, hearing 

loss, and pulsating tinnitus. Soon it is discovered the 

typical aspect of “salt and pepper” for a glomus 

tumor with temporal localization, millimetric 

extracranial extension into jugular vein lumen and 

damage to the structures of the inner ear. 9 years 

after GKRS, a cerebral MRI was performed, which 

showed that the irradiated tumor volume has been 

reduced in circumferential dimensions, with a 

homogeneous intake of contrast substance 

("densified" appearance due to sclerosis and 

obliteration of intratumoral blood vessels) without 

adverse reactions due to irradiation. No new 

neurological deficits were recorded after GKRS. 

 

 
 

Figure 2. Preoperative aspect of the tumour 

 
 

Figure 3. Postoperative aspect after Gamma Knife 

Radiosurgery 

 

CASE 2 

The second case is represented by a 62 years old 

female patient, whose symptoms onset with injury to 

multiple cranial nerves (VII, VIII, IX, XI, XII). The 

diagnosis was represented by a large glomic tumor 

with an important intracranial component with a 

mass effect on the brainstem. 

A cerebral MRI was performed 4 years post GKRS, 

showing a marked reduction in the size of the 

irradiated tumor, especially in the intracranial 

component, with a significant decrease in the mass 

effect, without perilesional reactive edema. 

No new neurological deficits were recorded. 18 

months after irradiation, a complete remission of 

facial paresis has been noticed and other cranial 

nerves neurological status remained stationary. 

 

 
 

Figure 4. Preoperative aspect of the tumour 
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Figure 5. Postoperative aspect after Gamma Knife 

Radiosurgery 

 

CASE 3 

For the third case, we have a 35 years old male 

patient, who presented with glomic tumor located in 

the temporal bone, onset with hearing disorders 

(hearing loss and pulsating tinnitus). 

6 years after GKRS, a periodic follow-up MRI has 

been performed. the inferior recurrence in the 

lumen of the jugular vein was identified outside the 

irradiation field with a volume of 4.6 cm3, 

asymptomatic. The decision is made in order to 

irradiate the recurrence with 14 Gy on 47% isodose. 
 

 
 

Figure 6. Preoperative aspect before Gamma Knife 

Radiosurgery 

 

 
 

Figure 7. The recurrence aspect, 6 years after GKRS 

DISCUSSIONS 

The best treatment option for glomus jugulare 

tumors is yet to be debated. Due to their localization, 

surgical treatment does not represent the gold 

standard because of the complex anatomy of the 

region, high rates of morbidity, subtotal resection, 

and the alternative behavior of the tumors that could 

be very aggressive in some cases. In 2003, Roberto 

Pareschi et al [15] described their experience in the 

surgical treatment of glomus jugulare tumors. 42 

patients with glomus jugulare tumors were 

identified, 3 of them previously undergone surgery 

for this pathology, and 3 patients presented bilateral 

temporal lesions. The otoscopic evaluation revealed 

in 80% of the patients the typical red middle ear 

mass. 70% of the cases had no preoperative cranial 

nerve deficit. 37 seven patients were elected for 

surgical intervention. In 33 cases, infratemporal 

fossa approaches were used and in 4 cases, 

conservative jugulopetrosectomy was performed, in 

order to preserve the facial nerve. In 20% of the 

cases, cranial nerves IX and X were injured. No 

recurrence after total resection was reported. An 

extensive dissection of the posterolateral skull base 

is required for surgery of glomus jugulare tumors 

[15]. Even though cranial nerve preservation is an 

extremely important goal in the surgical approach, in 

22% of the cases facial nerve is sacrificed [15]. The 

authors concluded that the focus should drift away 

from total resection to increasing the quality of life of 

the patient, a philosophy that our clinic shares. Only 

14% percent of our cases were surgically treated, in 

order to avoid the decrease in the quality of 

patient`s life. 

Endovascular treatment is an alternative 

treatment approach for patients with glomus 

jugulare tumors. In 2017, Kocur et al [17] presented 

their experience and the outcome of embolization in 

3 cases of glomus jugulare tumors. They described 

the technical difficulty of achieving complete 

obliteration of the glomus jugulare tumors and 

concluded that increased risk of revascularization is 

not beneficial compared to the diminished clinical 

symptoms. In our clinic, only 6 endovascular 

treatments were performed. 

A promising approach for this pathology is 

represented by radiosurgery. Due to the high degree 

of accuracy, rapid radiation dose falloff at the 

periphery of the target tumor, and their high 

precision, radiosurgery became a popular treatment 
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choice. In their meta-analysis, Guss et al [13] included 

19 studies, compounding 335 glomus jugulare 

patients. They reported a reduced or unchanged 

tumoral volume after radiosurgery, sustained by 

imagistic findings. Clinical control was reported as 

improved or unchanged after radiosurgery in 95% of 

the cases. The authors emphasized the effectiveness 

of this treatment option. In our clinic, 72 patients 

benefited from radiosurgery. 

 

CONCLUSIONS 

Multimodal treatment for glomus jugulare tumors 

offers the patient the chance for the best possible 

outcome and long-term survivability. Individual 

treatment approach for this kind of very rare head 

and neck tumor (0,6% of all head and neck tumors) is 

recommended to choose the best risk-versus-benefit 

treatment option. GKRS in these kinds of tumors 

seems to be the option of choice, considering that in 

our experience, has the lowest comorbidity, 

recurrence rate and mortality. 
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ABSTRACT 
Hemangioblastoma is a rare, benign, highly vascularized tumour, that usually 

presents a muriform nodule. The most frequent localization is the posterior cranial 

fossa. The frequency of this spinal lesion is very low, representing less than 5% of 

spinal cord tumours. The presentation of hemangioblastoma can widely vary, from a 

solid tumour to a lesion with a cystic component. We present the case of a 43 years 

old patient, admitted to our clinic for left hemiparesis, swallowing disorders, and 

dysphonia. An MRI is performed and it showed a cervicomedullary junction tumour 

with a solid nodule and an anterior cystic cavity pushing towards the 4th ventricle. 

The patient underwent surgery for the total removal of the tumour. Post-operative 

CT confirmed the total ablation of the tumour. The patient is discharged with 

improved symptomatology. In the last 10 years, in our clinic were admitted 23 cases 

of hemangioblastoma, 14 males (61% of the patients) and 9 females (39%) with an 

age at presentation varied from 14 to 78 years (mean 48,2 years). Only 3 patients 

(13%) out of the 23 had associated von Hippel–Lindau syndrome, with 

hemangioblastomas also present in other locations. The most common location was 

the posterior fossa, in 13 cases (56,6%). Headache (69,5%), ataxia (56%) and balance 

disorders (52%) were the most common symptoms accused by patients. The follow-

up varied from 6 to 84 months (mean 20 months). Only one patient died during 

hospitalization and one tumour recurrence was noted. Most patients improved or 

remained clinically stable postoperatively. 

 

BACKGROUND 

Hemangioblastoma is a rare, histologically benign, highly vascularized 

tumor, that usually presents an enhancing muriform nodule, having 

the most frequent localization in the posterior cranial fossa [1].  
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Moreover, hemangioblastoma is the most common 

primary intra-axial posterior fossa tumor in adult 

population. It is usually identified in the cerebellar 

hemisphere (including vermis) and brainstem [2], [3], 

[4]. On the other hand, supratentorial localization is 

rare, in the literature being described less than 100 

cases. Furthermore, only 3-13% are reported in the 

spinal cord [5]. 

The presentation of hemangioblastoma can 

widely vary, from a solid tumor to a lesion with a 

cystic component. Usually, sporadic 

hemangioblastoma is a solid tumor with a 

pseudocapsule. Despite the lack of a proper capsule, 

the lesion is well circumscribed. The solid nodule is 

red and very well vascularised, localized close to the 

pial layer. The cystic cavity usually occurs due to the 

thinness of the vessel wall that allows water to leak 

[5], [6]. The walls of the cyst are tapped with non-

neoplastic compressed cerebellum cells and the cyst 

fluid is usually yellow with a high concentration of 

proteins [6], [7]. 

Both CT (computed tomography) scan and MRI 

(magnetic resonance imaging) can be useful for 

emphasizing the lesion. On CT scan, the mural 

nodule is isodense with fluid density surrounding the 

cyst [8], [20]. On contrast scan, cyst walls usually not 

enhance and the presence of calcification is rare. The 

MRI scan is superior to the CT scan and it shows 

vascular signal voids, especially in the periphery of 

the lesion, as well as, the hemosiderin deposits that 

can occur due to recurrent hemorrhages [6], [8], [9]. 

The most common symptoms determined by 

these tumors are: headaches, hydrocephalus, 

cerebellar dysfunction and altered mental state. 

Surgical approach is the gold standard for 

sporadic cases of hemangioblastoma, but not for 

multiple lesions associated with von Hippel Lindau 

syndrome. The outcome of the surgery is good, given 

that hemangioblastomas are benign lesions [10]. 

Despite that tumoral cells may be spreaded through 

CSF, it still remains a benign tumor. Solid lesions are 

more difficult to excise compared to cystic ones [11]. 

Hemangioblastomas are usually sporadic lesions 

but around 20% of them are associated with Von 

Hippel Lindau syndrome [5]. Moreover, 6% of 

cerebellar hemangioblastomas are associated with 

retinal hemangioblastoma. The retinal 

hemangioblastoma is usually placed peripherally. It 

tends to rupture and cause hemorrhage that can 

lead to retinal detachment. 

Von Hipple Lindau syndrome is a multysistem 

neoplastic condition with autosomal inheritance, 

described by the occurrence of multiple 

hemangioblastomas in different localisation such as 

brain, spinal cord and retina [12]. In these cases, 

individual resection of the central nervous lesions is 

not the optimal treatment until it became 

symptomatic, due to the tendency of reccurence and 

the inconsistent growth pattern of tumor [13], [14]. 

 

 

 

CASE PRESENTATION 

We present the case of a 43 years old patient, 

admitted to our clinic for left hemiparesis, 

swallowing disorders, and dysphonia. The first 

symptoms occurred 8 months ago with left 

intercostal neuralgia. 

An MRI is performed and it shows a 

cervicomedullary junction tumor with a solid nodule 

and an anterior cystic cavity pushing towards the 4th 

ventricle, which lead to our presumptive diagnosis of 

hemangioblastoma. In order to rule out von Hipple 

Lindau syndrome, a whole-body CT scan was 

performed. No other lesions were identified. The 

decision was made to perform surgery in order to 

remove the tumor. 

The patient was placed in the prone position, and 

a midline incision was made, with a standard 

occipital craniectomy and resection of the C-1 

posterior arch. After the dura mater was opened, the 

tumor was identified on the midline, at 

cervicomedullary junction. Under the operating 

microscope, the hemangioblastoma was dissected, 

the integrity of the lesion was preserved. The tumor 

was gently retracted laterally, and the feeding vessels 

were identified coagulated with bipolar forceps and 

divided sharply. The main feeder is exposed, clipped, 

coagulated, and cut. The tumor was sent for 

pathologic examination and the diagnosis of 

hemangioblastoma was confirmed. Closure of the 

surgical wound was performed respecting the 

anatomical planes and leaving an epidural external 

drain in place. Finally, the skin suture was draped in 

a sterile fashion. After careful hemostasis, the 

surgical wound is closed layer by layer. No 

perioperative incidents were reported. The post-

operative MRI confirmed the total resection of the 

tumor. 
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Figure 1. Cervicomedullary junction tumor with a solid nodule and an anterior cystic cavity pushing towards the 4th ventricle. 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 2. The cervicomedullary junction lesion, after dura mater           Figure 3. Gently dissection of the lesion. The feeders are  

was opened.                                             coagulated and sharply cut. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4. After circumferential dissection, the main feeder is             Figure 5. The main feeder is clipped and cut. The tumor  

exposed.                                               is removed “en bloque”. 

 

The external drain was removed 24 hours later. 

Symptomatology was improved in the first week 

postoperative by the patient. Mobilization of the 

patient was allowed 24 hours after the surgery. The 

skin sutures were suppressed at seven days postop. 

This is just one out of 23 cases we had in our clinic in 

the last 10 years. 14 men (representing more than 

60% of the study group) and 9 women. Their median 

age was 48, ranging from 14 to 78 years. The average 

time of hospitalization was 15 days, between 7 to 20 

days. 
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Headache and ataxia were the most common 

symptoms accused by patients, accused by more 

than 70% of the patients. Other symptoms were 

dysphonia, dysphagia, seizures, cecity and hearing 

loss. 

 
Table 1. Table of the main symptoms accused by patients 

 

MRI was performed in all cases. It is worth 

mentioning that in 17 cases hemangioblastoma 

presented a cystic component. Also, in 3 cases were 

identified multiple lesions. There were 16 cases of 

intracranial hemangioblastoma, 2 with 

supratentorial location (frontal and parietal lobe), 

and in 14 cases, the tumor was located in the 

posterior fossa, in the cerebellum. Just 4 craniospinal 

junction cases were identified. At the spine level, 

there were 3 tumors, 2 located in the thoracic spine 

and 1 in the cervical spine. 

 

All of the patients underwent surgery. In 22 out of 23, 

complete ablation of the tumor was performed. In 

just one case, total excision was not possible, and a 

subtotal ablation was performed. The postoperative 

evolution was good, without complications in 20 

cases. 3 patients developed hydrocephalus and in 

one case a recurrence occurred, a few months after 

the surgical intervention. Postoperative follow-up 

was between 6 months to 7 years, with a mean 

follow-up of 20 months. Neurological improvement 

was noted in 18 cases, whereas in 2 cases, the 

neurological state remained stationary and in 3 

cases, the neurological status had worsened. One 

patient died. 

As we mentioned before, hemangioblastoma can 

be associated with von Hipple Lindau syndrome, a 

rare genetic disorder with multisystem involvement. 

It is characterized by visceral cysts and benign 

tumors with the potential for malignant 

transformation. 3 patients had associated this 

syndrome with pancreatic and kidney cysts. 

 

DISCUSSIONS 

One of the greatest complications of 

hemangioblastomas is the risk of hemorrhage. 

However, the risk of hemorrhage is lower for the 

lesions of the spinal cord, where catastrophic 

neurological impairment is the main risk [6], [15], 

[16]. In 2007, Dr. Cornelius et al [17] compared the 

outcome of perioperative embolization of 

hemangioblastomas for spinal and cerebellar 

lesions. The result of embolization was favorable in 

patients with spinal cord hemangioblastomas, but, 

for the hemangioblastomas located at the cerebellar 

level, there were reported acute tumoral bleeding 

that led to death of the patients. The outcomes 

following embolization are very different for these 

two locations possibly because of the different 

capillary sizes. Due to high mortality, the procedure 

is no longer used. 

In some cases, due to the clinical state of the 

patient or the localization of the tumor, surgical 

intervention cannot be achieved. In 2020, Mak et 

al[18] published the case of an immunocompetent 

patient that presented with a one-year history of 

progressive nausea and vomiting. After an MRI scan, 

a homogeneous enhancing intra-axial mass located 

at cervicomedullary junction was revealed. The 

surgical removal attempt failed due to multiple 

bradycardia episodes. However, a biopsy was 

performed and it confirmed that the lesion was a 

hemangioblastoma. Conservative treatment with 

bevacizumab, a humanized monoclonal antibody 

that targets vascular endothelial growth factor 

(VEGF) was initiated and the neurological status of 

the patient had been improved and the size of the 

tumor remained stable. Moreover, the reduction of 

the surrounding edema was noticed. 

Hemangiobalstomas are highly vascularized tumors 

with a rich capillary network. The endothelial cells 

express the VEGF receptor. Based on the 

histopathological characteristics, new treatment 

approaches are proposed for patients that are not 

suitable for surgical intervention. 

In the last couple of decades, stereotactic 

radiosurgical treatment represented an alternative 

for the surgically inaccessible locations or for 

multiple localisations that typically occur in von 

Hippel-Lindau disease. Moss et al [13] published 

their almost 20 years experience of radiosurgical 

treatment for hemangioblastomas. Their study 

comprehends 92 hemangioblastomas from 31 

Symptom Cases Percentage 

Headache 18 78,2 

Ataxia 17 73,9 

Dysphonia 2 8,69 

Dysphagia 2 8,69 

Seizures 2 8,69 

Loss of visual acuity 1 4,34 

Hearing loss 1 4,34 
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patients, 26 of them being diagnosed with von Hipple 

Lindau syndrome. The mean age of the patients was 

41 years. The radiation dose used to the periphery of 

the tumor average 23,4 Gy with a mean tumor 

volume of 1,8 cm3. The tumoral response was 

measured with contrast-enhanced computed 

tomography scans. In 62% of the cases, the tumor 

volume remained stable, in 22% the tumor shrank, 

and 16% of the cases, hemangioblastoma contiuned 

to grow. These results emphasized that stereotactic 

radiosurgical treatment is a safe and effective 

alternative to open surgery. 

Even though there are multiple approaches for 

the treatment of hemangioblastoma, surgical 

treatment remains a safe option for patients with a 

good outcome. In 2020, Xiangdong Yin et al 

[19] published a meta-analysis composed of 13 

studies that included 473 cases. In this paper, they 

analyzed the surgical outcomes, including gross total 

resection, mortality, neurological morbidity, and 

functional outcome. Gross total resection was 

performed in 98% of the cases. In our study, total 

resection was achieved in 95,6% of the cases (22 out 

of 23). Neurological improvement was reported in 

85% of the cases in their study, compared to our 

clinic, where 86% of the patients reported an 

improved neurological state. Mortality was also 

similar between the statistics of meta- analysis and 

our clinic. In the mentioned study, mortality was 4% 

(23 out 473) compared to the 4,4% (1 out 23) 

mortality rate in our clinic. Xiangdong Yin et al 

postulated that surgical treatment for 

hemangioblastomas is still feasible and effective, a 

statement supported by good statistical outcomes 

from both their study and from our clinic experience. 

 

 

CONCLUSIONS 

Hemangioblastoma is a benign, highly vascularized 

tumor that usually occurs in the posterior fossa but 

its localization may widely vary. In the most cases, 

total resection is possible with a significant 

improvement of the neurological state of the patient. 

The rate of recurrence is low, even though tumoral 

cells can be spread by CSF. Nowadays there are 

multiple treatment options and every case should be 

carefully investigated in order to choose the best 

approach for improving the quality of the patient`s 

life. 
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ABSTRACT 
We admitted a unique case of right lumbar disc herniation at L4L5 who presented 

with contralateral symptoms and was successfully treated with a right large L4/L5 

fenestration and microdiscectomy. 

When the operation is considered, intervention only from the herniation side is 

sufficient. 

In the case presented, it is probable that Kernohan notch‐like phenomenon, venous 

engorgement and congestion at the contralateral side of the herniated lumbar disc 

and the contralateral migrated epidural fat are responsible for the emergence of 

contralateral symptoms. 

 

 

 

INTRODUCTION 

Lumbar disc herniation usually presents with varying degrees of pain, 

numbness and weakness in the distribution of the affected nerve root. 

 

 

CASE PRESENTATION 

A 46 year-old gentleman who performed intense physical work 

presented a 6 months old history of low back pain radiating down to his 

left buttock , posterior thigh, lateral and posterior leg (L5 and S1 

dermatomas). Examination revealed intense algoparesthesias on the 

left L5 and S1 dermatomas (VAS 8/10), are refractory to conservative 

management and acupuncture, rotulian and achilian reflexes were 

absent bilaterally. Straight leg raise was positive at 30 degrees on the 

left side and 40 degrees on the right side. 

Anamnesis revealed L4-L5 disc hernia operated on the right side in 

2020 with very good postoperative evolution. 

MRI of his lumbar spine showed a central and right-sided 

paracentral disc herniation at L4/L5 causing cauda equina compression 

( blue arrow) rupture of fibrous ring and posterior longitudinal ligament 

in the midline (red arrow) - Figures 1,2) . 
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Figure 1. Sagittal cut of lumbar spine (T2) L4-L5 disc hernia, 

ruptured, huge, compressive on the cauda equina 

 

 
 

Figure 1. Axial cut at L4/L5 disc level, the right side (T2). central 

and right-sided paracentral disc herniation at L4/L5 causing 

cauda equina compression (blue arrow), rupture of fibrous ring 

and posterior longitudinal ligament in the midline (red arrow), 

operated (2020) L4-L5 fenestration (yellow arrow). 

 

The patient was emergently operated on 

(enlargment of fenestation L4-L5 on the right side, 

microsurgical discectomy). Postoperative results 

were very good with dissapearance of the pain and 

paresthesis. 

Postoperative follow-up period: 6 months. 

DISCUSSION 

There is no consensus about surgical approac; side 

or sides and the pathophysiology. Some 

authors like Choudhury et al1, Kornberg2 , Mirovsky 

and Halperin3 performed bilateral explorations not 

to miss a lesion.  

However, Sucu and Gelal4, Akdeniz et al5, and 

Karabekir et al6 performed the operative approach 

only on the lumbar disc herniated side and reported 

that exploration of the LDH side was enough for the 

recovery of the contralateral symptoms. 

Radiculopathy from lumbar disc herniation can 

be a result of mechanical compression7 , ischaemia7 

or inflammatory irritation8 of the nerve root.  

The mechanism for lumbar disc herniation 

presenting with contralateral leg symptoms is poorly 

understood. Kornberg et al2 proposed that 

inconsistent dural attachments to the posterior 

longitudinal ligaments holds the lumbar nerve roots 

at certain levels resulting in a more symptomatic 

traction of the contralateral nerve root  

A radicular pain contralateral to the herniated 

side is an unusual finding rarely reported in the 

literature(Safdarian9). Safdarian hypothesized that 

the reason for patients’ symptoms contralateral to 

the apparent compression on imaging studies 

involves a Kernohan notch-like phenomenon. 

Sucu and Gelal4 presented five patients with 

lumbar disk herniations and contralateral. The 

authors observed that the shape of disk herniations 

in imaging studies was quite similar in these patients. 

Almost all of them had a broad posterior 

central-paracentral herniated disk with the apex 

deviated away from the side of the symptoms.  

Kalemci et al10 reported a case of painless 

contralateral neurological deficit due to venous 

engorgement and congestion at the contralateral 

side of the herniated lumbar disc . 

Karabekir et al6. concluded that a hypertrophied 

ligamentum flavum was the likely etiology 

of contralateral sciatica comparing five patients with 

only contralateral symptoms, with 200 disc herniated 

patients with ipsilateral symptoms 

According to Jun-Song Yang11 the migrated 

epidural fat plays a significant role in the pain 

mechanism of LDH with contralateral radiculopathy. 

Only via a surgical approach ipsilateral to the 

herniated side, could clinical improvement be 

obtained postoperatively.  
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CONCLUSIONS 

Patients with lumbar disc herniation may present 

with radicular symptoms involving the contralateral 

leg. 

In the case presented, the mechanism of 

contralateral symptoms was Kernohan notch-like 

phenomenon, venous engorgement and congestion 

at the contralateral side of the herniated lumbar disc 

and the contralateral migrated epidural fat. 

The operative approach (enlarged fenestration, 

operative approach of the contralateral disc hernia ) 

was mandatory for a very good postoperative 

evolution. 
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ABSTRACT 
Despite the rapid development of neurosurgery in the 21st century, the invasive 

(secondary) tumours of the third ventricle have always presented a highly 

sophisticated challenge in terms of surgical treatment. The question of radical 

resection of these tumours remains debatable, considering the high risk associated 

with the possibility of disability, the expected duration and the postoperative quality 

of life. We conducted a retrospective study of patients with invasive third ventricular 

tumours that have been treated in our department from 2015 to 2020 reviewing pre-

and postoperative clinical and radiological data for 21 cases. The treatment options 

in all 21 cases included an endoscopic frontal transcortical transventricular 

transforaminal-transchoroidal tumour removal, achieving gross total and subtotal 

resection in 86% of the interventions, followed by adjuvant treatment (radiation 

therapy in all cases, and chemotherapy – for high-grade tumours). An endoscopic 

third ventriculocisternostomy was performed in cases with partial tumour removal in 

order to improve the CSF flow. Neurological deficits included permanent hemiplegia 

– in 3 patients (15%), permanent hemianopia – in 2 patients (10%), transient short-

term memory impairment – in 3 patients (15%) with regression in 2-4 weeks after 

surgery. There was no postoperative lethality. Maximal postoperative survival in our 

patients with high-grade tumours was 16 months; patients with low-grade tumours 

are still under supervision. Endoscopic frontal transcortical transventricular 

transforaminal-transchoroidal approach to resection of third ventricular tumours is 

an effective surgical modality, that maximizes the possible resection volume with 

minimal occurrence of postoperative complications, therefore can be recommended 

for the routine treatment of the aforementioned pathology. 

 

INTRODUCTION 

Despite the rapid development of neurosurgery in the 21st century, 

surgery of invasive (secondary) tumors of the third ventricle, which are 

malignant in most cases, remains far from a solution [1-9]. Usually, the 

zone of primary growth of invasive third ventricular tumors is located 

in functionally important areas of the brain [2,3-9]. 

The questions of the radical removal of these tumors [4,7-9] remain 

debatable, taking into account the possible disability of patients [3-7,9], 

the expected duration and the postoperative quality of life [1,4,7,12]. 
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MATERIALS AND METHODS  

From 2015 to 2020, we have treated 43 patients with 

tumors of the third ventricle, 21 of which were 

invasive tumors with predominant growth from the 

thalamus. All patients underwent complete 

endoscopic resection using the frontal transcortical 

transventricular transforaminal approach. If the size 

of the interventricular foramen was inadequate for 

the endoscopic intervention, it was expanded by 

dissection of the anterior portions of the choroid 

plexus (Fig. 1). 

 

 
 

Figure 1. Step-like expansion of the interventricular foramen 

by dissecting the anterior portions of the choroid plexus: the 

interventricular foramen is circled in red; the yellow arrow 

indicates the choroid plexus; the green arrow indicates an 

invasive third ventricular tumour. 

 

Preoperative neurological status of patients: 

nonfocal symptoms were present in all patients, 

central hemiparesis (up to 2/5 points) - in 5 patients, 

impaired short-term memory - in 6 patients. 

Occlusive hydrocephalus was diagnosed in all cases. 

All patients underwent an endoscopic removal by 

a frontal transcortical transventricular 

transforaminal approach, and in 11 cases an 

additional endoscopic third ventriculocisternostomy 

was performed. 

 

RESULTS 

Radicality of surgical removal of invasive tumors (Fig. 

2): Gross total resection (removal within healthy 

tissues) - 2 patients. Subtotal resection (removal of 

up to 90% of the tumor) - 16 patients. Partial removal 

- 3 patients. Partial removal was performed in the 

cases where an excessive bleeding from the tumor 

was observed. Endoscopic third 

ventriculocisternostomy was conducted in 11 cases 

with a bleeding tumor and limited removal radicality. 

 

 
 

Figure 2. Radical removal of invasive third ventricular tumors: 

(GTR - Gross total resection - (total) removal of the tumor within 

healthy tissues; STR - Subtotal resection - subtotal (up to 90%) 

removal of the tumor; PR - Partial removal. 

 

Histological distribution: low grade tumors (WHO 

grade 2 - fibrillar astrocytoma) - 3 cases; high grade 

tumors (WHO grade 3-4 - anaplastic astrocytoma 

(Fig. 3), anaplastic oligoastrocytoma (Fig. 4), 

glioblastoma) - 18 cases. The maximum 

size/diameter of the tumor reached 6.2 cm. 

 

 

A. 

 

 

B. 
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Figure 3. Preoperative brain MRI (A) and 3 months after 

surgery (B). Total removal of the tumor of the left thalamus 

(Histological diagnosis – anaplastic astrocytoma, WHO grade 3). 

Hydrocephalus regressed in the postoperative period. 

 

 

A. 

 

 

B. 

 
Figure 4. Preoperative brain MRI (A) and 3 months after 

surgery (B). Total removal of an invasive tumor in the posterior 

portions of the third ventricle (Histological diagnosis – 

anaplastic oligoastrocytoma, WHO grade 3). Hydrocephalus 

regressed in the postoperative period. 

 

Postoperative condition: the postoperative 

Karnofsky Performance Status in all patients was 70 

points or more. Postoperative neurological deficit: 

permanent hemiplegia – in 3 patients (15%), 

permanent hemianopia – in 2 patients (10%), 

transient short-term memory impairment – in 3 

patients (15%) with a regression in 2-4 weeks after 

surgery. 

In all patients, nonfocal symptoms regressed. 

After surgical treatment all patients received 

adjuvant treatment (radiation therapy in all cases, 

chemotherapy – for high-grade tumors). 

Maximal postoperative survival in our patients 

with high-grade tumors was 16 months, patients 

with low-grade tumors are still under supervision. 

There was no postoperative lethality. 

 

DISCUSSION 

The problem of radical gross total resection of 

invasive tumors of third ventricle is deeply connected 

to their site of origin, as they predominantly arise 

from the thalamus. A greater resection volume may 

jeopardize the integrity of this critical 

neurostructure, thus leading to a postoperative 

neurological deficit and disability. Previously, 

microsurgical technique for resection of third 

ventricular tumors has been performed with the use 

of operative microscope. The rapid development of 

neuroendoscopy in the last 20 years has provided 

new minimally invasive options for treatment of 

ventricular pathology, therefore opening new 

prospects for surgical resection of invasive tumors of 

third ventricle. Shorter operative time period, 

minimal invasiveness and better visualization of 

deep-seated ventricular structures are considered to 

be the main advantages of neuroendoscopy over 

microsurgery, although the traditional microsurgery 

retains its edge in bleeding control [1, 3, 4, 5, 8]. 

The endoscopic frontal transcortical 

transventricular transforaminal approach has been 

used in surgical resection of third ventricular tumors 

in many institutions worldwide [3, 4, 5, 8]. This 

approach provides the possibility to utilize a natural 

pathway such as the foramen of Monro in order to 

reach third ventricle through established anatomical 

landmarks, especially in the setting of 

hydrocephalus, which is habitually present in 

patients with invasive third ventricular tumors [8]. 

Achieving gross total and subtotal resection was 

possible in 86% of the interventions, with minor 

postoperative complications. Other authors, such as 

Tawk RG et al. [8] have reported similar results, 

achieving complete and near complete resection in 

84% of the cases. Various endoscopic modalities 

could be used, when approaching the third 

ventricular invasive tumors [11]. The endoscopic 

endonasal approach has similar radical resection 

success and an ETV procedure could be performed, 

but it is believed to be associated with higher risk of 

infectious complications, such as 

meningoencephalitis, and hormonal disorders 

(diabetes insipidus, obesity etc.) [10, 12]. 

The authors believe, that the use of endoscopic 

frontal transcortical transventricular transforaminal 

approach in patients with invasive third ventricle 

tumors and obstructive hydrocephalus may appear 

to be an effective alternative to microsurgical 

resection using an operative microscope, although 

more clinical studies have to be conducted in order 

to confirm the clinical efficacy of the endoscopic 

frontal transcortical transventricular transforaminal 

approach. [1-12].  
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CONCLUSIONS 

1. Minor functional disorders and high life 

expectancy in invasive high-grade tumors make it 

possible to recommend frontal endoscopic 

transcortical transventricular transforaminal-

transchoroidal approach as an effective method of 

surgical treatment of these tumors. 
 

2. To prevent the development of a postoperative 

obstructive hydrocephalus by a blood clot, 

intraventricular hemorrhages, obstruction of 

cerebral aqueduct, in patients with invasive third 

ventricular tumors, it is advisable to perform 

intraoperative third ventriculocisternostomy. 
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ABSTRACT 
Objectives: It is a prospective, single institute, observational study: primary outcome 

measure; factors determining visual field improvement and secondary outcome 

measure; the relationship between severity of visual impairment and duration of 

symptoms. 

Material and Methods: It is a prospective, single institute, observational study that 

will be conducted between January 2020 and January 2022 in the department of 

Neurosurgery at the G. R. Medical College &J.A. Group of Hospitals, Gwalior (M.P.), a 

tertiary centre in India. All patients were admitted to the neuro-surgery department 

& operated on basis of a CT scan of head/MRI findings. Patients with Laboratory 

findings having hypopituitarism, diabetes insipidus (DI), and hyperprolactinemia and 

willing to undergo Endocrinological & visual field tests in inclusion criteria. Data 

obtained from the study will be analyse by using appropriate statistical tests or 

methods 

Results: At present, series most common age presentation (36.7%) between 21-30 

years. In our study, of the total patients, 60% were males and 40% were females.  The 

male to female ratio is 2:1 most common complaint of vision loss and only 50% had 

hormonal symptoms. In our study 46.7% patients have duration of symptoms < 6 

months and 6/6 - 6/24 visual acuity was present in 73.3% patients & 13.3% had optic 

atrophy(primary/secondary), 43.3%patients had bi-temporal hemianopia. 

In our study Suprasellar extension was present in 90% of patients & Vascular invasion 

was seen in 26.7% of patients. 

Conclusion: Good results are seen in patients who have a lesser duration of 

symptoms, and good pre-operative visual acuity has improved the final visual 

outcome. Post-operative visual recovery is most promising after 3 months to 1 year 

of surgery. immediate results of visual recovery should not be expected.  Most 

patients presented with larger adenomas had poor visual recovery as compared to 

small adenomas. Patients who underwent endoscopic trans-nasal, trans-sphenoidal 

resection had better post-operative recovery. 

 

 

INTRODUCTION 

Pitutary adenomas account for 10-15% of all brain tumours, it is the 

third most frequently diagnosed brain tumour [1]. 

Pitutary tumours can be clinically Classified as functioning & non-

functioning pituitary adenomas [2]. 

Non-functioning pituitary adenomas are not usually associated with  
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clinical syndromes related to hormone excess and 

may be discovered occasionally.[3] 

When they exert mass effects on surrounding 

tissues leading to visual impairments, headache and 

hypopituitarism and hydrocephalus.[4] 

The growing of pituitary tumors may compress 

the surrounding structures especially optic nerve, 

cause visual field defects including bitemporal 

hemianopia, visual disturbance. The frequency of 

visual field defects in pituitary adenomas varies from 

37% to 96% in different studies.[5] 

The symptoms due to pituitary hormonal 

dysfunction are not the one for which the patient 

seeks medical attention. 

The presence of a visual field defect is one of the 

common indications for surgery in patients with 

pituitary tumors, and the degree of the visual field 

defect should be identified through a preoperative 

visual field examination, even if the patient does not 

complain of symptoms [6] 

If the tumor is accompanied by a visual field 

defect, it is clinically important to predict the 

prognosis for postoperative visual field recovery.[7] 

The typical visual field defect, bitemporal 

hemianopia, is due to anatomical compression of the 

optic chiasm, which contains the crossing nasal 

fibres of each optic nerve fibres.[8] 

 

MATERIALS AND METHOD 

Study Design 

It is a prospective, single institute, observational 

study will be conducted between January 2020 and 

January 2022 in the department of Neurosurgery at 

the G. R. Medical College &J.A. Group of Hospitals, 

Gwalior (M.P.), a tertiary centre in India. The study 

protocol will be approved by the Institutional Ethics 

Committee and written informed consent will be 

obtained from all participants.  

 

Sample Size 

30 and above Patients  

 

Inclusion criteria 

1.  All patients admitted in neuro-surgery 

department & operated on basis of CT scan of 

head/MRI findings. 

2. Patients with Laboratory findings having 

hypopituitarism, diabetes insipidus (DI), and 

hyperprolactinemia. 

3. Patients willing to undergo Endocrinological & 

visual field tests. 

4. Patients with visual field defect induced by 

pituitary tumors. 

 

Exclusion criteria 

1. Severe co-morbid illness 

2.  Patients having past h/o of surgery or treatment 

adjacent to Sellar lesion. 

3. Patients excluded who refused Endocrinological 

Evaluation. 

4. Patients not willing for operation. 

5. Patients less than 15 years of age. 

6. Cases with other causes of visual loss such as 

cataract, Glaucoma, and Retinal detachment. 

 

Study Protocol and Data Collection 

All patients of pituitary tumour admitted in 

department of Neurosurgery. A written consent will 

be taken from the patient or their attendants for the 

study. Details of demographics and detailed history 

of event, presenting symptoms and signs, laboratory 

parameters (Serum prolactin, Growth hormone, 

ACTH, TSH, Cortisol) and imaging findings (size of 

tumour, invasion of surrounding structures) A 

contrast-enhanced magnetic resonance imaging 

(MRI) of the sella was performed in all these patients 

preoperatively. The adenoma volume was calculated 

by the De Chiro and Nelson formula [volume = 

(sagittal × coronal × axial diameters) × π/6]. Modified 

Hardy's classification was used for staging 

(extension) and grading (degree of sellar destruction) 

of the pituitary adenomas. We also used Knosp 

grading to document the parasellar extension, 

Ophthalmologic evaluation (Visual acuity, Visual field, 

Fundus) VA was determined by the Snellen's chart, 

and VF testing was performed by Humphrey 

automated computerized perimeter, C76 Panel (Carl 

Zeiss, Germany). In patients with finger counting, 

hand movement, and only perception of light, the 

assessment of VF was done manually using 

confrontation test before surgery & After 1 month & 

3 months of surgery will be noted. The results were 

recorded as follows: (i) No change, (ii) improved, and 

(iii) worsened. Significant improvement/worsening 

was defined as any grade improvement or 

deterioration in the VA and VF, based upon a 30% 

change to avoid inter- and intra-individual variation, 

according to John Thomas Smith's rule of the one-

third. Blindness was defined as absence of 



 170 Vivek Kumar Kankane, Harshit Agrawal, S.N. Iyenger 

perception of light. Management of the patients will 

be planned and observe in terms of outcome. 

 

Outcome Measure 

1. Primary outcome measure- Factors determining 

visual field improvement. 

2. Secondary outcome measure- relationship 

between severity of visual impairment & duration 

of symptoms.  

 

Data Analysis 

Data obtained from the study, will be analyse by 

using appropriate statistical test or methods. Data 

will be entered in Microsoft Word and analyzed using 

SPSS version 16.0 and EPI INFO version 7.0. 

Appropriate statistical test will be applied to analyze 

the data. 

 

RESULTS 

In present series (N=4 )13.3% patients were up to 20 

yrs. of age, (N=11)36.7% between 21-30 years, 

(N=8)26.7% between 31-40 yrs., (N=5)16.7% were 

between 41-50 yrs. &(N=2) 6.7% between 51-60 yrs. 

Our study of the total patient 30, (N=18)60% were 

males &(N=12) 40% were females. The male to 

female ratio is 2:1. 

In the present study (N=24)80% of patient had 

complaint of Headache, Vision loss was present in 

(N=25)83.3% of patients & Features of Raised ICP 

were present in (n=15)50% of patients. 

In present study of total patients (N=30) only 50% 

had hormonal symptoms. Acromegaly was present 

in (N=5)16.7% patients, Amenorrhea was present in 

(N=2) 6.7% of patients. Cushing feature was present 

in (N=3)10% patients. Hirsutism was present in 

(N=4)13.3% patients. Hypothyroidism was present in 

(N=1)3.3% patient  

In our study (N=14)46.7% patients have duration 

of symptoms < 6 months, 6 months -12 months (N=6) 

20%, 1yr-2yr (N=3)10% & (N=7)23.3% had duration of 

symptoms more than 2 yr.  

 
Visual Acuity 

In our study 6/6 - 6/24 visual acuity was present in 

73.3%(N=22) patients, 6/36 - 6/60 visual acuity was 

present in 13.3%(N=4) patient, Hand movement was 

present in 6.7%(N=2), perception of light negative in 

3.3% (N=1) & perception of light positive in 3.3% 

(N=1) patients. 

Fundus 

In our study 70%(N=21) had normal fundus, 

16.7%(N=5) had pale optic Disc & 13.3%(N=4) had 

optic atrophy (primary/secondary). 

 

Visual field 

In our study 43.3%(N=13) patients had bi-temporal 

hemianopia, Normal field of vision in 33.3%(N=10), 

Blind 13.3%(N=4), Upper Quadrantonopia was 

present in 6.7%(N=2) & Total field loss in 3.3%(N=1). 

 In our study Hydodense lesion was seen in 

66.7%(N=20) of patients, hyperdense lesion was seen 

in 6.7%(N=2) & Hetrogenous lesion was seen in 

23.3%(N=7). In our study 50%(N=15) were solid 

lesions, 30%(N=9) were cystic lesions & 20%(N=6) 

were mixed lesions. 

In our study vascular invasion was seen in 

26.7%(N=8) of patients. 

In our study T1-W image 96.7%(N=29) were 

hypointense & 3.3%(N=1) were hyperintense & on 

T2-W image 100%(N=30) were hyperintense. In our 

study 100%(N=30) were macroadenoma pituitary 

Tumours. Suprasellar extension was present in 

90%(N=27) patients & Vascular invasion seen in 

26.7%(N=8) patients. 

 

DISCUSSION 

Pituitary adenomas can produce visual loss by 

compression of the optic chiasm or nerves. An 

extension of >10 mm above the seller diaphragm is 

necessary to compress the anterior visual 

system.[9][10]  

Pituitary adenoma can be described as 

microadenoma, macroadenoma, and giant tumors 

based on size. Microadenoma is a tumor less than 10 

mm, while macroadenoma describes a tumor larger 

than 10mm. Giant pituitary tumors are bigger than 

40 mm. 

 

Table 1. Comparison of neurological complaints in various 

studies 
 

S.

N

O. 

Study No. of 

patients 

Visual 

Impairment 

(%) 

Headache 

(%) 

1 Khaled Al 

dahmani et al 

(2016) 

1005 76 62 

2 Elena Valassi 

et al (2018) 

51 51 34 



 171 Clinico-radiological factors affecting visual recovery in pituitary tumours 

3 Pamela U 

Freda et al 

(1999) 

62 62 42 

4 Mukheraji KK 

et al (2016) 

1007 87.5 87.3 

5 Amit Padwal 

(2017) 

80 46 53 

6 Present Study 30 83.3 80 

 

Visual symptom is one of the major presenting 

manifestations of a pituitary macroadenoma causing 

considerable burden to patients and their families 

[11]. In present study [Table- 1] vision loss (83.3%) 

was the most common symptoms followed by 

Headache (80%) and followed by features of raised 

ICP (50%) which is consistent with most of the studies 

of Mukerji K K et al(2016)[12], Khaled Al dahmani et 

al(2016)[13],Elena Valassi et al(1999)[14], Pamela U 

Freda et al(1999)[15], Amit Padwal et al (2017)[16] 

 

Table 2. Comparison of Harmonal symptoms in various studies 
 

 Study No.  of 

patients 

 Acromegaly Cushingoid 

1 Khaled Al 

dahmani et 

al (2016) 

 

 

1005 6% 0% 

2 Mukherji KK 

et al (2016) 

1007  23.9% 8.6% 

3 Dong 

Kyulee 

(2018) 

 102 18.3% 0% 

4 Present 

study 

30 16.7% 10% 

 

The histologic diversity accounts for its ability to 

secrete a variety of hormones that include the 

growth hormone (GH), thyroid-stimulating hormone 

(TSH), adrenocorticotropic hormone (ACTH), follicle-

stimulating hormone (FSH), luteinizing hormone 

(LH), and prolactin (PRL). The median lobe produces 

melanocyte-stimulating hormone (MSH). The 

neurohypophysis is composed of the neural stalk 

and the neural lobe and functions as the primary 

storage site for antidiuretic hormone (ADH) and 

oxytocin (OX). These hormones as well as other 

biologically active substances are released into the 

adjacent capillaries in response to hypothalamic 

nerve impulses [17,18,19]. Hypersecretion of 

prolactin, growth hormone, ACTH and TSH produces 

corresponding clinical syndromes [19]. In present 

study 50%tumours were non functional which was 

not correlating with Mukherji K K et al [12] were 

68.8% were non functioning &Dong Kyu lee [20] were 

80% were non functioning tumours.[Table- 2]. 

In present study 16.7% presented with features of 

Acromegaly being the most commonest followed by 

cushing features in 10% which is consistent with 

Khaled Al Dahmani et al[13] 6%, Mukherji KK et al[12] 

23.9%, Dong Kyu lee [20] 18.3%. 

The most common consistent feature of these 

tumors is visual loss, a consequence of suprasellar 

growth and compression of anterior visual 

pathways. An asymmetric bitemporal hemianopia is 

the classically observed deficit, although other 

patterns of visual dysfunction commonly occur such 

as the junctional scotomas, monocular field defects, 

papilledema, optic atrophy and total blindness[21]. 

In the present study on fundoscopic Examination 

(13.3%) patient had optic atrophy as a result of long-

standing chiasmal compression from a pituitary 

macroadenoma.In a study by Dhasmana et al[22] 

optic atrophy was seen clearly in 17% of patients with 

pituitary adenomas and all of them had significantly 

affected vision. Mukherji K K et al [12] study too, had 

similar percentage (18.2%) of patients presented 

with optic atrophy and most of the patients had a 

poor Visual acuity ranging from 6/36 -6/60 to no light 

perception.[Table- 3] 

 

Table 3. Comparison of Optic Atrophy in various studies 
 

S. NO.    Study Optic Atrophy % 

1. Dhasmana et al (2011)  17 

2. Mukherji et al  (2016) 18.2 

3.  Present Study 13.3 

 

From the surgical stand point sellar and parasellar 

masses such as pituitary tumors can be can be 

classified on the basis of their size and growth 

characteristics as determined by imaging studies.The 

most enduring classification is that devised by Hardy 

and modified by Wilson[23]. 

 

Grade  Grading 

Grade-0  Microadenoma<1cm:No sellar changes 

Grade-1  Microadenoma<1cm:Minor sellar changes 

Grade-2  Macroadenoma with diffuse enlargement 
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Grade-3  Macroadenoma with focal destruction 

Grade-4  Macroadenoma with extensive destruction 

of sella 

 

Extrasellar extension 

STAGE-A Extending to suprasellar cistern 

STAGE-B Extending to third ventricle floor 

STAGE-C Extending into the third ventricle 

STAGE-D Extensive lateral intradural extension 

STAGE-E Extensive lateral extradural extension. 

 

KNOSP Classification 

 

 

 

MR imaging is the imaging mainstay of the sellar and 

parasellar regions. MR imaging has a better soft 

tissue resolution than computed tomography (CT) 

and is also not subjected to artifacts from 

surrounding bony structures.[24] 

In our study invasiveness of the lesion was 

assessed on MRI by Hardy &Wilson classification & 

Knosp classification. The evidence of carotid 

encasement in MRI scan is defined invasion of 

cavernous sinus, in Amit Padwal et al [25] study of 93 

patients, 50 patients had invasive adenoma and 

remaining 43 patients had non-invasive adenoma. 

This is in agreement with study done by Amit Padwal 

et al and Ross & Wilson [26] where grade-2 was most 

common finding. [Table-4] 

 
Table 4. Comparison of Hardy- Wilson Grading in various 

studies 
 

Study  No. of patients Grading (most 

common grade -

2) % 

Amit Padwal et al 

(2017 ) 

93 2-58% 

Ross & Wilson 

(1988) 

214 2-60% 

Present Study 30 2-47% 

CT is better than MR imaging for detecting 

calcifications, and can be used complementary to MR 

imaging if a primary bony lesion is suspected (eg, 

chordoma, chondrosarcoma) and also in defining 

the sphenoid sinus anatomy if endonasal/sublabial 

endoscopic or microscopic transphenoidal approach 

is planned [27,28].CT scan is also beneficial in 

detecting pituitary apoplexy which will have a 

hyperdense appearance. 

In our study, 29 cases showed hypointensity on 

T1 Weighted image, while one case showed 

hyperintensity. All cases showed hyperintensity on 

T2 weighted image. These MRI Finding are supported 

by most of other studies, like Pratisruti Hui et al[29] 

& Kushak Gehlot et al [30], where similar results were 

obtained.[Table- 5] 

 
Table 5. Comparison of MRI in various studies 
 

Study  T1 MRI T2 MRI Contrast 

Kushak 

Gehlot et 

al (2019) 

Hypointense -

84% 

Hyperintense- 

9.2% 

Hyperintensity 

-80% 

   75.9% 

Pratisruti 

Hui et al 

(2019) 

Hypointense- 

100% 

Hyperintensity 

-86% 

    92% 

Present 

study 

Hypointense -

84% 

Hyperintense- 

9.2% 

Hyperintensity 

-100% 

    80% 

 

Post-operative visual Recovery played a significant 

role, post-operative assessment was done 

immediately post-operative, after 1 month & after 3 

month of surgery. Most of the patients showed visual 

recovery after 3 month. A Ashish Suri et al [31] 

showed visual improvement in 30% patients, Apjit 

Kaur et al [32] showed visual improvement in 44.8%, 

Mukherji K K et al [12] showed improvement in 71.1% 

cases at 3 months which is similar to our study of 

83.3% [ Table-6]. 

 

Table 6. Comparison of post-op visual recovery 
 

Study Post-op Visual recovery % 

Ashish Suri et al (2008) 30% 

Apjit Kaur et al 44.8% 

Mukherji K K et al (2016) 71.1% 

Our  study 83.3% 

 

The minimally invasive transsphenoidal approach 

can be used effectively for 95% of pituitary tumors. 
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Exceptions are those large tumors with significant 

temporal or anterior cranial fossa extension. In such 

circumstances, transcranial approaches are often 

more appropriate. Occasionally, combined 

transsphenoidal and transcranial approaches are 

used. Nevertheless, some surgeons extend the basic 

transsphenoidal exposure in order to remove some 

of these tumors and avoid a craniotomy [33,34] 

 

CONCLUSION 

Good results are seen in patients who have lesser 

duration of symptoms, good pre-operative Visual 

Acuity have improved final Visual outcome. In our 

study most cases of pituitary adenoma were 

functional, so patients with pituitary prolactinoma 

showed better visual recovery. Post-operative visual 

recovery is most promising after 3 months to 1 year 

of surgery. immediate results of visual recovery 

should not be expected. most of patients presented 

with larger adenomas with supra-sellar & parasellar 

extension with encasement of internal carotid artery 

had poor Visual recovery as compared to small 

adenomas. Patients who underwent Endoscopic 

Trans-nasal, trans-sphenoidal resection had better 

post-operative recovery with less patient morbidity & 

less post-operative complications and lesser 

duration of post-operative hospital stay.  
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ABSTRACT 
Bilateral chronic subdural hematoma is a neurosurgical pathology whose incidence 

in older adults has been increasing, as a consequence of the ageing of the population, 

added to the factors that are linked to it. Neurosurgical diseases with chronic 

evolution generate a high burden of disease due to morbidity, disability, mortality 

and health costs associated with reinterventions and rehabilitation. For this reason, 

the interest in this disease has been increasing, also justified by the little information 

there is about it, unlike unilateral chronic subdural hematomas, although it has been 

described that both may have pathophysiological similarities that help to understand 

them. 
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INTRODUCTION 

The average age of the population has been 

increasing and with it are associated several 

pathologies to which the elderly population is 

exposed, as well as environmental factors [1]. 

Chronic subdural hematomas (CSDH) are one of the 

most frequent conditions seen in the population 

over 65 years of age, however, there are several 

factors that may predispose to this disease [2,3]. 

Bilateral CSDH are collections of blood 

degradation products located between the dura 

mater and arachnoid, and the denomination of 

chronicity is given by the amount of time elapsed, 

which is between 2 or 3 weeks [2,4,5,6,7,8]. It has 

been described as a pathology that differs from 

unilateral hematomas in the form of clinical 

presentation and the rapidity with which it can 

progress and lead patients to marked deterioration 

if timely treatment is not carried out [9]. 

Pathophysiologically, bilateral CSDHs have no clear 

difference from their unilateral counterparts [9]. The 

treatment of choice is surgical and ranges from 

craniotomies and endoscopic treatment to YL-1 type 

hematoma needle aspiration [4]. Based on the 

above, the objective of this review is to present 

practical concepts on the identification and 

approach to chronic bilateral subdural hematoma. 

 

EPIDEMIOLOGICAL FOCUS OF THE DISEASE 

The incidence rate of bilateral CSDH ranges from 1-5 

cases per 100,000 person-years to 7.4 per 100,000 in 

the elderly population [10–13]. The most frequent 

location of CSDH is supratentorial, as opposed to the 

posterior fossa, whose diagnosis and pathogenesis 

are poorly understood [14]. Likewise, the average 

age of patients diagnosed with CSDH has been found 

to range from approximately 62 to 74 years, and, in 

the case of bilateral CSDH, a study by Cheng et al 

found that the average age of patients was 79 years 

[2]. 

 

PREDISPOSING FACTORS OF CSDH  

Unlike acute subdural hematomas (Acute-SDH), 

CSDH are poorly associated with head trauma [2,15]. 

Despite this, trauma is considered to be the primary 

cause, as it has been reported to be associated with 

CSDH in 50-80% of cases [2]. On the other hand, 

antiplatelet and anticoagulant therapies, in addition 

to alcohol abuse, liver disease, renal disease in 

hemodialysis patients, and intracranial hypotension 

associated with ventricular shunt valves have been 

linked to the development of hematoma [2,3,5]. 

 

PATHOPHYSIOLOGY OF CSDH 

In contrast to unilateral CSDH, the pathophysiology 

of bilateral CSDH is still unknown [9]. However, 

hypotheses and premises have been established as 

to what may be occurring, such as the involvement 

of the bridging veins [9,10]. When bilateral CSDH is 

present in the posterior cerebral region, blood 

deposition may be involved with the occipital, 

sigmoid and transverse sinuses [14]. The 

development and progression of the hematoma is 

gradual and slow, initially constituting a thick outer 

membrane around the hematoma that eventually 

results in a complete capsule about two weeks later 

[15], which requires cell proliferation for the 

formation of a collagen-rich granular tissue [5].  

On the other hand, the increase in hematoma 

size may be related to the increased permeability of 

capillaries in the outer membrane of the hematoma, 

which consequently lead to high blood extravasation 

and plasma exudation [11]. In addition, there is 

localized inflammation characterized by increased 

fibrinolysis, release of tissue plasminogen activator 

and elaboration of angiogenic factors that promote 

neovascularization [5]. 

 

CLINICAL PRESENTATION OF CSDH AND ITS DIAGNOSIS  

The form in which CSDH manifests itself is very 

variable and can even be confused with other more 

frequent entities such as stroke, Parkinson's disease, 

dementia, among others [3,5]. In general, cognitive 

impairment, headache, and motor deficits are the 

most common presenting symptoms [3,5,13], 

although patients have also been shown to manifest 

nausea, vomiting, mental changes, and convulsions. 

In a study by Huang Y. et al. in which 25 of the 98 

people evaluated had bilateral CSDH, it was 

observed that headache and mental changes were 

the most common presenting symptoms, followed 

by nausea and finally seizures [16].  

However, because CSDHs present in most cases 

with unilateral convexity [16], many studies have 

relied on the comparison of several clinical features 

between the two presentations in order to analyze 

the point differences in the frequency of 

presentation of a symptom, or other feature, 

between unilateral and bilateral CSDHs [13,16,17].  

In a study by Agawa et al. it was observed that 
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symptoms such as headache, pupil abnormalities, 

and acute impairment of consciousness occurred 

more frequently in patients with bilateral CSDH, 

while hemiparesis occurred more frequently in 

patients with unilateral CSDH [13]. Likewise, in the 

study by Huang Y. et al. it was observed that 

hemiparesis is more frequently seen in patients with 

unilateral CSDH since, in the case of patients with 

bilateral CSDH, there is a lower possibility of the 

central brain structures being deflected due to the 

counterbalance of the mass effect on both sides, 

which is reflected in the radiological findings that 

showed a lower incidence of midline changes with 

respect to unilateral [16].  

On the other hand, as mentioned above, CSDH 

are often confused with other diseases, so it is of 

utmost importance to be really informed about the 

symptomatology of pathologies with similar clinical 

presentation to CSDH, in order to be able to make 

the differential diagnosis together with other 

complementary diagnostic tests [5,16]. Over the 

years, cases have been reported in the literature on 

patients with bilateral CSDH presenting with isolated 

oculomotor nerve palsy, which is a rare symptom in 

the atypical clinical presentation of this pathology, as 

it is commonly associated with vascular disorders, 

posterior circulation aneurysms or with traumatic, 

inflammatory or neoplastic diseases [7,18]. Corrivetti 

et al, by 2016, published two case reports, one of 

them was about an 81-year-old patient with diabetes 

and on anticoagulant management who was 

referred to the hospital with headache and left 

palpebral ptosis, on physical examination he showed 

complete oculomotor nerve palsy and mydriasis, and 

his computed tomography (CT) scan showed 

bilateral CSDH. He subsequently underwent bilateral 

surgical evacuation and then, 24 hours after surgery, 

the ptosis had disappeared and the mydriasis 

gradually improved [7]. Based on the above, the 

authors refer that having at least one predisposing 

factor (diabetes mellitus, hypertension, among 

others) generates a nervous vulnerability, which is 

necessary but not sufficient to develop this 

symptom, in this way, It is suggested that the 

bilateral pressure exerted on both cerebral 

hemispheres causes a displacement of the posterior 

part of the brain causing a compression of the 

encephalic trunk and this, added to the cisternal 

compression and the narrow vascular corridor 

through which the oculomotor nerve passes, 

stretches and flattens the nerve leading to a nervous 

alteration [7,18]. 

On the other hand, Guppy et al, by 2017, reported 

a rare case of a patient with an abnormal gait, where 

it was initially thought to be cervical myelopathy due 

to stenosis, however, he also presented Parkinson's-

like symptoms (decreased facial expression, random 

gait and stooped posture) so a CT scan was 

requested which subsequently showed bilateral 

CSDH. After drainage of the CSDHs the symptoms 

improved, with bilateral CSDH and cervical stenosis 

being the final diagnosis [19]. Finally, in order to 

confirm CSDH and to make the definitive diagnosis, 

patients usually undergo CT or MRI [10,11]. 

 

THERAPEUTIC APPROACH  

Because bilateral CSDH usually occur in the elderly 

population with other comorbidities such as 

coagulation disorders, and because of their rapid 

clinical evolution compared to unilateral CSDH, it is 

of vital importance that they are detected early in 

order to be treated as efficiently and promptly as 

possible [3,5]. Therefore, two types of treatments 

have been proposed, which are classified into non-

surgical procedures, such as the use of steroids or 

mannitol, which require a longer recovery time for 

symptoms and a prolonged hospital stay [3], and 

surgical procedures (surgical drainage), the latter 

being the best therapeutic alternative due to its wide 

range of procedures and the low morbimortality it 

represents [3,11].  

To evaluate the patient's neurological status, the 

clinical severity of CSDH and the post-surgical 

evolution, the Markwalder classification system is 

used, with a scale ranging from grade 0 to 4, the 

higher the grade, the worse the patient's clinical 

situation [3,20]. The decision to surgically treat a 

bilateral CSDH, should be subject to two 

circumstances which are the clinical manifestations 

and the radiological findings which include the 

presence of a mass effect or a midline shift [5,16]. It 

is generally accepted that symptomatic patients 

should undergo surgery because surgical evacuation 

produces an immediate recovery and a favorable 

evolution in a high percentage of patients [5]. For 

surgery, neurosurgeons have proposed several 

surgical techniques such as small craniotomy with 

endoscopic removal, burr craniotomy with or 

without continuous drainage of the closed system, 

large craniotomy followed by hematoma removal 
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with membranectomy, cranial drilling (twist-drill), 

and others [5,11,21].  

Indications for craniotomy include the presence 

of any clot causing symptomatology with or without 

failed conservative or less invasive management, 

evidence of radiographic progression during a time 

of conservative observation, and, in addition, 

craniotomy should be considered in cases of 

recurrence despite previous surgery or when there 

are clots with evidence of membranes that may 

inhibit evacuation [20].  

On the other hand, it has been shown that some 

patients are treated surgically by auger punctures on 

the side of the subdural hematoma along with 

irrigation of the subdural space with normal saline, 

in addition to performing drainage of the closed 

system by silicone tubes that are removed after the 

drainage has slowed or stopped, or removal of the 

hematoma has been confirmed by postoperative CT 

scanning [10,11,16]. In addition, some patients with 

coagulation disorders who use anticoagulants as 

therapy have been shown to have vitamin K, fresh 

frozen plasma or prothrombin complex 

administered prior to surgery as a preoperative 

indication [5,13].  

 

COMPLICATIONS 

Recurrence is the most common complication of 

CSDH with an incidence that can vary from 0% to 

31.6% depending on the surgical technique [22,23]. 

Recurrence is defined as re-accumulation of the 

hematoma with progressive neurological deficit and 

represents the main problem after initial 

trephination because about 20% of patients require 

at least one re-intervention [22]. A higher recurrence 

rate has been reported in patients with bilateral 

CSDH compared to patients with unilateral CSDH 

[23]. In some cases of bilateral CSDH, when the 

contralateral hematoma is asymptomatic and thin, 

trephination surgery is only performed in one side 

[24]. Up to 20% of these cases may require 

evacuation of the contralateral hematoma due to 

subsequent enlargement and appearance of 

symptoms after a certain period of time [24,25]. 

The pathophysiology of this complication is not 

fully understood [22], but in conjunction with 

bilateral hematoma, many factors have been 

proposed as predictive of postsurgical recurrence of 

CSDH [24], such as use and reinitiation of antiplatelet 

or anticoagulant therapy [22], postoperative midline 

shift, preoperative hematoma size, mean hematoma 

density, diabetes mellitus, and postoperative air 

harvesting [24]. Hematomas that are hypointense or 

isointense on preoperative MRI on the T1 sequence 

correlate with a high recurrence rate, because it may 

reflect intracellular deoxyhemoglobin, signifying 

relatively recent bleeding [24]. 

Craniostomy with trephination is a simple 

surgical procedure; however, postoperative bleeding 

is another well-known and devastating complication. 

In a study of 303 patients with CSDH, the incidence 

of acute postoperative intracranial hemorrhage was 

estimated to be approximately 4.57% [23]. It was 

initially attributed to hypertension and 

anticoagulation therapy in some patients, but later 

other mechanisms were discussed [22]. It was mainly 

attributed to a loss of autoregulation of blood vessels 

with subsequent hypertension and cortical 

hyperaemia following rapid brain shift after surgery 

with excessive drainage of the subdural space and 

hypoperfusion syndrome [22,23]. More studies are 

needed to be certain about the treatment of acute 

postoperative bleeding, but many authors 

recommend slow brain decompression to prevent 

rapid intracranial changes [22]. 

Infections are a rare complication of CSDH that 

can lead to subdural empyema [22,26]. A preexisting 

subdural hematoma can become infected through 

hematogenous infection, although the actual 

incidence rate of this complication is less than 1% of 

cases [26]. If suspected, it should be investigated 

with computed tomography as first-line imaging and 

as treatment, trephination lavage and craniotomy 

with complete evacuation of the hematoma have 

been proposed as surgical adjuncts to systemic 

antibiotic therapy [22,26]. 

The development of seizures or status epilepticus 

following CSDH evacuation is a complication with an 

overall incidence ranging from 1% to 23% [22,27]. 

Risk factors associated with the development of 

chronic hematomas are alcohol abuse, change of 

mental status, previous stroke, and hematoma 

density on CT scan [27,28]. 

In this order of ideas, it is necessary to produce 

more evidence of better quality on the global 

epidemiology, pathophysiology and management of 

bilateral chronic subdural hematoma, considering 

that it is a pathological condition that generates 

neurological disease burden. Similarly, training in 

their suspicion and identification, to promote 
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professionalism and practice in neurosurgery at the 

different levels of care. It is necessary to know data 

from low- and middle-income countries, where there 

are difficulties in the management of pathologies 

such as these, due to the absence of specialized 

centers in rural regions [29,34]. Especially in the 

pandemic and post-pandemic period where funding 

for research in lines other than emerging infectious 

diseases has been lost [35-37]. 

 

CONCLUSIONS 

It is important to recognize the differences in 

presentation between unilateral and bilateral CSDH, 

as well as with other pathologies of similar 

presentation that do not require urgent imaging 

methods, as this may confuse the diagnosis and 

delay treatment. Bilateral hematoma tends to 

involve greater mass displacement than unilateral 

hematoma and reduces the autonomic capacity to 

buffer increased intracranial pressure, making it 

even more important to implement early surgical 

decompression of bilateral mass lesions in order to 

prevent rapid neurological deterioration. Healthcare 

professionals should be aware of the higher 

incidence of recurrence in patients with bilateral 

treatment, the risk factors and signs for early 

detection of recurrence, as well as other 

complications that, although of lower incidence, 

represent a risk for patient survival. 
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ABSTRACT 
Background: Posterior Fossa Extra Dural Hematoma (PFEDH) is a rare entity but 

certain crucial structures are supposed to be injured. Because of limited space in the 

posterior fossa, a clinical small volume of hematoma can deteriorate patients. 

Therefore, timely diagnosis and prompt intervention are required. 

Objective: This study is done to analyse factors like demographic profile, mode of 

injury, clinical features in relation to PFEDH and its management and how they 

influence the outcome. 

Materials & methods: This is a retrospective analysis of patients who presented with 

PFEDH from July 2016 to July 2021 at RNT Medical College and M.B. group of Hospitals 

Udaipur, India. Patients were evaluated on the basis of demographic profile, mode of 

injuries, GCS on admission & discharge, and associated radiological findings. 

Result: A total of 25 patients with PFEDH were included in this study. Amongst these, 

18 (72%) were males, and10 (40%) were less than 18 years of age. On admission 19 

(76%) had GCS 13-15.22 (88%) patients underwent surgery and 3 (12%) were planned 

for conservative management. At 6-month follow-up, 22 (88%) patients had good 

outcomes with GOS 3-5 and 1 was lost to follow up while 2 (8%) had poor outcomes 

with GOS 1-2. 

Conclusion: GCS on admission is a good predictor of outcome. The volume of EDH 

was one of the key factors in deciding the line of management. PFEDH can sometimes 

be rapidly fatal due to expansion of hematoma and compression of posterior cranial 

fossa space which leads to brain stem compression therefore time management is 

the most important factor for a good outcome. 

 
 

INTRODUCTION 

Extradural hematoma is said to be the most frequently encountered 

traumatic neurological pathology. But PFEDH has only 4–7% incidence 

(1.2–15% in various studies for all age groups) of all extradural 

hematomas.1,2 EDH comprises the most frequent traumatic space-

occupying lesion of the posterior fossa.12 Posterior fossa is unique 
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because it contains the brain stem and is smaller in 

volume than the supratentorial compartment of the 

cranium. 

Though relatively infrequent in occurrence, early 

identification and immediate appropriate 

management of Posterior Fossa Extradural 

Hematoma (PFEDH) is essential for successful 

neurotrauma management.4 In PFEDH clinical 

progress may be silent and slow, but sudden 

deterioration may occur without significant warning 

signs. PFEDH can present with quick clinical 

deterioration because of rapid increasing in size and 

may cause brain stem compression. Management of 

PFEDH is either surgical or conservative based on 

clinical condition and various other factors. 

Conservative management has shown good 

results both in children and in adults in cases of 

traumatic posterior fossa extra dural hematoma. 

 

MATERIALS AND METHODS 

This is a retrospective study from July 2016 to July 

2021 at a tertiary care centre, R.N.T. Medical college 

& M.B. Group of Hospitals, Udaipur, Rajasthan. This 

study includes 25 cases of traumatic extradural 

hematoma which were located in posterior fossa. 

Patients were categorised on the basis age, sex, 

mode of injury, GCS on admission, CT findings, 

volume of PFEDH, type of intervention and post-

operative outcome.  

Outcome was assessed by GOS at discharge and 

at 6 months follow-up. 

 

RESULTS 

This study includes 25 cases of traumatic posterior 

fossa extradural hematoma taken over a period of 

60 months from July 2016 to July 2021. The mean age 

of patients was 26.6 (5-48 years).18 (72%) were males 

amongst these .10 (40%) patients were below 18 

years. RTA was found to be the most common mode 

of injury amongst these patients 18 (72%). Rest were 

either fall from height or assault. Majority of these 

patients had GCS 13-15, 19 (76%) when presented to 

emergency department. 21 (84%) patients were 

brought within 1 hour of trauma. Headache, 

vomiting and altered sensorium were few common 

symptoms found in most of these patients. All 

patients underwent non contrast CT brain and 

PFEDH was found in all. PFEDH was unilateral in 23 

cases (92%). Occipital bone fracture was found in 

17(68%) patients f/b supratentorial extension in 3 

(12%) patients, acute subdural hematoma in 1 (4%) 

patient, frontal contusion in 2 (8%), hydrocephalus 

and IVH was also present in 1 (4%) patient.Volume of 

PFEDH was >15 cc in 22(92%) patients and <15 cc in 

3 (12%) patients. 

Amongst these patients 22 (88%) underwent 

surgery and 3 (12%) were planned for conservative 

management. Decesion was based on volume of 

PFEDH and GSC at admission and associated injuries. 

Incision and craniotomy were made as per the site 

and size of EDH. 

All operated patients were subjected to early 

NCCT brain postoperatively. 

On discharge 23 (92%) patients had GCS 13-15 

and 2 (8%) had GCS of 9-12. Patients who were 

admitted within 1 hour of trauma had better 

outcome at discharge, signifying the importance of 

very early intervention before deterioration. At 6 

month follow up 22 (88%) had good outcome with 

GOS 5, 1(4%) was lost to follow up and 2 (8%) 

eventually had poor outcome with GOS 2. 

 

 
 

Figure 1. NCCT head showing extradural hematoma in 

posterior fossa on left side. 

 

 
 

Figure 2. Post-operative NCCT head after evacuation of 

extradural hematoma. 
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DISCUSSION 

Post-traumatic posterior fossa extradural 

hematoma is a rare entity. Incidence is 0.3% of all 

craniocerebral injuries, and 4-12% of all extradural 

hematomas.7 

Posterior cranial fossa lodges some important 

vital structures of brain, like brain stem. If PFEDH is 

large, it can cause rapid fall in consciousness level 

and brain stem dysfunction. 

PFEDHs have a venous origin in 85% of the cases 

and develop as a result of injury to the transverse or 

sigmoid sinuses secondary to occipital bone 

fracture.17 For PFEDH, it takes longer to develop 

clinical picture and it is of vital importance to use 

imaging methods for early diagnosis. An acute 

extradural hematoma is seen as a biconvex 

hyperdense mass located between the duramater 

and the bone on NCCT. An acute extradural 

hematoma is demonstrated  as a localized extra-axial 

collection of blood between  dura and  inner table of 

skull bones on magnetic resonance imaging. Imaging 

of dura as a line with very low signal intensity 

between the hematoma and brain parenchyma is 

pathognomonic for extradural hematoma. MR 

imaging modality is more sensitive in detection of  

parenchymal conditions or dural venous sinus 

thrombosis possibly associated with PFEDH.13,14 

Still Imaging of choice and the most commonly 

used method is  NCCT because of  a short acquisition 

time, allowing demonstration of occipital fractures 

that are associated with great majority of PFEDHs. It 

also defines the size and mass effects of the 

hematoma and also provide visualization of possible 

supratentorial conditions that are reported to be 

associated with half of the cases in the literature15,5 

and MR imaging study is difficult in unstable trauma 

patients. Among all the clinico-radiological 

parameters, volume of PFEDH is the most important 

factor in deciding the line of management, as also 

suggested by Prasad et al.6 

Occipital subgaleal haematoma and Battle’s sign 

can be a clue to the diagnosis of PFEDH. Fracture of 

the occipital bone is an important sign and it 

necessitates close observation along with repeat CT 

scan later to diagnose these haematomas. Change in 

GCS or severe headache with vomiting and new 

onset cerebellar signs are associated features that 

can help to have an idea of diagnosis. Hydrocephalus 

may be observed in as high as 30% of cases on the 

CT scan. 

All the patients who required surgery in this study 

had volume of PFEDH more than 15cc. This is similar 

to the observation of Bozbuga et al.8 Patients with 

PFEDH should be operated based on radiological 

indications without waiting for clinical deterioration, 

in order to get a good outcome. Paediatric patients 

with PFEDH require surgery more often than adults 

because of smaller posterior fossa volume and 

elderly require surgery less often, as atrophic brain 

can accommodate more volume.10 

Admission GCS score is the single most important 

predictor of outcome, with GCS more than 8 having 

strong association with good outcome (GOS 5). GCS 

at admission is found directly proportional to GCS at 

discharge, better the GCS i.e.  >8 better the outcome 

seen. Our study is also in line with this fact and is 

consistent with that reported by Balik et al, Jang et al 

and Prusty et al.11,16 PFEDH needs more urgent 

management, before irreversible brainstem 

herniation occurs. This requires vigilant paramedical 

and medical care right from the site of accident, early 

shifting to neurosurgical care, high index of suspicion 

in cases of occipital trauma and prompt 

management. 

Conservative management can also be an option 

if the patient is asymptomatic and has good GCS. The 

patient should be kept under close monitoring in 

neurosurgical intensive care unit (ICU). There are 

some case reports in the literature about these 

haematomas which resolved spontaneously without 

any intervention.3 

3(12%) cases in our study were managed 

conservatively out of which 1(4%) did not report back 

at follow up of 6 month. In our study, PFEDH was 

more common among male than female patients 

Similarly Prashant et al also showed in their study 

that more males suffered from head trauma as 

compared to females because of more exposure of 

males to traffic and outdoor activities than females.9  

RTA being the most common mode of injury in our 

study was in line with the studies Bavil MS et al3and 

Igun GO et al.9 

Patients with associated intracranial findings, 

with mass effect over brainstem had lesser GCS 

score on admission, increased EDH volume had 

increased hospital morbidity compared to other 

patients. Occipital bone fracture was found in 68% 

patients which was in line with that reported by 

Karasu et al. 

 



 184 Yadav Kaushal, Lodha Krishna Govind, Jaiswal Gaurav et al. 

CONCLUSIONS 

PFEDHs are rare. Early diagnosis and emergent 

evacuation lead to good outcome and also reduces 

morbidity. Occipital bone fractures and associated 

injuries in form of supratentorial or infratentorial 

subdural hematoma, intraparenchymal hematoma 

or intraventricular haemorrhage can also be present. 

Clinical progression of disease is silent and slow, but 

the deterioration is sudden and quick. It can lead to 

serious complications if not promptly diagnosed and 

treated. 

 

 
 

Figure 3. Distribution of radiological findings 

 
Table 1. Demographic data 
 

Gender  Number of cases  Percentage  

Male  18 72% 

Female  7 28% 

Age  

<18 10 40% 

>18 15 60% 

 
Table 2. Mode of injury 
 

RTA 18 72% 

Fall 6 24% 

Assault 1 4% 

 
Table 3. Radiological findings 
 

Occipital bone fracture  17 68% 

Frontal contusion  2 8% 

Acute subdural hematoma  1 4% 

Infratentorial extension  0 0 

Supratentorial extension 3 12% 

Hydrocephalus  1 4% 

Intra ventricular hemorrhage  1 4% 

 
Table 4. GCS 
 

At admission  

13-15 19 76% 

9-12 4 16% 

<8 2 8% 

At discharge  

13-15 23 92% 

9-12 2 8% 

<8 0 0 

 
Table 5. Volume of PFEDH 
 

<15 3 12% 

>15 22 88% 

 
Table 6. Management 
 

Conservative  3 12% 

Surgery 22 88% 

 
Table 7. Outcome based on GOS 
 

Outcome 

based on GOS  

At discharge  At 6 month 

GOS 5 21(84%) 22     (88%) 

GOS 4 2(8%) 1        (4%) 

GOS 3 1     (4%) 0 

GOS 2  1     (4%) 1         (4%) 

GOS 1 0 0 

68%8%

4%
12%

4% 4%

Occipital bone
fracture

Frontal
contusion

Acute subdural
hematoma

Infratentorial
extension

Supratentorial
extension
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ABSTRACT 
Background: Cerebrospinal fluid (CSF) ascites is an abnormal accumulation of CSF 

within the peritoneal cavity caused by the peritoneum's inability to absorb the CSF, 

following a ventriculoperitoneal (VP) shunt surgery. Excessive CSF production (e.g, 

choroid plexus papilloma and choroid plexus villous hypertrophy), high CSF protein 

secondary to chronic infection (e.g., tuberculosis), and brain tumours (e.g, optic 

gliomas and craniopharyngiomas) have all been suggested as contributing factors to 

the formation of CSF ascites. Peritoneal inflammation as a result of several shunt 

revisions or some non-specific inflammatory reaction to shunt material has also been 

explored. 

Case Presentation: A 3-year-old girl with lumbar myelomeningocele and delayed 

CSF ascites following VP shunt is reported. Therapeutic paracentesis was employed 

to relieve abdominal distension, although recurring accumulation was common. The 

VP shunt was removed and instead of a Ventriculo-atrial shunt, she underwent 

Endoscopic Third Ventriculostomy (ETV). CSF ascites gradually disappeared after ETV 

over a two-week period. 

Conclusions: Abdominal paracentesis to relieve ascites and conversion of a 

Ventriculoperitoneal shunt to a Ventriculo-atrial shunt are commonly used to treat 

CSF ascites, however Endoscopic Third Ventriculostomy, where feasible, is another 

alternative treatment that can be performed to treat this condition. 

 

 

INTRODUCTION 

The most frequent procedure for hydrocephalus is a ventriculo-

peritoneal (VP) shunt. They have been linked to a variety of issues, 

including dysfunction, infection, blockage, and migration. Rarely, the 

patient may develop increasing abdominal distention as a result of 

cerebrospinal fluid (CSF) accumulation. This is commonly referred to as 

a pseudocyst. The omentum produces a cyst at the tip of the shunt as 

a result of inflammation, resulting in a fluid-filled sac. Ascites is caused 

by a production-absorption mismatch or a non-absorbing peritoneum 

in very uncommon cases.[46] Ascites owing to hepatic, renal, or cardiac 

illness must be distinguished from CSF ascites, which is an abnormal 

buildup of CSF within the peritoneal cavity[38].  

CSF ascites is a distinct condition in which there is an excessive
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accumulation of CSF in the peritoneal cavity due to 

the peritoneum's inability to absorb it. This 

incapacity could be the result of a large amount of 

CSF being produced.[23] There have been several 

hypotheses on what factors may lead to the 

development of CSF ascites. Excessive CSF 

production (as in choroid plexus papilloma and 

choroid plexus villous hypertrophy), high CSF protein 

secondary to chronic infection (e.g. tuberculosis), 

and brain tumours (e.g, optic gliomas and 

craniopharyngiomas) have all been suggested as 

contributing factors to the formation of CSF ascites. 

Peritoneal inflammation as a result of several shunt 

revisions or some non-specific inflammatory 

reaction to shunt material has also been explored.[46] 

After ensuring that there is no infection, the VP shunt 

associated CSF ascites is treated by converting the 

shunt to a Ventriculoatrial shunt. Endoscopic Third 

Ventriculostomy (ETV) is another treatment option 

that can be done to treat this condition in selective 

cases. 

 

 

 
 

Figure 1. A: CSF swelling at reservoir site of VP shunt with distended abdomen and umbilical hernia due to CSF ascites, B: Abdominal 

incisional scar for VP shunt, C: Lumbar Myelomeningocele. 

 

 
 

Figure 2. A & B: X-ray shunt series showing VP shunt tubing marked by yellow arrows 
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Table 1. Detailed literature review of 77 previously reported cases of CSF ascites and their treatment. 

 

S.no. Author's Name  Year 

reported  

No. of 

cases 

reported  

Gender/Age Cause/Type of 

Hydrocephalus  

Treatment for CSF 

ascites  

1 R H Ames[1] 1967 1 M/2 years Congenital 

hydrocephalus  

Ventriculo-atrial shunt 

2 D F Dean[2] 1972 1 M/1 year Aqueductal stenosis Ventriculo-atrial shunt 

3 J D Rosenthal[3] 1974 1 F/3 years Suprasellar mass 

(Astrocytoma) 

Ventriculo-jugular shunt 

4 Michael J. Weidmann[4] 1975 1 F/3 months  Aqueductal stenosis  Multiple Paracentesis 

followed by Ventriculo-

atrial shunt 

5 SW Parry[5] 1975 1 M/7 months  Communicating 

hydrocephalus  

Ventriculo-atrial shunt 

6 J Cummings[6] 1976 1 - Unknown  - 

7 R F Lees[7] 1978 2 - Unknown  - 

8 J M Noh[8] 1979 1 - Unknown  - 

9 S C Ohaegbulam[9] 1980 1 - 3rd ventricle 

compression by 

recurrent 

craniopharyngioma 

Spontaneous resolution 

following Paracentesis  

10 A B Adegbite[10] 1982 1 F/11 years  Recurrent 

craniopharyngioma 

VP shunt removal 

leading to resolution of 

ascites followed by new 

VP shunt 

11 FP Agha[11] 1983 1 M/7 years  Suprasellar 

astrocytoma  

Ventriculo-atrial shunt 

12 R A Yount[12] 1984 4 1-F/6 years,  

2-F/20 years, 

3-M/4 years, 

4-F/3 years 

1-Communicating 

hydrocephalus, 

2-Unknown, 

3-Optic nerve glioma, 

4-Optic nerve glioma  

 

1-Ventriculo-cholecystic 

shunt, 

2-Paracentesis and 

multiple taps of shunt 

reservoir, 

3-Paracentesis and low-

sodium diet, 

4-Spontaneous 

resolution with fluid-

restricted diet 

13 Gairi Tahull JM[13] 1984 1 F/5 years  Communicating 

hydrocephalus  

Ventriculo-atrial shunt 

14 DS Rush[14] 1985 4 - - VP shunt revisions 
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15 D Madruga Acerete[15] 1988 1 F/12 years Dandy-Walker 

malformation 

- 

16 G M Goodman[16] 1988 1 F/11 years  Hydrocephalus 

following lumbar 

myelomeningocele 

repair 

Ventriculo-atrial shunt 

17 S Niikawa[17] 1988 1 F/45 years  Post-infectious 

obstructive 

hydrocephalus  

- 

18 F Pérez Peña[18] 1990 1 M/17 years  Malformation 

hydrocephalus  

- 

19 A Suárez[19] 1993 1 M/22 years  Craniopharyngioma Ventriculo-atrial shunt 

20 A West[20] 1994 3 1-M/6 

months,  

2-M/6 years,  

3-M/8 

months  

Optic pathway 

gliomas 

Ventriculo-atrial shunts 

21 A Shuper[21] 1997 1 F/4 years  Optic chiasm glioma Ventriculo-atrial shunt 

22 Michiko Yukinaka[22] 1998 1 F/23 years Congenital 

hydrocephalus with 

spina bifida 

Ventriculo-atrial shunt  

23 B Chidambaram[23] 2000 2 1-F/3 

months, 

2-M/7 years  

1-Congenital 

hydrocephalus, 

2-Optic chiasm 

glioma  

1-Ventriculo-atrial 

shunt, 

2-Ventriculo-atrial shunt 

24 Z Gil[24] 2001 4 1-M/9 years, 

2-M/0.5 

years, 

3-M/0.5 

years, 

4-M/4 years 

1-Optic pathway 

glioma, 

2-Optic pathway 

glioma, 

3-Optic pathway 

glioma, 

4-Chiasmatic glioma 

Ventriculo-atrial shunts 

25 BH Lee[25] 2001 1 M/68 years  - VP shunt removal and 

antibiotics  

26 GF Longstreth[26] 2001 1 F/28 years  Communicating 

hydrocephalus  

Ventriculo-atrial shunt 

27 GY Lee[27] 2002 1 F/33 years  Congenital 

hydrocephalus  

Ventriculo-atrial shunt 

28 Nayyar Yaqoob[28] 2003 1 M/17 years  Tuberculous 

meningitis 

Anti-tuberculous 

therapy followed by 

Ventriculo-atrial shunt 

29 Raj Kumar[29] 2003 4 1-M/9 years,  

2-M/2 years, 

1-Thalamic 

glioblastoma, 

1-Paracentesis revealed 

peritoneal mets, 
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3-M/4 years, 

4-M/8 years  

2-Choroid plexus 

papilloma of 3rd 

ventricle, 

3-Tuberculous 

meningitis, 

4-

Craniopharyngioma 

2-Ventriculo-atrial shunt 

followed by total 

excision of tumor, 

3-Intraperitoneal cyst 

decompression, 

4-Abdominal 

exploration and VP 

shunt revision 

30 SJ Pawar[30] 2003 2 1-M/8 

months,  

2-M/2 years 

Choroid plexus 

papilloma of 

posterior 3rd ventricle 

1-VP shunt revision,  

2-Ventriculo-atrial shunt 

31 Greg Olavarria[31] 2005 4 1-M/8 

months, 

2-M/8 

months,  

3-F/12 

months,  

4-F/12 

months  

Optic chiasmal 

hypothalamic 

astrocytoma 

1-Ventricular 

gallbladder shunt, 

2-Ventricular 

gallbladder shunt, 

3-Ventricular 

gallbladder shunt, 

4-Ventricular 

gallbladder shunt 

converted to Ventriculo-

atrial shunt 

32 Michael L Diluna[32] 2006 1 M/4 years  Arachnoid cyst Ventriculo-atrial shunt 

33 Rajeev Kariyattil[33] 2007 5 3 males, 2 

females 

Mean age: 

3.7 years 

1 Posterior fossa 

arachnoid cyst, 

1 Hemorrhage, 

1 Optic chiasm 

glioma, 

1 

Craniopharyngioma, 

1 Meningomyelocele 

4 Ventriculo-atrial 

shunts, 

1 Spontaneous 

resolution after 

hypoproteinemia 

treatment 

34 Paik I[34] 2010 1 F/21 years  Myelomeningocele Ventriculo-atrial shunt 

35 S Das[35] 2010 1 M/7 years  Craniopharyngioma  Ventriculo-atrial shunt 

36 N Montano[36] 2010 1 F/51 years  Obstructive 

hydrocephalus due 

to large Vestibular 

Schwannoma  

VP shunt removal, EVD 

placement, IV 

Teicoplanin and 

multiple ascitic fluid 

taps 

37 WJ Wilma Houtman-

van Duinen[37] 

2011 1 F/29 years  Congenital Cervical 

Meningocele 

Ventriculo-atrial shunt 

38 MWANG’OMBE 

Nimrod Junius[38] 

2012 1 M/7 years  Aqueductal stenosis Ascites resolved within 

two weeks of 

endoscopic third 

ventriculostomy 

39 Yin Yee Sharon Low[39] 2012 1 F/48 years  Brain Mets from 

Breast Carcinoma 

with Obstructive 

hydrocephalus  

Peritoneal drain  
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40 Atakan Comba[40] 2013 1 F/6 years  Myelomeningocele  Ventriculo-atrial shunt 

41 J Woodfield[41] 2013 1 F/1 year Craniopharyngioma Ventricular gallbladder 

shunt converted to 

Ventriculo-atrial shunt 

42 Hira Jamal[42] 2016 1 F/37 years  Idiopathic 

intracranial 

hypertension 

VP shunt removal, 

antibiotics and 

Ventriculo-atrial shunt 

43 Maheen Siddiqi[43] 2017 1 F/16 years  Congenital 

hydrocephalus 

Ventriculo-atrial shunt 

44 D Sachan[44] 2017 1 M/5 years  Choroid plexus 

papilloma  

Tumor resection and VP 

shunt removal  

45 H Han[45] 2017 1 M/20 years  Dandy-Walker 

Syndrome 

Ventriculo-atrial shunt 

46 G. Musa[46] 2018 1 F/3 years Communicating 

hydrocephalus 

Ventriculo-atrial shunt 

47 AA Khan[47] 2018 2 - - Endoscopic Third 

Ventriculostomy  

48 Darrick K Li[48] 2019 1 F/26 years  Loeys-Dietz 

syndrome and 

Congenital 

hydrocephalus 

Multiple therapeutic 

paracentesis followed 

by Peritoneovenous 

(Denver) shunt 

49 Saud E. Suleiman[49] 2020 1 F/32 years  Hydrocephalus due 

to brain 

malformation 

(corpus callosum 

agenesis) 

Multiple therapeutic 

paracentesis followed 

by Ventriculo-atrial 

shunt 

50 George A.Alexiou[50] 2021 1 F/60 years  Bilateral frontal 

meningiomas and 

Obstructive 

hydrocephalus  

Ventriculo-atrial shunt 

51 M Mathew[51] 2022 1 F/7 years  Craniopharyngioma  Ventriculo-atrial shunt 

52 N Mehta[52] 2022 1 M/29 years  Communicating 

hydrocephalus  

Ventriculo-atrial shunt 

 

 

CASE PRESENTATION 

A 3-year-old girl appeared to us as an outpatient with 

complaints of frequent episodes of vomiting and 

reluctance to feed for three days, as well as 

abdominal distention for two weeks. She was born 

with a lumbar myelomeningocele and congenital 

hydrocephalus after a normal vaginal delivery at 

term. At the age of one month, she had a 

ventriculoperitoneal shunt placed, but she never had 

lumbar myelomeningocele repair surgery. She had 

been doing well since her ventriculoperitoneal shunt 

surgery until her current presentation. She was 

lethargic during the physical examination. There was 

a CSF surge at the VP shunt's reservoir site. Her belly 

was bloated, and she had an umbilical hernia and 

rectal prolapse, most likely as a result of excessive 
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intra-abdominal pressure caused by CSF ascites. 

(Figure 1; A,B,C). The VP shunt's reservoir was slow. 

We performed an X-ray shunt series, a Computed 

Tomography (CT) brain plain, and an abdominal 

ultrasound. Shunt tubing was found to be totally 

undamaged on X-ray (Figure 2; A&B). 

Ventriculomegaly was discovered on a CT scan. An 

abdominal ultrasound revealed complicated ascites. 

After a diagnostic paracentesis, the ascitic fluid was 

revealed to be normal. CSF ascites were confirmed 

through biochemical analysis. To reduce abdominal 

distension, therapeutic paracentesis was employed, 

although recurrent accumulation was common. 

Instead of a Ventriculo-atrial shunt, the VP shunt was 

removed, and she underwent Endoscopic Third 

Ventriculostomy. Following ETV, CSF ascites 

gradually disappeared over a two-week period. 

 

DISCUSSION 

Following the implantation of VP shunts for the 

treatment of hydrocephalus, a number of abdominal 

complications have been described. Perforation of 

the gut, gallbladder, vagina, umbilicus, and volvulus, 

as well as abdominal CSF encystation and CSF 

ascites, have all been documented.[5] Infections[12,26], 

malignancies, particularly choroid plexus papillomas 

and optico-chiasmatic gliomas[12,20,21,24,31], shunt-

disseminated metastasis[39], and foreign body 

reactivity to the peritoneal catheter have been linked 

to CSF ascites.[23] High protein content of the CSF, 

particularly in optico-chiasmatic gliomas[10,20,31]; 

increased CSF production, as in choroid plexus 

hyperplasia and papillomas; tumor-secreted 

vascular permeability factors;[24] and persistent 

serosal inflammation are among the different causes 

reported.[26,33] To the best of our knowledge, 

Akdegbite et al. were the first to identify elevated CSF 

proteins as a probable cause of ascites.[10] 

As little is known about the aetiology of CSF 

ascites[4], various mechanisms have been proposed, 

including subclinical peritonitis, which obstructs 

lymphatic drainage[23], elevated CSF protein, which 

causes peritoneal malabsorption[10,24,28], and CSF 

overproduction exceeding absorptive capacity.[38] 

Multiple shunt revisions[2,22], an immunological 

reaction to vaccination[2], or shunt degradation[26] can 

all cause peritoneal irritation. Chronic illnesses such 

as tuberculosis[28] and brain tumours (e.g. optic 

gliomas and craniopharyngiomas)[24] have high CSF 

protein levels. Overproduction of the choroid plexus 

papillomas causes ascites.[30] A diagnosis of CSF 

ascites is strengthened by comparing the 

biochemistry of CSF shunt aspirate and ascitic fluid 

from paracentesis. CSF ascites resolve 

spontaneously when CSF flow is redirected using a 

Ventriculo-atrial shunt or ETV.[38] A previous shunt is 

linked to a higher rate of ETV failure.[47] In our 

situation, ETV was used, and symptoms were 

resolved within two weeks. 

A detailed literature review of 77 reported cases 

of CSF ascites until March 2022 is given in Table 1. 

Congenital hydrocephalus, obstructive 

hydrocephalus, choroid plexus papilloma, 

craniopharyngioma, and posterior fossa tumour 

were all common etiological causes. Revision of the 

VP shunt to a Ventricular-atrial shunt is the treatment 

of choice for CSF ascites, although revision in choroid 

plexus papilloma will only relieve ascites with the risk 

of congestive heart failure and bacteremia. The 

definitive cure is surgical excision of the papilloma.[44] 

Ascites developed and CSF protein levels increased 

in a craniopharyngioma instance that underwent VP 

shunt insertion due to hydrocephalus. CSF protein 

levels were reduced and ascites was alleviated after 

the recurring tumour was removed.[10] One patient 

with ascites and elevated protein levels was treated 

with a fluid-restricted diet by Yount et al.[12] According 

to the literature, the most common treatment overall 

for CSF ascites is abdominal paracentesis and 

conversion to a Ventriculo-atrial shunt. The time 

between VP shunt surgery and the onset of ascites 

might range from 1 day to 12 years.[23,38] It appeared 

in our patient 2.9 years after the VP shunt. 

In VP shunting, the peritoneal lining is particularly 

effective for quick absorption from the peritoneal 

cavity because it is made up of specialized 

mesothelial cells that promote rapid lymphatic 

drainage from the peritoneal cavity into the adjacent 

lymphatic lacunae.[39] In dehydrated children, the 

peritoneum can absorb up to 500 mL of normal 

saline per 24 hours, and following the osmotic 

absorption phase, the average fluid absorption rate 

is 33 mL/h.[51] CSF ascites is defined as an excessive 

buildup of CSF in the peritoneal cavity due to the 

peritoneum's failure to absorb the CSF.[23] According 

to literature study, this state of disequilibrium could 

be caused by primary peritoneal failure, increased 

CSF volume, increased CSF protein, infections 

(peritonitis), eosinophilic catheter rejection, 

immunological response to immunisation, or in 
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certain cases, no clear cause. CSF ascites has been 

linked to tumours such optic gliomas and 

craniopharyngiomas, possibly due to elevated CSF 

proteins.[12, 23, 41] In addition to the probable unique 

proteins produced by optic gliomas, a disruption in 

the blood-brain barrier could allow tumour proteins 

to escape into the subarachnoid CSF, resulting in 

elevated protein levels and impaired CSF absorption 

through the arachnoid villi.[23] 

Patients with CSF ascites have an insidious onset, 

gradual abdominal distention, and no pain. Hepatic, 

renal, or cardiac dysfunction are not present. The 

duration between the shunt being placed and the 

onset of symptoms might range from days to years. 

To rule out other probable causes of ascites, a 

thorough study is required. In patients with a history 

of VP shunt surgery the likelihood of CSF ascites must 

be kept in mind, which can be validated by an ascitic 

fluid β2 transferrin assay. After making the diagnosis 

of CSF ascites, the treatment includes redirection of 

CSF flow, preferably Ventriculo-atrial shunt but 

Endoscopic Third Ventriculostomy is a viable 

approach in certain circumstances. 

 

CONCLUSIONS 

Patients with CSF ascites have an insidious onset, 

progressive and painless abdominal distention. The 

time between the shunt insertion and the onset of 

symptoms might range from days to years. An 

extensive workup is required to rule out other 

probable causes of ascites. After ensuring that there 

is no infection, the VP shunt linked CSF ascites is 

treated by converting the shunt to a Ventriculoatrial 

shunt. CSF ascites can be treated effectively by 

abdominal paracentesis and conversion of the VP 

shunt to a Ventriculo-atrial shunt, but Endoscopic 

Third Ventriculostomy is a viable approach in some 

selected cases. 

 

 
List of Abbreviations: 

CSF: Cerebrospinal fluid 

VP: Ventriculoperitoneal  

ETV: Endoscopic Third Ventriculostomy  

CT: Computed Tomography  
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ABSTRACT 
Pituitary hydroscopy is a new technique in skull base surgery that involves transnasal 

neuroendoscopy and gentle fluid distention of the sella turcica. Hydroscopy allows 

for a more thorough inspection of the sellar region and may make it easier to remove 

additional tumour cell foci. Endoscopic Diving Technique, on the other hand, uses a 

continuous water flow that is driven in front of the endoscope to aid explore the 

surgical cavity and improve image clarity. After tumour removal, a double-path 

aspirator is implanted inside the sella turcica and tumour cavity, providing a 

pressured flow with continuous irrigation in the Modified Endoscopic Diving 

Technique. Several groups' recent uses of diving techniques attest to the increased 

interest in these approaches. The development of dedicated surgical devices will 

improve the efficacy of diving procedures in the future. More research is needed right 

now to improve the effectiveness of diving techniques. 

 
 

 

INTRODUCTION 

To understand the current renaissance of endonasal pituitary surgery, 

it's necessary to look back at the historical and anatomic progression of 

thought that has led to contemporary technical advancements and 

better patient care. Shorter operative times, decreased blood loss, 

improved differentiation between normal tissue and tumour, better 

visualisation of intrasellar and parasellar structures, shorter hospital 

stays, improved patient satisfaction, and decreased need for nasal 

packing have all been seen since the endoscope was married to the 

trans-sphenoidal approach. Furthermore, this union has brought the 

otolaryngologist and the neurosurgeon together as a true surgical 

team, allowing novel concepts like extracapsular tumour dissection, 

new approaches to investigate the tumour bed, improved tumour 

removal with angled views and hydroscopy.6 
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Pituitary hydroscopy is a new technique in skull 

base surgery that involves transnasal 

neuroendoscopy and gentle fluid distention of the 

sella turcica. Hydroscopy provides for a more 

thorough inspection of the sellar region during 

minimally invasive pituitary surgery, as well as the 

excision of extra tumour cell foci. When compared to 

typical neuroendoscopic procedures, preliminary 

data suggests that hydroscopy may result in a lower 

rate of cerebrospinal fluid (CSF) leak and revision 

surgery. Hydroscopy is a safe and effective addition 

to traditional pituitary techniques, and endoscopic 

skull base surgeons should include it in their toolkit. 

Endoscopic resection of pituitary neoplasms appears 

to have the major benefit of a broader, potentially 

angled field of view, which may be especially 

advantageous for big tumours with extrasellar 

extension, according to the data. Endoscopic 

pituitary surgery has been linked to better rates of 

gross total resection, endocrinological cure, visual 

prognosis, shorter hospital stays, less postoperative 

discomfort, septal perforation, CSF leak, and a lower 

rate of diabetes insipidus as a result of its benefits.16 

A constant water flow is propelled in front of the 

endoscope in Davide Locatelli's9 Endoscopic Diving 

Technique (EDT). EDT is a flexible tool for exploring 

the surgical cavity and enhancing visibility. After 

tumour removal, a double-path aspirator is 

implanted inside the sella turcica and the tumour 

cavity in Marco Ceraudo's3 Modified Endoscopic 

Diving Technique. This creates a pressured flow with 

continual irrigation, which aids in the removal of 

more minor tumour foci. 

 

HISTORY  

The creation of the cystoscope by Nitze in the 1800s 

provided the technological foundation for 

hydroscopy.11 Herman Schloffer used a lateral 

rhinotomy to perform the first transsphenoidal 

approach to the pituitary in 1907. After an open 

approach via the nasal dorsum, Kocher described 

the first submucosal resection of the bony nasal 

septum and vomer to get access to the rostrum of 

the sphenoid in 1909.8 Hirsh, a rhinologist, invented 

and championed the substantial breakthrough of 

the transnasal, transseptal technique in 1910. Hirsch 

tweaked the techniques he'd learned to access the 

sphenoid for infection therapy. The submucosal 

excision of the septum, developed by Kilian in 1904, 

was later added to his basic procedure. In 1914, 

Cushing described his sublabial, transseptal, 

transsphenoidal method using these techniques as 

well as those of Kanavel and Halstead. Following that, 

in the 1960s, the adoption of an operational 

microscope considerably increased visualisation of 

the sella.13 

For vision of urological structures, early 

cystoscopes depended on air insufflation; later 

developments of this technology incorporated fluid 

distention, which enhanced patient comfort and 

surgeon visibility. The first attempts to apply 

endoscopic techniques to neurological pathology 

focused on the ventricles and other fluid-filled 

regions, with Victor L'Espinasse, a French urologist, 

examining the choroid plexus of two children with 

hydrocephalus using a cystoscope in 1910.17 

Jankowski performed the first purely endoscopic, 

endonasal pituitary excision in 1992, thanks to 

technological breakthroughs in endoscopes and 

cameras in the 1970s, and Jho and Carrau published 

the first extensive series of endoscopic pituitary 

surgery in 1997.5 Endoscopic transsphenoidal 

methods to the pituitary have grown quite 

prominent in the last 25 years. 

 

ANATOMICAL CONSIDERATIONS 

The pituitary gland is a reddish-grey organ that rests 

in the sella turcica, a deep depression on the 

superior portion of the sphenoid bone's body, and 

measures around 1 cm in diameter. It's hidden 

behind the tuberculum sellae, which is itself hidden 

behind the optic chiasm. The dorsum sellae and the 

posterior clinoid processes define the sella's 

posterior boundary. The clivus is a bony extension of 

the dorsum sellae that slopes inferiorly and connects 

to the occipital bone. The anterior clinoid processes 

are formed by the tuberculum sellae's lateral 

expansions. The diaphragm, a dural fold spanned by 

the pituitary stalk, forms the roof of the fossa. The 

diaphragm and the pituitary capsule are separated 

by an arachnoid invagination. The roof of the 

cavernous sinus is formed by the diaphragm's lateral 

expansion. The optic chiasm and nerves, the carotid 

arteries, the third, fourth, fifth, and sixth cranial 

nerves in the cavernous sinus, as well as the basilar 

artery and brainstem posteriorly, are all within close 

proximity to the pituitary gland. As a result, proper 

anatomy knowledge is required during these 

approaches.15 

The sphenoid sinus is pneumatized into the 
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sphenoid bone in a variety of ways, and three types 

of sphenoid pneumatization patterns are classified 

based on their relationship to the sella. A conchal 

type is one that has just slightly pneumatized and yet 

has thick bone across the sella's face. Sellar type 

denotes a sinus that has pneumatized to the sella's 

face, whereas post-sellar type describes a sinus that 

has pneumatized beyond the sella's face. The sellar 

and post-sellar types of sinuses make up the majority 

of adult sinuses.15 The two sphenoid sinuses are 

separated by a septum that is off the midline in 60 to 

70% of cases, resulting in asymmetry between the 

two cavities. Additionally, numerous septations may 

be present. The walls of the sphenoid sinuses have 

many structures running along them. The Vidian 

nerve's canal goes laterally along the floor. At 

approximately 5 and 7 o'clock, the carotid arteries 

flow along the lateral walls. At approximately 2 and 

11 o'clock, the optic nerves run more superiorly 

along the lateral walls. Between the bulges of these 

two structures is the optico-carotid recess, which can 

extend into the anterior clinoid process. The 

sphenoid ostium runs along the anterior wall's 

superior aspect.14 

 

PRINCIPLES OF ENDOSCOPIC DIVING TECHNIQUE 

The diving technique makes use of hydraulic 

concepts (flow and pressure) as well as visual 

approaches (lens effect given by liquid film). The 

procedure entails not only flushing the surgical 

cavity, but also the production of a saline solution 

lens: the first step is to determine the proper 

distance from the wall to be visualised in order to 

eliminate any turbulence induced by the liquid flow. 

The focus, which differs from that utilised in open-air 

surgery, is changed at this point. The surgeon must 

generate a field with a stationary flow, which means 

that the lines of flow must correspond with the lines 

of current, and the particles must follow trajectories 

that are not rectilinear but remain constant 

throughout time. The saline solution within the 

surgical cavity forms a fluid layer with a stationary 

flow that works as a concave-convex lens.9 

 

ADVANTAGES OF THE TECHNIQUE 

1. Removal of micro residues with final 

hydrodissection of the lesion. 

2. As a result of the flushing pressure, structures, 

fistulas, and perforations of the cavernous sinus 

walls can be seen in the presence of bleeding. 

3. Exploration of places buried by the cistern's fall as 

the saline solution flow re-expands the 

pseudocapsule through pressure and direction 

adjustments. 

4. Hematic residues are removed, and bleeding is 

modest, preventing clear visibility. 

5. Smaller visual field but greater visualisation due 

to the lens effect with amplification of vision.9 
 

LIMITATIONS OF THE TECHNIQUE 

1. A panoramic vision is not possible due to the 

short focal distance. 

2. In a small field, there is no stereoscopic view. 

3. Bleeding can make you feel disoriented.9 

 

PREOPERATIVE CONSIDERATIONS 

Hydroscopy is recommended for patients 

undergoing transnasal, endoscopic pituitary and 

selected parasellar surgery. Certain diseases of the 

sella turcica less often require intraoperative 

hydroscopy: Rathke's cleft cysts can be easily 

marsupialized without it, while adamantinomatous 

craniopharyngiomas often have a fibrotic capsule 

that makes hydroscopy difficult. To continue with 

surgery, individuals with pituitary pathology must 

have a thorough preoperative evaluation and be 

recommended for transnasal, endoscopic surgical 

therapy. Multidisciplinary teamwork across 

neurosurgery, endocrinology, ophthalmology, and 

otolaryngology is the best way to make management 

suggestions. Surgical intervention is usually reserved 

for compressive symptoms, rapid development, or 

acute apoplexy in hormonally inert tumours. Size, 

type of hormone, and response to medical care are 

factors that affect surgery for a hormone-secreting 

tumor. Prolactinomas are treated with dopamine 

agonists at first, with surgical removal reserved for 

tumours that continue to grow. On the other hand, 

tumours that produce growth hormone or 

adrenocorticotropic hormone are frequently treated 

with surgery up front. Unless contraindicated, all 

patients have thin-cut computed tomography (CT) of 

the paranasal sinuses and magnetic resonance 

imaging (MRI).2 

 

SURGICAL TECHNIQUES: 

On the operating table, the patient is positioned 

supine with a horseshoe headrest. The head is 

retained in a neutral position or slightly tilted to the 

right and elevated 10 to 30 degrees. The image 
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guidance and endoscopic monitors, as well as the 

nurse's table, are all placed at the patient's head, 

directly in front of the surgeons. The rigid 

endoscopes 0, 30, 45, and 70 degrees with diameters 

of 4 and 2.7 mm, 18 cm in length, and an external 

cover attached to the irrigation system are 

employed.9 The procedure is performed with a 

standard 4-mm endoscope with various angulations; 

for the most part, the straight endoscope gives the 

best illumination and vision. After the sella is 

accessed and the tumour is removed, angled scopes 

are frequently utilised later in the surgery. The use of 

stereoscopic endoscopes to provide a three-

dimensional vision has been described.14 

The endotracheal tube is attached to the left 

lower lip to obtain general anaesthesia. The bed is 

turned 90 degrees counterclockwise, and 

preoperative CT and MRI images are combined 

before registration with a stereotactic image 

guidance system using facial surface matching. In the 

case that a fat graft is necessary for reconstruction, 

the abdomen is sterilely prepped. The availability of 

equipment and the strategy for surgical pathology 

specimens are evaluated, as well as key 

characteristics of the patient's anatomy.16 Pledgets 

soaked in a solution of 0.05 percent oxymetazoline 

hydrochloride decongest the nasal canals. Greater 

palatine artery blocks, which are performed by 

injecting 1.5 mL of a 1 percent lidocaine solution with 

1/100,000 epinephrine trans-orally into the greater 

palatine canal bilaterally, provide further 

hemostasis. Finally, a sphenopalatine artery block is 

achieved by injecting additional lidocaine with 

epinephrine endoscopically in the vicinity of the 

sphenopalatine foramen.1 For better visualisation 

and subsequent hydroscopy, the endoscopic 

operation begins with the use of a 0-degree Hopkins 

rod equipped with a suction/irrigation system.16 

The sphenoid ostia are recognised and the 

bilateral middle turbinates are lateralized. A 

nasoseptal flap may be lifted prior to performing a 

broad bilateral sphenoidotomy with removal of the 

rostrum and posterior septectomy, depending on 

the risk of CSF leak. Alternatively, the nasoseptal flap 

pedicle can be shifted inferiorly from the sphenoid 

face and posterior nasal septum without lifting the 

flap entirely, protecting the flap pedicle while 

permitting tissue regeneration if the flap is not 

required for reconstruction. After visual and imaging 

guidance, establish the position of the internal 

carotid arteries and optic nerves, the bony sellar face 

is removed with a 4-mm diamond drill bit and 

Kerrison rongeur. An inferiorly pedicled, U-shaped 

incision in the dura is produced, which is then 

reflected inferiorly and resected, with an 

otolaryngologist and neurosurgeon working in a two-

surgeon, four-handed method. Standard 

microneurosurgical procedures are used to visualise 

and resect the tumour, taking care not to disturb the 

normal gland, cavernous sinus, or diaphragm. The 0-

degree endoscope and irrigating sheath are inserted 

into the sella after gross total resection, and the sella 

is irrigated continuously with sterile saline. Suction or 

extra dissection may be used to identify and remove 

small particles of remaining tumour.16 Hydroscopy 

uses regular saline irrigation with a water pressure of 

several cm linked to either straight or angled 

endoscopes. The saline flooding the field expands 

the sella's soft tissue borders, including the 

diaphragm, while also increasing visibility by washing 

away minute amounts of blood and clot. With 

increased visualisation, this approach allows for a 

thorough examination of the cavity and the removal 

of as much tumour tissue as feasible.14  

After the surgeon has removed the majority of 

the lesion and visualised a new cavity, the surgeon 

can enter the space with the endoscope thanks to 

continual irrigation from the pump. Filling the dead 

space with saline solution allows the endoscope to 

be inserted into the tumour, allowing for a great 

"underwater" view of the remaining tumour, capsule, 

normal pituitary tissue, and cavernous sinus walls. 

The tumour is removed using this diving technique, 

which involves injecting saline solution into the 

hollow created following tumour resection and 

testing for residual tumour.9 Hemostasis is achieved 

at the end of the procedure utilising a hemostatic 

substance such as microfibrillar collagen in 

thrombin. This is let to sit in the sella for a few 

minutes before being irrigated out. In the vast 

majority of cases, sella reconstruction is not 

required. In present practise, the only rationale for 

reconstruction is intraoperative suspicion of a CSF 

leak. If a leak is discovered, it is repaired with a little 

fat plug, sometimes augmented by a small 

resorbable microplate.14 

The Endoscopic Diving Technique was introduced 

by Davide Locatelli. The irrigation pump is triggered 

and the endoscope is put into the surgical cavity 

according to the surgeon's desire (after full tumour 
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resection or anytime the amount of resection has to 

be evaluated). Continuous water flow is propelled in 

front of the endoscope, rapidly filling the cavity and 

allowing diving to begin. EDT is a versatile technique 

for exploring the surgical cavity and improving image 

clarity; it varies from Senior's "sellar hydroscopy"14 in 

that it goes beyond simple observation of the 

surgical field, acting as an operative instrument all 

around. The irrigation stream's directed force may 

aid tumour hydro-dissection by washing out 

residuals. The intra-cavity pressure can contrast 

bleeding as blood is diluted and washed away inside 

the cavernous sinus.9 

Marco Ceraudo introduced the Modified 

Endoscopic Diving Technique. The double-path 

aspirator is put inside the sella turcica and the 

tumour cavity after tumour removal in this 

procedure. The surgeon's assistant switches on the 

tap to flood the tumour cavity with a pressurised 

flow; if necessary, a nurse can maintain pumping the 

infusion pressure bag to provide continuous 

irrigation. The double-path technology lets you halt 

the suction while also increasing the hydrostatic 

pressure created by the saline infusion. The 

endoscope is inserted into the tumour cavity, which 

is filled with saline solution, allowing a clear view of 

the diaphragma sellae, cavernous sinus walls, and 

pituitary gland, as well as the detection of any 

tumour remnants inside the parapituitary recess 

that can be washed away from the sella. The optic 

system and the irrigation supply are divided into two 

distinct tools in the modified endoscopic diving 

technique, allowing surgeons to point the flow on a 

specific structure while the endoscope can be 

oriented in the same direction or not. Furthermore, 

the irrigation source and the optic system can be 

located at varying distances.3 

There were some changes between Locatelli et 

al's endoscopic diving technique and Ceraudo et al's 

modified endoscopic diving approach. The irrigation 

system injects saline solution directly onto the 

endoscope's outer lens in the endoscopic diving 

technique. Second, the distance between the optic 

and the irrigation system is fixed in the endoscopic 

diving technique for the same reason. Third, a rotary 

pump produces constant irrigation in the surgical 

field in the endoscopic diving technique. Fourth, 

despite the fact that the irrigation system utilised 

during the treatment is included in a comprehensive 

endoscopic equipment package, it can become an 

expense in a department's budget. Furthermore, 

many irrigation systems (i.e., irrigation system and 

optic lens) supplied by different medical 

corporations are incompatible, which could drive up 

expenses even more.3 Because dedicated 

instruments are not required, Ceraudo's process 

offers easy reproducibility and lower costs.10 

 

POSTOPERATIVE CONSIDERATIONS 

The patient is admitted to the ward for 48 hours after 

surgery to allow for routine neurologic monitoring. 

On the first postoperative day, an MRI is conducted 

to assess the extent of the resection. Antibiotics and 

hormonal replacement, if necessary, are usually 

given to patients before they are sent home. To avoid 

mucus being displaced into the open sellar cavity, 

patients are told not to blow their noses or sneeze 

through their noses. Sinonasal endoscopy is 

performed at the first postoperative visit, about 3 

weeks later, to ensure proper healing; normally, the 

posterior sphenoidotomy is covered by a healthy 

mucosal layer.14 

 

COMPLICATIONS  

Meningitis, cerebral haemorrhage, ophthalmoplegia, 

carotid damage, and perioperative death are all rare 

consequences.9 During the initial postoperative 

period, diabetes insipidus can be found in up to 60% 

of patients, but it is usually temporary, with only 

around 3% of patients requiring long-term care. CSF 

leak is the most prevalent significant consequence.1 

 

RESULTS OF DIFFERENT STUDIES 

Senior et al13 presented a series of more than 50 

cases of pituitary hydroscopy employing the 

ClearESS irrigation system in 2005, noting that in 

about 25% of cases, the use of this approach resulted 

in an additional tumour diagnosis and removal. 

Senior et al14 described a case series of 176 

individuals who underwent a total of 193 minimally 

invasive pituitary surgery procedures in 2008. The 

authors found that patients having hydroscopy had 

a decreased risk of CSF leak (24 vs 45 percent, 

p=0.005). These preliminary findings show that 

hydroscopy after pituitary surgery may enhance 

outcomes, but more prospective, controlled trials are 

needed. 

Davide Locatelli9 performed 410 surgical 

procedures in 2009 to remove lesions in the sellar, 

cavernous sinus, and clival regions using diving 
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surgery. They removed 379 pituitary adenomas 

(92%), 21 craniopharyngiomas, 5 meningiomas, 4 

chordomas, and 1 epidermoid during the procedure. 

They were able to speed up and improve the surgical 

excision of numerous lesions in the sellar and 

parasellar regions using this surgical method. 

In 2017, China's Hai-Bin Gao7 performed 

Endoscopic Diving Technique on a total of 37 

pituitary adenoma patients. The endoscopic diving 

approach, he claims, also allows the surgeon to view 

the undersea environment within the sella turcica. 

Deyan Popov12 performed intrasellar hydroscopy 

on 51 of his endoscopic group's cases in 2018. 

Overall, the endoscopic group had an 81.82 percent 

remission rate. 

In 2019, Marco Ceraudo3 performed 76 

endoscopic surgical procedures using the modified 

endoscopic diving technique. Marco Ceraudo 

discovered that by combining the OLYMPUS 

InstaClear with a specific irrigation sheath (which is 

generally used to clean the endoscope lens during 

surgery), he was able to get a continuous water flow 

comparable to that generated by Locatelli et al9. 

Cleaner and sharper images can be obtained by 

combining EDT with Ultra High Definition or 4K 

systems to better understand minute anatomical 

details (especially in the presence of underwater 

vision during EDT), find tumour residuals or a clear 

cleavage plane, and differentiate pathological tissues 

from adherences or scar tissues.3 

 

CONCLUSIONS 

Pituitary hydroscopy is a safe, new addition to 

minimally invasive pituitary surgery that allows for a 

more complete inspection of the sella turcica using 

moderate saline irrigation. Hydroscopy after gross 

complete tumour excision frequently results in the 

elimination of extra, undetected tumour, potentially 

lowering the risk of recurrence and reducing the 

need for future surgery. Several groups' recent uses 

of diving techniques attest to the increased interest 

in these approaches. The development of dedicated 

surgical devices will improve the efficacy of diving 

procedures in the future. More research is needed 

right now to improve the effectiveness of diving 

techniques. 

 

 
List of Abbreviations: 

CSF: Cerebrospinal Fluid  

EDT: Endoscopic Diving Technique 

CT: Computed Tomography  

MRI: Magnetic Resonance Imaging 
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ABSTRACT 
Background: Subdural hematoma in infants is a challenging condition. Acute 

subdural hematomas can cause intracranial hypertension and a midline shift, but 

decompressive craniotomies in young patients have shown promising results with 

specific complications in this age group. Hinge craniotomy is an old technique used 

in many neurosurgical procedures associated with elevated intracranial pressure. 

The objective of this study is to report the usage of flail bone flap in the management 

of acute subdural hematoma in infants, its outcome, advantages, disadvantages and 

related complications. 

Methods: This is a review of the medical records of 5 infants younger than one-year-

old who underwent decompressive craniotomy as management of acute subdural 

hematoma at Mansoura university hospital. 

Results: In this series, five babies were included. Operative time for decompressive 

craniotomy (DC) ranged from 1 h and 40 min to 3 h. Four infants survived. Three 

infants recovered with good outcomes and one infant developed hemiparesis. 

Conclusion: The use of flail bone flap technique in decompressive craniotomy is 

associated with a high success rate and low incidence of complications. Large-based 

studies are still required for a better assessment of the results. 

 
 

 

INTRODUCTION 

Although acute subdural haematoma is considered uncommon in 

infants with an incidence of about 20-25 per 100000 cases but its 

management is a challenging condition. The most common cause in 

this age group is child abuse especially the shaken baby syndrome. [1]. 

Infantile subdural hematomas cause convulsive seizures, 

consciousness disorders, retinal haemorrhage, or apnea, which can 

progress to coma with hemiplegia or death [2]. If it is accompanied by 

intracranial hypertension, it will result in diffuse edoema, which will 

then lead to cerebral ischemia [3]. 

When treating infantile ASDH surgically, one must take into 

consideration how to best regulate intracranial pressure while 

minimising the risk of complications [4]. 

Decompressive craniectomy (DC) has been successfully used to 

alleviate (ICP) and massive brain swelling following infarction or 
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bleeding [5-7]. Improved cerebrovascular 

compliance, cerebral oxygenation, and cerebral 

perfusion can be achieved through reductions in ICP 

[8]. After a DC, a cranioplasty procedure is required 

[9] utilising either one's own autologous skull or 

more expensive synthetic materials [10]. 

Cranioplasty has been associated with some 

complications including surgical site infection (SSI) 

[11-13] and bone graft resorption (BGR) in pediatric 

populations [12-15]. 

During a decompressive craniotomy, a bone flap 

will be elevated followed by opening of the dura and 

evacuation of the hematoma. Finally, the bone flap 

will be repositioned loosely without fixation. The 

replacement of the bone flap eliminates the need of 

a second operation lead to avoidance of 

decompressive craniectomy and subsequent 

cranioplasty related complications. [16]. 

There is no clear guidelines for management of 

ASH using craniotomy, so we reported our 

experience with hinge craniotomy in 5 infants in our 

tertiary care centre.  

 

PATIENTS AND METHODS 

This retrospective case series that was conducted at 

Mansoura University Neurosurgery Department 

after obtaining approval from the local ethical 

committee and Institutional Review Board of 

Mansour Faculty of Medicine. We included five 

pediatric cases along one year duration. 

All patients were subjected to standard history 

taking, general and detailed neurological 

examination. initial GCS and presence of other 

intracranial pathologies were also assessed. On 

admission, a CT scan of the patient's brain was 

analyzed to determine the hematoma's thickness as 

well as the amount of midline shift. The Glasgow 

Outcome Scale (GOS) was used to evaluate the 

results, and the follow-up period was increased to six 

months. 

In addition, routine preoperative laboratory and 

radiological investigations were ordered. After 

deciding on surgical intervention, it was completely 

explained to the patients' guardians with its 

indications and complications and following that, 

informed written consent was obtained. 

All of the procedures were carried out under 

general anesthesia. A large frontotemproparital 

question mark skin incision was done on the affected 

side followed by preservation of pericranial graft to 

be utilized in duroplasty.After that a small burrhole 

was done in the temporal region as fast as possible 

with small opening to the dura to help in relieve of 

the increase intracranial pressure followed by 

dissection of the dura from the skull bone. Due to 

very thin bone we used a scissor to complete the 

craniotomy with continuous dissection and 

separation of the dura from the bone flap. At the 

level of coronal suture, the dissection was difficult 

due to tight adhesion of the dura to the bone so we 

utilized this limb to hinge the bone flap without doing 

complete bone elevation. The squamous temporal 

bone was rongeured to the temporal fossa floor, 

ensuring that no edge of bone remained that could 

prevent the swollen temporal lobe from being 

displaced laterally. The dura was opened in cruciate 

shape manner followed by evacuation of the 

haematoma and ensuring haemostasis. Then the 

pericranial graft was used to do duroplasty and the 

craniotomy flap was left hinged without fixation 

followed by anatomical closure in layers. 

All patients received standard post-operative 

care, with frequent assessment throughout the day. 

Any post-operative complications were noted and 

then recorded. Regular follow up visits were 

scheduled for these cases.  

Early follow up C.T scan was done to all patients 

to document evacuation of the hematoma, 

improvement of the midline shift and to detect any 

complications that need further management. 

During the follow up serial follow up C.T scans was 

ordered to evaluate the brain and the fate of the 

bone flap. 

 

STATISTICAL ANALYSIS  

Microsoft Excel was used to enter and analyse the 

data. This was followed by data being imported into 

the Statistical Package for Social Sciences (SPSS 27, 

IBM/SPSS Inc., Chicago, IL) for windows. According to 

Kolmogorov-Smirnov and Shapiro-tests, Wilk's the 

baseline characteristics of the study population were 

presented in the form of frequencies and 

percentages (percent) or mean values and standard 

deviations (SD) or median and range. 

 

RESULTS 

The study included 5 infants, 3 boys (60%) and 2 girls 

(40%). Their age ranged from 25 days to 180 days 

with mean age of 81.5 days. 
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The cause of SDH was spontaneous in four cases 

(80%) and traumatic in one case only (20%). The 

hematoma located in the left side in 3 cases (60%) 

and on the right side in 2 cases (40%). The SDH was 

associated with ICH in one case only. 

The lowest preoperative GCS was 5/15 (in one 

case) and the highest score was 11/15 (in two cases) 

while the other two cases had GCS of 8/15 and 10/15 

respectively.  

Coagulopathy was detected in 4 cases (80%). The 

mean operative time was 136 minutes with range 

between 100 minutes and 180 minutes. Regarding 

the outcome in our study, 3 cases (60%) showed 

favourable outcome in the form of full recovery while 

1 case Survived with Rt. Sided weakness G 3. One 

case died thar represented 20% mortality rate. 

 
Table 1. Detailed literature 
 

Gender Age Diagnosis Preop GCS Coagulopathy Operative time 

(min) 

Outcome 

Boy 25 days Lt. acute SDH 

(spontaneous) 

8/15 Yes 100 Fully 

recovered 

Girl 2 months Rt. Acute SDH 

(spontaneous) 

10/15 Yes 130 Fully 

recovered 

Boy 4 months Lt. acute ICH + SDH 

(spontaneous) 

11/15 Yes 180 Survived 

with Rt. 

Sided 

weakness G 

3  

Boy 3 months 14 

days 

Lt. acute SDH 

(spontaneous) 

5/15 Yes 150 Died 

Girl 6 months Rt. Acute SDH 

(trauma, fall) 

11/15 No 120 Fully 

recovered 

 
 

 

 

 
 

Figure 1. 25 days old male child with left acute SDH 
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Figure 2. First day post operative after hematoma evacuation and flail bone flap position. 

 

 

 

 
 

Figure 3. 2 months postoperative with disappearance of midline shift and bone flap return to normal position 
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DISCUSSION 

There are numerous surgical and non-surgical 

treatments for ASDHs, including burr holes, 

craniectomies, osteoplastic flaps, subtemporary 

decompressions, temporal lobectomy, dural 

openings, dural augmentation, and dural snips [17-

20] . In spite of everyone's best efforts, the reported 

mortality rate has remained somewhere between 80 

and 90 percent, and the morbidity rate among the 

population that has managed to survive has been 

extremely high [18, 19, 21, 22]. 

In addition to being less invasive surgically, the 

technique for hinged bone grafts leaves only one 

scar, eliminates the need for a second surgery to 

replace the bone graft, and is more anaesthetically 

preferred. 

Our results showed full recovery in 3 cases (60%), 

1 case died that represented 20% and 1 case 

survived with right sided weakness represented 20% 

morbidity.  

In a study involving 30 adult patients diagnosed 

with ASDHs and undergoing craniectomy, 

subcutaneous placement of a hinged flail was used, 

according to the findings of Abd El-Wahed and 

Ahmed, 17 patients passed away while being treated 

at the hospital, accounting for 66.7 percent of the 

total; 13.3 percent of the patients who survived did 

so in a vegetative state, while 9 patients made a full 

recovery (30 percent ) [23]. The variation could be 

explained due to different age groups. 

The DC group had a worse preoperative GCS, 

younger age, more extracranial injuries, and a more 

severe CT, according to a study by Li et al., indicating 

that DC may be more effective than CR based on the 

actual outcomes, which were comparable in the two 

groups despite the predicted outcomes being worse 

for the DC group [24].  

Tsermoulas et al. evaluated a total of 99 patients, 

69 of whom had DC, 17 of whom had CR with a 

"riding flap," and 13 of whom had CR with a "fixed 

retained flap.". Despite the fact that patients in the 

DC group had worse outcomes, the baseline 

characteristics of the two groups were very different; 

those with DC had significantly more severe 

mechanisms, lower GCS, more extracranial injuries, 

and higher Rotterdam CT scores than those in the 

control group [25]. 

More herniation (pupillary changes) was found in 

the DC group, which was found by Woertgen et al., 

who looked at 180 patients (111 CR and 69 DC) and 

found a higher mortality rate in the DC group. There 

was no significant difference in the outcomes of CR 

and DC for patients who did not exhibit signs of 

herniation; however, there was a significant 

difference in the outcomes of CR and DC for patients 

who did exhibit signs of herniation [26].  

Kwon et al. found that while patients with 

unfavourable features (age >70, anticoagulation or 

antiplatelet use, time to surgery > 4 hours, GCS < 8, 

nonreactive pupils, and major extracranial injury) 

had more poor outcomes those with less 

unfavourable features. [27].  

The CR group and the DC group were compared 

by Kim and his colleagues in terms of age, gender, 

GCS score, hematoma volume, midline shift, ICH 

score, and the amount of time that passed between 

the ictus and the surgery. During the course of the 

study, CR was carried out on a total of 139 patients, 

while DC was carried out on 125 patients. The 

mortality rate at 30 days was the same for both the 

CR group and the DC group (13.7 percent vs. 15.2 

percent, p = 0.729). On the other hand, the CR group 

had a functional survival rate of 46.0 percent after 12 

months, which was significantly (p = 0.014) higher 

than the DC group's survival rate (32.0 percent) [28]. 

 Our study has some limitations; it is a single-

centre study that included a relatively small sample 

size. It also lacks long-term follow up for the included 

patients. These drawbacks must be handled in the 

upcoming studies. 

 

CONCLUSION 

Using a flail bone flap to perform a decompressive 

craniotomy may be beneficial, especially in infant 

cases, because of a high rate of complications 

associated with DC and subsequent cranioplasty in 

children and infants. The efficacy of this technique in 

terms of clinical outcomes and the reduction of 

complications necessitates further large-scale 

studies. 
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ABSTRACT 
Moderate to severe traumatic brain injury (TBI) remains a leading cause of death and 

disability worldwide. Timely diagnosis and accurate prognostication play a key role in 

informed clinical decision-making. Though magnetic resonance imaging (MRI) is a 

superior anatomical scan compared to computerized tomography (CT), the latter 

remains the current investigation of choice in the clinical setting of TBI due to some 

of the former’s inherent deficiencies in imaging bone/blood, limited access, cost, etc. 

Nevertheless, the fact that MRI is a valuable adjunct in evaluating the TBI patients with 

clinical findings disproportionate to the CT scan substantiates its possible 

complementary/supplementary diagnostic and prognostic role in TBI. MRI scan is 

ideally placed on demonstrating the shear/diffuse axonal injury (DAI), non-

haemorrhagic intraparenchymal lesions, and brain stem lesions poorly delineated by 

a CT scan. The currently available literature demonstrates that DAI and caudal 

brainstem lesions are indicators of poorer outcomes. However, the prognostic value 

of MRI, in addition to that of CT, remains an area of active investigation. We have tried 

to present the evidence-based use of MRI in moderate to severe TBI. Advances in 

newer MRI sequences like susceptibility-weighted imaging (SWI), diffusion tensor 

imaging (DTI), functional MRI (fMRI), and magnetic encephalography (MEG) have the 

potential to revolutionize the current role of MRI in TBI. 

 

INTRODUCTION 

Though computerized tomography (CT) scan of the head remains the 

investigation of choice for evaluation of a victim of acute traumatic 
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brain injury (TBI), magnetic resonance imaging (MRI) 

can play a valuable complementary diagnostic/ 

prognostic role in the same [1]. MRI is a superior 

anatomical scan to CT in all clinical settings, except in 

the acute moderate to severe TBI, due to its inherent 

deficiencies in imaging bone/blood. With ever-

increasing accessibility seen to MRI scanners 

worldwide, there is an accompanying increase in the 

interest, among clinicians and radiologists alike, 

regarding the utility of MRI in diagnosing and 

prognosticating a variety of traumatic pathological 

conditions [2].  

The role of MRI scanning in identifying and 

characterizing specific sequelae of TBI is well 

documented [3]. Particularly in evaluating patients 

whose clinical findings are disproportionate to the CT 

findings, MRI represents a valuable adjunct even in 

the acute phase. In such cases, MRI demonstrates 

the shear/diffuse axonal injury (DAI), non-

hemorrhagic intraparenchymal lesions, and brain 

stem lesions poorly delineated by a CT scan. In 

subacute or chronic head injury, MRI is superior to 

CT and should be the primary imaging technique 

whenever possible [3]. Despite its unparalleled 

sensitiveness to deep intraparenchymal TBI lesions 

and shear injuries, the broad clinical adaptation of 

MRI in the trauma setting is limited, partly due to its 

higher costs, finite access, and more prolonged time 

consumption.  

Early prognostication of moderate to severe TBI 

facilitates appropriate counseling of 

patients/families, aiding in sound clinical decisions. 

These informed clinical decisions are essential, as 

>50% of such patients end up with a permanent 

disability. Widely used CT prognostication scoring 

systems like Rotterdam/Marshall/Stockholm predict 

mortality better than TBIs' morbidity/permanent 

disability [1,4]. The 'centripetal model' of TBI, based 

on animal and postmortem studies, was proposed to 

better understand the role of shearing injury in 

clinical outcomes, and add to the existing CT 

prognostication [5]. It stated that the severity of 

grading of TBI should be directly proportional to the 

most caudal cerebral structure affected by the 

shearing injury. MRI is an ideal imaging modality to 

achieve the same. Nevertheless, the prognostic value 

of MRI, in addition to that of CT, remains an area of 

active investigation. We have tried to present the 

evidence-based use of MRI in moderate to severe 

TBI.  

PROTOCOL OF MRI FOR TBI 

The National Institute of Neurological Disorders and 

Stroke (NINDS) and several co-sponsoring Federal 

agencies have proposed common data elements 

(CDE) for developing data standards for clinical 

research. The following table shows the CDE for tier 

1 evaluation of TBI using 1.5T MRI. Other advanced 

protocols are available at the NINDS website (Table 

1). 

 

DIAGNOSTIC ROLE OF MRI IN TBI 

MRI appearance of traumatic lesions 

Though CT is highly sensitive for detecting large 

intracranial hematomas, Gradient echo (GRE) and 

T2-weighted MRI are equally sensitive. T2 FLAIR (Fluid 

Attenuated Inversion Recovery) is more sensitive 

than CT to detect minor cerebral contusions. T2 

FLAIR and GRE are as sensitive as CT for traumatic 

subarachnoid haemorrhage (SAH). T2 FLAIR and DWI 

(Diffusion-weighted Imaging) are more sensitive for 

non-hemorrhagic DAI, and GRE and SWI 

(Susceptibility weighted Imaging) for hemorrhagic 

DAI. Susceptibility weighted imaging (SWI) is a high-

resolution three-dimensional imaging sequence. It is 

roughly six times more sensitive than the T2-

weighted sequence for detecting traumatic 

microhemorrhages [6]. DWI is the sequence of 

choice for ischemia. It is essential to differentiate 

between hemorrhagic and non-hemorrhagic lesions 

as the hemorrhagic lesions are associated with a 

worse prognosis. The GRE and T2-weighted MRI 

sequences also detect signal dropout caused by iron-

containing heme groups in slow-moving blood. 

Distributions of the microhemorrhages in areas 

associated with axonal injury such as the corpus 

callosum, brainstem, and other white matter tracts 

strongly suggest an imaging diagnosis of DAI. DAI 

microhemorrhages typically appear as punctate 

signal-free lesions in the white matter that ‘bloom’. 

Consequently, signal loss caused by punctate 

haemorrhages from DAI can be visualized years after 

injury though lesions fade over time. The density of 

T2-weighted lesions is associated with the severity of 

TBI in terms of admission Glasgow Coma Scale (GCS) 

and maximum intracranial pressure (ICP) during 

admission 3-month Glasgow Outcome Score. 

Another factor that needs consideration is the 

magnetic field strength used, as a 3 Tesla MRI 

demonstrates practically twice the sensitivity of a 1.5 

Tesla device for microhemorrhages.  
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Table 1. Common data element (CDE) protocol for imaging parameters for MRI in TBI1. 
 

1 Source-https://www.commondataelements.ninds.nih.gov/Traumatic%20Brain%20Injury#pane-162  
 

*Recommend angle to AC-PC line; ** Use 800 sec/mm2 for infants <1 year old; ***To reduce acquisition time, use parallel imaging, 

if possible, AF/CL of 2/24-32; † Can use SWAN on GE systems.  
 

Abbreviations: IR-FSPGR - Inversion recovery, fast spoiled gradient recalled echo; MPRAGE - Magnetization prepared-rapid gradient 

echo; FFE - Fast field echo; FSE – Fast spin echo; SE- Spin echo; FLAIR – Fluid attenuated inversion recovery; EPI - echo-planar imaging; 

SWI- Susceptibility-weighted imaging; GRE- Gradient echo; TE - echo delay time; TR - repetition time; TI- Inversion time; FA - fractional 

anisotropy; FOV - field of view; NEX - number of acquisitions; BW – bandwidth; ETL- Echo train length; A to P – Anterior to posterior; 

R to L – Right to left. 

Sequence 3D T1W 

(MPRAGE, 

3D IRFSPGR, 

3D FFE) 

T1W SE (opt 

if no 3D T1W) 

T2W FSE   T2W FLAIR DWI 

EPI  

3D SWI† 2D GRE (FFE) 

(opt if no 3D 

SWI) 

Orient Sagittal Sagittal Axial* Axial* Axial* Axial* Axial* 

TR (ms) 9-30 500-600 >3500 >9500 >5000 50 >500 

TE(ms) 3-5 15-20 >90 >110 >100 40 >20 

TI (ms) 1000   >2000    

FA 

(degrees) 

8-10 90 90 150 90 15 15-20 

Freq FOV 

mm (Phase 

FOV) 

256(100%) 230(87.5%) 230(87.5%) 230(87.5%) 256(100%) 230(87.5%) 230(87.5%) 

Matrix size 256x256 256x192 256x192 256x192 128x128 512x192 256x192 

# Slices/ 

Thickness 

(mm) 

120/2 32/4 32/4 32/4 32/4 94/2 32/4 

Gap 0 0-20% 0-20% 0-20% 0-20% 0 0-20% 

Voxel 

size(mm) 

1x1x2 1x1x4 1x1x4 1x1x4 2x2x4 0.5x1x2 1x1x4 

NEX 1 2 1-2 2 1-3 1 1-2 

Phase Enc. 

Dir 

A to P A to P R to L R to L A to P R to L R to L 

Fat 

suppress 

no no no yes yes no no 

BW(Hz/Px) 160 120 130 200 1200 80 80-100 

Flow Comp no slice no no no slice slice 

ETL   15-20 30 128   

b-values 

(sec/mm2) 

(Directions) 

    0/1000** 

(3) 

  

Time*** 8:00 3:00 3:00 3:00 2:00 8:00 3:00 
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Classification of Severity of DAI 

Grading of DAI has been described histologically 

according to the anatomic distribution of injury, 

which correlated with the clinical outcome. The 

classification was proposed first by Adams in 1989 

and divided DAI into three grades [5]. This is the 

commonly applied grading system for classifying DAI 

lesions seen on MRI. 
 

• Grade I: Involves grey-white matter interfaces 

(Figure 1). 

Most commonly: Parasagittal regions of frontal 

lobes, periventricular temporal lobes, Parietal and 

occipital lobes, internal and external capsules, and 

cerebellum. 
 

• Grade II: Involves corpus callosum in addition to 

grade I locations (Figure 2).  

Most commonly: Posterior body and splenium but 

advance anteriorly with increasing injury severity. 

Most frequently seen unilateral. It may be seen on 

the SWI sequence. 
 

• Grade III: Involves brainstem in addition to grade 

I and II locations (Figure 3). 

Most commonly: Rostral midbrain, superior 

cerebellar peduncles, medial lemnisci, and 

corticospinal tracts. 

 

Grading of brainstem lesions was proposed by 

Firsching et al. and has been validated by others [7–

10] 
 

• Grade I: No brainstem involvement; lesions of 

only hemispheres.  

• Grade II: Unilateral brainstem lesions at any level 

with or without supratentorial lesions. 

• Grade III: Bilateral lesions of the mesencephalon 

with or without supratentorial lesions. 

• Grade IV: Bilateral lesions of the pons with or 

without lesions of lesser grades. 

 

Brainstem injury can be categorized as anterior or 

posterior, hemorrhagic or non-hemorrhagic, and 

unilateral or bilateral [11]. Other alternative 

classification of brainstem injury is primary or 

secondary due to herniation. The primary injury can 

be due to a direct impact against the tentorial free 

edge or as a part of DAI [12,13]. The brainstem 

lesions are also classified as superficial or deep [13]. 

The grading assigned by both the systems is 

determined by the most caudal brain lesion present, 

though their definitions vary. 

 

 
 

Figure 1. Computerized tomography (CT) scan (a) and 

magnetic resonance imaging (MRI) – susceptibility-weighted 

imaging (SWI) sequence (b) showing multiple haemorrhages in 

left parasagittal grey-white junction (yellow arrows). The 

presence of such lesions in absence of corpus callosal or 

brainstem involvement indicates grade 1 diffuse axonal injury 

(DAI). 

 

 
 

Figure 2. Magnetic resonance imaging (MRI) – diffusion-

weighted imaging (DWI) sequence (a) and apparent diffusion 

coefficient (ADC) sequence (b) showing restricted diffusion 

(yellow arrows) in the splenium of corpus callosum indicating 

grade 2 diffuse axonal injury (DAI). 

 

 
 

Figure 3. Computerized tomography (CT) scan (a) and 

magnetic resonance imaging (MRI) - susceptibility-weighted 

imaging (SWI) sequence (b) showing hemorrhages (yellow 

arrows) in right paramedian brainstem and cerebellum 

indicating grade 3 diffuse axonal injury (DAI). 
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Newer MRI sequences for TBI 

Diffusion tensor imaging (DTI) is a newer MRI 

sequence increasingly used to diagnose DAI [14,15]. 

DTI is based on the principle of calculating the 

directional asymmetry of water diffusion, called 

anisotropy, in mapping white matter tracts. The 

injured axons in white matter tracts have lower 

anisotropy than normal ones. Some studies had 

found it extremely sensitive to axonal injuries 

following TBI of any severity, even when the CT and 

conventional MRI sequences showed no 

abnormalities [15,16]. DTI comes with its fair share of 

limitations, like its relative insensitivity to axonal 

injuries in complex white matter regions, due to the 

absence of one predominant direction of the axons 

and lack of spatial resolution to detect injuries in 

small white matter tracts. Other described unique 

MRI sequences for TBI include magnetic resonance 

spectroscopy (MRS), functional MRI (fMRI) and 

magnetic encephalography (MEG). MRS can map 

changes in the brain metabolic processes and 

resulting metabolite concentration changes after TBI 

[17]. fMRI can also reveal areas of either reduced or 

increased activation and altered connectivity via its 

BOLD (Blood Oxygenation Level-Dependent) 

imaging technique [18]. Some authors have reported 

the usefulness of MEG in detecting TBI induced 

abnormalities that were not identified with DTI or 

conventional MRI and correlated with clinical 

outcome [19]. 

 

Prognostic Role of MRI in TBI 

There is no consensus about the optimal timing for 

MRI after TBI for predicting outcome. However, it 

should preferably be performed within the first-

week post-injury for reliable prognostication [20]. 

The presence of brainstem involvement is correlated 

with outcome. Mortality increases gradually from 

14% with grade I brainstem lesions to 100% with 

grade IV lesions [10]. Bilateral brainstem 

involvement is strongly associated with poor 

outcomes. Posterior location is associated with 

disability. The non-haemorrhagic, anterior lesions or 

unilateral injuries are associated with better 

outcome [11]. Superficial lesions are associated with 

better outcomes than deeper lesions [13]. SWI 

lesions in the midbrain corresponding to substantia 

nigra and tegmentum are independently related to 

poor outcomes [20].  

The grading is also used as a prognostic indicator 

for recovery of consciousness. Park et al. reported 

that 14.3% of patients with cerebral white matter 

lesions (grade 1) did not recover their consciousness, 

and 50% of patients with corpus callosum lesions 

(grade 2), 51.6% of patients with brain stem lesion 

(grade 3) did not recover their consciousness [21]. 

The grading of DAI is well correlated with time to 

regain consciousness after TBI. Patients with grade 1 

injury become conscious within a week after injury, 

while grade 2 take two weeks to recover, and 

patients with grade 3 take two months to regain 

consciousness [21]. Besides grading, the lesion 

volume also bears the outcome. The volume of 

visible DAI lesions in the corpus callosum, brainstem, 

and thalamus, in DWI and T2 FLAIR sequences, are 

independent prognostic factors in patients with 

severe TBI. An essential predictive MRI variable is 

DWI lesion volume in the corpus callosum. However, 

in moderate TBI cases, the number of cortical 

contusions is more critical for prognosis [22]. 

A systematic review published by Haghbayan et 

al. (2017), reviewing the prognostic value of MRI in 

moderate to severe TBI, concluded that the 

brainstem lesions were associated with higher 

mortality and unfavourable functional outcome 

(Glasgow Outcome Scale 1-3) at ≥ 6 months [23]. And 

that DAI patterns were associated with an increased 

risk of unfavourable functional outcomes, with 

depth-based MRI scores demonstrating an increased 

risk of unfavourable outcomes as more caudal 

structures were affected. Along the same lines, a 

recent meta-analysis by M. M. Van eijck et al. (2018), 

studying the prognostic value of DAI in TBI, reported 

that the presence of DAI resulted in three times 

higher risk of an unfavourable outcome, and this risk 

further increased three times with each increasing 

grade of DAI [24]. This meta-analysis reviewed data 

from 32 selected articles, deducing an overall 

unfavourable (Glasgow outcome score 1-3) 

functional outcome of 38% in patients with DAI in 

TBI. 

 

CONCLUSION 

MRI following TBI provides valuable assistance, 

either complementary or supplementary to CT scan, 

in determining diagnosis and prognosis in individual 

cases. The presence of DAI and caudal brainstem 

lesions lead to a poorer outcome. Advances in newer 

MRI sequences like SWI, DTI, fMRI, MEG. have the 
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potential to revolutionize the current role of MRI in 

TBI.  

 

 

Abbreviations: 

ADC - Apparent diffusion coefficient 

CT - Computed tomography 

DAI - Diffuse axonal injury 

DWI – Diffusion-weighted imaging 

GCS - Glasgow Coma Scale 

GRE - Gradient recalled echo 

ICP - Intracranial pressure 

MRI - Magnetic resonance imaging 

NINDS - National Institute of Neurological Disorders and Stroke 

SAH - Subarachnoid hemorrhage 

SDH - Subdural hematoma 

SWI – Susceptibility-weighted imaging 

T2 FLAIR - T2-weighted Fluid Attenuated Inversion Recovery 

TBI - Traumatic brain injury 

fMRI – Functional magnetic resonance imaging 

BOLD – Blood oxygen level-dependent 

MRS – Magnetic resonance spectroscopy 

DTI – Diffusion tensor imaging 

MEG - Magnetic encephalography  

 

 

REFERENCES 

1  Schweitzer AD, Niogi SN, Whitlow CT, et al. Traumatic 

brain injury: Imaging patterns and complications. 

Radiographics 2019;39:1571–95. doi:10.1148/rg.20 

19190076 

2  Blennow K, Brody DL, Kochanek PM, et al. Traumatic 

brain injuries. Nat Rev Dis Prim 2016;2:1–19. 

doi:10.1038/nrdp.2016.84 

3  Kelly AB, Zimmerman RD, Snow RB, et al. Head trauma: 

comparison of MR and CT--experience in 100 patients. 

AJNR Am J Neuroradiol;9:699–708.http://www.ncbi.nlm. 

nih.gov/pubmed/3135716 

4  Mata-Mbemba D, Mugikura S, Nakagawa A, et al. Early CT 

findings to predict early death in patients with traumatic 

brain injury: Marshall and Rotterdam CT scoring systems 

compared in the major academic tertiary care hospital in 

Northeastern Japan. Acad Radiol 2014;21:605–11. 

doi:10.1016/j.acra.2014.01.017 

5  Adams JH, Doyle D, Ford I, et al. Diffuse axonal injury in 

head injury: Definition, diagnosis and grading. 

Histopathology 1989;15:49–59. doi:10.1111/j.1365-

2559.1989.tb03040.x 

6  Su E, Bell M. Diffuse axonal injury. In: Laskowitz D, Gran 

G, eds. Translation Research in Traumatic Brain Injury. 

Boca Raton (FL): CRC Press/Taylor and Francis Group 

2016.  

7  Wedekind C, Hesselmann V, Lippert-Grüner M, et al. 

Trauma to the pontomesencephalic brainstem--a major 

clue to the prognosis of severe traumatic brain injury. Br 

J Neurosurg 2002;16:256–60. doi:10.1080/026886902201 

48842 

8  Kampfl A, Schmutzhard E, Franz G, et al. Prediction of 

recovery from post-traumatic vegetative state with 

cerebral magnetic-resonance imaging. Lancet 

1998;351:1763–7. doi:10.1016/S0140-6736(97)10301-4 

9  Weiss N, Galanaud D, Carpentier A, et al. Clinical review: 

Prognostic value of magnetic resonance imaging in acute 

brain injury and coma. Crit Care 2007;11:230. 

doi:10.1186/cc6107 

10  Firsching R, Woischneck D, Klein S, et al. Classification of 

severe head injury based on magnetic resonance 

imaging. Acta Neurochir (Wien) 2001;143:263–71. 

doi:10.1007/s007010170106 

11  Hilario A, Ramos A, Millan JM, et al. Severe Traumatic 

Head Injury: Prognostic Value of Brain Stem Injuries 

Detected at MRI. Am J Neuroradiol 2012;33:1925–31. 

doi:10.3174/ajnr.A3092 

12  Shukla D, Mahadevan A, Sastry KVR, et al. Pathology of 

post traumatic brainstem and hypothalamic injuries. Clin 

Neuropathol 2007;26:197–209. doi:10.5414/NPP26197 

13  Shibata Y, Matsumura A, Meguro K, et al. Differentiation 

of mechanism and prognosis of traumatic brain stem 

lesions detected by magnetic resonance imaging in the 

acute stage. Clin Neurol Neurosurg 2000;102:124–8. 

doi:10.1016/S0303-8467(00)00095-0 

14  Niogi SN, Mukherjee P. Diffusion tensor imaging of mild 

traumatic brain injury. J Head Trauma Rehabil 

2010;25:241–55. doi:10.1097/HTR.0b013e3181e52c2a 

15  Hulkower MB, Poliak DB, Rosenbaum SB, et al. A decade 

of DTI in traumatic brain injury: 10 years and 100 articles 

later. Am J Neuroradiol 2013;34:2064–74. doi:10.3174/ 

ajnr.A3395 

16  Mac Donald CL, Johnson AM, Cooper D, et al. Detection of 

Blast-Related Traumatic Brain Injury in U.S. Military 

Personnel. N Engl J Med 2011;364:2091–100. 

doi:10.1056/nejmoa1008069 

17  Maudsley AA, Govind V, Levin B, et al. Distributions of 

Magnetic Resonance Diffusion and Spectroscopy 

Measures with Traumatic Brain Injury. J Neurotrauma 

2015;32:1056–63. doi:10.1089/neu.2014.3505 

18  Irimia A, Van Horn JD. Functional neuroimaging of 

traumatic brain injury: Advances and clinical utility. 

Neuropsychiatr Dis Treat 2015;11:2355–65. doi:10.21 

47/NDT.S79174 

19  Huang M-X, Theilmann RJ, Robb A, et al. Integrated 

Imaging Approach with MEG and DTI to Detect Mild 

Traumatic Brain Injury in Military and Civilian Patients. J 

Neurotrauma 2009;26:1213–26. doi:10.1089/neu.2008.0 

672 

20  Abu Hamdeh S, Marklund N, Lannsjö M, et al. Extended 

Anatomical Grading in Diffuse Axonal Injury Using MRI: 

Hemorrhagic Lesions in the Substantia Nigra and 

Mesencephalic Tegmentum Indicate Poor Long-Term 

Outcome. J Neurotrauma 2017;34:341–52. doi:10.1089/n 

eu.2016.4426 

21  Park SJ, Hur JW, Kwon KY, et al. Time to Recover 



 215 Diagnostic and prognostic role of magnetic resonance imaging in moderate to severe traumatic brain injury 

Consciousness in Patients with Diffuse Axonal Injury : 

Assessment with Reference to Magnetic Resonance 

Grading. J Korean Neurosurg Soc 2009;46:205. 

doi:10.3340/jkns.2009.46.3.205 

22  Moen KG, Brezova V, Skandsen T, et al. Traumatic Axonal 

Injury: The Prognostic Value of Lesion Load in Corpus 

Callosum, Brain Stem, and Thalamus in Different 

Magnetic Resonance Imaging Sequences. J Neurotrauma 

2014;31:1486–96. doi:10.1089/neu.2013.3258 

23  Haghbayan H, Boutin A, Laflamme M, et al. The 

prognostic value of MRI in moderate and severe 

traumatic brain injury: A systematic review and meta-

analysis. Crit Care Med 2017;45:e1280–8. doi:10.1097/ 

CCM.0000000000002731 

24  van Eijck MM, Schoonman GG, van der Naalt J, et al. 

Diffuse axonal injury after traumatic brain injury is a 

prognostic factor for functional outcome: a systematic 

review and meta-analysis. Brain Inj 2018;32:395–402. 

doi:10.1080/02699052.2018.1429018



Romanian Neurosurgery (2022) XXXVI (2): pp. 216-219  
DOI: 10.33962/roneuro-2022-038  
www.journals.lapub.co.uk/index.php/roneurosurgery 

 
 

 

Airway management in neurotrauma care. 
Basic considerations  
 

 
Indubala Maurya1, Ved Prakash Maurya2, Rakesh Mishra3, 

Luis Rafael Moscote-Salazar4, Tariq Janjua5, Mohd Yunus6, 

Amit Agrawal7 
 
1 Department of Anaesthesiology, Kalyan Singh Super Specialty 

Cancer Institute, CG City, Lucknow, INDIA 
2 Department of Neurosurgery, SGPGIMS, Lucknow, INDIA 
3 Department of Neurosurgery, Institute of Medical Sciences, 

Banaras Hindu University, Varanasi, INDIA 
4 Latin-American Council of Neurocritical Care (CLaNi), COLOMBIA 
5 Department of Critical Care Medicine, Physician Regional Medical 

Center, Naples, FL, USA 
6 Department of Trauma and Emergency Medicine, All India Institute 

of Medical Sciences, Saket Nagar, Bhopal, INDIA 
7 Department of Neurosurgery, All India Institute of Medical 

Sciences, Saket Nagar, Bhopal, INDIA 

 

 
 

ABSTRACT 
The predictability of the airway compromise affects the decision for tracheal 

intubation. Associated specific injuries, clinical presentation, and expected 

deterioration are the deciding factors regarding the need for securing the airway. 

Emergent or semi-urgent intubations are straightforward in the majority of patients. 

Airway management in trauma patients aims to improve tissue oxygenation, ensure 

ventilatory exchange, stabilize other injuries and prevent aspiration. Airway 

management in the trauma and emergency room is challenging as the emergency 

team has limited time for full airway assessment unlike pre-anaesthesia check-up 

clinic/operative room. The airway cart must be checked routinely in the emergency 

room for the working condition of the equipment and its availability. All trauma 

patients must be considered to have cervical spine injuries unless ruled out. The 

airway management for trauma patients is best done using a team approach 

including emergency medicine physicians, anaesthesiologists, surgeons, and trained 

paramedical staff. Regardless of the emergency room setting, airway management 

of a trauma patient requires effective communication and efficient teamwork. 

 

 
INTRODUCTION 

Airway management in trauma patients aims to improve tissue 

oxygenation, ensure ventilatory exchange, stabilize other injury and 

prevent aspiration. Airway management in the trauma and emergency 

room is challenging as the emergency team has limited time for full  
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airway assessment unlike pre-anaesthesia check-up 

clinic/operative room. Trauma patients present a 

varied spectrum of injury from localized to 

multisystem involvement. The presence of 

hemodynamic instability, direct airway injury, 

thoracic injury, combative patient (Raised 

Intracranial pressure/intoxication/hypoxemia), etc. 

can lead to difficult airway situations. Availability of 

trained team, synchronized teamwork, and 

functional airway equipment are paramount for safe 

airway management. 1-3 

 

INDICATION FOR SECURING THE AIRWAY 

Associated specific injuries, clinical presentation, and 

expected deterioration are the deciding factors 

regarding the need for securing the airway. 

Emergent or semi-urgent intubations are 

straightforward in the majority of patients. But in 

some patients, it may be less clear. The Eastern 

Association for the Surgery of Trauma (EAST) practice 

management guidelines and the Advanced Trauma 

Life Support (ATLS) program have given indications 

for intubation in trauma patients. 1, 4 In general, the 

indication for emergency tracheal intubation in 

trauma patients is the failure of oxygenation or 

ventilation, failure to maintain/protect the airway 

and anticipated deterioration of the airway. (Table 1: 

Indication for tracheal intubation). The trauma 

patients may have poor oxygenation and ventilation 

hypoxemia or hypoventilation due to multiple 

factors and may not respond to simple interventions 

e.g., oxygen supplementation. Adequacy of 

oxygenation and ventilation can be assessed 

clinically by pulse oximetry, respiratory effort, and 

associated injuries. Inability to protect the airway 

could be due to decreased level of consciousness 

secondary to traumatic brain injury or intoxication. 

In these cases, early intubation is typically indicated. 

Any patients with penetrating neck injury, inhalation 

injury (burns from closed space fire), hemorrhagic 

shock (due to complicated pelvic fracture, Liver 

laceration) may lose airway as natural clinical course, 

thus they will need intubation in anticipation. The 

predictability of the airway compromise affects the 

decision for tracheal intubation. 5, 6 

 

Table 1: Indication for tracheal intubation 

Eastern Association for the Surgery of Trauma (EAST)  

● Hypoventilation  

● Persistent hypoxemia 

● Decreased level of consciousness (GCS≤ 8) 

● Cardiac arrest 

● Hemorrhagic shock 

● Airway obstruction  

● Inhalation injury  

● Facial injury 

Advanced trauma life support (ATLS)  

● Poor Respiratory efforts 

● Hypoxia 

● Hypercarbia 

● Cyanosis 

● Neurological deterioration (GCS≤ 8) 

● Apnea  

● Severe facial injury 

● Direct airway injury 

● Inhalational injury  

● Unconscious patients 

 

PREPAREDNESS 

A preparedness and coordinated approach to airway 

management is the key step. 7, 8 The airway cart must 

be checked routinely in the emergency room for the 

working condition of equipment and its availability. 

The intuitional/local practice best determines the 

timing but checking after every shift is 

recommended. Standard airway equipment should 

be there in the airway cart. 9 The cart should have 

different sizes/types of facemasks, laryngoscopes, 

endotracheal tubes, oral airway, nasal airway, 

bougies, invasive airway equipment, etc. (Table 2: 

Difficult airway cart).  

 

Table 2: Difficult airway cart 

  

● Manual Resuscitator with oxygen reservoir 

● Oral and nasal airways (various sizes) 

● Rescue airways device: Combi tube, Laryngeal 

mask airway  

● Endotracheal tube introducer (Gum elastic 

bougie) 

● Semi-rigid stylet 

● Endotracheal tubes (Range of sizes) 

● Laryngoscope blades of shorted design and size  

● Laryngoscope handle with battery (check for 

functionality)  

● Syringes, Lubricant, Tube ties 

● Video laryngoscope 

● Cricothyrotomy kit  

 

Always ensure that oxygen source and suction 

equipment are available in the functional stage. The 

emergency drug tray must have induction agents 

(e.g., etomidate, ketamine, propofol, etc.) and muscle 

relaxants (e.g., Succinylcholine, Rocuronium, etc.) 
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beside emergency drugs. 2, 3, 10 Regardless of the 

emergency room setting, airway management of a 

trauma patient requires effective communication 

and efficient teamwork. The airway management for 

trauma patients is best done using a team approach 

including emergency medicine physicians, 

anaesthesiologist’s, surgeons, and trained 

paramedical staff. 11-13 Emergency intubation in the 

emergency room requires additional assistance to 

administer drugs, to ventilate the patient, to give 

cricoid pressure, and manual in-line stabilization 

(MILS) of the cervical spine if indicated. Even extra 

assistance is needed to control agitated patients due 

to head injury/intoxication.  

 

UNCOOPERATIVE/AGITATED PATIENTS 

The agitated patients can injure themselves. The 

trauma patients may be violent or agitated due to 

various reasons such as alcohol/drugs intoxication, 

hypoxia, hypercarbia, head injury, hypoglycemia, 

severe pain, etc. These factors should be addressed 

along with airway intervention. As per EAST 

guidelines, if the severity of agitation hinders 

assessment and resuscitation, intubation can be 

considered. 4 

 

CRANIOFACIAL TRAUMA 

A significant proportion of individuals with severe 

maxillofacial injury, more so with pan-facial 

involvement, have associated traumatic brain and 

spine injury; therefore, spine stabilization and 

preventing airway compromise are challenging in 

these patients. The mechanisms attributed to airway 

compromise in maxillo-facial trauma are primarily 

due to tongue fall secondary to bilateral mandible 

fracture, displacement of the fractured maxilla, 

hematoma, soft-tissue oedema, foreign body, or 

direct laryngeal trauma. The patient should be 

placed in a lateral position for mid-facial trauma with 

the potential risk of haemorrhage and the mandible 

pulled forward. This technique would help remove 

the blood and secretion, and the airway can be easily 

kept patient. Oropharyngeal airway and 

nasopharyngeal airway devices are used in these 

cases because traditional manoeuvres of jaw thrust, 

chin lift, and head tilt may not be possible due to 

associated oedema or C-spine injury. While 

intubating, a rigid high suction device may be kept 

alongside the laryngoscope to prevent soiling of the 

airway. 14 The available options are orotracheal 

intubation, nasotracheal intubation, 

cricothyroidotomy, and tracheostomy. 

 

DIRECT AIRWAY TRAUMA 

In patients with direct trauma, the airway is a 

challenging situation for the emergency team. Direct 

trauma to the airway can be due to blunt or 

penetrating injury. Airway injury can occur at 

multiple levels and may be associated with a cervical 

spine injury, injury to the aerodigestive tract, etc. It 

can result in immediate or delayed airway 

obstruction. 5, 15, 16 General principles for the 

management of direct airway trauma include 

repeated clinical assessment because the airway can 

compromise due to tissue oedema or hematoma 

over time. Even if the patient appears clinically stable, 

airway management is required given anticipated 

deterioration. Swallowing of blood from a facial 

fracture can cause gastric distention and irritation 

thus it may increase the risk of regurgitation. The 

emergency team should assess the possibility of 

difficulty with bag-mask ventilation, endotracheal 

intubation, supraglottic device placement, and even 

with the surgical airway. A large-bore catheter 

suction should be used. If a difficult BMV is 

anticipated, an awake approach instead of RSII is 

safer. During bag-mask ventilation, airway 

obstruction can increase further due to pressure on 

the mandible and displacement of fractured 

segments. Airway disruption and bleeding make 

laryngoscopy and intubation challenging. Placement 

of supraglottic airways devices can be difficult due to 

distorted airway anatomy and limited mouth 

opening. If initial attempts to laryngoscopy fail, the 

surgical airway is indicated. In selected patients, the 

surgical airway may be the most appropriate initial 

approach to airway intervention. 

 

CONCLUSION 

All trauma patients must be considered to have 

cervical spine injury unless rules out. The selection of 

induction drugs should be based on the 

type/severity of the injury and the patient's 

hemodynamic status. A variety of effective rescue 

airway devices are available for use in trauma 

patients. Airway specialists should become familiar 

with and practice several of them to maximize the 

options available in case of a failed airway.  
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ABSTRACT 
Background: Leptomeningeal inflammation caused by S. Maltophilia is rare. It is 

inextricably linked with prior antimicrobial therapy; prolonged ICU stays and 

antecedent neurosurgical intervention. 

Case description: We describe a case of a 5-year-old male child with posterior fossa 

medulloblastoma with obstructive hydrocephalus who underwent 

ventriculoperitoneal shunt followed by suboccipital midline craniotomy and later 

presented with S. Maltophilia meningitis. 

Conclusion: The overall mortality in the cases reviewed was 17 per cent. Inherent 

resistance to a wide array of antimicrobial agents with a simultaneously increasing 

number of cases poses a therapeutic challenge. Trimethoprim/sulfamethoxazole is 

recommended as empirical and as a definitive treatment in patients with S. 

Maltophilia infection. The optimal duration of therapy for S. Maltophilia meningitis is 

similar to the treatment of gram-negative bacillary meningitis, which is usually 2 

weeks after the culture has been negative. 

 

 

INTRODUCTION 

After P. Aeruginosa. Baumannii,S. Maltophilia is the third most common 

isolated non-fermenting aerobic Gram-negative bacilli.[1]S. maltophilia 

rarely causes meningitis.[2]It is particularly common among critically ill / 

immunosuppressed patients and is inextricably linked with prior 

antimicrobial therapy, prolonged ICU stays, prematurity, intracranial 

hemorrhages, malignancies, and antecedent neurosurgical 

intervention. It has recently come into the limelight in the last two 

decades owing to its increased pathogenicity and also because of 

marked antibiotic resistance.[3]We describe a case of a 5-year-old male 

child with posterior fossa medulloblastoma with obstructive 

hydrocephalus who underwent ventriculoperitonealshunt followed by 

suboccipital midline craniotomy and later presented with S. maltophilia 

meningitis.  

 

 

CASE REPORT 

A 5-year-old male came to A&E with complaints of headache and 

vomiting (3-4) episodes since the last five days. There was no history of 
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fever, loss of consciousness, seizures, visual 

impairment, hearing loss, motor or sensory deficit. 

On presentation, neurological examination revealed 

Glasgow coma scale of E4V5M6, the pupil were equal 

and reactive, cranial nerve IX & X were involved 

(uvula was in the midline but gag reflex was 

impaired), and cerebellar signs (ataxia and 

dysdiadochokinesia) on the right side were positive. 

Non-contrast CT scan head showed posterior fossa 

hyperdense lesion arising from the floor of the 

fourth ventricle causing upstream dilatation of third 

and bilateral lateral ventricle causing obstructive 

hydrocephalus. MRI brain showed intra-ventricular 

solid cystic lesion arising from the floor of the fourth 

ventricle with no restriction on diffusion weighted 

sequence and elevated choline peak with reduced N-

acetyl aspartate suggestive of medulloblastoma.The 

patient underwent right ventriculoperitoneal shunt 

via right keen’s point under general anaesthesia in 

view of obstructive hydrocephalus, papilledema on 

direct fundoscopy (Frisen’s grade II), and clinical signs 

of raised intra-cranial pressure. CSF analysis 

revealed no signs of meningitis and CSF for 

malignant cytology revealed no malignant cells. The 

patient was discharged thereafter. 

Four weeks later, the patient presented to the 

A&E with complaints of altered sensorium, increased 

drowsiness, and recurrent episodes of vomiting. The 

Glasgow coma scale was E4V4M6, and pupils were 

equal and reactive. The shunt chamber was 

compressible and recoil was good. However, a 

repeat CT scan showed an increase in the tumour 

size with peri-lesional edema. The patient underwent 

suboccipital midline craniotomy with tumor excision 

under general anesthesia. Postoperatively, the 

patient was shifted on mechanical ventilation. An 

extubation trial was given but was not successful. 

Tracheostomy was done on post-operative day two 

in view of anticipated prolonged ventilator 

requirement, impaired gag reflex and pooling of 

chest secretions.  

The Glasgow coma scale of the patient was 

E3VtM6. He developed fever 102.3°F and neck 

stiffness on post-operative day three. All routine 

investigations including blood, urine, tracheal, CSF 

cultures, and pro-calcitonin were sent for this 

patient. The patient’s blood and urine cultures 

yielded no sign of bacteria. However, analysis of CSF 

revealed sugar 2.1mmol/L, protein 0.23g/L, WBC 

count 0.53 x 109 cells /L (78% neutrophils, 10% 

lymphocytes, 10% mononuclear). Pro-calcitonin was 

significantly positive for this patient (>10). CSF gram 

staining showed gram-negative bacilli. Antibiotics 

were upgraded to meropenem and vancomycin 

from ceftriaxone and amikacin. The patient fever and 

neck stiffness responded partially to the antibiotics.  

However, the child later experienced an episode 

of the seizure (generalized tonic-clonic), and he was 

shifted on a continuous mode of mechanical 

ventilation in view of a dip in the Glasgow coma score 

(E2VtM5). Clinical examination showed that the 

shunt chamber was non-compressible and recoil 

was absent. Repeat CT scan revealed dilated 

ventricles with ventriculoperitoneal shunt in situ. The 

shunt was removed (in view of meningitis) followed 

by external ventricular drain insertion and the tip 

was sent for the culture. Tip culture yielded S. 

maltophilia; which showed sensitivity to 

trimethoprim/sulfamethoxazole, ciprofloxacin, and 

amikacin. Meropenem and vancomycin were 

discontinued. The minimum inhibitory concentration 

interpretive breakpoints of trimethoprim/ 

sulfamethoxazole were susceptible, ≤2/38 g/mL; and 

resistant, ≥4/76 g/mL for S. maltophilia. 

Trimethoprim/sulfamethoxazole, 8-12 mg/kg/day 

administered intravenously every 6 hours was added 

to the antibiotic regimen. The patient’s fever abated 

4 days later and her stiff neck resolved. The next 

sample analysis of CSF from the drainage fourteen 

days after starting trimethoprim/sulfamethoxazole 

revealed the following profile: sugar 3.0 mmol/L, 

protein 0.1g/L, WBC count 0.1 x 109 cells /L (30% 

neutrophils, 55% lymphocytes, 15% mononuclear). 

Repeat culture was consistent with S. maltophilia; 

ciprofloxacin (15 mg/kg q12hr) was added to the 

treatment regime. The external ventricular drain 

catheter was changed and after 7 days of the 

combination therapy, CSF culture was sterile. 

Antibiotics were continued for fourteen more days, 

which was followed by a right ventriculoperitoneal 

shunt insertion. However, the patient later 

developed bilateral basal pneumonia three weeks 

after recovering from meningitis, which led to acute 

respiratory failure. The patient could not be 

resuscitated and died thereafter.  

 

DISCUSSION 

Leptomeningeal inflammation caused by S. 

maltophilia is rare. Medline search was conducted 

with the phrase “S. maltophilia” which revealed 1660 
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published articles. Of these, only twenty-nine cases 

including the present case were linked with a prior 

neurosurgical procedure, whereas the rest 

accompanied community-acquired meningitis.[4] The 

incidence of neurosurgery-related meningitis is less, 

complicating less than 1% of craniotomies.[5] S. 

maltophilia being a multi-resistant organism, 

meningitis due to it is often insidious and protracted 

in course when compared to spontaneously 

occurring Gram-negative meningitis.[6] 

Fever was the most common presenting 

symptom in these cases. In patients with 

neurosurgery-related meningitis, the average CSF 

cell count was 0.434 x 109 cells/L (range, 0.014 – 1.77 

x 109 cells/L), glucose was 32.94 mg/dl (range, 4.9 – 

77 mg/dl) and protein was 916 mg/dl (range, 76 – 

3400 mg/dl). The average age was 49.85 years (range, 

28 – 73 years) in adults, 4.29 months in infants 

(range, 2-6 months), and 4.5 years in children (range, 

4-5 years). Of all the 29 cases, six patients had an 

intracerebral haemorrhage, five patients had 

hydrocephalus (out of which two had congenital 

hydrocephalus), four were diagnosed with the 

intracranial-extra-axial lesion, four had intra-

ventricular haemorrhage on the CT scan, three cases 

had extracranial lesion with brain metastasis, three 

patients had aneurysm as their initial diagnosis, and 

rest included recurring cholesteatoma, subdural 

hematoma, subarachnoid haemorrhage, and a 

posterior fossa tumor with hydrocephalus (current 

case). Out of 29 cases associated with neurosurgery-

related meningitis, nearly 50 per cent of them were 

due to ventriculoperitoneal shunt and prior 

craniotomy respectively. In the remaining, nearly 

one-third (28 per cent) cases occurred in patients 

who underwent prior craniectomy and had external 

ventricular drain in situ. The remaining included 

three cases that had ommaya reservoir in situ, two 

were linked with prior endoscopic third 

ventriculostomy, and one with stereotactic 

aspiration. 

Our patient also had a similar risk factor profile as 

reported earlier, i.e. neurosurgical procedures 

(ventriculoperitoneal shunt and craniotomy), ICU 

stays, exposure to broad-spectrum antimicrobial 

treatment (ceftriaxone, amikacin, meropenem, and 

vancomycin). The overall mortality rate in the cases 

reviewed was 17 per cent. Although up to 50 per cent 

of cases of shunt infections can be treated by using 

antibiotics alone, many authors recommend 

removal of the prosthetic device followed by 

immediate or delayed insertion at a later stage.[7] 

Clinical data are limited regarding optimal therapy 

for infections caused by S. maltophilia. Nicodemo et 

al. suggested trimethoprim/sulfamethoxazole as the 

empirical choice for clinically suspected S. 

maltophilia infections and as the treatment of choice 

for culture-proven infections by this agent.[3] 

It has been found that S. maltophilia is generally 

resistant to quinolones, aminoglycosides, and third-

generation cephalosporins. Inducible beta-

lactamase activity (a zinc-containing penicillinase [L1] 

and a cephalosporinase [L2]), efflux mechanism, 

aminoglycoside-modifying enzyme activity, biofilm 

formation, and expression of an outer membrane 

protein (OMP54) are responsible for its resistance to 

multiple antibiotics. Contemporary literature shows 

that resistance to trimethoprim/sulfamethoxazoleis 

on the rise.[3] Tigecycline has demonstrated good in 

vitro activity against S. maltophilia strains.[3] New 

fluoroquinolones such as clinafloxacin, levofloxacin, 

moxifloxacin have shown superior in vitro activity 

compared to earlier quinolones. Gesu et al., in an in 

vitro study comparing levofloxacin and ciprofloxacin 

against S. maltophilia 124 strains, confirmed the 

susceptibility rates of 85.5 and 58.9%, respectively, to 

levofloxacin and ciprofloxacin.[8]Although, ticarcillin-

clavulanic acid combination demonstrated 

susceptibility against S. maltophilia above 70%,[3] 

further in vitro studies showed incomplete growth 

suppression followed by regrowth, mandating the 

requirement of additional controlled studies to 

further establish the true potential of this 

combination in S.maltophilia infections.[9] As per 

Zelenitsky et al., combination therapy with 

ceftazidime, gentamicin, tobramycin, and 

ciprofloxacin showed a significant bactericidal effect 

when compared with the 

trimethoprim/sulfamethoxazole monotherapy 

alone.[10] 

However, it is difficult to infer the treatment for S. 

maltophilia due to limitations in the number of 

strains tested, wide variety of antimicrobial 

combinations, and different method used in the in-

vitro studies. Although the synergistic action 

between drug combinations is evident, it is difficult 

to achieve the synergism in clinical drug 

concentrations.[3]The median duration of antibiotic 

therapy was 13 days (range 10–28 days). The optimal 

duration of therapy for S. maltophilia meningitis is 
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not known but we believe it to be similar to the 

treatment of gram-negative bacillary meningitis, 

which is usually 2 weeks after culture have been 

negative.[11] 

 

CONCLUSION 

S. maltophilia is an evolving gram-negative bacilli 

with an armamentarium of antimicrobial resistance. 

Inherent resistance with a simultaneously increasing 

number of cases poses a therapeutic challenge.It is 

associated with prior neurosurgical procedures, long 

ICU stays, and previous exposure to antibiotic 

treatment. Empirical treatment should consist of 

vancomycin plus a third-generation cephalosporin 

(ceftazidime or cefepime) for 48-72 hours. Clinicians 

should be alerted for S. maltophilia in whom 

empirical therapy fails or in those with the risk 

factors mentioned earlier. Trimethoprim/ 

sulfamethoxazoleis the treatment of choice for 

culture-proven infections by this agent. Further in 

vivo studies are necessary to better delineate the 

efficacy of individual antimicrobial agents, 

combination therapy, and to establish the 

therapeutic outcomes for S. maltophilia meningitis. 
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ABSTRACT 
Traumatic brain injury is one of the most important causes of morbidity and mortality 

worldwide. One of its presentations includes traumatic brain contusions. Brain 

contusions are cortical lesions of necrotic tissue and multiple petechial 

haemorrhages, initially perivascular, that predominantly affect the crests of the 

convolutions, but that can extend through the cortex and reach the subcortical white 

matter. These result from a collision of the brain with the adjacent inner table of the 

skull, without proper treatment these can evolve and cause a rapid deterioration of 

clinical and neurological status. The classification includes mild, moderate, and severe 

TBI depending on the nature of the injury and the impact on the patient's clinical 

status. For the initial evaluation, computed tomography is usually used, although the 

magnetic resonance has greater sensitivity for the detection in these patients. 

Treatment is guided at preventing the progression of the lesion or the development 

of a secondary lesion, avoiding hypotension and hypoxia and maintaining adequate 

cerebral perfusion. Surgery is frequently needed in severe cases to remove 

intracranial hematomas, provide space for the brain to swell, or place monitors to 

track intracranial pressure and brain oxygenation. The aim of this article is to review 

the most important aspects to know about brain contusion. 

 

INTRODUCTION 

Traumatic brain injury (TBI) is a complex disease that should be 

understood as a public issue due to the high rates of mortality and 
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disability attributed to it; being part of the leading 

causes of death in developed countries [1]. This 

condition encompasses an interesting spectrum that 

should not only consider its immediate 

consequences, rather it is important to assess the 

long-term impact also, especially those of working 

age [2].  

The classification of the severity of the TBI is 

based on the clinical status, using the Glasgow Coma 

Scale (GCS) [3,4], knowing that a patient with mild TBI 

is (GCS 13-15), moderate (GCS 9-12) or severe (GCS 

≤8) [4]. Also, according to the radiological 

characteristics of the lesion in the computed 

tomography (CT) or magnetic resonance (MR), they 

can be classified into brain focal injuries or diffuse 

injury (affecting multiple brain regions); Different 

than diffuse injuries, the focal lesions are localized 

brain damage that may occur with the presence or 

absence of cranial opening and also present changes 

both intra and extra-axial [1,5]. Brain contusions are 

part of the focal injuries [5].  

Brain contusions are one of the most common 

findings within the initial studies in patients with TBI, 

being present in up to 31% of the CT [1,6]. 

Contusions are found in 89% of the brains examined 

postmortem in patients with TBI [1]. These results 

from direct loading and often occurs in the absence 

of a generalized injury [1,7]. The most frequent 

locations of brain contusions are the brain regions 

where it collides with the irregular adjacent inner 

table of the skull [5], such as frontal and temporal 

poles, the orbitofrontal spin, the perisylvian cortex 

and temporal lobe cortex inferolaterally [1,8]. This 

injuries typically encountered with an hemorrhagic 

component eventually with the bleeding within a 

contusion which triggers local edema and ischemic 

changes, which leads to tissue destruction, neuronal 

necrosis, and ultimately cavitation and reactive 

gliosis around [3]. 

 

EPIDEMIOLOGY 

Before discuss about specific numbers that allow us 

to discern the picture of this disease, we must 

remember that TBI is strongly related with traffic 

accidents and falls [4]; these are the most common 

causes of TBI of any severity which together account 

for over 50% of all cases [9,10]. Knowing this we 

could focus on prevention programs that reduce the 

incidence, mortality and cost. In the international 

frame, it has significant socio-economic implications, 

in the United States (US) over 1.7 million people 

suffer from TBI each year [1,2,4,5]. The incidence rate 

of hospitalizations due to TBI has been estimated in 

approximately 262 cases per 100,000 people derived 

from a meta-analysis of 16 European countries [7,9].  

For contused brain injuries associated with 

sports, we have an incidence rate on emergency 

room visits in the US of 152 cases per 100,000 

people, of whom at least two-thirds where children 

and adults under 19 years old [9,11]. Another visibly 

affected population are military, according to the 

Brain Injury Center, US defense and veterans, more 

than 22,000 service members had TBI in 2015 [9]. It 

is widely described in the literature that actually 

statistics are underestimated and it is believed that if 

population continue along this way in the future the 

numbers will be markedly higher than those of 

today. 

 

PATHOPHYSIOLOGY 

Because of the complexity of this disease it can be 

seen that has a very diverse pathophysiology 

including from biomechanical forces to very specific 

cellular changes. However, although it has been 

heavily studied, main mechanism that underlies the 

brain contusion is not yet fully clarified [1]. When the 

individual receives an injury, energy transfer beyond 

the capacity of the brain tissue to absorb it 

(tensegrity) without develop consequences on the 

function, thereby an insult or traumatic injury is 

generated [12]. This insult commonly takes a short 

time and is known as a dynamic load including loads 

by direct impact and impulse without physical 

contact. It is essential to know the speed and the time 

elapsed for this insult given that these variables play 

an important role. It is known that an insult at high 

speed tends to cause more severe damage [1,7]. 

Accordingly, traumatic insult triggers a series of 

consequences directly related to the cerebral 

inflammatory response to, forming a contusion zone 

leading to brain suffering and death of the tissue [1]. 

Traumatic brain inflammation can be 

summarized in three related but different phases 

[3,13]. Firstly, lipids and proteins of the cell 

membrane are degraded into smaller molecules 

which prompt an osmotic gradient. In the central 

area of the contusion, cells as neurons and glia suffer 

disintegrative and homogenization processes. All 

this results in a disbalance in osmolality passing from 

normally 310 milliosmoles to 370-390 milliosmoles in 
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the contusion area [13]. Towards 24-48 hours after 

the insult the second phase predominates, which is 

mediated by the activation of thrombin as a result of 

the coagulation cascade [1]. Thrombin among other 

inflammatory mediators act accordingly to stop the 

cerebral blood flow, resulting in vasogenic edema. 

The start of the third phase is triggered by lysis of 

erythrocytes in the intracerebral clot, subsequently 

hemoglobin breakdown leads to the activation of the 

complement system, and cytokines and reactive 

oxygen species contribute to the inflammatory 

process [1,12,13]. 

This inflammatory process also has a vascular 

component that causes a hypoperfusion in the 

tissue. Mass effect in contusion processes results in 

decreased cerebral blood flow by various causes. 

The occurrence of increased intracranial pressure 

due to cerebral vascular failure self-regulatory 

mechanisms leads to a marked decrease of the 

perfusion pressure and the develop of secondary 

injuries [3,13]. 

 

NEUROIMAGING 

Usually, for the initial evaluation of a patient with TBI, 

the imaging modality of choice is usually the CT, due 

to its availability, cost and sensitivity for acute 

intracranial hemorrhage and fractures [14]. 

However, in recent decades there has been 

increasing use of MR, because this offers improved 

soft tissue with increased sensitivity for the detection 

of a wide variety of traumatic pathologies such as 

diffuse axonal injury and brain contusions. This 

increased sensitivity for TBI is particularly useful in 

the context of a traumatic brain contusion where 

initial CT image may be negative [15]. However, 

images with CT tracking may become apparent, 

because these tend to enlarge and become more 

visible [16]. 

Contusions appear as mixed density lesions on 

brain CT, often surrounded by areas wedge-shaped, 

hypodense and are in close contact with the inner 

surface of the skull, this lack of homogeneity often 

confer an appearance of "salt and pepper" [1,17]. 

The MR is more sensitive (93% -98%) than the CT 

(18% -56%) in the location of hemorrhagic and non-

hemorrhagic contusions, which are more explicitly 

distinguished in T2 weightings, therefore, MR better 

detects all types and stages of intracranial 

hemorrhage, including contusions [15,17]. The 

recovery sequence by fluid attenuated inversion 

(FLAIR) is superior to T1-weighted sequences and T2 

weighted for detecting cerebral edema in the context 

of a CC [17]. Yuh et al. in RACK / TBI study (Clinical 

Research and Knowledge Transformation Traumatic 

Brain Injury) observed that 28% of patients with 

normal CT, MR showed abnormalities [18]. However, 

for primary evaluation of acute trauma not using MRI 

unless the patient continues with neurological signs 

and symptoms and CT proven no initial or follow-up 

is required no injury apparent recommended [1]. 

 

TREATMENT 

Brain contusions become over time in space 

occupying lesions, as the inflammatory process and 

the secondary edema can elevate intracranial 

pressure (ICP), which may lead to deterioration of the 

patient's condition. In this sense, the treatment is 

guided to prevent progression of the lesion, reduce 

edema, ICP control and maintain good brain 

perfusion [1,19]. Some guidelines have 

recommended maintaining SBP at ≥ 100 mmHg for 

patients 50 to 69 years of age or ≥ 110 mmHg for 

patients aged 15 to 49 or more than 70 years [20,21], 

start treatment for ICP values above 22mmHg 

[20,21] and maintain cerebral perfusion pressure 

(CPP) between 60 and 70 mmHg to reduce mortality 

and improve outcomes [20–23].  

 

Oxygenation 

The guidelines recommend control ventilation and 

PaCO2 in patients with severe TBI [23], the PaCO2 

should be maintained between 30 and 35mmHg and 

the PaO2 at 100%, since it optimizes the supply of O2 

[13]. Hypocapnia induces cerebral vasoconstriction 

and cerebral ischemia [24]. 

 

Cerebrospinal fluid drainage 

A method for reducing the ICP is the drainage of 

cerebrospinal fluid (CSF), with external ventricular 

drainage [13]. Brain Trauma Foundation's (BTF) 

recommends the use of CSF drainage to reduce ICP 

in patients with GCS <6 during the first 12 hours after 

injury [21]. 

 

Hyperosmolar therapy 

Osmotherapy has been used for a long time for the 

management of intracranial hypertension (ICH) and 

still remains an important element for the 

management of TBI [20]. Hypertonic saline (HTS) and 

mannitol are commonly used effectively to reduce 
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ICP [25], these are able to establish an osmotic 

gradient between the brain and the cerebral 

vasculature, resulting in a net loss of water in brain 

tissue [26–28]. The HTS is administered in 

concentrations of 2% to 23.4% and usually of choice 

for patients requiring resuscitation volume, mannitol 

is administered at doses of 0.25 to 1g/kg every 4 to 6 

hours [26,29]. Until recently the gold standard was 

considered mannitol, but is now controversial 

superiority of one agent over another [26], however, 

Rockswold et al showed that hypertonic saline had a 

more significant effect on ICP reduction, increased 

cerebral perfusion pressure, cardiac output and 

oxygen tension in the brain tissue that mannitol [30]. 

Consequently, the decision to choose one drug over 

the other may be based on factors such as drug 

availability, comfort physician to administer an 

unknown agent and side effects [26]. 

 

Anticonvulsant therapy 

Patients with a GCS score ≤10, age <65 years, chronic 

alcoholism and cortical contusion increased risk of 

seizures, which can aggravate neurological deficit, 

therefore these patients should be considered 

anticonvulsant drugs [1]. BTF recommends the use 

of phenytoin for seizure prevention early 

posttraumatic (within 7 days after injury) when the 

overall benefit outweighs the complications 

associated with treatment, but not recommended 

for use late seizures posttraumatic [21].  

 

Surgical management 

Current indications for surgery for traumatic brain 

contusions include a lower score on the GCS, location 

of the contusion, presence of neurological 

deterioration, increase in the volume of the lesion, 

appearance of the lesion in CT (increase of the 

midline and/or compression of the basal cistern) and 

increase of the ICP [31]. 

 

Decompressive craniectomy 

The aim of decompressive craniectomy (DC) is to 

suppress the relationship between pressure and 

volume of the closed cranial cavity, with a large bone 

flap is removed and the dura is expanded with the 

help of autologous or artificial tissue [13]. There is no 

evidence that DC improves the outcome compared 

to medical therapy [32]. The DECRA trial showed that 

in patients with severe TBI refractory diffuse and ICH, 

early bifrontotemporoparietal DC decreased ICP and 

length of stay in the ICU [33]. But, at six months of 

follow-up, 70% of patients in the craniectomy group 

had an unfavorable outcome compared to 51% of 

patients in the standard care group. In general, this 

trial has shown that DC reduces mortality but at the 

expense of a greater number of survivors with 

severe neurological disability and loss of 

independence [34]. 

 

Surgical evacuation 

Surgical excision is best performed by brain 

contusions conservatively with minimal or absent 

trauma to the surrounding tissue, and ideally is 

performed through a limited incision and placed 

cortical optimally [1,13], but it is reported that 

conservative contusectomies are better combined 

with a decompressive craniectomy [13]. Sinha et al. A 

recent study showed that contusectomy or right 

lobectomy is useful in severe TBI with contusions 

[35]. The benefit of eliminating the contusion zone, 

include suppression and removal of necrotic and 

apoptotic process caused by degradation products 

of blood [13]. 

 

OUTCOME 

A recent study observed that the frontal and 

temporal location is associated with a better surgical 

result than parietal and cerebellar contusions. In 

addition, they reported that age> 30 years, a severe 

GCS, and a median line displacement of more than 5 

mm were the greatest predictors of mortality after 

surgery [36]. Laccarino et al, showed similar results 

to the previous study, but also observed that the 

clinical deterioration in the first hours after the 

trauma and the onset or increase of the midline 

change in the follow-up CT images were associated 

with unfavorable clinical results [37].  

In this order of ideas, despite what has been 

described, there are many points that need to be 

reinforced from the volume and quality of evidence, 

such as epidemiology, diagnosis and specific 

treatment in areas where there are barriers to access 

high-cost technological tools, to contribute to the 

reduction of the burden of neurological diseases, in 

addition to reducing the risk of morbidity, mortality 

and disability [38-44]. It is necessary to carry out 

prospective multicenter studies that allow us to 

know the behavior, approach and outcomes of this 

disease in different contexts and to design a 

standardized prognostic tool that has an excellent 
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performance, accessible and understandable to all 

health professionals. In the current post-pandemic 

phase of COVID-19, many of the efforts in disciplines 

other than infectious diseases have waned, so it is 

necessary to resume research in other areas [45,46]. 

 

CONCLUSIONS 

Brain contusions if not treated in time can have rapid 

and progressive in the clinical condition of the 

patient and neurologic effects, not only for their local 

ripple effects, but also the possible injury of 

hippocampal and brainstem. In this regard it is 

important to establish a proper, immediate and 

effective treatment because it has been shown that 

this improves clinical outcomes. Information about 

brain contusions is scarce and concepts need to be 

standardized to provide proper management of 

patients with TBI. 
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ABSTRACT 
Background: Aneurysmal subarachnoid haemorrhage (aSAH) is a disease associated 

with high mortality and morbidity. Recent studies have postulated a correlation 

between Vitamin D deficiency and aSAH, however, the mechanism of which remains 

obscure. Vitamin D and Calcium in patients withaSAH has not been formally 

investigated. Therefore, the aim of this study was to evaluate the incidence of 

hypovitaminosis D and hypocalcemia in patients with aSAH. 

Methods: An observational study was conducted at the Department of Neurosurgery 

at tertiary care centre, New Delhi, India. 40 patients with spontaneous aneurysmal 

SAH were enrolled during the period January 2019 to 15th April 2020. The standard 

protocol of care was given to all patients included in the study. Laboratory 

investigations including Vitamin D and Calcium levels; Clinical examination and 

grading were done for each patient. The data thus collected was used to see the clinic-

demographic profile of patients of aSAH with an emphasis on Vitamin D and Calcium 

levels. 

Results: The study reported mean vitamin D level of 17.4 ± 7 ng/ml; mean calcium 

level of 8.3 ± 0.9 mg/dl amongst the study participants. Out of 40 patients, 8 patients 

(20%) were severely deficient, 24 patients (60%) were mild to moderate deficient and 

8 patients (20%) were having normal vitamin D levels. 50% of the patients (n=20) were 

hypocalcaemic and 50% were normocalcaemic. 

Conclusion:  A higher incidence of vitamin D deficiency was observed in our study 

along with an equal incidence of hypocalcemia vs normocalcemia. Further studies 

with a comparison group and a bigger sample size are needed to validate this 

evidence. 

 

INTRODUCTION 

Subarachnoid haemorrhage (SAH) is the extravasation of blood into 

subarachnoid space of the CNS, which is normally filled with 
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hypovitaminosis, 
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cerebrospinal fluid (CSF). The prevalence of 

Subarachnoid Haemorrhage (SAH) is approximately 

9 per 100,000 person per year1. There is a slight 

preponderance in women as compared to men, and 

this increases with age. Peak incidence has been 

observed in 5th and 6th decade of life2. The 

commonest cause of SAH overall is trauma, whereas 

commonest cause of spontaneous SAH is rupture of 

intracranial aneurysms3. About 80% of non-

traumatic SAH happens due to aneurysms4. 

Most common symptom of SAH is headache, 

which is referred to by the patient as the worst 

headache he/she has ever experienced in his/her 

life. It can also be accompanied by nausea, vomiting, 

loss of consciousness. 

Aneurysmal subarachnoid haemorrhage (aSAH) 

is a disease associated with a high mortality and 

morbidity. A study from Netherlands reported that 

the overall mortality rate of non-traumatic SAH has 

been found out to be 30%5. SAH because of the 

rupture of an intracranial aneurysm is a potentially 

fatal event .Altough it accounts for 5% of all strokes 

but its burden is relevant due to high mortality ,high 

disability and higher incidence in the young6. Even 

after good outcome of SAH, long term cognitive 

deficits (commonly in memory, language and 

executive functions) may happen to patients. 

Further, a study reported that approximately 40% of 

SAH survivors may not be able to return back to their 

previous jobs7.Even after successful aneurysmal 

clipping in patients with aSAH, overall quality of life 

was found to be decreased as compared to controls 

in a study8. 

Recent studies have postulated a correlation 

between Vitamin D deficiency and aSAH, however 

the mechanism of which remains obscure9,10,11. 

Probable mechanisms that have been postulated are 

indirect variations in blood pressure9, anti-

proliferative and anti-inflammatory action of Vitamin 

D on smooth muscle of blood vessels10. These effects 

of vitamin D becomes more important as cerebral 

vasospasm has been implicated as a major causative 

factor for long term neurological deficits present in 

patients with SAH. 

In the past decade, there has been a surge of 

interest in the impact of vitamin D levels on various 

conditions ranging from bony fractures to 

malignancy. A growing body of evidence also 

implicates hypovitaminosis D in cerebral small-

vessel disease and stroke12,13.Recent investigations, 

primarily in the cardiothoracic14,15and vascular 

surgeryliterature, have suggested a concordance of 

hypovitaminosis D and arterial disease, including 

aneurysmal dilation of the aorta16.This relationship is 

believed to be mediated by a variety of mechanisms, 

including modulation of vessel wall inflammation, 

changes in vascular smooth muscle cell 

development, and numerous systemic effects such 

as changes in insulin resistance and lipid 

processing17. 

Hypocalcaemia has been significantly associated 

with extent of bleeding in patients with intracerebral 

haemorrhage because magnesium and calcium have 

roles in platelet function and coagulation cascade18. 

However, research regarding the association of 

intracranial aneurysm rupture risk in hypocalcaemia 

and hypomagnesemia are lacking. Vitamin D and 

Calcium in patients with cerebral aneurysms and 

aneurysmal SAH has not been formally investigated. 

Therefore, the aim of this study was to evaluate the 

incidence of hypovitaminosis D and hypocalcemia in 

patients with aSAH.  

 

METHODS 

This was an observational study conducted at the 

Department of Neurosurgery at tertiary care centre 

New Delhi, India. 40 patients with spontaneous 

aneurysmal SAH were enrolled during the period 

January 2019 to 15th April 2020. All cases of 

spontaneous aneurysmal SAH admitted in the 

institute during the study period were included and 

patients who had a previous history of renal disease; 

history of liver dysfunction; history of chronic 

intestinal malabsorption; and those taking Vitamin D 

and Calcium supplementation for any reason were 

excluded from the study. 

Informed written consent was taken from each 

eligible patient before his/her enrolment. The 

baseline evaluation included Personal and family 

history including any comorbidities or prior surgical 

intervention; General physical examination and 

thorough neurological evaluation; Laboratory tests 

including complete blood count (CBC), Liver function 

tests (LFTs), Renal function tests (RFTs); Non-contrast 

enhanced CT (NCCT) head; CT Angiography/ MR 

Angiography/DSA; Serum Calcium levels; and 

Vitamin D (25-hydroxyvitamin D) levels using 

radioimmunoassay method. 

Standard protocol of care was given across to all 

patients included in the study. Grading was done by 
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the World Federation of Neurological Societies 

(WFNS) Grading of SAH, Modified Fisher grade, Hunt 

and Hess grade and Glasgow Coma Scale (GCS).  

Mayo Medical laboratories reference ranges for 

Total serum 25-hydroxyvitamin D were adhered to 

for classifying the patients in terms of Vitamin D 

levels which are - Severe deficiency - <10ng/ml; Mild 

to moderate deficiency – 10-24.9 ng/ml; Optimal – 

25-80 ng/ml; Possible toxicity - >80 ng/ml; Calcium 

reference levels used at our institute areNormal total 

calcium level 8.5 mg/dl – 10.5 mg/dl; Normal ionized 

calcium level 4.5-5.6 mg/dl. 

 

DATA COLLECTION 

All enrolled patients of spontaneous aneurysmal 

SAH had these tests as part of their routine 

investigations during their treatment (conservative 

management or operative management).  

 

STATISTICAL ANALYSIS  

All statistical calculations were conducted with 

standard statistical programs (IBM SPSS version 26) . 

Shapiro wilk test was applied to check the normality 

of variables that were included in the study. 

Parametric data was assessed with help of Student’s 

T-test, one way ANOVA test. Non- Parametric data 

was analyzed with help of Chi Square, Mann Whitney 

U test, Kruskalwallistest. P-value of <0.05 was 

considered to be of statistical significance in the 

study.  

 

RESULTS 

Out of 40 patients with aSAH, 18 were males (45%). 

15 patients (37.5%) were in age group of 25-45 years, 

16 (40%) were in age group of 46-60 years, 9 (22.5%) 

were in the age group of 61 -75 years. The mean age 

of patients was 51 years. 

In our study 10 patients were current smokers 

(25%); 22 patients (55%) were hypertensive;and 14 

patients (35%) were diabetic. The most common site 

of aneurysm was found to be anterior 

communicating artery (47.5%) and the least common 

was cerebellar artery (2.5%). 

The study reported mean vitamin D level of 17.4 

± 7 ng/ml; mean calcium level 8.3 ± 0.9 mg/dl. 

The study reported that out of 40 patients, 8 

patients (20%) were severely deficient, 24 patients 

(60%) were mild to moderate deficient and 8 patients 

(20%) were having normal vitamin D levels. Amongst 

males, 61.1% were Vitamin D deficient whereas 

amongst females, 77.3% were deficient and this 

difference was found to be statistically insignificant 

(p-value=0.2). 

Mean Vitamin D levels in males and females were 

19.4 ± 6.7 ng/ml and 15.7 ± 7.0 ng/ml respectively. As 

Vitamin D levels in the study participants were found 

to be not normally distributed, therefore 

independent sample Mann-Whitney-U test was 

applied to check the mean difference of Vitamin D 

among gender and it was found to have no 

significant difference in the two groups (p-value = 

0.106) (Figure 1). 
 

 
 

Figure 1. Independent sample Mann Whitney U test showing 

the mean difference of Vitamin D among gender. 

 

 
 

Figure 2. Kruskal Wallis test showing the mean difference of 

Vitamin D among WFNS Grade. 
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Mean Vitamin D level in smokers and non-smokers 

were 18.9 ± 7.1 ng/ml and 16.9 ± 7.0 ng/ml 

respectively and this difference was found to be non-

significant, (p value - 0.45). Similarly, mean Vitamin D 

levels in Diabetics and Non-Diabetics; and 

Hypertensives and Non-hypertensives patient were 

17.2 ± 6.6 ng/ml and 17.4 ± 7.4 ng/ml; and 17.3 ± 6.6 

ng/ml and 17.4 ± 7.7 ng/ml respectively and these 

differences were found to be statisticallynon-

significant (p value – 1 and 0.757 respectively) (Table 

1). 

 

Table 1. Mean Vitamin D levels in smokers - non-smokers, 

diabetics –non diabetics and hypertensive and normotensive 

patients. 

 

Gender No of 

patients 

Mean 

(vitamin D) 

SD P value 

Female 22 15.7 7.0 0.106 

Male 18 19.4 6.7 

Smoking  No of 

patients 

 

Mean 

(vitamin D)  

SD  P value  

No  30  16.9  7.0  0.45 

Yes  10  18.9  7.1  

Diabetes 

mellitus  

No of 

patients 

Mean 

(vitamin D)  

SD  P value 

No  26  17.4  7.4  1.00 

Yes   

14  

 

17.2  6.6  

Hypertens

ion  

No of 

patients 

Mean 

(vitamin D)  

SD  P value 

No  18  

 

17.4  7.7  0.757 

Yes  22  17.3  6.6  

 

 
 

The mean vitamin D levels in the various WFNS 

grades (Figure 2), Modified Fischer grades and Hunt 

and Hess gradesof patients were found to be 

statistically non-significant using the Kruskal-Wallis 

test (p value =0.412, 0.568, 0.529 respectively) (Table 

2). 

 

Table 2. Vitamin D levels across WFNS grades, Modified Fischer 

grades and Hunt & Hess grades. 

 

WFNS grades Mean (Vitamin 

D) 

SD P 

value 

I 18.9 7.4 0.412 

II 20.4 7.0 

 

III 16.9 8.6 

IV 17.3 

 

6.7 

V 10.7 2.8 

Modified FISCHER 

grades 

Mean (vitamin 

D) 

SD P value 

I 19.2 

 

6.9 

 

0.568 

II 16.8 9.7 

III 15.7 

 

6.0 

IV  

17.7 

 

7.1 

HUNT & HESS grades Mean (vitamin 

D) 

SD P value 

I 13.7 0 0.529 

II 20.6 7.0 

 

III 19.7 8.0 

IV 15.5  

8.0 

V 16.6  

5.8 

 
 

The present study reported that half of the patients 

(n=20) were hypocalcaemic and the other half were 

normocalcaemic. Mean calcium levels in males and 

females were 8.5 ± 1.0 mg/dl and 8.2± 1.0 mg/dl 

respectively and this difference was not statistically 

significant (p value=0.3) 

Similarly, the mean calcium levels in smokers and 

non-smokers; diabetics and non-diabetics; 

Hypertensives and Non-hypertensives were 8.4 ± 0.9 

mg/dl and 8.3 ± 1.0 mg/dl;8.0 ± 0.9 mg/dl and 8.5 ± 

1.0 mg/dl; 8.3 ± 0.9 mg/dl and 8.4 ± 1.0 mg/dl 

respectively and these differences were not 

statistically significant (p value=0.8, 0.07, 0.65) (Table 

3). 

 

Table 3. Mean serum calcium levels across gender, smokers - 

non-smokers, diabetics –non diabetics and hypertensive and 

normotensive patients. 
 

Gender  No of 

patients 

Mean(calcium)  SD  

 

P 

value  

Female  22  8.2  1.0  0.3  

 Male  18  8.5  1.0 

Smoking  No of 

patients 

Mean(calcium)   

SD  

P 

value  

No  30  8.3   

1.0  

 

0.8  

 

Yes  10  8.4  0.9  
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Diabetes 

mellitus  

No of 

patients  

Mean(calcium)   

SD  

P 

value  

No  26  8.5   

1.0  

0.07  

 

Yes  14  8.0   

0.9  

Hypertension  No of 

patients  

Mean(calcium)  SD  P 

value  

No  18  8.4  1.0  

 

0.65  

 

Yes  22  8.3  0.9  

 

The mean serum calcium amongst the different 

WFNS grades did not differ statistically significantly (p 

value = 0.07) whereas the mean serum calcium levels 

were found to differ statistically significantly 

amongst the various Modified Fischer grades Hunt & 

Hess grades with p values 0.002 and 0.04 

respectively (Table 4). 

 

Table 4. Serum Calcium levels across WFNS grades, Modified 

Fischer grades and Hunt & Hess grades. 
 

WFNS grades  Mean(calcium)  SD  
P 

value  

I  8.6  0.14  

 

0.07  

 

II  9.0  0.87  

III  8.3  1.3  

IV  8.2  0.83  

V  7.3  0.4  

Modified 

FISCHER grades  
Mean(calcium)  SD  P value  

I  9.0  
 

0.8  

 

0.002  

 

II  8.9  0.4  

III  7.8  
0.9  

 

IV  7.9  
 

0. 9 

HUNT & HESS 

grading  
Mean (calcium) SD  P value  

I  8.7  0  

0.04  

II  8.4  0.3  

III  8.8  1.4  

IV  8.6  0.7  

V  7.7  0.8  

 

 

 

DISCUSSION 

Despite recent advances in thediagnostic modalities, 

management and availability of plenty of literature, a 

substantial mortality as well as morbidity rate is 

attributable to unfavourable overall outcomes in 

patients following aSAH. Various factors have been 

implicated in occurrence and poor outcome in aSAH 

patients. However only handful of those have been 

found to reliably predict the incidence of aSAH . This 

study was designed to identify the mean serum 

Vitamin D and serum Calcium levels and its any 

association in aSAH patients.  

The mean age of patients was 51 years. Weir et 

al19studied 945 patients of cerebral aneurysm and 

they found mean age of patients was 46 years. 

Aarhus et al20studied 444 patients of cerebral 

aneurysm and the median age of patients was 56 

years . In our study out of 40 patients, 18 were males 

(45%) and 22 patients were females (55%) , which is 

comparable to the available literature suggesting 

that cerebral aneurysm is more common in females. 

In our study 10 patients were chronic smoker 

(25%) and 30 patients (75%) were non smoker. 22 

patients (55%) were hypertensive and 18 patients 

(45%) were non hypertensive. 14 patients (35%) were 

diabetic and 26 patients (65%) were non diabetic. 

Tuenissen et al21reviewed 9 longitudinal and 11 case 

control studies to identify the risk factors for aSAH 

and they found smoking ,hypertension and alcohol 

consumption were significantly related to the risk of 

spontaneous SAH . 

We observed that the mean Vitamin D levels in 

males and females were 19.4±6.7 ng/ml and 

15.7±7.0 ng/ml respectively and this difference was 

not statistically significant (p value=0.106). In our 

study in males, 61.1% were Vitamin D deficient 

whereas in females, 77.3% were deficient and 

however this difference was not statistically 

significant (p value=0.2). Guan J et al10in a 

retrospective study found the mean serum vitamin D 

level in patients with aneurysm was 23.3± 12.3 ng/ml 

whereas control group had mean level of 28.7± 14.1 

ng/ml which was statistically significant .They used 

multivariable poisson regression and backward 

elimination to identify the risk factors .They found 

patients in the aneurysm group were older ,mostly 

females ,tobacco users ,hypertensive and had 

hypovitaminosis D but race ,body mass index and 

diabetes were not significantly different.  

There was no statistically significant difference in 

mean vitamin D levels across WFNS grading (p value 

= 0.412) , Modified Fischer grading (p value = 0.568) 

and HUNT & HESS grading (pvalue-0.529).  

We noted that the mean serum calcium level in 

males and females was 8.5 ± 1.0 mg/dl and 8.2 ± 1.0 
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mg/dl respectively and this difference was not 

statistically significant (p value=0.3).In our study 9 

male patients and 11 female patients had calcium 

deficiency and it was not statistically significant (p 

value =1.0). Anil Can et al22did a multivariate analysis 

of serum calcium and magnesium levels to see the 

association with the ruptured aneurysm and they 

found hypomagnesemia and hypocalcemia were 

significantly associated with ruptured aneurysms.  

In our study there was no significant difference in 

mean calcium levels across WFNS grades (p value = 

0.07) (Figure 3). However, we found significant 

difference in mean calcium levels across Modified 

Fischer grades (p value = 0.002) and HUNT & HESS 

grades (p value=0.04) (Figure 4) which means low 

serum calcium level was associated with the higher 

grades. 

 

 

 
Figure 3. One-way Anova test showing the mean difference of 

calcium among WFNS Grade. 

 

 

 
Figure 4. One-way Anova test showing the mean difference of 

calcium among HUNT & HESS Grading. 

Van Heuven et al23in a retrospective study 

validated the prognostic value of WFNS grading on 

admission in determination of the outcome . Lindvall 

et al24found a significant correlation of Fischer scale 

and Hunt & Hess scale with the outcome of patient 

although the predictive value of limited due to low 

sensitivity and specificity of these scales .  

We observed that the serum calcium has 

moderate positive correlation with Vitamin D and 

GCS . This correlation was statistically significant with 

a p value of 0.006 which explains the direct effect of 

serum vitamin D level in calcium absorption and its 

metabolism. 

 

CONCLUSION 

Aneurysmal subarachnoid hemorrhage is associated 

with high mortality and morbidity. We observed 

higher incidence of serum Vitamin D and serum 

Calciumdeficiencyin aSAHpatients .We found 

statistically significant difference in mean calcium 

levels across Modified Fischer grades (p value = 

0.002) and HUNT & HESS grades (p value=0.04) 

.However further studies need to be undertaken to 

evaluate the role of Vitamin D and serum Calcium in 

aSAH. Also studies with a control group could help 

further validate this data. 
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ABSTRACT 
Background: Meningiomas are the most frequent benign intracranial lesions. The 

literature review reported that 19-63% of the patients with meningioma suffer from 

preoperative seizures, and 35% experience epileptic seizures as the initial symptom. 

The present study attempted to establish the risk factors for seizures before surgery 

of supratentorial meningiomas. 

Objective: To compare predictive factors for preoperative seizures for skull base 

meningiomas (SBMs), with non-skull base meningiomas (NSBMs). 

Materials and methods: The clinical data of 244 patients with supratentorial 

meningiomas treated microsurgically between 2007 and 2018 were analyzed 

retrospectively. There were two groups; Group “A” with (NSBMs) and Group “B” with 

(SBMs). Demographic, clinical, imaging, histopathological, and 

electroencephalographic data were assessed. Univariate statistical analyses were 

performed among factors that might correlate with preoperative seizures. 

Results: A total of 244 patients with a diagnosis of intracranial meningioma were 

retrospectively evaluated. The mean age was 54.34 years (range 16- 84), females 165, 

meals 79. Of these 154 patients for the non-skull base, seizures in 65 (42.2%), 

whereas, 90 patients for skull base, with 32 (35.5%) patients with seizures. The groups 

had similar preoperative seizure occurrence in relation to age (p=0.154, p=0.819), 

gender (p=0.396, p=0.445) tumor size (p=0.318, p=0.244), tumor side (p0.836, 

p=0.702) for Group A and B respectively. The pre-op seizure was the third 

presentation in both groups after non-focal symptoms and (FND) respectively. For 

Group “A” seizure as the initial symptom was in 49.2% of patients versus 50.8% for 

others, while in Group “B” was in 37.5% vs 62.5%.                                          

The both groups had statistically significance between PTBE and pre op seizure, 

for Group “A”, PTBE was in 93(60.4%) patients, (seizure in 51patients 78.5%) vs (42 

patients 47.2% for non-seizure), (?2=,15.356, p=0.000). For Group “B”, PTBE was in 

43(47.8%) patients, (seizure in 25 patients 78.1%) vs(18 patients 31% for non-

seizure),(?2=,18.328, p=0.000). 

The most frequently seizure for Group “B” was in OGM (seizure 25% vs 13.8 

without seizure) and SWM (seizure 71.8% vs 65.5% non-seizure), while lesser overall 

in planum/tuberculum (seizure3.2% vs 20.7% non-seizure). There was a statistically 
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significant relationship between tumour location and 

preoperative seizure for (SBM), (?2=5.985, p=0.050) while 

absent in Group “A”. (?2=1.373, p=0.503). There were no 

differences between the two groups with WHO grade and pre-

op seizure. The unexpected finding in this study is that the 

presence of preoperative neurologic deficits has been less 

frequently associated with preoperative seizures in both 

groups. Careful analysis and further investigation are needed. 

Conclusion: We identified that the major risk factor for pre-op 

seizure in both group studies is PTBE, and location for skull 

base meningiomas, where the planum/tuberculum lesser 

overall risk for pre-op seizure. While other radiological and 

histopathological factors are statistically non-significant. 

Interestingly, the factors associated with preoperative seizures 

were the absence of preoperative neurologic deficits for both 

groups. 

 

 

INTRODUCTION 

Meningioma is the most common benign intracranial 

tumor, accounting for approximately one-third of all 

CNS tumors [32]. In the literature review; it was 

reported that 19-63% of the patients with 

meningioma are suffered from preoperative 

seizures, and 35% of them experience epileptic 

seizures as the initial symptom [19]. Interestingly, 

patients with meningioma experience seizures even 

more frequently than patients with primary 

glioblastoma or brain metastasis. This is in particular 

a high rate taking into account that meningiomas are 

extra-axial tumors [31]. 

Recurrent seizures in patients with brain tumors 

lead to significant morbidity, cognitive problems, 

inability to drive, and diminished quality of life 

[11,25,29]. For patients with meningioma, surgery is 

the main treatment modality and offers the 

possibility of a cure. However, complications and 

morbidity from meningioma surgery are common [3, 

23, 26,27]. The mechanisms of tumor-induced 

seizures are poorly understood. The causative 

neoplasm may act as a generator to produce an 

epileptogenic focus in the peri-tumoral brain. The 

mechanisms of epileptogenesis pre and 

postoperative are not sufficiently known. Distortion 

of the cortical structures may be the generator areas 

for focal seizure [6,12,17,30,34] 

The following retrospective study summarizes 

the most important identified risk factors for 

preoperative seizure in a series of 244patients who 

underwent surgery for supratentorial meningioma, 

and subsequently, compares between the skull base 

and non-skull base.  

MATERIALS AND METHODS 

General information. Between 2007 and 2018, a 

total 244 of patients with supratentorial 

meningiomas were treated in Uzhhorod 

Neurosurgical Center. Pediatric(<16 years), recurrent 

and multiple meningioma patients, also posterior 

fossa meningiomas included; (clival,petro clival, 

foramen magnum, tentorial and cerebellopontine 

angle) were excluded from statistical analysis in this 

study. They were 244 patients divided into two 

groups: Group “A” (NSBMs) included 154 patients 

with preoperative seizure (65 patients) versus non-

seizure (89 patients), and Group “B” (SBMs) included 

90 patients, with preoperative seizure (32 patients) 

versus non-seizure (58 patients). 

 

Clinical data collection. The medical records of all 

the patients were checked for history and initially 

preoperative seizures. All the patients had been 

diagnosed by head contrast-enhanced magnetic 

resonance imaging and/or computed tomography 

scans, and the maximum tumor size, tumor site and 

any peritumoral brain edema (PTBE), by employing 

high signal intensity changes on T2-weighted images, 

were preliminarily determined. We classified tumor 

size into 4 categories according to MRI findings; small 

(3cm and less), medium (3cm and less- 5cm), large 

(5cm-6cm), and giant (more 6 cm). All patients with 

preoperative seizures had been diagnosed by 

interictal 19 channel scalp electroencephalography 

(EEG). Craniotomy for meningioma resection was 

performed microscopically for all 244 patients. 

After the resection of the tumor histopathological 

and immune histochemical analysis, were 

performed, according to WHO classification of 

tumors of the central nervous system, 

We have analyzed the articles and summarized all 

risk factors investigated and subdivided risk factors 

for preoperative seizures into NSBMs and SBMs. 

Results are summarized in (Table 1) NSBMs 

Group “A” and in (Table 2) for SBMs. Group “B” 

 

Statistical analysis; Statistical analysis was 

performed using Chi-square test, t-test, and Fisher's 

Exact test. P <0.05 was considered statistically 

significant. Comparison between the two groups in 

relation to age, sex, tumor location, tumor site, 

tumor side, tumor size, histopathology, and clinical 

presentation was performed to identify predictive 

factors for preoperative seizure. Pearson Chi-square 
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statistics were used to examine the association 

between categorical variables (seizure and PTBE). 

There is a significant association at 5% significance 

level between seizure and PTBE of respondents (x2 

=15.356, df=1, p=0.000) for Group “A”, and 

(χ2=,18.328, df=1, p=0.000) for Group B.(seizure and 

location- for skull Base). There was a significant 

association at 5% significance level between seizure 

and location of tumor of respondents (x2 = 5.985, df 

= 2, p = 0.050). 

 

RESULTS 

Demographic data 

This study showed that meningioma in females had 

a higher tendency of 96 as compared to male 58, the 

ratio F/M was 1.6:1, and mean age 54.29 in Group “A”. 

Like that in Group “B”, the ratio F/M was 3.2:1.(female 

69 vs 21 male), with a mean age of 54.49. 

The patients’ age ranged from 16 to 84 years old, 

the mean age for patients with seizures was 53.01 

years (range 22 to 75), and 55.68 years (range 16-84) 

for non-seizure (χ2=3.737, p=0.154). 

The seizure vs non-seizure for Group “A” female 

58.4% vs 65.1%, while in male was 41.5% vs 34.8%. 

(χ2=0.720, p=0.396). There is a weak association was 

found between the male gender and pre-op seizure, 

however, the difference not reached statistically 

significant. 

For Group “B”, the seizure vs non-seizure in 

females was 81.5% vs 74.1% while in males was 

18.5% vs 25.9%. (χ2=0.583, p=0.445). There is a weak 

association was found between female gender and 

pre-op seizure in Group “B”. However, there was no 

statistically significant relationship between age or 

gender and preoperative seizure in both Groups. 

 

Table 1. Factors associated with pre-op seizures in patients 

with NSBM Group “A” 
 

       Factor No of 

cases 

n=154 

(%) 

Seizure 

n=65  

No 

seizure 

n=89  

P 

valu

e 

Sex 

Female 

Male 

 

96 

(62.4%) 

58 

(37.6%) 

 

38 

(58.4%) 

27 

(41.5%) 

 

58 

(65.1%) 

31 

(34.8%) 

0.39

6 

Age/years 

< 40 

40-60 

>60 

 

20(13%) 

76(49.4

%) 

 

7 

(10.7%) 

 

13 

(14.6%) 

0.15

4 

58(37.6

%) 

38 

(58.4%) 

20 

(30.7%) 

 

38 

(42.7%) 

38 

(42.7%) 

 

Tumor size/ cm 

Small <3 

medium >3- <5 

large 5-6 

giant >6 

 

37(24%) 

59(38.3

%) 

28(18.2

%) 

30(19.5

%) 

 

17 

(26.2%) 

28(43%) 

8 

(12.3%) 

12 

(18.5%) 

 

20 

(22.5%) 

31 

(34.8%) 

20 

(22.4%) 

18 

(20.3%) 

0.31

8 

Side 

LT 

RT 

Both/median 

 

74(48%) 

73(47.4

%) 

7(4.6%) 

 

33(50.8

%) 

29(44.7

%) 

3(4.5%) 

 

41(46%) 

44 

(49.4%) 

4 (4.6%) 

0.83

6 

Location 

Convex 

Parasaital/Paraf

alx 

Intraventricular 

 

Site 

Frontal 

Fronto temporal 

Fronto parietal 

Temporal 

Tempo paraital 

Parietal 

Paraito occipital 

Occipital 

 

98(63.6

%) 

51(33.1

%) 

5(3.3%) 

 

 

49(31.8) 

17(11) 

47(30.5) 

7(4.5) 

9(5.8) 

12(7.8) 

10(6.5) 

3 (2) 

 

39(60%) 

25(38.5

%) 

1 (1.5%) 

 

 

23(35.4

%) 

6 (9.3%) 

19 

(29.2%) 

4 (6.2%) 

3 (4.6%) 

6 (9.3%) 

3 (4.6%) 

1(1.5%) 

 

59(66.3

%) 

26 

(29.2%) 

4 (4.5%) 

 

 

26 

(29.2%) 

11 

(12.3%) 

28 

(31.4%) 

3 (3.3%) 

6 (6.7%) 

6 (6.7%) 

7 (7.9%) 

2 (2.3%) 

0.50

3 

 

 

 

0.68

3 

PTBE 

Present 

 Absent 

 

93(60.4

%) 

61(39.6

%) 

 

51 

(78.5%) 

14 

(21.5%) 

 

42 

(47.2%) 

47 

(52.8%) 

0.00

0 

  

Imaging finding 

 

Relation to location 

In Group “A”; convex in 63.6% patients (seizure 60% 

vs 66.3% non-seizure), parasaital/ parafalx 33.1% 

patients (seizure 38.5% vs 29.2% non-seizure) and 

intraventricular 3.3% patients (seizure 1.5% vs 4.5% 

non-seizure), Parasagittal/ parafalcine location had 

higher occurrence of seizure in this group, however, 

there was no statistically significant relation between 
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tumor location and preoperative epilepsy, (χ2=1.373, 

p=0.503). 

In Group “B” (Table 3.a, b); SWM in 67.8% patients 

(71.9% seizure vs 65.5% non-seizure), OGM in 17.8% 

patients, (25% seizure vs 13.8% non-seizure), and 

planum/tubeerculum in14.4% patients (3.1% seizure 

vs 20.7% non-seizure). Preoperative seizure was 

more incidence in OGM and SWM, respectively, 

while, lesser in planum and tuberculum 

meningiomas, (χ2=5.985, p=0.05). There was 

statistically significant relation between tumor 

location and preoperative seizure for (SBM) 

Group“B”, while absent in Group “A”. 

 

Table 2. Factors associated with pre op seizures in patients 

with SBM Group” B” 90 

 

Factor No of 

cases 

n=90 / 

% 

Seizure 

n=32 

(35.6%) 

No 

seizure 

n=58 

(64.4%) 

p 

Sex 

Female 

Male 

 

69(76.7

%) 

21(23.3

%) 

 

 

26 

(81.2%) 

6 

(18.8%) 

 

43(74.1

%) 15 

(25.9%) 

0.44

5 

Age/years 

< 40 

40-60 

>60 

 

11(12.2

%) 

58(64.4

%) 

21(23.4

%) 

 

3(9.3%) 

21(65.6

%) 

8(25%) 

 

8(13.8%

) 

37(63.8

%) 

13(22.4

%) 

0.81

9 

Tumor size/ cm 

Small 3 and <3 

medium >3- <5 

large 5-6 

giant >6 

 

27(30%) 

28(31.1

%) 

29(32.2

%) 

6(6.7%) 

 

12(37.5

%) 

12(37.5

%) 

7(21.9%

) 

1(3.2%) 

 

15(25.8

%) 

16(27.6

%) 

22(38%) 

5(8.6%) 

0.24

4 

Side 

LT 

RT 

Both/median 

 

29(32.2

%) 

32(35.6

%) 

29(32.2

%) 

 

12(37.5

%) 

11(34.4

%) 

9(28.1%

) 

 

17(29.3

%) 

21(36.2

%) 

20(34.5

%) 

0.70

2 

Location 

SWM/CS 

OGM 

Planum/Tubercul

um 

 

61(67.8

%) 

16(17.8

%) 

 

23(71.9

%) 

8 (25%) 

1 (3.1%) 

 

38 

(65.5%) 

8 

(13.8%) 

0.05

0 

13(14.4

%) 

 

12 

(20.7%) 

PTBE 

Present 

Absent 

 

43(47.8

%) 

47(52.2

%) 

 

25 

(78.1%) 

7 

(21.9%) 

 

18 

(31%) 

40 

(69%) 

0.00

0 

 

Relation to Brain Lobes and Tumour Side 

Preoperative seizure for (NSBM) occurred in all sites 

of brain lobes, moreover, there was a higher 

incidence of frontal (seizure 35.4% vs 29.1% non-

seizure). However, There was no statistically 

significant relation between brain lobes lesion and 

preoperative seizure. (χ2=,0.288, p=0.687). 

According, to side of meningioma location in Group 

“A”, right in 47.4% patients, (seizure 44.7% vs 49.4% 

non-seizure), left side in 48% patients (seizure 50.8% 

vs 46% non-seizure), and Medline both side in 6.4% 

patients, (seizure 4.5% vs 4.6 non seizure). There was 

no statistically significant relationship between the 

side of the lesion and preoperative seizure. 

(χ2=,0.358, p=0.836). While in Group “B” left side in 

35.6% patients, (seizure 37.5% vs 29.3 non seizure), 

right side in 48% patients, (seizure 34.4% vs 36.2 non 

seizure), and Medline both side in 32.2% patients, 

(seizure 28.1% vs 34.5% non-seizure). Despite the 

weak relationship was found between the left side 

and pre-op seizure, however, there was no 

statistically significant relationship between the side 

of the lesion and preoperative seizure. (χ2=,0.707, 

p=0.702). 

 

Table 3a. Location * Seizure. Cross tabulation for Group B 
 

 SEIZURE Total 

No Yes 

LOCATI

ON 

SWM Count 38 23 61 

Expected 

Count 

39.3 21.7 61.0 

% within 

LOCATION 

62.3

% 

37.7

% 

100.

0% 

% within 

SEIZURE 

65.5

% 

71.9

% 

67.8

% 

OGM Count 8 8 16 

Expected 

Count 

10.3 5.7 16.0 

% within 

LOCATION 

50.0

% 

50.0

% 

100.

0% 

% within 

SEIZURE 

13.8

% 

25.0

% 

17.8

% 

Count 12 1 13 
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PLA/TU

BERCU

LUM 

Expected 

Count 

8.4 4.6 13.0 

% within 

LOCATION 

92.3

% 

7.7% 100.

0% 

% within 

SEIZURE 

20.7

% 

3.1% 14.4

% 

Total Count 58 32 90 

Expected 

Count 

58.0 32.0 90.0 

% within 

LOCATION 

64.4

% 

35.6

% 

100.

0% 

% within 

SEIZURE 

100.

0% 

100.

0% 

100.

0% 

 

Table 3b. Chi-Square Tests 
 

 Value df Asymptotic 

Significance 

(2-sided) 

Pearson Chi-Square 5.985a 2 .050 

Likelihood Ratio 7.078 2 .029 

Linear-by-Linear 

Association 

2.170 1 .141 

N of Valid Cases 90   

 

Chi-square statistics were used to examine the 

association between categorical variables (Seizure 

and Location- Skull Base). There is a significant 

association at 5% significance level between seizure 

and location of tumor of respondents (x2 = 5.985, df 

= 2, p = 0.050). 
 

Relation to Tumor Size 

Preoperative seizure was occurs in all different 

tumor size, for Group “A” small size was in 24% 

patients,(seizure 26.2% vs 22.5% non-seizure), 

medium 38.2% patients (seizure 43%vs 34.8% non-

seizure), and large/giant in 37.7% patients (seizure 

30.8% vs 42.7% non-seizure).The difference is 

statistically insignificant, (χ2=,3.073, p=0.381). While 

for Group” B”, small size 30% patients,(seizure 37.5% 

vs 25.8%), medium 31.1% patients (seizure 37.5% vs 

27.6%) and large/giant 38.8% patients (seizure 25% 

vs 46.5%). The difference is statistically 

insignificant(χ2=,4.167, p=0.244).Despite the weak 

relation was found between small/medium size and 

pre op seizure, however, distribution of tumor size in 

both groups showed that there was no statistically 

significant relation between tumor size and 

occurrence of pre-op seizure. 
 

Relation to PTBE 

There was a higher incidence of peri-tumoral edema 

in seizure in both groups; for Group “A” (Table 4.a,b), 

PTBE was in 93(60.4%) patients,(seizure in 51patients 

78.5%) vs (42 patients 47.2% for non-seizure). There 

was a statistically significant relation between peri-

tumoral edema and pre-op seizure, (χ2=,15.356, 

p=0.000).For Group “B”,(Table5.a,b) PTBE was in 

43(47.8%) patients,(seizure in 25 patients 78.1%) 

vs(18 patients 31% for non-seizure). There was a 

statistically significant relation between peri-tumoral 

edema and pre-op seizure, (χ2=,18.328, p=0.000).The 

incidence of PTBE was higher in NSBM, however, 

distribution of PTBE in both groups showed that 

there was statistically significant relation between 

PTBE and occurrence of pre-op seizure . 
 

Table 4a. Seizure * PTBE cross tabulation for group a 
 

 PTBE Total 
No Yes 

SEIZ

URE 

No Count 47 42 89 

Expected 

Count 

35.3 53.7 89.0 

% within 

SEIZURE 

52.8

% 

47.2

% 

100.

0% 

% within 

PTBE 

77.0

% 

45.2

% 

57.8

% 

Yes Count 14 51 65 

Expected 

Count 

25.7 39.3 65.0 

% within 

SEIZURE 

21.5

% 

78.5

% 

100.

0% 

% within 

PTBE 

23.0

% 

54.8

% 

42.2

% 

Total Count 61 93 154 

Expected 

Count 

61.0 93.0 154.

0 

% within 

SEIZURE 

39.6

% 

60.4

% 

100.

0% 

% within 

PTBE 

100.

0% 

100.

0% 

100.

0% 

 

Table 4b. Chi-Square Tests 
 

 Value df Asymptotic 

Significance 

(2-sided) 

Exact 

Sig. 

(2-

sided) 

Exact 

Sig. (1-

sided) 

Pearson Chi-

Square 

15.356a 1 .000   

Continuity 

Correctionb 

14.077 1 .000   

Likelihood 

Ratio 

15.962 1 .000   

Fisher's Exact 

Test 

   .000 .000 

Linear-by-

Linear 

Association 

15.256 1 .000   

N of Valid 

Cases 

154     
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Chi-square statistics were used to examine 

association between categorical variables (Seizure 

and PTBE). There is a significant association at 5% 

significance level between seizure and PTBE of 

respondents (x2 =15.356, df=1, p=0.000).  

 

Table 5a. PTBE * Seizure crosstabulation for Group B 
 

 SEIZURE Total 

No Yes 

PTBE 0 Count 40 7 47 

Expected 

Count 

30.3 16.7 47.0 

% within 

PTBE 

85.1% 14.9% 100.0% 

% within 

SEIZURE 

69.0% 21.9% 52.2% 

1 Count 18 25 43 

Expected 

Count 

27.7 15.3 43.0 

% within 

PTBE 

41.9% 58.1% 100.0% 

% within 

SEIZURE 

31.0% 78.1% 47.8% 

Total Count 58 32 90 

Expected 

Count 

58.0 32.0 90.0 

% within 

PTBE 

64.4% 35.6% 100.0% 

% within 

SEIZURE 

100.0% 100.0% 100.0% 

 

Table 5b. Chi-Square Tests 
 

 Value df Asymptotic 

Significance 

(2-sided) 

Exact 

Sig. 

(2-

sided) 

Exact 

Sig. 

(1-

sided) 

Pearson 

Chi-Square 

18.328a 1 .000   

Continuity 

Correctionb 

16.489 1 .000   

Likelihood 

Ratio 

19.120 1 .000   

Fisher's 

Exact Test 

   .000 .000 

Linear-by-

Linear 

Association 

18.125 1 .000   

N of Valid 

Cases 

90     

 

Chi-square statistics were used to examine 

association between categorical variables (Seizure 

and PTBE). There is a significant association at 5% 

significance level between seizure and PTBE of 

respondents (χ2=,18.328, df=1, p=0.000). 

 

 

Clinical data 

The preoperative clinical symptoms and signs (non-

focal) like;, headache, vomiting, mental change, 

memory disorder and cognitive decline, were found 

in most cases 92(59.7%) patients for Group A”, While 

second presentation was focal neurological deficit 

(FND), include; motor weakness, sensory , cranial 

nerves dysfunction, aphasia, were found in 

78(50.6%). In this study, pre op seizure was the third 

presentation 65(42.2%), of these 32 patients were 

seizure was single presentation.  

For Group B”, non-focal was first presentation 

and occurs in 59(65.5%) patients, followed; focal 

symptoms 36(40%) patients, then seizure was the 

third presentation 32(35.5%) patients of these 

12(37.5%) patients were seizure was single 

presentation. Clinical types of seizure in both groups 

was; complex partial in (158 patient, 64.8%), 

generalized tonic clonic (43 patients, 17.6%). Simple 

partial (23 patients, 9.5%) and combined (20 patients, 

8.1%). (Figure1,2). 

Focal neurological deficit were associated with 

reduced incidence of pre-op seizure, in both groups 

for Group A,16 (24,6%) patients with seizure 

compared to 62(69.7%) patients without seizure, and 

Group B, (7patients, 21.8% seizure vs, 29 patients, 

50% without seizure). moreover, pre-op seizure was 

in 49.2% as a first presentation of disease compared 

to 50.2% for others in Group A, and 37.5% vs 62.5 for 

Group B”.  

 

 
 

A. 
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B. 

 

 
 

C. 
 

Figure 1. A female patient aged 48 years, presented with fits, 

mental changes, and headache. (a) Axial and (b) coronal T1 with 

contrast showing left middle falx meningioma type I, 

hemispheroid tumor invagination deeply into one hemisphere. 

(c) Preoperative electroencephalography showing focal 

epileptiform activity in left parietal lobe. 

 

 
 

A. 

 
 

B. 

 
 

C. 
 

Figure 2. (a) A female patient aged 65 years, presented with fits, 

headache, and vision impairment on right side (a) axial and (b) 

coronal T1 with contrast showing right medial sphenoid wing 

meningioma. (c) Preoperative electroencephalography 

showingfocal epileptiform activity in right hemisphere. 

 

 

Histopathological finding 

In our groups study (Table 6), pathological finding 

was found; Grade I were included 121 (78.6% ) 

cases,(seizure 80% vs 77.5% non-seizure), Grade II in 

24(15.6%) cases, (seizure 13.8% vs 16.8% non-

seizure) and Grade III in 9(5.8%) cases, (seizure 6.2% 

vs 5.7%% non-seizure) for Group A. While for Group 

B”, Gr.I in 75(83.3%)cases, (seizure 87.5% vs 81% non-

seizure), GradeII in 13(14.4%) cases, (seizure 12.5% 

vs15.5% non-seizure), Grade III in 2(2.3%) cases 

,(seizure 0% vs 3.6% non-seizure). 

For both groups, meningothelial meningioma 

was the most common histopathological type, and 

angiomatous subtype had slightly higher occurrence 

of seizure 10(15.4%) cases compared to 5(5.6%) 

cases without seizure four Group A.  

 

Table 6.  
 

WHO 

Grade 

 

 

 

 

Grou

pA 

  Group B 

No of 

Case

s 154 

 

Seiz

ure 

65 

Non 

Seizu

re89  

 

No of 

Case

s90 

Seizu

re  

32 

Non 

Seiz

ure 

58 

WHO I 

meningi

othelial 

121 

(78.6

%) 

53 

52(8

0%) 

21 

69(77

.5%) 

32 

 

75(83

.3%) 

44 

28(87

.5%) 

15 

47(8

1%) 

29 

fibroblas

t 

33 14 19 11 3 8 

transitio

nal 

10 3 7 6 3 3 

angioma

tous 

15 10 5 8 4 4 

psammo

matous 

9 3 6 5 3 2 
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microcys

t 

1 1 - 1 - 1 

WHO II 24(15

.6%) 

9(13

.8%) 

15(16

.8%) 

13(14

.4%) 

4(12.

5%) 

9(15

.5%) 

WHO III 9(5.8

%) 

4(6.

2%) 

5 

(5.7%

) 

2(2.3

%) 

- 2(3.

6%) 

 

DISCUSSION  

Seizures are one of the three most common clinical 

symptoms besides (and after) headache and focal 

neurological deficit of patients with meningioma 

[33]. In the present study, we report the risk factors 

associated with preoperative seizures in different 

locations of supratentorial meningiomas. 

The occurrence of preop seizure for (NSBM) 

Group “A” was slightly higher (42.2% patients) as 

compared to (SBM) Group “B” (35.5% patients). 

Gender distribution in our study in both groups 

showed that was no statistically significant 

relationship between gender and preoperative 

seizure. p=0.396 and p=0.445 respectively. Similar 

results were reported by Islim Al et al [14] and 

Chozick et al. [9]. 

The epileptic patients in Group “A” have their 

tumor location mostly in frontal and temporal 

regions, however, there was no statistically 

significant relation between tumor related to brain 

lobes (site) and occurrence of a seizure, p=0638, also 

we could not find the difference between convexity 

and parasagittal/parafalcine for the occurrence of a 

seizure, p=0.503. While we observed an increase of 

seizure in SWM and OGM compared to 

planum/tuberclum meningiomas and the relation 

was significant p=0.050 

According to most studies addressing this 

question were reported different results,Lieu et al. 

and Das et al. [10,17] identified temporal. Islimet al. 

[14] identified parietal meningiomas to be 

significantly associated with preoperative seizures. 

Skardelly et al. [28] further identified parafalcine 

meningiomas to be significantly associated with 

preoperative seizures. Kawaguchi et al.[15] who 

studied convexity meningioma found that there was 

a significant relationship between the seizure 

occurrence and tumor location. However, our result 

corresponds with other studies that were reported 

lacking significant relation between the seizure 

occurrence and tumor location and site. Liigant et 

al.[18] found that a higher incidence of seizures was 

in tumors involving the frontoparietal (58%), 

frontotemporal (44%), and temporal (40%) regions 

but no significant association with tumor location. 

Riva [24] and Hess K, et al., [13] found no statistically 

significant relation between tumor site and 

occurrence of seizure. 

In our study, the distribution of tumor side in both 

groups showed that the left side was slightly higher 

than the right side, however, there was no 

statistically significant relationship between the side 

of the lesion and preoperative seizure, for both 

groups, (Gr. “A”, p=0.836 and Gr.” B”, p=0.702. Our 

results were similar to what was reported by, Lieu 

and Howng [17]. Moreover, tumor side and a 

number of lesions had no significant influence on 

preoperative seizure rate [9,14]. 

The distribution of tumor size in both groups 

showed that there was no statistically significant 

relation between tumor size and the occurrence of 

seizures. Similar results were reported in three 

studies. [6,14,18]. In contrary to what was reported 

by other studies, were shown a positive correlation 

between tumor size and preoperative seizure rate 

[7,15,20,33]. 

Here, we showed that PTBE may be the factor 

most strongly related to preoperative seizures for 

both groups: A” and” B”. (χ2=,15.356, p=0.000) and 

(χ2=,18.328, p=0.000), respectively. Various studies in 

the past have reported a correlation between 

vasogenic edema and seizure occurrences. 

[6,11,15,33]. Furthermore, Lieu and Howng[17], and 

Kawaguchiet al.[15]reported that most patients with 

evident or severe edema, had preoperative and 

postoperative epilepsy with a significant correlation. 

Despite primarily extra-axial locations, slow 

progression rates, and usually benign histological 

characteristics, meningiomas frequently are 

associated with PTBE [4]. PTBE, as assessed on CT 

scan, has been found to be associated with more 

than half of the cases [16]. Though the exact 

mechanism involved in the development of PTBE is 

not known, several factors have been previously 

studied like tumour location and tumour volume, 

interleukin-6, sex hormone receptors and several 

others [1,2,21]. Moreover, peritumoral edema fluid 

contains a high concentration of glutamate, which 

may trigger hyperexcitability and epileptogenesis 

[34]. 

The preoperative seizure was the third clinical 

symptom after non-focal and focal symptoms in 

both groups of patients respectively. Moreover, the 
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pre-op seizure was in 49.2% as the first presentation 

of disease compared to 50.2% for focal and non-focal 

symptoms for the non-skull base, and 37.5% vs 62.5 

for skull base meningiomas. In the literature review; 

it was reported that 19-63% of the patients with 

meningioma are suffered from preoperative 

seizures, and 35% of them experience epileptic 

seizures as the initial symptom [19]. 

In our data presence of preoperative neurologic 

deficits has been less frequently associated with 

preoperative seizures in both groups: Group “A” 

patients,(seizure in 16 cases 24.6% vs 62 cases 69.7% 

non-seizure), Group “B” patients, (seizure 7 cases, 

21.8% vs 29 cases 50% without seizure). This is an 

unexpected finding. However, considering the 

increase in meningioma detection and widespread 

availability of neuroimaging [22], this may be 

explained by the diagnosis of the tumor prior to the 

occurrence of neurological deficits or just after a 

seizure attack. Furthermore, by Riva study (among 

seizure in intrinsic brain tumors), he reported that 

patients with seizures showed a significantly lower 

incidence of neurological deficit, headache, and 

mental disturbances compared with nonepileptic 

patients [24]. Otherwise, Careful analysis and further 

investigation are needed. 

The distribution of tumor histopathology in both 

groups showed that meningothelial meningioma 

was the most common histopathological type. While 

high grade (GrII-III) was higher in non-skull base 

(21.4%) than skull base (16.7%). Despite the 

increased occurrence of pre-op seizure among 

angiomatous type, however, there was no relation 

between the different histopathological types and 

occurrence of seizure. Kawaguchiet al. [15] believed 

that fibroblastic meningiomas were significantly 

correlated with preoperative seizures. Skardelly et al. 

demonstrated an increase of preoperative seizures 

from WHO Gr. II and Gr.III [28] Chowet al.[8]showed 

that the histologic types were not significantly 

correlated with preoperative seizure. Moreover, in 

other studies did not have a significant influence on 

pre-or postoperative seizure rate [5,9]. 

 

CONCLUSION 

We identified that the major risk factor for pre-op 

seizure in both groups study is PTBE, and location for 

skull base meningiomas, where the 

planum/tuberculum lesser overall risk for pre-op 

seizure. There was a trend for the occurrence of 

preoperative seizure among (male gender in skull 

base and female gender in non-skull base), frontal, 

temporal, left side, and size <5 cm and angiomatous 

subtype, however, these predictors were statistically 

insignificant. The factor associated with preoperative 

seizures were the absence of preoperative 

neurologic deficit for both groups. Careful analysis 

and further investigation are needed. 
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Since neurosurgery is a practical medical 

specialty, the first day began with unique workshops, 

from viewing a live operation that familiarized 

students with some anatomical landmarks, to the 

dissection of the white substance of the brain. The 

participants also had a demonstration of correct and 

complete neurological examination, so that the 

young students were initiated into the basic 

neurosurgical terminology. Overall, 7 hands-on 

workshops were organized. 

In a festive spirit, the guest of honor was the 

distinguished Prof. Dr. Madjiid Samii from the 

International Neuroscience Institute (Hannover, 

Germany) who opened the proceedings of the 

congress with the presentation "What I could 

develop in Neurosurgery", offering an auspicious 

energy and an encouraging word for the students. 

 

 
 

Image 2. Stud. Dragos Font and Prof. Ioan-Stefan Florian M.D. 

PhD. presiding over the student session. 

 

Prof. Madjid Samii's presentation was followed by 

the work of our resident colleague at the Institute of 

Neurology and Neurovascular Diseases Bucharest, 

Dr. Andrei Alexandru Marinescu, who delighted us 

with the secrets of cerebral vascularization, 

presenting in detail the Willis' Circle. 

After two sessions of presentations, at the end of 

the first day, the students had the opportunity to 

participate in the Neuroquiz anatomy competition, 

having as the prize neurosurgical study materials of 

the highest quality. 

The second day of works was very special being 

marked by renowned European neurosurgeons such 

as Prof. Dr. Lukas Rasulic, Prof. Dr. Stefano Ferarresi 

(Italy) or Prof. Dr. Ishan Soraloglu (Turkey) who 

offered more gravitas to this event. 

The founder of the congress, Prof. Dr. Ioan Ștefan 

Florian has impressed as always with the novelty of 

his works, addressing the students in an accessible 

and friendly speech. 

At the same time, student Dragoș Font, co-

president of the congress and leader of the Student 

Circle of Neurosurgery in Cluj-Napoca, presented ''An 

operative perspective of the posterior fossa'', in an 

impeccable manner. 

The last day was dedicated exclusively to student 

presentations. The delegation of Serbian students, 

Stud. Stefan Radojevic and Stud. Aleksa Micic 

(coordinated by Prof. Lukas Rasulic) impressed with 

detailed presentation of peripheral neuroanatomy. 

The delegation of students from the "Walter E. 

Dandy" Neurosurgical Club in Bucharest 

distinguished itself through Stud. Mădalina Popescu, 

Stud. Max Blega (winner of the Neuroquiz contest) 

and Stud. Firas Al-Krayem (winner of the contest for 

presentations of clinical cases).  

At the end of the 3 days of congress, each 

participant left with new interesting and “up-to-date” 

knowledge, and with new memories to share with 

other neurosurgery enthusiasts.
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