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[Abstract] Objective To evaluate the clinical efficacy and safety of non-intravenous midazolam for
treating status epilepticus (SE) in children. Methods Taking midazolam, status epilepticus and children
both in Chinese and English as search terms, retrieve in databases such as PubMed, ScienceDirect, China
National Knowledge Infrastructure (CNKI), VIP and Wanfang Data, assisted by manual searching and
Google Scholar, in order to collect randomized controlled trials (RCTs) about non-intravenous midazolam for
treating SE in children from January 2000 to January 2015. Jadad Scale was used to evaluate the quality of
literatures. Meta-analysis was performed by using RevMan 5.3 software. Results There were a total of
258 records after preliminary searching, and 6 RCTs involving 766 episodes were finally included after
excluding duplicate ones and those which did not meet the inclusion criteria. The results were as follows:
1) midazolam via intranasal administration was as effective as intravenous diazepam in achieving seizure
control in children (RD =-0.070, 95%CI: - 0.200-0.060, P = 0.290). However, non-intravenous (intranasal
or buccal) midazolam showed better effects on seizure control than rectal diazepam (RD = 0.170, 95% CI:
0.030-0.320; P = 0.020). 2) The mean time from arrival at hospital to cessation was not significantly
different between intranasal midazolam and intravenous diazepam (SMD = - 1.570, 95% CI: - 3.280-0.140;
P =0.070). 3) There was no statistical difference between intranasal midazolam and intravenous diazepam

for the time from giving drug to cessation (SMD =0.240, 95%CI: - 0.110-0.590; P =0.170). 4) There was no
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statistical difference on the occurrence rate of adverse drug reactions between non-intravenous midazolam
and intravenous or non - intravenous diazepam (RD = - 0.010, 95% CI: - 0.030-0.200; P = 0.500).

Conclusions

Non -intravenous midazolam is safe and effective in the treatment for status epilepticus in

children. However, the conclusion still needs to be further vertified by more high-quality multi-center large-

sample RCTs.
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WOFRF 80 A (SE) It Bk 2 fE FaE ', 1A
AR A9 B 2K R HE 2 [ Ah SCR 4 1B 9 AT 5 R
3% ~33% ", IR E KRN 4.10 ~ 6.10/ 75 N4 JR{IE
2£.0.90 ~ 1.70/J7 NAE o 5 1 £ B AR b L 38
F R R F AL TR L 10 2 LUF L E KR i, H
2180%1) 15 4 LI LR A e E %, R E L=
TR0 R R 15107 NAE VBN R 2 3.45% . L
Jiti LA BT A PR 25 4 (AEDs) 36 97 F & 4e 4k A= Ay
SR, A AT R R B A) 3 R S 30 O Tk
i 453 455 1 EE 2 U 25 2 B B A AR O B R R T
JGZ RHE Y IR AR Y R R SRS
—ZRRIT 2, SR H R R B Sh A RO I B 0 B
FEIR T 20 ) R 25 38 4% (BR A Bk i 565 5 R -+ 43
BT TR IR WSO A BE R &
[ S PRI 2NN,/ I SR K/ PSRN
ELYE 2005 4F Prasad 25 VBl E 45 H 4538 - =X L9000
AT RO F HAh 2K A2 2595 1fi HL, th
T 1 VG A AE A S ) AR R A ) XU, RT RE 4K
HoAth 2% — R S AT 20 IF & 5E 70 Rk
WA A R B K TR R, T T
PR BB BUR IR YT AT R B R R S Y, 2
SRR A VR A 2 0, 2 LA R R A AR
IS8 4, R YR S 90% L b, FE AR AR
Se4, el g dEF koR = (ILA VB 4525, B
g5 257 AR DB SR A A, A B A RO
FRELR S E BIRIT R AV B IETEM KK
W £ A1 i Ik o 42 36 7 )L 38 i i 2R 285 A A 5t
A, LR I R N FH B A GIE I 2 A

RS i

— STk Ui 1

1R AL Rk e # kR 12 B 23R 7 L
FIR A SR A Y Bt AL X BRI PR 56 HE B K 2k mk
© 5 H A 25 W A L A I AR IR G

2. RN (D)2 & 2001 4 [ bR 40555

Status epilepticus; Midazolam; Diazepam;

Meta-analysis;  Child

B2 (ILAE) & T 1 M SR 87 2 T, AR
Lowenstein 55 "4 H (1938 F I PRIAIT 10484 M
SCCRLAE B Bk BL AR R BL) o (2) Sl < 15 %, 1
il R RS A2 R AR

3 T a0 4 A Kk e e K g A R
2R A (ks e 20 ), X BRZE O 2 i bk ol A ik
IRAR PP GRS (P D) .

4. 45RmdEbr (1) ELE R GRITARE)
IR YT 10 min WA AR P20 4 008 A B 20
FARANEAS 1L IS 8] | 25 ) 50 ) o (2) Y45 Ry 45 A
(52 pt) « 25 WA RSO0 (IR IRl ) 2 A R

S HEBRARME  HEBR AR BEALXS IRl R X5 L 3h )
SCHG AN SARGE SR IS SR, LK BE DT 4 R TR
AN B R B B AT R R TS A8, 2k D5 AR AR A7 A AE
T2 B 80 BLAE S o B 28 B R 8 A B
SCHk o

ZSCHRAG B

53 51 LAWK 3K 1 > (midazolam) UK 5 220K &
(status epilepticus) . JL & (children) 55 H1 3% SCi]
i Z i, TH LK % 2000 4F 1 -2015 4F 1 7 3¢ [ [
S B 2 TR A R A W BR A B R R R S8 (PubMed) |
ScienceDirect ZHE 5, L K v [ 1 D) v ] 241 18 35 fil
B T (CNKI) 2 95w SO T 8008 4 (VIP)
I3 7 B 12 25 i s 1 IRk e Al DK O B 253R
I L EE TR 220K 25 B BE AL BRI PR 356 5 I e
PATR Jr kb 58 7T BB 38t e 9 AH DS AIF Y, BT A &K
Google Scholar 5518 28 51 A7 H.1K W K & A bel 1153
PRS2 BT AR AT 55 19 225 SCH .

= SCHR T 28 0 R A 4 MR

HEAE AL HEBR AR v, & 5 P L3 2 s
5] 5 SC R AN 2, HE BR BN B S A0 bR E B AT
585 SR 5 L X T BE AT AN A B 1 Y BIF 5 0 — A0 B
430, LU E 2 B 4T G 98 A AR HE s B2 P AL B A
B X SR 58 S8 A E e R
P g U o X GRS BB i R Y STK , 28 L



o ] AR 2 B 2 3 2016 4F 2 H 2R 16 4555 2

Chin J Contemp Neurol Neurosurg, February 2016, Vol. 16, No. 2 .81 -

S A 1 5 4 S0E AR ST B R T LA A B
TR XERF A G bR HE B SOk PR ICCL T PR,
(1) — B GERE A5 S8 VEH &3 H SR
P54 o (2) WF I8 FRAE < A 35 BIF 5% X 52 1 — L 9 B
A 2 HE L AT P T TR it UL S I [] A L (3) &
JR G BR AL FE 25 W3R T 10 min PR R 1 45 6l
R 22 ABE WK AE A w25 ) AT
[F1) 1 245 49 N B L (R AT i) ) & 2

DU STk BT A

JIE 2N SR () 5 1 2 5 i 7K P-4 BR Jadad
T YRR MESEATPEA, G SR — I G 220 b T VR
ZW e 3, W)k R BRI 4 ) — ¥R (1) BlBL 43 21
JF 80 04 77 A O i« 38 3k S ML sl B AL B Rk
A BEHL A 2T 51, 2 43 5 3 56 v 4 3 Bl AL 43 4R R
SEAEBEAILIT B 04 77 A D5 0 1 435 2 B ATL 5o B AL
I, H5 R 2 0 BC 1) 325, an 4 BEOA B LY
A H BIERBUS5E 043 (2) BEMLAL BRRC - B2y
O B2 s A R R G — B A AR B
Yot AL ) (R B R 35 6 A b ol At e I R
B Uil B8 A2 1 7 T 2 FURN 43 TBC e 91 9 O L 2 00 s AN SR
HH SR FH it A1 457 2 vk s M BE ML 20 i 5 48, 1 405 ok
52 B A BE . R 405 L R 90 G 8 15 5 F0AT 4 K RE BH
Ak 4 T AT 0 P A9 5, B8R B BIL AR BREE, 0 49 -
(3) BUH s « 4 3 50l XCH /Y HL AR 7 36 9 90l o 2
P21, 0ok 58 4 — B B, 2 4 5 AU B 3L
HHTEAE Y s R LHE, 047 (4B
Ui« IR A U e 1 Bk R L3y AT 3 A A
B I P /) = M B B 7 BV s SO S S 7 X s o
WAy = 4 505 R e i SCIR  IE 4 < 4 50 AR
Ok

G BTk

& Fl Cochrane W3 1E P 2 it A RevMan 5.3 it
BAFHEAT Meta 230 87 o 7 E0HE DL 22 (RD) 3RO
TH i B8Rk DUAR AL 3 025 (SMD) R, X [E] Al 11 LA
95%CI1 7~ , U 2 (K 35 K HE F o = 0.05. & T AF
G822 [A) S M A 3 SR XGRS 3, 2 P> 0.100 FTE <
50.000% , JC 5 J53 1, SR FH [ 465 I A% 80 0 A7 A I 4K
B4 #5324 P < 0.1000 fil P = 50.000% , 17 1E 5 5
P a3 AT L T M R R SR P AL 80 B AL R AT A
R AT o R BB 43 BT PE M Meta 53 BT 45
Z R M W T O AR AR 5 I ML I A AR AR A
o, Geit 5l RD 2240y LUAE L (OR) \SMD 724 g 1
B2z (MD) FH B 95%ClL, 5 5 ) W i 55 4518 —

Relevant records through preliminary scarching (N =
258), including PubMed (N = 129), ScienceDirect (N =
62), CNKI (N=42), VIP (N=11), Wanfang data (N =14)

Excluded duplicate records
‘ (N=123)

Records after
screening (N =135)

Excluded articles after screening of
titles and abstracts (N =103)

Y

Potentially relevant articles ) -
for full-text review (N =32) Excluded articles (N = 26): not RCT

(N = 8), not including original data
(N =7), not being an acute SE (N =
4), and not comparing the two

medications (N =7)

Finally included studies

(N=6)

RCT, randomized controlled trial, i AL %} B 56 5
SE,status epilepticus , B R 2S
1 SR R R

Figure 1 Flow diagram for screening articles.
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Table 1. Baseline characteristics and quality assessment of 6 included studies
Sex [case (%)] — Respiratory
Study Group N* Age Intervention Definition of SE ])E%flnlll()n of | depression Jadad
Male Female seizure contro [case (%)] (score)
Thakker and Experimental 27 15 (55.56) 12 (44.44) (3.84+2.93) Midazolam  Seizing >10 min No seizure activity 0(0.000 5
Shanbag '™ (2013) years 0.20 mg/kg in. within 10 min
Control 23 12(52.17) 11 (47.83) (3.97+3.33) Diazepam  Seizing >10 min No seizure activity 1(4.35)
years 0.30 mg/kg iv. within 10 min
Lahat, et al ** Experimental 26 Not available 6-38 months  Midazolam ) Seizing > 10 min No seizure activity 0(0.00) 5
(2000) 0.20 mg/kg in. within 10 min
Control 26 Not available 6-40 months ~ Diazepam ) Seizing > 10 min No seizure activity 0(0.00)
0.30 mg/kg iv. within 10 min
Mahmoudianand ~ Experimental 35 Not available 2 months to ~ Midazolam ) S‘eizing at arrival to No seizure activity 0(0.00) 5
Zadeh "' (2004) 15years  0.20 mg/kgin. Emergency Department  ithin 10 min
Control 35 Not available 2 months to ~ Diazepam Seizing at arrival to No seizure activity 0(0.00)
15 years 0.30 mg/kg iv. Emergency Department ithin 10 min
Fisgin, et al Experimental 23 8 (34.78) 15(65.22) 3.80 years ~ Midazolam — Seizing >5 min No seizure activity 0(0.00) 3
(2002) 0.20 mg/kg in. within 10 min
Control 22 11(50.00) 11(50.00) 2.02 years  Diazepam Seizing >5 min No seizure activity 0(0.00)
0.50 mg/kg re. within 10 min
Mclntyre, etal ™ Experimental 109 59 (54.13) 50 (45.87)  2.00 years ~ Midazolam  Seizing at arrival to No seizure activity 5459 5
(2005) 0.50 mg/kg bu. Emergency Department  ywithin 10 min, and
no recurrent seizure
within 1 h without
respiratory depression
Control 110 64 (58.18) 46 (41.82)  3.00 years ~ Diazepam Seizing at arrival to No seizure activity 7(6.36)
0.50 mg/kg re. Emergency Department  yithin 10 min, and
no recurrent seizure
within 1 h without
respiratory depression
Mpimbaza, et al ™ Experimental 165 84 (50.91) 81 (49.09) 17.00 years ~ Midazolam  Seizing >5 min No seizure activity 2(121) 6
(2008) 0.50 mg/kg bu. within 10 min, and
no recurrent seizure
within 1 h without
respiratory depression
Control 165 82 (49.70) 83 (50.30) 18.00 years  Diazepam Seizing >5 min No seizure activity 2(1.21)
0.50 mg/kg re. within 10 min, and
no recurrent seizure
within 1 h without
respiratory depression
*number of episodes, iﬁ«}ﬂﬂ?’ifﬁy\ﬁ o SE,status epilepticus, e FER RS sin.,intranasal, 2 &85 s iv. , intravenous , i ik I 5 s ve. , rectal , 48
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Midazolam Diazepam Weight RD RD
Study or subgroup Events  Total Events Total (%) M-H, Random, 95%CI M-H, Random, 95%CI
Intravenous
Thakker and Shanbag ™ (2013) 20 27 16 23 12.800  0.050[-0.210, 0.300] e
Lahat, et al ™ (2000) 23 26 24 26 17.900  -0.040[-0.200, 0.120] —
Mahmoudian and Zadeh'” (2004) 21 35 28 35 14900 -0.200[-0.410, 0.010] —_—
Subtotal (95%CI) 88 84 45500 -0.070[-0.200, 0.060] <
Total events 64 68
Heterogeneity: Tau’=0.000; x*=2.480, df=2 (P=0.290); I = 19.000%
Test for overall effect: Z=1.050 (P =0.290)
Rectal
Meclntyre, et al " (2005) 71 109 45 110 19.800  0.240[ 0.110, 0.370] i
Mpimbaza, et al ™ (2008) 125 165 114 165  21.700  0.070[-0.030, 0.160] +=—
Figgin, et al "™ (2002) 20 23 13 22 12900  0.280[ 0.030, 0.530] —_—
Subtotal (95%CI) 297 297 54.500  0.170[ 0.030, 0.320] <
Total events 216 172
Heterogeneity: Tau’ =0.010; x*=5.890, df =2 (P =0.050); I’ = 66.000%
Test for overall effect: Z=2.400 (P =0.020)
Total (95%CI) 385 381 100.000  0.070[-0.060, 0.200] <
Total events 280 240
Heterogeneity: Tau’=0.020; x* = 18.010, df =5 (P =0.003); I = 72.000% F t t |
-1.000 -0.500 0.000 0.500 1.000

Test for overall effect: Z=1.030 (P =0.300)
Test for subgroup difference: x*=6.200, df=1 (P=0.010); ' =83.900%
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Figure 2 Forest plot for comparison of the efficacy between midazolam (non-intravenous) and diazepam (intravenous or rectal).

Favors (diazepam) Favors (midazolam)

Midazolam Diazepam Weight SMD SMD

Mean SD Total Mean SD Total (%) IV, Random, 95%CI 1V, Random, 95%CI
47.800 -2.480[ - 3.420, - 1.550 ]
52.200 -0.730[-1.330, -0.140]

Study or subgroup

Thakker and Shanbag ™ (2013) 6.67 3.12 18 17.18 5.09 15
Lahat, et al ™ (2000) 6.10 3.60 23  8.00 0.50 24
Total (95%CI) 41 39 100.000 - 1.570[-3.280, 0.140]

L L L 1
Heterogeneity: Tau”=1.370; x"=9.570, df=2 (P =0.002); I'=90.000% B 1’00 R ;0 (') 5'0 100
Test for overall effect: Z=1.800 (P =0.070)

Favors (midazolam) Favors (diazepam)
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Figure 3  Forest plot for comparison of the time from arrival at hospital to cessation between
midazolam (intranasal) and diazepam (intravenous).
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Midazolam Diazepam Weight SMD SMD

Study or subgroup Mean SD Total Mean SD Total (%) 1V, Fixed, 95%CI 1V, Fixed, 95%CI
Thakker and Shanbag ™ (2013) 301 279 18 2.67 231 15 25800 0.130(-0.560, 0.810]
Lahat, et al ™ (2000) 310 220 23 250 1.90 24 36700 0.290[-0.290, 0.860]
Mahmoudian and Zadeh " (2004) 3.58 1.68 21 2.94 2.62 28 37.500 0.280[-0.290, 0.850]
Total (95%Cl) 62 67 100.000 0.240[-0.110, 0.590]

e yie - - - t } T } i
Heterogeneity: x =0.140, df=2 (P=0.930); I'=0.000% -100 _50 0 50 100
Test for overall effect: Z=1.370 (P =0.170) Favors (midazolam) Favors (diazepam)
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Figure 4 Forest plot for comparison of the time from giving drug to cessation between midazolam (intranasal) and diazepam (intravenous).

Midazolam Diazepam Weight RD RD
Study or subgroup Events Total Events Total (%) M-H, Fixed, 95%CI M-H, Fixed, 95%CI
Thakker and Shanbag™ (2013) 0 27 1 23 6.500 -0.040(-0.150, 0.070] B
Lahat, et al " (2000) 0 26 0 26 6.800  0.000[-0.070, 0.070] -t
Mclntyre, et al " (2003) 5 109 7 110 28.600 -0.020[-0.080, 0.040]
Mahmoudian and Zadeh ™ (2004) 0 35 0 35 9.100  0.000[-0.050, 0.050]
Mpimbaza, et al ' (2008) 2165 2165  43.100  0.000[-0.020, 0.020]
Fisgin, et al ™ (2002) 0 23 0o 22 5.900  0.0000-0.080, 0.080]
Total (95%CI) 385 381 100.000 -0.010[-0.030, 0.200]
Total events 7 10 ;
L 1 1
Heterogeneity: x*=1.110, df=5 (P=0.950); '=0.000% 1,000 ~0.500 0.000 0.500 1.000
Test for overall effect: Z=0.670 (P =0.500) Favors (midazolam) Favors (diazepam)
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Figure 5 Forest plot for comparison of the adverse reactions between midazolam (non-intravenous) and
diazepam (intravenous or non-intravenous).
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Table 2. Sensitive analysis of interconversion bewteen fixed effects model and random effects model, and exchange of
statistical values

Switch model Exchange statistical value
ftem RD or SMD value RD or SMD 95%CI1 P value OR or MD value OR or MD 95%CI P value
Efficacy 1 0.150 0.070-0.220 0.000 2.450 1.180-3.920 0.010
Efficacy 2 -0.010 -0.110-0.090 0.880 0.920 0.340-2.500 0.880
Efficiency 1 -1.230% -1.740-0.730 0.000 -6.110# -14.540-2.330 0.160
Efficiency 2 0.240%* -0.110-0.590 0.170 0.570# -0.190-1.330 0.140
Adverse reactions 0.000 -0.020-0.020 0.750 0.700 0.270-1.810 0.460
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Figure 1 Optical microscopy findings showed that the tumor cells were uniform in shape and were arranged in a diffuse and papillary
low power magnified Figure 2 Optical microscopy findings revealed that tumor cells were positive for
high power magnified
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