©

Intracranial vasospasm
Subarachnoid hemorrhage

Transcranial Doppler
ultrasonography

©

Vasoespasmo intracraneal

Hemorragia
subaracnoidea

Ultrasonografia Doppler
transcraneal

©

'Radiologist, Universidad
de Antioguia. Medellin, Co-
lombia.

2Neurointerventional radio-
logist, Radiology service
Hospital Universitario San
Vicente Fundacion. Professor,
Universidad de Antioquia.
Medellin, Colombia.

3Clinical toxicologist doctor
and clinical epidemiologist,
Universidad de Antioquia and
Hospital Universitario San
Vicente Fundacion. Medellin,
Colombia.

Rev. Colomb. Radiol. 2017; 28(2): 4657-62

Risk Factors for Cerebral
Vasospasm in Patients with
Spontaneous Subarachnoid
Hemorrhage

Factores de riesgo para vasoespasmo cerebral en pacientes
con hemorragia subaracnoidea espontdnea o

Modnica Royero Arias'
Carlos Diaz Pacheco?
Yuli Agudelo?

Summary

Objectives: Establish the association between cerebral vasospasm, detected by transcranial
doppler, with the clinical condition according to the scale of the World Federation of
Neurosurgical Societies (WFNS) and other risk factors in patients with spontaneous
subarachnoid hemorrhage. Materials and methods: This is an observational retrospective
case-control study, including 141 patients with a diagnosis of spontaneous subarachnoid
hemorrhage who underwent transcranial doppler monitoring in the radiology department of
the University Hospital San Vicente Foundation (HUSVF) from 8 March 2011 to 15 March 2015.
Of the total number of patients with subarachnoid hemorrhage, 47 cases with vasospasm,
detected by transcranial Doppler, and two controls without vasospasm (94 patients) were
consecutively chosen. Subsequently, we review the medical records and images stored in
the hospital's radiology department and established the association between vasospasm
detection by trasncranial Doppler with clinical neurological status at the time of the study
and other risk factors. For the analysis of the qualitative variables, absolute and relative
frequencies were used. Quantitative variables were tested for normal distribution with a
Shapiro Wilk test. Data with normal distribution were presented with means and standard
deviations and those without normal distribution with medians and interquartile ranges.
Homogeneity between the two groups were evaluated by Chi-square test and test for
homogeneity of variances, Levene’s test, according to the type of variable (qualitative
and quantitative respectively). Results were considered statistically significant if p < 0.05.
Results: Data from 141 patients (47 cases and 94 controls) were analyzed. The bivariate
analysis didn "t show statistically significant results in the relationship between vasospasm
and clinical neurological condition but found that patients younger than 50 years had
more vasospasm. In the adjusted model for patients with this age, the OR was 3.55 (95
% Cl, 1.52-7.39) and p: 0.003 when compared with older patients. Conclusions: This study
found that patients under 50 have a higher risk of developing vasospasm compared with
older patients and that there is no association between clinical condition and the results
of transcranial Doppler.

Resumen

Objetivos: Establecer la asociacion de vasoespasmo cerebral detectado por Doppler
transcraneal y la condicion clinica, de acuerdo con la escala de la Federacion Mundial de
Sociedades de Neurocirugia, y con otros factores de riesgo en pacientes con hemorragia
subaracnoidea espontédnea. Materiales y métodos: Estudio observacional retrospectivo
de casos y controles, con 141 pacientes diagnosticados con hemorragia subaracnoidea
espontdnea a quienes se les realizd Doppler transcraneal de seguimiento entre el 8 de marzo
de 2011y el 15 de marzo de 2015. Del total de pacientes se escogieron 47 con vasoespasmo
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detectado por Doppler transcraneal y 2 controles, sin vasoespasmo, por cada caso (94 pacientes). En las historias
clinicas y las imagenes de los pacientes se establecio la asociacion entre la deteccion de vasoespasmo por Doppler
transcraneal con la condicion clinica neuroldgica en el momento del examen, y otros factores de riesgo. Para el
analisis de las variables cualitativas se utilizaron frecuencias absolutas y relativas. Para variables cuantitativas
se utilizd la prueba de Shapiro Wilk. Los datos con distribucion normal se presentan con medias y desviaciones
estdndar y aquellos sin distribucion normal con medianas y rangos intercuartiles. Se evalud la homogeneidad entre
los dos grupos a través de la prueba de Chi cuadrado vy el test de homogeneidad de varianzas (Levene) de acuerdo
con el tipo de variable. Se considerd estadisticamente significativa una p £ 0,05. Resultados: El analisis bivariado
no demostrd resultados estadisticamente significativos en la relacion entre la condicion clinica neuroldgica y el
vasoespasmo, pero si encontrd que pacientes menores de 50 afnos de edad presentaron mas vasoespasmo (OR de
3,55[95 % IC; 1,52-7,39]), vy p: 0,003 que los de mayor edad. Conclusiones: Los pacientes menores de 50 aios de
edad tienen mas riesgo de desarrollar vasoespasmo y no existe asociacion entre la condicion clinica y los resultados

del Doppler transcraneal.

Introduction

Subarachnoid hemorrhage (SAH) is the appearance of blood be-
tween the arachnoid and pia mater due to rupture of intracranial ves-
sels. It may be of sporadic or traumatic origin and represents 5 % of the
causes of cerebrovascular events (1). 85 % of sporadic SAH are due to
ruptured brain aneurysms (2-4), which can be multiple and reappear
after treatment (5).

It is estimated that of the high proportion of potential life years lost
due to aneurysmal SAH (6), vasospasm is the main cause of morbidity
and mortality.

The diagnosis of SAH is established using imaging techniques
such as computed tomography (CT), angiotomography (angio CT),
magnetic resonance (MR), angio-resonance (angio MR) arteriography.
Non-contrast CT scanning is considered the initial diagnostic study that
is most useful because of its availability, sensitivity and speed. As for
accuracy, angiography is the gold standard for establishing the cause of
spontaneous SAH (7).

For the prognosis of patients in the emergency department, the
degree of neurological deterioration can be assessed by the applica-
tion of scales (8), such as Glasgow (9), Hunt and Hess (10) or the
classification scale of the World Federation of Neurosurgical Societies
(WENS); The latter stages patients in five categories to assist the in-
terventional radiologist or neurosurgeon in deciding between invasive
or conservative management in cases of aneurysmal SAH (11-12). In
this study, the WFNS scale was used to classify the neurological status
of the patients at the time of transcranial Doppler and to determine the
association with the result of vasospasm.

There may be secondary complications, such as hydrocephaly,
seizures, rebleeding, and vasospasm. The prevention of these plays an
important role in the treatment of SAH and for this different strategies
are used (13-16).

Vasospasm is the most common complication of aneurysmal SAH.
The typical manifestation is neurological deterioration between days
3 and 12 (7). When compromise is on the middle cerebral artery there
may be hemiparesis or hemiplegia and sensory deficit. In the vasospasm
of the vertebrobasilar circulation the clinical signs are more nonspe-
cific. It has been reported that up to 50 % of patients with angiographic
vasospasm are asymptomatic, which increases mortality and the risk of
permanent neurological deficit, which is why strict follow-up is neces-
sary to detect it in a timely manner (17).
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The imaging diagnosis of vasospasm can be made by two studies:
arteriography of cerebral vessels or transcranial Doppler. The latter is
noninvasive and more available for patients in intensive care units (18).

It is important to investigate the risk factors associated with vaso-
spasm in patients with SAH, in order to establish preventive and thera-
peutic treatments in a timely manner.

The aim of this study was to determine the association between the
clinical condition of the patient with subarachnoid hemorrhage, graded
according to the WENS scale, and transcranial Doppler results, based
on the hypothesis that patients with stage IV and V on the WENS scale
develop more vasospasm than those in stages I to III. In addition, other
variables were analyzed as possible risk factors associated with the de-
velopment of vasospasm.

Materials and methods

A retrospective observational study of cases and controls was per-
formed. We reviewed 141 cases of patients with spontaneous SAH who
underwent transcranial Doppler follow-up between March 8, 2011 and
March 15,2015. Seventy-seven cases were consecutively included with
vasospasm and two consecutive controls without vasospasm were sear-
ched for each case (94 patients) to complete the sample. The sample
size was calculated with the program Epidat version 3.0.

Afterwards, clinical histories and images of patients were reviewed
and the association between vasospasm and neurological clinical con-
dition was established through an analysis with the SPSS® software
(PASW statistics 21). Other baseline variables that were taken into ac-
count were personal history, Fisher ratings, modified Fisher, Glasgow
and Hunt and Hess scores.

Vasospasm was diagnosed with transcranial Doppler when the
mean flow velocities (MFV) in the middle cerebral artery were greater
than 120 cm / sec, and hyperemia was ruled out with a Lindegaard in-
dex of less than 3 (19-21).

Results

A total of 141 patients (47 cases and 94 controls) and 533
transcranial Doppler were included. Of the 141 patients, 135 had
aneurysm rupture (figure 1); in the remaining 6, the cause of the SAH
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was not demonstrated, and they received conservative treatment without  ges are also shown. The groups were heterogeneous only in relation to

developing vasospasm (figure 2). the age variable (p <0.05), therefore it was included in the multivariate

Table 1 shows the epidemiological and clinical characteristics of  analysis of the model. In addition, the baseline radiological characteris-
the patients included. In the variable age there was no normal distri- tics of the patients included are shown, cases (patients with vasospasm)
bution, which is why the median and their respective interquartile ran-  or controls.

Figure 1. Male patient, 47 years old. History of heavy smoking. Consultation for severe headache. WFNS grade I. a and b) axial single skull CT:
modified SAH Fisher grade 2. ¢) Sagittal: compatible image with basilar aneurysm. d, e and ) Arteriography: confirms broken giant aneurysm
of the basilar top, 25 mm in diameter, with a broad neck of 7 mm. The patient did not develop vasospasm in serial transcranial Doppler controls.

Figure 2. Female patient, 50 years old. Headache consultation. WFNS grade I. a and b) axial simple CT of skull: SAH, Fisher modified grade
1 of cortical pattern. Arteriography did not show aneurysms. Contrast MR was performed to rule out other causes. C) Sequences T1 and
d) FLAIR: Confirm SAH without other findings. The patient did not develop vasospasm in serial transcranial Doppler controls and was
discharged after 15 days of hospitalization.
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Table 1. Epidemiological and clinical characteristics of the patients

Variable

With vasospasm (n = 47)

Without vasospasm (n = 94)

Value of p

Epidemiologic

Age (mean, SD) 501+11,8 58,2 £10,8 <0,01*
Median, IQR, ., 51, 42-56 59, 50,7-66,2

Female (n, %) 31(66 %) 64 (68 %) 0,79**
Clinical history (n, %)

PA of hypertension 19 (40 %) 50 (53 %) 0,15**

PA smoking 15 (32 %) 30 (32 %) 1,00**

PA SAH 2 (4 %) 4 (4 %) 1,00**

FA of aneurysm 2 (4 %) 22 %) 0,47**
Clinical characteristics

Patient under sedation 6 (13 %) 10 (11 %) O, 71**

Score in Glasgow Scale

Mild 38 (81 %) 69 (73 %)
Moderate 6 (13 %) 10 (11 %) 0,27**

Serious 3(6 %) 15 (16 %)

Score according to the WFNS scale

Good prognosis (grades |, II, 111) 37 (79 %) 71 (76 %) 067+

Poor prognosis (grades IV, V) 10 (21 %) 23 (24 %)

Classification according to the Hunt and Hess scale

Good prognosis (grades |, 1) 31 (66 %) 63 (69 %)

Poor prognosis (grades I, IV, V) 16 (34 %) 31 (31 %) 0.89%

Tomographic Classification of SAH

Fisher Classification

Grade 1 2 (4 %) A2 %)
Grade 2 N (23 %) 22 (23 %)
0,19**

Grade 3 18 (38 %) 22 (23 %)
Grade 4 16 (34 %) 39 (42 %)

Fisher Classification Modified
Grade O 2 (4 %) A2 %)
Grade 1 N (23 %) 23 (25 %)

0, 0,
Grade 2 3(6 %) 12 (13 %) 0,24+
Grade 3 16 (34 %) 19 (20 %)
Grade 4 15 (32 %) 29 (30 %)

Notes: *: t test; **: % N: number; SD: Standard deviation; IQR ., -

WFSN: World Federation of Neurosurgical Societies.

75 %"

:interquartile range of 25 % and 75 %; PA: personal antecedent; FA: family history;
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Mortality was 19 % in patients with vasospasm and 9 % in
controls. Table 2 shows the results of the bivariate analysis in which
the outcome was the development of vasospasm and the relationship
with age, gender, personal and family history, clinical condition
classified by the scales of the WFNS, Glasgow and Hunt and Hess,
and tomographic classification of the SAH according to the modified
Fisher and Fisher scales.

Table 2. Results of the bivariate analysis of outcome

Age less than 50 years 3,55 (1,67-7,55) 0,0008
Female 11(0,52-2,31) 0,80
Personal hlstgry of 0.6 (0,29-121) 015
hypertension
Smoking 1,0 (0,47-2,12) 1,00
SAH personal history 1,0 (0,18-5,67) 1,00
Family history of 2,04 (0,28-14,99) 0.47
aneurysm
Sedation 1,22 (0,42-3,62) 0,71
WFEFNS categorized 0,83 (0,36-1,94) 0,67
Glasgow moderate or 0,65 (0.28-1,54) 033
severe
Hunt and Hess with poor B
prognosis (lIl, IV and V) 105(05-22) 0.89
Fisher with poor B
brognosis (3 y 4) 1,41 (0,66-3,05) 0,37
Modified Fisher with
poor prognosis (2-4) 148 (0,69-319) 031
Variable OR (IC 95 %) el
History of hypertension 0,84 (0,39-1,80) 0,65
Age less than 50 years 3,35 (1,52-7,39) 0,003

By Hosmer and Lemeshow’s law, the following were included in
the multivariate model: p <0.25: age less than 50 years and personal
history of arterial hypertension. But only the age greater than 50 years
entered the equation. Table 2 also shows the results of the multivariate
analysis. In the adjusted model, being less than 50 years increases the
risk of vasospasm 3.35 times.

Discussion

In this study, there was no proven relationship between the cli-
nical neurological condition and vasospasm detected by transcranial
Doppler in the follow-up of patients with SAH. However, a higher
incidence of vasospasm was found in patients younger than 50 years
of age, with spontaneous SAH with a relative risk (RR) of 3.55 (95 %
CI, 1.67-7.55) and p: 0.0008, and an OR of 3.35 compared to those of
older age. There are several theories that explain the pathophysiolo-
gical mechanisms in the development of vasospasm in patients with
SAH, such as denervation of the arterial wall by blood in the subara-
chnoid space with loss of sympathetic system influence, vasoconstric-
tion effect secondary to compounds of degradation of blood clots and
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other substances, and the late proliferative vasoconstrictor effect due
to the inflammatory phenomenon (22).

Some research agrees with the results of this work. The lower
incidence of vasospasm in patients older than 50 years could be ex-
plained by a failure in the elasticity and contractility of the muscular
wall of the cerebral vessels, which could be secondary to intracranial
atherosclerosis characteristic of elderly patients (23).

The most studied association between SAH and vasospasm was
designed by Fisher, who classified it tomographically in four grades,
taking into account cases where there were blood clots of subarach-
noid or blood layers> 1 mm thick in vertical fissures and cisterns, va-
sospasm developed in 95.8 % (24). A modified Fisher scale was then
performed, where crude OR for grade 2 vasospasm (intraventricular
hemorrhage isolated or with fine bleeding <1 mm) was 1.6 (95 % CI,
1.0-2.5), for grade 3 (diffuse or localized bleeding> 1 mm thickness)
of 1.6 (95 % CI, 1.1-2.2) and grade 4 (diffuse or localized bleeding> 1
mm thick with intraventricular hemorrhage) of 2.2 (95 % CI, 1.6-3.1)
(25). In this paper no association was found between the tomographic
classifications of SAH with the development of vasospasm. Other risk
factors studied for vasospasm in patients with SAH are neurologi-
cal impairment, measured with the Glasgow coma scale, female sex,
and surgical clipping as a therapeutic modality (26, 27), variables that
were considered in this study, but which did not present statistically
significant results.

Conclusion

In this retrospective case-control study, it has been shown that
patients younger than 50 years with SAH are at greater risk of de-
veloping vasospasm compared to older patients and that there is no
association between clinical condition and transcranial Doppler re-
sults. Therefore, it is recommended that the treating physicians (inter-
ventional radiologists or neurosurgeons) request a close transcranial
Doppler follow-up to patients with SAH, regardless of their neurolo-
gical condition, and especially those under 50 years of age.

Referencias

1. Lovelock CE, Rinkel GJE, Rothwell PM. Time trends in outcome of subarach-
noid hemorrhage: Population-based study and systematic review. Neurology.
2010;74:1494-501.

2. Westerlaan HE, Gravendeel J, Fiore D, Metzemaekers JDM, Groen RIM,
Mooij JJA, et al. Multislice CT angiography in the selection of patients with
ruptured intracranial aneurysms suitable for clipping or coiling. Neuroradiolo-
gy. 2007;49:997-1007.

3. Marder CP, Narla V, Fink JR, Tozer Fink KR. Subarachnoid hemorrhage: be-
yond aneurysms. AJR Am J Roentgenol. 2014;202:25-37.

4. European Registers of Stroke (EROS) Investigators, Heuschmann PU, Di Car-
lo A, Bejot Y, Rastenyte D, Ryglewicz D, et al. Incidence of stroke in Europe at
the beginning of the 21st century. Stroke J Cereb Circ. 2009;40:1557-63.

5. Bederson JB, Connolly ES Jr, Batjer HH, Dacey RG, Dion JE, Diringer MN,
et al. Guidelines for the management of aneurysmal subarachnoid hemorr-
hage: a statement for healthcare professionals from a special writing group
of the Stroke Council, American Heart Association. Stroke J Cereb Circ.
2009;40:994-1025.

6. Sehba FA, Hou J, Pluta RM, Zhang JH. The importance of early brain injury
after subarachnoid hemorrhage. Prog Neurobiol. 2012;97:14-37.

7. Vivancos J, Gilo F, Frutos R, Maestre J, Garcia-Pastor A, Quintana F, et al.
Clinical management guidelines for subarachnoid haemorrhage. Diagn Treat
Neurol. 2014;29:353-70.

8. Connolly ES Jr, Rabinstein AA, Carhuapoma JR, Derdeyn CP, Dion J, Higas-
hida RT, et al. Guidelines for the management of aneurysmal subarachnoid

4661



hemorrhage: a guideline for healthcare professionals from the American Heart As-
sociation/American Stroke Association. Stroke J Cereb Circ. 2012;43:1711-37.

9. Starke RM, Komotar RJ, Otten ML, Schmidt JM, Ferndndez LD, Rincén F,
et al. Predicting long-term outcome in poor grade aneurysmal subarachnoid
haemorrhage patients utilising the Glasgow Coma Scale. J Clin Neurosci Off J
Neurosurg Soc Australas. 2009;16:26-31.

10. Hunt WE, Hess RM. Surgical risk as related to time of intervention in the repair
of intracranial aneurysms. J Neurosurg. 1968;28:14-20.

11. Report of World Federation of Neurological Surgeons Committee on a Univer-
sal Subarachnoid Hemorrhage Grading Scale. J Neurosurg. 1988;68:985-6.

12. Molyneux A, Kerr R, Stratton I, Sandercock P, Clarke M, Shrimpton J, et al.
International Subarachnoid Aneurysm Trial (ISAT) of neurosurgical clipping
versus endovascular coiling in 2143 patients with ruptured intracranial aneu-
rysms: a randomised trial. Lancet. 2002;360:1267-74.

13. Alcald-Cerra G, Gutiérrez Paternina JJ, Buendia de Avila ME, Preciado Mesa
EI, Barrios RS, Nifio-Hernandez LM, et al. Treatment of aneurysmal subarach-
noid hemorrhage and unruptured intracranial aneurysms by neurosurgeons in
Colombia: A survey. Surg Neurol Int. 2011;2:125.

14. Vergouwen MDI, de Haan RJ, Vermeulen M, Roos YBWEM. Effect of statin
treatment on vasospasm, delayed cerebral ischemia, and functional outcome in
patients with aneurysmal subarachnoid hemorrhage: a systematic review and
meta-analysis update. Stroke J Cereb Circ. 2010;41:e47-52.

15. Feigin VL, Anderson N, Rinkel GJE, Algra A, van Gijn J, Bennett DA. Cor-
ticosteroids for aneurysmal subarachnoid haemorrhage and primary intracere-
bral haemorrhage. Cochrane Database Syst Rev. 2005;(3):CD004583.

16. Wong GKC, Boet R, Poon WS, Chan MTV, Gin T, Ng SCP, et al. Intravenous
magnesium sulphate for aneurysmal subarachnoid hemorrhage: an updated
systemic review and meta-analysis. Crit Care Lond Engl. 2011;15:R52.

17. Rodriguez PL, Rodriguez LR, Rodriguez D. Diagndstico de la isquemia cere-
bral tardia y el vasospasmo cerebral en la hemorragia subaracnoidea. Neurolo-
gia. 2010;25:322-30.

18. Deb S, Gogos AJ, Drummond KJ, Teddy PJ. The role of transcranial Doppler
ultrasound monitoring in patients with aneurysmal subarachnoid haemorrhage.
J Clin Neurosci Off J Neurosurg Soc Australas. 2012;19:950-5.

19. Kirsch JD, Mathur M, Johnson MH, Gowthaman G, Scoutt LM. Advances in
transcranial Doppler US: imaging ahead. Radiogr Rev Publ Radiol Soc N Am
Inc. 2013;33:E1-E14.

20. Lindegaard KF, Nornes H, Bakke SJ, Sorteberg W, Nakstad P. Cerebral vasos-
pasm after subarachnoid haemorrhage investigated by means of transcranial
Doppler ultrasound. Acta Neurochir Suppl (Wien). 1988;42:81-4.

21. Sviri GE, Ghodke B, Britz GW, Douville CM, Haynor DR, Mesiwala AH, et al.
Transcranial Doppler grading criteria for basilar artery vasospasm. Neurosur-
gery. 2006;59:360-6.

22. Cardentey-Pereda A, Pérez-Falero L. Hemorragia subracnoidea. Rev Neurolo-
gia. 2002;34:954-66.

23. Mejia JA, Nifio de Mejia M, Ferrer L, Cohen D. Vasoespasmo cerebral secun-
dario a hemorragia subaracnoidea por ruptura de aneurisma intracerebral. Rev.
Col. Anest. 2007;35:143-65.

24. Fisher CM, Kistler JP, Davis JM. Relation of cerebral vasospasm to subarach-
noid hemorrhage visualized by computerized tomographic scanning. Neurosur-
gery. 1980;6:1-9.

25. Frontera JA, Claassen J, Schmidt JM, Wartenberg KE, Temes R, Connolly ES
Jr, et al. Prediction of symptomatic vasospasm after subarachnoid hemorrhage:
the modified fisher scale. Neurosurgery. 2006;59:21-7.

26. Chhor V, Le Manach Y, Clarengon F, Nouet A, Daban J-L, Abdennour L, et al.
Admission risk factors for cerebral vasospasm in ruptured brain arteriovenous
malformations: an observational study. Crit Care Lond Engl. 2011;15:R190.

27. Inagawa T, Yahara K, Ohbayashi N. Risk factors associated with cerebral va-
sospasm following aneurysmal subarachnoid hemorrhage. Neurol Med Chir
(Tokyo). 2014;54:465-73.

Correspondence

Ménica Royero Arias

Radiology service, Universidad de Antioquia
Hospital Universitario San Vicente Fundacién
Calle 64 # 51D-154, bloque 12

Medellin, Colombia

mroyero@hotmail.com

Received for evaluation: May 13, 2016
Accepted for publication: January 13, 2017

4662 Risk Factors for Cerebral Vasospasm in Patients with Spontaneous Subarachnoid Hemorrhage. Royero M., Diaz C., Agudelo Y.



