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Abstract

Background/Purpose: Few large multicenter surveys have been performed on sacrococcygeal teratomas
(SCTs) describing both the prenatal and postnatal courses. The aim of this study was to review and report
on the prenatal surveillance and postnatal outcome of a large cohort of fetuses with SCTs in Japan.
Methods: A nationwide retrospective cohort study was conducted on 97 fetuses prenatally diagnosed with
SCTs between 2000 and 2009. The prenatal course, perinatal data, and postnatal outcome were reviewed.
Results: Eleven pregnancies were terminated before 22 weeks of gestation. Of the 86 remaining
fetuses, 3 died in utero, and 83 were delivered. Three infants died before surgery, and 8 infants died
after excisional surgery. The overall mortality was 26%, with a mortality excluding terminations of
16%. The gestational age at delivery was younger than 28 weeks in 5, 28 to 31 weeks in 13, 32 to 36
weeks in 27, and 37 weeks or more in 37 cases, with mortality rates of 60%, 38%, 11%, and 0%,
respectively. The tumor component was predominantly cystic in 54 and predominantly solid in 32
cases, with mortality rates of 2% and 33%, respectively.

Conclusions: The overall mortality of prenatally diagnosed SCTs excluding terminations was 16%. Early
delivery and predominantly solid component tumors were associated with an increased risk of mortality.
© 2012 Elsevier Inc. All rights reserved.

Sacrococcygeal teratoma (SCT), which originates from
the 3 germinal layers, is the most common congenital tumor,
with a birth prevalence of 1 in 27,000 live births [1].

* Corresponding author. Tel.: +81 6 6879 3753; fax: +81 6 6879 3759.
E-mail address: usui@pedsurg.med.osaka-u.ac.jp (N. Usui).

0022-3468/% — see front matter © 2012 Elsevier Inc. All rights reserved.
doi:10.1016/j.jpedsurg.2011.08.020

Sacrococcygeal teratomas diagnosed postnatally have been
associated with an excellent prognosis after surgical excision
[2-5]. In contrast, it has been reported that fetuses with a
prenatally diagnosed SCTs still have a high risk of death
even if the prenatal diagnosis may have made a contribution
to improvement of the outcome [6]. The main reason for the
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poor prognosis in fetal SCTs is high-output cardiac failure
caused by increased blood flow according to the amount of
solid component present in the tumor [7,8] and rupture of the
tumor during delivery with a massive hemorrhage [9,10].
However, the reported mortality rate excluding terminations
in the fetuses with SCTs varied widely from 18% to 63% in
different series [6-16]. Most of these studies were conducted
in a single institution with a small number of patients, and
there may have been selection bias [8] because some of the
institutions were specialized centers for fetal treatment. The
natural history of fetal SCTs has not been fully characterized
because few large multicenter surveys have been performed
describing both the prenatal and postnatal courses. The aim
of this study was to review and report on the prenatal
surveillance and postnatal outcome of a large cohort of
fetuses with SCTs in Japan based on a nationwide survey.

1. Materials and methods

A nationwide retrospective cohort study was conducted on
fetuses prenatally diagnosed with SCTs at major Japanese
perinatal centers. We initially sent a preliminary questionnaire
requesting the number of fetuses prenatally diagnosed with
SCTs between January 2000 and December 2009 to 325
major perinatal centers in Japan and asked them to participate
in our detailed survey. One-hundred ninety centers (58.5%)
responded to the preliminary survey and reported that there
were 138 cases with SCTs diagnosed prenatally during the
past 10 years. We then sent a second form requesting further
details about the fetuses from the centers that had
corresponding cases and had accepted our offer to participate
in a detailed survey. Forty-eight centers that had 101 cases of
fetal SCTs consented to participate in our survey and returned
the forms with further details. Four fetuses that had not been
followed up until fetal demise or live birth owing to maternal
transfer were excluded from the study, so 97 fetuses
prenatally diagnosed with SCTs between January 2000 and
December 2009 at 46 Japanese perinatal centers were
included in the study and analyzed. The patient demo-
graphics, including the year of prenatal diagnosis, gestational
age at diagnosis, occurrence of polyhydramnios, signs of
hydrops fetalis, fetal interventions, prenatal outcome, mode of
delivery, gestational age at delivery, sex of the fetus, and birth
weight were reviewed. The type of the tumor component,
tumor location, histology of the tumor, maximum diameter of
the tumor, and postnatal outcome were also reviewed.

Polyhydramnios was regarded as positive if there was a
finding of polyhydramnios either in the initial or final fetal
ultrasonography. The presence of signs for hydrops fetalis was
defined as positive if there was a finding of ascites, pleural
effusion, or skin edema either in the initial or final fetal
ultrasonography. The type of the tumor component was defined
as 1 of 4 categories, such as cystic type (>90% of the tumor is
cystic), predominantly cystic mixed type (50%-90% of the

Predominantly cystic
mixed type

Predominantly solid
mixed type

Solid type

Fig. 1 A schematic diagram of the types of tumor components.
Cystic type, more than 90% of the tumor is cystic; predominantly
cystic mixed type, 50% to 90% of the tumor is cystic;
predominantly solid mixed type, 50% to 90% of the tumor is
solid; solid type, more than 90% of the tumor is solid.

tumor is cystic), predominantly solid mixed type (50%-90% of
the tumor is solid), and solid type (>90% of the tumor is solid),
and the cases were classified according to the schema described
in the questionnaire (Fig. 1). The type of the tumor component
was determined by pathologic findings in surgical cases and by
prenatal or postnatal diagnostic imaging in nonsurgical cases.
The tumor location was categorized according to Altman’s
classification [2] determined by operative findings or diagnos-
tic imaging. The maximum diameter of the tumor was defined
as the maximum value ofthe maximum diameter of the resected
tumor, the maximum diameter of the computed tomography
performed after birth, and the maximum diameter of the
magnetic resonance imaging performed after birth in the cases
of live births and as the maximum value on fetal ultrasonog-
raphy in cases of fetal demise.

The data were expressed as the medians (range). The
frequencies and percentages were used to describe categor-
ical data. The % test was used for the analysis of categorical
data. P < .05 was considered to indicate statistical
significance. Statistical analyses were performed with the
JMP software program (version 8.02; SAS Institute, Inc,
Cary, NC). This retrospective survey was approved by the
institutional review boards of the 5 participating institutions
(institutional review board approval no. 09392, National
Center for Child Health and Development).

2. Results

The annual number of the fetuses with SCTs was less than
7 before 2005 but increased thereafter and exceeded 14 cases
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per year after 2007 (Fig. 2). The median maternal age was
30 years (range, 18-41 years), and median gestational age at
diagnosis was 25 weeks of gestation (range, 15-36 weeks).
Twenty-four cases (24.7%) were diagnosed before 22 weeks
of gestation, the period in which a termination of pregnancy
is legally permitted in Japan [17]. Eleven pregnancies were
terminated before 22 weeks of gestation, and 86 cases
intended to deliver (Fig. 3). Of the 24 cases diagnosed before
22 weeks of gestation, there were no significant differences
in the size of the tumor, type of the tumor component, or
incidence of the signs for hydrops fetalis between the cases
that were terminated and the cases that were intended to be
delivered (data are not shown).

The outcomes of the infants with prenatally diagnosed
SCTs are shown in Fig. 4. Of the 86 nonterminated fetuses,
3 resulted in intrauterine fetal deaths, and 83 survived to be
born. Of these survivors, 4 cases underwent fetal
intervention, including radiofrequency ablation (n = 1),
abdominal paracentesis (n = 1), and cyst aspiration (n = 2).
All 4 of these cases underwent tumor resection, and 3
survived after the surgery. The patient who underwent
paracentesis died of a massive hemorrhage during the
surgery. Amnioreduction had been performed in 11
pregnancies to prevent preterm labor and maternal
discomfort owing to polyhydramnios. After the live birth,
3 infants died before surgery on the day of birth, and 80
infants underwent excisional surgery at a median of 74
hours (range, 1-1581 hours). Twenty-five infants underwent
surgery in the first 24 hours of life, and 6 of them (24%)
died, whereas 55 cases underwent surgery after 24 hours,
and only 2 (4%) of them died. Four infants died after
surgery during the early neonatal period, 2 died during the
later neonatal period, and 2 died later in infancy. Of the 9
neonatal deaths, 7 were related to massive hemorrhage from
the tumors. Bleeding from the tumors was already
recognized in 6 neonates at the time of cesarean section
delivery, and 4 of them, including 2 neonates with a tumor
that ruptured during the delivery, died on the day of birth.
The median follow-up of survivors was 23 months (range,
0-113 months). The overall mortality was 26% (25/97),
with a mortality excluding terminations of 16% (14/86).

25
20
15

10

Number of patients

0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Fig. 2 The number of the fetuses with a prenatal diagnosis
of SCT.

20+

Number of patients

|

16-18 19-21 22-24 25-27 28-30 31-33 34-36 >37
Gestational age at diagnosis (weeks)

<16

Fig. 3  The distribution of the gestational age at diagnosis. A
termination of pregnancy is legally permitted in Japan before 22
weeks of gestation (broken line).

Table 1 reviews the demographics and mortality of the
fetuses with SCTs that were intended to be delivered. The
fetuses that had been diagnosed before 28 weeks of gestation
had a significantly higher mortality rate compared with those
diagnosed after 28 weeks of gestation. They were delivered
at a median gestational age of 36.4 weeks (range, 26-41
weeks). Forty-five fetuses (55%) were born prematurely, and

Prenatally
diagnosed SCT
n=97)

|
) )
Termination of Intention to
pregnancy deliver
n=11) (n=86)

¥
IUFD
(n=3)

v v

Fetal Intervention, Amnioreduction No Intervention
(n=4) (n=11) (n=68)

Born alive
(n=83)

v

Died before surgery| Underwent surgery
n=3) (n=80)

—

Neonatal death
(n=6)

—

Died in infancy|
(n=12)

Alive after surgery
(n=72)

Fig. 4 The outcomes of prenatally diagnosed SCT (2000-2009).
TUFD indicates intrauterine fetal death.
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Table 1  Demographics and mortality of the fetuses that were intended to be delivered after a prenatally diagnosis of SCT

Characteristics Distribution of Mortality (%)
patients (%) and P value
Gestational age at diagnosis (wk) n =86 P=.020
<22 13 (15.1) 323.D)
22-27 38 (44.2) 10 (26.3)
>28 35 (44.2) 129
Gestational age at delivery (wk) n=282 P <.001
<28 5(6.1) 3 (60.0)
28-31 13 (15.9) 5(38.5)
32-36 27 (32.9) 3(1LD)
237 37 (45.1) 0 (0.0)
Sex n =85 P =303
Male 23 (27.1) 287
Female 62 (72.9) 11 (17.7)
Birth weight (g) n=2_82 P =404
<2000 7 (8.5) 1 (14.3)
2000-2999 42 (51.2) 8 (19.0)
3000-3999 27 (32.9) 2(7.4)
>4000 6 (7.3) 0 (0.0)
Mode of delivery n=_§2 P=.036
Vaginal delivery 12 (14.6) 1(8.3)
Planned cesarean section delivery 39 (47.6) 2(5.1)
Emergency cesarean section delivery 31 (37.8) 8 (25.8)

37 fetuses (45%) were delivered at full term. The mortality
rates based on age at delivery were significantly different,
and the younger infants demonstrated a higher mortality rate.

The male-to-female ratio was 1:2.6. The median birth weight
was 2893 g (range, 1020-5014 g). There was no significant
difference in the mortality among the infants with different

Table 2 Characteristics of fetal ultrasonography and the tumor findings of the fetuses that were intended to be delivered along with their

mortality
Characteristics Distribution of Mortality (%)
patients (%) and P value
Polyhydramnios n =286 P =078
Yes 26 (30.2) 7 (26.9)
No 60 (69.8) 7(11.7)
Sign of hydrops fetalis n=2386 P <.001
Yes 14 (16.3) 8 (57.1)
No 72 (83.7) 6 (8.3)
Altman’s classification n=84 P =734
I 48 (57.1) 10 (20.8)
I 26 (31.0) 3(11.5)
11 5(5.9) 0 (0.0)
v 5.9 1 (20.0)
Type of tumor component n =86 P <.001
Cystic type 23 (26.7) 0 (0.0)
Predominantly cystic mixed type 31 (36.0) 2(6.4)
Predominantly solid mixed type 25(29.1) 8 (32.0)
Solid type 7(8.1) 4 (57.1)
Maximum diameter of the tumor (cm) n =86 P= 213
<5.0 4 4.7 0 (0.0
5.0-9.9 26 (30.2) 0 (0.0)
10.0-14.9 28 (32.6) 7 (25.0)
15.0-19.9 22 (25.6) 5(22.7)
=20.0 6 (7.0) 2 (33.0)




Outcomes of prenatally diagnosed sacrococcygeal teratomas

445

birth weights. Twelve fetuses (15%), including 2 cases who
had undergone cyst aspiration for decompression before
delivery, were born by vaginal delivery, whereas 70 fetuses
(85%) were born via cesarean delivery: 31 because of the
tumor size, 10 because of fetal cardiac failure, 9 because of
the repetitive cesarean section, 5 because of the fetal distress,
and 15 for other reasons. None of the fetuses delivered by
cesarean section underwent ex utero intrapartum therapy
(EXIT). The fetuses delivered by emergency cesarcan
section demonstrated a significantly higher mortality rate.
Associated anomalies were detected in 10 (12%) of 83
infants and included congenital heart disease (n = 5),
undescended testes (n = 2), an anorectal anomaly (n = 1), an
ectopic ureter (n = 1), hydrocephalus (n = 1), and intestinal
duplication (n = 1).

Table 2 reviews the characteristics of the fetal ultraso-
nography and the tumor findings in the fetuses that were
intended to be delivered along with their mortality.
Polyhydramnios was recognized in 30% of the patients,
and some signs for hydrops fetalis were seen in 16% of the
cases. The mortality of the fetuses with | sign of hydrops
fetalis was higher than that of the fetuses without any sign of
hydrops fetalis. Type I Altman’s classification was the most
common tumor location, and type [I was the second most
common. There were no statistically significant differences
in the mortality rates among the infants with different
Altman’s classifications. The type of the tumor component
was predominantly cystic (>50% cystic) in 54 cases (63%)
and predominantly solid (>50% solid) in 32 cases (37%).
There were significant differences in the mortality among the
patients with different types of the tumor components, and
the predominantly solid type was associated with higher
mortality. Although there was no statistically significant
difference in the mortality among the patients with different
maximum diameters of the tumor, no fetuses that had a
tumor with a maximum diameter less than 10 cm by any
measurements died.

3. Discussion

We reviewed the prenatal course, perinatal data, and
postnatal outcome in this Japanese nationwide retrospective
cohort study conducted on 97 fetuses prenatally diagnosed
with SCTs between 2000 and 2009. Of the 97 fetuses, 11
pregnancies were terminated, 3 died in utero, and 11 infants
died after live births. The overall mortality including the
termination of pregnancy was 26% (25/97), and the mortality
excluding such terminations was 16% (14/86). The perinatal
mortality and the neonatal mortality of this cohort were 12%
(10/86) and 11% (9/83), respectively. Table 3 includes data
from published series of fetal SCTs involving 10 or more
cases, including our present results, which are the largest
retrospective cohort study conducted for fetuses with a
prenatal diagnosis of SCT [6-16]. Although the mortality
among fetuses with SCT varied widely in different series, the
outcome of the present study was better than that reported
previously [6-11,14-16]. One of the reasons for this discrep-
ancy is the advances that have been made in maternal or fetal
management and perinatal care in recent years, as cases from
more 10 years ago were included in some series. The other
reason may be the effects of selection bias in some institutions,
as some of them were highly specialized centers for
fetal intervention and may be more likely to receive referrals
of more serious cases associated with higher mortality.

Another possibility is that there was an increased
population with a prenatal diagnosis of SCTs in our country
likely owing to the advent of improved antenatal imaging
techniques and screening. The Japanese Society of Pediatric
Surgeons reported in their neonatal surgical survey per-
formed every 5 years that the ratio of prenatal diagnosis in
neonates with SCTs was 44% in 2003 [18] and 82% in 2008
[19]. The number of registered cases has increased rapidly in
the past few years along with the increase in the ratio of
prenatal diagnosis during the S-year period from 2003 to
2008 (Fig. 2). Improvements in prenatal diagnosis may have

Table 3 The number of the patients and the outcomes reported in previous studies
Author Study period  Study design ~ No. of cases  No. of TOP  IUFD  Postnatal ~ Mortality excluding
death TOP (%)

Bond et al [7] 1990 M 45 11 11 6 17/34 (50%)
Sheth et al [11] NA M 15 2 5 2 7/13 (54%)
Holterman et al {10]  1980-1997 S 24 3 4 5 9/21 (43%)
Brace et al [9] 1992-1998 S 10 2 2 3 5/8 (63%)
Westerburg et al [8] 1986-1998 S 17 2 0 6 6/15 (40%)
Kamata et al [12] 1979-1999 S 14 0 1 2 3/14 (21%)
Hedrick et al [6] 1995-2002 S 30 4 5 7 12/26 (46%)
Benachi et al [13] 1983-2003 M 44 4 2 5 7/40 (18%)
Makin et al [14] 1993-2004 S 35 6 3 4 7/29 (24%)
Sy et al [15] 1991-2005 S 27 3 5 3 8/24 (33%)
Wilson et al [16] 2003-2006 S 23 4 3 4 7/19 (37%)
Present study 2000-2009 M 97 11 3 11 14/86 (16%)

NA indicates not available; S, single-institutional study; M, multicenter study; TOP, termination of pregnancy; IUFD, intrauterine fetal death.
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contributed to the increased detection of milder cases that
would not have been diagnosed previously. Although there
were no significant differences in the prognostic factors
between the 11 terminated cases and the 13 continued
pregnancies for fetuses that were diagnosed before 22 weeks
of gestation, termination of pregnancy may have contributed
to the improvement of the mortality because the cases with
earlier presentation demonstrated poorer prognosis, probably
because of the larger tumor growth, compared with the cases
with later presentation [8,16] (Table 1).

This is the first Japanese multicenter survey conducted for
fetuses with a prenatal diagnosis of SCT. Our preliminary
survey revealed that there were at least 138 fetuses with SCT
during the past 10 years in Japan, and 70% of them were
surveyed in detail. The population survey report of the
Ministry of Health, Labour and Welfare of Japan reported
that there were 11,155,608 live births and 329,757 stillbirths
during the period between January 2000 and December
2009. Judging from the birth prevalence of SCT, the number
of patients with SCT predicted for this period was estimated
to be approximately 400 cases including postneonatally
presented cases, and the patient number in our survey
therefore corresponded to approximately one fourth of the
estimated cases for that period. The Japanese Society of
Pediatric Surgeons reported that 16 neonates with prenatally
diagnosed SCTs were treated in 2003 [18], and 23 neonates
with prenatally diagnosed SCTs were treated in 2008 [19].
Together with this demographic information, it is estimated
that about half of the prenatally diagnosed cases of SCT in
our country have been collected and surveyed from the 46
perinatal centers participated in the present study. In
consequence, the results of this study accurately describe
the current status of both the prenatal and postnatal courses
of these infants and characterize the natural history of fetal
SCTs in our country. This study will therefore provide useful
information for prenatal counseling of parents.

The gestational age of the fetus at delivery had a major
impact on the perinatal and postnatal mortality, as has been
previously reported [6,9,10,16]. The mortality rates based on
age at delivery were significantly different, and the younger
infants demonstrated a higher mortality. This was presumably
because of the synergistic effects of several factors, including
the high mortality owing to prematurity, the high risk of
preterm labor owing to the high-output cardiac failure and
polyhydramnios, and the large tumor size that required early
delivery. With regard to the mode of delivery, our data showed
that emergency cesarean section was likely to be selected in the
high-risk patients. The well-known Altman’s classification
into 4 types, depending on the relationship of the extrapelvic
and intrapelvic parts, demonstrated no correlation with the
outcome. In contrast, the type of the tumor component was
well correlated with the outcome, which is consistent with the
previous reports [6,8,10,13]. The solid component of the SCT
is generally very vascular and has the potential for rapid
growth, resulting in an increased risk of high-output cardiac
failure and massive hemorrhage [6,13,15].

Although there were no statistically significant differ-
ences in the mortality rates among the cases with different
maximum diameters of the tumors, no fetuses whose
maximum diameter was less than 10 cm died. A recent
study, which proposed a prognostic classification for the
fetuses prenatally diagnosed to have SCT [13], defined 3 risk
groups as follows: group A with tumor diameters less than 10
cm, absent or mild vascularity, and slow growth; group B
with tumor diameter of 10 cm or greater, pronounced
vascularity or high-output cardiac failure, and rapid growth;
and group C with a tumor diameter of 10 cm or greater,
predominantly cystic lesions with absent or mild vascularity,
and slow growth. According to their prognostic classifica-
tion, our cases were classified into 30 cases of group A, 28
cases of group B and 28 cases of group C, with mortality
rates of 0%, 39%, and 11% respectively.

There have been some report of fetal interventions, such
as maternal-fetal surgery to resect the tumors [6,14],
radiofrequency ablation [20], major vessel laser ablation
[14], and vessel alcohol sclerosis [14], to prevent the high-
output cardiac failure. In some cases, there were indications
for prenatal intervention, such as amniodrainage, to prevent
preterm labor [6,14,16] and cyst decompression before
delivery to prevent tumor rupture [6,9,14,16]. There were 4
cases of fetal intervention and 11 cases of amniodrainage in
the present study, and all of the cases survived to be born,
and 3 cases of fetal intervention and 7 cases of amnio-
drainage survived to discharge. However, detailed validation
may be necessary to evaluate and definitively conclude the
efficacy of these prenatal interventions. Of the 9 neonatal
deaths, 6 infants had already developed hemorrhage from the
tumor at the time of cesarean section, including 2 cases of
tumor rupture during the cesarean delivery. Most of them
were premature infants who had huge and predominantly
solid tumors. An early delivery with an EXIT-to-resection
strategy [21] or emergency preoperative tumor embolization
[22] may have some benefits for such critical cases.

A major limitation of this study is that this survey was
conducted in a retrospective manner by using a questionnaire
requesting details about the patients. Many of the centers had a
small number of cases, and the maternal and fetal management,
including the criteria for fetal intervention, were determined
according to the clinical decisions of each institution.
Moreover, prognostic factors were analyzed only by a
descriptive study. A more detailed analysis of the data and a
prospective study will therefore be needed to establish a
comprehensive treatment strategy, including preoperative
tumor embolization, EXIT procedures, and fetal interventions.
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ARTICLE INFO ABSTRACT

Article history:

Objectives: The reserve of the venous route to the central veins is important for long-term
parenteral nutrition (PN). Frequent catheter-related bloodstream infection (CRBSI) induces occlu-
sion of the venous routes. Therefore, a modified exchange procedure using a tunneled central
venous catheter (CVC) with a fibrous sheath was developed to preserve the route to the central
veins.

Methods: Seven patients who required long-term PN received the modified exchange procedure
and the outcome of exchanged CVC was retrospectively reviewed.

Results: The procedure was performed 10 times in seven patients. The venous routes were either
the subclavicular or the internal jugular vein in all patients. The exchange of the catheter was due
to CRBSI or occlusion in almost all patients. The mean duration of new catheter use was 296.2 days
following the exchange. Four catheters continued to be used, and the remaining ones were
removed. The reasons for removal were severe CRBSI and occlusion, each of which occurred in two
catheterized patients, while the reason for removing the remaining catheters was because the
patients no longer needed the catheters.

Conclusion: The modified catheter exchange using fibrous sheath, even in patients with CRBSI,
appears to be an effective procedure for reserving the venous route to the central veins in patients
who require either long-term PN or other treatments.
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Introduction

The placement of a tunneled central venous catheter (CVC) or
implantable infusion port in the central veins is an effective
method for providing venous access in various clinical situations
[1-3]. In fact, these devices can be effectively used for long-term
parenteral nutrition (PN), aggressive chemotherapy, and stem
cell or bone marrow transplantation, particularly in pediatric
patients [1,2]. It is occasionally necessary to reinsert or exchange
the catheter or port during the long-term use of CVC for several
reasons, which include catheter-related bloodstream infection
(CRBSI), occlusion, or catheter damage [3-G]. Usually the
occluded or damaged CVC associated with CRBSI is removed and
the new CVC is inserted from a different cutaneous site [3,4].
However, when the long-term use of venous access for long-term
PN is required, the number of available venous routes to the
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E-mail address: kmasu@pedsurg.med kyushu-u.acjp (K. Masumoto).
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central veins is often limited due to infection, inflammation, or
thrombosis caused by the frequent uses of these routes [4,7,8].
Therefore, clinicians must maintain the venous routes to the
central vein in patients who need the long-term use of venous
routes.

Brevetti et al. first showed that the use of an existing subcu-
taneous route around the existing catheter is useful to maintain
venous access routes when the catheter is damaged or inadver-
tently displaced during the long-term use [8]. Some reports also
recommend a similar technique for reinsertion of a new central
venous catheter following accidental catheter removal [9-14]. In
almost all reports, the use of the insertion technique is not rec-
ommended for patients with CRBSI [8-13].

Based on the previously reported exchange or reinsertion
procedure of a CVC [7-13], a modified exchange procedure of
CVC for long-term use of the venous route was developed using
the subcutaneous route composed of a fibrous sheath (FS) that
was used in patients with CRBSI. This procedure helped to
maintain the venous route to the central vein, even in patients
with CRBSL
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Patients and methods
Patients

Seven patients, including five pediatric patients, who were treated between
April 2007 and March 2009 and required long-term CVC use, received the
exchange of a Broviac (Bard, Salt Lake City, Utah, USA), a Hickman catheter (Bard),
or a Port-type catheter (5 or 6 F, P-U Celsite Port; Toray Medical Co. Ltd., Tokyo,
Japan) using subcutaneous FS. In the patients, one patient underwent this
procedure three times and one patient underwent catheter exchange twice.
Therefore, this procedure was performed 10 times in seven patients. Table 1
shows the basic characteristics of each patient. In seven patients, five were
infants and two were adults. The mean age at the time of exchange of CVC was
20.6  13.3 mo in the five pediatric patients. The minimum age was 9 mo at the
time of CVC exchange using this procedure. In adult patients, the age at the time
of exchange of CVC was 26 and 29 y. The mean body weight was 6.5 -+ 4.0 kg in
pediatric patients. The minimum body weight was 4.1 kg at the time of the
exchange of the CVC. In adult patients, the body weights were 32 and 43 kg. The
primary underlying diseases included extremely short bowel syndrome, intes-
tinal hypoganglionosis with or without Hirschsprung’s disease, chronic idio-
pathic intestinal pseudo-obstruction syndrome, and chronic granulomatous
disease. The main reason for the long-term use of the CVC in all patients was to
receive long-term PN.

All parents of the patients were informed of this procedure before the
exchange and provided informed consent for their children to undergo the
exchange.

Modified procedure for exchange of CVC

The modified procedure was based on Brevetti et al.’s [8] and Inoue et al’s
[14] procedures. The procedure herein was conducted for CVC exchange via the
subclavicular or internal jugular vein. Patients with CRBSI were given a broad
spectrum antibiotic over the 1-2 d prior to the exchange procedure. Thereafter,
the procedure was performed if the CRBSI-associated fever improved. In addition,
the CRBSI diagnoses were made based on using bacterial culturing findings of the
arterial blood, the aspirated blood through the CVC, and the discharge at the CVC
exit site. We finally decided that the CRBSI was positive when the bacterial
findings in the aspirated blood culturing were matched with that in the arterial
blood, giving no evidence of exit site or tunnel infection. The patients with fungal
infection were excluded as candidates for the exchange procedure.

The patient was placed in a supine position under general anesthesia and the
skin was scrubbed and sterilized using povidone-iodine under the maximum
barrier precautions in the operation room. After localizing the subcutaneous
Dacron cuff of the existing catheter, a skin incision was made 1 cm proximal to
the palpable cuff (Fig. 1A). The subcutaneous tissue was gently opened until the
FS around the existing CVC was found. The FS was lifted by forceps or vinyl tape
(Fig. 1B). Two or three supporting sutures were placed on the both sides of
anterior wall of the FS and then the anterior wall of the FS was opened. At that
time, the posterior wall of the FS was not intentionally cut to prevent the
retraction of remaining FS to the venous site. The existing tunneled CVC was cut
at the opening site of the FS and the proximal catheter was removed (Fig. 1C). A
length of new sterile tunneled CVC was trimmed to the length from the new
cutaneous exit site to the superior vena cava or right atrium using x-ray imaging.
The new tunneled CVC was inserted from the new exit to the wound at the FS
lifting site using a tunneler attached to the new catheter (Fig. 1C). Thereafter, the
new CVC was smoothly placed through the FS on the superior vena cava or right
atrium without a guidewire using x-ray imaging. The posterior wall of the FS was
cut and removed with the remaining CVC. All wounds were closed and the new
inserted CVC was fixed on the skin at the new exit site (Fig. 1D).

Results

The details of the exchange of the tunneled CVC are shown in
Table 1. All of the existing tunneled CVCs were 4.2-F Broviac
catheters, other than three port type catheters. The insertion was
on the right side in all pediatric patients and on the left side in
adult patients. The venous routes were either the subclavicular
or the internal jugular vein in all patients. The subclavicular vein
was used six times in five patients, while the internal jugular
vein was used four times in three patients. The new tunneled
CVCs were 4.2-F Broviac catheters in all pediatric patients but
one patient, who received a 7-F Hickman catheter. In adult
patients, the new catheters were 6.0-F Port type catheters. In
eight of the catheters in six patients, the new CVC was similar in

Table 1

Patients exchanged tunneled CVC using fibrous sheath

Remaining

Reason of new
CVC removal
Died (HF)

CRS

Duration of

Reason for
exchange

CRS
CRS

Inserted
new CVC

VAR used

Existed CVC

Primary underlying

Age Sex BW (kg)
diseases

Patient

no. of VAR

new CVC use

for exchange

86d
120d

4.2-F Broviac

Internal jugular
Subclavicular

4.2-F Broviac

SBS (10 cm)”

4.1

42

G
B

12 mo
11 mo

4.2-F Broviac

4.2-F Broviac

Hirschsprung’s disease +
hypoganglionosis

Same as above

Same as above

SBS (5 ¢m)”

CRS

168 d
425 d'

CRS

4.2-F Broviac

Internal jugular

5-F Port

B 57

B

20 mo

CRS

Internal jugular 4.2-F Broviac

Subclavicular

4.2-F Broviac

25 mo

Occlusion
Occlusion

100 d

301d

CRS

4.2-F Broviac

4.2-F Broviac

4.3

12 mo
27 mo

n

CRS

CRS

4.2-F Broviac

Subclavicular

4.2-F Broviac

Same as above
SBS (4 cm)’

CGD

B

Discontinuation of PN

82d

4.2-F Broviac
7-F Hickman

6-F Port
6-F Port

Subclavicular

4.2-F Broviac

5.3

16
32

9 mo
49 mo

428 df
833 d'

Treatment

Subclavicular

4.2-F Broviac

6-F Port
6-F Port

B

Local infection
Occlusion

Subclavicular

CIIPS

26y

o

419.d!

Internal jugular

Hypoganglionosis

29y

~

B, boy; BW, body weight; CGD, chronic granulomatous disease; CIIPS, chronic idiopathic intestinal pseudo-obstruction syndrome; CRS, catheter-related sepsis; CVC, central venous catheter; G, girl; HF, hepatic failure; M,

male; mo, months old; no., number; PN, parenteral nutrition; SBS, short bowel syndrome; VAR, venous access route; y, years old

= The parentheses mean the length of remaining small bowel.

" The CVC is still being used.
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Fig. 1. Exchange procedure for a tunneled central venous catheter (CVC). (A) The subcutaneous route of the existing tunneled CVC. The dotted white line shows the
subcutaneous route, The skin incision was made 1 cm proximal to the palpable Dacron cuff. (B) The fibrous sheath (FS) around the existing tunneled CVC. (C) The stump of
the existing tunneled CVC and the route of insertion for the new tunneled CVC, The anterior wall of the FS is supported by sutures. (D) The newly inserted tunneled CVC using

the FS. The CVC is inserted through the existing FS route from a new exit site.

size to the existing CVC. In one patient (patient 5), the new CVC
catheter size was larger than the existing CVC.

The reason for exchanging the CVC was CRBSI in four pediatric
patients. The remaining pediatric patient underwent the
exchange to receive further treatment with long-term PN for
chronic granulomatous disease. In adult patients, the exchange
was due to local infection of the insertion site or to catheter
occlusion. The new tunneled CVCs were used for a mean dura-
tion of 296.2 d following the CVC exchange. The four new CVCs
are still in use, while 6 of the 10 exchanged CVCs were removed.
The reason for removal was severe CRBSI, which antibiotics did
not resolve, in two pediatric patients with two new catheters. In
three patients with new catheters, the reason for removal was
due to the occlusion of the catheter. The remaining two CVCs
were removed because the pediatric patients no longer required
the CVC, due to either death or PN discontinuation. After the
exchange procedure, the number of venous routes to the central
vein was more than four in all pediatric patients. In the patients
with CRBSI prior to the exchange, the CRBSI improved immedi-
ately after CVC exchange. In addition, no complications were
associated with the catheter in any patients during the 3-mo
period following the exchange procedure.

Discussion

In general, a tunneled CVC should be removed if it becomes
occluded or infected, and a new CVC is then reinserted [5].
However, in adult and pediatric patients who require long-term
CVC use for the treatment of diseases including intestinal failure,
the frequent removal of tunneled CVCs due to occlusion or
infection often causes a decrease of the venous routes to the
central vein [3-8]. This may cause limitations for the adminis-
tration of conservative or surgical treatments for the disease
leading to the death of the patients. Therefore, clinicians who
treat patients requiring long-term treatment, including PN,
usually try to preserve the number of venous routes to the

central vein during the long-term treatment period [8,9].
Numerous clinical reports have addressed CVC exchange or
reinsertion procedures that preserve the number of venous
routes to the central vein [8-14]. CVC exchange or reinsertion
using the FS formed around the existing tunneled CVC s effective
and safe [8-14]. However, this procedure is not yet universally
accepted because it is limited only to cases where the CVC is
occluded or accidentally removed [8-13]. Therefore, the
tunneled CVC exchange procedure was modified to confirm if it
could be used in patients with CRBSI.

The important conclusion herein was that we were able to
perform CVC exchange in patients with CRBSI. Since the intro-
duction of the procedure by Brevetti et al. [7], similar tunneled
CVC exchange procedures using the FS have been proposed, but
the procedures were contraindicated by CRBSI. CRBSI is assumed
to originate from a bacterial bank, such as an infected biofilm
or fibrous materials, which are attached to lumen of the CVC
[7,15,16]. To confirm this origin of CRBSI, a wide broad spectrum
antibiotic was administrated via the existing tunneled CVC
1-2 d prior to performing the exchange procedure in this report.
If the symptoms were improved after the antibiotic treatment,
the origin was thought to be associated with the intraluminal
biofilm or fibrous materials associated with the existing CVC.
Therefore, the exchange of an intraluminally infected CVC with
a new sterile one would be advantageous for patients with
CRBSI. Furthermore, in the current procedure, the distal FS was
completely removed to prevent the bacterial invasion from the
existing exit. There were no infectious complications immedi-
ately after the modified exchange CVC procedure, although the
procedure was performed seven times in four CRBSI patients
whose symptoms gradually improved after 1-2 d of antibiotic
treatment. In addition, Inoue et al. reported that a similar
exchange procedure was effective in two adult patients with
CRBSI [14]. Therefore, this modified exchange procedure might
be useful for preserving the venous route to the central vein,
even in patients with CRBSL However, to elucidate the



