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Abstract
Purpose To investigate the paths of thoracic epidural catheters in children, this retrospective study was performed.
Methods We investigated 73 children aged 4 to 12 (mean ± SD 7.8 ± 2.3) years, who underwent the Nuss procedure for 
pectus excavatum repair under combined general and epidural anesthesia over a 5-year period at Tokyo Metropolitan Police 
Hospital. Following induction of general anesthesia, we inserted a radiopaque epidural catheter via the T5/6 or T6/7 inter-
space and advanced for 5 cm cephalad in the thoracic epidural space. We evaluated the paths of the epidural catheters on 
plain chest radiographs after surgery.
Results The median level for the catheter tip location was T3 (range C6–T7), while the median number of vertebrae crossed 
by the catheter tips was 2.5. In most children, the catheters advanced straight for the first 2–3 cm (1–1.5 vertebrae) in the 
thoracic epidural space. However, they continued to advance straight in only 25 children, while they exhibited curved or 
coiled paths in the remaining 48. The catheter tips were located at higher levels in children with straight epidural catheter 
paths [median (range) T2 (C6–T4)] than in those with curved or coiled paths after the initial 2–3 cm [median (range) T4 
(T2–T7)] (p < 0.0001).
Conclusions Our findings indicate that the course of epidural catheters in children is unpredictable after the first 2–3 cm in the 
thoracic epidural space. Clinicians should be aware of such findings, although further studies are required for confirmation.
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Introduction

The Nuss procedure for the repair of pectus excavatum in 
children involves thoracoscopy-guided placement of one to 
three steel bars behind the sternum and ribs through small 
incisions placed on both sides of the chest [1]. Although this 
procedure is categorized as a minimally invasive procedure, 
postoperative pain is significant because of forceful distor-
tion of bony structures [1]. In some institutions, epidural 
analgesia is used to control postoperative pain [1, 2]. A pre-
vious study reported that epidural analgesia is superior to 
patient-controlled analgesia with opioids in terms of efficacy 
and the quality of pain control [2]. For successful epidural 
catheterization in children, adequate knowledge regarding 
the anatomy of the posterior compartment of the epidural 
space is essential.

At the lumbar and lower thoracic levels in adults, poste-
rior epidural fat is discontinuous between adjacent vertebral 
segments and is separated by areas of contact between the 
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dura and bony lamina [3–5]. Consequently, lumbar epidural 
catheters are less likely to advance in a straight line [4, 6]. 
On the other hand, at the mid-thoracic and upper thoracic 
levels, a thin layer of continuous fat is present between the 
dura and lamina and often extends from one segment to the 
other [3–5]. This incomplete segmentation at the mid-tho-
racic and upper thoracic levels facilitates straight advance-
ment of thoracic epidural catheters. [4, 6]. At 2 years of 
age, a continuous layer of abundant posterior epidural fat 
extends from one segment to the other even at lumbosacral 
levels, with the adult pattern of segmentation of the lumbar 
posterior epidural space becoming evident by 10 years of age 
[3]. Therefore, straight passage of epidural catheters can be 
facilitated even at lumbosacral levels in young children [7].

At our institution, we use postoperative epidural analgesia 
for pain control in patients who undergo the Nuss procedure. 
Epidural catheters are generally inserted via the T5/6 or T6/7 
interspace, with the aim of positioning the catheter tip at the 
T2 level or below for adequate anesthesia during thoracic 
surgery [8]. We usually advance thoracic epidural catheters 
for 5 cm into the epidural space, considering that advance-
ment for < 4 cm increases the risk of catheter dislodgement 
[9]. The paths of both lumbar and thoracic epidural catheters 
have been subjected to detailed radiographic investigations 
in adult patients [6]. However, to our knowledge, the paths 
of blindly inserted thoracic epidural catheters have not been 
investigated in children, although studies have assessed the 
paths of thoracic epidural catheters inserted indirectly via 
the caudal or lumbar route [10, 11] or under guidance from 
ultrasonography or nerve stimulation [12, 13].

Accordingly, the aim of the present retrospective study 
was to investigate the paths of thoracic epidural catheters 
inserted up to 5 cm in the epidural space using standard 
blind methods in children. The study hypothesis was that 
epidural catheters can be easily advanced in a straight line 
in the thoracic epidural space of children because of incom-
plete segmentation of the posterior epidural space.

Materials and methods

This retrospective study was approved by the Institutional 
Review Board of Tokyo Metropolitan Police Hospital 
(approval number 16-1), which waived the need for written 
informed consent.

We retrospectively reviewed data from 90 children who 
underwent the Nuss procedure for pectus excavatum repair 
under combined general and epidural anesthesia between 
2006 and 2010 at Tokyo Metropolitan Police Hospital. We 
finally investigated 73 children (47 boys and 26 girls) aged 4 
to 12 (mean ± SD 7.8 ± 2.3) years in whom radiopaque epi-
dural catheters were inserted via the T5/6 or T6/7 interspace, 
after excluding 17 children in whom radiolucent epidural 

catheters were used or epidural catheters were inserted via 
an interspace other than the T5/6 or T6/7 interspace.

Following the induction of general anesthesia, the patient 
was placed in the lateral decubitus position. Epidural cath-
eterization was performed by one of three experienced 
anesthesiologists. The T5/6 or T6/7 interspace was identi-
fied by using a line joining the inferior angles of the scapu-
lae as a landmark for T7 [9]. A 5-cm, 18G epidural needle 
(Arrow International, Reading, Pennsylvania) was inserted 
using conventional blind methods. Once the epidural space 
was reached, a radiopaque 20G catheter (Flex tip plus™; 
Arrow International) was threaded until a sufficient length 
had entered the space. The needle was withdrawn, follow-
ing which the catheter was withdrawn such that a length of 
5 cm remained in the epidural space regardless of the age 
and body height. The catheter tip position was aimed at the 
T2 level or below by inserting epidural catheters via the 
T6/7 interspace in children 110 cm in height or shorter, and 
via the T5/6 in children taller than 110 cm, based on our 
own experience. The catheter was secured with a transparent 
adhesive drape and an elastic adhesive tape.

Immediately after completion of the Nuss procedure, 
plain anteroposterior and lateral chest radiographs were 
acquired to confirm the absence of respiratory complications 
and evaluate the path of the epidural catheter. Six parameters 
were recorded as follows: (1) actual catheter insertion point 
on the skin, (2) actual epidural space insertion point, (3) 
direction of catheter advancement immediately after entry in 
the epidural space, (4) position and direction of the catheter 
tip, (5) pattern of the catheter path, and (6) distance traveled 
by the catheter tip in the epidural space.

All data were statistically analyzed using analysis of vari-
ance, the Wilcoxon signed-rank test, the Mann–Whitney U 
test, the Kruskal–Wallis test, linear regression analysis, and 
Fisher’s exact test, as appropriate. A p value of < 0.05 was 
considered statistically significant.

Results

Demographic and catheterization data are shown in 
Table  1. Linear regression analyses revealed that the 
skin-to-epidural space distance (SED; cm) correlated 
with the patient’s age (r = 0.48, p < 0.0001), body height 
(BH; cm; r = 0.51, p < 0.0001), and body weight (BW; 
kg; r = 0.48, p < 0.0001). The equations were as fol-
lows: SED = 0.11 × Age (years) + 2.4, SED = 0.019 × BH 
(cm) + 0.8, and SED = 0.033 × BW (kg) + 2.4.

The intended insertion point was the T5/6 (n = 62) 
or T6/7 (n = 11) interspace. The epidural space was 
reached via a median (n = 67) or paramedian approach 
(n = 6), using the loss-of-resistance method (n = 53) or 
the hanging drop method (n = 20) (Table 1). The actual, 
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radiographically confirmed catheter insertion points on 
the skin were in concordance with the intended insertion 
points in 47 children. In the remaining children, the inser-
tion points were two segments higher (n = 3), one seg-
ment higher (n = 20), or one segment lower (n = 3) than 
the intended point. Similarly, the actual epidural space 
insertion points were in concordance with the intended 
insertion points in 44 children, whereas they were two seg-
ments higher (n = 5), one segment higher (n = 21), and one 
segment lower (n = 3) in the remaining children. Overall, 

the actual skin and epidural space insertion points were 
higher than the intended insertion point (p = 0.0004 and 
p < 0.0001, respectively; Wilcoxon test). The median level 
for the catheter tip location was T3 (range C6–T7), while 
the median number of vertebrae crossed by the tips was 
2.5. The catheter tips were directed cephalad and caudad 
in 67 and six children, respectively (Table 1).

Immediately after entry in the epidural space, the cath-
eters advanced in a cephalad direction in 72 children and 
a caudad direction in one child (Table 1). Although the 

Table 1  Demographic and catheterization data for children who underwent the Nuss procedure for pectus excavatum repair under combined gen-
eral and epidural anesthesia

Data are expressed as number, mean ± standard deviation (range), or median [quartiles] (range)

Sex, M:F 47:26
Age (year), mean ± SD (range) 7.8 ± 2.3 (4–12)
Body height (cm), mean ± SD (range) 128 ± 13 (102–159)
Body weight (kg), mean ± SD, (range) 24.5 ± 7.2 (16–47)
Intended insertion points T5/6 (n = 62), T6/7 (n = 11)
Median [quartiles] (range) T5/6 [T5/6, T5/6] (T5/6–T6/7)
Actual skin insertion points T3/4 (n = 3), T4/5 (n = 19), T5/6 (n = 38), T6/7 (n = 13)
Median [quartiles] (range) T5/6 [T4/5, T5/6] (T3/4–T6/7)
Actual epidural space insertion points T3/4 (n = 5), T4/5 (n = 20), T5/6 (n = 35), T6/7 (n = 13)
Median [quartiles] (range) T5/6 [T4/5, T5/6] (T3/4–T6/7)
Catheter direction immediately after entry in the 

epidural space
Cephalad (n = 72), Caudad (n = 1)

Catheter tip direction Cephalad (n = 67), Caudad (n = 6)
Catheter tip position (vertebral level) C6 (n = 1), C7 (n = 4), T1 (n = 7), T2 (n = 12), T3 (n = 23), T4 (n = 18), T5 (n = 7), T7 (n = 1)
Median [quartiles] (range) T3 [T2, T4] (C6–T7)
Number of vertebrae crossed by catheter tips 5 (n = 1), 4.5 (n = 5), 4 (n = 15), 3.5 (n = 1), 3 (n = 13), 2.5 (n = 10), 2 (n = 14), 1.5 (n = 10), 1 

(n = 2), 0.5 (n = 1), − 0.5 (n = 1)
Median [quartiles] (range)  + 2.5 [+ 2, + 4] (− 0.5 to + 5)

Fig. 1  Paths of thoracic epidural 
catheters in children. The cath-
eter paths can be divided into 
three patterns: straight, curved, 
and coiled. When the axis of 
the path exhibited a deviation 
of > 90° from the vertebral mid-
line, the path was classified as a 
coiled or curved path. When the 
path axis did not show deviation 
of > 90°, the path was classified 
as a straight path (completely 
straight: < 30° deviation, almost 
straight: 30°–90° deviation). 
The left, middle, and right 
panels show examples of a 
completely straight path, a 
curved path with two turns, 
and a coiled path with one coil, 
respectively
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catheters advanced straight for the first 2–3 cm (1–1.5 ver-
tebrae) in the epidural space of most (71/73) children, they 
continued to advance straight only in a third (25/73) of the 
children. In the remaining two thirds (48/73), they advanced 
in curved or coiled paths after the first 2–3 cm (Fig. 1, 
Table 2). According to the observed course, the catheter path 
were divided into three patterns: straight (n = 25), curved 
(n = 19), and coiled (n = 29; Fig. 1, Table 2). When the axis 
of the path exhibited a deviation of > 90° from the vertebral 
midline, the path was classified as a coiled or curved path. 
When the path axis did not show deviation of > 90°, the path 
was classified as a straight path (completely straight: < 30° 
deviation, almost straight: 30°–90° deviation). There were 
no significant differences in age, BH, or BW among children 
with straight, curved, and coiled paths (p = 0.78, p = 0.99, 
and p = 0.84, respectively; ANOVA; Table 2). Furthermore, 
the three groups showed no significant differences in the 
intended insertion point, actual skin insertion point, and 
actual epidural space insertion point (p = 0.64, p = 0.37, and 
p = 0.26, respectively; Kruskal–Wallis test). However, there 
were significant differences in the position of the catheter 
tip and the number of vertebrae crossed by the catheter tip 
(p < 0.0001 and p < 0.0001, respectively; Kruskal–Wallis 
test).

Considering the lack of significant differences in the 
intended insertion point, actual skin insertion point, 
actual epidural space insertion point, catheter tip posi-
tion, and number of vertebrae crossed by the catheter tip 
between children with curved paths and those with coiled 
paths (p = 0.78, p = 0.23, p = 0.13, p = 0.93, and p = 0.32, 
respectively; Mann–Whitney test), the children were 
dichotomized into a straight group (n = 25) and a curved/
coiled group (n = 48) for subsequent statistical analyses 
(Table 2). The two groups showed no significant differ-
ences in the intended insertion point, actual skin insertion 
point, and actual epidural space insertion point (p = 0.45, 
p = 0.50, and p = 0.71, respectively; Mann–Whitney test). 
However, the median number of vertebrae crossed by the 
catheter tip was significantly more in the straight group 
than in the curved/coiled group (+ 4 vs. + 2, p < 0.0001; 
Mann–Whitney test). Moreover, the catheter tips were 
located at higher levels in children with straight paths 
[median (range) T2 (C6–T4)] than in those with curved 
or coiled paths [median (range) T4 (T2–T7); p < 0.0001, 
Mann–Whitney test]. The frequency of placement at the 
T1 level or above was significantly higher in the straight 
group than in the curved/coiled group (12/25 vs. 0/48, 
p < 0.0001; Fisher’s exact test). Further, the frequency of 

Table 2  Trichotomized or dichotomized classifications for the paths of thoracic epidural catheters in children

Data are expressed as mean ± standard deviation (range) or median [quartiles] (range)
When the axis of the path exhibited a deviation of > 90° from the vertebral midline, the path was classified as a coiled or curved path. When the 
path axis did not show deviation of > 90°, the path was classified as a straight path (completely straight: < 30° deviation, almost straight: 30°–90° 
deviation)

Catheter 
paths

Detailed 
catheter 
paths

Age (years) Height (cm) Weight (kg) Intended 
insertion 
point

Actual skin 
insertion 
point

Actual epi-
dural space 
insertion 
point

Catheter 
tip position 
(vertebral 
level)

Number of 
vertebrae 
crossed by 
catheter tips

Straight 
(n = 25)

Completely 
straight 
(n = 15), 
Almost 
straight 
(n = 10)

7.6 ± 2.4 
(4–11)

128 ± 14 
(109–151)

24.4 ± 7.4 
(16–47)

T5/6 [T5/6, 
T5/6] 
(T5/6–
T6/7)

T5/6 [T4/5, 
T5/6] 
(T3/4–
T6/7)

T5/6 [T4/5, 
T5/6] 
(T3/4–
T6/7)

T2
[T1, T2]
(C6–T4)

 + 4
[+ 4, + 4]
(+ 2 to + 5)

Curved 
(n = 19)

One turn 
(n = 3)

Two turns 
(n = 14)

Three turns 
(n = 2)

7.9 ± 2.5 
(5–12)

128 ± 12 
(111–154)

23.8 ± 5.3 
(16–37)

T5/6 [T5/6, 
T5/6] 
(T5/6–
T6/7)

T5/6 [T4/5, 
T5/6] 
(T4/5–
T6/7)

T4/5 [T4/5, 
T5/6] 
(T3/4–
T6/7)

T4
[T3, T4]
(T3–T7)

 + 2
[+ 1.75, + 2.5]
(− 0.5 to + 3)

Coiled 
(n = 29)

One coil 
(n = 10)

Two coils 
(n = 12)

Three coils 
(n = 7)

8.0 ± 2.2 
(4–12)

128 ± 14 
(102–159)

25.1 ± 8.3 
(16–47)

T5/6
[T5/6, T5/6] 

(T5/6–
T6/7)

T5/6 [T5/6, 
T6/7] 
(T3/4–
T6/7)

T5/6 [T4/5, 
T6/7] 
(T3/4–
T6/7)

T4
[T3, T4]
(T2–T5)

 + 2.5
[+ 1.5, + 3]
(+ 0.5 to + 4)

Curved or 
Coiled 
(n = 48)

Curved 
(n = 19) 

Coiled 
(n = 29)

8.0 ± 2.3 
(4–12)

128 ± 13 
(102–159)

24.6 ± 7.2 
(16–47)

T5/6 [T5/6, 
T5/6] 
(T5/6–
T6/7)

T5/6 [T4/5, 
T5/6] 
(T3/4–
T6/7)

T5/6 [T4/5, 
T5/6] 
(T3/4–
T6/7)

T4
[T3, T4]
(T2–T7)

 + 2
[+ 1.5, + 2.75]
(− 0.5 to + 4)
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placement at the C6 or C7 level was significantly higher 
in the straight group (5/25 vs. 0/48, p = 0.0035; Fisher’s 
exact test). The positioning of the catheter tips at the C6 
or C7 level (n = 5) in the straight group was associated 
with actual skin puncture points more cephalad than the 
intended points (T3/4 [n = 1] or T4/5 [n = 3] instead of 
intended T5/6) or a relatively short BH and thin body (BH, 
110.6 cm; BW, 15.7 kg corresponding to − 16.6% of the 
standard BW [14]; actual puncture via T5/6 as intended 
[n = 1]).

The epidural catheter was directed toward the interver-
tebral foramen in two children. Horner’s syndrome, which 
was not associated with the catheter tip position, was rec-
ognized in 13 children immediately after surgery. However, 
there were no serious neurological complications related to 
epidural anesthesia.

Discussion

In the present study, we found that the course of epidural 
catheters in children who underwent the Nuss procedure 
under combined general and epidural anesthesia was unpre-
dictable after the first 2–3 cm in the thoracic epidural space. 
Moreover, the skin-to-epidural space distance was signifi-
cantly correlated with the age, height, and weight of the chil-
dren, similar to the findings in a previous study [15]. In one 
third (26/73) of children, the actual epidural space insertion 
points were located more cephalad than the intended inser-
tion points when the line joining the inferior angles of the 
scapulae was used as a landmark for T7 [9]. This highlights 
the unreliability of such moveable landmarks in children 
placed in the lateral position under general anesthesia. Ide-
ally, this landmark should have been used to mark T7 in the 
sitting or standing position before anesthesia. Alternatively, 
insertion points should have been determined on the basis of 
fixed bony landmarks such as the C7 prominence.

Before the study, we hypothesized that thoracic epidural 
catheters would move in a straight line in children because 
of incomplete segmentation of the posterior compartment of 
the thoracic epidural space [3, 4]. However, curving or coil-
ing of catheters after the first 2–3 cm in the epidural space 
was observed in two thirds (48/73) of children. These find-
ings suggest an unpredictable course after the initial 2–3 cm. 
We used Arrow reinforced catheters in the present study. 
This catheter contains a stainless-steel coil impregnated in 
soft polyurethane; thus, it can easily change direction when 
it encounters an obstacle [16]. Consequently, the incidence 
of complications, including paresthesia and venipuncture, is 
significantly lower with this catheter than with other stiffer 
catheters [17, 18]. However, the flexibility of this catheter 
could have partially contributed to the high incidence of 
curving or coiling observed in our study. In addition, the 

considerably narrow epidural space in children relative to 
that in adults [3] may have interfered with straight catheter 
advancement.

In the present study, epidural catheters were advanced 
for 5 cm in the thoracic epidural space. In most (71/73) of 
children, the catheters advanced straight for the first 2–3 cm 
(1–1.5 vertebrae) in the epidural space; this implies that 
even flexible catheters usually advance straight for an initial 
small distance after entering the epidural space. After the 
first 2–3 cm, however, the catheters continued to advance 
straight in only a third (25/73) of children. Although this was 
a desirable path, very high placement of the catheter tips (T1 
level or above, or even C6 or C7 level) was more frequent 
when the catheters moved in a straight course than when 
they moved in curved or coiled courses. The very high place-
ment did not occur when the catheters curved or coiled after 
straight advancement for 2–3 cm. Therefore, one may argue 
that catheter advancement for 2–3 cm, not 5 cm, is adequate 
because it allows a straight path and helps to avoid very high 
placement. However, the risk of the catheter dislodgement 
is increased when catheters are advanced only for < 4 cm 
in the epidural space [9]. Further, whilst we aimed catheter 
positioning at the T2 level or below, this aim was mostly 
achieved by advancing catheters for 5 cm (median tip posi-
tions; T3 in the total cohort, T2 in the straight group, and 
T4 in the curved/coiled group). Therefore, catheter advance-
ment for 4–5 cm in the epidural space seemed acceptable 
also in children, although clinicians should be aware of the 
possibility of too high placement of the catheter tip that 
can occur in some children, especially when the actual skin 
puncture points more cephalad than the intended points are 
erroneously determined based on unreliable landmarks and/
or a child has a relatively short height (around 110 cm) and 
a thin body.

This study only investigated the paths of flexible radio-
paque epidural catheters. Consequently, it remains unclear 
whether stiffer radiolucent catheters advance straight or 
curved/coiled in the thoracic epidural space in children. 
Further studies using a radiocontrast agent should address 
this limitation.

In conclusion, our findings indicate that the course of 
thoracic epidural catheters in children is unpredictable after 
the first 2–3 cm in the thoracic epidural space. Clinicians 
should be aware of such findings, although further studies 
are required for confirmation.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 



340 Journal of Anesthesia (2022) 36:335–340

1 3

otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Hammer G, Hall S, Davis PJ. Anesthesia for general abdominal, 
thoracic, urologic, and bariatric surgery. In: Motoyama EK, Davis 
PJ, editors. Smith’s anesthesia for infants and Children. 7th ed. 
Philadelphia: Mosby Elsevier; 2006. p. 685–722.

 2. Weber T, Matzl J, Rokitansky A, Klimscha W, Neumann K, 
Deusch E, Medical Research Society. Superior postoperative pain 
relief with thoracic epidural analgesia versus intravenous patient-
controlled analgesia after minimally invasive pectus excavatum 
repair. J Thorac Cardiovasc Surg. 2007;134:865–70.

 3. Hogan QH. Epidural anatomy examined by cryomicrotome sec-
tion; influence of age, vertebral level, and disease. Reg Anesth. 
1996;21:395–406.

 4. Hirabayashi Y, Saitoh K, Fukuda H, Igarashi T, Shmizu R, Seo 
N. Magnetic resonance imaging of the extradural space of the 
thoracic spine. Br J Anaesth. 1997;79:563–6.

 5. Lirk P, Hogan Q. Spinal and epidural anatomy. In: Wong CA, 
editor. Spinal and epidural anesthesia. New York: McGraw-Hill; 
2007. p. 1–25.

 6. Muneyuki M, Shirai K, Inamoto A. Roentgenographic analysis of 
the positions of catheters in the epidural space. Anesthesiology. 
1970;33:19–24.

 7. Tsui BC, Wagner A, Cave D, Kearney R. Thoracic and lumbar 
epidural analgesia via the caudal approach using electrical stimu-
lation guidance in pediatric patients: a review of 289 patients. 
Anesthesiology. 2004;100:683–9.

 8. Ivani G, Mossetti V. Regional anesthesia for postoperative pain 
control in children. Paediatr Drugs. 2008;10:107–14.

 9. Brull R, MacFarlane AJR, Chan VWS. Spinal, epidural, and cau-
dal anesthesia. In: Miller RD, editor. Miller’s anesthesia. 8th ed. 
Philadelphia: Elsevier Saunders; 2010. p. 1684–720.

 10. Blanco D, Llamazares J, Rincón R, Ortiz M, Vidal F. Thoracic 
epidural anesthesia via the lumbar approach in infants and chil-
dren. Anesthesiology. 1996;84:1312–6.

 11. Valairucha S, Seefelder C, Houck CS. Thoracic epidural catheters 
placed by the caudal route in infants: the importance of radiologi-
cal confirmation. Paediatr Anaesth. 2002;12:424–8.

 12. Goobie SM, Montgomery CJ, Basu R, McFadzean J, O’Connor 
GJ, Poskitt K, Tsui BCH. Confirmation of direct epidural catheter 
placement using nerve stimulation in pediatric anesthesia. Anesth 
Analg. 2003;97:984–8.

 13. Willschke H, Marhofer P, Bösenberg A, Johnston S, Wanzel O, 
Sitzwohl C, Kettner S, Kapral S. Epidural catheter placement 
in children: comparing a novel approach using ultrasound guid-
ance and a standard loss-of-resistance technique. Br J Anaesth. 
2006;97:200–7.

 14. Ito Y, Fujieda K, Okuno A. Weight-for-height charts for Japanese 
children based on the year 2000 Report of School Health Statistics 
Research. Clin Pediatr Endocrinol. 2016;25:77–82.

 15. Masir F, Driessen JJ, Thies KC, Wunen MH, Egmond JV. Depth 
of the thoracic epidural space in children. Acta Anaesthesiol Belg. 
2006;57:271–5.

 16. Hoshi T, Miyabe M, Takahashi S, Toyooka H. Evaluation of the 
Arrow Flex Tip Plus epidural catheter tip position and migra-
tion during continuous thoracic analgesia. Can J Anaesth. 
2003;50:202–3.

 17. Jaime F, Mandell GL, Vallejo MC, Ramanathan S. Uniport soft-
tip, open-ended catheters versus multiport firm-tipped close-ended 
catheters for epidural labor analgesia: a quality assurance study. J 
Clin Anesth. 2000;12:89–93.

 18. Banwell BR, Morley-Forster P, Krause R. Decreased incidence 
of complications in parturients with the Arrow (Flex Tip Plus) 
epidural catheter. Can J Anaesth. 1998;45:370–2.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/

	Paths of thoracic epidural catheters in children undergoing the Nuss procedure for pectus excavatum repair
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Results
	Discussion
	References




