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Impact of Dysnatremia and Dyskalemia on Prognosis in
Patients with Aneurysmal Subarachnoid Hemorrhage:
A Retrospective Study

Catherine WY Tam?, HP Shum?, WW Yan?

ABSTRACT

Background: Electrolyte disturbance is one of the complications of subarachnoid hemorrhage (SAH) and its prognostic value is not fully
understood. The focus of this study is to evaluate the impact of dysnatremia and dyskalemia on functional outcomes in patients with aneurysmal
SAH.

Materials and methods: Patients with spontaneous aneurysmal SAH who were admitted to our intensive care unit (ICU) between 1st January 2011
and 31st December 2016 were included. Demographic data, biochemical parameters from days 1 to day 11 of ICU admission, disease severity,
and clinical outcome were recorded. The prognosis was estimated using the Glasgow outcome scale (GOS) at 3 months after the initial insult.
Results: A total of 244 patients were included in this study. There were 139 patients (57.0%) with hyponatremia (Na < 135 mmol/L) while 82
patients (33.6%) had hypernatremia (Na >146 mmol/L). Hyponatremia, hypernatremia, and sodium fluctuation >12 mmol/L were more commonly
found in those patients with poor outcome. However, both hypokalemia and hyperkalemia were not shown to have a significant effect on the
patient’s prognosis. Logistic regression analysis identified the following independent predictors of poor outcome (GOS 1-3 at 3 months): age
>55 years old, acute physiology and chronic health evaluation IV (APACHE V) score >50, World Federation of Neurosurgical Societies (WFNS)
grade >3, Fisher grade >2, presence of intracranial hemorrhage (ICH)/intraventricular hemorrhage (IVH), use of mannitol, use of loop diuretic
aneurysms, involving posterior circulation, and hypernatremia >146 mmol/L.

Conclusion: Hypernatremia, but not hyponatremia, in patients with aneurysmal SAH is associated with poor outcome. Both hypokalemia and
hyperkalemia were not shown to have a significant effect on the patient’s prognosis. Further studies are required to determine whether the
treatment of dysnatremia can influence outcomes.

Clinical significance: Dysnatremia and dyskalemia are common in patients with aneurysmal SAH, but only hypernatremia is associated with
poor outcome. Further studies are required to determine whether the treatment of dysnatremia can influence outcomes.
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INTRODUCTION

Aneurysmal SAH itself carries high disability and mortality rates.’
Theincidence of SAH has been estimated to be approximately 9 per
1,00,000 person-years, with geographic variations and association
with age.? In our locality, the incidence of SAH was 7.5 per 1,00,000
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person-years in 2010 and that the trend was increasing over the
following years.? Although the main predictive factor of SAH
outcome is the severity of neurological morbidity, non-neurological
complications can also affect the ICU, and hospital length of stay
(LOS).* Electrolyte disturbance, especially both hyponatremia and
hypernatremia, are frequently observed in the acute phase of SAH.>
The management of hyponatremia is often a challenge because
of the varying etiologies and treatment direction. The outcomes
associated with altered serum sodium levels in SAH patients are
not fully understood. Some studies have shown conflicting results
regarding the relationship between altered serum sodium levels
and prognosis."®” The objective of this study is to evaluate the
impact of dysnatremia and dyskalemia on prognostic functional
outcomes in aneurysmal SAH patients.

MATERIALS AND METHODS

Thisis a single-center, retrospective cohort study conducted in the
ICU of Pamela Youde Nethersole Eastern Hospital (PYNEH), which
is a tertiary regional hospital in Hong Kong. Around 95% of all SAH
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admissions to our hospital were treated in our ICU. This study was
approved by the Hong Kong East Cluster Ethics Committee. Written
informed consent was waived due to the retrospective, anonymous
nature of the analysis.

Study Population

This study included all patients with spontaneous aneurysmal
SAH who were admitted to our ICU between January 1, 2011 and
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December 31,2016. Both elective and emergency admissions were
included in this study. Individuals were at least 18 years of age
and exhibited spontaneous SAH (as diagnosed with computed
tomography) with a confirmed aneurysm on angiography were
included. Patients with high suspicion of aneurysmal SAH based
on history or confirmed SAH on computerized tomography (CT)
scan, however, with high-grade SAH on presentation deemed
not suitable for further intervention or angiography were also
included. Patients with traumatic SAH and those with missing data
were excluded.

Data Collection

Patient data were collected from paper and electronic medical
records. Collected dataincluded demographic details, comorbidities,
clinical characteristics (APACHE IV score), laboratory parameters,
presence of vasospasm, severity of SAH based on clinical grading
(WFNS grade), and radiological scaling (Fisher grade), location and
size of aneurysm, and treatment modality. Outcome data included
ICU/hospital LOS and discharge conditions were extracted. For
recurrent ICU admissions during the same hospitalization episode,
only the first ICU admission episode was included.

Definitions
Electrolytes Disturbance

Serum sodium levels were retrieved daily on admission to ICU
(day 1) up to day 11 after SAH. Hyponatremia was defined by a
serum sodium level <135 mmol/L while hypernatremia was defined
by a serum sodium level of >146 mmol/L. If levels of sodium and
potassium were checked more than once per day, the minimumand
maximum levels for both electrolytes between 00:00 and 23:59 of
day 1 were recorded. Fluctuation values for sodium were obtained
by subtracting the minimum from maximum sodium levels from
the date of admission to death or day 11 whichever earlier and were
categorized as <12 mmol/L or >12 mmol/L.” Hypokalemia was
defined by a serum potassium level <3 mmol/L while hyperkalemia
was defined by a serum potassium level >5 mmol/L.

Grading of Subarachnoid Hemorrhage

The clinical grading (WFNS grade) of the patients and the
radiological scaling (Fisher grade) were determined by the revision
of all CT films and clinical parameters.®®

Cerebral Vasospasm

Cerebral vasospasm was determined by the transcranial Doppler
(TCD) evaluation. One nurse specialist performed all the scanning
procedure. Four main acoustic windows (transtemporal window,
transorbital window, submandibular window, and suboccipital
window) were used to identify the measurements of blood flow at
each major branch of the circle of Willis.'® Mean flow velocities of
>100 cm/seconds were considered as vasospasm.'" For those with
difficult TCD assessment, CT angiography, or digital subtraction
angiography was used for diagnosis of cerebral vasospasm.

Patient Care

According to our standard operative procedures, patients with
SAH were kept with a head-elevated position of 30°-45° with the
head aligned to the body axis. Regular re-evaluation of neurologic
status was performed by the intensivists and neurosurgeon.
Continuous blood pressure monitoring was performed using an
invasive arterial blood pressure monitoring device. The initial target
systolic blood pressure was <160 mm Hg with cerebral perfusion
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pressure of >60 mm Hg. Candidacy for endovascular interventional
radiologic (IR) vs surgical obliteration of the aneurysm is evaluated
by an experienced team of neurosurgeons and neuroradiologists
at presentation and treatment modality is up to their discretion.
Nimodipine, which may reduce vasospasm and reduce the
risk of secondary cerebral ischemia, was routinely prescribed.
Medical treatment of electrolyte disturbance in ICU is provided
at the discretion of the intensivists. All patients with documented
cerebral vasospasm were treated with induced hypertension using
noradrenaline with a target mean arterial pressure of 90-110 mm Hg
and volume optimization using isotonic crystalloid solution
targeting euvolemia. Endovascular therapies including intra-arterial
vasodilator therapy (using verapamil) and balloon angioplasty
were at the discretion of neuroradiologists and neurosurgeons
for management of severe cerebral vasospasm. Central venous
pressures were not routinely measured.

Outcome

The primary outcome was 3-month Glasgow outcome score (GOS),
which was calculated from the first date of admission to ICU due to
SAH (Table 1)."2 The GOS score 1-3 is considered as poor outcome,
whereas the GOS score 4-5 is a good outcome. Secondary outcomes
were ICU and hospital mortality, ICU and hospital LOS.

Statistical Analyses

The estimated SAH incidence in our locality is 7.5 per 100,000
populations.® With a 95% confidence interval and a 10% margin
of error, the calculated sample size for this study is 94 in order to
provide representative findings.

For the data analysis, categorical variables were compared
using Pearson Chi-square tests or Fisher’s exact test as appropriate.
Student t test or Mann-Whitney U test was used to compare
continuous variables. Pearson’s and Spearman test were used to
determine the correlation between vasospasm and serum sodium
level. Results were expressed as mean + standard deviation
or as number of cases and percentage as appropriate. Logistic
regression analysis with forward stepwise approach (instead of
Cox regression analysis) was used to assess independent predictors
for poor outcome (3-month GOS 1-3) because the time for when
GOS 4 transits to 3 could not be clearly defined. Factors within the
logistic regression model included the following: age more than
55; APACHE IV score >50; gender; WFNS grade >3; Fisher grade >2;

Table 1: Glasgow outcome score

Score  Description
1 Death
2 Persistent vegetative state
Patient exhibits no obvious cortical function
3 Severe disability

Conscious but disabled. Patient depends on others for
daily support

4 Moderate disability
Disabled but independent. Patient is independent as far as
daily life. Disabilities include varying degrees of dysphasia,
hemiparesis, or ataxia as well as intellectual and memory
deficits and personality changes

5 Good recovery/low disability

Resumption of normal activities even though there may be
minor neurologic or psychological deficits
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presence of ICH/IVH; received IR procedures; use of mannitol or loop
diuretic; aneurysm involving posterior circulation; day 1-11 sodium
<135 mmol/L; day 1-11 sodium >146 mmol/L; day 1-11 sodium
variability (max-min sodium level >12 mmol/L); and day 1-11
potassium >5 mmol/L. The factor selection for the regression model
was based on p < 0.1 within the univariate analyses, and avoidance
of collinearity. Regression model fit was assessed using the Hosmer
and Lemeshow goodness-of-fit test, Cox and Snell R square test and
Nagelkerke R square test. Continuous variables were converted to
categorical variables with appropriate cutoff values determined by
receiver operating characteristic curve analysis. Statistical analysis
was done using the Statistical Package for Social Sciences version 20
(SPSSInc., Chicago, IL). p values < 0.05 were considered statistically
significant for this study.

REesuLTs

All Patients

A total of 252 SAH patients were admitted to our ICU from January
2011 to December 2016 and 244 patients were eligible for this
study with eight patients excluded due to missing data (n = 4)
and those with traumatic SAH (n = 4). The mean age of patients
was 57.7 + 14.6 years, 36.4% were men and the APACHE IV score
was 59 + 31 (Table 2). Concerning the severity of SAH, 43.9% had
WENS grade >3, 75% had Fisher grade >2, and 63.5% associated
with ICH/IVH. Aneurysms were commonly located at the anterior

circulation (62.7%). Around half of the patients (55.7%) received
radiologic interventions and only 21.7% were treated with surgical
clipping. Documented vasospasm was reported in 41.4% of patients.
Hyponatremia (Na < 135 mmol/L) occurred in 57% of patients while
hypernatremia (Na > 146 mmol/L) occurred in 33.6% of patients.
Sodium level fluctuation >12 mmol/L was noted in 39.3% of patients.
Hypokalemia (<3 mmol/L) and hyperkalemia (>5 mmol/L) occurred
in 29.5 and 21.3% of patients. The average ICU and hospital LOS were
7.6 + 6.2 and 21.1 & 27.5 days, respectively. The ICU, hospital and
3-month mortality were 18, 24.2, and 25.4%, respectively.

Comparison between those with Poor (GOS 1-3) and
Favorable Outcome (GOS 4-5)

Among 244 recruited patients, half of them (122) had a poor
outcome while half of them (122) had a favorable outcome (Table 2).
Patients with poor outcomes were older, more likely to be male
gender, had lower Glasgow coma scale (GCS) on ICU day 1 and
higher disease severity as evidenced by higher APACHE score,
higher WFNS grade, and Fisher grade. The presence of posterior
circulation locating aneurysm, coexisting ICH/IVH and the use of
mannitol or loop diuretics pointed to a poor outcome. Comparing
treatment modality, patients who underwent IR procedures had
a better outcome. Hyponatremia, hypernatremia, and sodium
fluctuation >12 mmol/L were more commonly found in those
patients with poor outcome. However, both hypokalemia and
hyperkalemia were not shown to have a significant effect on

Table 2: Comparison between those with Glasgow outcome scale (GOS) 1-3 vs those with GOS 4-5

Parameters All patients (n = 244) GOS4-5(n=122) GOS 1-3(n=122) p value
Age (years) 57.7 £ 14.6 527 +139 628+ 13.6 <0.001
Male 89 (36.4) 36 (30.0) 53 (43.4) 0.024
Source of admission
General ward 38(15.6) 20 (16.4) 18 (14.8) 0.113
OR/recovery 181 (74.2) 94 (77.0) 87(71.3)
Others 25(10.2) 8(6.6) 17 (13.9)
APACHE IV score 59 + 31 42+ 22 77 +£28 <0.001
APACHE IV risk of death 0.25+0.24 0.12+0.14 0.37 +£0.26 <0.001
Day 1 lowest GCS 8+5 1M1+4 6+4 <0.001
WEFNS grade
1 97 (39.8) 77 (63.1) 20(16.4) <0.001
2 22(9.0) 11 (9.0) 11(9.0)
3 18 (7.4) 11(9.0) 7(5.7)
4 40 (16.4) 12(9.8) 28(23.0)
5 67 (27.5) 11 (9.0) 56 (45.9)
Fisher grade
1 35(14.3) 31(25.4) 4(3.2) <0.001
2 26 (10.7) 17 (13.9) 9(7.4)
3 54(22.1) 43 (35.2) 11(9.0)
4 129 (52.9) 31(25.4) 98 (80.3)
Aneurysm location
Anterior circulation 153 (62.7) 90 (73.8) 63(51.6) 0.002
Posterior circulation 66 (27.0) 24(19.7) 42 (34.4)
Not clear 25(10.3) 8(6.6) 17 (13.9)
Aneurysm maximum size (mm) 56+58 54+37 57+73 0.658
Presence of ICH/IVH 155 (63.5) 48 (39.3) 107 (87.7) <0.001
Presence of vasospasm 101 (41.4) 45 (36.9) 56 (45.9) 0.153
Contd...
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Contd...
Parameters All patients (n = 244) GOS4-5(n=122) GOS1-3(n=122) p value
Interventions
Interventional radiological procedures 136 (55.7) 87 (71.3) 49 (40.2) <0.001
Surgical clipping 53(21.7) 31(25.4) 22(18.0) 0.162
Medications
Mannitol 33(13.5) 8(6.6) 25(20.5) 0.001
Loop diuretics 44 (18.0) 10(8.2) 34(27.9) <0.001
Sodium (mmol/L)
Days 1-11 minimum sodium 133+4 132+4 135+ 4 <0.001
Days 1-11 maximum sodium 145+6 143 +5 148 +7 <0.001
Days 1-11 hyponatremia (<135) 139 (57.0) 86 (70.5) 53 (43.4) <0.001
Days 1-11 hypernatremia (>146) 82(33.6) 16 (13.1) 66 (54.1) <0.001
Days 1-11 sodium change >12 96 (39.3) 33(27.0) 63(51.6) <0.001
Potassium (mmol/L)
Days 1-11 minimum potassium 3.1+03 3.1+£03 31+04 0.409
Days 1-11 maximum potassium 46+ 0.6 45+06 47 +0.7 0.006
Days 1-11 hypokalemia (<3) 72 (29.5) 38(31.1) 34(27.9) 0.574
Days 1-11 hyperkalemia (>5) 52(21.3) 20(16.4) 32(26.2) 0.061
Length of stay (days)
ICU 7.6+6.2 6.8+5.7 85+6.6 0.036
Hospital 21.1+275 16.5+9.2 25.6+37.3 0.009
Mortality
ICU 44 (18.0) 0(0) 44 (36.1) <0.001
Hospital 59 (24.2) 0(0) 59 (48.0) <0.001
30-day 57 (23.4) 0(0) 57 (46.7) <0.001
3-month 62 (25.4) 0(0) 62 (50.8) <0.001

All data area show as mean + standard deviation or number (%) unless otherwise specified

patient’s prognosis. The ICU and hospital LOS were longer for those
with poor outcome.

Independent Predictors of Poor Outcome

Logistic regression analysis using a forward stepwise approach
identified the following independent predictors for poor outcome
(GOS 1-3) at 3 months (Table 3): age >55 years old, APACHE IV score
>50, WENS grade >3, Fisher grade >2, the presence of ICH/IVH, use
of mannitol, use of loop diuretic, aneurysm involving the posterior
circulation, and hypernatremia (>146 mmol/L). Patients who
received IR procedure had a better outcome (GOS 4-5 at 3 months).

Discussion

This study showed that days 1-11 hypernatremia (sodium >146
mmol/L), but not hyponatremia independently predicted poor
outcome at 3 months for those with aneurysmal SAH. Other poor
outcome predictors included: age >55, APACHE IV score >50, WFNS
grade >3, Fisher grade >2, presence of ICH/IVH, use of mannitol or
loop diuretics, and aneurysm involving posterior circulation. Those
who received IR procedure had a better outcome.

The majority of non-traumatic SAH cases observed in our study
are due to ruptured intracranial aneurysm (93%), similar to another
study.”® A higher proportion of our patient population is women
(63.6%) and 15% of our patients have multiple aneurysms which
correlate with the literature. The median age on SAH presentation
was 50 years old while the mean age at aneurysmal rupture was 55
years old."” We observed that there was a worsening of the outcome
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Table 3: Logistic regression analysis to identify independent predictors
for poor outcome (3 months GOS 1-3) using forward stepwise approach

95% confidence

Parameters Odds ratio interval p value
Age >55 years old 5.730 2.346-13.993  <0.001
APACHE IV score >50 4314 1.752-10.622 0.001
WFNS grade >3 2.747 1.067-7.072 0.036
Fisher grade >2 2.878 1.125-7.361 0.027
Presence of ICH/IVH 4.055 1.603-10.259 0.003
Use of mannitol 4.318 1.027-18.159 0.046
Use of loop diuretic 6.022 1.994-18.189 0.001
Aneurysm involving 3.882 1.435-10.499 0.008
posterior circulation

Days 1-11 sodium 3.003 1.166-7.732 0.023
>146 mmol/L

Received IR procedures 0.276 0.114-0.669 0.004

Hosmer and Lemeshow test x> = 9.136, df = 8, p = 0.331 Cox and Snell
R square 52.1%, Nagelkerke R squared 69.5%, correctly classified 86.5% of
cases

when age on presentation was older than 55 years old. In fact,
advanced age is a well-recognized prognostic indicator of poor
outcome in patients with SAH, which may be explained by poorer
functional reserve and the presence of multiple comorbidities."'®

Subarachnoid hemorrhage is associated with a high percentage
of disability (33%) and deaths (44%).” Our ICU mortality rate due
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to SAH was 18% and the in-hospital mortality rate is 24.2%. Due
to the diagnostics and therapeutic advancement for patients with
SAH, the prognosis for these patients has improved significantly
in recent decades.’® However, similar to our study findings, poor
WENS score, and Fisher grade remain as independent predictors of
poor outcome.! A substantial amount of SAH can cause increased
intracranial pressure and may decrease cerebral perfusion, which
leads to increased cerebral edema and death.”

The presence of IVH/ICH in our study was also shown to be an
independent predictor of poor outcome. Severity of aneurysmal
IVH is a strong contributor to initial severity and early complications
of SAH, which leads to the poor outcome.' Echoed with previous
studies, aneurysms involving posterior circulation, but not the size
of the aneurysm was shown to be associated with poorer outcome
in our study."?° Differences in the types of neurological deficits due
to posterior circulation involvement may explain this finding.'

In our study population, 57% developed hyponatremia,
which was similar to previous studies.?>?3 The occurrence of
hyponatremia was not associated with worsened neurological
outcome at 3 months. The reason why hyponatremia did not lead
to poor outcome can be attributed to cerebral autoregulation. It
was discovered that cerebral tissue could adapt to hyponatremia
and attain stable status several hours afterward.?* The prognostic
significance of hyponatremia may be undermined in our study,
possibly due to more aggressive fluid managementand correction of
hyponatremia. The significance in hyponatremia s less pronounced
compared with hypernatremia in literature. Hypernatremia was
significantly associated with poor outcome in our study and similar
to previous studies.?>?% Although hypernatremia leads to increased
cellular dehydration with decreased cerebral edema, which can
be a therapeutic goal in those with poor-grade SAH, this altered
homeostatic state can lead to myelin damage and even neuronal
death, which contributes to additional secondary brain injury after
SAH.?>2% Hypernatremia is also associated with the presence of
acute kidney injury, which may contribute to the poor outcome.?’
Our study showed that sodium variability >12 mmol/L significantly
worsened the outcome. Studies by Bales et al. and Engles et al.
showed similar findings and fluctuations in serum sodium level
contributed to the development of delayed cerebral ischemia in
SAH, resulting in guarded prognosis.”?

One of the common causes of hypernatremia in neurosurgical
patients is diabetes insipidus. A significant negative fluid balance
status may indicate the presence of this complication. When
compared with those patients without hypernatremia, patients with
hypernatremia had higher (instead of lower) average fluid balance
on the first 4 days of ICU admission (368 + 622 mL vs 169 + 558 mL,
p = 0.012). Given that 39.8% of the recruited patients had less than
4 days of ICU LOS and accurate fluid status information is difficult
to obtain when the patients were discharged from the ICU, further
analysis of the relationship of fluid balance and patient’s outcome
was not performed.

In our study, both hypokalemia and hyperkalemia had no
significance on the outcome. Alimohamadis’ prospective study
showed that hypokalemia in the subacute phase of SAH (days 7-10)
correlated with poor outcome while hyperkalemia was significantly
associated with less radiographic severity.?? But the effect of
potassium on outcome after SAH remains controversial.>® A
retrospective observational cohort study showed that hypokalemia
in patients with aneurysmal SAH in their acute phase is accompanied
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by elevated serum sodium level, which in terms contributes to poor
outcome as mentioned before.?’

There are several therapies aimed at reducing the intracranial
pressure (ICP), including the use of osmotic diuretics with mannitol
or hypertonic saline solution. Loop diuretic alone or in combination
with mannitol can also be used to suppress ICP. A study showed
that the combination resulted in a longer-lasting reduction in ICP
than mannitol alone.3?> We showed that the use of loop diuretic
or mannitol independently predicted poor outcome, which
yielded similar results as Sakr et al.33 The presence of high ICP and
significant fluid overload, which drive the use of mannitol and
loop diuretics may be the underlying reasons that contributed to
a poor outcome.

We also found that patients who underwent IR treatment
had a better prognosis. A systemic review showed that coiling
is associated with a higher risk of rebleeding, but yields a
better clinical outcome, especially in those patients with good
preoperative status.3* In another retrospective study, clipping was
shown to have a better outcome and lower mortality at discharge
than coiling among good-grade patients. In patients with poor-
grade, there was no difference in any outcome measure among the
treatment groups.>® The definite choice of surgical intervention vs
endovascular treatment, therefore, remains unclear.

LiMITATIONS

Our study has several limitations. First, a cause—effect relationship
cannot be established with certainty because of the retrospective
nature of the analysis and inherent limitations of the multivariable
analysis. Second, the management of SAH may vary among
institutions and geographic regions, which hinders the
generalisability of our results. Third, serum sodium or potassium
assays were not regularly performed for all patients, which may
miss some critical values during ICU stay. Fourth, unreported
confounding factors, e.g., neurosurgical techniques, operative
conditions, and post-ICU discharge cares, might strongly affect
patients’ outcome. However, the single-center nature of the study
may be an advantage as it limits the impact of variations in practice
that can be a confounding factor in multicenter studies.

CoNcLUSION

Hypernatremia, but not hyponatremia, in patients with aneurysmal
SAH is associated with poor outcome. Both hypokalemia and
hyperkalemia were not shown to have a significant effect on
patient’s prognosis. Further studies are required to determine
whether the treatment of dysnatremia can influence outcomes.

CLINICAL SIGNIFICANCE

Dysnatremia and dyskalemia are common in patients with
aneurysmal SAH, but only hypernatremia is associated with poor
outcome. Further studies are required to determine whether the
treatment of dysnatremia can influence outcomes.
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