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HYDROCEPHALIE AIGUË ET INFARCTUS CÉRÉBRAUX RETARDÉS DANS LES 
SUITES D’HÉMORRAGIE SOUS ARACHNOIDIENNE ANÉVRISMALE 

 
Résumé 

Introduction : Les infarctus cérébraux retardés compliquant les suites d’hémorragies sous-

arachnoïdiennes anévrismales sont une cause majeure de morbi-mortalité, et les mécanismes 

physiopathologiques responsables ne sont pas encore totalement élucidés. 

Objectif : Nous avons émis l’hypothèse que l’hydrocéphalie aiguë pourrait être une des causes 

d’ischémie cérébrale retardée, indépendamment de la survenue et de la sévérité du vasospasme.  

Méthodes : Les données cliniques et radiologiques des patients pris en charge pour hémorragie sous 

arachnoïdienne anévrismale dans notre centre entre 2017 et 2020 ont été rétrospectivement analysées. 

L’infarctus cérébral retardé a été défini comme tout infarctus visible à l’imagerie dans les 6 semaines 

suivant la rupture anévrismale. L’hydrocéphalie aiguë était retenue sur l’imagerie d’admission dès que 

l’index bicaudé relatif était supérieur à 1. Le vasospasme cérébral était diagnostiqué sur l’analyse du 

diamètre des artères intra-crâniennes. Nous avons utilisé des modèles uni- et multivariés pour vérifier 

les associations entre ces variables. 

Résultats : Sur les 164 patients inclus, le vasospasme était présent chez 58 patients (35.4%), et 

l’infarctus cérébral retardé chez 47 (28.7%). L’hydrocéphalie aiguë était diagnostiquée chez 85 

patients (51.8%) sur l’imagerie d’admission. Aucune relation n’a été démontrée entre l’hydrocéphalie 

aiguë et la survenue d’infarctus cérébral retardé dans notre analyse multivariée (OR ajusté : 1.20 95% 

CI [0.43– 3.37]; p =0.732). Seule la survenue de vasospasme était indépendamment associée à 

l’infarctus cérébral retardé (OR ajusté : 10.97 95% CI [4.60 – 26.01]).  

Conclusion : Notre étude n’a pas démontré d’association entre l’hydrocéphalie aiguë et l’infarctus 

cérébral retardé, même après ajustement en fonction de la survenue et de la sévérité du vasospasme.  

Mots-clés : Infarctus cérébral retardé, hydrocéphalie aiguë, hémorragie sous arachnoïdienne 

anévrismale, vasospasme. 
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ACUTE HYDROCEPHALUS AND DELAYED CEREBRAL INFARCTION AFTER 
ANEURISMAL SUBARACHNOID HEMORRHAGE 

 
Abstract 

Background: Delayed cerebral infarction (DCIn) following aneurysmal subarachnoid hemorrhage 

(aSAH) is a major cause of morbi-mortality, yet the causes for DCIn remain incompletely understood.  

Objective: We tested the hypothesis that acute hydrocephalus could be related to the occurrence of 

DCIn, independently of the occurrence and severity of vasospasm.  

Methods: Radiological and clinical data of patients treated at a single large volume academic center 

for aSAH between 2017 and 2019 were retrospectively analyzed.  DCIn was defined as imaging 

stigma of cerebral infarction visible on 6 weeks imaging follow-up after aSAH. Hydrocephalus was 

defined on baseline imaging as a relative bicaudate index above 1. Cerebral vasospasm was defined by 

reduction of arteries diameter in comparison with initial diameter. We used uni- and multivariable 

models to test the associations between these variables, hydrocephalus and DCIn. 

Results: Of 164 included patients, vasospasm occurred in 58 patients (35.4%), and DCIn in 47 

(28.7%). Acute hydrocephalus was present in 85 patients (51.8%) on baseline CT. No relation was 

found between acute hydrocephalus and delayed cerebral infarction in our multivariate analysis 

(adjusted OR: 1.20 95% CI [0.43– 3.37]; p =0.732). Only vasospasm occurrence was independently 

associated with DCIn (adjusted OR: 10.97 95% CI [4.60 – 26.01]).  

Conclusion: Our study did not show an association between acute hydrocephalus and DCIn after 

aSAH, after adjustment for the presence and severity of cerebral vasospasm.  

Keywords: Delayed cerebral infarction, acute hydrocephalus, aneurysmal subarachnoid hemorrhage, 

vasospasm. 
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List of acronyms 
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Introduction 

Delayed cerebral ischemia (DCI) is a major cause of morbi-mortality in patients with 

aneurysmal subarachnoid hemorrhage (aSAH) [1]. DCI is a clinical-imaging syndrome 

consisting of focal neurological and/or cognitive deficits and/or cerebral infarction on 

CT/MRI, occurring in approximately one third of patients between 3–15 days following the 

initial hemorrhage [2], resulting from seemingly complex micro- and macrovascular secondary 

brain insults [3,4]. The causes of DCI are still to be elucidated, currently believed to be diverse 

[5]. Indeed, while cerebral vasospasm has been consistently associated with DCI [6], other 

factors such as cerebral oedema, cerebral autoregulation impairment, inflammation and 

oxidative stress, cortical spreading depression and microthrombosis are likely important but 

understudied factors [7]. The suspected role of these factors is substantiated by the paradoxical 

results of many previous DCI targeted therapies, that demonstrated a significant improvement 

on vasospasm, but failed to improve the rates of DCI and favorable outcomes [8]. 

Amongst potential factors, acute hydrocephalus remains poorly explored [9] while this frequent 

phenomenon following aSAH has been linked to various direct and indirect mechanisms that 

may be at play to explain DCI occurrence variations amongst individuals [10,11]. The 

association between acute hydrocephalus and DCI has been only scantly studied despite the 

pathophysiological rationale: by increasing intracranial pressure, acute hydrocephalus could 

reduce cerebral perfusion and, if left non treated, leading to cerebral ischemia [12,13]. Further, 

as vasospasm [14], DCI and acute hydrocephalus are largely determined by the abundance of 

the initial bleed [15-17], investigating their inter-relationship is of importance to shed light on 

the mechanisms for DCI [18-20]. 

In a retrospective cohort of patients with aSAH, we tested the hypothesis that acute 

hydrocephalus may be related to the occurrence of DCIn, adjusting for the occurrence of 

numerous factors, especially vasospasm and his severity. 
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Patients and Methods 

Patients’ selection 

Patients admitted at our center following aSAH between January 2017 and January 2020 were 

screened for inclusion. They were analyzed if they presented within 7 days of symptoms 

onset, compatible with SAH due to an intracranial aneurysm rupture, as demonstrated using 

CT and CT-Angiography or MR and MR-Angiography.  

Patients with other etiologies of SAH, patients who died in the first 10 days following 

hemorrhage, mostly due to massive hemorrhage leading to global cerebral oedema and 

ischemia, and patients with missing data due to an early interfacility transfer were excluded. 

Data collection and variables’ definitions 

For each patient, surgical clipping or endovascular coiling was performed as soon as possible 

following admission. The initial clinical severity was assessed using the World Federation of 

Neurosurgical Societies grading scale [21] (WFNS). Aneurysmal SAH was diagnosed by the 

presence of blood on CT or MRI. The amount of cisternal blood on initial exam was graded 

according to the Fisher [22] and Hijdra [23] scales. Baseline demographics as well as past 

medical history were collected using health electronic records.  

Delayed cerebral ischemia is defined as a focal neurologic impairment lasting at least 1 hour, 

not apparent immediately following aneurysm repair and not attributed to other causes, or a 

decrease of at least 2 points on the Glasgow Coma Scale, or the presence of a cerebral 

infarction on MRI or CT performed within 6 weeks following the aSAH [24]. We decided to 

focus on delayed cerebral infarction (DCIn), a more objective and reproducible criterion: 

DCIn was defined in our study by a new hypodense lesion on CT or a new hyperintensity on 

DWI or FLAIR, that was not visible on admission or on the immediate postoperative CT, 

corresponding to a vascular territory not attributable to other causes such as surgical clipping, 

endovascular treatment, ventricular catheter placement, or intraparenchymal hematoma.  
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Ventricular enlargement on the admission imaging was quantified by measuring the bicaudate 

index (BCI) [25]. The BCI is defined as the width of the frontal horns at the level of the 

caudate nuclei divided by the corresponding diameter of the brain, as shown in Figure 1. To 

calculate age-adjusted relative sizes, the BCIs were divided by the corresponding upper limit 

(95th percentile) per age group (rBCI). The measurements of the bicaudate index were done 

blinded to the subsequent occurrence of DCIn.   

Hydrocephalus was defined as a rBCI greater than 1. External ventricular shunting was 

decided when acute hydrocephalus was associated with neurological deterioration. 

 

 

Figure 1: Illustration of the method for measuring bicaudate index. The width of the frontal 
horns at the level of the caudate nuclei = 3.9 cm. The diameter of the brain at the same level = 

12.8 cm. BCI = 3.9/12.8 = 0.30. Patient was 61. rBCI = 1.6 
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Vasospasm was defined as an objective continuous measure of the intracranial artery diameter 

on follow-up CT Angiogram performed for neurological deterioration, or when doppler 

velocities increased over 130 cm/s during daily TCD monitoring. Its prevention consisted of 

nimodipine administration during the first 21 days. When vasospasm occurred, endovascular 

treatment was discussed for each patient. Vasospasm was rated as severe when narrowing of 

the arterial diameter was greater than 50% compared to the admission CT [26]. When CT 

perfusion was performed, data were analyzed.                         

MRI and CT were analyzed by two neuroradiologists regarding DCIn and arterial diameter in 

vasospasm, and dissensus were resolved by consensus.                                   

Statistical analyses 

Frequency counts are presented as percentage. Continuous and ordinally scaled variables were 

tested for normal distribution using the Kolmogorov–Smirnov test and are presented as mean 

± standard deviation (SD) and/or as median with interquartile range (IQR). Continuous 

parameters are compared among patients by either Student’s t-test in case of a normal 

distribution or by the Mann-Whitney U-test in case of a non-normal distribution. Contingency 

analyses for categorical variables were performed using the Chi-square test. We performed 

multivariable analysis for DCIn occurrence using a binary logistic regression model. In 

multivariable models, we adjusted for factors with a p-value < 0.1 in univariate analysis. A 2-

sided P-value < 0.05 was considered significant.  We performed all statistical analysis using 

the SPSS software (version 22; IBM Corp.). 

Ethics 

In accordance with French legislation on the re-use of health data acquired as part of routine 

care, patients were informed they could oppose the use of their health-related data for research 

purposes, and written informed consent waived.  
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Results 

Patients’ selection and study sample 

Between January 2017 and January 2020, 213 patients with SAH were admitted at our 

institution. 49 patients were excluded. Figure 2 presents a detailed flowchart of patients’ 

selection.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

Figure 2: Study flow charts 
 

213 patients with SAH 

191 patients  

184 patients  

174 patients  

Study sample 

164 patients  

Non aneurysmal SAH (22) 

No baseline imaging available (7) 

Died within ten days (10) 

rBCI not mesurable (10) 
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The final analysis included 164 patients with aSAH with a CT scan performed within 7 days 

after the ictus. 

Median age was 53.8 years [45.2 – 61.8] and 107 patients (65.2%) were women. 40.9 percent 

of patients had history of smoking. 50 patients (30.5%) suffered of high blood pressure.  

At the admission, 84 patients (51.2%) were WFNS I, 17.7% were WFNS II, 1.2% were 

WFNS III, 13.4% were WFNS IV and 16.5% were WFNS V. 

On admission CT scan, the median Hijdra score was 18 [9 – 25]. The ruptured aneurysm was 

located in the anterior circulation in 151 patients (92.1%). 

141 patients (86%) were treated with endovascular embolization and 23 patients (14%) 

underwent surgical clipping.  Cerebral infarction or contusion attributed to a complication 

from endovascular treatment or surgical clipping was diagnosed for 32 patients (19.5%). 

Baseline characteristics of included patients are summarized in Table 1.  
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Table 1: Patient’s characteristics 

Variables n =164 
Baseline characteristics   
Age (years) 53,8 [45,2 – 61,8] 
Female sex 107 (65.2%) 
Active smoking 67 (40,9%) 
Excess alcohol consumption 10 (6,1%) 
Previous SAH  1 (0,6%) 
Familial SAH history 4 (2,4%) 
High Blood Pressure 50 (30,5%) 
Dyslipidemia 16 (9,8%) 
Diabetes mellitus 3 (1,8%) 
Ischemic heart disease 2 (1,2%) 
Antiplatelet treatment 6 (3,7%) 
Anticoagulant treatment 4 (2,4%) 
SAH characteristics and management   
Anterior location aneurysm 151 (92,1%) 
Fisher grade   
I 3 (1,8%) 
II 9 (5,5%) 
III 8 (4,9%) 
IV 144 (87,8%) 
WFNS grade   
1 84 (51,2%) 
2 29 (17,7%) 
3 2 (1,2%) 
4 22 (13,4%) 
5 27 (16,5%) 
Hijdra Scale (total) 18 [9 - 25] 
Baseline rCBI 1 [0,8 - 1,1] 
Treatment modality   
Clipping 23 (14%) 
Coiling 141 (86%) 
Acute hydrocephalus  85 (51,8%) 
Requiring EVD 62 (37,8%) 
Requiring VPS 26 (15,9%) 
Vasospasm 58 (35,4%) 
> 50% 44/58 (76%) 
Delayed Cerebral Ischemia 47 (28,7%) 
 
 

 

 



 20 

Hydrocephalus occurrence and determinants 

Acute hydrocephalus occurred in 85 patients (51.8 %) and 62 (37.8 % of the 164 patients) 

were treated by external ventricular drain (EVD) within 3 days following admission. 26 

patients (15.9 %) were treated by Ventricule-Peritoneal Shunting. The distribution of the rBCI 

at admission is shown in Figure 3.  

Hydrocephalus was more frequent in patients with higher Hijdra scale scores (mean 22,5 ± 

SD 9,5 in patients with hydrocephalus, versus 12,2 ± 8 in those without; p < 0.01), with 

higher Fisher scale grades (4 ± SD 0,2 versus 3,6 ± 0,8; p < 0.01), higher WFNS grades (3 ± 

SD 1,6 vs 1,5 ± 1,1; p < 0.001). Other patient or SAH related variables did not influence the 

risk for acute hydrocephalus.  

 

 

Figure 3: rBCI distribution at the admission. Histogram plot (bottom), box plot (top) and 
normogram (line) displaying the distribution of rBCI on admission CT. 
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Vasospasm occurrence 

Vasospasm occurred in 58 patients (35.4%) and 44 of them (76% of the 58 patients) 

developed severe vasospasm defined by narrowing of arterial diameter greater than 50%. 

 

Table 2: Univariable analysis of DCIn determinants 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 
DCIn occurrence and determinants  

DCIn occurred in 47 patients (28.7%) and was found to be more frequent in patients under 

antiplatelet treatment (8,5% vs 1,7%; p=0.059), in patients with higher WFNS grades (mean 

 Variables  DCIn (n=47) No DCIn (n=117) p value 
Age (years) 54,3 ± 13,2 53,7 ± 13 0.801 
Female sex 31 (66%) 76 (65%) 1.000 
Previous aSAH 0 (0%) 1 (2,1%) 0.288 
Family history of 
aSAH 

0 (0%) 4 (3,4%) 0.579 
Antiplatelet treatment 4 (8,5%) 2 (1,7%) 0.059 
Dyslipidemia 6 (12,8%) 10 (8,5%) 0.397 
Diabetes Mellitus 1 (2,1%) 2 (1,7%) 0.748 
Active smoking 20 (42,6%) 47 (40,2%) 0.861 
High blood pressure 15 (31,9%) 35 (29,9%) 0.852 
Alcoholism  9 (19,1%) 1 (0,9%) 0.352 
    
Fisher Grade  3,8 ± 0,7 3,8 ± 0,6 0.993 
WFNS scale 3,1 ± 1,7 1,9 ± 1,4 <0.001 
Total Hijdra scale 21,5 ± 10,4 15,9 ± 9,7 <0.001 
Baseline rBCI 1 ± 0,3 0,9 ± 0,2 0.051 
rBCI < 1 19 (40,4%) 69 (59%) 0.038 
Treatment modality 

   

Surgery 8 (17%) 15 (12,8%) 0.467 
Embolization 39 (83%) 102 (87,2%) 0.467 
Vasospasm 
occurrence  

36 (76,6%) 22 (18,8%) <0.001 
Hydrocephalus 32 (68,1%) 53 (45,3%) <0.001 
EVD placement 27 (57,4%) 35 (29,9%) 0.001 
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3,1 ± SD 1,7 versus 1,9 ± 1,4; p <0.001), higher total Hijdra scale (21,5 ± 10,4 vs 15,9 ± 9,7; 

p < 0.001), with hydrocephalus (68,1% vs 45,3%; p <0.001) and with EVD placement (57,4% 

vs 29,9%; p=0.001). Details are presented in Table 2. 

In the multivariable model, adjusting for Hijdra scale, WFNS score, Vasospasm occurrence, 

EVD placement and hydrocephalus, only vasospasm occurrence remained independently 

associated with DCIn (adjusted OR: 10.97 95% CI [4.60 – 26.01]). Hydrocephalus was not 

associated with DCIn (adjusted OR: 1.20 95% CI [0.43– 3.37]; p = 0.732).  

 

Table 3: DCIn occurences per range of rBCI 

 

rBCI range n patients (total, 164) Occurrence of DCIn p value 
< 1  88 19 (21,6%) 0.04 
1 - 1.2 48 16 (33,3%) 0.45 
1.2 - 1.5 23 10 (43,5%) 0.13 
>1.5 5 2 (40%) 0.65 
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Discussion 

In this retrospective analysis of prospectively registered patients, we found no independent 

association between acute hydrocephalus and DCIn.  While we found an univariate 

association between these variables, it was not maintained after adjustment for confounding 

factors, and most notably the Hijdra and WFNS scale, both reflecting the abundance of initial 

bleeding which likely confounded the univariable association [27-29].  

Our results corroborate a previous study by Bakker & al [13] that also showed that acute 

hydrocephalus was not a risk factor for the occurrence of DCIn. In this work that included 321 

patients within 4 days of aSAH, the authors had not adjusted their analyses for the occurrence 

or severity of vasospasm, and their work was hence not designed to address this specific 

question. From a pathophysiological standpoint, it is well established that brain hypoperfusion 

during SAH is at least partially explained by raised intracranial pressure resulting from 

hydrocephalus, amongst other factors [30], substantiating our working hypothesis by which 

hydrocephalus may contribute to DCIn [31-33].  

There’s been reports of both neurological symptoms and perfusion defects reversal following 

aggressive CSF diversion for acute hydrocephalus in patients with aSAH and symptomatic 

cerebral vasospasm [34,35].  In turn, we consider the possibility that the association between 

hydrocephalus and DCIn in our sample may have been dimmed by an adequate management 

of acute hydrocephalus by EVD, reducing the delays until intracranial pressure normalization 

and potentially minimizing the secondary injury mechanisms that may underlie an association 

with DCIn.  

Importantly, as early evacuation of subarachnoid blood has been reported to be the most 

important strategy to reduce the risk of future shunt dependent hydrocephalus [36], it may have 

an additional role in limiting hypoperfusion and resulting DCIn.  
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Also, as shown by van Asch et al [11], the impact of hydrocephalus is a more local than a 

global process and the effect seems to be more pronounced in the vicinity of the ventricles 

than in more remote sites with hypoperfusion mostly localized in deep grey matter and 

periventricular white matter. As we did not investigate the infarcts patterns, we are unable to 

substantiate this hypothesis. 

An other interesting point is that hydrocephalus may indirectly contribute to DCI by releasing 

natriuretic factor and favouring natriuretic peptid secretion syndrome [18,37], possibly due to 

the enlargement of the third ventricle, which could interfere with hypothalamic function. 

Nowadays, this syndrome is correctly treated with sodium and fluid restoration and inhibition 

of natriuresis with fludrocortisone acetate, which would notably reduce the risk of vasospasm 

and therefore of DCI [38]. 

Of note, acute hydrocephalus treatment is not subject of consensus and EVD placement 

happens to be at the center’s discretion. In our center, we treat symptomatic acute 

hydrocephalus and practice “wait and see” for the asymptomatic ones. As our study didn’t 

show any link between hydrocephalus and DCIn, we could think that’s a correct care policy, 

trying to avoid complications from EVD (infection, rebleeding) [39] but keep reducing 

intracranial pressure and increase cerebral perfusion by EVD placement when hydrocephalus 

is symptomatic, to avert resulting complications of prolonged ventricle enlargement [40]. 

Our study has several limitations.   

First, it is a retrospective mono centric study, leading to limited external validity and potential 

biases.  

Second, acute hydrocephalus was either symptomatic and treated by EVD or clinically silent. 

In our sample we did not investigate the longitudinal effects of increased ventricular volume 

on cerebral perfusion and the occurrence of DCIn.  
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Third, DCIn has been radiologically defined as every new cerebral infarction, with inevitable 

difficulties in assessing whether they were delayed infarctions, related to the procedure, or 

related to hematoma resorption or the presence of material. We aimed to minimize this bias 

by a doubled assessment with dissensus resolved in consensus.  

Importantly, there was no prespecified timing for follow-up CT for the hydrocephalus 

evolution, and imaging was obtained at the attending’s discretion, based on clinical evolution.   

Strengths include a well phenotyped series of patients with aSAH, including notably a 

quantitative assessment of vasospasm severity, which is recognized in itself as a predictor of 

DCI and DCIn. 
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Conclusion 

In a retrospective sample of patients with aSAH, there was no association between acute 

hydrocephalus occurence or its severity, and the occurrence of DCIn.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 27 

References 

1 Roos YB, de Haan RJ, Beenen LF, Groen RJ, Albrecht KW, Vermeulen M. Complications 

and outcome in patients with aneurysmal subarachnoid haemorrhage: a prospective hospital-

based cohort study in The Netherlands. J Neurol Neurosurg Psychiatry. 2000 Mar;68(3):337-

41. doi: 10.1136/jnnp.68.3.337 

2 Dorsch NW, King MT. A review of cerebral vasospasm in aneurysmal subarachnoid 

haemorrhage Part I: Incidence and effects. J clin Neuroscience. 1994 Jan;1(1):19-26. doi: 

10.1016/0967-5868(94)90005-1 

3 Bosche B, Graf R, Ernestus, R-I, Dohmen C, Reithmeier T, Brinker G, Strong AJ, Dreier JP, 

Woitzik J. Recurrent spreading depolarizations after subarachnoid hemorrhage decreases 

oxygen availability in human cerebral cortex. Ann Neurol. 2010 May; 67(5): 607–617. doi: 

10.1002/ana.21943 

4 MacDonald RL. Delayed neurological deterioration after subarachnoid haemorrhage. Nat 

Rev Neurol 2014 Jan;10(1):44-58. doi: 10.1038/nrneurol.2013.246 

5 Rowland MJ, Hadjipavlou G, Kelly M, Westbrook J, Pattinson KTS. Delayed cerebral 

ischaemia after subarachnoid haemorrhage: looking beyond vasospasm. Br J Anaesth. 2012 

Sep;109(3):315-29. doi: 10.1093/bja/aes264. 

6 Brami J, Chousterman B, Boulouis G, Le Dorze M, MajlathM, Saint-Maurice JP, Civelli V, 

Froelich S, Houdart E, Labeyrie MA. Delayed cerebral infarction is systematically associated 

with a cerebral vasospasm of large intracranial arteries. Neurosurgery. 2020 Feb 

1;86(2):E175-E183. doi: 10.1093/neuros/nyz340. 

7 Budohoski KP, Guilfoyle M, Helmy A, Huuskonen T, Czosnyka M, Kirollos R, Menon DK, 

Pickard JD, Kirkpatrick P. The pathophysiology and treatment of delayed cerebral ischaemia 

following subarachnoid haemorrhage. J Neurol Neurosurg Psychiatry. 2014 Dec;85(12):1343-

53. doi: 10.1136/jnnp-2014-307711. 



 28 

8 Boulouis G, Labeyrie MA, Raymond J, Rodriguez-Régent C, Lukaszewicz AC, Bresson D, 

Ben Hassen W, Tristram D, Meder JF, Oppenheim C, Naggara O. Treatment of cerebral 

vasospasm following aneurysmal subarachnoid haemorrhage: a systematic review and meta-

analysis. Eur Radiol. 2017 Aug;27(8):3333-3342. doi: 10.1007/s00330-016-4702-y 

9 Chen S, Lou J, Reis C, Manaenko A, Zhang J. Hydrocephalus after subarachnoid 

hemorrhage: pathophysiology, diagnosis, and treatment. Biomed Rest Int. 

2017;2017:8584753. doi: 10.1155/2017/8584753 

10 Starnoni D, Maduri R, Hajdu SD, Pierzchala K, Giammattei L, Rocca A, Grosfilley SB, 

Saliou G, Messerer M, Roy. Early Perfusion Computed Tomography Scan for Prediction of 

Vasospasm and Delayed Cerebral Ischemia After Aneurysmal Subarachnoid Hemorrhage. 

World Neurosurg. 2019 Oct;130:e743-e752. doi: 10.1016/j.wneu.2019.06.213  

11 van Asch CJ, van der Schaaf IC, Rinkel GJ. Acute hydrocephalus and cerebral perfusion 

after aneurysmal subarachnoid hemorrhage. Am J Neuroradiol. 2010 Jan;31(1):67-70. doi: 

10.3174/ajnr.A1748 

12 Sehba FA, Ryszard JH, Pluta M, Zhang JH. The importance of early brain injury after 

subarachnoid hemorrhage. Prog Neurobiol. 2012 Apr;97(1):14-37. doi: 

10.1016/j.pneurobio.2012.02.003 

13 Bakker AM, Dorhout SM, Algra A, Rinkel GJ. Extent of acute hydrocephalus after 

aneurysmal subarachnoid hemorrhage as a risk factor for delayed cerebral infarction. Stroke. 

2007;38:2496–2499.  

doi: 10.1161/STROKEAHA.107.484220 

14 Dupont SA, Wijdicks FM, Manno EM, Lanzino G, Rabinstein A. Prediction of 

angiographic vasospasm after aneurysmal subarachnoid hemorrhage: value of the Hijdra sum 

scoring system. Neurocrit Care. 2009;11(2):172-6. doi: 10.1007/s12028-009-9247-3. 



 29 

15 Van der Steen WE, Leemans EL, van den Berg R, Roos YB, Marquering HA, Verbaan D, 

Majoie C. Radiological scales predicting delayed cerebral ischemia in subarachnoid 

hemorrhage: systematic review and meta-analysis. Neuroradiology. 2019 Mar;61(3):247-256. 

doi: 10.1007/s00234-019-02161-9 

16 Bosche B, Mergenthaler P, Doeppner TR, Hescheler J, Molcanyi M. Complex clearance 

mechanisms after intraventricular hemorrhage and rt-PA treatment – a review on clinical 

trials. Transl Stroke Res. 2019 Oct.  

doi: 10.1007/s12975-019-00735-6  

17 Hasan D, Tanghe HL. Distribution of cisternal blood in patients with acute hydrocephalus 

after subarachnoid hemorrhage. 1992 Apr;31(4):374-8. doi: 10.1002/ana.410310405 

18 Balbi M, Koide M, Schwarzmaier SM, Wellman GC, Plesnila N. Acute changes in 

neurovascular reactivity after subarachnoid hemorrhage in vivo. J Cereb Blood Flow Metab. 

2017 Jan; 37(1): 178-187.  

doi: 10.1177/0271678X15621253 

19 Neifert SN, Chapman EK, Martini ML, Shuman WH, Schupper AJ, Oermann EK, Mocco J, 

Macdonald RL. Aneurismal subarachnoid hemorrhage: the last decade. Trans Stroke Res 

2021 Jun;12 (3):428-446.  

doi: 10.10007/s12975-020-00867-0  

20 Hammer A, Erbguth F, Hohenhaus M, Hammer CM, Lücking H, Gesslein M, Killer-

Oberpfalzer M, Steiner HH, Janssen H. Neurocritical care complications and interventions 

influence the outcome in aneurysmal subarachnoid hemorrhage. BMC Neurol. 2021 Jan 

19;21(1):27. doi: 10.1186/s12883-021-02054-6 

21 Sano H, Satoh A, Murayama Y, Kato Y, Origasa H, Inamasu J, Nouri M, Cherian I, Saito 

N. Modified World Federation of Neurosurgical Societies subarachnoid hemorrhage grading 

system. World Neurosurg. 2015 May;83(5):801-7. doi: 10.1016/j.wneu.2014.12.032 



 30 

22 Lindvall P, Runnerstam M, Birgander R, Koskinen LO. The Fisher grading correlated to 

outcome in patients with subarachnoid haemorrhage. Br J Neurosurg. 2009 Apr;23(2):188-92. 

doi: 10.1080/02688690802710668. 

23 Bretz JS, Von Dincklage F, Woitzik J, Winkler MK, Major S, Dreier JP, Bohner G, School 

M. The Hijdra scale has significant prognostic value for the functional outcome of Fisher 

grade 3 patients with subarachnoid hemorrhage. Clin Neuroradiol. 2017 Sep;27(3):361-369. 

doi: 10.1007/s00062-016-0509-0 

24 Mervyn D.I. Vergouwen, Marinus Vermeulen, Jan van Gijn, Gabriel J.E. Rinkel, Eelco F. 

Wijdicks, J. Paul Muizelaar, A. David Mendelow, Seppo Juvela, Howard Yonas, Karel G. 

Terbrugge, R. Loch Macdonald, Michael N. Diringer, Joseph P. Broderick, Jens P. Dreier and 

Yvo B.W.E.M. Roos. Definition of Delayed Cerebral Ischemia After Aneurysmal 

Subarachnoid Hemorrhage as an Outcome Event in Clinical Trials and Observational Studies: 

Proposal of a Multidisciplinary Research Group. Stroke. 2010;41:2391-2395. doi: 

10.1161/STROKEAHA.110.589275 

25 van Gijn J, Hijdra A, Wijdicks FM, Vermeulen M, Van Crevel H. Acute hydrocephalus 

after aneurysmal subarachnoid hemorrhage. J Neurosurg. 1985 Sep;63(3):355-62. doi: 

10.3171/jns.1985.63.3.0355 

26 Ditz C, Leppert J, Neumann A, Krajewski KL, Gliemroth J, Tronnier VM, Küchler J. 

Cerebral vasospasm following spontaneous subarachnoid hemorrhage: Angiographic pattern 

and its impact on the clinical course. World Neurosurg. 2020 Jun;138:e913-e921. doi: 

doi.org/10.1016/j.wneu.2020.03.146 

27 Hijdra A, van Gijn J, Nagelkerke NJ, Vermeulen M, van Crevel H. Prediction of delayed 

cerebral ischemia, rebleeding, and outcome after aneurysmal subarachnoid hemorrhage. 

Stroke. 1988;19:1250-1256.  

doi: 10.1161/01.str.19.10.1250 



 31 

28 Brouwers PJ, Dippel DW, Vermeulen M, Lindsay KW, Hasan D, van Gijn J. Amount of 

blood on computed tomography as an independent predictor after aneurysm rupture. Stroke. 

1993;24:809-814.  

doi: 10.1161/01.str.24.6.809 

29 Hop JW, Rinkel GJ, Algra A, van Gijn J. Initial loss of consciousness and risk of delayed 

cerebral ischemia after aneurysmal subarachnoid hemorrhage. Stroke. 1999;30:2268-2271. 

http://doi.org/10.1161/01.str.30.11.2268 

30 Black PM: Hydrocephalus and vasospasm after subarachnoid hemorrhage from ruptured 

intra-cranial aneurysms. Neurosurgery 1986;18:12-16. doi: 10.1227/00006123-198601000-

00003 

31 Weidauer S, Lanfermann H, Raabe A, Zanella F, Seifert V, Beck J. Impairment of cerebral 

perfusion and infarct patterns attributable to vasospasm after aneurysmal subarachnoid 

hemorrhage: a prospective MRI and DSA study. Stroke. 2007 Jun;38(6):1831-6. doi: 

10.1161/STROKEAHA.106.477976 

32 Etminan N, Beseoglu K, Heiroth HJ, Turowski B, Steiger HJ, Hanggi D. Early perfusion 

computerized tomography imaging as a radiographic surrogate for delayed cerebral ischemia 

and functional outcome after subarachnoid hemorrhage. Stroke. 2013;44:1260-1266. doi: 

10.1161/STROKEAHA.111.675975 

33 Dong L, Zhou Y, Wang M, Yang C, Yuan Q, Fang X. Whole-brain CT perfusion on 

admission predicts delayed cerebral ischemia following aneurysmal subarachnoid 

hemorrhage. Eur J Radiol. 2019 Jul;116:165-173. doi: 10.1016/j.ejrad.2019.05.008 

34 Fugate JE, Rabinstein AA, Wijdicks EF, Lanzoni G. Aggressive CSF Diversion Reverses 

Delayed Cerebral Ischemia in Aneurysmal Subarachnoid Hemorrhage: A Case Report. 

Neurocrit Care. 2012;17:112–116. doi: 10.1007/s12028-012-9723-z 



 32 

35 Hammer A, Erbguth F, Hohenhaus M, Hammer CM, Lücking H, Gesslein M, Killer-

Oberpfalzer M, Steiner HH, Janssen H. Neurocritical care complications and interventions 

influence the outcome in aneurysmal subarachnoid hemorrhage. BMC Neurology. 

2021;21:27. doi: 10.1186/s12883-021-02054-6 

36 Hirashima Y, Hamada Y, Hamada H, Hayashi N, Kuwayama N, Origasa H, Endo S. 

Independent predictors of late hydrocephalus in patients with aneurysmal subarachnoid 

hemorrhage – analysis by multivariate logistic regression model. Crebrovasc Dis. 

2003;16(3):205-10. doi: 10.1186/s13037-018-0160-6 

37 Yoshino M, Yoshimi Y, Taniguchi M, Nakamura S, Ikeda T. Syndrome of inappropriate 

secretion of antidiuretic hormone associated with idiopathic normal pressure hydrocephalus. 

Intern Med. 1999 Mar;38(3):290-2. doi: 10.2169/internalmedicine.38.290 

38 Nakagawa I, Hironaka Y, Nishimura F.Early inhibition of natriuresis suppresses 

symptomatic cerebral vasospasm in patients with aneurysmal subarachnoid hemorrhage. 

Cerebrovasc Dis. 2013 ;35:131–7.  

doi: 10.1159/000346586 

39 Dakson A, Kameda-Smith M, Staudt MD, Lavergne P, Makarenko S,Eagles ME, Ghayur 

H, Guo RC, Althagafi A, Chainey J, Touchette CJ, Elliott C, Iorio-Morin C, Tso MK, Green 

R Bargone L, Christie SD. A nationwide prospective multicenter study of external ventricular 

drainage: accuracy, safety, and related complications. J Neurosurg. 2021 Nov;1-9. 

doi:10.3171/2021.7.JNS21421. 

40 L Jingjing, J Nan, Y Zhonghua, Z Xingquan.J Clin Neurosci. Prognosis and treatment of 

acute hydrocephalus following aneurysmal subarachnoid haemorrhage. J Clin Neurosci. 2012 

May;19(5):669-72. doi: 10.1016/j.jocn.2011.06.032 

 



 33 

 
 

 
 
 
 

 
   

  

   
Vu, le Directeur de Thèse                                    
 Vu, le Doyen 
  De la Faculté de Médecine de Tours 
  Tours, le        



 35 

 

 

Thèse de : MASSON Axel 
Nombre de pages : 35 pages – Nombre de figures : 3 – Nombre de tableaux : 3  
 
Introduction : Les infarctus cérébraux retardés compliquant les suites d’hémorragies sous-
arachnoïdiennes anévrismales sont une cause majeure de morbi-mortalité, et les mécanismes 
physiopathologiques responsables ne sont pas encore totalement élucidés. 
 
Objectif : Nous avons émis l’hypothèse que l’hydrocéphalie aiguë pourrait être une des causes 
d’ischémie cérébrale retardée, indépendamment de la survenue et de la sévérité du vasospasme.  
 
Méthodes : Les données cliniques et radiologiques des patients pris en charge pour hémorragie sous 
arachnoïdienne anévrismale dans notre centre entre 2017 et 2020 ont été rétrospectivement analysées. 
L’infarctus cérébral retardé a été défini comme tout infarctus visible à l’imagerie dans les 6 semaines 
suivant la rupture anévrismale. L’hydrocéphalie aiguë était retenue sur l’imagerie d’admission dès que 
l’index bicaudé relatif était supérieur à 1. Le vasospasme cérébral était diagnostiqué sur l’analyse du 
diamètre des artères intra-crâniennes. Nous avons utilisé des modèles uni- et multivariés pour vérifier 
les associations entre ces variables. 
 
Résultats : Sur les 164 patients inclus, le vasospasme était présent chez 58 patients (35.4%), et 
l’infarctus cérébral retardé chez 47 (28.7%). L’hydrocéphalie aiguë était diagnostiquée chez 85 
patients (51.8%) sur l’imagerie d’admission. Aucune relation n’a été démontrée entre l’hydrocéphalie 
aiguë et la survenue d’infarctus cérébral retardé dans notre analyse multivariée (OR ajusté : 1.20 95% 
CI [0.43– 3.37]; p =0.732). Seule la survenue de vasospasme était indépendamment associée à 
l’infarctus cérébral retardé (OR ajusté : 10.97 95% CI [4.60 – 26.01]).  
 
Conclusion : Notre étude n’a pas démontré d’association entre l’hydrocéphalie aiguë et l’infarctus 
cérébral retardé, même après ajustement en fonction de la survenue et de la sévérité du vasospasme.  
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