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INTRODUCTION: Subarachnoid hemorrhage is a pathological 
condition resulting from blood in the subarachnoid space,accounting 
for 5% of all strokes and aneurysm being the most common cause of 
spontaneous SAH.

TRAUMATIC SUBARACHNOID HEMORRHAGE (tSAH) 
frequently occurs following head injury.

Traumatic subarachnoid hemorrhage (tSAH) is caused by bleeding of 
cortical arteries, veins, and capillaries from brain surface. Rarely, 
tSAH can be caused by rupture of bridging veins or traumatic 
aneurysms [1].

Over the last 10 years, an increasing number of studies have focused on 
the role of tSAH in the outcomes of patients with TBI and information 
is now available from clinical studies, databases, and multicenter 
clinical trials of neuroprotective drugs. Authors of these studies found 
a higher incidence of unfavorable outcome (severe disability, 
persistent vegetative state, and death) in patients with tSAH than in 
those without such lesions. These analyses agree that tSAH is one of 
the most important independent prognostic factors for patient outcome 
[2,3,4,5,6].

The present study has been planned with an aim to evaluate various 
factors and their effect on the outcome in SAH patients. In our study we 
will focus on the biochemical and psychological stress markers.

AIMS & OBJECTIVES:
(1) To evaluate stress and type-D personality among patients 

presenting with SAH,
(2) To assess biochemical markers of stress in these patients,
(3) To analyze these parameters in context with neurological 

outcome.

MATERIALS & METHODS:
The current prospective study was carried out in the Department of 
Neurosurgery, at BANGUR INSTITUTE OF NEUROSCIENCES & 
SSKM HOSPITAL, IPGME & R, Kolkata, India, from 2015 – 2018. A 
total of 156 patients were enrolled. All patients were evaluated using 
PSLES & DS14 scales to analyze personality. Serum was obtained 
from all patients to study levels of CRP, Albumin, Cholesterol and 
Cortisol. GCS was noted at time of admission and SAH graded based 

on WFNS system.

Neurological deterioration if any were noted during the course of 
hospital stay. Mortality was noted amongst the study group. 
Neuropsychological evaluation was done within 24 hours of 
admission. DS 14 questionnaire was used only amongst conscious 
patients while PSLES was useful for both conscious as well as 
unconscious patients. All biochemical proles were sent at 8 am the 
next day of hemorrhage to ensure true cortisol values could be 
obtained.

OBSERVATIONS & RESULTS:
Table 1: Mean Age distribution:Spontaneous SAH 50 yrs Traumatic 
SAH 35 yrs Table 2: gcs distribution:GCS Spontaneous SAH 
Traumatic SAH 15 42 (71.2%) 61 (62.9%)
12-14 14 (23.72%) 17 (17.52%)
9-11 3 (5.08%) 10 (10.31%)
<9 - 9 (9.28%)

At admission, median GCS was 15. 71.2% of spontaneous and 62.9 % 
of traumatic SAH patients had GCS

15/15. 23.72% (spont.) and 17.52% (traumatic) patients had GCS of 
12-14/15, 5.08% (spont.) and 10.31%

(traumatic) had GCS of 9-11/15 and 9.28% of traumatic had GCS less 
than 9/15. Table 3: decits at admission:Focal decits Spontaneous 
SAH Traumatic SAH Absent 49 (83.05%) 89 (91.75%)

Present 10 (16.95%) 8 (8.25%)

16.95% (spont.) and 8.25% (traumatic) patients presented with 
neurological decits. 

Table 4: WFNS grading:Spontaneous SAH Traumatic SAH Grade 1 40 
(67.8%) 45 (46.39%)
Grade 2 12 (20.33%) 20 (20.62%)
Grade 3 5 (8.47%) 17 (17.52%)
Grade 4 1 (1.69%) 15 (15.46%)

Table 5: type D personality (n=136):Spontaneous SAH (n=54) 
Traumatic SAH (n=78) No 30 (55.55%) 48 (61.54%)

Observations & Results: A total of 156 patients were included. Mean age being 50 years for spontaneous SAH and 35 
years for traumatic SAH. Median GCS was 15 amongst 71.2% with aSAH compared to 62.9% with tSAH, while no 

patient with a SAH had GCS<9, 9.28% cases with tSAH had GCS<9 (p value=0.029). Neurodecit was seen in 16.95% of aSAH compared to 
only 8.25% in tSAH (p value=0.01).WFNS grade 4 was seen in 1.69% of aSAH cases compared to 15.46% of tSAH (p=0.03). Type D personality 
was seen in 44.45% of aSAH patients compared to 38.46% of tSAH patients (p=0.1). PSLES evaluation showed severe stress in 21.05% of aSAH 
cases compared to 25.27% of tSAH cases (p=0.029). Serum cortisol levels were signicantly higher in patients with SAH compared to matched 
controls (median [IQR]:36.0[23.7- 39.3]vs.14.0 [9.8-17.6] μmol/L, p value < 0.001), whereas serum CRP levels in SAH had statistically non-
signicant higher range (median [IQR]: 2.1 [1.0-6.2] vs. 2.2 [0.8- 4.4] mg/L, p value = 0.23). Microalbuminuria was signicantly higher in 
patients with delayed neurological decits (p = 0.026) and lower triglyceride levels were signicantly associated with higher risk of vasospasm (p 
=0.004). Death was seen in a total of 11 aSAH patients and 28 tSAH cases. No signicant difference was seen in mortality amongst the two groups 
with a compiled mortality of 39 patients (p = 0.614).
Conclusion: Stress and inammation play key role in SAH and its outcome. To ensure safe outcome of patients, biochemical stress and 
inammation need to be adequately controlled.
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Yes 24 (44.45%) 30 (38.46%) 

Table 6: PSLES (n=148): Spontaneous SAH (n=57) Traumatic SAH 
(n=91) 1 (mild) 18 (31.58%) 30 (32.97%)
2 (moderate) 27 (47.37%) 38 (41.76%)
3 (severe) 12 (21.05%) 23 (25.27%)

Various biochemical markers were used- TLC with mean value 9100 
and 11000 respectively, serum albumin- 4.1 and 3.5, lipid prole 
including serum cholesterol –145 and 162, serum triglycerides- 155.0
and 161.3, VLDL- 33.96 and 37.23, serum cortisol 29 and 43 and C-
reactive protein was found to be positive in 42.37% and 60.82% of 
patients as tabulated below.

NO YES
Number Of Cases TYPE D PERSONALITY
TYPE D PERSONALITY AND SAH
Spontaneous SAH Traumatic SAH

MILD MODERATE SEVERENumber Of Cases PSLES
PSLES & SAH
Spontaneous SAH Traumatic SAH

Table 7: Biochemical markers:
Spontaneous SAH Traumatic SAH Total leucocyte count 9100 11000
Albumin 4.1 3.5
Cholesterol 145 162
Triglycerides 155.0 161.3
VLDL 33.96 37.23
Cortisol 29 43
CRP positive 25 (42.37%) 59 (60.82%)
CRP negative 33 (55.93%) 38 (39.17%)

Serum cortisol levels were signicantly higher in patients with SAH 
compared to matched controls (median [IQR]: 36.0 [23.7-39.3] vs. 
14.0 [9.8-17.6] μmol/L, p value < 0.001), whereas serum CRP levels in
SAH had statistically non-signicant higher range (median [IQR]: 2.1 
[1.0-6.2] vs. 2.2 [0.8-4.4] mg/L, p value = 0.23).

Table 8: serum total cortisol level in patients suffered from DIND 
(mean value):
Delayed ischemic neurological decit was assessed in patients with 
sub-arachnoid hemorrhage and serum cortisol levels were assessed in 
these cases. Patients who suffered from DIND had higher total cortisol
levels, which was found to be statistically signicant (p=0.011).

TLC ALBUMINCHOLESTEROTRLIGLYCERIDE VLDL 
CORTISOLCRP POSITIVCERP NEGATIVE
Mean Value In Standard units BIOCHEMICAL MARKER
BIOCHEMICAL STRESS PROFILE IN SAH
Spontaneous SAH Traumatic SAH
Nature of SAH Mean Cortisol Value (μmol/L)

{Normal range = 5 to 23 μmol/L} Spontaneous SAH post-operative 
27.62 Traumatic SAH 39.45

The outcome was assessed in these patients using Glasgow outcome 
scale. The median GOS at discharge

was 4(3-5) and 3 months was 5(4-5). There was signicant correlation 
between plasma cortisol levels and GOS within rst few weeks of 
admission in both groups (Spearman ρ = 0.36, p value = 0.002).Table 
9: GOS in spontaneous SAH: 1 month (n=59) 3 months (n=40)
5 16 30
4 30 5
3 4 2
2 1 -
1 8 3

GRADE 5 GRADE 4 GRADE 3 GRADE 2 GRADE 1

Number Of Cases GOS GLASGOW OUTCOME SCALE IN 
SPONTANEOUS SAH
1 MONTH 3 MONTHS Table 10: GOS in traumatic SAH: 1 month 
(n=97) 3 months (n=54)
5 24 35
4 50 15
3 3 32 2 1

1 18 10
Table 11 GOS Median(IQR)
At discharge 4 (3-4)
At 3 months 5 (4-5)

GRADE 5 GRADE 4 GRADE 3 GRADE 2 GRADE 1
Number of Cases GLASGOW OUTCOME SCALE GLASGOW 
OUTCOME SCALE & TRAUMATIC SAH
1 MONTH 3 MONTHS
Table 12: Deaths:
Spontaneous SAH Traumatic SAH
Death at 1 month 8 (13.56%) 18 (18.56%)
Death > 1 month 3 (5.08%) 10 (10.31%)

In the current study, comparison of all the parameters was done with 
vasospasm. Triglycerides, VLDL, and serum albumin have signicant 
inuence on vasospasm. With decreasing serum albumin, there is a 
signicant increase in the incidence of delayed neurological decits (p 
-0.029). The incidence of vasospasm signicantly increased with 
decreasing TG (p-0.004) and decreasing VLDL (p-0.005).

It was also found that PSLES scale is signicantly correlating with 
vasospasm, i.e., with increasing stress there is an increasing incidence 
of vasospasm in aneurysm patients with p value- 0.015.

Development of vasospasm and delayed ischemic neurological decit 
had an impact on Glasgow outcome scale. Development of vasospasm 
has a p value of 0.008, suggesting with the development of vasospasm 
there was a worsening GOS. Development of new infarct led to a 
worsening of GOS (p-0.001).

DISCUSSION:
In our study, we have studied the various parameters of psychological 
and biochemical stress markers and the impact on outcome in 
subarachnoid hemorrhage patients. Stress is found to be associated 
with many diseases and has an impact on clinical outcome in these 
diseases. Stress is dened as the perception of excessive threats or 
exists as a distinct entity and can undergo sudden provoked or 
unprovokedworsening, causing acute stroke. Chronic dysfunctional 
response to stress can include migraine, hypertension and systemic 
platelet activation leading to a hypercoagulable state [7].

We studied the role of type D personality using DS-14 scale and 
PSLES scores. There are many studies which have shown the role of 
type D personality in cardiovascular diseases and its outcome. 

Type D was associated with poor physical and mental health status and 
poor self-management of the disease. Type D is a vulnerability factor 
that not only affects people with cardiovascular conditions but also 
those with other medical conditions. Studies on Type D among 
cardiovascular patients have shown that Type D is an independent 
predictor of negative outcomes such as poor health status, recurrent 
myocardial infarction and increased risk of mortality [8,9].

There is no study which has demonstrated the role of type D 
personality in outcomes of SAH patients. In our study although 
34.61% of the patients had type D personality, there was no signicant 
difference in clinical outcomes among the patients of SAH with or 
without type D personality. PRESUMPTIVE STRESSFUL LIFE 
EVENTS SCALE (PSLES) is a similar scale for evaluating stress 
particularly suitable for Indian population. The role of stressful life 
events in the etiology of various diseases has been a fertile eld of 
research for the last twenty-ve years. A host of studies have suggested 
a positive relationship between stressful life events and subsequent 
illness [10,11]. A similar though less consistent relationship between 
the onset of psychiatric illness and life events has also been reported.

PSLES has not been studied in the clinical outcome in SAH patients 
before. In our study, there is an increasing incidence of vasospasm with 
increasing stress.

We have tested various blood markers in our patients and studied the 
role of these markers in outcome of the patients. We have used total 
leucocyte count, serum cortisol, serum CRP, serum albumin, serum 
cholesterol, triglycerides and VLDL as markers.

CRP measurement, as the most accepted and utilized inammation 
marker, was included in the Randox UK-s stroke-diagnostic neuro-
panel. As this biochip-controlled test was originally designed to 
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diagnose ischemic stroke, it included the high sensitivity CRP (hsCRP) 
assay version with a dynamic range of 0-15mg/L. Frontera et al. (2012) 
concurred showing that CRP blood levels were signicantly higher in 
poorer grade patients over time and correlated with severity of SAH on 
admission [12]. Jeon et al. (2012)

demonstrated specically in surgical SAH patients, that pre-operative 
and post-operative blood levels of CRP were associated with poor 
outcome [13]. Recently in 2015, Ludvig et al of Gothenburg found that 
CRP levels were better predictors of outcome in SAH patients as 
compared to Fischer grading and WFNS grading. In our study, though 
70 (44.87%) patients were positive for CRP levels there was no 
signicant impact on outcome in terms of vasospasm and GOS.

Microalbuminuria is a product of metabolism and a biomarker of 
infection and sepsis. Terao et al. (2007) found a microalbumin/ 
creatinine ratio greater than 200 mg/g to be a potent independent 
predictor of unfavorable neurological outcome [14]. Although non-
specic, this biomarker has potential as it has successfully been 
utilized in other inammatory disease states. In our study, we have 
studied the role of serum albumin and its impact on outcome. The mean 
serum albumin was 4.1 in non-traumatic and 3.5 in traumatic SAH 
patients. With decreasing serum albumin, there is an increase in the 
incidence of delayed neurological decits. (p-0.029).

In a large cohort study (three city study in France) of elderly men and 
women, low triglycerides levels were associated with an increased risk 
of hemorrhagic stroke and a decreased risk of ischemic vascular 
events.

The association between triglycerides and hemorrhagic stroke was 
particularly strong in men, in subjects with high blood pressure and in 
those with low cholesterol levels. A low level of triglycerides (serum 
triglycerides ≤0.94 mmol/L) was associated with a more than twofold 
increased risk of hemorrhagic stroke in both simple and fully adjusted 
models [15]. The mechanisms explaining how low triglycerides could 
promote hemorrhagic stroke in the elderly remain unclear.

In our study, we found a signicant correlation between low 
triglycerides and vasospasm (p- 0.004), and with decreasing VLDL 
and vasospasm (p-0.005). The hypothesis we propose is that lower TG 
and VLDL can cause endothelial dysfunction which can lead to 
vasospasm.There is an evidence showing that the cortisol dynamics 
might be associated with the severity and outcome after subarachnoid 
hemorrhage [16]. Although a previous study on the pituitary adrenal 
function in acute subarachnoid hemorrhage (SAH) has shown that the 
SAH severity does not affect cortisol concentration, that study did not 
describe the relationship between the total cortisol level and the 
patient's neurologic state [17]. Also, they were unable to show any 
difference in the adrenal response between comatose (GCS<8) and 
non-comatose patients.

Vergouwen et al. have shown that the increase cortisol level is 
associated with the DIND, through hyperglycemia and endothelium 
dysfunction (von Wille brand factor) [18]. Whether the cortisol is just 
part of the stress process and is unrelated to the ongoing worsening of 
patient neurologic status, or it is contributing to make the patient worst, 
is still unclear.

Our study supports the evidence that the total morning cortisol level in 
serum is associated with the onset of DIND. Although higher values of 
total serum cortisol were found in traumatic SAH group but the 
difference was not statistically signicant. Similar result was also 
shown by Julius et al in 2011.
 
The evidence suggests to consider the total cortisol level as one of the 
factors before releasing the patient from ICU care or NSU to the 
ordinary ward. During the rst few days of SAH, the cortisol level is 
totally dependent on the Hypothalamo - Pituitaryadrenal (HPA) 
function. The ACTH is released from the anterior pituitary to stimulate 
cortisol release from the adrenal gland. It is the major source of the 
cortisol, but on POD 7, the function is taken over by the extra ACTH 
cortisol release. In the second week, although the ACTH level is 
decreasing, the total cortisol levels were persistently high. It supports 
the evidence that there is an extra ACTH cortisol release.

Interleukin 6 (IL-6) constitutes a potentially important factor of 
extra-ACTH cortisol release84, besides IL- 1 and tumor necrosis 

factor-alpha85. 

The role of inammatory pathway becomes substantial in the second 
week. There are various studies on GOS and clinical outcome in SAH. 
A retrospective study of 56 patients withSAH who were assessed for 
outcome at 6 months using the GOS, found that the worst grade 
recorded on the WFNS Scale or GCS before surgery closely correlated 
with outcome [19]. In our study development of vasospasm and new 
infarct had an impact on Glasgow outcome scale at 3 months.

CONCLUSION:
With such a variable and tremulous course amongst patients with 
SAH; our study offers insight into important variables that hold the key 
to facilitate improved survival with a signicant reduction in 
morbidity associated with SAH. The association of PSLES with 
vasospasm was found to be signicant (p = 0.029). Amongst the 
various available biomarkers, Low cholesterol (p = 0.004) and High 
cortisol (p = <0.001) were associated with increased incidence of 
vasospasm and thus increased the Late onset neuro decit amongst the 
patients.

A detailed evaluation is still required in patients being admitted to a 
critical care unit for SAH.

All possible measures have to be taken to reduce morbidity and 
mortality amongst individuals with sub – arachnoid hemorrhage.
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