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Fig. 2 Relation between the blood flow rate through the foramen
ovale and oxygen saturation in the TGA model. Dashed lines
indicates the results for oxygen saturation at each site in association
with the blood flow rate at the foramen ovale (a). Solid lines indicate
the changes at each site in association with the blood flow rate at the
foramen ovale (a)

to those in the normal circulation, and oxygen saturation in
the upper and lower limbs in TGA was equal to SgyO, and
SpLvO,, respectively:

SrvO2 — SsvcOr = 41 %
SLv02 — SiowiveO2 = 10%.

Furthermore, the equation used for oxygen saturation of
blood mixed in the right ventricle was

SrvO, = ([80 X SlowIVC] -+ [(200 - a) X 85 %]
+ [170 X Ssvc])/(450 —a).

The equation used for oxygen saturation of blood mixed in
the left ventricle was

Siv0z = ([130 x Spy] -+ [a x 85 %])/(130 + a) (+)

On the basis of these equations, the following equation was
derived:

SsvcOy = ([44 x a*] +[1,170 x a] —133,900)/
([a* — 150] x [a — 26,000]).
Subsequently, oxygen saturation was calculated as follows:
SrvO2 = Ssve + 41
Siv0;z = (%)
StowrvcO2 = Spy — 10

Figure 2 (dashed lines) shows the results for oxygen
saturation at each site in association with the blood flow
rate at the foramen ovale (a).

Sa0, (%)
S

HLHS TA

TGA

Normal

Fig. 3 Results of cerebral oxygen saturation for each CHD model

Reexamination of the Hypothesis of TGA

When the blood flow rate at the foramen ovale was a = 0,
the SsvcO, obtained in “Reexamination of the hypothesis
of TA” section was the highest at 5.15 %, a value that was
too low physiologically. While the hypothesis that blood
flow rates and oxygen consumption in both the upper and
the lower limbs were similar to those in the normal cir-
culation was maintained, the simulation of the normal
circulation was changed as in “Reexamination of the
hypothesis of HLHS” section. Furthermore, because the
blood flow rate in the lower limbs was estimated to be low
owing to high pulmonary blood flow in TGA, the decrease
in oxygen saturation in the lower limbs was estimated to be
slightly higher, in accordance with the following
hypotheses:

SrvO2 — SsvcO2 = 30%
SLvOz — SiowiveO2 = 25%
Furthermore, as with the previous simulation, the equation

used for the oxygen saturation of blood mixed in the right
ventricle was

SrvO, = ([80 X SlowIVC] -+ [(200 - a) X 85 %]
+ {170 X Ssvc])/(/-’rso - a).

The equation used for the oxygen saturation of blood
mixed in the left ventricle was
SivO, = ([130 X SLV] + [a X 85 %])/(130 + a) (*)

On the basis of these equations, the following equation
was derived:

Ssvc0s = ([50 x @?] + [50 x a] —318,500)/([a* — 150]
x [a — 26,000]).
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Subsequently, oxygen saturation was calculated as
follows:

SrvO2 = Ssve + 30
SLy02 = (%)
StowtvcO2 = Spv — 25

Figure 2 (solid lines) shows the changes at each site in
association with the blood flow rate at the foramen ovale
(a).

When the blood flow rate at the foramen ovale (a) was
hypothesized to be 130 mL kg™' min™! as in the normal
circulation, this simulation yielded Sgyc = 13.3 %,
Slow wec = 20.7 %, SLV =457 %, and SRV =432 %,
which were lower than those obtained from the HLHS and
TA simulations.

The results of cerebral oxygen saturation for each site in
CHDs are summarized in Fig. 3.

Discussion

Although in recent years, >90 % of CHD patients have been
saved owing to improved surgical outcomes, it has been
widely recognized that there are many patients who develop
various postoperative neuropsychiatric developmental
abnormalities (affecting motor function, language, visuo-
spatial perception, behavior, and learning) [11, 14}
Although the causes of these abnormalities may be multi-
factorial, the involvement of brain injury in utero is sug-
gested by reports on decreased head circumference at birth
[1, 10], delayed myelination detected by preoperative mag-
netic resonance imaging of newborns [9], and abnormal fetal
cerebral blood flow waveforms demonstrated using the
Doppler ultrasound [4, 5, 15]. Most notably, structural
anomalies in CHD may be closely associated with decreased
volume and oxygen saturation of cerebral blood flow, and
abnormalities in oxygen supply to the brain may play arolein
brain injury in utero. To address these issues, we performed a
simulation study to obtain theoretical values of the oxygen
saturation of cerebral blood flow using a mathematical model
of fetal circulation, which allowed us to purely assess the
effects of hemodynamic factors due to cardiovascular
structural anomalies by eliminating potential confounding
factors affecting the cerebral circulation.

Our mathematical model was based on the foundational
study by Rudolph et al. [17-19]. By using the microsphere
technique, those authors provided, for the first time, data
for quantitative blood flow distribution in the fetus in utero.
They found an important concept of preferential blood flow
streaming to protect fetal cerebral circulation: well-oxy-
genated blood with an oxygen saturation of 85 % from the
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placenta passes through the ductus venosus and foramen
ovale, and enters into the left ventricle, whereas blood from
the SVC with a low oxygen saturation of about 35 %
exclusively enters into the right ventricle. By using the
information from the experiment of Rudolph’s group, in
the present study we constructed a model of fetal circula-
tion with HLHS and contrasted it to other forms of CHD
that may affect the fetal cerebral circulation. We found that
the oxygen saturation of cerebral blood flow in a fetus with
HLHS was markedly lower than that of a normal fetus;
however, importantly, it was equally low as in a fetus with
TA. Furthermore, cerebral oxygen saturation in TGA was
even lower than that in HLHS. Although our model did not
directly address changes in cerebral blood flow, it provided
the oxygen content in blood with the condition of the blood
flow being kept equal among the models. Thus, our model
should help deduce the potential abnormality in blood flow
as discussed below.

Kaltman et al. [8] divided CHD fetuses into those with
pulmonary atresia/stenosis or a right-sided obstructive
lesion and those with aortic atresia/stenosis including
HLHS or a left-sided obstructive lesion, to examine dif-
ferences in the Doppler patterns of cerebral blood flow
using the pulsatility index and the resistance index. They
reported that cerebrovascular resistance in the fetuses with
a left-sided obstructive lesion was lower than that in the
fetuses with a right-sided obstructive lesion, whereas
cerebrovascular resistance in the latter fetuses was higher
than the normal. Furthermore, decreased head circumfer-
ence at birth, which is closely associated with neuropsy-
chiatric developmental prognosis, is reported in HLHS at a
remarkably higher frequency, as compared with TA [3].
Taking together these results with our present results
showing the oxygen saturation of cerebral blood flow in
TA (right-sided obstructive lesion) and HLHS to be equal,
it is very likely that decreased blood flow or increased
oxygen consumption in the brain is already present during
the fetal period in HLHS. Because oxygen consumption in
the brains of HLHS patients is unlikely to be markedly
increased in comparison with that in the brains of TA
patients, it is assumed that decreased cerebral blood flow is
probably due to hemodynamics specific to HLHS, greatly
affecting the cranial nerve development during the fetal
period.

Decreased cerebral blood flow in HLHS fetuses is also
suggested by a comparison between TGA and HLHS.
While decreases in cerebrovascular resistance [7, 22} and
head size at birth [4] in TGA fetuses have been reported by
several investigators, many reports have shown that the
decreases in TGA fetuses are smaller than those in HLHS
fetuses. For example, Rosenthal reported that, although
head circumference at birth is decreased in relation to body
weight in both TGA and HLHS, the decrease is more
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pronounced in HLHS [16]. Furthermore, Manzar et al.,
who directly compared head circumferences at birth
adjusted for gestational age between TGA and HLHS,
reported that, although the adjusted values were smaller in
both TGA and HLHS than the normal value, the difference
between the adjusted and normal values was significantly
larger in HLHS [13]. These results, together with our
present results showing that oxygen saturation of cerebral
blood flow in TGA is lower than that in HLHS, strongly
suggest that the cerebral blood flow rate is more highly
decreased in HLHS than in TGA, as shown by the com-
parison with TA.

Broadly, there are two possible causes for the decreased
cerebral blood flow in HLHS: one is retrograde cerebral
perfusion from a patent ductus arteriosus (PDA), which is a
characteristic of HLHS, and the other is that the right
ventricle, which is the systemic ventricle in HLHS, cannot
maintain adequate cardiac output. In this regard, Shilling-
ford et al. reported the important observation that micro-
cephaly in newborns with HLLHS was associated with a
small ascending aorta, but not a small transverse aortic
arch, suggesting the importance of forward flow from the
left ventricle for cerebral perfusion [21]. This notion was
also supported by a report from Berg et al., who demon-
strated that HLHS fetuses with aortic atresia have
decreased cerebrovascular impedance and smaller heads,
whereas fetuses with severe aortic stenosis and reversal of
flow in the aortic arch do not [3]. Kaltman et al. also
reported that a decrease in cerebrovascular resistance was
more pronounced in HLHS, in which the cerebral blood
flow is maintained only by reversal of flow from the arterial
duct, than other left-sided obstructive lesions that have
antegrade flow from the left ventricle [8]. When these
results are considered together, we can reasonably assume,
as the main cause, that the cerebral blood flow rate itself in
HLHS fetuses is decreased by retrograde cerebral perfusion
through a PDA. This is also supported by our recent report
showing that cerebral blood flow after bilateral pulmonary
artery banding in HLHS patients is more impaired than that
after the Norwood procedure [20].

Because cerebrovascular insufficiency also means cor-
onary vascular insufficiency, especially in HLHS patients
with aortic atresia, cerebral perfusion is also considered to
be possibly impaired by the synergistic effect of right
ventricular dysfunction caused by coronary hypoperfusion.
This condition results in insufficient uptake of oxygen and
nutrients from the placenta and also adversely affects fetal
development, which may lead to a vicious cycle resulting
in developmental disorders of the brain. In fact, Berg et al.
[3], who compared TGA and HLHS fetuses and observed
decreased cerebrovascular resistance only in the latter,
reported that, when fetuses with growth restriction and
uteroplacental dysfunction were excluded, children born

with HLHS had only slightly smaller head circumferences
than controls, whereas the difference was more pronounced
in newborns with TGA. This suggests that abnormalities of
not only cerebral blood flow but also those of systemic
perfusion may additively and synergistically be involved in
developmental disorders of the brain in HLHS.

Conclusion

In this study, we performed simulations to assess the actual
differences in the oxygen saturation of cerebral blood flow
due to structural anomalies in CHD while excluding other
factors that might affect the fetal cerebral circulation. We
found the cerebral blood flow rate to be decreased in HLHS,
and the main cause was strongly suggested to be retrograde
cerebral perfusion through a PDA. These results provide
important information about the neurodevelopmental prog-
nosis in HLHS fetuses and simultaneously suggest the need
to identify strategies to resolve this unfavorable cerebral
circulatory state in utero. Also, future studies linking a
mathematical simulation with more sophisticated blood flow
modeling with fetal magnetic resonance imaging are needed
to further improve our understanding and management of
fetal circulation with CHD.
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Abstract

Bronchopulmonary dysplasia (BPD) is one of the most common complications in premature infants. Although several

different drugs have been developed for BPD, there is a wide variation in the choice of drug used among facilities. The
aim of this study was to carry out a survey of the current drugs used to treat BPD in Japan. Questionnaires regarding the
current use of drugs for BPD were sent to tertiary neonatal units. The response rate was 80% (77/96). Most units used
antenatal steroids and oral diuretics for the prevention and treatment of BPD, respectively. Only 4% used caffeine for
prevention, whereas 88% used systemic corticosteroids for treatment. Few units used inhaled anticholinergics and i.v.
vitamins for the prevention and treatment of BPD, respectively. It was found that the drugs used to treat BPD vary greatly
among institutions. Further research is required to develop evidence-based clinical guidelines for BPD in premature

infants.

Key words bronchopulmonary dysplasia, caffeine, drug, questionnaire, steroid.

Bronchopulmonary dysplasia (BPD), also known as a chronic
lung disease of infancy, was first described by Northway et al. in
1967.! Despite ongoing studies to improve neonatal respiratory
care, including exogenous surfactant therapy and the use of ante-
natal steroids, BPD continues to carry a considerable risk of
mortality and long-term morbidity. Several devices and strat-
egies, such as nasal continuous positive airway pressure, high
frequency oscillatory ventilation, and permissive hypercapnia,
have been developed to improve the respiratory outcome of new-
borns. In addition, several drugs have been used in an attempt to
prevent BPD or treat established BPD. Although there is consid-
erable evidence to support the routine use of some drugs, most
drug treatment is still individual or institution specific, according
to the personal experiences and beliefs of physicians. Therefore,
the aim of this study was to survey current practices in Japan
regarding the drugs used for the prevention and treatment of BPD
and determine whether their use is evidence based.

Methods

A questionnaire was sent to all 96 tertiary neonatal units in Japan.
Data were collected between August 2013 and September 2013.
Questions were asked on the policies of the neonatal units
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regarding which drugs were currently used or had been used in
the past for the prevention and treatment of BPD. Each question
included choice of drug prescribed, which required either a yes or
no response together with blank spaces in which the respondents
filled in the specific name of a drug. In addition, respondents
were given the option of naming drugs not described in the list.
BPD was defined as oxygen dependence at 28 days of age.
“Preventative therapy” referred to the use of a drug before the
diagnosis of BPD on day 28, whereas “treatment” referred to the
use of a drug after the diagnosis of BPD.

Resulis

There was an 80% (77/96) response rate to the questionnaire. The
units responding to the questionnaire were distributed evenly
from Hokkaido to Okinawa, from the north to the south of Japan,
respectively (Fig. 1). A total of 87% of the units used antenatal
steroids to prevent BPD, which is known to prevent respiratory
distress syndrome (RDS) by accelerating fetal lung maturation
(Fig. 2a). Among the antenatal steroids used to prevent BPD,
betamethasone was given in 97% of the units, whereas dexam-
ethasone was used only in 3% (Fig. 3a). Oral diuretics, most
commonly furosemide and spironolactone, were used in 84%
of the units for the treatment of BPD (Fig. 2b). Several drugs
were used in <10% of the units, such as B-stimulators and
anticholinergic agents for the prevention of BPD, and protease
inhibitors and antioxidants for the treatment of BPD. These were
considered to be institution-specific practices without any evi-
dence (Fig. 2). Oral xanthine derivatives were used for the pre-
vention of BPD in 42% of the units, but caffeine therapy
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Fig. 1 Tertiary neonatal units in Japan that responded to the ques-
tionnaire. Response rate was 80% (77/96).

was offered in only 13% of these units, and theophylline
and aminophylline were used in 72% and 16%, respectively
(Fig. 2). Vitamin A was used for the prevention of BPD in only
8% of the units (Fig. 2a). The use of early (<28 days of life) and
delayed/late (=28 days of life) systemic corticosteroids (i.v. or
p.o.) occurred in 35% and 88% of units, respectively (Fig. 2).
Hydrocortisone was used as an early systemic corticosteroid
in 70% of units, whereas dexamethasone was used in 21%
after evidence had been established that more adverse
neurodevelopmental outcomes occur following early systemic
dexamethasone therapy (Fig.3b).> Delayed/late systemic
corticosteroids, including hydrocortisone (85%) and dexametha-
sone (53%), were used to treat BPD in 89% of the units
(Figs 2b, 3d).

Discussion

This is the first Japanese survey of the drugs used to prevent and
treat BPD. The response rate was generally good.

This survey showed that most units use antenatal
corticosteroids to prevent BPD. The use of a single course of
corticosteroids in a mother who is in preterm labor to accelerate
the maturation of the surfactant system in the fetal lungs is
considered safe. Although this reduces mortality and the risk of
RDS, there is no evidence that it reduces the risk of BPD, prob-
ably because of an increase in survival.® The use of multiple
courses of antenatal corticosteroids significantly increased the
risk of BPD, but systematic review comparing the use of multiple
courses with a single course did not show any difference in the
risk of BPD.? Although there is no evidence to support the effi-
cacy of antenatal corticosteroid therapy in BPD, antenatal
corticosteroids are used to prevent BPD in Japan. This may be
because RDS is one of the most common risk factors for the
development of BPD.

Caffeine is a methylxanthine that is commonly used to treat
apnea of prematurity.* Methylxanthines reduce the frequency of
apnea of prematurity and the need for mechanical ventilation
during the first 7 days of treatment.’ A recent large randomized
controlled trial followed the primary outcome of long-term
neurodevelopment, and secondary outcome of short-term BPD
rate in infants with birthweight 500-1250 g.° A total of 36% of
the infants in the caffeine-treated group had BPD compared with
47% in the placebo group.’ The mechanism by which caffeine
decreases the incidence of BPD, however, remains unknown.
Nevertheless, current evidence supports the use of caffeine for
the treatment of apnea of prematurity and also suggests that it
exerts secondary benefits including a reduction in the rate of
BPD. Despite the utility of caffeine for the prevention of BPD,
only 4% of the units that responded to the survey in the current

(a) (b) Fig.2 Drugs for (a) prevention (i.e.
) entenatal e ] inhaled before diagnosis on day 28) and (b)
Steroids | inhaled Steroids (LC T 2] p- ) treatment (i.e. after diagnosis on day 28)
| po. s iv. . N
— — Sufactent| ] of bronchopulmonary dysplasia in
. V. _ Japan.
Surfactant| ] Xanthine
i p.o.
o Vasodilator p.o.
Vitamin PRSI P-0-
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Fig.3 Steroids for (a—c) prevention (before diagnosis on day 28) and (d,e) treatment (after diagnosis on day 28) of bronchopulmonary

dysplasia in Japan.

study used caffeine to prevent the development of BPD. This is
because caffeine citrate is not approved for use in Japan, even
though it is approved in at least 38 countries worldwide, includ-
ing the USA and European countries. Caffeine citrate is only one
drug that can be used in the treatment of apnea of prematurity
listed in “WHO Model List of Essential Medicines for Chil-
dren”.® Caffeine citrate is currently under review for drug regis-
tration in Japan and is likely to be approved for use in 2014. A
reduction in the rate of BPD is expected after the use of caffeine
citrate has been approved.

A Cochrane meta-analysis of randomized controlled trials to
evaluate the effects of early dexamethasone treatment (<8 days
after birth) on the incidence of BPD, found that steroids facili-
tated extubation and decreased the incidence of BPD.? Adverse
effects, however, such as hyperglycemia, gastrointestinal perfo-
ration, hypertension, infection, steroid-induced cardiomyopathy,
and long-term neurodevelopmental effects including cerebral
palsy were observed.? In the present survey, dexamethasone was
used for the prevention of BPD in 30% of cases that involved
systemic corticosteroids. Although it is unknown whether
dexamethasone was used early (within 7 days of birth)
in those patients, 30% still appears to be a high use rate. Second-
ary questionnaire are required to determine the date that
dexamethasone was given, and stern warnings should be issued to
the units that administered dexamethasone soon after delivery.
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A small number of units used inhaled anticholinergic, oral
expectorants, and inhaled disodium cromoglycate for the preven-
tion of BPD, whereas i.v. vitamin, inhaled anticholinergic, and
inhaled antioxidant were used for the treatment of BPD. Most of
these may represent cases of drug misuse because of a lack of
evidence for the efficacy of these agents in BPD or because of
their very institution-specific use; therefore, appropriate clinical
studies or guidelines are required.

Conclusion

This is the first Japanese survey of the drugs used to prevent and
treat BPD, and it achieved a good response rate. The present
survey provides information on the heterogeneity of treatment
practices for BPD in the participating centers. The survey con-
firms the misuse of some drugs, and thereby highlights the impor-
tance of the formulation and dissemination of evidence-based
guidelines for the prevention and treatment of BPD.
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Abstract The indications for and timing of surgical
removal of a dislodged thoracoamniotic shunt double-
basket catheter are not established, and the side effects of
the dislodged into the thoracic cavity remain controversial.
The double-basket catheter was designed to reduce the
incidence of catheter dislodgement; however, we have
encountered four cases of thoracoamniotic shunt double-
basket catheter dislodgement into the fetal thorax. The
dislodged shunt catheters were removed safely with tho-
racoscopic assistance within several days of birth, when
additional treatments for pleural effusion were needed,
such as thoracic drainage tube insertion and adhesion
treatment of the thorax. We report the clinical courses of
three of these cases of thoracoamniotic shunt tube dislo-
cation. By waiting several days postnatally for stabilization
of respiratory and circulatory status and the effective use of
thoracoscopic assistance, the dislodged catheter was safely
removed from the neonatal thorax. The accumulation of
case reports will help establish suitable treatments, and
their indication, for a dislodged thoracoamniotic shunt
catheter within the fetal thoracic cavity.
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Introduction

Thoracoamniotic shunting is an effective treatment for
massive pleural effusion and intrathoracic cystic disease in
the fetus [1-3]. Massive pleural effusion or an intrathoracic
mass may increase intrathoracic pressure, compress the
lung and disturb normal lung development [4]. Moreover,
an intrathoracic mass or pleural effusion displaces medi-
astinal structures, inducing hemodynamic changes and
increasing the risk of hydrops.

Dislodgement of a catheter into the fetal thoracic cavity,
caused by a decrease in either fetal pleural effusion or fetal
growth, is an important complication. We report three
cases of intrathoracic dislodgement of a thoracoamniotic
shunt double-basket catheter, which was surgically
removed when aspiration tube insertion or adhesion treat-
ment of thorax was needed. The dislodged catheter was
removed safely with thoracoscopic assistance after deliv-
ery. Following these case reports, we discuss the suitable
treatment of thoracoamniotic shunt catheter dislodgement
into the thoracic cavity.

Case reports

Between 2007 and 2011, we inserted 20 thoracoamniotic
shunt tubes and encountered four cases of shunt tube dis-
location into the fetal thorax (Tables 1, 2). We report the
clinical course of cases 1, 2, and 3.

@ Springer

- 206 -



762

Surg Today (2014) 44:761-766

Table 1 Profiles of the four

. . s Case Sex Reason for fetal Diagnosis of fetal 1st thoracoamniotic shunt
babies with thoracoamniotic leural effusion leural effusion tube insertion
shunt tube dislocation (1) P P
1 F Congenital chylothorax 34w0d 34w5d
2 F Congenital chylothorax 31wsd 32w0d
3 M Congenital chylothorax 29wo6d 31wld
4 F Congenital chylothorax 21w2d 33w4d
Tz.xble 2 Proﬁles‘ Of the babies Case Delivery Birth Birth Apgar score Operation Discharge
with thoracoamniotic shunt tube weight () (1/5 min) (days after birth)  (days after birth
dislocation (2) g8 ys atter ays after birth)
1 C/S 35w4d 2720 6/8 3 41
2 Vaginal 37w0d 2926 2/4 0 43
3 Vaginal 35w3d 2632 5/8 6 74
4 Vaginal 40w2d 3680 9/9 0 35

C/S cesarean section

Case 1

A baby girl was delivered at 35 weeks and 4 days gestation
by cesarean section because of early amniorrhexis, after
massive bilateral pleural effusion, ascites, and hydramnios
had been detected by fetal ultrasound examination at
34 weeks gestation. Fetal lung hypoplasia was not detec-
ted. We aspirated the fetal pleural effusion and ascites;
however, massive pleural effusion was detected again the
following day. To prevent exacerbation of hydrops, we
inserted thoracoamniotic shunts with double-basket cathe-
ters: two in the right thorax and one in the left.

The shunt catheter inserted into the left thorax was
removed at delivery, but that inserted into the right thorax
could not be found. Her respiratory condition was unstable
and chest radiography revealed massive pleural effusion
and two dislodged shunt tubes. We aspirated 110 ml of
right pleural effusion 2 h after delivery (Fig. 1a), but
massive right pleural effusion developed again within
3 days postnatally. Thus, we inserted a chest drainage tube
and removed the dislodged shunt catheters, with thoraco-
scopic assistance to avoid infection of the thorax. Thora-
coscopy was performed through a small window
thoracotomy incision in right chest wall. Both shunt cath-
eters were found behind the lower lobe of the right lung
and we removed them using forceps inserted through the
same incision (Fig. 1b). A chest drainage tube was then
inserted through the same incision. The postoperative
course was uneventful and the baby was discharged
41 days postnatally.

Case 2

A baby girl was delivered at 37 weeks gestation by normal
vaginal delivery.

@ Springer

Fig. 1 Case 1: chest X-ray after aspiration of the right pleural
effusion (a) and photograph of a surgically removed dislodged
thoracoammiotic shunt catheter (b). Two dislodged shunt catheters in
the right thorax were detected by chest radiography. Right pleural
effusion was completely aspirated 2-h after delivery (a). The catheters
were removed safely through a small surgical incision (b)

At 31 weeks and 5 days gestation, hydramnios and fetal
pleural effusion had been detected by fetal ultrasonogra-
phy. Although the hypoplasia of the fetal lung was not

- 207 -



Surg Today (2014) 44:761-766

763

severed, at 32 weeks gestation we inserted thoracoamniotic
shunt catheters (one in the right thorax and two in the left),
to prevent mediastinal shift or caval compression. By
35 weeks and 1 day gestation, the right pleural effusion
had increased and dislodgement of one of the shunt cath-
eters into the right thorax was detected by ultrasound
examination (Fig. 2a). Another pleuroamniotic shunt
catheter was inserted into the right thorax; however, by
36 weeks and 3 days gestation, the right pleural effusion
had increased again. Immediately after delivery, the baby
was intubated and mechanical ventilation was started. One
shunt catheter was found in each chest wall, both of which
were removed at birth. The tip of a third catheter was
palpable subcutaneously over the left chest wall and a
fourth was detected in the right thorax, by radiography.
Using thoracoscopy-assisted surgery, we removed the
shunt catheter and inserted a chest drainage tube on the day
of delivery. The thoracoscope was inserted through a small
thoracotomy incision in the right chest wall, revealing
massive pleural effusion and a dislodged shunt catheter
between the middle and lower lobes of the right lung.
Under thoracoscopic observation, a suction tube was
inserted and the shunt catheter was aspirated with the
pleural effusion. Another catheter, the tip of which had
been detected subcutaneously, was removed through small
skin incision near the tip of the tube. A chest drainage tube
was then inserted into the right chest. The postoperative
course was uneventful, and the baby was discharged
43 days postnatally.

Case 3

A baby boy was delivered vaginally at 35 weeks and
3 days gestation.

At 29 weeks and 6 days gestation, bilateral pleural
effusion had been detected in the fetus and at 30 weeks and
2 days gestation, right pleural effusion was aspirated and
chylothorax diagnosed. By 31 weeks and 1 day gestation,
re-accumulation of the right pleural effusion was detected
by ultrasound, although the lung hypoplasia was not severe.
A thoracoamniotic shunt catheter was inserted to prevent
hydrops. Between 32 and 34 weeks gestation, a total of 5
double-basket catheters were inserted, one of which dis-
lodged into the mother’s uterus. At 35 weeks and 2 days
gestation, labor pains started and amniorrhexis was
observed. At delivery, the shunt catheter found in the right
chest wall was removed. The other 3 catheters were
detected later in the right chest, by radiography (Fig. 3a).
We inserted an aspiration tube into his right chest cavity
and drained the pleural effusion. On day 4 postnatally,
chest computed tomography showed the three shunt cath-
eters in the right thorax. The tip of one catheter was buried
in the right chest wall (Fig. 3b—d).

Fig. 2 Case 2: fetal ultrasound at 35 weeks and 1 day gestation
(a) and photograph of the chest scar 2 months postoperatively (b).
The dislodged catheter in the fetal right thorax was clearly seen on the
ultrasound image (T) (a). The scar following shunt catheter removal
was cosmetically satisfactory (A) (b)

On day 6 postnatally, the dislodged shunt catheters were
surgically removed to allow adhesion therapy to be started
for chylothorax. A small skin incision was made over the
site where one shunt catheter was palpable below the skin
and the catheter was removed. A small thoracotomy inci-
sion was made by extension of where the chest drainage
tube had been inserted in the right chest wall, along with
the thoracoscope. Massive pleural effusion and fibrin were
observed. A second dislodged shunt catheter was found
thoracoscopically and removed using forceps inserted
through the incision (Fig. 4a). The third catheter was dif-
ficult to see thoracoscopically because it was completely
enveloped in a fibrin sheath. After removal of this fibrin
sheath, the catheter was gently tracked using forceps
(Fig. 4b). However, it could not be removed because tip
was buried within the chest wall. The thoracotomy incision
was enlarged to 3 cm, and the catheter was tracked and
removed. A chest drainage tube was then inserted. After
surgical removal of this shunt catheter, massive pleural
effusion persisted and intrathoracic minomycin (x3), OK-
432 (x2), and intravenous octreotide were administered.
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Fig. 3 Case 3: chest X-ray at delivery (a) and chest computed
tomography on day 4 postnatally (b-d). The three dislodged shunt
catheters in the right thorax were detected radiographically at delivery
(a). The catheter that was palpable subcutaneously (|) was removed

During this treatment regimen, the chest drainage tube was
removed and re-inserted twice because of obstruction by
the aspirated fibrin. After removal of the drainage tube, no
re-accumulation of effusion was observed and the baby was
discharged 74 days postnatally.

Discussion

Fetal thoracoamniotic shunting is an intrauterine interven-
tion done for massive fetal pleural effusion [4-7] and fetal
intrathoracic cystic lesions such as congenital cystic ade-
nomatoid malformation and pulmonary sequestration,
which may reduce perinatal morbidity and mortality [1, 8].
While double pigtail catheters have often been used for
pleuroamniotic shunting [1-3], Sase et al. and Murabayashi
etal. [5, 6] reported that they can be difficult to insert into the

@_ Springer

through a small skin incision (b). The tip of a second catheter was
buried within the chest wall (¥) and enveloped by a fibrin sheath (c).
The third catheter was found (=) and removed with thoracoscopic
assistance (d)

early fetal intrathoracic cavity because of their length and
because they are not easy to see on ultrasonography. The
double-basket catheter is considered superior because of its
suitable length, straight conformation, and easy visualiza-
tion on ultrasonography. Sase et al. [5] also mentioned that
the double-basket catheter does not dislodge as easily.

In our center, the double-basket catheter is used for fetal
pleuroamniotic shunting; however, we have been encoun-
tered four cases of dislodgement of double-basket catheters
into the fetal thoracic cavity, after their insertion at
31-34 weeks gestation for the purpose of reducing fetal
pleural effusion and preventing hydrops. Thus, the timing
of catheter insertion, the purpose of shunting, and catheter
selection should be discussed to establish the most appro-
priate treatment for fetal pleural effusion.

The indications for surgical removal are controversial.
Sepulveda et al. and Alkazaleh et al. reported cases of
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Fig. 4 Case 3: photograph of the thoracoscopy. The second dis-
lodged shunt catheter (]) was removed using forceps (\/) inserted
through the same thoracoscopy incision (a). After partial removal of
the fibrin sheath (/\), the third catheter (=) was found thoracoscop-
ically, but its tip was buried within the chest wall (A) (b)

dislodged pigtail catheters that were followed-up 24 and
12 months, postnatally, respectively. Both reports stated
that a dislodged catheter should not cause long-term pul-
monary complications and that a conservative approach
might be the most sensible management option [9, 10].
However, Blanch et al. reported a case of shunt catheter
dislodgement resulting in compression of the lung hilum
causing death on day 6 postnatally [11]. We decided to
surgically remove the dislodged catheters in our patients
because of the massive pleural effusions requiring post-
natal intervention. We worried about the risk of infection
associated with the continuous drainage of pleural effusion

that was needed. In particular, when adhesion therapy for
massive infantile pleural effusion is needed postnatally, as
with case 3, the effects of a double-basket catheter on
adhesion therapy are thought to be unpredictable. An
accumulation of case reports of conservative treatment for
not only the double pigtail catheter but also the double-
basket catheter is needed to clarify this.

The value of thoracoscopic intervention for adult mas-
sive pleural effusion is well documented [12]. We per-
formed surgical removal with thoracoscopic assistance
postnatally. After making a small incision in the chest wall,
the area is inspected prior to any aggressive aspiration.
When using the thoracoscope, the presence of pleural
effusion sometimes assists in locating the dislodged tube
because it creates a space between the chest wall and the
lung or interlobar fissure for insertion of the thoracoscope.
Moreover, when the catheter is located in an awkward site,
such as in the interlobar fissure and is difficult to remove
using forceps, we aspirate the catheter along with the
pleural effusion, as in our case 2. Figure 2b shows the good
cosmetic results after thoracoscopically assisted shunt
catheter removal via a small thoracotomy incision.

When the catheter is difficult to remove safely, we
extend the incision and confirm the location of the catheter
directly. In case 3, the shunt catheter was completely
enveloped by fibrin sheath and it could not be located
thoracoscopically. Moreover, the tip of the double-basket
catheter was buried within the muscle layer of the chest
wall and was not palpable. When the tip of the catheter is
palpable subcutaneously, it is easy to make a skin incision
over it and remove it directly. Hence, we enlarged the
incision and opened the chest wall further to see the
catheter directly, and remove it from the thoracic cavity.
Initial thoracoscopic observation and enlargement of the
thoracotomy incision may assist in performing open
removal safely via a minimal incision.
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Abstract This study was undertaken to test the hypoth-
esis that noninvasive echocardiographic indexes obtained
using early diastolic mitral annular and inflow velocities
reflect diastolic function in children. We included in this
study 61 consecutive pediatric patients (age 0.4—13 years)
who underwent cardiac catheterization for various heart
diseases with biventricular circulation. Left ventricular
(LV) pressure was measured using a high-fidelity
manometer to obtain the time constant of relaxation (t) and
LV chamber stiffness (K). Echocardiography was simul-
taneously performed during catheterization. Data acquisi-
tion was repeated after the administration of dobutamine.
The peak early mitral annular velocity (¢') and © showed a
significant inverse correlation (r = —0.42). Receiver-oper-
ating characteristic (ROC) analysis to determine the 90th
percentile of 7 yielded an area under the curve (AUC) of
0.86 for a septal ¢ < 6.2 cm/s, with sensitivity and spec-
ificity of 0.83. The dobutamine-induced changes in &
closely correlated with those in © (r = —0.69). The decel-
eration time (DT) showed a significant but weak negative
correlation with K (r = —0.35), and ROC analysis to
determine the 90th percentile of K yielded an AUC of 0.82
for a DT <100 ms, with sensitivity of 0.80 and specificity
of 0.77. The ratio of peak early mitral inflow velocity (E) to
e (Ele) significantly correlated with LV end-diastolic
pressure (EDP; r = 0.48, P < 0.0005), and ROC analysis to
determine the 90th percentile of EDP (>12.96 mmHg)
yielded an AUC of 0.81 for an E/e’ > 16.4, with sensitivity
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of 071 and specificity of 0.93. The ¢/, DT, and E/¢’ values
in our study reflect the diastolic function in our pediatric
population. However, the weak correlations between these
indexes and invasive measures of diastolic function suggest
that these indexes are useful in detecting diastolic dys-
function but not in determining the absolute values of
diastolic dysfunction. Therefore, a future study is war-
ranted to develop an efficient algorithm for systematic
noninvasive evaluation of LV diastolic function in
children.

Keywords Diastolic function - Stiffness -
Relaxation - Tissue Doppler - Echo

Introduction

A growing body of evidence highlights the diagnostic and
prognostic importance of left ventricular (LV) diastolic
function. The rate of LV relaxation characterizes the early
phase of diastolic function, whereas LV stiffness (or
compliance) represents the subsequent phase of diastolic
function following L'V relaxation. The interaction of these
two diastolic properties determines the LV end-diastolic
pressure (EDP), a representative measure of overall dia-
stolic function, which is directly linked with clinical signs
and symptoms of heart failure. Therefore the assessment,
particularly by noninvasive methods (e.g., echocardiogra-
phy), of the rate of LV relaxation, LV stiffness, and LV
EDP as key parameters of diastolic function is of great
clinical importance. In this regard, the rate of LV relaxa-
tion can be noninvasively evaluated by measuring peak
early mitral annular velocity (¢/); LV chamber stiffness
(K), by the deceleration time (DT) of peak early mitral
inflow velocity (E); and EDP, by the ratio of E to ¢’ (E/e’)
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[1-6]. These echocardiographic indexes have been shown
to be useful and reliable for routine clinical evaluation of
diastolic function in adults, and many clinical guidelines
use these indexes to stratify the severity of diastolic dys-
function [7].

The same indexes have been widely used recently in
clinical evaluations in children [8-11], based upon the
assumption that echocardiographic diastolic indexes in
children have a relationship with invasively obtained
indexes similar to that in adults (¢’-relaxation, DT-stiffness,
and E/e'-filling pressure relationships). However, these
measurements depend greatly on loading conditions and
heart rates, which are quite different in children and adults.
Therefore, validation studies to verify such assumptions are
necessary to accurately interpret these findings in children.
In addition, recent reports suggest that echocardiographic
indexes have significant limitations when applied to spe-
cific conditions such as advanced heart failure and hyper-
trophic cardiomyopathy, even in adults [12, 13]. Thus far,
no study has systematically tested whether these noninva-
sive measures of diastolic function can be applied to chil-
dren, and the few studies that have attempted to assess the
relationship between noninvasive measurements and inva-
sive criterion standard indexes in children have reported
conflicting results. Therefore, it remains unclear as to
whether these noninvasive indexes accurately represent
diastolic function in children. This study was undertaken to
test the hypothesis that noninvasive echocardiographic
diastolic indexes sufficiently indicate diastolic function in
children with heart disease.

Patients and methods
Patients

This study included 61 pediatric patients (30 male and 31
female; age: mean + standard deviation (SD), 3.0 &+ 3.1
years; range, 0.4-13.2 years; median, 1.7 years) with
biventricular circulation who had no apparent structural
abnormality of the mitral valve. The patients underwent
diagnostic or interventional cardiac catheterization at Sai-
tama Medical University, with written informed parental
consent obtained for all the patients. Dobutamine was used
to assess adrenergic reserve function in a randomly selected
subgroup of children, and the indication of the dobutamine
stress test was based on the guidelines for the Clinical
Application of Echocardiography [available at http:/www.
j-circ.or.jp/guideline/pdf/JCS2010yoshida.h.pdf (in Japa-
nese), Japanese Circulation Society, 2010]. The Saitama
Medical University Institutional Review Board approved
this validation study of echo-derived indexes in comparison
with catheter-based invasive indexes (no. 11-144).

& Springer

Measurements

All measurements were obtained during routine cardiac
catheterization before angiography/ventriculography. LV
pressures were measured using a high-fidelity microma-
nometer mounted on a 0.014-inch guide wire (RADI
Medical Systems, Uppsala, Sweden) placed within a 4-F
pigtail catheter [14]. Pressure data were digitalized at 500
Hz and stored for subsequent offline analysis by a custom-
designed data-acquisition system.

Ventricular systolic and diastolic functions were non-
invasively assessed by transthoracic two-dimensional color
and pulsed Doppler echocardiography, and pulsed tissue-
Doppler echocardiography during cardiac catheterization
using a 5-, 8-, or 12-MHz transducer on a commercially
available unit (Philips SONOS 5500). The transmitral
inflow pattern was measured at the tip of the mitral valve,
and the peak velocities during early diastole (E, cm/s) and
atrial contraction (A, cm/s), and E DT (ms) were deter-
mined. Peak early mitral annular velocity (¢') was deter-
mined using tissue-Doppler imaging (TDI) of the septal
mitral annulus obtained on the apical four-chamber view
[10, 15, 16]. The internal LV diameters were measured on
the parasternal long-axis view [17]. The LV volume was
calculated using the Teichholz method [18].

To determine whether changes in ¢’ can reflect changes
in LV relaxation induced by B-adrenergic stimulation, we
repeated the measurements in a subgroup of 17 patients
after administration of a small dose of dobutamine (5 pg
kg™! min~") over 10 min.

Data analysis
Invasive diastolic indexes

Time constant of LV pressure decay, an index of LV
relaxation, was calculated using the nonzero asymptote of
monoexponential pressure decay [19] and logistic fit [20]
(tme and 711, respectively). LV EDP was defined as the
relative minimal LV pressure following the A wave [21]. If
the minimal LV pressure was not clearly apparent, LV EDP
was defined as the pressure just before the onset of rapid
increase in L'V systolic pressure. LV EDP and minimum
pressure (LVPmin) were identified during the expiratory
phase, and the mean values of three beats were used. LV
chamber stiffness (K) was calculated as follows:

K = (LV EDP — LVP min)/(LV EDV — LV ESV)
x BSA (mmHg/ml x m*),

where EDV and ESV represent LV end-diastolic and end-
systolic volume, respectively. K was calculated using the
Teichholz method [18] and the Fick method.
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Statistical analysis and validation of echocardiographic
diastolic indexes

Data were expressed as mean 4= SD. Correlations between
noninvasive and invasive indexes of diastolic function
were tested using the Pearson correlation coefficient. P <
0.05 was considered statistically significant. To further
explore the clinical utility of noninvasive diastolic echo-
cardiographic indexes for detecting impaired diastolic
function, a receiver-operating characteristic (ROC) curve
analysis was performed to test whether ¢/, DT, and E/¢’ can
be used to determine the 90th percentile of invasive dia-
stolic indexes of 1, K, and EDP, respectively. We used the
90th percentile of invasive indexes for ROC curve analysis
because the 90th percentile of the LV EDP of the study
patients, i.e., 12.96 mmHg, approached the upper limit of
the reference range of LV EDP [18]. All statistical analyses
were performed using JMP version 8 (SAS Institute, Cary,
NC, USA).

Results

Table 1 lists the cardiac diseases of the patients in our
study. Fifty (82 %) of 61 patients had no evidence of

Table 1 Diagnoses in the disease group

Diagnosis (n = 61) n

After radical operation (n = 44)

—
W

Tetralogy of Fallot

Transposition of great arteries

Coarctation of the aorta

Ventricular septal defect

Aortic regurgitation

Double outlet right ventricle

Total anomalous pulmonary venous connection
Congenitally corrected transposition of great arteries

= R NN B O

Pulmonary atresia (Brock operation)
After palliative operation (n = 7)

Tetralogy of Fallot, shunt

Ventricular septal defect, pulmonary arterial banding 1

Ebstein anomaly, coarctectomy, and pulmonary arterial 1
banding

Interruption of aortic arch complex, Damus—Kaye-Stansel 1
operation

Not operated (n = 10)
Aortic stenosis
Kawasaki disease
Patent ductus arteriosus
Peripheral pulmonary stenosis

e R W W

Pulmonary stenosis

left-to-right or right-to-left shunt. The pulmonary-to-
systemic flow ratio (Q,/Q,) in the remaining 11 patients
ranged from 0.7 to 2.3 (1.4 &£ 0.5). The demographic
and hemodynamic data of all 61 patients are summa-
rized in Table 2. Figure 1 displays representative
Doppler and TDI results showing E, ¢/, and DT on
echocardiography.

Inverse correlation between ¢ and the relaxation time
constant

The relationship between LV relaxation rate and ¢ was
investigated for noninvasive evaluation of L'V relaxation.
Figure 2 (upper panels) shows a significant inverse corre-
lation between ¢’ and the time constant of LV relaxation
(1 r = —042, P < 0.0005 and tvg: ¥ = —042, P <
0.0005). ROC curve analysis revealed that septal ¢ < 6.2
had an area under the curve (AUC) of 0.86, with sensitivity
and specificity of 0.83 to determine the 90th percentile of
7. (>23.55). Septal ¢ < 7.8 had an AUC of 0.83 with
sensitivity of 1.0 and specificity of 0.57 to determine the
90th percentile of typ (>47.68; lower panels in Fig. 2).
These results indicate the usefulness of ¢ in detecting
abnormally slow LV relaxation in children. In addition,
dobutamine-induced changes in ¢’ were closely correlated

Table 2 Demographic and hemodynamic data of the study
population

Mean = SD  Median Range
Demographic
Age (years) 3.0 31 1.7 0.4-13.2
Body weight (kg) 124 £ 7.6 10.3 4.2-41.5
Body height (cm) 85.6 + 21.1 80.5 57-152
Body surface area (m?) 0.53 £+ 0.23 047 0.25-1.34
Catheterization
0,/Q 1.1 £ 0.25 1 0.72-2.3
Heart rate (beats/min) 110 £ 21 110 65-167
LV systolic pressure 90 & 18 89 57-152
(mmHg)
LV EDP (mmHg) 92432 9.0 4.5-194
LV dP/dTmax (mmHg/s) 1246 + 397 . 1234 478-2676
Echocardiography
E (cm/s) 90 + 24 91 31-140
A (cm/s) (n = 46) 63 £ 23 60 22-143
E/A (n = 46) 1.5 £ 0.65 14 05844
Ejection fraction (%) 66 + 10 68 44-89
Hormone
BNP (pg/ml) 48 + 73 27 4-518

0,/Qs, Pulmonary-to-systemic flow ratio, LV left ventricular, dP/
dTmax maximal rate of rise of pressure, EDP end-diastolic pressure,
E early mitral inflow velocity, A late mitral inflow velocity, BNP
plasma brain natriuretic peptide level
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Fig. 1 Representative Doppler (a)
and tissue-Doppler images LVP 30—
showing the peak mitral inflow PCWP
velocity during early diastole (mmHg) =
(E), peak mitral annular velocity :g’
during early diastole (¢’), and &
deceleration time (DT) of early £
mitral inflow velocity on
echocardiography. a Left
ventricular pressure (LVP; 0
black line) and pulmonary
capillary wedge pressure (b)
(PCWP; purple line). PCWP
was time shifted to match the mitral
PCWP and LVP at the end of inflow
long-term diastasis. b Mitral locit
inflow velocity by pulse-wave velocity
Doppler echocardiography. (cm/s)
¢ Tissue-Doppler images of
septal mitral annulus
(c)
mitral
annular
velocity
{cm/s)

with those in typ and 11, (tpme: ¥ = —0.69, P < 0.005 and
1 r=—0.59, P < 0.05; Fig. 3).

Weak inverse correlation between DT and chamber
stiffness

The relationship between K and DT was investigated for
noninvasive evaluation of LV stiffness. K, calculated from
echo-derived stroke volume and Fick-derived stroke vol-
ume, showed a weak but significant correlation with DT
(r=-0.30, P <0.05 and r= —0.32, P < 0.05, respectively;
upper panels in Fig. 4). ROC curve analysis to determine
the 90th percentile of K using the Teichholz method (>2.07
mmHg/ml x m?) revealed that a DT <100 ms had an AUC
of 0.82, with sensitivity of 0.80 and specificity of 0.77, and
ROC curve analysis to determine the 90th percentile of
K using the Fick method (>1.96 mmHg/ml x m?) revealed
that a DT <119 ms had an AUC of 0.70, with sensitivity of
1.0 and specificity of 0.49 (Fig. 4, lower panels). In sum-
mary, the relation between K and DT was significant but

@ Springer

weak, and the ability of DT to detect LV stiffness was
modest.

Ele' reflects LV EDP

The relationship between EDP and E/e’ or DT was inves-
tigated for noninvasive evaluation of LV EDP. As shown in
Fig. 5a and b, E/¢’ (r = 0.48, P < 0.0005) showed better
correlation with LV EDP than DT (r = 0.42, P < 0.005). As
shown in Fig. 5¢, ROC curve analysis to determine the 90th
percentile of LV EDP (12.96 mmHg) yielded an AUC of
0.81 by E/¢’ > 16.4, with sensitivity of 0.71 and specificity
of 0.93. Ele’ was superior to DT (AUC, 0.70). When the
two parameters were combined by multivariable regression
to estimate EDP, the estimation of EDP was much
improved (estimated EDP = 9.3 4 0.38 x Ef/e’ — 0.034 x
DT; r = 0.66, P < 0.0001; Fig. 5d). Thus, a high E/e’ ratio
may predict a high LV EDP with high specificity, and the
combination of E/e’ and DT better predicts EDP than E/e’
or DT alone.
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Fig. 2 Correlation between ¢ T T R
and the time constant of (a) 30 - R=-0.42 P<0.0005 (b)so _ "E R=-0.42 P<0.0005
relaxation (tmg and 7). a, hd
b Significant correlation was ® e
observed between ¢’ and T (T 25 A 3 .“ & 50 1 o *@ N ‘.
r=-042, P <0.0005 and 7 —_ ° ® o - o L O ® o
r= —042, P < 0.0005). Lower 2 20 S ‘f. o, £ 40 eo, 99 o
panes show the results of ROC ~ “ 8.»“/' g %o e ~ of "? ® % 2
curve analysis to determine the 15 4 "a‘ : .: e © 30 - oy  &°
90th percentile of 7y, and Ty by ® )
', showing the ability of € to 10 ® 20
detect abnormally slow 0 é 1'0 1'5 0 é 1’0 1‘ 5
relaxation
e'sep (cm/s) e'sep (cm/s)
T Tue
1.0 — 1.0 7— ‘
] , {1 |
. 74' . ;',?:
- iy ol - ,",«
. s ] E c"
= 1 2 ] c‘é'
E ER
jra - = 4
%) 1 o
c . b i
[ ] Lo o i ! ! :
2] AUCOf0.86 A | AUCOf0.83
s —--sensitivity of 0.83 - E - sensitivity of 1.0~
N specificity 0f0.83 ] __specificity of 0.57
0.0 A 0.0 - =TT T T T
0.0 1.0 0.0 1.0
1-specificity 1-specificity
Fig. 3 Correlation between the (a) (b)
d/obutamjne-induced chan%es in 1, change (ms) Tue Change (ms)
¢' and the time constant of
relaxation. Close correlation 5 - ° R=-0.59, P<0.05 20 ° R=-0.69, P<0.005
was observed between the e
dobutamine-induced changes in 10+
¢ and the time constant of
relaxation (tp: r = —0.59, P < 0 - 0 -
0.05 and g r = —0.69, P <
0.005)
-10 +
-5 e
T T T T T 1 -20 T T T T T 1
-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 8
e'change (cm/s) e'change (cm/s)
Discussion large-scale studies are warranted to refine the cutoff val-

The present study demonstrates that the correlations
between ¢’ and LV relaxation, DT, and stiffness, and E/e’
and filling pressure were significant but not so strong in
children with various heart diseases. However, the ', DT,
and E/¢’ values in our study successfully detected
impaired diastolic function (90th percentile of 7, K, and
LV EDP, respectively), with acceptable AUC values. The
improvement in the estimation of EDP by using both E/e’
and DT indicates that combining multiple indexes may
overcome the weakness of rough correlations and may
improve the accuracy of diastolic assessment. Future

ues and to develop a definitive methodology and algo-
rithm for systematic assessment of diastolic function in
children.

Relaxation

Abnormality in LV relaxation is likely to precede an
increase in LV stiffness, and LV relaxation becomes slower
as diastolic dysfunction progresses. To the best of our
knowledge, the e'-relaxation relationship in children was
only reported in a study by Border et al. [22], who dem-
onstrated that ¢’ significantly correlated (r = 0.58, P = 0.01)
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Fig. 4 Relationship between
left ventricular chamber
stiffness (K), calculated using

a the Teichholz method (closed
circles; r = —0.28, P < 0.05)
and b the Fick method (open
triangles; r = —0.35, P < 0.05),
and deceleration time (DT),
showing a weak inverse
correlation between K and DT.
The lower panel shows the
results of ROC curve analysis to
determine the 90th percentile of
each K by DT

Fig. 5 Relationship between
LV EDP, and E/¢’ and DT.

a Relationship between LV
EDP and DT (r =042, P <
0.005), b relationship between
LV EDP and E/e' (r=048, P <
0.0005), and ¢ results of ROC
curve analysis to determine the
90th percentile of LV EDP by
Ele’ and DT. The E/e’ shows a
better ability to detect elevated
LV EDP. d Relationship
between LV EDP and estimated
LV EDP by the combined
model (estimated EDP = 9.3 +
0.38 x Ele’ — 0.034 x DT; r=
0.66, P < 0.0001)
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