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A Retrospective Study for Validity of the
Denver Seizure Score in Emergency
Medical Care Center for Differential
Diagnosis of Seizure and Syncope

Heeu Chul Jung, M.D., Han Sung Choi, M.D., Jong
Seok Lee, M.D., Hoon Pyo Hong, M.D., Young Gwan
Ko, M.D.

Purpose: The purpose of this study is to validate the
Denver seizure score (DSS) compared with a questionnaire
and scoring system for symptoms pertaining to loss of con-
sciousness (QSLOC) in patients with loss of consciousness
who visited the emergency department (ED).

Methods: This was an observational study. Patients with loss
of consciousness who were admitted from January, 2011, to
July, 2013 in an urban ED with approximately 30,000 annual
visits were eligible. General characteristics, clinical manifesta-
tion, hemodynamic, and laboratory data were collected. DSS
and QSLOC were calculated as originally described. The
SPSS package with Mann-Whitney U test, Fisher's exact test,
and logistic regression was used for analysis of the data. The
area under the receiver operating characteristics curve (AUC)
was used for discrimination of each score.

Results: Based on the historical feature, clinical manifesta-
tion, and final diagnosis, the patients were divided into 45
seizure and 52 syncope cases. In the seizure group, there
were more males than females (p=0.015) and statistically
significant findings were observed for serum bicarbonate
(p<0.001), anion gap (p<0.001). AUCs were 0.954 and
0.998 for DSS and QSLOC, respectively.
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Conclusion: Compared to QSLOC, DSS did not show a
noticeable difference in differentiating seizure disorder, and
for patients who lost consciousness, it can be used in deter-
mining procedures and for prediction of both treatment
method and prognosis in the emergency department.

Key Words: Seizure, Syncope, Unconsciousness, Emergency

Department of Emergency Medicine, School of Medicine,
Kyung Hee University, Seoul, Korea

Article Summary

What is already known in the previous study
Questionnaire and scoring system for symptoms pertaining
to loss of consciousness (QSLOC), a scoring system differen-
tiating seizure from syncope, has been broadly used in the
emergency department. Anion gap metabolic acidosis is
associated with generalized seizure. The Denver seizure
score, which is based on anion gap and serum bicarbonate
concentration, may be useful for differentiating patients
with unwitnessed loss of consciousness.

What is new in the current study

Questionnaire and scoring system for symptoms pertain-
ing to loss of consciousness (QSLOC) has a drawback in
that it cannot be applied without an eyewitness, and
Denver seizure score was created for that reason. Its effec-
tiveness was verified by application of both scoring sys-
tems in patients who experienced seizure or syncope.
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Rapidlab 1265 system (Simense Inc., Tarrytown, New
York 10591-5097, USA) & AF&-3}3ith.

Wy A 5AI A AXE g e ® QSLOCE Al
AetRar, T TR wole AolE ISR DSS
= Aaksd gk (Table 1, Fig. 1).

Denver Seizure Score=[(24—Bicarbonate) +
(2% (Anion gap—12))].
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receiver operating characteristic (ROC)
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=8k W4 (area under curve, AUC) S T8 o o
£ QSLOCS] ROC =4} nlasgict. npAEto 2 DSS
A 2085 7154 (cut—off) & & 3} @2bof st w7t

o} Nl & (%) 2, A&5Y U S0 AR M9 R T, 5o, A5 E W S5 EE Atttk
AAsL T WEE M4 = Chi—square test9 Fisher
exact test2 A3 1, A% WS Mann—Whitney
A48 Al 544 42 IBM SPSS Statistics | 1}
Version 21.0 (IBM, Inc., Chicago, IL, USA) T2 1
S AFg-shgi ). A b F3kel F 74,4067 2] AL SO HmAEH
DSSe 93# fFadE Hrkskrl 98 DSS A -3k e, 1 F o AdE Bel = 1,816 ]
HE Bz oA ET AAFEES vlLskith o ATt ©] F 184 ©]3}(9169), T/ HA 304 o] &
T E> Bakes 579 A AE 1Esto] Atk oA A2 A9 (7467), T2 H2H(57), AR}
AAFHES FZOTE HF Avkd 2] 5 VFEoR = (299) & AL e 12082 12 =2 A3t
at9lth. B4 (calibration) B7HE a4 DSSe 7+ 3= AL T (G1Y) AN F(69P) o= Foick 2
= X¥ete g 2EALY IARYES H=A, Z e 43 E B HH02Y), HEFAY), 4 B
Hosmer—Lemeshow 234 AA S lo] pzko] 0.05 o] A ( S A 45, AA F& d3E A HaAi
Q1 A 5ol DSS7F Agtel Ao g ghdatgith Watef o 8) 29, 9A J3@3%), 4gAA 423
3t DSS9 ¥ Y (discrimination) 2 3 7HsH7] 9 &l A ) #2 A9 (59)E As 528 S HF UdAE
Table 1. Questionnaire and scoring system for symptoms pertaining to loss of consciousness.
Points
Wake with toungue cutting 2
Dejavu or jamaisvu 1
Emotional stress associated with LOC 1
Head turning during a spell 1
Unresponsiveness, unusual posture, limb movement, or amnesia of spells 1
Confusion after spell 1
Lightheaded spells -2
Sweating before spell -2
Spell associated with prolonged sitting or standing -2
If point scoreis =1 the likelihood is seizure or if <1 the likelihood is syncope
LOC: loss of consciousness
DSs QsLoC
o 104
60 -
5-
40 4
04 i =
20
i Ii
04 al
S— - - _10 - -
Seizure Syncope Seizure Syncope

DSS: Denver seizure score, QSLOC: questionnaire and scoring system for symptoms pertaining to loss of consciousness

Fig. 1. Denver seizure score and questionnaire and scoring system for symptoms pertaining to loss of consciousness classification.
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st A5 skt (Fig. 2).

1. A7 CHAS LB E

Ak $ha} 97 F kR o 457 AAl LS 52 o]t T
T Atelell wrol, A8 ATt A A SR on] Q= Afol
5 Ho|A| okgka, Wz o Wbyt wekow (p=0.012),
g3 T4 (p<0.001), ol Aol (p<0.001) ol
o] gk atol & EoﬂD}(Table 2).

£3] Mo 5 Fea sRUF Wokal gole
afol&= Egkom, %Jfl" ghoj o] AaE Bt

2. DSS9| Etd T It

DSSE 4= Bakes 5'7¢] Hile] ZAske] 2 4 7b
kA gl o i ES Al ar ol & AT
W} T3 wlaesich 71 A3t DSS 05 vinkell A= A
A7 gl o, DSS 08 lA 205 Abelell A= A
E(17%, 95% CL: 11%~27%)°] *I’¢-F% & (40%,

Loss of consciousness,

95% CI: 26%~56%) 5.t} =3kt DSS 207 o] delA =
AFHHE (96%, 95% CI: 82%~100%) 3 AAF+HE
(93%, 95% CI: 83%~99%)°] wls=stiet. 12 2+ 4
TR A R E AT E Aol AR £
3k 2pol+= IR (p=0.425, p=0.969, Table 3, Fig. 3).

DSS9| 7} d5Ql 87 Tk w28 Sol Aol 7t
Bate] tigt S]] A SR Rlsty] s A~
g 34 BAsth 4 35 T 35 SEY s (0R:
1.7, 95% CI: 1.2~2.3, p=0.001) 2} &°]& o] (OR:
0.6, 95% CI: 0.4~0.8, p=0.002)7} &=y} mghH o7
#rdo] Qllth(Table 4). Hosmer—Lemeshow 2 343
4%4 é:ﬂ]— p%kg 0432019%43, o] ] /HEH_‘E] Q:ﬂmaﬂo] S|
e oz s,

Aol gk ROC =41 #A]olA DSSe| st WA
(AUC) S 0.954% 2 58S ®Belon QSLOCY
A WA (AUC, 0.998) # vl ste] tfsst w9
Hol= Ao 7 gy} (Fig. 4).
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(n=1,816)
Age<18, (n=916)
Time to blood sampling, (n=746)
Partial seizure, (n=5)
\ Witnessed by nobody, (n=29)

Primary subject number,
(n=120)

Primary seizure, (n=51) |

Primary syncope, (n=69) l

Alcohol related seizure, (n=2)

Stroke, (n=1)

Follow up loss, (n=3)

Alcohol related syncope, (n=4)

| Seizure, (n=45) I

Fig. 2. Diagram of patients category.

Table 2. General characteristics of study participants.

Syncope, (n=52)

Stroke, (n=2)

Infectious disease, (n=3)
Cardiovascular disease, (n=3)
Follow up loss, (n=5)

Seizure (n=45) Syncope (n=52) p-value
Age (years) 45 (32-58) 49 (37-61) 0.531
Male sex 28 (62%) 19 (36%) 0.012
Timeto blood draw (min) 22 (12-30) 21 (11-30) 0.977
WLOC 45 (100%) 52 (100%)
Serum bicarbonate (mmol/L) 16 (9-21) 23 (20-25) <0.001
Anion gap (mmol/L) 22 (19-26) 16 (13-19) <0.001

WLOC: witness of loss of consciousness
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T 84.4% (95% CL: 73.9%~95.0%), 5015+ 94.2%
(95% CI: 87.9%~100.0%), ¥ 4A5%E= 92.7% (95%
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Fig. 3. Comparison of predicted and observed seizure in
each subgroup of Denver Seizure Score.
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=
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b
0.41
0.2
AUC
DSS: 0.954
: QSLOC: 0.998
0.0 0.2 04 0.6 0.8 1.0

1-Specificity

DSS: The Denver seizure score, QSLOC: questionnaire
and scoring system for symptoms pertaining to loss of
consciousness

Fig. 4. Recelver operating characteristic (ROC) curves of the
Denver seizure score and questionnaire and scoring sys-
tem for symptoms pertaining to loss of consciousness.

Table 3. Comparison of predicted and observed seizure in each subgroup of Denver Seizure Score.

DSS Predicted 95% Cl Sei Observed 95% Cl a
classification Seizure, % 0 Zure no. Seizure, % 0 p-value
0> 21% 5~51 0%

0<DSS<20 40% 26~56 17% 11~27 0.425
DSS>20 96% 82~100 93% 83~99 0.969

DSS: The Denver seizure score, Cl: confidence interval

Table 4. Binary logistic regression analysis to estimate associations between serum bicarbonate and anion gap and generalized

seizure.
Variable B OR 95% ClI p-value
Serum bicarbonate 0.54 17 1.2t02.3 0.001
Anion gap -0.52 0.6 0.41t00,8 0.002
Male sex -0.57 0.5 0.1t03.1 0.512
Timeto blood draw -0.67 0.9 0.8to1.1 0.351

OR: oddsratio, Cl: confidence interval
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