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Abstract. - OBJECTIVE: To investigate wheth-
er anion gap (AG) can act as a potentially predic-
tive biomarker in recoveries of neurological and
cognitive functions.

PATIENTS AND METHODS: A total of 89 pa-
tients with intracerebral hemorrhage (ICH) were
recruited. Of these, 68 and 21 patients were cat-
egorized into screening cohort and validation
cohort, respectively. In the screening cohort,
patients were categorized into three groups, ac-
cording to the serum AG levels at admission. We
dynamically recorded AG levels. Neurological and
cognitive functions were assessed using Glasgow
coma scale (GCS), Glasgow outcome scale (GOS)
and mini-mental state examination (MMSE) scale
at different time points. Furthermore, in the vali-
dation cohort, 9 patients with increased AG level
underwent interventions to rectify the electrolyte
imbalance.

RESULTS: In the screening cohort, statistical
differences were observed for respiratory diseas-
es (p=0.029) among the three groups. The num-
ber of patients in the 216 mmol/L group (59.3%)
was higher than that in the other groups. The
mean scores of GCS in the =16 mmol/L group
were lower than those in the other groups. The
AG levels at admission had significant associa-
tions with 180-day GOS (p=0.043) and 180-day
MMSE (p=0.001). Among them, the mean scores
of the 180-day GOS and 180-day MMSE were
lower in the =16 mmol/L group than in the other
groups. In the validation cohort, AG intervention
promoted recoveries of neurological and cogni-
tive functions when compared to those without
AG interventions.

CONCLUSIONS: AG is a potentially predictive
biomarker for the long-term outcomes of ICH pa-
tients, and rectifying AG at admission improves
the outcomes.
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Introduction

Spontaneous intracerebral hemorrhage (sICH) is a
severe cerebrovascular event, with a one-month mor-
tality of about 40% in the acute phase of the disease.
Although sICH only accounts for about 10-15% in
all stroke patients, the high incidences of mortality
and disability indicate an urgent need for the inves-
tigation of preventive and therapeutic strategies'. In
recent years, the age of onset of ICH has tended to
be young. However, many patients have a history of
underlying diseases such as hypertension, diabetes,
hyperlipidemia, and respiratory diseases. These dis-
eases influence the pathogenesis of ICH and impact
the recovery status®. Therefore, interventions for such
underlying diseases and stabilization of homeostasis
play extremely important roles in ICH.

The clinical diagnosis of sSICH mainly depends
on the neuroimage evidence, such as computed
tomography (CT) and magnetic resonance image
(MRI). These tests provide a rapid recognition of
sICH and differential diagnosis from other cerebro-
vascular diseases, such as ischemic stroke (IS) and
subarachnoid hemorrhage (SAH), with high spec-
ificity and sensitivity®. However, the neuroimages
can neither distinguish the microenvironments of
body fluid nor have predictive values for the neu-
rological complications of the patients. Therefore,
numerous studies have focused on exploring novel
biomarkers for predicting the outcomes in ICH*>.
Several serum or plasma molecules have been con-
sidered to be significantly correlated with the neuro-
logical and/or cognitive impairments after ICH on-
set. However, most of these molecule-based studies
have only been proof-of-concept so far, and have not
been introduced in routine clinical practice. Hence,
it is imperative to develop a clinical routine-based
model to predict patient outcome in ICH.
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Anion gap (AQG) is an algorithmic parameter
that calculates the difference between serum cat-
ion and anion concentrations, and is based on the
following equation: AG=[Na*(mmol/L)+K"(m-
mol/L)]-[CI" (mmol/L)+HCO, (mmol/L)]. AG re-
flects the acid-base equilibrium in body fluids and
plays a pivotal role in metabolic acidosis and isch-
emic anoxic encephalopathy®. In recent studies’,
serum AG has been investigated to be associated
with survival rate after the acute phase of ischemic
stroke in a rodent model. In another clinical study?,
a high level of AG was significantly correlated to
an increased risk of all-cause mortality and short-
term prognosis in cerebral infarction patients.

Although AG has been investigated in some
stroke subtypes, we found little information about
the predictive values of AG in ICH. Hence, we per-
formed a clinical study to investigate the correla-
tion of AG levels at admission with the neurolog-
ical and cognitive impairments in both short- and
long-term outcomes of ICH. Based on the retro-
spective evidence, we performed an interventional
study for AG levels in a small cohort to determine
whether rectifying AG levels could promote the
recoveries.

Patients and Methods

Study Population

We performed a retrospective hospital-based
case-control study. A total of 89 patients were re-
cruited from Lu’an Second People’s Hospital. All
patients underwent CT and/or MRI examinations
at admission and were diagnosed with ICH by two
senior neurosurgeons. Of these, 68 and 21 patients
were categorized into the screening cohort and
validation cohort, respectively. Patients who had
cancers, autoimmune diseases, systemic diseases,
or other intracranial diseases were excluded from
the study. The 68 patients in the screening cohort
were divided into three groups, according to the
AG levels. In the validation cohort, the AG levels
for all patients were above 16 mmol/L. 9 among
those patients received interventions to rectify the
AG level to be <16 mmol/L. For the remaining 12
patients, AG levels were >16 mmol/L, but all ions
contributing to the AG level were just abnormal in
a mild-to-moderate manner.

Clinical Characteristics and
Sample Collection

Demographic data and clinical characteristics
were collected for all patients, including age, sex,

history of diseases and medications, ICH volume,
midline shift, and intraventricular hemorrhage
(IVH). Meanwhile, all patients were examined for
neurological damage, assessed by Glasgow coma
scale (GCS) at admission. Recovery outcomes
were assessed by Glasgow outcome scale (GOS)
and mini-mental state examination (MMSE) scale
at the 1% and 3" month, respectively. Scoring eval-
uations were conducted by two experienced senior
doctors. Sera were drawn by forearm venipunc-
ture into evacuated EDTA-coated tubes from each
patient at different time points at day 0 (the day
of admission and within 4 hours from the disease
onset), day 1, day 3, day 7, and day 14 after ad-
mission. All serum samples were stored at -80°C
until further analysis.

Treatments

All patients recruited for the study received
neurosurgical treatments for hematoma removal.
Other adjuvant therapeutic treatments included
drainage of CSF by lumbar puncture or lumbar cis-
tern to reduce intracranial pressure, application of
calcium channel blocker, application of mannitol
to relieve cerebral edema and application of neuro-
trophic drugs. In the validation cohort, electrolyte
rectification was carried out for the intervention
group at admission.

Statistical Analysis

We used SPSS (version 19, IBM Corp., Ar-
monk, NY, USA) software for statistical analysis.
Binary data were analyzed using chi-squared test.
The enumeration data were analyzed by using
Kruskal-Wallis test or Student’s #-test between two
groups and by the one-way ANOVA analysis when
the numbers of group >3. The p-values reported in
the study were based on a two-sided probability
test with a significance level of p<0.05.

Results

Demographic Features and Grouping
by AG levels

In the screening cohort, the patients were divid-
ed three groups according to the AG levels: AG<12
mmol/L group, 12 mmol/L<AG<16 mmol/L (12-
16 mmol/L group) group, and AG>16 mmol/L
group. The demographic features and clinicopath-
ological data for the patients in the three groups
are summarized in Table I. The numbers of respi-
ratory diseases were significantly different among
the three groups (p=0.029). Among them, the pro-
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Table I. Demographic and clinicopathological information for intracerebral hemorrhage patients.

Screening group Validation group
(n=68) (n=21)
AG<12 mmol/L AG: 12-16 mmol/L AG=16 mmol/L Intervention Non-intervention
(n=16) (n=25) (n=27) fPElle (n=9) (n=12) el

Age 65.19+12.69 65.72+14.93 65.07+£11.71 0.983 63.56+£5.77 66.00+7.63 0.433
Gender 0.754 0.660

Male 9 (56.3%) 12 (48.0%) 12 (44.4%) 3(33.3%) 6 (50.0%)

Female 7 (43.7%) 13 (52.0%) 15 (55.6%) 6 (66.7) 6 (50.0%)
Underlying diseases

Hypertension 13 (81.3%) 20 (80.0%) 19 (70.4%) 0.627 3 (88.9%) 8 (66.7%) 0.338

T2DM 5(31.3%) 12 (48.0%) 7(25.9%) 0.232 4 (44.4%) 7 (58.3%) 0.670

Hyperlipidemia 7 (43.8%) 10 (40.0%) 15 (55.6%) 0.508 3(33.3%) 3(25.0%) 1.000

Respiratory disease 4 (25.0%) 9 (36.0%) 16 (59.3%) 0.029 6 (66.7%) 5 (41.7%) 0.387
Hospital stay (day) 15.25+3.53 16.76+4.00 17.11£3.61 0.278 18.11+4.34 17.25+4.20 0.652
GCS 10.13+2.24 10.4442 .45 9.19+£2.18 0.135 10.44+1.94 9.67£1.72 0.344
Bleeding volume (cm’®) 22.50+7.24 24.56+6.51 24.26+6.65 0.608 24.44+7.50 24.17£6.10 0.926
Midline shift, >10 mm 3 (18.8%) 7 (28.0%) 9 (33.3%) 0.588 3(33.3%) 5 (41.7%) 1.000
IVH 5 (31.3%) 8 (32.0%) 9 (33.3%) 0.989 4 (44.4%) 5 (41.7%) 1.000
Serum ion levels
at admission (mmol/L)

Na* 138.28+7.04 140.24+5.33 139.75+6.06 0.555 140.93+4.62 141.45+4 .48 0.799

K* 3.99+1.16 4.39+1.06 4.61+1.26 0.372 4.14+0.96 4.32+1.09 0.702

Cl 103.02+6.85 105.13+5.81 101.40+5.87 0.078 101.82+7.28 104.80+5.40 0.294

HCO, 28.06+3.53 25.3443.82 25.97+4.07 0.058 26.44+4.22 24.33+3.61 0.232
Serum AG level 11.20£0.56 14.1540.86 16.98+0.65 <0001 16812040 16.64+0.39 0332
at admission (mmol/L)
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Figure 1. Continuous alterations of anion gap levels of
patients in the screening cohort. (G1: AG<12 mmol/L; G2:
AG=12-16 mmol/L; G3: AG>16 mmol/L).

portion of patients with respiratory diseases was
higher in the AG>16 mmol/L group than in the oth-
er two groups. We found no statistical differences
with respect to age, sex, underlying hypertension,
type 2 diabetes mellitus (T2DM), hyperlipidemia,
hospital stay, bleeding volume, midline shift, and
GCS score at admission in the screening cohort. In
another aspect, there was no statistical difference
in the clinical parameters between the interven-
tion and non-intervention groups in the validation
cohort.

Dynamic Changes of AG Level After
Neurosurgery

We tested the dynamic changes of serum AG
levels among the patients in the screening cohort at
admission (day 0) and day 1-14 post-surgery (days
1, 3, 7, and 14). If the patients were discharged
from the hospital less than 14 days (but more than
10 days) after surgery, the last time point for sam-
ple collection was considered to be the sampling
time at day 14. As shown in Figure 1, there were
significant differences of serum AG levels among
the three groups at admission (p<0.001), day 1

(»<0.001), day 3 (»<0.001), and day 7 (»=0.002),
but the serum AG levels reached normal levels on
day 14 with no statistical difference (p=0.067).

AG Level at Admission Predicts Recovery
Status of ICH Patients

We assessed the recoveries of neurological and
cognitive functions among all ICH patients at day
30 and 180 using the GOS (30-day and 180-day
GOS) and MMSE (30-day and 180-day MMSE)
scales. Comparing the recovery status of the 3
groups, we found that the serum AG levels at ad-
mission were significantly correlated with 180-day
GOS (p=0.043) and 180-day MMSE (p=0.001).
The mean scores of 180-day GOS and 180-day
MMSE at AG>16 mmol/L group were significantly
lower than those in the other two groups (Table II).

Rectifying Electrolytes at Admission
Facilitates to Promote Recovery

In the validation cohort, 21 ICH patients had
abnormal AG levels. An intervention for rectifying
the AG level was performed in nine patients. Then,
all the patients in the validation cohort received
neurosurgery for the treatment of ICH. We as-
sessed the GOS and MMSE scales at day 180 and
found significant differences between the interven-
tion and non-intervention group for the 180-day
GOS (p=0.011) and 180-day MMSE (p=0.002),
indicating that rectifying serum AG level at ad-
mission might promote the long-term outcomes in
ICH patients (Table III).

Discussion

In this study, we retrospectively analyzed the
relationship between the AG levels at admission
with short- and long-term outcomes of patients
with ICH. The results indicated that the propor-
tion of patients who had respiratory diseases was
higher in the AG>16 mmol/L group compared to
those in the other two groups in which AG levels
were lower than 16 mmol/L. Furthermore, we also

Table II. Relationship between AG and patient outcomes at 180-day following up in the screening cohort.

AG (mmol/L)
Scales p-value
<12 (n=16) 12-16 (n=25) =16 (n=27)
30-day GOS 3.31£0.79 3.28+0.74 3.33+0.02 0.973
180-day GOS 4.37+0.72 3.96+0.79 3.74+0.81 0.043
30-day MMSE 16.81+4.94 15.48+3.50 15.06+4.34 0.053
180-day MMSE 24.56+3.98 20.16+4.04 19.74+3.86 0.001
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Table Ill. Neurological and recognition outcomes in the validation cohort.

Scales Intervention group Non-intervention group p-value
180-day GOS 4.33+0.50 3.58+0.67 0.011
180-day MMSE 21.11£3.14 16.67+2.64 0.002

found that the group with AG>16 mmol/L had low-
er scores for 180-day GOS and 180-day MMSE
than those in the other two groups. These results
indicated that the higher level of AG at admission
predicted long-term poor outcomes in neurological
and cognitive functions after ICH.

Because ICH usually leads to high rates of mor-
tality and disability, accurate and timely diagnosis is
the most important issue after the occurrence. Neu-
roimaging indications, which are provided by CT
and MRI scans, have been widely applied clinically
and could provide rapid diagnosis of ICH. However,
neuroimaging technology also has some limitations
in clinical practice. First, only 50% of patients with
progressive bleeding would be positively detected
by imageological findings®'°. Second, these technol-
ogies hardly offer a predictive value for the prog-
nosis of patients. Therefore, researchers currently
focus on the molecule-based study in stroke, which
provides important clinical clues for not only precise
diagnosis and outcome prediction of the disease, but
also pathogenesis investigations on ICH.

Elevated serum AG level results from the pro-
duction of increased organic acid or decreased an-
ions. Serum lactate and pyruvate are considered to
be causative for the pathological elevation of AG
level''. A previous study demonstrated that the lev-
el of serum lactate was significantly correlated to
patients’ outcomes in the intensive care unit (ICU),
especially in terms of long-term mortality'?. How-
ever, serum lactate is often influenced by numerous
factors such as temperature, sample storage time,
and infections'’. Therefore, other potential alterna-
tives for lactate in prediction of diseases status and
outcomes should be considered. In some clinical
studies, the serum AG level is reported to have
negative correlations with some diseases. Chen et
al' performed a multivariate analysis and found
that the increased serum AG level at admission was
correlated to the mortality of the aortic aneurysm
in the ICU. Yang et al'* found that higher AG lev-
els indicated a severity of coronary heart diseases
and was positively correlated to the deterioration
of cardiovascular functions. Furthermore, Liu et
al® performed a 1-year follow-up study for 1,113
patients with IS who were admitted to the ICU
and found that serum AG levels were significantly

3234

correlated to increased risks of all-cause mortality
and short-term prognosis in patients with cerebral
infarctions.

In our study, we found the proportion of pa-
tients with AG>16 mmol/L had lower neurologi-
cal and cognitive scores compared to those in the
other two groups, in which the serum AG levels
were <16 mmol/L. Meanwhile, the patients in the
AG>16 mmol/L group had a higher proportion of
respiratory diseases. We inferred that these patients
might have underlain metabolic acidosis before or
at the onset of ICH. Morgan et al'® reviewed 30 rel-
ative studies concerning the relationship between
chronic obstructive pulmonary diseases (COPD)
and cerebrovascular diseases and found that the
prevalence and incidence of stroke increased in
people with COPD. Meanwhile, de Miguel-Diez
et al'” found that COPD was associated with an
increased risk of in-hospital mortality among IS
patients, indicating that respiratory diseases might
deteriorate overall recovery. However, whether
rectification of acidosis could alleviate the neu-
rological and cognitive impairments has still not
been fully elaborated. We therefore prospectively
performed interventions for patients who were di-
agnosed with respiratory diseases to rectify the aci-
dosis at admission or before surgery. The follow-up
results showed that rectification of acidosis could
alleviate the neurological and cognitive impair-
ments for the long-term outcomes of ICH patients.

In previous studies, serum electrolytes or ions
played important roles in the course of ICH. Sal-
linen et al'® found that hypocalcemia was associ-
ated with larger hematoma volumes among ICH
patients and therefore induced a higher mortality
rate in comparison with the normocalcemic pa-
tients. Rajendran et al' found that the level of se-
rum ferritin increased in ICH and was significant-
ly correlated to the outcomes. Compared to single
electrolytes or ions, AG reflects a comprehensive
level of multiple ions, representing an acid-base
equilibrium status in the body. Therefore, it could
have a comprehensive assessment of diseases.

Although there was still lack of valid evidence
for the correlation between ICH onset and the un-
derlying metabolic acidosis, we found that main-
taining the acid-base balance at the early stage of
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ICH could avoid an alleviation of secondary injury
and thus probably promoted the recoveries of neu-
rological and cognitive functions.

This study has some limitations. First, the
number of participants in this study was rela-
tively small, especially of those in the validation
cohort. Because ICH patients typically undergo
emergency operation, the perioperative man-
agement is often carried out urgently, when a
mild-to-moderate electrolyte disturbance seems
acceptable. Therefore, the numbers of patient
with efficacious interventions might be limit-
ed. Second, in the follow-up study, we only as-
sessed the neurological and cognitive functions
for patients but did not screen the follow-up AG
levels. Chronic abnormality of AG level in the
recovery stage would be another important issue
which should be carefully noticed. We are now
warranted to perform the study on the topic.

Conclusions

In summary, screening of serum AG levels at
admission in ICH patients provides an assessment
of acid-base equilibrium of body fluids and pre-
dicts the neurological and cognitive functions in
the long-term outcomes of ICH patients. Inter-
ventions for maintaining the acid-base balance in
the early stage of ICH can promote the long-term
recovery of ICH patients.
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