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Background and Aim: Secondary complications management of Subarachnoid Hemorrhage
(SAH) is one of the therapeutic challenging issues during Intensive Care Unite (ICU) admission.
The complications of patients with SAH admitted to the ICU of Imam Khomeini Hospital of Urumia
were investigated in this study.
Methods and Materials/Patients: In this descriptive study, the clinical complications of the
patients with SAH admitted to ICU including anemia, fever, hyperglycemia, hypertension,
electrolyte imbalance, and cardiac arrhythmia were collected from their medical records within a
7-year period. The collected data were analyzed using Chi-squared test and t-test by SPSS.
Results: In total, 483 records of patients with SAH were explored. Moreover, 183 (37.9%)
samples had anemia, 174 (36%) suffered from fever, 204 (42.2%) patients were diagnosed with
hypertension. A total of 111 (23%) patients had hyperglycemia, 54 (11.2%) individuals suffered
from sodium disorders. Additionally, 131 (27.1%) individuals had cardiac arrhythmias.
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Conclusion: The obtained results suggested that the most prevalent complications following SAH
are hypertension, anemia and fever. Furthermore, there was a significant correlation between
cardiac arrhythmias, as well as sodium and hyperglycemia disorders, and the treatment outcome
of patients. Patients admitted to ICU should be under intensive care to reduce the mortality rate
associated with SAH.
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Highlights
• The most prevalent medical complications of subarachnoid hemorrhage are fever, anemia, hypertensive state,
hyperglycemia, sodium imbalance, and cardiac arrhythmia.
• This complication can increase mortality and morbidity of the patients.

Plain Language Summary
Subarachnoid hemorrhage is a complicated situation and can be worsened by many factors like fever, anemia, cardiac arrhythmia, and sodium imbalance. Should the clinician control these complications the mortality and morbidity
of the patients will significantly reduce.

S

1. Introduction

ub-arachnoid Hemorrhage (SAH) usually
occurs as a result of a ruptured brain aneurysm or a spontaneous arterialvenous
malformation. The onset of symptoms is
sudden in SAH and always accompanied
by a typically severe but not irreversible headache. Often at the onset, consciousness is transiently or permanently lost; in this case, decerebrate posturing or
rare seizures are likely to occur. Approximately 5% of
autopsied people experienced brain aneurysms without any rupture symptoms.
Hypertension (HTN) has not been identified as the
definite underlying cause of aneurysm formation. However, acute blood pressure elevation can be responsible
for ruptured brain aneurysms. Fusiform aneurysms
result from the peripheral expansion of the body of a
brain artery. Contrary to saccular aneurysms, these aneurysms are hypothetically caused by atherosclerosis or
dissection. The main complications of aneurysm rupture include death, recurrent intracerebral hemorrhage
and vasospasm, seizure (10%), acute and chronic hydrocephalus, and intracranial hematoma [1].
Complications that may occur following SAH include
hyperglycemia, hyponatremia and hypernatremia, fever
and pneumonia, hypotension, hypertension, pulmonary edema, and heart arrhythmia [2, 3]. Frontera JA
et al. examined post-SAH hyperglycemia and predicted
subsequent complications and its effect on the treatment outcomes. GB average was defined as the average
maximum daily blood glucose level of 5.8 mmol/L (105
mg/dL). The results indicated that the measured GB average was 1.8 mmol/L (33 mg/dL).
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The post-SAH hyperglycemia was associated with serious hospital complications and increased hospitalization time in ICU and the increased risk of death or serious disabilities [4]. Dorhout Mees SM et al. conducted a
study on fever following aneurismal SAH and its association with the development of hydrocephaly and bleeding. Their results revealed that intra-ventricular blood
volume was an independent risk factor for fever. In this
study, non-infectious fever was rare and unrelated to
blood extracted from the veins and hydrocephaly [5].
Ke et al. reported that fever, anemia, hyperglycemia,
hypoxia, and hypertension can increase mortality and
morbidity following SAH; an intensive management of
these factors can decrease the mortality and morbidity
rates in this regard [6]. Frontera et al. investigated cardiac arrhythmias after SAH, the associated risk factors
and its effect on the treatment outcomes. Their results
revealed that significant clinical arrhythmias, which are
often Atrial Fibrillation (AF) and abundant, occurred in
4% of the patients. Cardiac arrhythmias after SAH are
associated with an increased risk of comorbidities with
other cardiovascular problems, prolonged hospitalization and unpleasant treatment outcomes or death [7].
Sampson et al. examined the factors associated with
the spread of anemia after SAH. They concluded that it
is possible to predict anemia with the use of basic clinical variables. Anemia is highly associated with surgery,
which is largely justifiable due to blood loss and high
systematic inflammatory response (through cytokines
that inhibit RBC production) [8].
Matthew et al. conducted a survey on the association
of cerebral natriuretic peptide serum with hypernatremia and delayed ischemic neurological deficit after SAH.
The results showed that an increase in serum BNP level,
which is independently related to hypernatremia and
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a significant increase in delayed neurological disorder
in 24 hours after the disease onset can predict GCS in
patients for two weeks; and the level of BNP can be a
prognostic indicator for delayed neurological deterioration and increased mortality rate [9].

2. Methods and Materials/Patients
The present cross–sectional descriptive study explored the clinical records of patients with nontraumatic SAH admitted to Imam Khomeini Hospital in Urumia
City, Iran. The statistical population and sample size of
the study were patients with SAH admitted to the ICU of
Imam Khomeini Hospital of Urumia from 2010 to 2017.
Demographic characteristics (age and sex) of the patients, evidence related to all the defined complications
of SAH, including anemia, fever, hyperglycemia, hypertension, sodium disorders and cardiac arrhythmia were
collected and recorded in a researcher-made datasheet.
The obtained data were analyzed using SPSS.

3. Results
In this study, 500 clinical records of the patients with
SAH admitted to ICU (2010-2017) were investigated.
Moreover, 10 patients due to equal GCS, 4 patients due
to transfer to other medical centers, and 3 individuals
due to incomplete medical records were excluded from
the study. We reviewed 483 cases, eventually. Of the
483 patients with SAH, 309 (64%) were male and 174
(36%) were female (Figure 1). The patients’ Mean±SD
age was 49.19±5.2 years (age range: 3-82 years) .
This study only included brain CT angiography reports
of 438 nontraumatic SAH patients (Table 1). Considering the aneurysmal location, size, GCS, and the general
condition of patients’ microsurgical aneurysm clipping,
endovascular intervention, and conservative treatment
were recorded (Table 2). The obtained results revealed
that out of 483 patients with SAH, 183 (37.9%) individuals had anemia and 300 (62.1%) patients had no anemia. Fever was recorded in 174 (36 %) patients, 204
(42.2%) individuals had hypertension, and hyperglyce-
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Figure 1. The number of patients with SAH in respect of gender
Table 1. The number of brain CT angiography findings in the studied patients

No. (%)
Aneurysmal

Non-aneurismal

346(78.99)

92(21)

Table 2. The intervention modality in the patients with a positive report of aneurysms based on brain CT angiography

Intervention Modality

No. (%)

Microsurgery clipping

154(44.5)

Endovascular

85(24.5)

Conservative

107(30.09)
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Table 3. Complication frequency in the study groups

Complication

Positive

Negative

Total

Anemia

183

300

483

Fever

174

309

483

Hypertension

204

279

483

Hyperglycemia

111

372

483

Sodium imbalance

54

429

483

Cardiac arrhythmia

131

352

483

Table 4. The relationship between the patients’ treatment outcomes and SAH in respect of the study variables

Complication

Anemia

Fever

Hypertension

Sodium disorders

Hyperglycemia

Cardiac arrhythmia

176

Treatment Outcome

No. (%)
With Fever

Without Fever

Total

Discharge

108(38.4)

173(61.6)

281(100)

Death

75(37.1)

127(62.9)

202(100)

Total

183(37.9)

300(62.1)

483(100)

Discharge

93(33.1)

188(66.9)

281(100)

Death

81(40.1)

121(59.9)

202(100)

Total

174(36)

309(64)

483(100)

Discharge

93(33.1)

188(66.9)

281(100)

Death

81(40.1)

121(59.9)

202(100)

Total

174(36)

309(64)

483(100)

Discharge

24(8.5)

257(91.5)

281(100)

Death

30(14.9)

172(85.1)

202(100)

Total

54(11.2)

429(88.8)

483(100)

Discharge

46(16.4)

235(83.6)

281(100)

Death

65(32.2)

137(67.8)

202(100)

Total

111(23)

372(77)

483(100)

Discharge

24(8.5)

257(91.5)

281(100)

Death

30(14.9)

172(85.1)

202(100)

Total

54(11.2)

429(88.8)

483(100)
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P

0.42

0.06

0.36

0.001

0.001

0.001
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mia was detected in 111 (23%) patients. Sodium level
was explored in respect of hypo- and hypernatremic
states only in 54 (11.2%) patients. Moreover, the cardiac
rhythm was only reported in 131 (27.1%) patients with
cardiac arrhythmia (Table 3).
Of 483 patients with SAH, 281 (58.2%) individuals survived and 202 (41.8%) died. Investigating the treatment
outcomes of patients with anemia revealed that 108
(38.4%) out of 281 discharged patients suffered from
anemia and 173 (61.6%) individuals had no anemia, and
75(37.1%) individuals out of 202 dead patients demonstrated the symptoms of anemia and 127 (62.9%) individuals did not. Chi-squared test results presented no
significant correlation between the treatment outcome
of patients and anemia (P=0.42).

study. The duration of admission in ICU has not been
studied in this study.
The study by Sampson et al. suggested the possibility
of predicting anemia onset with the use of basic clinical
variables [8]; they also reported that severe anemia as
the result of surgery is mostly caused by blood loss and
high systemic inflammatory response (through cytokines that inhibit RBC production) is justifiable. This data
is consistent with the view that anemia was among the
most frequent complications in the studied patients. In
addition, GCS is not an appropriate indicator to evaluate
the neurological status in patients admitted to ICU due
to paralysis or sedative medication use [14-18].

Analysis of patients’ fever and treatment outcomes
suggested that out of 281 patients, 93 (33.1%) individuals had a fever and 188 (66.9%) individuals had no
fever, and out of 202 dead patients, 81 (40.1%) had a
fever, while 121 (59.9%) patients had no fever. ChiSquared test showed no significant relationship between the treatment outcomes of patients and fever
(P=0.06). Additionally, we calculated that the P equal to
0.36 for the relation between hypertension and SAH;
however, statistical analysis suggested a significant relationship between hyperglycemia arrhythmia and sodium disorders (P<0.05) (Table 4).

Roviro et al. in a cohort study on 334 patients with
SAH reported associating factors with poor treatment
outcomes; high mortality rate was correlated with >65
years of age, female sex, systolic blood pressure of >180
mmHg, rebleeding, vasospasm, cerebral ischemia, hyperglycemia in the first day of hospital admission, and
WFNS of grades 4-5. Studies failed to determine the
prognostic index with 100% sensitivity and specificity to
predict mortality and morbidity rates in SAH [19]. We
disregarded determining the prognostic value of indicators. Furthermore, some data may be missed while data
recording. Another limitation of our data regarded the
lack of including data of the ICU patients and patients
admitted to general neurosurgery ward.

4. Discussion

5. Conclusion

Pre-existing comorbidities in ICU patients such as high
blood glucose, low O2 saturation, electrolytes imbalance and the disruption of acid-base buffers after a
surgical intervention can aggravate the patient’s clinical condition and increase the mortality rate in them.
Thus, all patients should be admitted to ICU after surgery, and under the neurocritical care of trained staff.
The obtained results revealed that fever, anemia, and
hyperglycemia have had the highest impact on the patients’ mortality after SAH. Therefore, the findings are
consistent with the study by Qureshi AI [9-13].

The obtained results suggested that the most prevalent clinical complications after SAH are anemia, hyperglycemia, sodium disorders, and cardiac arrhythmia;
and out com of the patients depend on them. The presence of anemia in patients after SAH can be associated
with surgery that requires further investigations. Future
evaluation of the prognostic value of this indicator on
the treatment outcomes of patients are necessary.

The present study also recommends reviewing clinical trials for targeted interventions to prevent and treat
commonly occurring complications after SAH. Findings
of Frontera JA et al. correlate with the findings of this
study on the increased risk of death; and cardiac arrhythmia has a significant relationship with mortality
after SAH [7]. However, in terms of the duration of hospitalization in ICU, it is not comparable with the present
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