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Background: The differential diagnosis of generalized tonic–clonic seizures (GTCS), psychogenic nonepileptic sei-
zures (PNES), and syncope constitutes a major challenge. Misdiagnosis rates up to 20 to 30% are reported in the
literature.
Purpose: To assess the clinical utility of serum lactate levels for differentiation of GTCS, PNES, and syncope based
on gender differences.
Methods: Data from 270 patients were evaluated retrospectively. Only patients ≥18 years old with the final diag-
nosis of GTCS, PNES, or syncope in their chart were recruited. Serum lactate levels were measured in the first 2 h
of the index event.
Results: Serum lactate levels in patients with GTCS (n= 157) were significantly higher than in the patients with
PNES (n = 25) (p b 0.001) and syncope (n = 88) (p b 0.001). When compared with the females, serum lactate
levels in patientswith GTCSwere significantly higher in themale subgroup (p=0.004). Inmale patients the ROC
analysis yielded a serum lactate value of 2.43mmol/l with a sensitivity of 0.85 and a specificity of 0.88 as the op-
timal cut-off value to distinguish GTCS from other events. The ROC analysis for the AUC yielded a high estimate of
0.94 (95% confidence interval: 0.91–0.98).Whena cut-off value of 2.43mmol/l was chosen for the females, which
was an optimal value for male patients, the specificity was 0.85, however, the sensitivity was 0.64.
Conclusion: We propose that serum lactate level when measured in the first 2h after the index event has a high
clinical utility in the differential diagnosis of GTCS, PNES, and syncope.With concomitant clinical signs and phys-
ical examination findings besides neuroimaging and EEG, elevated levels of lactate should be taken into account
when evaluating a patient with impaired consciousness. On the other hand, the suggested cut-off value
2.43 mmol/l might not have a discriminative effect between GTCS, PNES, and syncope in female patients. This
finding should be verified in a prospectively designed study with a larger patient population.
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1. Introduction

The differential diagnosis of generalized tonic–clonic seizures
(GTCS), psychogenic nonepileptic seizures (PNES), and syncope consti-
tutes amajor challenge.Misdiagnosis rates up to 20–30% are reported in
the literature [1]. Both PNES and syncope may appear identical to true
epileptic seizures and lead to incorrect diagnosis [2]. Electroencephalog-
raphy (EEG) might be helpful during the diagnostic process. However,
patients with epilepsy can have normal EEGs, and patients without ep-
ilepsymay show EEG abnormalities [3]. Therefore, clinical findings with
a detailed history and EEG combined with a rapid bedside diagnostic
test would help minimize the diagnostic pitfalls.

Lactate is being suggested as an important diagnostic laboratory pa-
rameter which can easily be measured and provides useful information
when incorporated into the appropriate clinical context [4–7]. The
use of lactate as a clinical prognostic tool was first suggested in 1964
by Broder and Weil when they observed that a lactate excess of
N4 mmol/l was associated with poor outcomes in patients with
undifferentiated shock [7].

Although much has been published on the utilization of lactate in a
variety of patient populations since that time, there are only a limited
number of studies in which serum lactate levels were compared in
patients with epileptic seizures, PNES, and syncope. In these studies, ef-
fects of gender have not been investigated [8,9]. In our study, we aimed
to analyze the clinical utility of serum lactate levels in the differential
diagnosis of GTCS, PNES, and syncope with particular interest for the
effects of gender.
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2. Patients and methods

Hospital charts of 22,450 patients who had been admitted to the
Emergency Department (ED) of Akdeniz University Faculty of Medicine
betweenSeptember 2016 andMarch2017were analyzed retrospectively.

Strict criteria were used. Only patients aged ≥18 y diagnosed with
GTCS, PNES, or syncope and completed final chart data including com-
puted tomography and/or magnetic resonance imaging, EEG, and elec-
trocardiography (ECG) with observed clinical signs and symptoms
were recruited. Patients with septic shock and thosewith alcohol intake
and use of metformin were not included. Serum lactate levels were not
used either to make or to exclude the diagnosis.

Serum lactate levelsweremeasured immediately (in thefirst 15min
of admission) at patient arrival in ED. The elapsed time between the
index event and hospital admission was less than 2 h in all patients.
The cutoff level of serum lactate level was 2.20 mmol/l as determined
by the Akdeniz University Hospital. Only the patients with normal
serum pH levels were recruited.

2.1. Statistical analysis

Statistical analysis was performed using SPSS 18 Software (SPSS Inc.,
Chicago, IL, USA). The age distribution of the patients was characterized
by median and range. The distribution of serum lactate levels was de-
scribed by median and range. Comparison of serum lactate levels and
age between patient groups were made byMann–Whitney U test. A re-
ceiver operating characteristic graph, with the y-axis representing the
serum lactate level's sensitivity (true positive rate) and the x-axis
representing 1-specificity (false-negative rate), was used to plot the
points of sensitivity and specificity for various serum lactate levels.
The area under the curve (AUC) quantified the overall diagnostic accu-
racy of the serum lactate level.

3. Results

Two hundred seventy patients who met the inclusion criteria were
identified. Of these, 157 patients (91 male, 66 female) had a putative
diagnosis of GTCS. Twenty-five patients (13male, 12 female) presented
with PNES, and 88 patients (48 male, 40 female) presented with
syncope.

Generalized tonic–clonic seizures, syncope, and PNES were not for-
mally confirmed by simultaneous video-EEG/ECG recordings, but the
final diagnosis was based on reports of laymen and the findings of all
available diagnostic examinations. Age characteristics and serum lactate
levels according to clinical diagnoses are presented in Table 1. Distribu-
tion of serum lactate levels inmale and female patients are presented in
Tables 2 and 3, respectively.

The median serum lactate level in the GTCS group was 3.64 mmol/l
(range 0.76–17.16); 133 (84.7%) of these patients had increased
serum lactate levels (≥2.2mmol/l). Contrarily, themedian serum lactate
level of the other 2 groups (PNES + syncope) was 1.52 mmol/l (range
0.04–5.31 mmol/l). Only 20 (17.7%) of these patients had increased
serum lactate levels (≥2.2 mmol/l). Serum lactate levels in patients

with GTCS (n = 157) were significantly higher than the patients with
PNES (n = 25; p b 0.001) and syncope (n = 88; p b 0.001). Similar re-
sults were obtained when GTCS group was compared with the
nonepileptic group (PNES + syncope) (n = 113, p b 0.001). There
was no significant difference regarding serum lactate levels in patients
with syncope and PNES (p = 0.12).

When compared with the females, serum lactate levels in patients
with GTCS were significantly higher in the male subgroup (p = 0.004)
(Table 4, Fig. 1). In male patients, the ROC analysis yielded a serum lac-
tate value of 2.43 mmol/l with a sensitivity of 0.85 and a specificity of
0.88 as the optimal cutoff value to distinguish GTCS from other events.
The ROC analysis for the AUC yielded a high estimate of 0.94 (95% con-
fidence interval: 0.91–0.98) (Fig. 2). When a serum lactate level of
2.85 mmol/l was chosen as a cutoff value, a higher level of specificity
was obtained (0.98), but the sensitivity value decreased to 0.70 in
male patients.

The ROC curve analysis in female patients had a lower estimate of
AUC which was 0.82 (95% confidence interval: 0.74–0.89). A cutoff
value of 2.26 mmol/l had a sensitivity of 0.70 and specificity of 0.79 to
distinguish GTCS from other events. When a cutoff value of
2.43 mmol/l was chosen for the females, which was an optimal value
for male patients, the specificity was 0.85; however, the sensitivity
was 0.64. The ROC curve analysis in all patients (n=270) yielded a sen-
sitivity of 0.74 and a specificity of 0.88 for the cutoff value of 2.45.

4. Discussion

According to the data of our study, we present three major findings
(i) when compared to patients with PNES and syncope, serum lactate
levels are significantly higher in patients with GTCS; (ii) gender has a
definite discriminative effect and male patients with GTCS have signifi-
cantly higher serum lactate levels when compared to female patients
with GTCS; (iii) the cutoff value of 2.43 mmol/l for serum lactate con-
centrationmight not be a reliable parameter in female gender consider-
ing the differentiation of GTCS, PNES, and syncope as the sensitivity was
low.

Our findings are concordant with the recently published data by
Matz et al. in which serum lactate concentration of 2.45mmol/l yielded

Table 1
Distribution of age and serum lactate levels in all patient groups.

Clinical diagnosis Age
median
(range), y

Lactate level
median (range),
mmol/l

Number of Px with
elevated lactate
levels ≥2.2 mmol/l, (%)

GTCS (n = 157) 44 (18–92) 3.64 (0.76–17.16) 133 (84.7%)
PNES (n = 25) 40 (18–84) 1.30 (0.23–3.82) 3 (12.0%)
Syncope (n = 88) 67.5 (18–91) 1.59 (0.04–5.31) 17 (19.3%)
PNES or syncope
(n = 113)

58 (18–91) 1.52 (0.04–5.31) 20 (17.7%)

GTCS: generalized tonic–clonic seizures, Px: patients, y: years PNES: psychogenic
nonepileptic seizures.

Table 2
Distribution of age and serum lactate levels according to clinical diagnoses in male
patients.

Clinical diagnosis Age
median
(range), y

Lactate level
median (range),
mmol/l

Number of male Px
with elevated lactate
levels ≥2.2 mmol/l, (%)

GTCS (n = 91) 41 (18–86) 4.12 (0.76–17.16) 84 (92.3)
PNES (n = 13) 28.0 (18–84) 1.20 (0.61–2.19) 0 (0)
Syncope (n = 48) 63 (21–91) 1.62 (0.34–3.03) 8 (16.7)
PNES or syncope
(n = 61)

58 (18–91) 1.47 (0.34–3.03) 8 (13.1)

GTCS: generalized tonic–clonic, Px: patients, y: years, PNES: psychogenic nonepileptic
seizures.

Table 3
Distribution of age and serum lactate levels according to clinical diagnoses in female
patients.

Clinical diagnosis Age
median
(range), y

Lactate level
median (range),
mmol/l

Number of male Px
with elevated lactate
levels ≥2.2 mmol/l, (%)

GTCS (n = 66) 44 (18–92) 3.24 (0.94–10.94) 49 (74.2)
PNES (n = 12) 46.5 (20–72) 1.60 (0.23–3.82) 3 (25.0)
Syncope (n = 40) 68 (18–89) 1.53 (0.04–5.31) 9 (22.5)
Syncope + PNES
(n = 52)

59.5 (18–89) 1.53 (0.04–5.31) 12 (23.1)

GTC: generalized tonic–clonic, Px: patients, y: years, PNES: psychogenic nonepileptic
seizures.
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