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Fig. 1. Classification of the level of the dural sac end. The level of the tip of
the dural sac is defined by dividing the vertebral body, including the
intervertebral space, into four segments: upper (U), middle (M) and lower
(L), and the intervertebral space. DS, dural sac; S2, base of the second
sacral body; S2/3, intervertebral space of S2/3; White arrow, the spinous

process of S2.

w3l o]+ ¥ (infant, < 13 months; toddler, 13-36 months; child, >

36 months) A&ud T A& A} ST

st 53 FE3IE E a3d4S S48 ZAAA TR ET] 7]+
2-3 HFHF M9 median longitudinal viewe} & F-oA9] axial



H

views A F Z}7] yF-dn=ddi(distance from skin to
sacrococcygeal ligament) 7+ Ag]e} HAF72] 2l o](depth of sacral
space)E A St IF-HulEJdd 1+ AgEe JEHEH
HulZeldle] 15 (dorsal portion)7}A] 2] 214 A2 AHolshsdar,

AF7e] Zdol= HAnlEddie] ol fF(ventral portion)F-H &

jus

A o) A4 A w Aol alThFig. 2).

dural sac end Sacrococcygeal
ligament

Fig. 2. Distance from the skin to sacrococcygeal ligament and the depth of
sacral space. Left (A) is a longitudinal view at S2-3 level and right (B) is an
axial view at hiatus level. The asterisk (*¥) represents the distance from
skin to sacrococcygeal ligament. The cross (+) represents the depth of
sacral space. Arrow (A), the end of the dural sac; Arrow (B),

sacrococcygeal ligament; S2SP, spinous process of S2.

1. BAEA

AFEALA dolHt AFREFADHE TSI FAuhd
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T2 fA, HAFATAL] Aol o] & HESH HelHx=
Zo}zk(medians)¥ ¢ (Interqurtile range, IQR)Z YERHATE
THAA  FIARACl el yeold " 3Fe] g2 Wilcoxon
signed-rank test®} AF¥7F(post hoc analysis)S o] 83 A Un) x|
HAHEA (1- way ANOVA)S o]&3to] Hluskgitt, S A4S SPSS
13.0 & AF&3F AL P- values < 0.05 € 4% SAgHo=E {9t

Ao gt

326 o Aol A T AAUGo] Holx e 5 Wy 27U}

adE 4 W B ATelA AldENen F 317 We| HolHE

(15.3)7golQar, EFA= 109 (3.6) kgollew, AFe 787
(16.1) cm oA}, 28 Y u]&(M:F)& 292 : 25 o] 3t}

BATE FEAA Y FUHAQR)S FTHAAA S2 M (S1/2-S2

Doldloy & FHAI AAAAGA = S2 U (S1 L-S2 M=
AzZHA. =F EASHoOR  FostA FEAAA A AAEAG

o] o W] Z(cephalad)ol] ¢33 tH(Fig. 3, Fig. 4, P < 0.001).
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L4

L5

S1

S2

S3

Neutral Flexed

Fig. 3. Location of the dural sac end. The left segmented columns represent
the vertebral bodies. The right two columns demonstrate the end of the
dural sac in the neutral position (center) and flexed position (right). White
band, median value; black bar, IQR; gray color, full range of distribution. #p

< 0.001.

LS -
* Dural Szu:"Em:f_-”r

- [

" Dural Sac End

Fig. 4. Ultrasonographic images in neutral (A) and flexed (B) position.
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Longitudinal views of the dural sac of a 16 months-old-boy weighing 9.5
kg with a height of 77cm in the neutral (A) and flexed (B) positions. Arrow,
the end of the dural sac; S2, vertebral body base of S2; SP of S2, spinous

process of S2.

o]F 317 e holE oo w FFsa(Table 1) 7t

Lo

AFdelAe] ARG T X FAHIQRES  FHAAL
32 A A v agk Az, 13 Y wwke] <dol, 13-36 Y Abo] <]
frob 2 36 g o)) AolollA Z+7F S2 M (S1 U-S2 D)9k S2 U
(S1U-S2 M), S2 M (S1/2-S2 )¢} S2 U (S1L-S2M), S2 U (S1L-S2
Mg S1/2 (S1 M-S2 U) ©]AthFig. 5, p < 0.05). ZE Aol A
FHAAE HAPS W A TL] A FosA WEHos
A 53] 36 MY o]l AolellA the A”wra Halsho]

A Sl o A% A AL,

Table 1. Demographic data according to age distribution.

I 1I I
(< 13 mo) (13-36 mo) (>36 mo)
N (M:F) 136 (118:18) 142 (138:4) 39 (36:3)
Age (months) 6.9 + 3.6 21.0 £ 7.4 48.1 £ 11.9
Body weight (kg) 8.4 £ 2.2 120 £ 2.1 16.6 £ 3.1
Height (cm) 68.4 + 8.1 84.4 + 8.4 101.6 £ 8.1
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LS

- !
|- - - =
Neutral Flexed Meutral Flexed Meutral Flexed
= 13 mon 13 mon - 36 mon =36 mon

Fig. 5. Location of the dural sac end by ages. The left segmented column
represents vertebral bodies. The other columns are the median (white
band) and IQR (black and gray bar) of the dural sac end according to the
three age groups (< 13 months, 13-36 months, and > 36 months). Black

color bar, neutral position; gray color bar, flexed position.

AAdeg TR dInty R JHAEVE VSR Sle 3
AL o & v 78 Z(cephalad) .2 X5+ tHTable 2).
E3] 13 7/l wnke] ofololA =AAAA] TIAET] VS =

AAE Fo] S2 oste fA|gh= WIET 13.5% (18/136)°A4

i

2.3% (3/136)2.2 7431 tH(Table 3).

O]
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Table 2. Prevalence of the dural sac end below S2 in neutral and flexed

position.
. Neutral position Flexed position
Anat land k

patofic fandmar (n=317) (n=317)

Bod 54 24"
o (17.0%) (7.6%)

t *

Sp 36 47,
(11.4%) (1.3%)

Values are number of patients (percentage).

Anatomic landmark represents the spinal segments determined as the
dural sac end, in relation to vertebral body (Body) or spinous process (SP).
*P < 0.001 compared with neutral position.

TP <0.001 compared with vertebral body.

Table 3. Prevalence of the dural sac end at spinal level below S2 by age

subgroup.
Anatomic ! . i
Position (< 13 mo) (13-36 mo) (> 36 mo)
landmark
n=136 n=142 n=39
Neutral 28" 22 4
Body (20.?;%;) (15.*5T%) (10.13%)
Flexed tz v J
(8.8%) (6.3%) (7.7%)
18 14 4
Neutral (13.5%) (10.0%) (10.3%)
SP gt 1+t ot
Hlexed (2.3%) (0.7%) (0%)

Values are number of patients (percentage), and n represents the number
of patients.

*P < 0.05 compared with age subgroup III.

P < 0.001 compared with age subgroup III.

TP <0.05 compared with neutral position within each age subgroup.
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dFEel S2-3 FfoAMe] I F-Hv =2l t(skin-sacrococcygeal
ligament) 7+ AZl+= 2.9 (0.6-8.8) mm<e} 7.3 (2.0-13.0) mm=
93 xpolE HTHTable 4, P < 0.05). 38 EAZH F9gAe

Aoy S2-3 HYol Al dF7 Zlo)(depth of sacral space)”}

daN-9lellA Bk o 2

Table 4. Distance from the skin to sacrococcygeal ligament and the depth of

sacral space (mm).

Skin-sacrococcygeal ligament Depth of sacral space
Hiatus level 2.9 (0.6-8.8) 7.0 (2.0-11.0)
S2-3 level 7.3(2.0-13.0) " 10.3 (2.9-17.1)

*P < 0.05 compared with hiatus level.

rok

A, 529 AotolA 3 B ZIH(dimple), 7% (pits), BIA A <

¢

A B (hair), 3 (skin tag)#2 22 3 F FE A A(marker)E°] #Z
Ak o] F 3 WMo AoldAE 2mm ol FANR H4FEIE

(thickened filum terminale)S WA3 R, &= T A3 MRl A

P
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2o AQl(tether) H Aol FJAHIAT}. o] Fols F 1 WY
AATE T A& S3 Lojflen 2 W2 S2 Lol A=A
HEZEY AujEAddgizbAe] A®.6 ~ 9.0 mm)et HAFAHe
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= A tH(Table 2).

Hirasawa &< A 32 WollAl olglolA 9ot AHY=
AAE WA AR W AAEEe] F3(volume) 9t T A o] W3t H
A& Aste] wa Sk ey Lol AW Ee] wE

A T (dural sac end)®] 1% Wl sk Bai= o}# gl

# & & (cephalad) 02 W YA olFH= AAs Ueilt AAR

FAAY Aue A BE 52-3 B BF WA APsE A9

o

A SofolA H=¢ 7FAE7I(spinous process)E 3l F-g4

Agz sl 1 FEE A AAE AP €. ez

A% % 9 vemon S8 A(Table 2), o Aol HFe] Zu
mopel A & & QEol(Fig. 6), /HAE7I7E e uhetel dhatel o
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L4

LS

S1

S2

S3

_
LY (T

S4

Flexed

Fig. 6. Relationship between vertebral body and spinous process in respect
to the dural sac end. The left column represents the vertebral body, the
center represents the position of the dural sac end and the right column
represents the spinous process. The median dural sac end in the flexed
position is S2 U in relation to the vertebral body base, but the median in
relation to the spinous process is the S1 spinous process(black band,
median; gray column, IQR; white column represents the full range of the

dural sac end).
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Abstract

The anatomical availability of sacral 2-3 intervertebral approach for
caudal block in children

: ultrasonographic evaluation

Ji Eun Kim

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Hae Keum Kil)

Background: Although dural puncture is uncommon relevant of caudal bock in
infants and young children, the risk of dural puncture is a possibility. It is
reported that the dural sac terminates at the S2 level in children, but it is just in
the neutral position.

This study was designed to determine the effect of body position in the dural
sac end — vertebral level relation and to investigate the anatomical availability
of the sacral 2-3 intervertebral approach caudal block as an alternative to the
hiatal approach in children.

Methods: After obtaining approval from the IRB, A total of 326 pediatric
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patients undergoing urologic surgery were recruited to this study. After
induction of anesthesia, ultrasound examination was performed to evaluate the
lumbo-sacral structures and the location of the dural sac end in the lateral
position with a straight back and knee (neutral position), and in the lateral
position with the knees, legs, and neck flexed (flexed position). The level of the
dural sac end was determined in relation to the vertebrae and spinous process.
And the distance from skin to sacrococcygeal ligament and the depth of sacral
space were measured at the S2-3 level and the hiatus level.

Results: Nine patients were excluded from analysis due to inability to visualize
the dural sac (n = 5) and missing data (n = 4). Ultimately, 317 patients were
analyzed. In the neutral position, the median (IQR) vertebral level of the dural
sac end was S2 M (S1/2-S2 L); however, in the flexed position, it was S2 U (S1
L-S2 M) (P < 0.001). In the neutral position, the dural sac ended more cephalad,
which was determined in relation to the spinous process, and in the flexed
position, the dural sac shifted more cephalad as well. After flexion, the
prevalence with the dural sac ending below S2 was decreased from 17.0 % (n =
54) to 7.6 % (n=24) in relation to the verterbral body; moreover, in reference to
the spinous process, it was decreased from 11.4 % (n = 36) to 1.3 % (n=4). The
median (IQR) depth of sacral extradural space was deeper at the S2-3 level than
at the hiatus level, respectively: 10.3 (2.9-17.1) mm vs 7.0 (2.0-11.0) mm.
Conclusions: We found that the dural sac end shifted significantly cephalad in

the lateral position with the neck, hip, and knees flexed. Also the depth of sacral
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extradural space was deeper at the S2-3 level, compared to the hiatus level. It
suggests that the safety margin for the needle insertion can be increased during
S2-3 approach.

In conclusion, the sacral 2-3 intervertebral approach for caudal block could be
performed safely as an alternative to the hiatal approach in infants and young

children.

Key words : ultrasonography ; anesthesia, caudal ; pediatric, position ; flexed

position
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