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Fig. 1. Consort flow diagram. CSEA; combined spinal epidural anesthesia, [UFD; intra uterine fetus demise, IPW; inverse probability weighting,
PS; propensity score
Table 1. Maternal characteristics and standardized difference before and after propensity score matching
Before propensity score matching “After propensity score matching (1:1) After propensity score matching (1:2)
sCSEA group Control group Standardized SCSEA group Control group Standardized SCSEA group Control group g?faf"da’dmd
(N=31) (N=605) difference (%) (N=30) (N=30) difference (%) (N=30) (N=54) (u;))ere““e
33.4+5.4 34.9+4.7 33.3+5.5 32.3+5.7 33.3+5.5 33.0£5.0
Age (19-45) (21-51) 29.6 (19-45) (21-42) 179 (19-45) (21-42) 5.1
) 156.5% 7.5 158.4%5.4 156.6% 7.6 156.9% 6.3 156.6% 7.6 156.4% 6.0
Height(em) (136-170) (143-181) 290 (136-170) (145-174) 13 (136-170) (145-174) 29
) 67.7+10.9 64.7+12.4 67.1%10.6 65.9+14.9 67.1%10.6 64.8+14.2
Body Weight(ke) (47.55) (40-120) .3 7-89) (46-110) 98 7-89) 46-110) 183
27.6+3.9 25.8+4.7 27.3%£3.7 26.8+6.1 27.3%£3.7 26.5%5.6
BMI (19.4-36.6) (16.4-46.5) 4T (19.4-36.6) (19.0-45.5) 99 (19.4-36.6) (19.0-45.5) 16.7
Fecundity singleton ; 27 singleton ; 542 78 singleton ; 26 singleton ; 28 29.3 singleton ; 26 singleton ; 49 12.9
(pregnancies) twins or more ; 4 twins or more ; 63 . twins or more ; 4 twins or more ; 2 h twins or more ; 4 twins or more ; 5 .
. 35.6+3.8 36.9+1.4 36.0+3.3 36.0%2.0 36.0+3.3 36416
Delivery weeks (o4 4q) (25-42) 440 (28-40) (30-38) 00 (28-40) (30-38) 154

Data expressed as mean = standardized deviation (minimum-maximum) sCSEA; sequential Combined Spinal Epidural Anesthesia
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Table 2. Anesthetic indications of sequential CSEA

Indications Pregnancies

Cardiovascular disease:

Kawasaki disease, Tetralogy of Fallot 6
HOCM (post ventricular septal myomectomy, low EF)
TGA, VSD, CPVT

Severe pre-eclampsia 6
Short stature

History of high spinal anesthesia
Moyamoya disease

Takayasu disease

Cerebral arteriovenous malformation

Pulmonary edema

NN NN W W W

Triplets
Cerebral aneurysm 1

Turner syndrome 1

CSEA; combined spinal epidural anesthesia, HOCM; hypertrophic
obstructive cardiomyopathy, EF; ejection fraction, TGA; transposition of
great arteries, VSD; ventricular septal defect, CPVT; catecholaminergic
polymorphic ventricular tachycardia
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Table 3. Comparison of outcomes after propensity score matching 1:1

Outcomes sCSEA (N=30) Control (N=30) P value
AsBP(%) 23.4%10.0 (6.7-52) 24.5%11.1 (6.7-58.7) 0.6727
AmBP(%) 25.4%10.0 (7.2-48.2) 27.7+10.8 (12.2-58.2) 0.3945
Frequency of vasopressors until delivery ~ 0.82%£0.95 (0-3)* 2.9£2.9 (0-11) 0.0008
Epidural LA until delivery (mL) 2.5%£4.0 (0-17) 0.77+2.6 (0-10) 0.0575
Blood loss (g) 1455+ 693 (672-3953) 1517+972 (481-4644) 0.7753
Urine output (mL) 159+ 120 (35-550) 197+ 140 (25-650) 0.2680
Total fluid (mL) 1287+ 621 (500-2800)* 1882+ 778 (710-4200) 0.0018
Duration of surgery (min) T4.7+24.7 (43-142) 79.9%20.8 (30-125) 0.3784
Duration of anesthesia (min) 91.8+26.3 (57-163) 95.5+£22.1 (43-143) 0.5574
Anesthesia to delivery time (min) 30.6+9.1 (19-57) 27.8+6.1 (17-43) 0.1544
Puncture site L3/4; 30 L.2/3; 2 L3/4; 27 L4/5; 1 0.2062

Data expressed as mean = standardized deviation (minimum-maximum)
sCSEA; sequential Combined Spinal Epidural Anesthesia, sBP; systolic blood pressure, mBP: mean blood pressure,

LA; local anesthetic agents, L; lumbar vertebrae
*P<0.05 between groups

Table 4. Comparison of outcomes after propensity score matching 1:2

Outcomes sCSEA (N=30) Control (N=54) P value
AsBP (%) 23.4%10.0 (6.7-52) 24.0£11.0 (3.8-58.7) 0.8002
AmBP(%) 25.4+10.0 (7.2-48.2) 27.5%+11.1 (10.2-58.2) 0.3931
Frequency of vasopressors until delivery 0.82£0.95 (0-3)* 2.6+2.7 (0-11)* <0.0001
Epidural LA until delivery (mL) 2.5%4.0 (0-17)* 0.43£1.9 (0-10)* 0.0132

Blood loss (g)

Urine output (mL)

Total fluid (mL)

Duration of surgery (min)
Duration of anesthesia (min)
Anesthesia to delivery time (min)

Puncture site L3/4; 30

1455+ 693 (672-3953)
159+ 120 (35-550)
1287+ 621 (500-2800)*
T4.7+24.7 (43-142)
91.8+26.3 (57-163)
30.6+9.1 (19-57)

1533+ 904 (481-4644) 0.6816
176 £124 (5-650) 0.5530
1858+ 647 (710-4200)* 0.0002

78.7+22.8 (30-154) 0.4565
94.3+23.9 (43-170) 0.6597
27.2+6.4 (15-45) 0.0822

L2/3; 2 L3/4; 50 L4/5; 2 0.3114

Data expressed as mean £ standardized deviation (minimum-maximum)
sCSEA; sequential Combined Spinal Epidural Anesthesia, sBP; systolic blood pressure, mBP; mean blood pressure,

LA; local anesthetic agents, L; lumbar vertebrae
*P<0.05 between groups
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Table 5. Inverse probability weighting analysis
Outcomes sCSEA (N=31) Control (N=605) P value
AsBP(%) 24.6(17.3-31.9) 24.3(23.4-25.1) 0.9320
AmBP(%) 25.9(18.5-33.3) 217.4(26.6-28.2) 0.6807
Frequency of vasopressors until delivery 0.79(0.45-1.13)* 2.4(2.24-2.61)* <0.0001
Epidural LA until delivery (mL) 2.4(0.80-3.99) 1.0(0.69-1.30) 0.0905
Blood loss (g) 1621(1145-2097) 1588(1518-1660) 0.8948
Urine output (mL) 133(99-168) 161(151-170) 0.1385
Total fluid (mL) 1369(1060-1677)* 1770(1727-1813)* 0.0115
Duration of surgery (min) 86.8(59.6-114.1) 78.0(76.0-80.0) 0.5286
Duration of anesthesia (min) 105.3(74.1-136.5) 94.4(92.2-96.6) 0.4946
Anesthesia to delivery time (min) 34.6(24.8-44.4) 217.4(26.9-28.0) 0.1539
Puncture site L3/4; 100% L.2/3;8.5% L3/4;87% 0.1807

L4/5;4.3% L5/S;0.2%

Data expressed as mean * standardized deviation (minimum-maximum)

sCSEA; sequential Combined Spinal Epidural Anesthesia, sBP; systolic blood pressure, mBP; mean blood pressure,
LA; local anesthetic agents, L; lumbar vertebrae

*P<0.05 between groups

sCSEA
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Fig. 2. Segmental spread of spinal anesthesia: single regression analysis
The vertical line shows the segmental level of spinal anesthesia and the horizontal line shows the duration until anesthesia
reaches the segmental level. Zero point of the vertical line is the third lumbar vertebrae as the puncture site of spinal anesthesia.
Pregnancies where epidural anesthesia were administered before checking anesthetic segmental level were excluded
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M CHATFENICH B EZ RO L h o 7.

THE < DR IRRE BT 2 IREE ) & R O B L 2 Wi
T % 72O\ BT 2 BERICAT o 72 (Figure 2). @ilLE
TENA A VIR Z 12 mg 205 6 mg ([ZIRET S

zZ =

sCSEA #(Z, Control H & bR L C, AT~ v F
Y ZBEIZB T H R A SIS X BT BNTD,
R F C o S SEAE T £ & A7 i e 2 A TSR &

LT, WS 0B A RS 02 T S
A S 725 (0.14 vs. 0.28), FEHEEINIIZ MR O
HE B S N2 o7 WTHEORE, p=0.2990).

Hie. —HT, DRI & PIgBIRE O R F A2
M T2 RO o 7.

MAE & & HRE < b BT R OE AL X ) I < P4 E)
R D fe KA T 58205 20% % 2. 2 PG IREEDZE A5 Z -



6 Lo 7

72%%, sCSEA BHICBWTIZ L ) D HESEH & i
CIRBEBREORELE 2 2 LAk, A7 Gl R
BALGiH S B E COMEDRKE#H %277 b H AL LT
W5 72, ARILE OFRRERE R HE Tld e <, FEEE % 5HIG
LCTWa. F72, FAERE PR TId% < HEm M
2iToTWb. o T, DHVIAEEREROLEEL,
KIMEDORREEC AR &, AR ET D ARIE DR
W R BE DA 2 o 722 & R B L T 5 W REME DS
Zbihb.

i EY BT IS B B BRI E N DR HEICH L T,
a-agonist & &5 1 BEIRE L2 AEROFRNMEN, TEAEh
BE), ARSI Tw"Y . YRTid, Ao
HHRMEICBEWT, 7221 7)) VEBEEZE | BIROH-
JEE L LCTHEHL, @flicTraEEhiggzitv, 2Tk
FHAUZRN R Y 2 FATE AERED S R F Tl B
LTEY, KIME KD FHEILEDREHILEIZB T
M—EINTVD., RITFROFKERIE, RPMEEED ST
BehGEemb 852 LT, BRMEOFWHLLER % T
L72WIREER  DREFINCB VT D, £ ) DA uns ATl
JEICHIRTE WA R LTV, — 4T, WEICH
W B X OCNESBIIRIE O R T RIZ Y T 20% %
WMz Twre EBEareryH 225 — Ay MY 2w
i, MEARTFERIE 20% L F &5 L) ICEMT S L0
FLWVWEESNTWED, F4 OHFZETIL sCSEA % ERL
Ty, RBEORAKLHIMHTEX TRV EHh
ol

SCSEA IZBWTC, JRATMEESE %2 & O G-§ I3TE R
BREDOZE) % T & 9135505 T, Bray JK 5
3 A7 OECITETOFEYRMICBWT, SkETY
INA A VI ARAIY 10 mg OB L Smg OFET, RERE

W TERIT B0 R B X W IE 22413 2% 0o
72EEY LTWAD, BIIETE NS A VIR
3.5 mg % i\ 7z ultra-low dose sequential CSEA Tl KK
Wiers L ARIME O FIEHE I ED D > 72 WIAFEY b H D,
JRIFTREESE 2 X 0 JE L CHW235E4121E, sCSEA 12X S
TEREH T HFCTE 5.

TR < D I IR B0 2 IR & 5[] o0 B [l ) 4347 ©
&, BIET Y N0 A VIR OR (6 mg vs 12 mg)
ko T, WAL 72 0 1B BRI 0 Z 6D R
BN SN 7225 (0.14vs 0.28), MEFHIZIEEER 8
EITEWIIR OGN o 72 (ETHEORE, p=0.2990).
FREFFEIICIEZ ISE AR 2 o 728 H E LTI,
SCSEA TEDIEBIB AV w2 &%, BB TENA 4 V3
BRI OREAEN LV LETH LI LDVEZLNS.
FATIZEIC BT, WA &7 D 12 BT 2RI D%
BIZoWT, EILETE N 4 VIR KW ORI
o TEEDHLETELIDE, BB VWETLLONH -
727100 SCSEA I, JRFTRRIEE O IS X U B R
BTG LR BYAES, T RIMEEE RS 2 7200
WEAMEN R TR % 8 N5 3 2 i CTh 5. HHEC D

JBF BRI & 2 S R I BRE B 2 Ji Lo, Ao flifEH
HWOERRLEDOE VR D H L REMRRTE 2 2w ) EX
TEINEN G, KWFFETIE, sCSEA T3 FREESE O Rz
XD, BRERIR LR LT AR S h Ll
IS, REREPSGH D LI ICHE DR KR FIL IS T
ETwiwv. HHO 12, B DBETHEBICBWTHE
BRI O 3 72 & SRR & LT O IR A SR DI %)
IBLARW, EWIH RS EZ SNA. b LI, A%
X, L ZLMWMBRBBOLE % B K72 iiiEx b DL
i< DT IRERZ JGAT L7212 MR E LT b7z,
FIREEE 2R L8 LT, @EBEO RIS coOR
B B TR CH X5 2 SN AIFERET) & FAREOZEH)
PRI S72En)ZEBEZLND,
AFIEDRARE LT, 1 DIZBGTHOBIE T A >~ hi5
Fond, LaLeds, EREBEOLEHZREE Lk
WX LC, EE R O R ETRRESE 2 B b E TR
THZEE, MHENCLREEETHY, 5% T 7 a1l
WERBEAT N D WHEM IR W &£ 2 S s, JBfiifseic
BWTT V¥ AL BMTbh Tz b Dld, wih
b A7 OMNERTOWRETH - 727" AWFZEIE,
AN X DB % T L 72 Wikiex b oA THETE IS,
FEBRIZ sCSEA AT 2R REZ M L TWw 5. TN
TN L BNA T AT 572012, HRAIT7~< Y F ¥
iRV, WERIIE TN VWRKER T OO W
THHERL, WIHMEREM X ETEERET 0 17- 72
MRE LT, B RIEZNENCRIBHOBETH - 7.
LB CTH D UL, SN2 R T
ETCVARTEBRVWILICHETRETHS. ) 120D
YL E LT, sCSEA DIEBIBDO L ENEITFHNE. Zh
X, 2L ZLMWMERBBOLT 2 B X7 iiiEx b Do
MRS, MEHE 2 iR & LR L CEBRINIC A v 2 T
HELTEZONS. EoT, sCSEA DR E 7 DHHR
FETHIIRHZTRITT 2 2 L dWEEcH Y, EHRKT
DIEBOERARE L SN 5. K5 e FABERED, MR
BEOEE % [ 72 E b DI sCSEA 217 - 72
K2 AN L 225 13 2,

]

sCSEA #£1& Control #: & WKL C, AT~ v F
TFEIIBWTH PR EA X BT BNTD,
TR & C ST Y [ & A T e DS R IA
B Lrodz F7z, PHREHIILE & P EIIRIE O & KK
TERIZIXEAD TR A o 72, sCSEA IIGERBIFED LB % B X 72
WIRIE R b DU I HEAT L7235 612, #E O CSEA L [HfR
EOMERKTARE YD, L) DR & iR
W CHEERE DT 2 2 M L TH 5.

51 A3

1) Traynor AJ, Aragon M, Ghosh D, Choi RS, Dingmann C,
Vu Tran Z, et al. Obstetric anesthesia workforce survey:



2)

3)

4)

5)

6)

7)

8)

i EYIBIAT 12 BT % sequential combined spinal epidural anesthesia 4 HI 4% 7

A 30-year update. Anesth Analg 2016; 122(6): 1939-46.
de Sa Oliveira RR, Modolo MP, Mizubuti GB, Ho AMH,
de Barros GAM, Muniz da Silva L, et al. Total spinal
anesthesia failure: Have you assessed the sensory anes-
thesia in sacral dermatomes? Anesth Analg 2017; 124
(5):1674-7.

Munhall RJ, Sukhani R, Winnie AP. Incidence and etiol-
ogy of failed spinal anesthetics in a university hospital: a
prospective study. Anesth Analg 1988; 67(9) : 843-8.
Klimek M, Rossaint R, van de Velde M, Heesen M.
Combined spinal-epidural vs. spinal anaesthesia for cae-
sarean section: meta-analysis and trial-sequential analy-
sis. Anaesthesia 2018; 73(7): 875-88.

Thorén T, Holmstrom B, Rawal N, Schollin J, Lindeberg
S, Skeppner G. Sequential combined spinal epidural
block versus spinal block for cesarean section: effects on
maternal hypotension and neurobehavioral function of
the newborn. Anesth Analg 1994; 78(6): 1087-92.
McNaught AF, Stocks GM. Epidural volume extension
and low-dose sequential combined spinal-epidural block-
ade: two ways to reduce spinal dose requirement for
caesarean section. Int J Obstet Anesth 2007; 16(4) : 346-
53.

Thoren T, Holmstrom B, Rawal N, Schollin J, Lindeberg
S, Skeppner G. Sequential combined spinal epidural
block versus spinal block for cesarean section: effects on
maternal hypotension and neurobehavioral function of
the newborn. Anesth Analg 1994; 78(6): 1087-92.

Fan SZ, Susetio L, Wang YP, Cheng YJ, Liu CC. Low
dose of intrathecal hyperbaric bupivacaine combined

with epidural lidocaine for cesarean section--a balance

9)

10)

11)

12)

13)

14)

15)

block technique. Anesth Analg 1994; 78 (3): 474-7.

Lew E, Yeo S-W, Thomas E. Combined spinal-epidural
anesthesia using epidural volume extension leads to
faster motor recovery after elective cesarean delivery: A
prospective, randomized, double-blind study. Anesth
Analg 2004; 98 (3): 810-4.

Bray JK, Fernando R, Patel NP, Columb MO. Supraster-
nal Doppler estimation of cardiac output: standard versus
sequential combined spinal epidural anesthesia for cesar-
ean delivery. Anesth Analg 2006; 103 (4): 959-64.

Van de Velde M, Van Schoubroeck D, Jani J, Teunkens A,
Missant C, Deprest J. Combined spinal-epidural anesthe-
sia for cesarean delivery: dose-dependent effects of
hyperbaric bupivacaine on maternal hemodynamics.
Anesth Analg 2006; 103 (1): 187-90, table of contents.
Greene NM. Distribution of local aesthetic solutions
within the subarachnoid space. Anesth Analg 1985; 64
(7): 715-30.

Kinsella SM, Carvalho B, Dyer RA, Fernando R,
McDonnell N, Mercier FJ. International consensus state-
ment on the management of hypotension with vasopres-
sors during caesarean section under spinal anaesthesia.
Anaesthesia 2018; 73 (1): 71-92.

Teoh WH, Thomas E, Tan HM. Ultra-low dose combined
spinal-epidural anesthesia with intrathecal bupivacaine
3.75 mg for cesarean delivery: a randomized controlled
trial. Int J Obstet Anesth 2006; 15(4): 273-8.

Choi DH, Ahn HJ, Kim JA. Combined low-dose spinal-
epidural anesthesia versus single-shot spinal anesthesia
for elective cesarean delivery. Int J Obstet Anesth 2006;
15(1): 13-7.



8 Lo 7

The validity of sequential combined spinal epidural anesthesia for cesarean section:
a retrospective observational study using propensity score matching
and inverse probability weighting
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Purpose: Sequential combined spinal-epidural anesthesia (SCSEA) is a technique that uses low-dose intrathecal injection followed
by expanding cephalad sensory block via epidural top-up. This study aimed to investigate the validity of SCSEA for cesarean section
in pregnant women who may develop severe hypotension after spinal anesthesia.

Materials and methods: We retrospectively reviewed the medical records of pregnant women who underwent cesarean section with
combined spinal epidural anesthesia (CSEA) at our institution between January 2013 and December 2017. The cohort was divided
into two groups: sequential combined spinal epidural anesthesia (sSCSEA group) and conventional combined spinal epidural
anesthesia (control group). Patient demographics, comorbidities, anesthesia characteristics, blood pressure changes, and the use of
vasopressors and epidural local anesthetic agents were reviewed. Propensity score matching and inverse probability weighting were
performed to assess the incidence of hypotension between the two groups.

Results: The study cohort comprised of the SCSEA group (31 pregnant women) and the control group (605 pregnant women).
Propensity score matching identified 30 matched pairs (1:1). The frequency of use of vasopressors from the induction of anesthesia
to delivery of infants was significantly less in the SCSEA group than in the control group (mean 0.82 +0.95 SD, min-max 0—3 vs.
2.9+2.9,0-11; p=0.0008). The infused fluid volume during operation was significantly lower in the SCSEA group than in the
control group (1287 =621, 500—2800 mL vs. 1882 +778, 710-4200 mL; p=0.0018). There was no significant change until
delivery between the two groups in terms of the decrease in systolic blood pressure from baseline (23.4+10.0, 6.7-52 % vs.
24.5+11.1, 6.7-58.7%; p=0.6727) and mean blood pressure (25.4%=10.0, 7.2-48.2% vs. 27.7+10.8, 12.2-58.2%,
p=0.3945). A repeated 1:2 (SCSEA : control) matching and inverse probability weighting analysis showed identical results.
Conclusions: The decrease in blood pressure from baseline was identical in both groups. The use of vasopressors and infused fluid
volume was significantly less in the SCSEA group than in the control group. Thus, SCSEA can help stabilize blood pressure with less

use of vasopressors and infused fluid in pregnant women who may develop severe hypotension after spinal anesthesia.
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