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Abstract

Objective: The objective of this study was to assess the value of prehospital meas-
urement of lactate level in blood for diagnosis of seizures in cases of transient loss
of consciousness.

Methods: Between March 2018 and September 2019, prehospital lactate was
measured with a point-of-care device by the emergency medical services in an area
serving a population of 900 000. A total of 383 cases of transient loss of conscious-
ness were identified and categorized as tonic-clonic seizure (TCS), other seizure,
syncope, or other cause, according to the final diagnosis in the electronic medical
records system. Receiver operating characteristic curve analyses were used to iden-
tify the optimal lactate cut-off.

Results: A total of 383 cases were included (135 TCS, 42 other seizure, 163 syn-
cope, and 43 other causes). The median lactate level in TCS was 7.0 mmol/L, com-
pared to a median of 2.0 mmol/L in all other cases (P < .001). The area under the
curve (AUC) of TCS vs nonepileptic causes was 0.87 (95% confidence interval
[CI] 0.83-0.91). The optimal cut-off (Youden index, 67.8%) was 4.75 mmol/L,
with 79% sensitivity (95% CI 71-85) and 89% specificity (95% CI 85-93) for TCS.
Significance: Prehospital lactate can be a valuable tool for identifying seizures in
transient loss of consciousness. For acceptable specificity, a higher cut-off than
that previously demonstrated for hospital-based measurements must be used when

values obtained close to the time of the event are interpreted.
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1 | INTRODUCTION arrhythmia, seizure, or a psychogenic event. Algorithms
based on clinical features such as pallor, tongue biting, or
postictal confusion can have acceptable sensitivity and speci-

ficity for seizures in cases of recurrent events, but because

Transient loss of consciousness is a diagnostic challenge.
The differential diagnoses include benign syncope, cardiac
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these models have been created by comparing patients with
epilepsy to patients with other recurrent events, their clini-
cal value in the emergency setting after a single event is not
clear."? Some cases are also unwitnessed. Biomarkers—ob-
jective measurements capable of identifying seizures—are
therefore greatly needed. Candidates include elevated blood
levels of prolactin, white blood cells, or muscle f:nzymf:s.3’5
A large anion gap has been suggested to help differentiate
psychogenic nonepileptic seizures (PNES) from seizures.’

Recently, two studies by Matz et al and Dogan et al found
early measurement of serum lactate after arrival to the hospital
useful for identifying tonic-clonic seizures in patients with loss
of consciousness from a wide range of causes, including syncope
and psychogenic events. The optimal cut-offs for lactate mea-
sured within 2 hours of the event were >2.43 and 2.45 mmol/L,
respectively, with specificities of 85%-87% for tonic-clonic
seizures.”® The studies were retrospective and included only
patients in which lactate had been measured in the emergency
room within the stipulated time. Subsequent studies have shown
that analysis of lactate seems superior to analysis of various
blood gas analysis parameters or creatine kinase for identifying
seizures as a cause of transient loss of conciousness.”'”

The concentration of lactate in blood increases immediately
after a tonic-clonic seizure, presumably as a consequence of
muscle hypoxia during convulsions.'' Serial measurements
show normalized levels within a few hours of a seizure.'?
Lactate is a marker of tissue hypoxia and the value of prehospi-
tal lactate measurement in blood is currently explored in a range
of conditions such as trauma or sepsis.m"15 With increased use
by emergency medical services (EMS), prehospital lactate
availability may increase and provide valuable information in
diagnosing seizures. We asked if prehospital analysis of lactate
is useful for identifying seizures in patients with transient loss
of consciousness and analyzed data from a population-based
cohort study to assess diagnostic performance and identify the
optimal cut-off level for identification of seizures.

2 | METHODS

2.1 | Study design

This was a multi-center study including patients in contact with
the EMS during a study period from March 2018 to September
2019. The overall aim of the study was to evaluate the value
of prehospital lactate measurements in the care of emergency
medical conditions with time-sensitive management.

2.2 | Study setting

Two EMS organizations within the county of Vistra Gotaland
participated in the study: Gothenburg EMS and Skaraborg
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Key Points

e [actate >2.45 mmol/L. measured in the emer-
gency department within 2 hours of transient loss
of consciousness (TLOC) has been shown to indi-
cate seizure

e We assessed the diagnostic value of prehospital
lactate levels in 383 cases of TLOC

e Elevated lactate levels were common in all causes
of TLOC, but most so in tonic-clonic seizures

e A cut-off of 4.75 mmol/L had a 79% sensitivity
and an 89% specificity for tonic-clonic seizures

e Prehospital lactate levels are useful for identify-
ing seizures, but a higher cut-off is needed than
for hospital-based measurements

EMS. Together, these EMS organizations cover inner city
areas, suburbs, and rural areas. They serve a population of
960 000 inhabitants and respond annually to over 118 000
cases. Approximately 83 000 of those are assignments in-
volving a patient assessment on scene. When patients call
the Swedish emergency number (112) the resulting assign-
ment is prioritized as 1 (life-threatening), 2 (urgent), and 3
(remaining cases). At least one crew member is a registered
nurse.

2.3 | EMS triage system

At the scene, patients are assessed by a Rapid Emergency
Triage and Treatment System (RETTS), a local triage sys-
tem developed at the Sahlgrenska University Hospital (now
licensed by Predicare AB). RETTS includes the most com-
mon emergency department (ED) presentations and has
dedicated charts/Emergency Signs and Symptoms codes
for seizures, syncope/loss of consciousness, and psychiatric
disorders.

2.4 | Prehospital lactate

Data for prehospital lactate was prospectively collected
and registered in the electronic prehospital patient medical
records (Ambulink). Lactate in blood was obtained with a
point-of-care (POC) device; the StatStrip Xpress (SSX)
(Nova Biomedical). The SSX measures whole blood lac-
tate within a range from 0.3 to 20.0 mmol/L. The measure-
ment is based on an electrochemical reaction when lactate
in whole blood reacts with the strip inserted in the SSX that
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contains lactate oxidase.’ Feasibility of the SSX has been
demonstrated in a prehospital setting, with acceptable repro-
ducibility and concordance at clinically relevant concentra-
tions compared to standard laboratory devices, albeit with
proportional negative bias in higher concentrations.'>'® The
instrument was validated by the EMS before the study. ED
physicians have access to the EMS Ambulink records where
the prehospital lactate value was visible.

2.5 | Population

Recruitment was nonconsecutive. The index test (prehospital
lactate measurement) was introduced as standard-of-care at
the onset of the study, with reminders of the test sent to EMS
crews throughout the study period. The instructions also stip-
ulate a follow-up test, if possible, before arrival at the ED in
patients with an initial lactate of >2 mmol/L. Reasons for
not performing lactate measurement may have been that the

test was new and therefore forgotten, that there was no time
for the test prior to arrival at the hospital, or patient refusal.
Eligible for inclusion were patients >16 years with RETTS
yellow and above or RETTS green with a respiratory rate
above 22 breaths/min. Of 5259 patients with a prehospitally
recorded lactate in blood, a total of 852 patients were ex-
cluded because of the following: <16 years of age (n = 44),
no identification number (n = 48), interrupted resuscitation
on-scene (n = 11), missing triage color (n = 72), and green
triaged with respiratory rate below 23 breaths/min (n = 362).
The remaining 4407 patients formed the background popu-
lation from which we used RETTS and Criteria Based
Dispatch (CBD) index to identify 647 cases of potential tran-
sient loss of consciousness; 428 with a RETTS assessment
on scene suggesting transient loss of consciousness (catego-
ries: epilepsy in the past medical history, unspecified con-
vulsions, loss of consciousness, syncope/collapse) and 219
with a CBD index indicating transient loss of consciousness
(ie, unconsciousness, seizures). The medical records of the
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647 selected cases were manually reviewed in the hospital
electronic medical records system. Patients were included in
the study if they had experienced transient loss of conscious-
ness according to the ED physician notes. After the manual
review, 264 patients were excluded. The remaining 383 pa-
tients were included (Figure 1).

2.6 | Reference standard

Cases were classified into four groups based on retrospec-
tive medical records review of the diagnosis after the ED
visit; tonic-clonic seizures (TCS), other seizures (focal sei-
zures, absences), syncope, or other (cases of transient loss of
consciousness that were not considered seizure or syncope,
like acute stress syndrome or psychiatric disorders). For this
classification, the medical records text written by the treat-
ing physician was used rather than the diagnostic codes. The
treating physician was typically employed by local depart-
ments of neurology or internal medicine at the receiving hos-
pital, with a rotation to the emergency department. For the
seizure category, the note had to state that this was the di-
agnosis made by the physician. The categorizations between
tonic-clonic seizures and other seizures were made based on
the description of the event in the note. Similarly, classified
as syncope if this was the diagnosis made by the treating phy-
sician in the text. For the subcategory of convulsive syncope,
the medical records had to give a description of convulsions.
One author (CM, ambulance nurse) performed the first clas-
sification; ambiguous cases were resolved by discussion with
another author (JZ, neurologist).

2.7 | Statistical analysis

Data are presented as numbers, percentages, and median. In
Table 2 an elevated lactate value is defined as values over
>2.2 mmol/L, the upper limit of the reference interval for
P-lactate (0.5-2.2 mmol/L) previously used by other inves-
tigators.7 Table 3 is presented with a lactate cut-off with the
best Youden index in our study, at 4.75 mmol/L. Spearman
rank correlation was used to assess associations between
lactate value and time to measurement. Sensitivity, specific-
ity, positive predictive value (PPV), and negative predictive
value (NPV) were determined. Two-group comparison was
performed with Mann-Whitney U test for the TCS group
compared to the other three groups combined at a 0.05 level
of significance with a two-sided test. The Wilcoxon signed-
rank sum test was used for pairwise comparison of first and
second lactate. The area under the receiver-operating charac-
teristic curve (AUC) was calculated with TCS as indicator.
All data computation and statistical analysis were performed
in SPSS version 25 (IBM).

Epilepsia--*

2.8 | Standard protocol approvals and
patient consents

This study was approved by the regional ethical review
authority in Gothenburg (approval no. 1173-18). Because
lactate levels are already measured in the ED, an informed
consent procedure could delay management, and the study
was a quality evaluation by a health care provider, the re-
gional ethical review authority waived the need for informed
consent. By law, patients can always refuse tests, and this
standard practice was deemed sufficient.

3 | RESULTS

The study cohort consisted of 135 cases with TCS, 42 with
other seizures, 163 with syncope, and 43 with other causes.
Most cases were correctly classified in the EMS compared to
physician ED assessment, and the median time from emer-
gency call to arrival on scene varied between 10 and 15 min
(Table 1). The median time from call to lactate measurement
was not different between the TCS group and remaining
participants (17 min, Q1-Q3:12-26 vs 17 min, Q1-Q3:12-
29 min, P = .52).

The median lactate level for the TCS group was 7.0 mmol/L
(Figure 2), which was significantly higher than the values
seen in the other three groups combined (median 2.0 mmol/L,
P < .001). A prehospital lactate level above the upper limit of
the reference interval (2.2 mmol/L) was seen in 91% of cases
in the TCS group and 37%-62% of cases in the other groups
(Table 2). In the group diagnosed with syncope, 23 patients
(14%) had EMS or hospital medical records indicating con-
vulsions during their syncope. The median prehospital lactate
in this subgroup was 3.0 (range 0.9-11.4) mmol/L.

The lactate value and time from call to measurement
(Figure 2B) was significantly correlated in the TCS group
(P < .01), but not in the any other group: syncope (P = .44),
other (P = .58), or other seizure (P = .15). A second prehos-
pital lactate level was recorded in a small subset of patients
with initial lactate >2.0 mmol/L: 29 patients with seizure
(TCS or other seizures were grouped in this analysis because
of the low number of available values, and because of the
pairwise comparison) and 28 patients with syncope or other
cause. The second lactate value was significantly lower than
the first in patients with seizures (median first lactate 6.4,
Q1-3:3.4-9.6 vs second lactate 4.7, Q1-3:2.4-6.2, P = .01),
but there was no significant difference in median values in
patients with syncope or other cause (median first lactate 1.9,
Q1-3:1.4-3.1 vs second lactate 2.5, Q1-3:1.5-3.5, P = .29).

Predictive performance was assessed by ROC analyses
(Figure 3). For TCS vs the nonepileptic groups, syncope or
other causes the AUC was 0.87 (95% CI10.83-0.91). The most
optimal cut-off according to the Youden index (67.8%) was
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TABLE 1 Patient characteristics and prehospital assessment
All TCS Other sz. Syncope Other
N 383 135 42 163 43
Age, y, mean (+SD) 53.5(23.7) 43.3(20.9) 552 (21.7) 63.2 (22.5) 46.8 (23.8)
Sex, n (%)
Male 201 (52.5) 79 (58.5) 21 (50.0) 87 (53.4) 14 (32.6)
Dispatch center priority,
n (%)
Priority 1 303 (79.1) 112 (83.0) 35(83.3) 119 (73.0) 37 (86.0)
Priority 2 74 (19.3) 23 (17.0) 6(14.3) 39 (23.9) 6 (14.0)
Priority 3 6 (1.6) 0(0.0) 1(2.4) 5@.1) 0(0.0)
Prehospital assessment,”
n (%)
Epilepsy in past 54 (14.1) 32 (23.7) 16 (38.1) 2(1.2) 4(9.3)
medical history
Unspecified 149 (38.9) 90 (66.7) 20 (47.6) 23 (14.1) 16 (37.2)
convulsions
Loss of consciousness 49 (12.8) 2 (1.5) 4.(9.5) 37 (22.7) 6 (14.0)
Syncope/ collapse 71 (18.5) 1(0.7) 0 (0.0) 65 (39.9) 5(11.6)
Stroke/TTA 8(2.1) 322 12.4) 1 (0.6) 3(7.0)
Other® 52 (13.6) 7(5.2) 12.4) 35 (21.5) 9 (20.9)
Prehospital assessed triage level,
n (%)
Red 60 (15.7) 31(23.0) 7 (16.7) 16 (9.8) 6(13.9)
Orange 214 (55.9) 91 (67.4) 21 (50.0) 84 (51.5) 18 (41.9)
Yellow 108 (28.2) 13 (9.6) 14 (33.3) 63 (38.7) 18 (41.9)
Green 1(0.3) 0(0.0) 0(0.0) 0 (0.0) 1(2.3)
Prehospital treatment 40 (10.4) 21 (15.6) 13 (31.0) 1 (0.6) 5(11.6)

w anticonvulsant,
n (%)
Prehospital time, min:sec,

median (25th, 75th percentile)
Call to EMS - Arrival ~ 13:37 (09:45,23:13)

on scene’

Call to EMS - Arrival
in hospitald

57:52 (46:32,71:38)

13:32 (09:58,21:23)

54:37 (43:28,67:33)

10:49 (08:02,14:41)  15:16 (10:12,26:49)  11:54 (08:20,17:32)

53:41 (41:54,75:08)  61:49 (49:23,75:28)  51:55 (42:32,70:57)

Abbreviations: EMS, emergency medical services; SD, standard deviation; TIA, transitory ischemic attack; y, year.

Patient characteristics and prehospital assessment.

“The five most common prehospital assessments.

"Other assessments e. g.: arrhythmia, head trauma, intoxication, psychiatric disorders.

“Missing time data n = 8 (2,1,3,2 in groups).
dMissing time data n = 29 (7,4,11,7 in groups).

at a lactate level of 4.75 mmol/L, with 79% sensitivity (95%
CI 71-85) and 89% specificity (95% CI 85-93). The pos-
itive predictive value (PPV) was 83% (95% CI 76-89) and
the negative predictive value (NPV) 86% (95% CI 81-91) for
TCS. Lactate >4.75 mmol/L. was seen in 78.5% of patients
with TCS, 31% of patients with other seizures, and 10%-14%
of patients with syncope or loss of consciousness for other

reasons (Table 3). Five of 23 patients with convulsive syn-
cope (22%) had a lactate >4.75 mmol/L.

A cut-off of >4.75 mmol/L was optimal also for other clin-
ically relevant discriminations. For TCS vs syncope, the AUC
was 0.88 (95% CI 0.83-0.92), with 79% sensitivity (95% CI
71-85) and 90% specificity (95% CI 85-94). The PPV was 87%
(95% CI 80-92) and the NPV 84% (95% CI 78-89). For TCS
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TABLE 2 Median prehospital lactate in different groups A
n Median Range >2.2 (%) 0.2
TCS 135 7.0 0.5-17.4 123 (91.1)
Other seizure 42 3.2 0.6-11.0 26 (61.9) 0.0
0.0 0.2 0.4 0.6 0.8 1.0
Syncope 163 1.9 0.7-11.4 65 (39.9) 1-Specificity
Other 43 1.9 0.3-17.6 16 (37.2)

Abbreviations: TCS, tonic clonic seizure.

Lactate levels in mmol/L. The last column shows proportion over the reference
value of 2.2 mmol/L.

or other seizures vs syncope or other cause, the AUC was 0.81
(95% C10.77-0.86), with 67% sensitivity (95% CI 60-74) and
89% specificity (95% CI 85-93). The PPV was 84% (95% CI
78-90) and the NPV 76% (95% CI 70-81). For TCS vs all other
patients, including focal seizures, syncope, and other causes,
the AUC was 0.85 (95% CI 0.81-0.90), with 79% sensitivity
(95% CI 71-85) and 86% specificity (95% CI 81-90). The PPV
was 75% (95% CI 68-82) and the NPV 88% (95% CI 84-92).

FIGURE 3 Receiver-operating characteristic (ROC)
curve analyses. ROC curves for tonic-clonic seizures (TCS) vs
nonepileptic causes (A), TCS vs syncope (B), and TCS or other
seizures vs nonepileptic causes (C)

4 | DISCUSSION
We report that prehospital analysis of lactate in blood has a
particularly good capability of identifying seizures in cases of
transient loss of consciousness. A cut-off of >4.75 mmol/L
results in a specificity of 89% for seizures, with a sensitivity
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TABLE 3 Number of patients with

T th 5 th
N cs Other sz Syncope Other prehospital lactate over the identified cut-off
Lactate level >4.75 mmol/L 106 (78.5) 13 (31.0) 16 (9.8) 6 (14.0) 4.75 mmol/L
Lactate level <4.75 mmol/L 29 (21.5) 29 (69.0) 147 (90.2) 37 (86.0)

of 67% for any seizure and 79% for TCS. The specificity for
TCS is similar to the 85%-88% reported for hospital-based
measurements of lactate levels in blood within 2 hours of the
event, and suggests that prehospital measurement of lactate
may provide valuable diagnostic information.”® Our findings
constitute an independent validation of these previous reports
of the value of lactate as a biomarker of seizures in cases of
transient loss of consciousness.

One practical implication of our finding is that the timing of
a lactate measurement seems important for its interpretation. In
the previous report by Matz et al, lactate >2.45 mmol/L. when
measured at the hospital within 2 hours of the event had a spec-
ificity of 87% and sensitivity of 88% for TCS.” Our prehospital
lactate measurements had a similar predictive performance,
but the optimal cut-off lactate level was higher, presumably be-
cause prehospital measurements imply a much earlier sampling
time and that blood levels of lactate may increase to some de-
gree also in nonepileptic events, but normalize prior to arrival
at the hospital. 1 This is important information for neurologists.
For acceptable specificity, a higher cut-off at 4.75 mmol/L is
preferable when considering blood lactate values measured in
the prehospital setting. The same reasoning can probably be
applied to very early inpatient measurements.

We observed a clear decrease in lactate values with increased
delay between call and measurement, and follow-up lactate was
lower in cases of seizures with high initial lactate. This agrees
with previous observations of increased lactate levels after sei-
zures being a relatively short-lasting phenomenon.'>*° An in-
teresting question is therefore if rapid normalization of lactate
can be used to support a seizure diagnosis. It is plausible that
the dynamics matter and that a series of lactate values could add
to the diagnostic certainty. This should be studied further.

Although an elevated prehospital (and hospital) lactate
value seems to be a useful biomarker for seizures—and partic-
ularly TCS—it is equally important to emphasize the limita-
tions of the test. Elevated blood lactate is not pathognomonic
for seizures. It is notable that patients with lasting impairment
of consciousness, for instance, due to sepsis, hypoxia, and so
on, were not included in our study. Such patients may have
lasting elevated levels of lactate for other reasons, so this
would probably have resulted in more variation in the lac-
tate levels. Our finding therefore applies only to patients for
whom the impairment of consciousness was transient. In ad-
dition, our “other” category is very heterogenous and cannot
be seen as representative of acute stress disorders or PNES,
but of patients with transient loss of consciousness not diag-
nosed with seizure or syncope in the ED. Simulated seizures
have been shown to cause lactate levels >4.75 mmol/L."

Equally important is that a value <4.75 mmol/L does not
exclude a seizure; 21.5% of patients with TCS had a lac-
tate level <4.75 mmol/L measured prehospital. There are
also methodological limitations in our study. The electronic
medical records system in the region means that there were
few missing data on the final diagnosis, but there is a risk
of misclassification based on erroneous clinical diagnoses.
The treating physician, on whose clinical notes our reference
standard was based, had access to the prehospital lactate
level, although this required some active searching of the
EMS system. The reference standard was therefore not com-
pletely blinded to the evaluated text, and we cannot exclude
verification bias, although the impression given in the notes
was that the clinical assessment was based mostly on witness
statements rather than prehospital lactate values. We think
a self-fulfilling effect by lactate values being known to the
treating physician is probably limited. The usefulness of lac-
tate as a biomarker for seizures is still not well disseminated
among ED physicians and was even less so at the time data
for this study were recorded. Alternative study designs are
difficult: We think it would be hard to obtain ethical permis-
sion for a study in which the result of a potentially important
laboratory test analyzed on scene was not available during the
following emergency care. Other biochemical markers like
Creatine kinase are not routinely assessed in patients with
loss of consciousness in the ED, if not specifically ordered.

Inclusion to the study may also have been somewhat biased
by very severe seizures not being included. In these cases, EMS
crews may not have felt the need for lactate measurements. Such
an effect would not have made the interpretation of our findings,
that lactate can be useful for identification of seizures, less valid.

Our results indicate that a prehospital recorded eleva-
tion of lactate levels in blood is a useful seizure biomarker.
Nonetheless, lactate measurements are still only a diagnos-
tic clue; a seizure diagnosis, with all its consequences, must
always rely on a total clinical assessment. The relatively
high sensitivity and specificity of prehospital (and hospi-
tal) analysis of lactate as a biomarker for seizures indicate
that studies on whether lactate should be a standard test in
cases of transient loss of consciousness may be warranted.
Such studies should ideally compare similar health care re-
gions and include cost-benefit analyses. Future studies could
also focus on creating clinical algorithms that enhance the
sensitivity and specificity of lactate tests even further, in a
manner similar to the Wells’” score, a clinical scale identify-
ing patients with suspected deep venous thrombosis where
measurement of p-dimer levels is clinically meaningful.*! It
is possible that elevated blood lactate levels are even more
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specific for a seizure in the presence of particular clinical
signs or observations.

In conclusion, we report that blood lactate levels
>4.75 mmol/L in the prehospital setting are suggestive of a
seizure as the cause of transient loss of consciousness. The
timing of a lactate test is important, and higher cut-offs are
needed for interpretation of values measured prehospital
compared to hospital-based ones.
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