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Background and Aim: In the management of aneurysmal subarachnoid hemorrhage (aSAH), 
endocrine dysfunction is infrequently considered. Pituitary (neuroendocrine) dysfunction is highly 
prevalent after aSAH, leading to residual symptoms such as decreased cognition and quality of life. 
Although hypopituitarism following SAH may present with non-specific subtle symptoms, it can 
lead to potentially serious consequences if left undiagnosed.

Methods and Materials/Patients: This study was performed to observe the incidence and pattern 
of neuroendocrine alterations in cases of acute aSAH. A total of 25 patients with acute SAH 
within 7 days of ictus were included in this prospective study, and an endocrine assessment was 
performed. The pituitary axes were evaluated for possible dysfunctions, including somatotropic, 
gonadotropic, corticotropic, and thyrotropic axes.

Results: A total of 25 SAH cases (10 males and 15 females; mean age 55.24 years) were included in the 
study. Aneurysms were more commonly found in the anterior circulation (n=22) than in the posterior 
circulation (n=3). Most of the patients presented with the Hunt-Hess grade of 1, followed by grades 3, 
2, and 4, respectively. Growth hormone deficiency (48%) was the most common pituitary dysfunction, 
followed by adrenocorticotrophic hormone (24%), gonadotropins (FSH/LH) (24%), and thyroid 
stimulating hormone (16%) deficiencies, respectively. Single pituitary axis neuroendocrine dysfunction 
was noted in 9 patients (36%) and multiple pituitary axes dysfunction was observed in 8 patients (32%). 
Overall, 17 patients (68%) had neuroendocrine dysfunction in single or multiple pituitary hormone axes.

Conclusion: Neuroendocrine dysfunction in acute aSAH is 68%. Accordingly, 32% of the participants had 
single-axis pituitary dysfunction and 36% had multiple axes pituitary dysfunction. The most common 
endocrine dysfunction was growth hormone deficiency (48%), followed by adrenocorticotrophic 
hormone, gonadotropins (LH & FSH), and thyroid stimulating hormone. Therefore, it is suggested to 
include hormonal evaluation in the management of acute SAH for better clinical outcomes.
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1. Introduction

ubarachnoid hemorrhage (SAH) is a life-
threatening condition that occurs because 
of the accumulation of blood between the 
arachnoid and the pia mater. Although 

most SAH is traumatic in etiology, aneurysmal SAH 
(aSAH) occurs in a small proportion of this patient popu-
lation. This is the most worrisome type of SAH. Aneu-
rysmal rupture is suspected in spontaneous SAH. As a 
worldwide health burden, aSAH poses a high fatality 
risk and permanent disability rates. The incidence of 
aSAH is 6-10/100000 per year, with the commonly af-
fected age group of 40 to 60 years. [1] Ruptured cere-
bral aneurysms account for about 75% to 85% of SAH 
for non-traumatic SAH. There is about a 50% mortal-
ity rate after 6 months. As it affects the patients dur-
ing their most reproductive years, aSAH has major 
implications on social, functional, and economic as-
pects [2]. The first 6 months after the event of aSAH is 
termed the acute phase and the period after 6 months 
is termed the chronic phase [2].

Endocrine dysfunction is an uncommon and unusual 
consideration in the management of aSAH [3, 4, 5]. 
There are limited studies, including small series and 
patient case reports, which show the association of 
aSAH with neuroendocrine dysfunction [6-17]. Such 
limited systematic studies that investigate this topic 
have yielded conflicting results. However, many of the 
previous studies have been performed after at least 1 
year following SAH, and the number of studies done 
in cases of acute SAH is considerably scarce [17]. This 
study aims to investigate the incidence, pattern, and 
magnitude of neuroendocrine changes occurring in 
cases of acute aSAH. 

2. Methods and Materials/Patients

We aimed to evaluate the pattern and incidence of 
neuroendocrine dysfunction in cases of acute aSAH. 
This prospective observational hospital-based study 
was conducted in the Department of Neurosurgery, 
Government Medical College, India. All adult patients 
(age >18 years) admitted with aSAH in the Department 
of Neurosurgery, Government Medical College, Calicut, 
India from August 2019 to July 2020 were included in 
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Highlights 

• There is an increased incidence of neuroendocrine dysfunction following aneurysmal SAH (aSAH), mostly during 
the acute phase.

• Multiple pituitary hormone deficiencies and single-axis pituitary dysfunction were noted in 36% and 32% of pa-
tients, respectively. 

• The most common pituitary hormone deficiency following aSAH was growth hormone (48%), followed by adreno-
corticotrophic hormone, gonadotropins (LH/FSH), and thyroid stimulating hormone.

• In the clinical management of aSAH, clinical outcome benefits from the evaluation of hormonal status.

Plain Language Summary 

This study aims to investigate the pattern of hormone dysfunction in the case of subarachnoid hemorrhage (SAH) following 
the rupture of aneurysms. The pituitary hormones, including growth hormone, gonadotropins (FSH/LH), adrenocorticotrophic 
hormone, and thyroid stimulating hormone were studied for possible dysfunction. A total of 25 patients, comprising 10 males 
and 15 females with a mean age of 55.24 years, were included in this study. Most cases presented with the Hunt-Hess grade 
I, followed by grade III (20%). The most common neuroendocrine deficiency was the growth hormone in 48% of the patients, 
followed by the adrenocorticotrophic hormone (24%), the gonadotropins (FSH/LH) (24%), and thyroid stimulating hormone 
(16%) deficiency, respectively. Single pituitary hormone deficiency was observed in 17 cases (68%). Endocrine dysfunction is 
an important complication of SAH. This study concludes that pituitary hormone dysfunction is highly prevalent in aneurysmal 
SAH. This leads to residual symptoms, such as decreased cognition and quality of life. Although hypopituitarism following SAH 
presents with subtle nonspecific symptoms, it can lead to serious consequences if left undiagnosed. Therefore, it is suggested 
to include hormonal evaluation in the management of aneurysmal SAH for better clinical outcomes.
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this study. Patients with ictus of SAH for more than 7 
days, on drugs affecting hypothalamic-pituitary func-
tion, or with a pre-existing pituitary disorder were ex-
cluded from this study. The patients were included after 
giving an informed consent letter. The data on age, sex, 
clinical severity of SAH at the time of admission (by the 
Hunt-Hess grading system), location of the aneurysm, 
and the modality of treatment (embolization or sur-
gery) were noted. A computed tomography (CT) scan 
and digital subtraction angiography (DSA) of the cere-
bral circulation were used for radiological evaluation. 
On the day after admission, the serum hormone level 
assessment was done during morning hours (8:00 to 
9:00) and the following hormones were measured: thy-
roid stimulating hormone (TSH), free thyroxine, cortisol, 
growth hormone (GH), prolactin, insulin-like growth 
factor 1 (IGF-1), follicle-stimulating hormone (FSH), 
luteinizing hormone (LH), and testosterone (males)/
estrogen(females). The endocrine evaluation was done 
on the next day after admission in the morning between 
8:00 and 9:00 and it included the measurement of the 
following hormones: TSH, free thyroxine, cortisol, GH, 
prolactin, IGF-1, FSH, LH, and testosterone (males)/es-
trogen (females) [17]. The statistical analysis was done 
using the SPSS software version 20 and the Chi-square 
test was also utilized in the analysis.

The posterior pituitary deficiency was not evaluated. 
The endocrine assessment was performed through 
laboratory tests using commercially available diagnostic 
kits, which included the following items:

Serum thyroxine (normal range: 4.8–12.7 μg/dL) ;

Serum TSH (normal range: 0.5-5 µU/mL);

Cortisol (0800 h: 171-536 nmol/L);

IGF-1 (age- and gender-specific normative data were 
used) ;

Prolactin (men: 4.0-15.2 ng/mL and women: 4.79-23.3 
ng/mL) ;

LH (men: 1.7-8.6 mIU/mL and women: 2.4-12.6 mIU/
mL);

FSH (men: 1.5-12.4mIU/mL and women: 3.5-12.5 
mIU/mL, postmenopausal >30 mIU/L) 

Testosterone (9.9-27.8 nmol/L) ;

Estradiol (12.5-166 pg/mL) [18].

Meanwhile, the definitions of endocrine abnormali-
ties were done using certain criteria:

Secondary hypothyroidism was defined as T4 level <4.8 
μg/dL with low/normal TSH level [18];

Central hypogonadism was defined as serum testos-
terone <9 nmol/L in the presence of low or normal lev-
els of LH (men) [19]; 17 β estradiol levels <12 pg/mL in 
the presence of low or normal gonadotropins (women) 
[18]; and, low or inappropriately normal gonadotropins 
for age (FSH <30 mIU/L) in postmenopausal women 
[19];

Serum prolactin levels <5 ng/mL in either sex were 
considered low.

Relevance of the study

The relevance of this study is to assess hormonal dys-
function in patients following acute aSAH. This study 
helps to analyze the incidence and pattern of neuroen-
docrine dysfunction following aSAH and evaluate vari-
ous factors associated with the disease. Meanwhile, this 
study helps to predict the course of disease and progno-
sis concerning the hormonal dysfunction following SAH. 
Even though a few previous studies exist on this topic, 
the available studies were mostly from western litera-
ture. From our literature review, we could not find any 
similar study from Kerala published in the medical lit-
erature. Overall, the study recognizes the need for hor-
monal evaluation in SAH, which may benefit the clinical 
outcomes and help the patients have a better quality of 
life following aSAH.

3. Results

A total of 25 cases admitted with aSAH in the Depart-
ment of Neurosurgery, Government Medical College, 
Calicut, India from August 2019 to July 2020 were in-
cluded in this study. Cases were selected according to 
the predetermined inclusion and exclusion criteria. 
These cases were subjected to thorough clinical and 
endocrine assessments. The participants included 10 
males and 15 females with a male/female ratio of 2:3. 
The overall Mean±SD age was 55.24+12.39 years (Table 
1 A).

The most common location of aneurysms was found 
to be in the anterior circulation (n=22) rather than the 
posterior circulation (n=3) [17]. The distribution of an-
eurysms based on the involved blood vessels in the 
decreasing order of frequency is as follows: anterior 
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communicating artery (A.COM)–8 [18]; middle cerebral 
artery (MCA) –8 [18]; internal carotid artery (ICA)–4; su-
perior cerebellar artery (SCA)–2; basilar artery (BA)–2; 
and vertebral artery (VA)–1 (Figure 1, Table 1B).

The grading of SAH was done using the Hunt-Hess 
classification. The distribution SAH grades is as follows: 

grade 1=52%, grade 3=36%, grade 2=8%, and grade 
4=4% (Table 1C).

The endocrine evaluation showed the deficiency 
of certain hormones during the acute phase of aSAH. 
Among 25 patients, 17 cases had one or more pituitary 
hormone deficiencies; that is, the incidence of pituitary 
dysfunction during the acute phase of aSAH in our study 

Table 1. Patients’ demographics

Table 1A. Mean±SD age and gender distribution of aSAH cases

Gender No. (%) Mean±SD

Male 10(40) 53.20±9.99

Female 15(60) 56.60±15.71

Total 25 55.24±12.39

Table 1B. Grades of SAH

SAH No. (%)

1.00 13(52.0)

2.00 2(8.0)

3.00 9(36.0)

4.00 1(4.0)

Table 1C. Number of days of SAH from admission to investigation

Mean±SD

Days 2.64±0.86

Figure 1. Distribution of aneurysms based on the involved vessels 

A.COM: Anterior communicating artery; MCA: Middle cerebral artery; ICA: Internal carotid artery; SCA: Superior cerebellar artery; BA: 
Basilar artery; VA: Vertebral artery.
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was 68%. Among this population, 9 cases (36%) had sin-
gle pituitary axis deficiency and 8 cases (32%) had defi-
ciencies in multiple pituitary axes. In addition, 6 cases 

(24%) showed ACTH deficiency (Table 2). GH deficiency 
was noted in 12 cases (48%) and cortisol was normal 
in all the cases and no cortisol deficiency was observed 

Table 2. Hormonal disturbance of ACTH, GH, Cortisol, TSH, LH, FSH, and Prolactin

Hormones  Hormone Status NO. (%)

ACTH
Normal 19(76.0)

Decreased 6(24.0)

GH
Normal 13(52.0)

Decreased 12(48.0)

Cortisol
Normal 25(100)

Decreased 0(0)

TSH
Normal 21(84.0)

Decreased 4(16.0)

LH
Normal 19(76.0)

Decreased 6(24.0)

FSH
Normal 19(76.0)

Decreased 6(24.0)

Prolactin
Normal 25(100)

Decreased 0(0)

ACTH: Adrenocorticotropic hormone; GH: Growth hormone; TSH: Thyroid stimulating hormone; LH: Luteinizing hormone; FSH: Follicle-
stimulating hormone.

Table 3. Association between grades of SAH and hormones

SAH

No. (%)

ACTH GH Cortisol LH FSH Prolatin TSH 

N D N D N D N D N D N D N D

1.00 11(57.9) 2(33.3) 8(61.5) 5(41.7) 13(52) 0 10(52.6) 3(50) 10(52.6) 3(50) 13(52) 0 10(47.6) 3(75)

2.00 2(10.5) 0 0 2(16.7) 2(8) 0 2(10.5) 0 2(10.5) 0 2(8) 0 2(9.5) 0

3.00 5(26.3) 4(66.7) 4(30.8) 5(41.7) 9(36) 0 6(31.6) 3(50) 6(31.6) 3(50) 9(36) 0 8(38.1) 1(25)

4.00 1(5.3) 0 1(7.7) 0 1(4) 0 1(5.3) 0 1(5.3) 0 1(4) 0 1(4.8) 0

P 0.31 0.28 - 0.71 0.71 0 0.74

ACTH: Adrenocorticotropic hormone; GH: Growth hormone; TSH: Thyroid stimulating hormone; LH: Luteinizing hormone; FSH: Follicle-
stimulating hormone.
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(Table 2). LH deficiency was reported in 6 cases (24%) 
and FSH deficiency in 6 cases (24%). Prolactin levels 
were normal in all of the patients. Four patients (16%) 
had TSH deficiency (Table 2). Accordingly, GH deficiency 
(48%) was the most common pituitary dysfunction in 
our study, followed by ACTH (24%), FSH/LH (24%), and 
TSH (16%).

Table 1 C displays the days from the SAH admission to 
the investigation. The Mean±SD period of investigation 
was 2.64±0.86 days after admission.

According to the above data, it can be inferred that the 
most common hormonal deficiency during the acute 
phase of aSAH was GH (48%), followed by ACTH (24%), 
LH (24%), FSH (24%), and TSH (16%). Table 3 shows the 
association between the grades of SAH and hormones. 
There is no correlation between the grades of SAH and 
hormonal deficiencies. Although the hormonal deficien-
cies of ACTH, GH, LH, FSH, and TSH can be observed in 
grade 1 and grade 3 SAH, this association is insignificant 
as the P>0.05.

Figure 2 presents the association between gender and 
hormones among aSAH cases. Among the cases with 
ACTH deficiency, 33.3% were female and 66.7% were 
male (P=0.14). Of all patients with GH deficiency, 58.3% 

were female and 41.7% were male (P=0.59). Among the 
patients with gonadotropin (LH/FSH) deficiency, half 
were female and half were male (P=0.45). Moreover, 
75% of the patients with TSH deficiency were female 
and the rest (25%) were male (P=0.46). This association 
between gender and hormonal deficiency in aSAH is 
considered insignificant as the P>0.05.

Table 3 indicates the association between the blood 
vessels involved in aSAH and hormonal disturbances. 
ACTH deficiency was noted in 6 aSAH cases involving 
anterior circulation, and none involving posterior circu-
lation. ACTH deficiency was noted in 2 A.COM, 2 MCA, 1 
ICA, and 1 SCA involvement (P=0.88). GH deficiency was 
noted in 10 aSAH cases involving anterior circulation 
and 2 aSAH cases involving posterior circulation; mean-
while, GH deficiency was noted in 3 A.COM, 4 MCA, 3 
ICA, 1 BA, and 1 VA involvement (P=0.48). Gonadotro-
pin (LH/FSH) deficiency was observed in 6 aSAH cases 
involving anterior circulation, and none involving pos-
terior circulation. Additionally, gonadotropin (LH/FSH) 
deficiency was seen in 2 A.COM, 2 MCA, 1 ICA, and 1 
SCA involvement (P=0.88). TSH deficiency was reported 
in 4 aSAH cases involving anterior circulation (3 A.COM 
and 1 MCA), and none involving posterior circulation 
(P=0.47) (Figure 3). However, this association between 

Figure 2. Association between gender and hormones among aSAH cases

ACTH: Adrenocorticotropic hormone; GH: Growth hormone; TSH: Thyroid stimulating hormone; LH: Luteinizing hormone; FSH: Follicle 
stimulating hormone; aSAH: Aneurysmal subarachnoid hemorrhage.
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Figure 3A. Computed tomography angiogram with 3D reconstruction showing the location of aneurysm

Figure 3B. Intraoperative photograph of cerebral Aneurysm

Figure 3C. Intraoperative photograph of clipped aneurysm

Sreenivasan H, et al. Evaluation of Endocrine Dysfunction Following aSAH. Iran J Neurosurg. 2022; 8:E22

https://irjns.org/


2022, Volume 8

8

the involved blood vessels and hormonal disturbances 
was not significant as the P>0.05.

4. Discussion

There is a limited number of studies, including small se-
ries and case reports of patients which suggest the asso-
ciation between aSAH and neuroendocrine dysfunction 
[6-17]. Such a limitation in investigating this topic has 
produced contradictory results [17]. A similar study was 
conducted by Osterman in 1975 on 50 patients, after 
3.5 months following SAH [15] The circadian rhythm of 
plasma 11-hydroxycorticosteroids and the Metyrapone 
test were used to assess the hypothalamic-pituitary-
adrenal (HPA) axis [17]. Gonadal and thyroid functions 
were assessed clinically and by the corresponding base-
line hormones [17]. The study reported that endocrine 
abnormalities were uncommon; that is, 6% of the cases 
had abnormal circadian rhythm in cortisol, 11% dis-
played a pathological Metyrapone test, 2% showed mild 
thyroid function abnormalities, whereas no hypogonad-
ism was observed [14, 17]. Kreitschmann-Andermahr et 
al. studied 21 patients between 14 and 43 months fol-
lowing aSAH [9]. A combination of thyrotropin-releasing 
hormone–LH-releasing hormone Arginine test and the 
insulin Tolerance test were used to assess the pituitary 
function. In this study, isolated or combined endocrine 
abnormalities were found in 43% of the patients, which 
included ACTH (n=4) or GH deficiency (n=3), and ACTH 
plus GH impairment (n=2) [7, 22]. Brandt et al. evalu-
ated 10 cases, 12 months following aSAH by performing 
routine laboratory investigations and Dynamic tests [4]. 
A significant number of patients (50%) had some defi-
ciency of pituitary hormone [4]. Abnormalities included 
isolated or combined somatotroph and gonadotroph 
deficiencies, whereas thyroid and adrenal functions 
were preserved in all the cases [4, 17].

Dimopoulou et al. evaluated 30 patients between 12 
and 24 months following aSAH and reported that en-
docrine abnormalities commonly affect 47% of the 
screened SAH patients. This series manifested the most 
common endocrine alteration of GH deficiency, as re-
flected by low levels of IGF-1 in a substantial proportion 
of patients. Although it is often recommended to per-
form a dynamic assessment of GH reserve to assess the 
somatotroph function, currently there is considerable 
evidence that low IGF-1 levels represent a good marker 
of GH deficiency. Hypogonadism followed GH deficiency 
in this study. The Dynamic testing to assess the cortisol 
level was done using a low-dose (1 μg) ACTH Stimula-
tion test. This test is agreed as a reference standard for 
evaluating the HPA axis, as it closely correlates with the 

insulin-induced Hypoglycemia test. The study reported 
diminished cortisol response in only 3 patients; how-
ever, this observation is especially important because if 
cortisol deficiency is unrecognized, it may lead to seri-
ous untoward consequences, especially if the patient is 
unable to cope with a stressful situation [9, 17].

Experimental SAH studies conducted in porcine animal 
models have expressed that endocrine stress responses 
begin within 15 minutes of the hypothalamic-pituitary-
adrenal (HPA) axis with early peaks of ACTH, cortisol, 
and aldosterone. In addition, early activation of the 
sympathetic nervous system has been observed [19].

A prospective observational study by Khajeh et al. 
(2014) analyzed the incidence and course of anterior 
pituitary dysfunction following aSAH [20]. Fasting state 
endocrine functions were measured at the baseline, 6 
months, and 14 months intervals [20]. The study includ-
ed 84 patients and their Mean±SD age was 55.8+11.9 
years [20]. It was reported that 39% of the cases had 
pituitary dysfunction in one or more axes at baseline, 
26% after 6 months, and 7% after 14 months [20]. The 
most common deficiencies were gonadotropin (34%) 
and GH deficiency (31%) [20]. The baseline evaluation 
was performed in the meantime of 32 days. Gonadotro-
pin deficiency was detected in 34% of patients. All the 
female participants with gonadotropin deficiency were 
postmenopausal, with a Mean±SD age of 58+10 years. 
GH deficiency was identified in 31%, TSH deficiency in 
1%, and ACTH deficiency in 1%. The prevalence of hy-
popituitarism after SAH was more than its prevalence 
in the normal population. It has been observed that 
pituitary dysfunction decreases over time and the oc-
currence of pituitary dysfunction is associated with 
complications and severity of symptoms related to SAH 
[18]. This implies a causal relationship between hypo-
pituitarism and SAH. [18] This study concludes that pi-
tuitary dysfunction is a significant complication in SAH 
survivors. In addition, hydrocephalus is an independent 
clinical predictor of long-term pituitary dysfunction fol-
lowing SAH [20].

GH and/or gonadotropin deficiency occurs more fre-
quently than TSH or ACTH deficiencies, according to 
many studies. This observation suggests that the an-
terior lobe of the pituitary gland is more vulnerable to 
damage secondary to SAH, as it predominantly consists 
of thyrotropin, somatotropic, and gonadotropic cells 
[20]. This could probably be because of the differenc-
es in the position of pituitary parts within the skull, or 
variations in the vascular supply [20]. The anterior pi-
tuitary lobe receives blood from the long pituitary por-
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tal vessels which traverse from above the diaphragma 
sellae, while the remaining parts of the pituitary gland 
receive blood from the middle and inferior pituitary ar-
teries [20]. Acute hormonal deficiencies can be caused 
as a result of pressure effects, vasospasm, bleeding, or 
ischemia, which can be reversible with the treatment; 
therefore, certain hormonal deficiencies get recovered 
gradually [18]. However, during later stages, an infarct 
or any structural damage can occur in the HPA axis and 
new hormone deficiency eventually occurs or becomes 
permanent [18]. These could be the possible reasons 
for recovery or occurrence of the new-onset hormone 
deficiency [18].

While pituitary dysfunction recovers in a majority of 
patients during follow-up, it persists in a small propor-
tion of patients [20]. Some findings suggest the possibil-
ity of regeneration of the adult pituitary gland follow-
ing injury, which might explain the recovery of pituitary 
function [18]. Early screening for pituitary dysfunction 
might be beneficial in the long-term following SAH [20]. 
Symptoms pertaining to GH deficiency, such as low en-
ergy levels, fatigue, and cognitive function decline of 
memory and planning are often found after SAH, which 
might hamper the process of rehabilitation [20].

A study by Pinaki Dutta et al. (2012) compared the 
hormonal deficiencies between the patients with the 
middle cerebral artery and anterior communicating ar-
tery aSAH and concluded that there was no difference in 
endocrine abnormalities between the two groups [18]. 
It suggested that hormonal deficiency cannot be aptly 
correlated with the aneurysmal location [18]. Further-
more, no correlation was observed between the severi-
ty of the hormonal deficiency and the clinical severity of 
the SAH grade (as determined by the Hunt-Hess scale), 
as well as the radiological grade of SAH [18]. This study 
included 60 aSAH patients (37 males and 23 females) 
and their Mean±SD age was 44.9±13.1 years [18]. Also, 
12 out of 23 females were postmenopausal. Among the 
60 patients, 23 cases were because of MCA aneurysm 
rupture and 37 cases were because of A.COM aneu-
rysm rupture [18]. The GH status as determined by the 
Mean±SD IGF-1 levels was normal (149.00±16.30 ng/
dL) at ictus, but it decreased to 96.10±56.35 ng/mL af-
ter 6 months (P=0.05) [18]. At ictus, 8 cases were found 
to have hypogonadism, and at the 6-month follow-up, 
only 4 patients showed hypogonadism, all of which 
were new-onset hypogonadism [18]. GH deficiency was 
depicted by lower values of gender and age-adjusted 
values of IGF-1 [18]; namely, 7 patients had GH defi-
ciency at ictus, and 5 patients had GH deficiency after 
6 months among which 2 cases were new-onset GH 

deficiency while the remaining 3 cases had continued 
GH deficiency since ictus [18]. Central hypothyroidism, 
as depicted by low T4 levels, was found in 3 patients ini-
tially [18]; among them, 2 cases recovered but one case 
had persistent hypothyroidism after 6 months. Overall, 
at the 6-month follow-up after aSAH, 31.6% of cases 
had one or more hormonal deficiencies. Central hypo-
gonadism was the most common hormone deficiency 
(36.6%), followed by GH deficiency (15%) [18]. One ob-
servation was that although pituitary dysfunctions are 
statistically insignificant between the two compared 
groups, prolactin deficiency and the syndrome of inap-
propriate antidiuretic hormone secretion were found 
to be more commonly associated with patients having 
A.COM aSAH. The study further recommends that all 
the patients must be subjected to endocrine assess-
ment, not only at the baseline but also after 6 to 12 
months [18].

A study by Pereira et al. (2013) included 66 aSAH pa-
tients who underwent pituitary hormonal evaluation 
within the first 15 days. The Mean±SD duration during 
which the endocrine assessment was done was 7.4±6.6 
days after aSAH, compared to 2.64+0.86 days in the pres-
ent study. The study by Pereira and colleagues included 
66.7% females, 33.3% males, and the Mean±SD age of 
the patients was 48.3±13.8 years, which is comparable 
with our study with 60% females, 40% males, and the 
Mean±SD age of 55.24+12.39 years. The incidence of 
pituitary dysfunction in the study by Pereira et al. was 
59.1%, while it was 68% in our study. According to the 
above study, the most common hormonal deficiency 
was that of gonadotropins (LH/FSH, 34.8%), followed by 
GH (28.7%), ACTH (18.1%), and TSH (9%). Whereas in 
our study, GH deficiency (48%) was the most common 
pituitary dysfunction, followed by ACTH (24%), FSH/LH 
(24%), and TSH (16%). Pereira et al. study showed mul-
tiple pituitary axis deficiencies in 25.7% of the patients, 
while in our study it was noted in 32% of the cases. Also, 
their study showed a greater incidence of hormone dys-
function in patients with the Glasgow Coma Scale (GCS) 
<13, Hunt-Hess grade>4, and Fisher grade 4 [21]. There 
was no significant association between hormone defi-
ciency and increased hospitalization or clinical outcome 
[21]. Our study further reported no significant correla-
tion between hormonal deficiencies with gender, grade 
of SAH, or blood vessel involvement of the aneurysm 
[21].

Another comparable study was done by Klose et al.(2010) 
that assessed the hormonal changes in 26 aSAH patients at 
the Mean±SD of 7 days after the onset [22]. The incidence 
of pituitary dysfunction was 58% and the study showed 

Sreenivasan H, et al. Evaluation of Endocrine Dysfunction Following aSAH. Iran J Neurosurg. 2022; 8:E22

https://irjns.org/


2022, Volume 8

10

FSH/LH deficiency in 93.3% of patients, low T3 in 35%, low 
cortisol in 12%, and low GH/IGF-1 in 15% [21, 22].

Posterior pituitary deficiency is primarily depicted by 
sodium imbalance secondary to antidiuretic hormone 
(ADH) dysfunction [21]. We did not evaluate posterior 
pituitary deficiency in our study because its dysfunction 
is already known and expected in SAH patients and in-
dividuals subjected to neurosurgical interventions [21].

Our study is also comparable to the study by Jaiswal et al., 
which was a prospective study including 100 aSAH cases 
that underwent detailed clinical and endocrine evaluation 
during the acute phase. There were 38% males and 62% 
females. This female preponderance has been observed 
in many studies, including ours. The mean age of the pa-
tients was 43.6 years [17]. The location of aneurysms in 
the anterior circulation (n=95) included the following 
items: MCA-15, A.COM-49, P.COM-16, ICA-9, anterior cho-
roidal artery-1, distal anterior cerebral artery-5 [23]. The 
location of aneurysms in the posterior circulation (n=5) 
included basilar artery - 4, and posterior cerebral artery-1 
[23]. Aneurysms were more common in the anterior cir-
culation (n=22) than posterior circulation (n=3). This was 
similar to our study with the following order of distribu-
tion: A.COM–8, MCA–8, ICA–4, SCA–2, BA–2, and VA–1 
[18]. Jaiswal et al. study has reported GH as the most 
common hormone deficiency, followed by gonadotropin, 
corticotrophin, and thyrotropin; whereas the order of fre-
quency of hormone deficiency in our study was GH, cor-
ticotrophin, gonadotropin, and thyrotropin. Their study, 
however, showed hyperprolactinemia in 10 cases, which 
was not observed in our study. In addition, their study 
showed single pituitary axis dysfunction in 26% and mul-
tiple pituitary axes dysfunctions in 67% of cases [23], while 
in our study single pituitary axis dysfunction was observed 
in 9 cases (36%) and multiple pituitary axes dysfunction in 
8 cases (32%) [23]. In the research performed by Jaiswal et 
al., 93% of cases of acute SAH had endocrine dysfunction, 
while our study reported an incidence of 68%. It is thereby 
suggested that hormonal evaluation must be considered a 
part of management in acute aSAH conditions [17].

Kronvall et al. reported the prevalence of pituitary dys-
function as 37% during acute aSAH. Furthermore, the data 
suggested a worse clinical outcome associated with pitu-
itary dysfunction, being more common among patients 
with bleeding sites closer to the hypothalamus [23].

5. Conclusion

Neuroendocrine dysfunction occurs in 68% of aSAH 
cases during the acute phase. Accordingly, 32% among 

them have single-axis pituitary dysfunction and 36% 
have multiple axes pituitary dysfunction. The most com-
mon endocrine dysfunction in this study is GH deficien-
cy (48%), followed by ACTH, gonadotropins (LH & FSH), 
and TSH. Therefore, it is suggested that including the 
hormonal evaluation in the management of acute aSAH 
may benefit the clinical outcomes.

Ethical Considerations

Compliance with ethical guidelines

This study was approved by the Institutional Eth-
ics Committee of the Government Medical College, 
Kozhikode, Kerala, India (Code: GMCKKD/RP 2020/
IEC/221 dated 08/08/2019). Written informed consent 
form was obtained from all patients who participated 
in this study. 

Funding

This article is extracted from a thesis submitted and 
defended at the Kerala University of Health Science, as a 
part of partial fulfillment for MCh Neurosurgery course 
in 2021. All costs of the investigations was borne by the 
principal investigator. There were no additional financial 
expenses for the patients included in the study.

Authors' contributions

Conception and design: Harikrishnan Sreenivasan and 
Rajeev Mandaka Parambil; Data collection: Prakasan 
Kannoth, Shanavas Cholakkal, Ebby Kachirayil Sebas-
tian; Data analysis and interpretation: Harikrishnan 
Sreenivasan, Shanavas Cholakkal; Drafting the article: 
Prakasan Kannoth and Ebby Kachirayil Sebastian; Criti-
cally revising the article: Harikrishnan Sreenivasan and 
Shanavas Cholakkal; Reviewing the submitted version 
of the manuscript: Harikrishnan Sreenivasan and Rajeev 
Mandaka Parambil; Final version approval: Rajeev Man-
daka Parambil. 

Conflict of interest

There is no conflict of interest concerning this study.

Acknowledgements

 The authors would like to thank the volunteers who 
participated in this study.

References

Sreenivasan H, et al. Evaluation of Endocrine Dysfunction Following aSAH. Iran J Neurosurg. 2022; 8:E22

https://irjns.org/
http://kuhs.ac.in/


11

2022, Volume 8

[1] D'Souza S. Aneurysmal subarachnoid hemorrhage. Jour-
nal of Neurosurgical Anesthesiology. 2015; 27(3):222-40. 
[DOI:10.1097/ANA.0000000000000130] [PMID] [PMCID] 

[2] Karaca Z, Hacioglu A, Kelestimur F. Neuroendocrine 
changes after aneurysmal subarachnoid haemorrhage. Pi-
tuitary. 2019; 22(3):305-21. [DOI:10.1007/s11102-018-00932-w] 
[PMID] 

[3] Aimaretti G, Corneli G, Baldelli R, Di Somma C, Gasco V, 
Durante C, et al. Diagnostic reliability of a single IGF-I meas-
urement in 237 adults with total anterior hypopituitarism and 
severe GH deficiency. Clinical Endocrinology. 2003; 59:56-61. 
[DOI:10.1046/j.1365-2265.2003.01794.x] [PMID] 

[4] Brandt L, Säveland H, Valdemarsson S, Sjöholm H, Rein-
strup P. Fatigue after aneurysmal subarachnoid hemorrhage 
evaluated by pituitary function and 3D-CBF. Acta Neuro-
logica Scandinavica. 2004; 109(2):91-6. [DOI:10.1046/j.0001-
6314.2003.00189.x] [PMID] 

[5] Burke CW. The pituitary megatest: Outdated? Clinical En-
docrinology. 1992; 36(2):133-4. [DOI:10.1111/j.1365-2265.1992.
tb00946.x] [PMID] 

[6] Dimopoulou I, Kouyialis AT, Tzanella M, Armaganidis A, 
Thalassinos N, Sakas DE, et al. High incidence of neuroen-
docrine dysfunction in long-term survivors of aneurys-
mal subarachnoid hemorrhage. Stroke. 2004; 35(12):2884-9. 
[DOI:10.1161/01.STR.0000147716.45571.45] [PMID] 

[7] Hartman ML, Crowe BJ, Biller BM, Ho KK, Clemmons DR, 
Chipman JJ. Which patients do not require a GH stimulation 
test for the diagnosis of adult GH deficiency? The Journal 
of Clinical Endocrinology & Metabolism. 2002; 87(2):477-85. 
[DOI:10.1210/jcem.87.2.8216] [PMID] 

[8] Kelly DF, Gonzalo IT, Cohan P, Berman N, Swerdloff R, 
Wang C. Hypopituitarism following traumatic brain in-
jury and aneurysmal subarachnoid hemorrhage: A prelimi-
nary report. Journal of Neurosurgery. 2000; 93(5):743-52. 
[DOI:10.3171/jns.2000.93.5.0743] [PMID] 

[9] Kreitschmann-Andermahr I, Hoff C, Niggemeier S, Pruem-
per S, Bruegmann M, Kunz D, et al. Pituitary deficiency fol-
lowing aneurysmal subarachnoid haemorrhage. Journal of 
Neurology, Neurosurgery & Psychiatry. 2003; 74(8):1133-5. 
[DOI:10.1136/jnnp.74.8.1133] [PMID] [PMCID] 

[10] Lamberts SW, de Herder WW, van der Lely AJ. Pituitary in-
sufficiency. The Lancet. 1998; 352(9122):127-34. [DOI:10.1016/
S0140-6736(98)85043-5] [PMID] 

[11] Leal-Cerro A, Flores JM, Rincon M, Murillo F, Pujol M, 
Garcia-Pesquera F, et al. Prevalence of hypopituitarism and 
growth hormone deficiency in adults long-term after se-
vere traumatic brain injury. Clinical Endocrinology. 2005; 
62(5):525-32. [DOI:10.1111/j.1365-2265.2005.02250.x] [PMID] 

[12] Nukta EM, Taylor HC. Panhypopituitarism secondary to 
an aneurysm of the anterior communicating artery. Canadian 
Medical Association Journal. 1987; 137(5):413-5. [PMID] [PM-
CID]

[13] McMahon AJ. Diabetes insipidus developing after suba-
rachnoid haemorrhage from an anterior communicating ar-
tery aneurysm. Scottish Medical Journal. 1988; 33(1):208-9. [D
OI:10.1177/003693308803300107] [PMID] 

[14] Nguyen BN, Yablon SA, Chen CY. Hypodipsic hyperna-
tremia and diabetes insipidus following anterior communi-

cating artery aneurysm clipping: Diagnostic and therapeutic 
challenges in the amnestic rehabilitation patient. Brain In-
jury. 2001; 15(11):975-80. [DOI:10.1080/02699050110063459] 
[PMID] 

[15] Osterman PO. Hypothalamo-pituitary-adrenal function 
following subarachnoid hemorrhage. Acta Neurologica Scan-
dinavica. 1975; 52(1):56-62. [DOI:10.1111/j.1600-0404.1975.
tb02827.x] [PMID] 

[16] Vernet M, Rapenne T, Beaurain J, Verges B, Combes 
JC, Freysz M. Hypopituitarism after surgical clipping of a 
ruptured cerebral aneurysm. Critical Care Medicine. 2001; 
29(11):2220-2. [DOI:10.1097/00003246-200111000-00028] 
[PMID] 

[17] Jaiswal AK, Yadav S, Sahu RN, Mehrotra A, Behari S, 
Mahapatra AK. An evaluation of neuroendocrine dysfunc-
tion following acute aneurysmal subarachnoid hemorrhage: 
A prospective study. Asian Journal of Neurosurgery. 2017; 
12(1):34-6.[DOI:10.4103/1793-5482.146395] [PMID] [PMCID] 

[18] Dutta P, Mukherjee KK, Chaudhary PK, Masoodi SR, 
Anand S, Pathak A, et al. Pituitary dysfunction in survivors 
of spontaneous subarachnoid hemorrhage of anterior com-
municating artery and middle cerebral artery aneurysms: 
A comparative study. Neurology India. 2012; 60(4):390-4. 
[DOI:10.4103/0028-3886.100729] [PMID] 

[19] Nyberg C, Karlsson T, Hillered L, Stridsberg M, Ronne Eng-
ström E. The early endocrine stress response in experimental 
subarachnoid hemorrhage. Plos One. 2016; 11(3):e0151457. 
[DOI:10.1371/journal.pone.0151457] [PMID] [PMCID] 

[20] Khajeh L, Blijdorp K, Heijenbrok-Kal MH, Sneekes EM, 
van den Berg-Emons HJ, van der Lely AJ, et al. Pituitary 
dysfunction after aneurysmal subarachnoid haemorrhage: 
Course and clinical predictors—the HIPS study. Journal of 
Neurology, Neurosurgery and Psychiatry. 2015; 86(8):905-10. 
[DOI:10.1136/jnnp-2014-307897] [PMID] [PMCID] 

[21] Pereira JL, Albuquerque LA, Dellaretti M, Carvalho GT, 
Vieira G Jr, Brochado VM, et al. Pituitary deficiency after an-
eurysmal subarachnoid hemorrhage. Clinics. 2013; 68(6):745-
9. [DOI:10.6061/clinics/2013(06)04] [PMID] 

[22] Klose M, Brennum J, Poulsgaard L, Kosteljanetz M, 
Wagner A, Feldt-Rasmussen U. Hypopituitarism is uncom-
mon after aneurysmal subarachnoid haemorrhage. Clini-
cal Endocrinology. 2010; 73(1):95-101. [DOI:10.1111/j.1365-
2265.2010.03791.x] [PMID] 

[23] Kronvall E, Valdemarsson S, Säveland H, Nilsson OG. 
Pituitary dysfunction after aneurysmal subarachnoid 
hemorrhage is associated with impaired early outcome. 
World Neurosurgery. 2014; 81(3-4):529-37. [DOI:10.1016/j.
wneu.2013.10.038] [PMID] 

Sreenivasan H, et al. Evaluation of Endocrine Dysfunction Following aSAH. Iran J Neurosurg. 2022; 8:E22

https://irjns.org/
https://doi.org/10.1097/ANA.0000000000000130
https://www.ncbi.nlm.nih.gov/pubmed/25272066
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4463029
https://doi.org/10.1007/s11102-018-00932-w
https://www.ncbi.nlm.nih.gov/pubmed/30637621
https://doi.org/10.1046/j.1365-2265.2003.01794.x
https://www.ncbi.nlm.nih.gov/pubmed/12807504
https://doi.org/10.1046/j.0001-6314.2003.00189.x
https://doi.org/10.1046/j.0001-6314.2003.00189.x
https://www.ncbi.nlm.nih.gov/pubmed/14705969
https://doi.org/10.1111/j.1365-2265.1992.tb00946.x
https://doi.org/10.1111/j.1365-2265.1992.tb00946.x
https://www.ncbi.nlm.nih.gov/pubmed/1314721
https://doi.org/10.1161/01.STR.0000147716.45571.45
https://www.ncbi.nlm.nih.gov/pubmed/15499033
https://doi.org/10.1210/jcem.87.2.8216
https://www.ncbi.nlm.nih.gov/pubmed/11836272
https://doi.org/10.3171/jns.2000.93.5.0743
https://www.ncbi.nlm.nih.gov/pubmed/11059653
https://doi.org/10.1136/jnnp.74.8.1133
https://www.ncbi.nlm.nih.gov/pubmed/12876253
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1738628
https://doi.org/10.1016/S0140-6736(98)85043-5
https://doi.org/10.1016/S0140-6736(98)85043-5
https://www.ncbi.nlm.nih.gov/pubmed/9672293
https://doi.org/10.1111/j.1365-2265.2005.02250.x
https://www.ncbi.nlm.nih.gov/pubmed/15853820
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1492773/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1492773/
https://doi.org/10.1177/003693308803300107
https://doi.org/10.1177/003693308803300107
https://www.ncbi.nlm.nih.gov/pubmed/3388000
https://doi.org/10.1080/02699050110063459
https://www.ncbi.nlm.nih.gov/pubmed/11689095
https://doi.org/10.1111/j.1600-0404.1975.tb02827.x
https://doi.org/10.1111/j.1600-0404.1975.tb02827.x
https://www.ncbi.nlm.nih.gov/pubmed/1155027
https://doi.org/10.1097/00003246-200111000-00028
https://www.ncbi.nlm.nih.gov/pubmed/11700429
https://doi.org/10.4103/1793-5482.146395
https://www.ncbi.nlm.nih.gov/pubmed/28413529
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5379800
https://doi.org/10.4103/0028-3886.100729
https://www.ncbi.nlm.nih.gov/pubmed/22954974
https://doi.org/10.1371/journal.pone.0151457
https://www.ncbi.nlm.nih.gov/pubmed/27007694
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4805209
https://doi.org/10.1136/jnnp-2014-307897
https://www.ncbi.nlm.nih.gov/pubmed/25378238
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4516005
https://doi.org/10.6061/clinics/2013(06)04
https://www.ncbi.nlm.nih.gov/pubmed/23778478
https://doi.org/10.1111/j.1365-2265.2010.03791.x
https://doi.org/10.1111/j.1365-2265.2010.03791.x
https://www.ncbi.nlm.nih.gov/pubmed/20105184
https://doi.org/10.1016/j.wneu.2013.10.038
https://doi.org/10.1016/j.wneu.2013.10.038
https://www.ncbi.nlm.nih.gov/pubmed/24140998

