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Original Article

Can venous blood gas analysis be used for predicting
seizure recurrence in emergency department?
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BACKGROUND: Epileptic seizures account for 1%—2% of all admissions of patients to the
emergency department (ED). The present study aimed to determine whether venous blood pH,
bicarbonate, base excess, and lactate levels taken within 1 hour of the last seizure episode help to
determine seizure recurrence in emergency departments.

METHODS: A cross-sectional study was conducted in the emergency department (ED) between
January and July, 2012. Patients who were admitted to the emergency department consecutively were
included in the study if they were 14 years or older and within 1 hour after last seizure. Demographics,
seizure type, use of antiepileptic drugs, observation period at the emergency department, seizure
recurrence, pH, bicarbonate, base excess, and lactate levels from venous blood gas analysis were
determined.

RESULTS: A total of 94 patients aged 14 years or older were included in the study. Of these
patients, 10.6% (n=10) experienced recurrent seizures in the observation period at the emergency
department. To predict recurrent seizures in ED, threshold venous blood gas values were determined
as follows: pH<7.245 [sensitivity 80% (95%CI: 44—96), negative predictive value 96.9% (95%CI:
88.3-99.4)], bicarbonate<17.1 mmol/L [sensitivity 80% (95%C/I: 44-96), negative predictive value
97% (95%CI: 89-99.5)], base excess<—11.1 mEq/L [sensitivity 80% (95%CI: 44-96), negative
predictive value 97% (95%CI: 89—-99)], and lactate>7.65 mmol/L [sensitivity 80% (95%CI: 44—-96),
negative predictive value 96.6% (95%C/: 87—99)].

CONCLUSION: If venous blood gas analysis is made on pH, base excess, lactate and
bicarbonate immediately one hour after the last epileptic seizure episode, it is possible to predict
whether the patient will have seizure recurrence.
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INTRODUCTION

Epileptic seizures account for 1%—2% of all admissions
of patients to the emergency department (ED)." ! Of the
patients, 16.3% were determined to have a recurrent seizure
in the ED within 6 hours.”! Some of the patients with
recurrent seizures were hospitalized. Routine laboratory tests
revealed that the patients admitted to the ED after a seizure
mostly had normal results, and the effect of these tests
in patient management was limited.” "’ All the patients
admitted to the ED with seizures were recommended a 4—6
hour observation for seizure recurrence.
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Lactic acidosis, metabolic acidosis and respiratory
acidosis often develop in patients who have generalized
seizures; but these abnormalities typically resolve
spontaneously.” '” There are no known laboratory tests
that accurately predict the probability of the patient having
recurrent seizures in the observation period of ED.

This study was undertaken to determine whether
venous blood pH, bicarbonate (HCO,), base excess
(BE), and lactate levels were taken within 1 hour of
the last seizure episode could help to determine seizure
recurrence in ED.

www.wjem.org



188 Kilic et al

World J Emerg Med, Vol 5, No 3, 2014

METHODS

This cross-sectional study was conducted between
January and July, 2012 in the ED of a tertiary referral
hospital with an annual admission of approximately
200 000 adult patients. The study was approved by the
ethics committee prior to the commencement of the
study. Informed written consent was obtained from the
patients or their relatives before participating in the
study. Epileptic seizure of the patient was diagnosed with
the information obtained from the person who witnessed
(family members, friends, ambulance officers) muscle
spasm and the disturbance of consciousness.

The patients who were consecutively admitted to the
ED were included in the study if they were 14 years or
older and within 1 hour after the last seizure.

The patients who refused to provide consent form
for the study or had seizures secondary to stroke, uremia,
electrolyte imbalances, alcohol, trauma, intracranial
mass, central nervous system infection, and toxins
were excluded from the study. Moreover, the patients
who knew nothing about the time of their last seizure
episode were excluded. The time of the last seizure was
determined by close relatives, friends and ambulance
officers.

Venous blood samples were analyzed within the
first 5 minutes of ED presentation using the GEM
Premier 3000-GEM OPL Co-Oximeter (Instrumentation
Laboratory”, USA) for all study participants. The device
was calibrated by the manufacturer. Demographics,
seizure type, antiepileptic drug use, observation period of
ED, seizure recurrence, and pH, HCO,, BE, and lactate
levels from venous blood gas analysis were determined.

All statistical analyses were performed with SPSS
version 17 (SPSS Inc., Chicago, IL). Qualitative data
were expressed as frequency and percentage. Continuous
data were expressed as median and interquartile range
(IQR) and minimum (min) and maximum (max) values.
The Mann-Whitney U test was used for analysis of
continuous variables. Receiver operating characteristic
(ROC) curves were used for determination of blood gases
threshold values and the highest value of sensitivity was
selected. All data were analyzed on 95% confidence
interval (CI). P<0.05 was considered statistically
significant. Statistical power of the study was 85.34%
(95% CI) (with Epi Info statistical software v. 3.01).

RESULTS
Altogether 137 patients aged 14 years and older

presented to the ED within 1 hour after seizure. Forty-
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three patients were excluded from the study because they
had secondary epilepsy (intracranial mass in 9 patients,
intracranial hemorrhage in 8, ischemic stroke in 6,
hyponatremia in 1, central nervous system infection in
2, alcohol abuse in 1 and uncertain diagnosis of epilepsy
in 16). The remaining 94 patients were included in the
study. Fifty-nine of the patients were male (62.8%) and
their median age was 32 years (IQR 24 to 50 years;
min: 14 years, max: 86 years). Generalized tonic-clonic
seizures were diagnosed in 95.5% (n=90) of the patients,
and 69.1% of these patients were on antiepileptic drugs.

The median venous blood pH taken at ED presentation
was 7.32 (IQR: 7.21 to 7.37; min: 6.91, max: 7.47). The
median BE was —3.9 (IQR: —11.7 to 0.78; min: —24.1,
max: 6.1), and the median HCO, level was 21.6 (IQR:
16.4 to 26.0; min: 5.5, max: 30.5). Lastly, the median
lactate level was 4.3 (IQR: 1.8 to 9.5; min: 0.7, max: 15).
According to gender of the patients, median pH, HCO,,
BE and lactate values are shown in Table 1.

Of the patients, 10.6% (n=10) experienced recurrent
seizures in the ED observation period. There was no
statistically significant difference in the incidence of
recurrent seizure of male and female patients (respectively
11.9%, 8.6%; P>0.05). Baseline demographic characteristics
of these patients are shown in Table 2. According to
recurrent seizures of the patients, median pH, HCO,, BE
and lactate values are shown in Table 3.

Blood gas values obtained from the ROC curves
of the patients with and without seizure recurrence in a
follow-up at ED are shown in Figure 1. The sensitivity,
specificity, positive predictive value (PPV) and negative
predictive value (NPV) were calculated from threshold
values obtained from the ROC curve analyses of venous
blood gas values. These values were obtained from
patients with recurrent seizures in the ED observation

Table 1. Median values of blood gas analysis and gender
Male (n=59) Female (n=35)
(Median, IQR) (Median, IQR)
pH 7.29 (7.16 to 7.36) 7.35 (7.29 to 7.39) 0.003
Bicarbonate (mmol/L) 19.3 (14.6 to 25.3) 24.8 (19.7 to 28.3) <0.001
Base excess (mEq/L) —8.3 (-15t0-0.9) —0.1 (-6.9t02.7) <0.001
Lactate (mmol/L) 63(25t011.1) 2.5(1.2t05.5) <0.001

Variables P value

Table 2. Baseline characteristics of the patients with and without
seizure recurrence

Variables Recurrent seizure (+) Recurrent seizure (—)

Male (n) 7 (70%) 52(61.9%)

Female (n) 3 (30%) 32(38.1%)

Median age 27.5 (IQR: 24 to 56; min:  32.5 (IQR: 24 t0 48.5;
(year) 23, max: 71) min: 14, max: 86)

Antiapileptic use (1) 6 (60%) 54 (64.3%)
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Table 3. Median values of blood gas analysis for patients with and without seizure recurrence

Variables Recurrent seizure (+) (n=10) (median, IQR) Recurrent seizure (—) (n=84) (median, IQR) P value

pH 7.11 (7.01 to 7.26) 7.32 (7.24 to 7.37) 0.004
Bicarbonate (mmol/L) 14.4 (10.35t0 17.1) 22 (17.68 to 26.6) <0.001

Base excess (mEq/L) —14.9 (-19.83 to —11.78) -3.3(-9.95t0 1.3) <0.001

Lactate (mmol/L) 12.8 (7.53 to 15) 3.75 (1.6 to 8.58) <0.001

Table 4. Sensitivity, specificity, NPV and PPV for threshold venous blood gas values obtained from patients with recurrent seizures

Variables Threshold value AUC (95%CI) Sensitivity (95%CI) Specificity (95%CI) PPV (95%CI) NPV (95%CI)

pH <7.245 0.780 (0.598-0.961) 80% (44-96) 75% (64-84) 27.6% (23.4-47.5) 96.9% (88.3-99.4)

Bicarbonate (mmol/L) <17.1
Base excess (mEq/L) <-11.1

0.839 (0.736-0.943)  80% (44-96)
0.839 (0.730-0.947) 80% (44-96)

82% (72-89)
80% (69-87)

35% (17-57)
32% (16-54)

97% (89-99.5)
97% (89-99)

Lactate (mmol/L) >7.65 0.860 (0.752-0.967) 80% (44-96) 69% (58-78) 24% (11-42) 96.6% (87-99)
AUC: area under curve, PPV: positive predictive value, NPV: negative predictive value.
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Figure 1. The blood gas values obtained from the ROC curves of the patients with and without seizure recurrence in a ED follow-up.

period (Table 4).

The median ED observation period was 6 hours
(IQR: 6 to 6 hours; min: 2 hours, max: 16 hours). Out
of all the patients, 10.6% (n=10) were admitted to the
neurointensive care unit. In 10 patients hospitalized, 5
were male (P>0.05) and 7 had recurrent seizures (P<
0.001).

DISCUSSION

This study aimed to evaluate whether blood gas
analysis can predict early seizure recurrence in patients
with epilepsy. We found that low pH, HCO;, and BE
levels in addition to high lactate levels in venous blood
drawn within the first hour after the last seizure may
predict recurrence in ED.
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If a patient experiencing epileptic seizures presents to
the ED with venous blood pH, BE and bicarbonate values
below 7.245,—11.1 mEq/L, and 17.1 mmol/L, respectively,
and a lactate level above 7.65 mmol/L, the patient should
be closely monitored. Patients with such venous blood
results may be considered at a higher risk for having
recurrent seizures and may ultimately be hospitalized.

In the literature, development of severe lactic
acidosis and metabolic acidosis in patients with
generalized seizures is reported.”'” The likely cause of
lactic acidosis during a seizure is increased anaerobic
metabolism resulting from elevated oxygen utilization
during the seizure activity.

Orringer et al'"” determined that lactate levels
in venous blood samples drawn immediately after a
seizure are significantly elevated and metabolic acidosis
develops. Blood pH values typically return to normal
within 1 hour. Metabolic anomalies that occur following
an epileptic seizure are self-limited and do not require
specific treatment.!""!

Respiratory depression during a seizure may also
cause acidosis. Wijdicks et al'® demonstrated that the
most common acid-base imbalance experienced by 32
seizure patients was respiratory acidosis. However,
they reported that there was no relationship between the
severity of respiratory acidosis and clinical outcomes.

The primary goal of emergency physicians is
to control the seizure and to prevent seizure related
complications in patients with an epileptic seizure
admitted to the ED. After stabilizing the patient,
the emergency physicians must determine whether
the patient is likely to have recurrent seizures that
may necessitate hospitalization. It was reported that
alcoholic patients, hyperglycemic patients with plasma
glucose levels >8.5 mmol/L, or patients who present
with Glasgow Coma Scale scores below 15 often have
more seizures within the first 24 hours of presenting to
the ED." Currently, however, there are no laboratory
parameters that can predict whether a patient with
epileptic seizures will have a recurrent episode.
Therefore, studies, such as ours, are needed in this area.

Higher venous blood lactate levels were seen in males
in our study, but pH, BE, and bicarbonate levels were
lower in males than in females (Table 1). Although seizure
duration was not compared between males and females,
it is possible that males at seizures utilize more oxygen
as they are more likely to have a greater muscle mass
than females. As a result, males demonstrated more likely
severe lactic acidosis than females. Although venous
blood gas results differed between male and female
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patients, there were no differences in seizure recurrence
according to gender in the period of ED observation.
Therefore, we found that differences in venous blood
gas values between patients who experienced recurrent
seizures or not were not due to gender. Another factor
that may contribute to differences in venous blood gas
values may be whether the patient experienced additional
seizures preceding the seizure episode the patient
experienced immediately before presenting to the ED.

The relationship between prolonged and recurrent
seizures has not yet been investigated. Prolonged seizures
reflect longer durations of epileptic activity, suggesting
that the patient has a decreased seizure threshold and that
the patient is at risk for seizure recurrence. However, it
is unlikely that the exact duration of the seizure episode
was noted before the patient presented to the hospital.

The prevalence of hospitalization for patients
presenting to the ED with epileptic seizures was found
to be 10.6%. The majority of hospitalized patients with
seizure are those who experienced recurrent seizures in
the ED.

In our study, patients with lower pH, BE, and
bicarbonate levels and higher lactate levels than
calculated threshold levels seldom experienced recurrent
seizures in the 6-hour observation period. Our data
suggested that these parameters may help emergency
physicians to decide whether these patients require
hospitalization or will be discharged from the ED.

The blood gas analyzer could not measure lactate
levels greater than 15 mmol/L. As such, blood lactate
values above 15 mmol/L were recorded as 15 mmol/L.
Because the present study focused on patients with
epileptic seizures, the results cannot be generalized
to all patients with seizures who present to the ED.
Moreover, we did not follow up the patients after they
were discharged from the ED, nor we recorded seizure
durations while the patients were in the ED.

Abnormal blood gas results may be related to a
more prolonged initial seizure or occurrence of recurrent
seizures before arrival. This group of patients will have
a higher risk of seizure recurrence in the hospital. Hence
venous blood gas analysis within the first hour after
the last epileptic seizure episode will help emergency
physicians to identify the high-risk patients and make
correct decisions for the treatment.
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