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Effect of procedural volume on the outcomes of congenital
heart surgery in Japan
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ABSTRACT

Objectives: The present study developed a new risk model for congenital heart sur-
gery in Japan and determined the relationship between hospital procedural volume - -~ -~

and mortality using the developed model. § I
S

Methods: We analyzed 47,164 operations performed between 2013 and 2018 regis-

tered in the Japan Cardiovascular Surgery Database-Congenital and created a new

risk model to predict the 9o-day/in-hospital mortality using the Japanese congenital — — — —

heart surgery mortality categories and patient characteristics. The observed/ex- (-50) G0 (oriso) (51)
pected ratios of mortality were compared among 4 groups based on annual hospi- ~ The O/E ratio for the go-day and in-hospital mortal-
tal procedural volume (group A [5539 procedures performed in 9o hospitals]: <5o, = by hospital annual procedural volume.

group B [9322 procedures in 24 hospitals]: 51-100, group C [13,331 procedures in 21
hospitals]: 101-150, group D [18,972 procedures in 15 hospitals]: >151).

CENTRAL MESSAGE
A national database in Japan
shows that congenital heart sur-

CONG

Results: The overall mortality rate was 2.64%. The new risk model using the surgi-
cal mortality category, age-weight categories, urgency, and preoperative mechani-
cal ventilation and inotropic use achieved a c-index of 0.81. The observed/expected ~ gery in low-volume hospitals
ratios based on the new risk model were 1.37 (95% confidence interval, 1.18-1.58),
1.21 (1.08-1.33), 1.04 (0.94-1.14), and 0.78 (0.71-0.86) in groups A, B, C, and D, respec-
tively. In the per-procedure analysis, the observed/expected ratios of the Rastelli,
coarctation complex repair, and arterial switch procedures in group A were all  dural and patient-specific risks.
more than 3.0.

carries varying degrees of mor-
tality risk in addition to proce-

PERSPECTIVE

Congenital heart surgery in Japan has a low mor-
tality rate, comparable to the STSEACTS data,
despite the small number of cases per hospital.

Conclusions: The risk-adjusted mortality rate for low-volume hospitals was high for
not only high-risk but also medium-risk procedures. Although the overall mortality
rate for congenital heart surgeries is low in Japan, the observed volume-mortality
relationship suggests potential for improvement in surgical outcomes. (J Thorac

R However, whether or not a volume-outcome rela-
Cardiovasc Surg 2022; ll:1-10)

tionship exists among hospitals in Japan remains
unclear. In this study, we identified several proced-
ures that are prone to have a volume-mortality
relationship, including some  medium-risk
procedures.

See Commentary on page XXX.
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Abbreviations and Acronyms

AUC = area under the curve

AVSD = atrioventricular septal defect
CI = confidence interval

EACTS = European Association for

Cardiothoracic Surgery
JCVSD-Congenital = Congenital Section of Japan
Cardiovascular Surgery
Database
= Japan Society of Thoracic
Surgeons-European
Association for
Cardiothoracic Surgery
Congenital Heart Surgery
O/E = observed/expected
STAT = The Society of Thoracic
Surgeons-European
Association for
Cardiothoracic Surgery
Congenital Heart Surgery
STS = The Society of Thoracic
Surgeons

J-STAT
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Despite recent advances in understanding the pathophysiology
of complex cardiac anomalies, surgical techniques, and peri-
operative care, congenital heart surgery remains one of the
most challenging procedures to perform in the entire field of
surgery. Various quality improvement efforts have been
made to enhance surgical outcomes.' ™ In the past decades,
the evaluation of patient outcomes has become increasingly
accepted as an important step in assessing and improving
the quality of patient care.”” Large multi-institutional data-
base, such as The Society of Thoracic Surgeons (STS) data-
base and the European Association for Cardiothoracic
Surgery (EACTS) database, have developed and validated
methods of risk adjustment in reported outcomes.”

The Japanese Society for Cardiovascular Surgery
launched the Congenital Section of the Japan Cardiovascu-
lar Surgery Database (JCVSD-Congenital) in 2008, which
covers almost all congenital heart operations performed
in Japan.”"!! Patients’ background characteristics and the
combination of surgical procedures for the same disease
are known to differ among Europe, the United States, and
Japan,'” and a classification for risk analysis unique to
Japan has been sought. In 2020, we applied the same

methodology as the STS-EACTS Congenital Heart Surgery
(STAT) mortality categories/scores to the dataset of the
JCVSD-Congenital and created the Japan STAT (J-STAT)
mortality categories/scores,” which corresponds to the Jap-
anese version of the STAT mortality categories/scores.’
Although the actual mortality rate depends on the character-
istics of the patient as well as the type of surgery, there is
still no accurate prediction model that incorporates both
the J-STAT categories and the patient characteristics.

There are a large number of Japanese cardiac surgery
programs, and on average, each program has a low volume
compared with other countries.*'*!* In fact, most of the
programs in Japan belong to the lowest volume category
(<150 per year), and previous studies based on STS and
EACTS data have shown that this is associated with poor
early prognosis.'”>> On the other hand, it has also been
reported that the average mortality rates of congenital
heart surgery in Japan was comparable to those in STS
and EACTS data.”?'%12%3 Therefore, it remains unclear
whether or not volume-mortality relationship exists in the
Japanese healthcare system. The present study was per-
formed to develop and validate a new risk model incorpo-
rating J-STAT categories and patient characteristics for
congenital heart surgery in Japan and clarify the nationwide
trend in hospital procedural volume and the association be-
tween the surgical volume and outcomes of congenital heart
surgery using the new risk model.

MATERIALS AND METHODS

This study was approved by the review board of the JCVSD-Congenital
Section’s Data Utilization Committee and subsequently received approval
by the Institutional Review Board of Toyama University (R2021007) on
April 7, 2021.

Study Population

The JCVSD-Congenital has developed a web-based data collection soft-
ware system.’ Patients undergoing any pediatric cardiac operation with or
without cardiopulmonary bypass at Japanese hospitals participating in the
JCVSD-Congenital between January 1, 2013, and December 31, 2018 (150
programs, 47,164 operations), were included in this study. We identified
186 procedures, defined by the JCVSD-Congenital. These 186 procedures
were grouped into 5 categories (J-STAT categories), where category 1 has
the lowest risk of mortality and category 5 the higheslf’"l The most tech-
nically complex of all concurrent procedures in 1 operation was called the
"primary procedure." If multiple operations were performed during the
same hospitalization, only the primary procedure belonging to the highest
J-STAT category at each hospitalization was analyzed.

Operative mortality was defined as the 90-day and in-hospital mortality,
which included deaths within 90 days of operation, even when the patient
had been discharged, as well as deaths during the same hospitalization as
the operation even more than 90 days after the operation.

Patient Characteristics

The J-STAT category, age-weight categories at the time of surgery, sex,
urgency, mechanical ventilation, and inotropic agents were used as explan-
atory variables, and operative mortality was used as the dependent variable.
The definition of urgency was as follows: elective, the patient’s

2 The Journal of Thoracic and Cardiovascular Surgery « ll 2022
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cardiovascular status was stable in the days or weeks before the operation,
so the procedure could have been deferred without an increased risk of a
compromised outcome; urgent, the procedure was required during the
same hospitalization to minimize the risk of further clinical deterioration;
emergency, patients requiring emergency operations were likely to have
ongoing severe cardiovascular compromise and were not responsive to
any form of therapy except for cardiac surgery; and salvage, the patient
was undergoing cardiopulmonary resuscitation en route to the operating
room or before anesthesia induction or was receiving ongoing extracorpo-
real membrane oxygenation support to maintain their life.

Categorization of Hospitals Based on Procedural
Volume

The hospital congenital heart surgery annual case volume was averaged
over a 6-year period (2013-2018) and divided into 4 groups (group A: <50,
group B: 51-100, group C: 101-150, group D: >151).

Statistical Analyses

Categorical variables were expressed as numbers and percentages. In
descriptive statistics, cases with missing values for the items to be counted
were excluded, and percentages were calculated using the number of cases
with no missing values for the items as the denominator.

To evaluate the association between hospital volume and mortality
adjusted for the effect of preoperative patient characteristics and surgical
procedures on mortality risk, we built a model to predict the 90-day and
in-hospital mortality using preoperative patient characteristics and surgical
procedures and evaluated its predictive performance. In this analysis, cases
with no missing values in the objective and explanatory variables were
included. Data with all covariates (46,650 records: 98.9% of all record)
were randomly divided into 2 subsets for model development, the training
data set (37,321 records; 80%) and the test data set (9329 records; 20%).
With the training data set, the current predictive model was built using a
multivariable stepwise logistic regression model with the outcome variable
being the 90-day and in-hospital mortality and the explanatory variables
being the J-STAT category, sex, age, and weight categories at the time of
surgery, urgency, mechanical ventilation, and inotropic agents.

The test data were then used to evaluate the generalization performance
of the prediction model. The discriminative performance of the model was
evaluated by the receiver operating characteristic curve and area under the
curve (AUC), and the calibration was evaluated by Brier score.”*

Using the test data set, we also compared the generalization perfor-
mance of the current prediction model with the previous prediction model”
whose explanatory variables were the J-STAT category, age, and weight
categories at the time of surgery. The model that was superior in this com-
parison, but whose parameters (coefficients) were re-estimated using all of
the data (ie, 46,650 records), was used in subsequent analyses.

The model with better performance, that is, the current predictive model
as shown in the “Results” section, was used to estimate the expected num-
ber of deaths for each hospital volume stratum by summing the predicted
probabilities for each stratum. The ratio of the expected number of deaths
to the observed number of deaths (observed/expected [O/E]) and its 95%
confidence interval (CI) were calculated using the bootstrap method. The
number of excess deaths were calculated as the difference between the
observed and the expected number of deaths. The number of transfers
required to avoid 1 excess death was calculated as the number of patients
divided by the number of excess deaths. All tests were 2 tailed. R version
4.0 or later” was used for all statistical analyses.

RESULTS
Risk Profile of the Study Population

Among the 47,164 patients, 5552 (11.8%) were low-
body-weight neonates, 5717 (12.1%) had nonelective

TABLE 1. Operative mortalities for each J-STAT mortality category
and patients’ characteristics

n Death  Mortality(%)

J-STAT mortality category

J-STAT 1 15,949 41 0.26
J-STAT 2 16,199 329 2.03
J-STAT 3 11,343 436 3.84
J-STAT 4 2463 249 10.11
J-STAT 5 1210 189 15.62
Sex
Female 22,583 580 2.6
Male 24,579 664 2.7
N/A 2
Age and weight categories
Age >1y 21,529 271 1.26
Age: 1-11 mo, weight >6.0 kg 5446 52 0.95
Age: 1-11 mo, weight >4.0- 6662 118 1.77
5.9 kg
Age: 1-11 mo, weight <4.0 kg 5085 276 5.42
Age <1 mo, weight >3.0 kg 2378 119 5.00
Age <1 mo, weight: 2.0-2.9 kg 3554 287 8.08
Age <1 mo, weight <2.0 kg 1998 114 5.71
N/A 512
Urgency
Elective 41,445 719 1.73
Urgent 4060 304 7.49
Emergency 1572 187 11.90
Salvage 85 34 40.00
N/A 2
Preoperative mechanical
ventilation
No 44,343 902 2.03
Yes 2821 342 12.12
Preoperative inotropic agents
No 46,740 1206 2.58
Yes 424 38 8.96

J-STAT, Japan-Society of Thoracic Surgeons-European Association for Cardiotho-
racic Surgery Congenital Heart Surgery; N/A, not available.

surgeries, 2821 (6.0%) underwent mechanical ventilation,
and 424 (0.9%) received inotropic agents preoperatively.
The overall operative mortality rate was 2.64%. The opera-
tive mortality rates by J-STAT categories (category 1,2, 3, 4,
and 5) were 0.3%, 2.0%, 3.8%, 10.11%, and 15.62%,
respectively (Table 1). Major complications were reopera-
tion (2.8%), persistent neurologic deficit (0.8%), pace-
maker (0.7%), paralyzed diaphragm (0.9%), chylothorax
(3.1%), and mediastinitis (0.8%). Median postoperative
length of stay was 16 days (interquartile range, 17 days).

Creation of New Risk Model

Explanatory variables of the previous model are J-STAT
category and age-weight categories at the time of surgery.”
In the new risk model, in addition to these 2 variables, sex,
urgency, mechanical ventilation, and inotropic agents were

The Journal of Thoracic and Cardiovascular Surgery ¢ Volume Hl, Number Hl 3
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also candidates for explanatory variables, and all except
for sex were selected after variable selection was per-
formed using the stepwise method. With the test data
set, the AUC of each receiver operating characteristic
curve improved significantly from 0.771 (95% CI,
0.745-0.797) in the previous model to 0.816 (95% ClI,
0.791-0.840) in the current model (P < .001, Figure 1).
Brier scores”* for the test data were 0.0251 for the previ-
ous model and 0.0246 for the current model. Figure 2
shows the predicted and observed mortality rates accord-
ing to the predicted risk, and the predictions are accurate
from low to high mortality rates. Odds ratios and CIs of
each patient characteristics for operative mortality as
determined by a multivariable logistic regression analysis
are shown in Table EI.

Hospital Procedural Volume and Risk Categories
Figure 3 summarizes the case distribution and mortality
rates by hospital volume and J-STAT category. In total,
47,164 congenital heart surgeries were performed in 150
hospitals over 6 years. Fifteen (10%) hospitals performed
151 or more procedures per year, and 90 (60%) hospitals
performed 50 or less procedures per year. These 47,164 op-
erations were classified according to J-STAT categories
(category 1: 15,949, category 2: 16,199, category 3:
11,343, and category 4 + 5: 3673). High-risk operations
tended to be performed in high-volume centers: 1134 of
5539 (20.5%) operations performed in group A hospitals
were categorized as 3 or greater, whereas 6539 of 18,972
(34.5%) operations in group D were categorized as 3 or
greater. Only half of the hospitals in group A performed
J-STAT 4 + 5 procedures. Even with the tendency to

ROC Curve for the Previous Model
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perform higher-risk operations in larger-volume hospitals,
the unadjusted mortality rate tended to be lower among hos-
pitals that performed more than 150 operations (3.0% in
group A, 3.3% in group B, 2.8% in group C, and 2.1%
in group D).

Observed Versus Expected Mortality

The risk-adjusted expected number of deaths in groups
A, B, C, and D were 118.8, 249.6, 359.8, and 508.8, respec-
tively. The observed number of deaths in groups A, B, C,
and D were 163, 301, 375, and 398, respectively. For the
90-day and in-hospital mortality, the O/E ratios in groups
A, B, C, and D were 1.37 (95% CI, 1.18-1.58), 1.21
(1.08-1.33), 1.04 (0.94-1.14), and 0.78 (0.71-0.86), respec-
tively (Figure 4 and Video Abstract). Thus, the overall O/E
ratio in group A was approximately 1.8-fold higher than in
group D.

Figure 5 shows the O/E ratios in each group per J-STAT
category. For the 90-day and in-hospital mortality in cate-
gory 3 operations, the O/E ratios in group A, B, C, and D
were 1.51 (1.15-1.90), 0.97 (0.79-1.18), 1.04 (0.87-1.21),
and 0.88 (0.74-1.02), respectively. In category 4 + 5 oper-
ations, the O/E ratios in groups A, B, C, and D were 1.39
(0.91-1.89), 1.32 (1.11-1.54), 1.00 (0.84-1.16), and 0.83
(0.72-0.95), respectively. In category 3 and 4 + 5 opera-
tions, the O/E ratios in group A were approximately 1.7-
fold higher than those in group D, respectively.

The relationship between the O/E ratio and hospital pro-
cedural volume was evaluated for 15 common procedures
(Figure 6 and Table E2). We identified several procedures
that were more susceptible to the procedural volume-
mortality relationship than others. The most prominent

ROC Curve for the Current Model
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FIGURE 1. Receiver operating characteristic (ROC) curves for the previous model (/eft) and the current model (right). The upper and lower curves indicate

the range of 95% CI estimated by bootstrap.
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FIGURE 2. Predicted and observed mortality rates according to predicted risk. Cases were divided into 6 quantiles on the basis of the predicted mortality
(Q1-Q6), and predicted and observed mortality rates were compared for each of the 6 risk groups. Q1, first quantile (predicted mortality: <0.2%); Q2, sec-
ond quantile (predicted mortality: 0.2%-0.8%); Q3, third quantile (predicted mortality: 0.8%-1.2%); Q4, fourth quantile (predicted mortality: 1.2%-
2.2%); Q5, fifth quantile (predicted mortality: 2.2%-4.3%); Q6, sixth quantile (predicted mortality: >4.3%).

was the Rastelli procedure, with O/E ratios of 9.96 (2.46-
18.13), 2.45 (0-5.42), 2.19 (0.44-4.27), and 0.62 (0.00-
1.47) in groups A, B, C, and D, respectively. The second sig-
nificant procedure was the arterial switch procedure, with
O/E ratios of 8.83 (4.93-13.82), 2.67 (1.37-4.25), 2.31
(1.34-3.39), and 0.96 (0.47-1.52) in groups A, B, C, and
D, respectively. The third significant procedure was coarc-
tation complex repair, with O/E ratios of 6.39 (0-22.34),
0 (0-0), 0.89 (0-2.31), and 0.25 (0-0.80) in groups A, B,
C, and D, respectively. Other procedures with a marked
volume-mortality relationship included mitral valvulo-
plasty, tetralogy of Fallot repair, bidirectional Glenn
procedure, and complete atrioventricular septal defect
(AVSD) repair, all of which had O/E ratios of 3.00 or
more in group A.

The number of excess deaths and the number of transfers
required to avoid 1 excess death by hospital volume are
shown in Table E3. The number of transfers required to
avoid 1 excess death was less than 100 in patients less
than 1 year or J-STAT 3 or higher in group A and less
than 1 month or J-STAT 4 or higher in group B, suggesting
that transferring these patients would be effective in effi-
ciently reducing excess deaths.

DISCUSSION
In the present study, we developed a highly discrimina-
tive model to predict mortality after congenital heart

surgery using the J-STAT categories. As in the United States
and Europe, a significant procedural volume-mortality rela-
tionship was observed in Japan. Furthermore, we identified
several procedures that are particularly prone to have a
volume-mortality relationship. The lowest-volume hospi-
tals (<50) had high adjusted mortality rates (O/E ratios
>3) not only for high-risk procedures but also for
medium-risk procedures, such as the Rastelli procedure
and arterial switch procedure. These results suggest that
the safety of an operation cannot be guaranteed when the
number of cases per year is small (<50 cases per year).

New Risk Model for Congenital Heart Surgery

In the field of adult cardiac surgery, it is common to
calculate risk factors based not only on the type of surgery
and age but also on the preoperative conditions, such as hy-
pertension, renal function, and the presence of diabetes, and
adding these factors provides a high prediction accuracy.®
However, in the field of pediatric cardiac surgery, the addi-
tion of such risk factors to the procedure did not necessarily
provide good predictive accuracy, because there are many
more types of procedures than in adult cardiac surgery; in
addition, comorbidities like those seen in adults are rare,
and having a comorbidity does not necessarily lead to an
increased risk (eg, Down syndrome is protective for
AVSD repair).”® In the present study, we added preoperative
status, which were urgency, age-weight categories,
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FIGURE 3. Case distribution and mortality rates by annual hospital volume and J-STAT mortality category. J-STAT, Japan Society of Thoracic Surgeons-
European Association for Cardiothoracic Surgery Congenital Heart Surgery.

mechanical ventilation, and inotropic agents to the -STAT ~ and age-weight categories. The AUC increased from 0.771
complexity category, and this made the prediction more ac- to 0.816, reflecting an increase in discriminating power.

curate than the previous model developed by Hirahara and There are 2 possible explanations for the prediction accu-
colleagues’ using only the procedural complexity category racy increasing by adding patient background as factors: (1)

OJE ratio

group A group B group C group D
(1-50) (51-100) (101-150) (151-)
FIGURE 4. The O/E ratio of operative mortality by annual procedural volume group. The bar height and error bars indicate the O/E ratio and its 95% CI
estimated by bootstrap, respectively. O/E, Observed/expected.
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FIGURES. The O/E ratio of operative mortality by annual procedural volume group and J-STAT mortality category. The bar height and error bars indicate
the O/E ratio and its 95% CI estimated by bootstrap, respectively. J-STAT, Japan Society of Thoracic Surgeons-European Association for Cardiothoracic
Surgery Congenital Heart Surgery; O/E, observed/expected.

the need for emergency surgery, ventilatory management, background. The improvement in accuracy can be attrib-
and inotropic medication itself reflect a vulnerable patient uted to both factors, not just one or the other.

background; and (2) these factors themselves contribute The mortality predicted by our risk model and the
to worsening postoperative conditions, regardless of patient observed mortality were comparable in both low- and

OJE ratio

Il group A (1-50) M group B (51-100) M group C (101-150) O group D (151-)
FIGURE 6. The O/E ratios of operative mortality of common procedures by annual procedural volume group. The bar height and error bars indicate the O/E
ratio and its 95% CI estimated by bootstrap, respectively. O/E, Observed/expected; ASD, atrial septal defect; VSD, ventricular septal defect; TOF, tetralogy
of Fallot; CoA, coarctation of the aorta; PAB, pulmonary artery banding; AVSD, atrioventricular septal defect; SP shunt, systemic to pulmonary shunt;

TAPVC, total anomalous pulmonary venous connection.
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high-risk groups, suggesting that our calibration was also
valid. These results suggest that a risk model that incorpo-
rates patient characteristics into the J-STAT categories of
procedural complexity can be a useful framework for calcu-
lating predicted mortality.

In the present study, the definition of operative mortality
included 90-day and in-hospital mortality. Previous studies
focused on the 30-day or in-hospital mortality regardless of
the length of hospital stay.”'***** Compared with such pre-
vious studies, we used longer-term outcome data, which
may have contributed to more appropriate surveillance by
avoiding missed deaths that can occur in later periods.

Effect of Procedural Volume on the Outcome of
Congenital Heart Surgery

Although the caseload of hospitals in Japan was low
compared with Europe and the United States, the average
mortality rates of congenital heart surgery were comparable
to those in STS and EACTS data.”*'"'* This has been the
main argument against regionalization in Japan, but the
exact reasons why the overall outcomes have been main-
tained despite the small number of cases are unknown. It
may be due in part to the public health insurance system
in Japan, which covers the majority of medical expenses
and allows patients to receive expensive rescue treatments
regardless of their financial status. Regionalization can
lead to potentially better outcomes due to the accumulation
of experience, more sustainable delivery of medical care,
and more efficient use of healthcare resources but at the
expense of healthcare access. The “optimal” caseload of a
hospital ideally needs to be determined on a regional or na-
tional basis, depending on the volume-outcome relation-
ship, geographic access to healthcare, and the type of
national healthcare system in place.

Our study showed for the first time that the volume-
outcome relationship of congenital heart disease surgery
also holds in the Japanese healthcare system. The overall
risk-adjusted mortality rate in the lowest-volume hospitals
(<50 per year) was 1.8 times higher than in the highest-
volume hospitals. Kansy and colleagues'® showed that the
risk-adjusted in-hospital mortality was higher in low-
volume (<150 per year) and medium-volume (150-250 per
year) centers using the EACTS database (odds ratio referring
to >350 cases: 1.45 and 1.84, respectively). Because the
main volume range in our study corresponded to the lowest
volume in that European study, this was the first study to
show a significant volume-mortality relationship in this
low-volume range. Welke and colleagues,'® with STS data
obtained between 2002 and 2006, showed a nonlinear
volume-mortality relationship, with an inflection point at
approximately 250 cases per year, below which the slope
of the volume-mortality relationship became more pro-
nounced. However, the analysis of Welke and colleagues'®
may have been influenced by the variability in the mortality

in low-volume hospitals. The present study showed a more
reliable volume-mortality relationship in the low-volume
range by using more detailed categorization to eliminate
the effect of variability among low-volume hospitals.

In the present study, we also identified several procedures
that were particularly prone to have a volume-mortality
relationship, including the Rastelli operation, coarctation
complex repair, arterial switch operation, mitral valvulo-
plasty, tetralogy of Fallot repair, bidirectional Glenn
procedure, and complete AVSD repair. Welke and col-
leagues'® reported that more complex lesions have a higher
sensitivity to the volume-mortality relationship, than less
complex lesions. Surprisingly, in the present study, sensitive
procedures included not only high-risk procedures but also
medium-risk ones in terms of STAT/J-STAT categories.”’
This may be due to the smaller caseload than the previous
study. Furthermore, it is notable that in group A, the O/E ra-
tios for some procedures were 3 or more, whereas the over-
all O/E ratio was 1.37. Although the 95% ClIs for the O/E
ratios in the per-procedure analysis were wider because of
the lower number, an O/E ratio of 3 or more is extremely
high, considering that the O/E ratio for the arterial switch
operation in the historically famous Bristol case was
approximately twice as high as in other centers.””’ These
results suggest that a small annual number of cases (<50
per year) cannot guarantee safe surgery for congenital heart
disease. However, it is difficult to distinguish whether the
high O/E ratio in group A is due to the presence of a small
number of even poorer-performing hospitals or whether it is
a trend for all hospitals in group A. Even if these O/E ratios
were assessed for each small-volume hospital, it would be
difficult to obtain statistically meaningful results because
the 95% CIs would likely be even wider. However, these
summary data need to be shared with patients; with such
high O/E ratios, patients may be willing to travel farther
for surgery even at the expense of healthcare access.

In both the United States and Europe, regionalization has
led to improved surgical outcomes, reflecting the volume-
outcome relationship,”"z] and the focus of discussion is
now on variations in outcomes among hospitals rather
than averages.'”> However, there are still many hospitals in
the world, including Japan, where the caseload remains
low for various reasons.'>** Regionalization is not only
a matter of increasing the number of procedures but also a
long, gradual process that requires the maturation of medi-
cal and co-medical teams and the gathering of healthcare re-
sources.'®?"?® In this study, we demonstrated a volume-
outcome relationship at a low volume, suggesting that
increasing the annual number of cases, even by 50, may
lead to improved outcomes.

Study Limitations
There are several limitations in the present study. First,
although multiple surgical procedures can be entered into

8 The Journal of Thoracic and Cardiovascular Surgery « ll 2022

21



Yoshimura et al

Congenital

Effect of procedural volume on the outcomes of surgery for congenital heart disease in Japan:

Risk-adjusted analyses from a nationwide web-based database system
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The lowest-volume hospitals, which perform < 50 congenital heart surgeries per year, had high adjusted mortality rates, not only

for high-risk procedures but also medium-risk procedures. As in the United States and Europe, a significant volume-mortality
relationship was observed in Japan.

JCVSD-Congenital, Congenital Section of Japan Cardiovascular Surgery Database; O/E ratio, ratio of the expected number of deaths to the observed number of deaths;
TOF, tetralogy of Fallot; CoA, coarctation of the aorta; AVSD, atrioventricular septal defect

FIGURE 7. Summary of major findings of the present study are demonstrated. The bar height and error bars indicate the O/E ratio and its 95% CI esti-
mated by bootstrap, respectively. JCVSD-Congenital, Congenital Section of Japan Cardiovascular Surgery Database; J-STAT, Japan Society of Thoracic

Surgeons-European Association for Cardiothoracic Surgery Congenital Heart Surgery; O/E, observed/expected; TOF, tetralogy of Fallot; CoA, coarctation

of the aorta; AVSD, atrioventricular septal defect.

the database, in this study, we conducted the analysis as 1
procedure per surgery. This is inevitable to avoid overly
detailed categorization and a small number of cases in
each category; however, as a result, we cannot deny the
possibility that the combination of each procedure has
been oversimplified and the risk subsequently underesti-
mated. Second, the predictive model proposed in this
study has only been internally validated and not externally
validated. Because there are likely to be many funda-
mental differences in countries other than Japan, such as
the number of cases per year and the education system
of surgeons, caution should be exercised in interpreting
the conclusions and extrapolating the results. Third, this
study only shows an association between hospital volume
and outcome, not a causal relationship. There would be
confounding factors between hospital volume and out-
comes that were not taken into account in this study,
such as hospital type (eg, university hospitals, cardiovas-
cular center hospitals, pediatric hospitals, and general hos-
pitals), patient access, staffing of healthcare professionals,
hospital resources, and collaboration with other depart-
ments within the hospital. Therefore, whether or not an in-
crease in the number of hospital caseloads leads to better

outcomes is a subject for future research. Finally, in this
study, mortality was the only end point applied in exam-
ining the volume-outcome relationship. The morbidity,
functional status, and neurologic status after surgery are
also important outcomes that need to be elucidated in
future investigations.

CONCLUSIONS

In Japan, the large number of hospitals for congenital
heart surgeries has resulted in a low procedural volume
per hospital. High-volume hospitals that perform 151 or
more congenital heart surgeries per year had a significantly
lower overall mortality after adjusting for the type of sur-
gery and patient characteristics than the low-volume hospi-
tals (<100 per year). Furthermore, we identified several
procedures that are particularly prone to have a volume-
mortality relationship. The lowest-volume hospitals (<50)
had high adjusted mortality rates, not only for high-risk pro-
cedures but also for medium-risk procedures (Figure 7).
These results will provide fundamental data supporting
the debate on the pros and cons of regionalization of
congenital heart surgery programs in Japan and may accel-
erate this process as well.

The Journal of Thoracic and Cardiovascular Surgery ¢ Volume Hl, Number Hl 9

CONG

22



Congenital Yoshimura et al

Conflict of Interest Statement 12. Horer J, Hirata Y, Tachimori H, Ono M, Vida V, Herbst C, et al. Pediatric cardiac

. . . . . surgical patterns of practice and outcomes in Japan and Europe. World J Pediatr
R.I receives grants-in-aid for scientific research 20K08177. Congenit Heart Surg. 2021512:312.9,

M.A. receives honoraria or payment for lCCtLlI'CS, presenta— 13. Miyata H, Motomura N, Ueda Y, Matsuda H, Takamoto S. Effect of procedural
tiOl’lS, speakers bureaus, manuscript Writing, or educational volume on outcome of coronary artery bypass graft surgery in Japan: implication
. . toward public reporting and minimal volume standards. J Thorac Cardiovasc
events from Japan Blood Products Organization, Teijin ' e
o ) Surg. 2008;135:1306-12.
Pharma Limited. All other authors reported no conflicts of 14, Shahian DM, Normand SL. Low-volume coronary artery bypass s

interest. and optimizing performance. J Thorac Cardiovasc Surg. 2008;135:1202-9.

bl

rgery: measuring

DNOD

10

The Journal policy requires editors and reviewers to

disclose conflicts of interest and to decline handling or re-
viewing manuscripts for which they may have a conflict
of interest. The editors and reviewers of this article have
no conflicts of interest.

References

1. Shahian DM. Improving cardiac surgery quality—volume, outcome, process?

JAMA. 2004;291:246-8.

Aylin P, Bottle A, Jarman B, Elliott P. Paediatric cardiac surgical mortality in En-

gland after Bristol: descriptive analysis of hospital episode statistics 1991-2002.

BMJ. 2004:329:825.

. Yamamoto H, Miyata H, Tanemoto K, Saiki Y, Yokoyama H, Fukuchi E,

et al. Quality improvement in cardiovascular surgery: results of a surgical

quality improvement programme using a nationwide clinical database and
database-driven site visits in Japan. BMJ Qual Saf. 2020;29:560-8.

Shahian D. Improving cardiac surgical quality: lessons from the Japanese expe-

rience. BMJ Qual Saf. 2020;29:531-5.

. O’Brien SM, Clarke DR, Jacobs JP, Jacobs ML, Lacour-Gayet FG,
Pizarro C, et al. An empirically based tool for analyzing mortality associ-
ated with congenital heart surgery. J Thorac Cardiovasc Surg. 2009;138:
1139-53.

. Motomura N, Miyata H, Tsukihara H, Takamoto S, Japan Cardiovascular Sur-

gery Database Organization. Risk model of thoracic aortic surgery in 4707 cases

from a nationwide single-race population through a web-based data entry system:
the first report of 30-day and 30-day operative outcome risk models for thoracic
aortic surgery. Circulation. 2008;118:5153-9.

Miyata H, Murakami A, Tomotaki A, Takaoka T, Konuma T, Matsumura G, et al.

Predictors of 90-day mortality after congenital heart surgery: the first report of

risk models from a Japanese database. J Thorac Cardiovasc Surg. 2014;148:

2201-6.

. Miyata H, Tomotaki A, Motomura N, Takamoto S. Operative mortality and
complication risk model for all major cardiovascular operations in Japan. Ann
Thorac Surg. 2015;99:130-9.

. Hirahara N, Miyata H, Kato N, Hirata Y, Murakami A, Motomura N. Develop-

ment of Bayesian mortality categories for congenital cardiac surgery in Japan.

Ann Thorac Surg. 2021;112:839-45.

Hirata Y, Hirahara N, Murakami A, Motomura N, Miyata H, Takamoto S. Current

status of cardiovascular surgery in Japan 2013 and 2014: a report based on the

Japan Cardiovascular Surgery Database. 2: congenital heart surgery. Gen Thorac

Cardiovasc Surg. 2018;66:4-7.

. Takamoto S, Motomura N, Miyata H, Tsukihara H. Current status of cardiovas-
cular surgery in Japan, 2013 and 2014: a report based on the Japan Cardiovascular
Surgery Database (JCVSD). 1: mission and history of JCVSD. Gen Thorac Car-
diovasc Surg. 2018;66:1-3.

4

v

Bl

v

o

=

=3

©

=

15. Pasquali SK, Thibault D, O’Brien SM, Jacobs JP, Gaynor JW, Romano JC, et al. Na-
tional variation in congenital heart surgery outcomes. Circulation. 2020;142:1351-60.

16. Kansy A, Ebels T, Schreiber C, Jacobs JP, Tobota Z, Maruszewski B. Higher pro-
grammatic volume in paediatric heart surgery is associated with better early out-
comes. Cardiol Young. 2015;25:1572-8.

17. Sakai-Bizmark R, Mena LA, Kumamaru H, Kawachi I, Marr EH, Webber EJ,
et al. Impact of pediatric cardiac surgery regionalization on health care utilization
and mortality. Health Serv Res. 2019;54:890-901.

18. Welke KF, O’Brien SM, Peterson ED, Ungerleider RM, Jacobs ML, Jacobs JP.
The complex relationship between pediatric cardiac surgical case volumes and
mortality rates in a national clinical database. J Thorac Cardiovasc Surg.
2009:137:1133-40.

19. Pasquali SK, Li JS, Burstein DS, Sheng S, O’Brien SM, Jacobs ML, et al. Asso-

ciation of center volume with mortality and complications in pediatric heart sur-

gery. Pediatrics. 2012;129:¢370-6.

Danton MHD. Larger centers produce better outcomes in pediatric cardiac sur-

gery: regionalization is a superior model-the con prospective. Semin Thorac Car-

diovasc Surg Pediatr Card Surg Annu. 2016;19:14-24.

Vinocur JM, Menk JS, Connett J, Moller JH, Kochilas LK. Surgical volume and cen-

ter effects on early mortality after pediatric cardiac surgery: 25-year North American

experience from a multi-institutional registry. Pediatr Cardiol. 2013;34:1226-36.

22. Burki S, Fraser CD Jr. Larger centers may produce better outcomes:

ization in congenital heart surgery a superior model? Semin Thorac Cardiovasc

Surg Pediatr Card Surg Annu. 2016;19:10-3.

Comnmittee for Scientific Affairs, The Japanese Association for Thoracic Surgery,

Shimizu H, Okada M, Toh Y, Doki Y, et al. Thoracic and cardiovascular surgeries

in Japan during 2018: annual report by the Japanese Ass

Surgery. Gen Thorac Cardiovasc Surg. 2021;69:179-212.

24. Brier GW. Verification of forecasts expressed in terms of probability. Mon
Weather Rev. 1950;78:1-3.

25. R Development Core Team. R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing; 2008.

26. St Louis JD, Jodhka U, Jacobs JP, He X, Hill KD, Pasquali SK, et al. Contempo-

rary outcomes of complete atrioventricular septal defect repair: analysis of the

Society of Thoracic Surgeons Congenital Heart Surgery Database. J Thorac Car-

diovasc Surg. 2014;148:2526-31.

Aylin P, Alves B, Best N, Cook A, Elliott P, Evans SJ, et al. Comparison of UK

paediatric cardiac surgical performance by analysis of routinely collected data

1984-96: was Bristol an outlier? Lancet. 2001;358:181-7.

Yoshimura N, Yamagishi M, Suzuki T, Ichikawa H, Yasukochi S, Sakamoto K.

Training of novice pediatric cardiac surgeons in Japan: report of questionnaire.

J Pediatr Cardiol Card Surg. 2021:5:75-83.

2

=

21.

regional-

23.

@

ation for Thoracic

2

=

28.

*

Key Words: hospital procedural volume, national database,
new risk model for congenital heart surgery, regionalization
of congenital heart surgery programs

The Journal of Thoracic and Cardiovascular Surgery < [l 2022

23



Yoshimura et al Congenital

TABLE E1. Odds ratios and confidence intervals of patient characteristics for operative mortality by multivariable logistic regression analysis

OR (95% CI) P value

(Intercept) 0.00 (0.00-0.00) <.001
J-STAT mortality category

1 —

2 5.28 (3.76-7.42) <.001

3 9.81 (7.01-13.7) <.001

4 19.8 (13.8-28.3) <.001

5 34.9 (24.1-50.5) <.001
Urgency

Elective —

Urgent 2.00 (1.72-2.35) <.001

Emergency 2.95(2.44-3.57) <.001

Salvage 13.9 (8.49-22.8) <.001
Age-weight categories at the time of surgery

Age >1y ==

Age 1-11 mo, weight >6.0 kg 0.64 (0.47-0.87) .005

Age 1-11 mo, weight 4.0-5.9 kg 0.99 (0.78-1.24) .90

Age 1-11 mo, weight <4.0 kg 1.74 (1.44-2.09) <.001

Age <1 mo, weight >3.0 kg 0.99 (0.78-1.27) 95

Age < 1 mo, weight 2.0-2.9 kg 1.44 (1.18-1.76) <.001

Age < 1 mo, weight <2.0 kg 1.30 (1.01-1.69) .044
Preoperative mechanical ventilation

No =

Yes 2.57 (2.21-2.99) <.001
Preoperative inotropic agents

No —

Yes 1.80 (1.25-2.60) .001

OR, Odds ratio; CI, confidence interval; J-STAT, Japan Society of Thoracic Surgeons-European Association for Cardiothoracic Surgery Congenital Heart Surgery.
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TABLE E2. Observed/expected ratios of operative mortality of

common procedures by hospital annual procedural volume

No. of No. of O/E ratios
procedures  deaths (95% CI)
ASD repair
A: 1-50 872 0 0.00 (0.00-0.00)
B: 51-100 953 2 0.47 (0.00-1.44)
C: 101-150 1273 0 0.00 (0.00-0.00)
D: >151 1411 0 0.00 (0.00-0.00)
VSD repair
A: 1-50 1332 6 1.89 (0.62-3.49)
B: 51-100 1973 10 1.98 (0.80-3.32)
C: 101-150 2685 9 1.28 (0.56-2.15)
D: >151 3260 4 0.47 (0.12-0.95)
TOF repair
A: 1-50 202 5 3.85(0.78-7.48)
B: 51-100 394 6 2.31(0.74-4.34)
C: 101-150 607 8 2.06 (0.76-3.65)
D: >151 870 4 0.73 (0.18-1.50)
Bidirectional Glenn
A: 1-50 92 4 3.60 (0.85-7.46)
B: 51-100 305 13 2.98 (1.59-4.67)
C: 101-150 570 14 1.93 (0.98-2.96)
D: >151 1051 17 1.30 (0.73-1.92)
Mitral valvuloplasty
A: 1-50 47 4 5.27 (1.21-10.43)
B: 51-100 83 3 1.70 (0.00-3.70)
C: 101-150 131 6 2.36 (0.74-4.33)
D: >151 213 4 0.97 (0.22-1.99)
CoA complex repair
A: 1-50 7 1 6.39 (0.00-22.34)
B: 51-100 29 0 0.00 (0.00-0.00)
C: 101-150 91 2 0.89 (0.00-2.31)
D: >151 142 1 0.25 (0.00-0.80)
Rastelli operation
A: 1-50 33 5 9.96 (2.46-18.13)
B: 51-100 94 3 2.45 (0.00-5.42)
C: 101-150 177 5 2.19 (0.44-4.27)
D: >151 364 3 0.62 (0.00-1.47)
Fontan operation
A: 1-50 109 1 0.57 (0.00-1.76)
B: 51-100 305 9 1.78 (0.79-2.96)
C: 101-150 572 13 1.35 (0.64-2.16)
D: >151 1208 14 0.72 (0.36-1.12)
PAB
A: 1-50 318 14 0.99 (0.52-1.49)
B: 51-100 790 43 1.06 (0.77-1.38)
C: 101-150 898 51 1.16 (0.86-1.47)
D: >151 1128 67 1.17 (0.91-1.44)
Complete AVSD repair
A: 1-50 72 5 3.13 (0.63-5.97)
B: 51-100 155 8 2.10 (0.80-3.69)
C: 101-150 253 5 0.85 (0.17-1.66)
D: >151 392 7 0.73 (0.21-1.33)

(Continued)

TABLE E2. Continued

No. of No. of O/E ratios
procedures  deaths (95% CI)
Arterial switch operation
A: 1-50 50 14 8.83 (4.93-13.82)
B: 51-100 171 13 2.67 (1.37-4.25)
C: 101-150 310 19 2.31 (1.34-3.39)
D: >151 417 12 0.96 (0.47-1.52)
SP shunt
A: 1-50 266 20 1.84 (1.13-2.61)
B: 51-100 639 24 0.96 (0.61-1.35)
C: 101-150 1044 47 1.18 (0.87-1.51)
D: >151 1239 51 1.01 (0.75-1.29)
TAPVC repair
A: 1-50 49 10 1.62 (0.76-2.67)
B: 51-100 171 26 1.10 (0.73-1.50)
C: 101-150 331 33 0.83 (0.57-1.10)
D: >151 470 44 0.79 (0.58-1.01)
Bilateral PAB
A: 1-50 34 4 0.77 (0.18-1.50)
B: 51-100 110 14 0.65 (0.34-0.98)
C: 101-150 227 34 0.79 (0.56-1.04)
D: >151 354 37 0.63 (0.45-0.82)
Norwood operation
A: 1-50 15 6 2.75 (1.47-4.02)
B: 51-100 104 23 1.86 (1.20-2.62)
C: 101-150 168 37 1.72 (1.25-2.23)
D: >151 444 47 0.88 (0.66-1.12)

O/E, Observed/expected; CI, confidence interval; ASD, atrial septal defect; VSD, ven-
tricular septal defect; TOF, tetralogy of Fallot; CoA, coarctation of the aorta; PAB,
pulmonary artery banding; AVSD, atrioventricular septal defect; SP, systemic to pul-
monary; TAPVC, total anomalous pulmonary venous connection.
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TABLE E3. Excess deaths by hospital vol and of transfers needed to avoid 1 excess death
A: 1-50 B: 51-100 C: 101-150 D: 151-
No. of excess deaths

Age
<1 mo 8.1 20.1 0.8 -29.0
1-5 mo 15.3 -3.7 59 —45.8
6-11 mo 7.5 114 4.5 49
>ly 13.3 23.6 4.0 —40.9

J-STAT mortality category
J-STAT 1 1.3 6.1 -1.6 —5.8
J-STAT 2 16.6 20.2 12.2 —49.0
J-STAT 3 18.9 —24 4.8 —214
J-STAT 4 + 5 73 274 -0.1 —34.6

No. of transfers necessary

to avoid 1 excess death

Age
<1 mo 128.0 74.9 2895.0 —103.2
1-5 mo 77.8 —611.6 530.2 —95.8
6-11 mo 85.6 104.7 409.6 527.0
>ly 189.6 176.8 1467.3 —218.5

J-STAT
J-STAT 1 1762.1 526.0 —2817.2 —953.4
J-STAT 2 114.8 148.9 352.3 —139.8
J-STAT 3 50.3 —963.1 693.4 —221.1
J-STAT 4 + 5 233 24.1 —7359.9 —51.8

The number of patients transferred to avoid 1 excess death less than 100 is highlighted in bold. J-STAT, Japan Society of Thoracic Surgeons-European Association for Cardio-
thoracic Surgery Congenital Heart Surgery.

The Journal of Thoracic and Cardiovascular Surgery ¢ Volume Hl, Number l

10.e3

CONG

26



IWEER 2

FXMEEBDFiliZiT S M0
£1Mt (thigil{t) (CBIT S

BEFEFESNEN BXRNERERGFS
FEIFEFESNEN BRUBLOEIMNIFS

OfBER
FHASER

O%8
e RETARAI 2 Rigss ! EAREE ! HREE EAMER
BHER Y aas—? $AREFREY EE! A 2 hEFES 12

FHRE Y FEBER I FES) T AMHER! LA EE | IERA 2
RAZ=HF 12

1. WEFEFBFHEABRNERRSZFS
2. BEIFEFEBEBEABARVBMOEINIIFES



BARNERERSTS - BRUEBLENRFRE. [EREVERBZR
DTCEFNEBESAIC, FERENSHARET TEZEN DR
IREFEZRHL. RERDEREZEK T DCH(CIE. ZHAEN S
DEFIZET —LKFIDBEE FIEROEBENVETHD] &

WSEBZCAID, ITDIREZF LHD.
SM5E48 : E 1R

[EXRELEBROFMZITSMHROENE (higla(t) (CEYT SRS

1. RETREBREXRMEVRBROMMBERZ MG (CIRHEL. REKEREZ
BT B2, FR1506IU EDFitia T St (SEEFiMEEibs)
Z & Uitz FEntEE S 5,

2. HlAfE (. R ZEM I DENZEFR O IELZ|iE/ \— hF—LZBID
WHEND D,

3. HlheE% (3 EAEREPIEMMENSR TH DML LT/NRICUZ R S &
MEFE UL,

4. ¥t (S L) (CKD. IRTOFMiEMMEEN 2024FEH SI8F
D [EROBEHUE] (CEMUSDIARFIERDENET UL,

5. &8 (MBIEHlm(E) ANDFE—FH & LT FRFMiERS0HIREDIEER T (&,
REEULDYURX TS TR VERICH T DFMORMEIEZ D&
MEF LWL FiliziT SERCFIBDRIE CIE U THLRHEER & OEEZ
DT EMLEFLLY.

28



(FC&HIC

152 DHEOBR UaEEt Chslat) RNRERon?)
1. DHAEDFEEXRMEEEBFMAEITIEREL. FAMFER & Flikia
2. DHREO/NBOENRIEDERKRIRE
3. DHREO/NBOENRIEDFSFEIRE

£/t (tigdlsait) OBERE GRERNSHRAETEZEND
AR ERE iR U D DhtER & ?)

1. FYEFIEEANBRE

2. RERERADERK

3. NEEHLEEDRREEHK

19t (thigdlmsaib) OFFEEMIGR (MBERICKk(EFEIHE
()

1. BE - RIEN\OFEEZOMER
2. EFEERADRE ETDIIR

E el )

SR

29



FO&IC

RKEBEOVFEEIESONAECSVW T /NEEEDOREERROEE M ICAL TIEHH
ZRITIRV, BRBZECIEDD/NER/ARE SN MESARED., MERZERDOZES
ERIEDIZH(C ZROBPIZRZR e F — AERICK D, BLORNE &Rz L T
URERE U@ U CS LR, BEH+F. A EONRERBEEIBEREFZF UVLWREZR
F. R ZY — RIDMAZEHEIILTLD. UM U, IEF, FRIRERRRE SN TELRD
igfmiE. 2ERAMEE MRIE, NERIE, ERAREDORL). BITHER. BEHcE
IRE. COZEAREIDHERF - 1) L (CHNWTHERRURITNUZIRSIRVSEORENER L TW
3. NEEREFS - DIENESIRZ=NEBRGEZECENDDIFRLLT. INSOM
BICDVWTHRRZDITL. e DGR /RERZRHLU COTZHDIREZITD.

30



B1E:
DOHEDIIR (IREFRNE (iglib) BXeEROH ?)

1. DA EDERE VERBFMEMMRER. FiMifHER & Fipkia

Cardiovascular Surgery

FEREOEREBERDK 1%(CHENDE ™
BHSEEOBRETS D, DHYETEHERC
#7 10000 ADFEXRMEVERZRIBAHE LTV D, g n
FERMEDEBFERNIOBOBERE TS [ e
0. SSRGS & 1B BRESES L, DHIET -
(R 9000 HDEREERICH T DFM  mo
PIDNTHED, TOMBBE 20 FMEEAL " ppseanninzasisiniziins
Lo (1) L BHHS B

(K1) HHAEDOEM BN FHTEGIDHERS
Congenital : RS 0ES
(ARSI ¥ Annual Report 2018 £ D)

OHET(E 150 DR THRREWRBDOFMAITONTNSH. CDSE 60%ICHIED
90 % (CHIF BIARMEVERBDOERFMIENER (L 50 FIRBTH D, —MEsx=HTZ D EREL
B EDFHRATON TN DHEINE ERZD | FATEFIERD RN GRS D L \D
HOPEOHHTHS (K2) %

100
80
60
40

"HE N
0 (|
Q >

(B 2) BHECHFDERIERBFMZIT DHERDOIUE MR
fithh - fEEER. 1EEH . FRIFUPESIEK

31



FHEGIER DR WER N Z 8% H6d D
DHET. FAAEHIL & FiimkiE & DrC
BEUN DI EN FEBELRMETH B,
DHRAEMBEDU XU X7 TH D ISTAT X
07 3 (FfiREOUR I : 1~5 (C
DIFEN. BEHKZVEFEEUITAEN)
&RV THEER DAEGIER & BAEE & DRGR%E
FNRB & ERPERIZL 50 BFIARHDMEES T (&
ISTAT3 M EDFMN S 3 EE &
20.5% . €/ 150 HIL LR T
ISTAT3 LU EDFin' s B EIE(E 34.5%
ERREREER DA NS ) R TEFDEDH D
ganZnTERIDNB (E3) %

EREFID YR TS TR SN DIRTERICH
TDIRBEDIETR (O/ELL) ZEBHTD L.
90 BFETER(CEAT D O/E Lh(IFmIFiiEan

50 FIRiEOMES T 1.37. 150 B Eoffiss

T 0.78 Tz, /a5, 50 HIFREDNE
SRORFETR(E 150 HIL EDMERD 1.8 15
(Z723 (B4) 2. MELD. BREEED
FiiEIT DR (&, ERIEFIZR 150 FILL_ED
BB RBROEBEEE T DT ENLEELLE
EEEIND.

20000 1794
15000 1040
667
10000
6881
5000 3053
| 1952 |
5552
2453 SHIE 1038
~50 51~100  101~150 151~

OJSTAT 1 @JSTAT 2 ®JSTAT 3 ®JSTAT 4+5

(B 3) DHIEICHITBERMEVREFMIZIT SR ORUE & BAER *
HitEh « FAUTAEGIER. 1R FRIFAEGIE

1+ - - - - N - - - - FEEEE——. .
o
g l
w 4
o
054
0 p
group A group B group C group D
(1-50) (51-100) (101-150) (151-)

(R 4) HEFRIRBIDIERDIETERCET S O/E 12
#itdh : O/E tb. 188 : FRFMVEDIEL

32



S5 ([CEREDRBABICHITBRE
MR FHOMBC O/ELL R BH TS &,
TEAMETAECH S BBIRZA v F
Filife EDBEERCH T BH Y X Fil
DHR5T, J7 O—NEEPTEEE
FRIR ARIBE DL PG, AT L > \
i, AEIER TR & U 2T DF s
HiCHNTE, ERFMEN 50 HlHD
HESS T (3 O/E Lhld 3 Ml EE VSR TEH
o7z (®5) %

BELD, URIHRZEEM EOFMICEL TR FHEMROS VR TS & (Ck
DIEEENMET I 3 ThEMN GBS SHEAIEN S,

(B 5) HEsSHUERICHERRNBFHANRAIDIE TR S O/E It 2

fith : O/E Lk, &8 : FRAFMIAEGIEL

2. DA EO/NEOBIMIEDERRIREE

SEEME L TER 9,000 FDEDBEVRERFXXRIERBFMZITO T TZHIC(E
INBIDIESEIE DB BRI SMADIRE CTH Do NNBUIENEIFMIE/ U I -3 > A%< #
ZEERVCOHEEIBEMNEREND /NBOBIRIEL UTIRDIIE T T2 (C 3R
< &6 2000 I EDFMCSIL., BHMEFHDRIIZEERT D ENREBEEZISND,
6 (CRIIBED. BANEBREBFZSONMIREEZMNRICITONEZT > — MNEBORER
Tl FEBNIIS(CH DT — I ZBRVIT/NBOBIMIEDBF R, §5 (CEREXRMEVRERTF
fitit 50 PIRTEDIEES (CFRE I 2/ NEUDIEIMIEDF EA EN TFERDIFTILERIEL 20 FILL
Tl THOZ, LIZR > T BITOAKBI T NEDIEIMIEDERIRRE E U TR+
SIS THS.

Fe. FEFMEDDRERTE (TR FRFMRENS VWWEERICEWVWTETDIRET]
EERZFSNTUVRLVNROEIIENS <FET DRHRICEET I DVEND D FRHIF
IERN'Z VSR DR T E/NEEFIEEEN DR W T (&, MEREEDZH(CZ < D/NBD
BARIENRE(CRDTZH FEREUVT—AHELEDORIDBENPRLBOTUED ENIIR

33



Kt s, Uizh > T NEOIESRHEDE B (CHERFIEERZ R T DI2HICF &K
{BIC K DftEERE T2 D DFAREFIEZIED I IEIT TR L MBI &8 SN\ EEFaREZE
RIDENARFCHETH D,

F-IODERFER REFHATIR F-ILADERFK I IR EF R
— [=IRTIES] =RRTES ]
s 2 10~206 ”® 8 10~20pI
i ® 21~50p] ¥ ® 21~50p]
g B 51~100% S B 51~100%
R | 1014ILL ° B 1014Ll

SO ERERIEOEBFMR

201/l E  101~200f7 51~1004}

SO ERERIEORBFMR

20149l E  101~20067 51~1004}

LIRSHEHE 8 DIESHEHE 8

(K1 6) HMEsRDERPEGIERT & DOTESRIERI FAVESIL (2017 £)
(BRNRREREFE  [RERNEOESIEBRDIZDDT>o— MIE] £D)

3. DAED/NBOEHRIEDSHIRE

HEWRERBOFMIEIUEUFREB(CH LY. IFRCHHLRFRFRNEREND, i
BREMENDEEMIERERZTOLEN DD, NIOIESBIOEMEHERC(E 365 B 24 B
BOEERASZHEET D, M 7 ([CHBIFMTEREL TS/ EERGERBROMRE
BRFIZR gAY 95 HEsR 43 Mk (45%) CTEHEERERNTORMTHAEENTON TS
D, DHAETEMREREOEARZ OEIMIENED TVBHERNZ VDN RIRTH .

SPARERED RN EEER
45.2% (43/95)

L

r
WPAMEDSH WepAME + OWAKE and/or NRMMBE DRAKE and/or NEWMBE
8.44(8/95) 43.2% (41/95) 23.2% (22/%5) 2.1% (21/95)

Fo

DEARELSBFAEEEDIEROEE
88. 4% (84/95)

(E7) /NEERSHMERIBER DSERME IR B Tl IR
(NRIBERGBRFRDERERFRRELD)

34



Ffz, B8 (TRTED. NEBOESIMIEDMIBEEDZHDOUEEROEER (. 8 1E
EN59%. ZDHTEA 10 @ EOHEN 15%F5HTND % ZLT. M9 ITRITE
D, INEOESRIEDS @R EIEEICZ WV Y HEXD, DAEO/IN I (i1
BE(CHTDRENES <. FMBAORREEIEY I DICAZTREIE LD TULWDHHBIRE
RSHHHNS.

J0BIELE SO
2% 1o 0 100B5RI LA E T8 4%
294 17% 50~ 6085 RS R 3
N 204 11%
1~9[=]
318 17%
1~3@ 80~ 100B5RT K % 60~ B0BE ATk i
284 16% 584 33% 624 35%
4~6[a]
474 27%

(B2 9) /NELIEAMIED 1 BREIDE)FEEFH
HaEE0).
(BRNREREFS  DRERNBUESIRIES
DIzHDT T — NAR] £D)

(R 8) /NELESIED 1 HMADHEDEEL
(%12, BELHBEZSD)
(BARNEERSGFS  DRIER/NEOESIESK

DIHDT o —NAE] £D)

NEFPYRBE S (FRRD . KERBTL—AROFHRENRT T (/NE OES RIS ZER & LT
YUTWBRT—REHTHD. RALHMENREEDZORMENRIDOPD 1 F—LAs&
LT 1~2 ZOUEARIEAVNEOEARHIRE U TV T — D0, NEOISRIOF
M (C(HAFHRAEIRZENE & T Dz, B ADMBIMESIE YOk A EHAEE T GHEEE
RS ENS L NEUESIRIF— AR THEZIBEE SR Z/ RN EEH D, D=
5 [FMHDIRNDS EWVVD THEMDMRODITTIFRWIRIR] HEREND, 2OLDE
RRICHWTIIRAERES (C 2759 /B OEMRIEDBESEHNEE SN D . ERMDBE
FENEEREN, BEARNEOHEENBR RSN TLDZEFBEMDIETHDN. In
SORRZINEZ D & BURIRRED \— bF—LAHMBERENRINE, NBOEARIED
BEAHWEEFERTER, R ERDIEERICEBRBEZENIT DI EICKD., BETHE
FB(CEIUTEER - DOREEIDE & (CEEBIDOFMITONIRETH B,

35



BE2E:

Mt (bisila(t) OBIR (FrERMDSHRAMETTREH DR

MRERZIRHUDS D& ?)

1. FEMBREAERE

1) EMED2AE - L (Mgl t) ROMIBERDS D75

FRMEWVERBFMZREL. AMHHERZE Shtsxailxitss (LT, fxitsRsnd)
&L, FlizREE 9 (CEE UTEMW. YEPaR. B~ IEHHER. SXUEEOR
REEZ B Shtsez @i (LUT. EifhiREND) &9 5. b OBEHEENS
DHEEREFIC KD THIMHT L DFEXRMERBOIMIERZ SIEN (CHES.

2) BER &I 2HRIEER DEMF
Filre Kt 9 =i, FEROEFZETHICIT ZENETLL,

1.

SERMOEEFM (JSTAT category 1-5) HYER] 150 FI EiTHONTLNS,

2. BRMLERICHT BHF—FILERMTON TV,

3. DEMESNNEPIERTERIER THS.

4,

5. MFOABICES THBRENBEREVEBFMERETS/\— hF—LAh'db

INEEERGREPIEERER TH D,

Do R WERBZEMET D OMBMEMIEFE2BUL (S5EFIEEE 1
BLLE). DIRIMESBHERE 2 2L E. /NERIRSGEMIE 2 2 E. EdiaESE
FIEE 2 B £ IREREPIEE 2 R L. IMBIRIAEEE B8 Z B DR I FR L 1
2oL, ZDOMOEERTFtE 2 &MU E.

ERaERSFIEMEfR & U TRESN. /NERDIRIZLIZ ICU (PICU) 289
Do

PICU (C(3, PICU BEEZX/z2¥FFE LI DEMRERMN 5 BLUL (EHEEFME
22%7ZED) FilEY 3.

MIZUZ NICU ZB I D,

36



9. ZMEH> T 7 LR, MEfREIE. MBM O T 7 L >R EREZEBIREN
EBCATONTNSRE, EREZEEEAHNER/INTND,

10. 2EEE (FRZXEVRBFMARETONR) . FMOFEZNHT D,

11. BEHNEZHEET DIZHDEEERTETI D,

EROEMH T TFMEMERNEN SNBSS, DHEIC (341 50 Bl#EDOHLR R
MERESNDZENRIAFTND.

2. XEREFRADEK

NEBIRGERNEOBHRIEZ I TR NEERGERIE., 14 BRIE, FERIE.
ERE, BARTFREVOEENQESHECLDF - LAERZEI D WA ZDME
BOEFRZTVD DS, KFRENEPYREE. —E80HERECIRESND. $ERH
N SR ARRE TORRRE (S > THAGRR (C. BOBWVWERZIRM T 2R (IC(INIBREDERKT
IFTERL< SECHIZD T IINBRVWRERBRZITO0ENSDD.

1) /NEOFEIMIEDE R

ITEFERAMER (C35 D VNBOIESMIE | LWV S BERANERZEDIN DRI (TER L.
ZECTREIBIERZFHEN (CIRH T DD (TSR VREBDFiZEIT Sitera s
IBDTEDBEGIFE(CKEN, DIIMIEDEBREBMICIEMEE LT, FEBHFELT
BRATPRBICH T DFMICHZ <ENMU. KDZOEBREZEEIT D ENFEICEETH
B MREER T (E EF/ T OIEARIED ISTAT H7TU— 3 U EOHBEDEV\Fiiz.
RRUTEEEDE S TEPBO S5 (CHEZ <ERI DT ENTE/NEUENARIEZER
HNICBER Y 20T S LERITIT DI ENTTREICED.

Bfes% (CH VW TEFBREZ D & UTZSHHRIE. SHEN 515 F—ATHEREERZ D
B (AT SAEFIAMES NS INE DIBSMHE EFMTUS DR EIR(CZ < DR Z & U
TWBDREDIRRZR L. FMiFROBEICIDZLORMEZMNIDZENTED, igE
BoRONEFERE(CE O IEHE(CE. NEUDEBARIEL. TNENDERES JUM=EF
BORESEDER L EREZRETILHC. F—AO—B LU TEMPERICSMT D

10

37



ZENHIREND,

2) NEEERZBEREDE M

FRMERBOFMIZIT DMRDOEFNL (T NEBIRSBHEC &> TR /NETERES
FRERIER (CH T DERIEVRBOZEEEDONIENEL 5B, MEaxEINDKEIHIEE
LT, (DIEFMETHEER T D MRNMER T FMDH 25T HFT —F)LinEa S B
B - UEHEIEE. FMTEITOR EEMES T NS0T A O— - FIEISIREZ
BSENLEXULIN NERERBEFIEDERICENTE. MEICDVTDIMEZITZ S
FIZIBET DT ENEFT UL BARIIC(E. OEFHE(CIE CTASRIEZRFOBEMN. QL=
HEE% (CH VTR D S DIHELDF (T ANZIT SAEIDE(E GO T OIS A
12&E). OEEBDMEER TIHMEZIT S EZ AR & UI/NRIBIRSSEFIHED Y+ 15 LDEEET
IRENBETH D,

3. NEEFEEEDHR BN

FRMERBOODIEFMZR O E UITEEE, DIEARIEDH THRDIIDEDT(F R,
EMEDORR(CEF— LAEFRZRET 2EFNETBRAFIORBNIVETHD.

1) NEERERENVERIRN

SRR EFEERECHITDIRAMMERES (CX LT BUIREEERZTOEMER
THD. FXRMEVEBORMPZEG VNRTHDZ &1 & [FEREVEBORFRE] h'5S
BPIENETSICEL. FEKTIEITIC [Board of Pediatric Intensive/Critical Carel &U
TEHMAAWICROSNTHD > NBEZET DEFABREN BN EZE S A
M= E72 D TVD DA EICENTEEFSERDEFFIMBRB (C(VNEDRIMHIZE(CEH
TR L —=> TN UEAETH D,

11

38



Fiz. BANRERSGETSEARSN
1727z TPICU OBREEDER] & VNG
fESMRHE D i1 EIR (CHNT D BRI D
A (CEAIBT7>T— hMEECEINE
PICU EftEN' 5 AL LTSS DhER(CH
WTDIESMIE DR EIR(CHNT D ENFS
BREFEEALE 30%KiEmTH D, DiEsh
MEDGBEFZELURL TS (M10). =
NSDZ EN S, DEFMHED O TR
EEZXEI SRR EETEEECS D

DESNHESTRERICELT

(BBERD) B

100% —
80%
60%
40%
20%
0%

E&ICU oA ~4 AN

L—
1~2A 3 @

D3 0%XKiHEB30%-50%850-70%87 0%LE

(B 10) NEOESIEMZER CEYY (BBED) 25
PICU BAEE#HN 5 B L DMEEE T3 BASHCIHRIEN MR ERC

b U. FilrEERERDOEN = B 5 9 284
DWENVETH D,

2) DO ED/NEEREBRDRE

BT I A4 — MIRD

(BFNREREEARARS [7>0— MIE] £D)

DR EDIRIRZER D & XM WREFMZIT DM DMEEER(ICS UV T, 59% (56/95)
HVNBICRENRRRAES ICU TITHN., BFII1ZwY hTd3 PICU T(d 34% (33/95)IC

EEF>TVWD, (K11),

FIZETEEREREN 5 B EWDHEE(E 22% (21/95)(C & £F D /NEERSERM
=D 43D 3 DHERCHNTEFERENTEL TVDHRKNHD (K 12).

Z0fth
CCUUNRD#A) 5%
2%

PICU
34%
16U/CCU (B A
EREWK)
59%

(B 11) XM VRBOMAZERZIT/RD T\ DIRKRDIELR
BRAEDRE ICU THiREEZITSDH 59% %<,
BFI1=w M(PICU) TR EIRZ 1T SHER (L 34% £ 720N,
UNRBRERFSR 2020 FERMERFERRELD)

20ABLE
11-20A );%'l

3%

6-10A

17% oA

40%

1-4N
38%

(B 12) EHERE(CHIS DFREDER SHbRE
5 B EBRENV\DHER(E 21 MEERDH T, KDD 74 i
F(F4BUT. 2055 38 MR TBRENTETH D,
UNRBRERFSR 2020 FERMERERRELD)

12

39



AT, BIFD PICU 34 MEsR(CHVNT. Z < (FRIRMTT - E2HT5 (CFE L TH DRIR
HIFFK ERAFICFE L TLND—73 T /M5 T(E PICU fEER#l - mARE & B (CARN(FR 1),

2018 LS i -t
JLiE 58 1 6 9.6
Rt 99 2 14 i
IR ER{EH 574 15 164 3.5
thEp 230 4 42 5.5
i3 251 7 89 2.8
hEME 136 2 14 9.7
LI 179 3 22 8
hiE 25 1 8 3

(1) PICU 1 BRésTz DOINEALTR
BISREFSAL - /T - XPHRIE. PICUL BRasTz DOVNEA(E 2.8-3.5 FAEIKISEV BT THB
TN 5.5-9.6 & 2 LOEEN B3
(38 47 ERAETAREPLLHES | NEEDLBBEFAS. 2020 )
B EXD NROBEMAERSEFIENMBOH THNZ ENS. NEEFRIBEZE(PICU)
(CEUDEFIIZY bHIETH DM THIFTICH LT PICU (IRRBLTHE D A D PICU
DEFEEBERESRE LU CLWSTRIRNMONEDEXRRRETH D,

3) DHED PICU DEff & ABER

PICU A REB L TLBIHISICHN TR, AOREESHLERECH IS PICU 1= ~
DBRES L ORROHERD . EHULICIBETHS. PICU 1= MIWERBDOHRS T
IRNCOENEZZEITDIEEN SV ENS, NIDFEIE - /NEEIRZRIZIT TR
< NERNESEL - MBZESHTERARTDERICRDRENIRET DS &(C, Higond
B ERDEBEHEAZRLE UTZBEARGIZEX D 2 ENEF UL, SR THAITRE EE
BRI RRBD NS, PICU 2R (ST & @ U e EEBER (CE DLW T EfE%E
Big S BN DS,

13

40



AT, BIFD PICU 34 MEsR(CHVNT. Z < (FRIRMTT - E2HT5 (CFE L TH DRIR
HIFFK ERAFICFE L TLND—73 T /M5 T(E PICU fEER#l - mARE & B (CARN(FR 1),

2018 LS i -t
JLiE 58 1 6 9.6
Rt 99 2 14 i
IR ER{EH 574 15 164 3.5
thEp 230 4 42 5.5
i3 251 7 89 2.8
hEME 136 2 14 9.7
LI 179 3 22 8
hiE 25 1 8 3

(1) PICU 1 BRésTz DOINEALTR
BISREFSAL - /T - XPHRIE. PICUL BRasTz DOVNEA(E 2.8-3.5 FAEIKISEV BT THB
TN 5.5-9.6 & 2 LOEEN B3
(38 47 ERAETAREPLLHES | NEEDLBBEFAS. 2020 )
B EXD NROBEMAERSEFIENMBOH THNZ ENS. NEEFRIBEZE(PICU)
(CEUDEFIIZY bHIETH DM THIFTICH LT PICU (IRRBLTHE D A D PICU
DEFEEBERESRE LU CLWSTRIRNMONEDEXRRRETH D,

3) DHED PICU DEff & ABER

PICU A REB L TLBIHISICHN TR, AOREESHLERECH IS PICU 1= ~
DBRES L ORROHERD . EHULICIBETHS. PICU 1= MIWERBDOHRS T
IRNCOENEZZEITDIEEN SV ENS, NIDFEIE - /NEEIRZRIZIT TR
< NERNESEL - MBZESHTERARTDERICRDRENIRET DS &(C, Higond
B ERDEBEHEAZRLE UTZBEARGIZEX D 2 ENEF UL, SR THAITRE EE
BRI RRBD NS, PICU 2R (ST & @ U e EEBER (CE DLW T EfE%E
Big S BN DS,

13

41



FEHH 4 FEZFERMCUE (CHWT, NEFEETAREEER(LE PICU BIER
ETBD)DEFEBRHC. AT Ui AU EEXR M EBFMOBEMER CHELEEZRM L
EEREMNEL 1 F/IIC 80 BULETHDT .| MIASNIZ, PICU EIERMOMEREEE(C
(E. 18 FREAEDIRREL] "NEOYFEERIGEORRE 5 FU LRI 3EMZ 2 B LR

YT &L EESHBN. —EUEDRIRTHRRMEVERBOFMIZIT SMR(ICH VT, PICUE
FI1Zw hEEEL. NEEFEROERZE I DEMZRRI D2 N RIRZELEE
HLuE=NTWLD,

BFIEOERD THEL VINE DIREMHADZ BRI Z i 3 D2 (CIE NEREBE ZZE
TEDHEMEBRAKFINEE THD. PICU (CEROEFEEREMEZREL. EHEEE
FIERHENER 72D C & T RENEREROBR/ L FFIEDEEN I LRD., BREU
TEREDER - RICDINDZENIIFTE D, F(CRIRPER - T8 - IS it
15T (3 PICU BREDERTER (372 <. PICU DBREEHRDIZHICE. EFBESHIERET
B DIEEIMEFIHERF C (BB TH D . CORRNEEIRERZ2E C RO Mm B FIFREIC
BN RMWICE. ZTNTNICEET FMEUA (BN ERGF B IUVETEREFS
([C K DEEDZEGHIREMECENDH - #HENLEFEND.

14

42



E3E:
SF=HE (higla(t) oEE MR (MBERCKRIZITHERH
M)

INBIDIEF MR OEFME (igila(t) (CRINDIZER . N O RIEL - /INEER
BRIES - NREASEES - BERAY Y JBREDIYI/I\D—NER L, HELH - /N
AR EDFBERDER. =SICEMUELEID ETIERBDILS - W \DT7 It X - &£
{EHEER DARE - N R EDEFRIB(CINR., Z EBREOEELEDHENERNES
B5Nd. INSEFEMICEAHEL. A E—OCE > TEMIET & (CIRRIEFKRERLD.
fEl 2 DU T D NS DER(CDVWTDREDHL EERMNGE TH D EFULICIDREF
SNDEOFEL LT, OFER  RIEEIEE - BRFOIRYCEE. OQERER :
MezE DEENEIBIEN, GhE%Al : ICU 1> NICU D& - FiliDAREIRENETFSND. &
NSORE. EENE Y2 /IND— - JEREDDIROMETT [CHEN TR DORERFE LR
BTENFREND. CDfesh. MECHNWTEROEZH#IFURE - RIEOARFRZH/)
RICUTENEZITDIC(E, MEkfEEOM(E. BASIORZ. BERZIROB L, &
fitTHA T — AERARI DL, ICU/NICU DIRERIE(E E RS Y THE . FirOEERRE, H
M ICER LIS E LR D,

1. BE - FRIEADHE - ZONE

1) FEERAFAzAL SRR L. RSB AH DR

EHUE (MgHl(E) (S EREINDA VTS ([CH W TR E DS (T RHI(CK
SREDERD. BEEFEOEEZRS USRI Z&/I\RICTDIEHICF EMELE
EREN (OB F RS T D Mmitiag & FMTa TR EIEIEES (C K DB Z A2 U\
[EiTER - REEAZRIE. TNLSNOHET A O— - YEIMIS/R EZ BB TITRA DK D2MEE!
D8 EERMECRSTRNEE UL\, S50, CNSOMEEIMREISEE L. Ry D —TJZ%
B CEIEZHT - D2 D7 L2 AR ECKDBRIEBENBETH D, NEERFRBOFFIE

15

43



L+ BREHBIENBE LR DIRREZ W\, 5 (CIEVWERE (CHUTI(REEMR TD2
WA MBI BEZRBR D DWEAX IS Z1T D LEEF (C, FREN ROY —A\URE (KD REZEZ
TADHHIEIINNE TH D,

2) HERTEZEIER DM@

HAEBERORESITFMN RE /RIS TOHE FHEHB/MRR LD gEENE < Fe&E
DFRIFIRRIC K D> TERIEBERSUREN EEE 72 MU Z U\, CDTzsh. HUSDERIE
NEIBIREGRIE & +70EE - HEEEZITV HERBIROME E(ICEH, HEBEENS
DIERPOHNEFEN B EIRER IR (CE U T (LSRN DEHARX Z T2 SAHI OBENEE
T&HD.

3) BE - FIEDTZHDRAFEIEEERDRE

FiDZH(CRIR - FIORIEBZEIZ8\D & (LD FABREIDOFr->RARBID
ARZET D EEZ. CDIEsH. B SHRDESF TORIEBEEIORFN/LTR
— MEBI DFE PHLANER (CH T D RIIGEDIZSHD T 7 =) — )\ D R1I; EORAFHIEN
ROBNET UL,

2. EFENMER N\DRZE &R

1) HeRHEER DEEMERIBENINADITIG

75 CHNTEEEDENEN BT LEEMREDT >/ D —DEFMEEFETDNRL
ZEBZV /NEDUIETFA & BEMTHEAEIR (C (IAFRI R S EAtih' BRSNSz, HlsSfE
FICHVWTIEROSIBIEN B (ICEMIAEIER) (CHIBEFBNSISHRITNDTENTF
Bend. NEEFEERE - NERERSHIE - NTODIESMIETOBMHAEERF — AZ A2k
L. F—AERZREI 2 EICKDAMPERODEZSHD LT TR BEHREICE
UM EIRAHZHII T D ENEF LUV, Kz, BEEEMRELHBHULIRTS
I - 2T heET DC EERERRDE LIRS,

16

44



2) BLhtBERODIRERGRAE & FIRFELR

FRMEDRBFMOENE (HgHlib) DEDE TRREDD IR (CHNTHES
12D EIREMENE VDAY ICU KU NICU DB THD. FFICKFRbe/: BT O AR
EHUEERITROTTZAR. MMDBZERID ICU KU NICU ADAE([CEHEZRF T2,
TRRDEAR - BN ERARFICEERY Y JIREDHE - BEBRE LD, Tz, #I5(CHN
TIEHBRIEDHEEHECLEE L T3 L(FER T RUBVREFIE(C L S FMiEiENI(C
GO EEE C TR B EIREME BB\ INBIOEFM XIS T E D ERMDET BRI /AECiE S EE W
BETHD,

17

45



FLH

DA EIC (R EBDFMZIT SHEERNZEFEL TLDN ZDE < (SERFIMTIE
BEEHY 50 HISRIBD/ NIRRT D FHPEFIERDANR R (FAEFIERDZ L Vi & LEEL
U TFMDTERLNE <. &YX TERIDHIZSFTHY X TR CHENTETDEFERT
SRVNEDTH DIz, RIERBRENWSBRNSE. I RUENMEER T (EFEDIRERDAES) EFEER
TDTEEFFRST FFERNSHAFTTDHSDDEREVEBRRE(CHUTCEETCR
BRI ERZ G (LRI D2 —EU LD EEERZE L. tINBEDR0
RIERBRENZE T DZMIE) \— hF—LADEENLEN D,

Fle. BRMVERBFMICHE I DHBEDOHERZNESEN TS D, 2024 FENS

8k D [EEMDBEHRE ] ([CERLUSDHMERIDIR BIRIAZHIE \— bF—LANMEE
SNV ENROBIMIEDBEHREFFRIRTER., HEIT D 150 DEXMEERETF
fitiSEHEMEER T N TICBE SRR (CER LS DAFIDBEZHE T D L(FRRN TR,
YR £ 138 DR (CRREDERN T E T LN U BRI \— hF— ADMBESN TS
FHCEHBIOFMMTONDIRETH D,

S, BEUTOARS/NERRSGERATH (. [EXEVRBFMZEREL. BfHE
BB ShEra ] EU. [FMizREE 9 (CEE U TR EPaR. B~
BHHER. SLUEBORRERZE ST &SR] &I, Hlmx @SR &
W51 BHEREF(C K D TENTNDHIRD SR IE WRBOIMIERZ 2IEN (LB S . S£F91L

(Higdlet) BOWRNEFZERE, B2 50 fEsRmENN ZE SHEESND.

[CRIRLU DD ETIFRN UN U SERIEWERBZR O TEFNICEESAZELCHL

T, TEREN SHABME TEREN DM RERZ R T S8(C. FilielT ShtsDEN
£ (gHlsil) ZHEEL TOK S E AN DEEDRE TH D,

18

46



Xk

. Committee for Scientific Affairs, The Japanese Association for Thoracic Surgery,
et al. Thoracic and cardiovascular surgery in Japan during 2018: Annual report
by the Japanese Association for Thoracic Surgery. Gen Thorac Cardiovasc Surg
2021;69:179-212.

. Yoshimura N, Hirata Y, Inuzuka R, et al. Effect of procedural volume on the
outcomes of congenital heart surgery in Japan. J Thorac Cardiovasc Surg
2023;165(4):1541-1550. https://doi.org/10.1016/j.jtcvs.2022.06.009

. Hirahara N, Miyata H, Kato N, et al. Development of Bayesian Mortality Categories
for Congenital Cardiac Surgery in Japan. Ann Thorac Surg. 2021;112:839-845.
https://doi.org/10.1016/j.athoracsur.2020.07.012

. BAERE, IWEER. $SARZFREN. RER/NEOEAREBR IO T O 7>
— MAEERRE. H/MES. 2019;35:61-69. doi: 10.9794/jspccs.35.61

. Pediatric Critical Care Medicine Certification. The American Board of Pediatrics.
https://www.abp.org/content/pediatric-critical-care-medicine-certification.

. Paediatric Intensive Care Medicine — Sub-specialty. Royal College of Paediatrics
and Child Health. https://www.rcpch.ac.uk/resources/paediatric-intensive-

care-medicine-sub-specialty.

19

47



=%k 3

—t

NERIFEE DB RERE 2020

AR R R - gy
PRI D — R FEHD 1
o, HROARIELELO
FERy DM BFTT

Kk . A "
JSPCES|News|lletter e

SREHRERE

RELOARAR

2§32

Corplate AVSD 268
M, LEMcEEH NN M
Fe#RBHTHATL P
PAVS TE
R ®CCHAMMRE ORI
PLTREFEMcbA 5 DoRvveDtes L zs
DORV-Tetrogy trpe a1

WEeT, THERREEX
LMY — <45 R

[z

BxpRaEEee 38R LFE BT

FETUZTEATE  YAEAR BRE TH E=88
MREFRY - BERR - 7—y<—2ZAR EAE A x
P-yA-2pERE ERE D)

A xm

(20154 ~) L TP & TAPNG 175 HOM 7 128
s 188 oo =0

WH—~4 352, (2005 HUHS 134 ROM 8 22911 2RKERN 72
™ s wwe 47T Ymwes =

fE~) ZMIRFICHEEL T Ebstein 86 ARVC 6  Marfn 81
Crgnof PAfronAc 6 EE 2 Meewn 40

FF ELT2007% OF ey 21 AmOBE 7 Turer 23

H299E) I 6. BMATS P_— H M

ZrhirdcsaL., W Corviatrituom 27 &¥momsse® 0020202000 3 las
BAG 12 EMRON 0

Fehwebi AFALATOMN % _

B EhE LA, S Pumorsry AVF 19 DNERROSE 00 02

HREMG TR TuRN S _— e
e 840,835

37, ORERTE 136

MR RIEN WK M

20201 B1E~12H31H FERDGI - SERRREERIRRS 14361 L0 2OF VAL S, IEFEZ 100% T LA,

EXREOMTRREAREEELEFARELETNORBOMINIOT01 ERT. Wik
Mg SNHTIOL00EFHETED LA, LALENE, BVFRICER SHEMRRF2X
ALTHD, 2020FHEMBLOBISIEH L THHIEREEENHT &M 1.36% &40,
20150 S 20195 M (1.3-1.4%) LHBTLE. REMCIMENRBERCZELY
HoRERLBSCHISH, TN, IRTHNERERNTREVOTEHEERZDRTH,
REWSIMTWSEAMORBREFEAST, HOBECFMRELLMBYBENT
WEY,

W RSN
LIEA RTINS, MR £ S L S
28, YTEMRTEFZ, BRUREICHDTE
R - RREREAENERICET - EBShRE
FHEST, LU, EFRRORNERI SO, #
DR - RS AERER Y S ORI

AL, AR OBMRRBRTIE, EROWEMD OEEMANE, CEERANE, BIND
FEH HOIESS, 77 O—BRESNREEUT. AREARTHIHFT, BUWE)
WS, RMLHBRRFHS CHESRE UL, 2017 $RRS S RANCHRENEE £

1EMOUTORE(S) OENRENEERE TS,
1. "AFECOWRR, LLTIIRES
2. "HEE, ELTIRESR
3. AR ELTIORER
4, "REME - OISR - T04) LLTITRER
5 RET - ROERR, LLTIZHES

Lo BMBLEBERC TN, (HELE - OHSER - TOH,. "REF - REER
W) OARTIZ, 2019F TMHOL TWABARCEE, LAVOGE. BECHRORYE
BRAFBOOBRELE>TED, FORCHEHACHREELLARBRBYTEATLR,
COMRERRTECZLLD, BFEEHIERBOSLMBELEN P EORERROEN
HordESKLABILMDNEY, RET - ROHEAR, K2VWTH, BRIROEBES
HLEWERESILH, JOMRTRNENT I LRTEELAY, ZRBOORES
SMELSHERThISMENoeHCRRT,

FWEE, RHBEEHSEXMORERFEME - A\OREEERTILHOLETHO
MEZLT, BRCOUHIXTAMURRERITZLCAMLTVEY, £, Skt
HEHAEEOLR, RERETOMIMELES A TORERORE. MABWELXER
EMOBWHPBEET—IR—ILEFAL. BENBCMHEANTSCEENITEIRT,
LW, CREFEVAEVWTED TTHNAY - FREEFASHREROWRO SRHD
WTY, FRODBHEOLIMEEL EITEY, SEOMRNHICEANECDEHE M
BULEY,

48



ANJLBRAGECHE - 2h 2 - it
I D — D FERD R,
[ DAL LR W O T4 8
ORI E4F T 2R
MicFtosntT—yR2HED
FHATLE, ZITHANR
WimB LT, TR
AREOBENY —_LF R,
(201545E~) L THPmy—
<A Ty Ay (20055~) %4
Bl Ty 2T, 20174
(FHE204F) 26, B8
Z ke R oL, Fek
web i AT ATOMEH WL,
EnTEHET, Lk, 20219

|
i

BxpRauaee 38R (LFE BT
FHTUZEELTE  YHEAR BAR TH E=88
FHERRSRFSAEAR TRE B AL
P-5R-ZPERR ERE

A

PEVT (WPWESH) 272
LT 352
8

82

_2

ﬂ |

Mk ar X0 TREE MLEE - O
- 208, K TR
#) OHEHMENERE L,
20215 L3 ORI R LA

FHMMAMHRRLHEEE pon
TktEET. SRBREE

202118 1E~2021512A318

W RN

LA RTINS, TS REE I IS L oS
25, HRERTENBICEVT200ENOENE
T5, TTERRTENRS L, HRERGICHNHTE
HEE - FHEERAENRERICET - EBShEE
FEXC, £EL, SNRBOBWESRIT S0,
DR - SRR RGNS S ORI
‘BRI,

TEMOLTOEB (L) OESNENEIRET S,
I "ERMONTERR, ELTINRER
2. "HEE, ELTVIRER
3, FEm; LLTI0EEE
4,
5.

TREME - OISR - 0%, LLTIBRES
RET - REERY, ELTIZERS

HCM 7 26
M 22911 2R %G00 77
H H
H H
F e
F
H
811640
139

B4JEMBR T 2 OERERR RSN AEREIROS 143 BIRED TERVER
2. EEFR100%TUL.

EXUONTRAREAREESLEFTAREERNNORBOMIR 580 ERT. M
4%, 10000#FMETHEDELA, LOLLKS, BIMICHETIHERLFLRAILTS
D, 2021 FHEMB11 640 ML THHEREEENHET S£891.30% &40, 20155
HE 20204 W (1.3-14%) EAVTUR. RBICERRMRERICESL 2 > LEF
LB, MEREFAUALETHRTOTEHMERZDTTH, ARESThTLEERS
OEEREELHMFOBRMEBSATVEY,

"REXEOCAWAR; ARTE. AEMRICORSRIME. CEFRIME. BN
FENMLUINESS, 7rO0-MMESRETUL. #RENRTHAMBRFRS, 8
HRRERSSFS{HEINILL, 2017THARS S RROICARShEC LR ER
ROEBERC TN, "HELE - CHER - TOH,. TRET - REKRAR, OAR
TREALRBESLLASBREDELATLE, 48, 2021 E8L0FMBNZ AL
WEOHR ROBERCIIENRNSMCEFAOXERRLTVWERS, 2RAOEEFHD
LU RET - SHERY COVTH, RBCRORBEERLEVERLBSR Y,
COMETREENYT I LTI LAY, SEEOCRESHMTLNSENT IZRN
BROBTUDET,

FRRGFETIONAMNE LT, BHEKER SEXEORBRANE - ADMBEER
FECZEARLTVWET, TN, SAKRIRBOREROT— 7 REREFHRCLNE
THD., PEAORBELRELTREF-IR-AZRHHEREL TV SRBNIC
FHLTWEEBNR LB TEDEY, 25K, SERERRHESEOLR, BTSN
FERBRIMOBNBEFT—FR—AONVFBERLTENO T, TMHERIE
ftLVEROD, CERVWEELWTED R TRREE - S ARREARRER0 RO OB
HOWMTT, DEDBMEBELESEY, SREXMRANOCRRNLOBHENERL CEM
WHLEY,

49



EA7#
1 2020.1.1~2020.12.31 X Tlc. FRICKERIESZH U ERILH]. 1 FROEFES L EBNROAZHENRE LT,
2 NRFEHIFELHA (2020.1.1~2020.12.31 £7T) KHEWT 20 mKHBE LET.
3 SARMFMERE. ARE. HEES FEROBFTIE FRIUH GHERMERD S OFRBNF. BEREBERG CHRICEREEER/CIP%E
B0) OEFEE—DDOHEFL TN,

4 FTIMBE TS . WRIAEPICHIO TERIER - MEREE - BPIERIER (B L UBERR) KRN - RRSNIERAIREH TIRE W, et EFER

DEEZBIT B, MOERIER - MR - HABRIERD S OBMEFIFERZV TS W,
5 SREWLMEREICOHECTEREAHLICBETE. RUE L TAREDNEREZER/EE LU TERLTILET N,
6 REGERBEEZEHRTZEIREB TR DONEREHOIDOAEEFIRE U TSIV, DMERZAHU TWRWESSERT 2RERFHD XE A

HAENRER (2020 FERE) [£5 H58]

<LEREDMERE >3] KEA <HBE>11 KBS
DEFRBRIBEE MAMEAERIAAE-VSD type MmEH REVFRFSAEAE

EIREFRFE MAMEAERIAAE-Tetralogy type  KBIARAHENARAE REDARST ESAERE

DB FRBRIBEE A MEAERIAAE-TGA type ZDED RENERSA TIRFRIE

REDBRAEAEE A MEAERIAAE-Other type TV RKRTA N A—F YV NERR  KBRAPIHRDIER I AL
KEDARS BERTAE WENARERETRAE TEEN AR {BIERPABETSE

L REERBRIEE R ER RS 2 AE Z DIEEERE S BN ARFF B AE
TrR2EREERRRIELE BLOE FiEDRRARE FEH AR LA AE

7 7 O—PUE TS TR B R M BN AT A AE = R A FASER 2E
DEFRRRRIBZE M S BB AREISHAE ZRFBIHAE EES & =nd
DEFRBRBEHDBVHBIREIEE T 75105

TEKMEHNAE BiEDAR L 1T R EH AR IS RE AT B AR

SRS ERMEEGHAE FRIB

50



<TERR>10 KEA
FHEE EREE
FHEEERE IO EREH
DEHEED/ABE)

QT EREMREE

TIVAY FEMRRE

H7 A5 I VERSHIEOEER
NZ/CE VRO ESRE
DESER

TAREAEREE
TEEEIAVY

<FhEILE - DERE - 201> 17 KB4
TN AR R BHAR 1E AT L
TAEY AT v —fEREE

PR A5 ML FEAE

BERELDARIE

HRERA D ERIE

HRE D EHE

DEEE RS
TEIRIER E O
DPIBEARAESE M

REOEHL

FLIR AR AR SRMTR

DIEES

SR M DR ISE

INHEME TR A
NIEFROHIEE

DiERE

DREBEIMIMELE

SARBARENSTVELES
BRNRRERRY R
BRELTRET —YR—XZER
FTEEVWADELLEE W,

Mail : jspccs-database@umin.ac.jp

<HEETF - REGRE>12KESL
5 R

18 hUYI—
13hUYE—
SEREIREE
SIREREE
220.11.2 RKIJERRE
Y4 U7 L RREERE
N7 7 VREMREE

X —7F VEERE

5 —F —fEfEEE
CHARGE fEf&Ef
VATER #&

2021.2.26 5%
BEFEFFDEADSNEBERESR
BEBETRET -9 RN—ZXEBR

51



EA7#
1 2021.1.1~2021.12.31 X TIZ. FRICKERISZH L ERI2H]. 1 FROEES L EBNROAZHENRE LT,
2 NRFEHIEFELHA (2021.1.1~2021.1231 £7T) KW T20mKBE LET.
3 SARMFMERE. ARE. HEES FEROBFTIE FRIUH GHERMERD S OFRBNF. BEREBERG CHRICEREEER/CIP%E
B0) OEFEE—DDOHEFL TN,

4 FTIMBE TS . WRIAEPICHIO TERIER - MEREE - BPIERIER (B L UBERR) KRN - RRSNIERAIREH TIRE W, et EFER

DEEZBIT B, MOERIER - MR - HABRIERD S OBMEFIFERZV TS W,
5 SREWLMEREICOHECTEREAHLICBETE. RUE L TAREDNEREZER/EE LU TERLTILET N,
6 REGERBEEZEHRTZEIREB TR DONEREHOIDOAEEFIRE U TSIV, DMERZAHU TWRWESSERT 2RERFHD XE A

BENRER (2021 £ERE) [£5 54]

<LEREDMERE >3] KEA <HBE>11 KBS
DEFRBRIBEE MAMEAERIAAE-VSD type MmEH REVFRFSAEAE

EIREFRFE MAMEAERIAAE-Tetralogy type  KBIARAHENARAE REDARST ESAERE

DB FRBRIBEE A MEAERIAAE-TGA type ZDED RENERSA TIRFRIE

REDBRAEAEE A MEAERIAAE-Other type TV RKRTA N A—F YV NERR  KBRAPIHRDIER I AL
KEDARS BERTAE WENARERETRAE TEEN AR {BIERPABETSE

L REERBRIEE R ER RS 2 AE Z DIEEERE S BN ARFF B AE
TrR2EREERRRIELE BLOE FiEDRRARE FEH AR LA AE

7 7 O—PUE TS TR B R M BN AT A AE = R A FASER 2E
DEFRRRRIBZE M S BB AREISHAE ZRFBIHAE EES & =nd
DEFRBRBEHDBVHBIREIEE T 75105

TEKMEHNAE BiEDAR L 1T R EH AR IS RE AT B AR

SRS ERMEEGHAE FRIB

52



<TERR>10 KEA
FHEE EREE
FHEEERE IO EREH
DEHEED/ABE)

QT EREMREE

TIVAY FEMRRE

H7 A5 I VERSHIEOEER
NZ/CE VRO ESRE
DESER

TAREAEREE
TEEEIAVY

<FhEILE - DERE - 201> 17 KB4
TN AR R BHAR 1E AT L
TAEY AT v —fEREE

PR A5 ML FEAE

BERELDARIE

HRERA D ERIE

HRE D EHE

DEEE RS
TEIRIER E O
DPIBEARAESE M

REOEHL

FLIR AR AR SRMTR

DIEES

SR M DR ISE

INHEME TR A
NIEFROHIEE

DiERE

DREBEIMIMELE

1B

SARBARENSTVELES
BRNRRERRY R
F—HIR—ANEES

FTEEVWADELLEE W,

Mail : jspccs-post@bunken.co.jp

<HEETF - REGRE>12KESL
5 R

18 hUYI—
13hUYE—
SEREIREE
SIREREE
220.11.2 RKIJERRE
Y4 U7 L RREERE
N7 7 VREMREE

X —7F VEERE

5 —F —fEfEEE
CHARGE fEf&Ef
VATER #&

2022.2.18 5%
WEFEIEEARRNRERS Y
FoyR—RNEES

53



U BaRERSEEE
DEEREAEY 27 4

FERROER

Euiea)

EE. IR

ASD
IDEPREIIEE

EE  EADOLEDOBDETH D LEDRIC. KIBFLERDDHD. OTRAEOEIR
TAEIOBIDEED 3 941 TZERHRET D,

<BRLDIFE>

1. DEPRE—RILXIBIF IAVSD (RE2EDETRIIEAE) (CBiRLTIEE0,

2. DRFFLBRTE & BRI S NUTAEAIE B8R & LBV TLIZE LY,

3. OEERE HEH UTER DESES TR, MITERE L, RORENKENER
N3FRE (FREB) TERULTEE W,

PDA
BIRERFIE

T BREN . HERDEREMEE TREREEHEELIZDD,

<BIREOFE>

1. KXARBIREFTFEFER LBV TS,

2. OEEREDEH UEMOEBIES CE. MITEE L SBEENRETVEED
N2FEE (FFRB) TBRULUTEE,

VSD
IDVEE PR RARAE

T EADLEDEDETH D OEPREIC. KIEFLZERHD DD,

<EBRFOFR>

1. HOEEREDEH UICEM DESES T, MITERE L, RDEENATVESED
N2FEE (FFRE) TBRULTIEE,

CoA
RENARAEZRAE

EH | KEIRIEES & T ABIIRDBEITE. T 13O 5 RENRNDBIIRE B0 Rz £
[$)=£S108

<BHRELDER>

1. Simple CoA & CoA Complex EBICAEBICERULTLIET L,

2. OWEREDEMH U EMOERIELTE. MITEE L SBEENREVERD
N3%EE (ERE) TERLTIESL,

IAA
RENR S BERTAE

EFE | KBRS O—ERENEAELIcB D, DEPRIIE. DETRIE. TE2KME
&, MAMBEEZEHREDDMEBEREZEHLTVDIENE L,
<BHFLEDEZ>

1. OBERBOEH UIcEM OEREANTIE. MTEE L ROREIATVEED
Name (TEB) TEHRLTLZSL,

Complete AVSD
SR UEEDPRIIRIE

T | BERODRERERBESR2ICLY. DREPR—RILNES DEPRRIEE
V. HBEEREHFOZFERT DHD.

<EBRLOER>

1. FERAEZEDRIIBIEF AVSD [CEFR LT IZEW,

2. PERBEPRXRIE (IS VSD Z#53HD) & Complete AVSD ICEFLTL
EEL,

3. thOERE (TGA. SV 12E) bat UcEMOESRIES TE, mTEEt. 86
FENMKEVERDONDHEE (FHB) TERLTLLES L,

Incomplete AVSD
e EREPRIISIE

TE L DBEPR—RILRIBNSG Y. BIERICIR (cleft) Z3BH2HD. =RFLEE
RESOEOMIUTEREINTE Y. DEPRERIEFRN,

<ZFLOFE>

1. DEPRREDS 5. ZRAL, iR, SROBER ASD [CEHRUL T,
2. OWSRBEDEH UICEMOEDES T, MTEE L ROFENRTVLERD
Nawe (TFRB) TERLTL RS,

TOF
Fallot F9#EE

TE  ODEPRAIE (VSD) . OFfERIZE (PS) . OABREGE. @BRLEADMN
WEBIZITHD,

<F#& LOFE>

1. EIREIEZGH I S5G(1F PAVSD (C. MERARIBZGHT DHEE Absent
PV ICHELTL RS,

54



U BaRERSEEE
DEEREAEY 27 4

Eiuies) E&. AR
TR | FEIROIEIIRS. F T ECEF L THEL. DEPRIIBZH S HD. MAPCA
PAVSD BHITDTENEN. LD ZHEE Fallot WHED ST,

IDERRRIEZ 4 5 B REARE

<ERELDOFE>
1. ANEZRE TOF & UT TOF [CEFURBVTL T,

PAIVS
IDEPRRRIBE IRV FHENIREASHE

EF | EIRN ENEIRS, FTFECEFH L THEL. DEPRIIBZEDBVDHD,
<BRRLEOFE>

1. ZDREEEBETEA. #ENELEE LT Fontan BFfizBETEAN®. &
B5DREIZHEHICK Y PAIVS EUTERULTIREEL,

TGA
FERMEGALE

EH BBELAE. ABREEENERICDBN ). HENSKBIRD. EZH SHEIRT
N L RRESION

<BHFEDEFR>

1. DBERB OO LICEM OERE TIE. MTEEL ROPENATVER
N2@E% (TRE) TERLTIESL,

CTGA
FERMAEIERMEIRAIE

EE  BEIBIZNERICOBNY., EED SHEIROCIE L. AEIEEIFNEE
[CDBH . BEDSKEMRDICIET 2 BD.

<EFLOFE>

1. fEDBERB OO UICEM IERESN TIE, MTEE L ROFEBIATNEED
N3@Ee (TRE) TERLTIESL,

DORV-VSD type
MAMEGELIHIE-VSD type

EE  WAME FEIREAIR D55, —AIFEENSTLRCRBEL. B5—HD
S50%UEEENSIRIELTVD DD T, DEPRRIEEF S DN EERHEEREG
<. BRODEPRIBECHELILMTBEER T 20D, 55D DDEDERLK
ZHSBD. BEA—HDBD. —ABEERHAHICHIBDZER

<F#H LOFE>

1. fOWERB O EH LICEM OVEREN TlE, MTEE L ROFEIRETNCED
NaRe (EFFREB) TERLTLI T,

DORV-Tetralogy type
MAMEGERISAE-Tetralogy type

T WAME (FEIRE KR OS5, —HREEDNSTELICEBL. BI—FHH
50% U EEEN S LTVHHD T, DEPRBIBESEERLEREZEL. T77
O—UBEICEU LI MTEEZR T2 DD, E55NDLEDREMZEHIDD. B
ERA—HDBHD. —RIBEEHEHICH S BDZRR.

<BHZFEDEFZ>

1. fOBERBOEH UCEM IERESTIE, MTEE L. ROFEIATNEID
Name (THEB) TERLTLZSL,

DORV-TGA type
MAMEGFLIHIE-TCA type

T MAME (MEIREAERK) OO5. —HFAENSTRICEIIBL. BOI—AH
S50%UEEENSEIELTVDBHDT. TERMEEAMEICFELILCMITEEZHET B
B, EES5NDLEDRERZHESHD. BEA—HODLD. —RIBEHHHEICHD
BDERR<

<BRLDIE>

1. thDWERBDOEH UG DERESTE. MITEE L, ROTENAZTVEED
N2FE (FFB) TBRULUTLESTD,

DORV-Other type
MAMEGERZHBIE-Other type

TE  WAME (FENRE AR D55, —AIFEENSRRCRBL, HS3—HH
50%LL EEED 5L TS HD T, DORV-VSD type, DORV-TOF type, DORV-
TGAtype DVFNICHEFENZVDHD, HIZ1F Remote type DBDPLEPRRRIE
ZHIBVBDREEZST, EES5HDDLEDEERZHSIDD. BEA—HDHOD.

—RIBZEREAHEICH S BDDZERRL,

<EH& LOFE>

1. HOBERE DG U@ DERDIESITIE. MTEE L, RDEENKETVEED
N3wE (EHRB) TEHRLTRSL,.

55



2; BaRERSEEE
DEEREAEY 27 4

Eiuies)

R

EE. IR

Truncus arteriosus

TE  EEMOEN SOMABZRTHE—DKME (KEIRE) HiBL. Z0RICH
HiftEDIRT 20D, HEIREH SHER. HBEERENOMRNHESND. DEDREXR
B DEPRAE. HEiREFEr S, KBRS EDOOMEBERSEZEH L
TWBTENBL,

<BFZEDEZ>

1.PAVSD - MAPCA FEHRVTLEE L, (RBIIREHEIRE type IV ESNTLI
HD)

2. thOMSRBEDEH UTCEMOEDES T, MTEE L. ROFENRTVLERD
N2EE (EFRB) TERULTLI T,

TAPVC
TR R BE

EFE  INTOMBIRNER LDBZRV. BEEEF 3 AEREBZET T 2DD,
<BHFLEDIEZ>

1. OBERBOEH UcEM OEREANTIE, MTEE L ROREIATVEED
N2we (TFB) TERLTLZSL,

TR | KES SOMTEEZNIC. BEMRNRAT DOENVEDDLEUNFEL
BLBD, L. RIICESVOEDDLENFELTHLV,. RINOLENTFET
ZBEICIF. ZORPFHDECEEERTERRIEFEELEL.

<BR LDIFE>

SV 1. AVSD, cTGA, TGA, PAIVS ZET, Fontan BIFIDWRICIEBIHZETH SV &8
BOHE FEY. EEBEOFRESZHICIVERULTIIETV, ThbbE, RENMEELCHMD
57, FLZAVSD, cTGA, TGA, PAIVS EEFLTLREL,
2. TAHLHS B &R SV [CFEBF T, ZNETNOHEERE LTERLTI TV,
3.DILV (MEEFEEHEA) DRV @BEEFEEEA) , MA (BIEFHH BERF
SVELTESRLTLSEE L,
EH DR, HIABRK. KEBEIRSICVCDEDROERRE. BIBFH. KEERFD
B, B2, BLULESEZE/#SBD,
HLHS <BRLDOFE>
DR RAE RS 1. EMEFEREREHERAES (HLHS variant) DB&5. DEPRIIBOEREICHHND
57, HLHS [CEERL TS,
2. BIEREAE (MA) AERBOBEEF SV & LTERULTIZEL,
A FHE | ZRAONHUEIHE U TEBREGZEDTBBNER SN T2 DD,
—geag <BRLDFE>
B 1. TADBEF SV [CERET. TAICBRULTIEET W,
TR SRR (FEICHRR. %BR) H plastering DIzHICHEEDDREBSEINEAL U
Ebstein ZDHFDEELHOERALZE/S DD,
ITRIAVR <B@RLDFE>

1. NEZ=LRBEARICER LBV T ZE L),

Crigin of PA from Ao

T | AAIKEIRS (CHOVTHEINRE: (EMERR) HADRERRICOHBITL. BRTE)
IRH* LATREIARD SEEIBT 200D (GIEIR LITAZIRER) « SRUGRAIKEIRSD

ORI LT A BT 56 BRI DS OREIRICOH B L. AR AR SEET 550 (1
BOEDAR LT ABIRAEED)
2 1 AROCIBIRANIUAL. MEIRARICE. MBI, DEPRRIEE S
BHD, K& (E Fallot MEYEICEHT Do
Absent PV <83 LOEE>
BEIARA R

1. TOF REICAEMHULIEBEICH, TOF ([CBIRET. Absent PV & UTERLTLE
T,

56



U BaRERSEEE
DEEREAEY 27 4

Eiuies)

o

E&. AR

Vascular Ring
MEH

TR I ABRSS LU ZTOOROREERBICKLY. [E - BiBZIWBECMENTWIKIC
EmEn2o0n @ : mAIDSE 4 WIESEIREREC K EEABIRSHTERIND) .
WREBOMEICKIRE, BEDEBERNEIRY 2. (T Fallot IIHIEREDF
7/ — BHREBICEHT B

<BHZEDEFZ>

1. fOBERBOEH UCEMIERENTIE. MTEE L. ROFEIATNEID
N3@Ee (TRE) TERLTIESL,

AP Window
KREDARAENITAS

FHE | HTREIREMERE DRBICRRDIBN DY, OB ALZEN LT, KBRH
SHEIRNEZENHSNBHD,

<BHFEDEZ>

1. fOBERBOEH UEM IERENTIE, MTEE L ROFEIATNEED
N3@Ee (TRE) TERLTLIESL,

Cor triatriatum
=Y;=T

T%  EEN. RERECK > THEROBRI 2EZLADELBEROZSTES
DERELICHFTSNIZBD,

<ZFLOFE>

1. fOBERBOEH UCEM IERESTIE, MTEE L. ROFEIATNEED
N3%Ee (TRE) TERULTIESL,

BWG syndrome
TSYURROA b A5V RERE

EF | ERTIERERD S8 T 2 EBERD. FHENRD ST DD,
<BRLDIE>

1. DHEEER DS DCM ERBIENTVRERIICSNTH. BRERE UTHENR
HS5NBHBEICIF. DCM TlF1e< BWG syndrome & LTERUL TS EE L,

Coronary AVF
TEE IR

EE | BERCIFEDOFRBIRAMEOMEZN U TERD. F/oEFRMERFICHNTND
BN,

<EFHZRLOEER>

1. TA IC Coronary AVF & ULIZERIIC DV TIE. TA EUTERUL TS,

2. fOBERB DA U EMOERRIES T, MITEE L SBEENREVERD
N3RS (FREB) TERULTLEEW,

Other Coronary Anomalies
ZDfEEIRER

TE | EERD SETHIRD . BERD SEREIRALDDNESTH 0. ZNUH
DEZEETEIMCIBEE NS, RIETIE BWG JERE & BEIREUSN DEENR
RETERNREUTERT . EHRBOBIIRNOAENRE EREIRE DR ZETS
2T LT DEEN. DHEEERIT NG D,

Pulmonary AVF
LEEIEEIRES

EE | REEEPNCHEIRI I EMNS 2R HE . EBEMERICERI DD,
<BRLDIFE>

1. Glenn Fii¥ Fontan FMTOEBHAICLE Urc Pulmonary AVF (&, EROMREL
BOTLREL,

valvular AS
KREPIRAIRAEAE

ERE | KBERADPREICKVEZICEATI DN B HD,

<BHFLEDIE>

1. MTBRE LERRBRZZET 2B EDHZEFRIRE LTI LT,

2. thOESRBEDEH UTCEMOEDES T, MTEE L ROFEINRTVLERD
Nawe (FRB) TERLTIZTL,

3. RERAAHALFIBEDBEFMITHE LLVEE LB SNDRBZIRE
ELTERULTLES L,

supra AS
RENRSFT_EARFEAE

T KBERA. ValsalvaB& W ERMDIEICK U ERICEEBIHD 2 DD, REHE
[TIREDE UBWESEEN S VA, HITRERSANBVEEREDEH 5.
<ZFLDEE>

1. TR LERBIRZET 2B EDHZEFRIRE LTI LT,

2. hOWERBOEH UTCEMOEDES CE. MTEE L ROFENRTVLERD
Nawe (TFRH) TERLTL S,

57



u BaRERSEEE
DEEREAEY 27 4

Eiuies)

R

EE. IR

infra AS
RENIRSF TIRARIE

R | KEIRFA TOBRERE 2 (SRR DOMREIC LW EZICEERHI DO D B HD. %<
DEEREIRSHET. DEDRRIE. BEPRRIEREZEHT 5,
<ERELOFE>

1. [TENRE EERIBMBZEZE T 2BREDHEBSHRURE LT EEL,

2. thOBERBDEH LB VEREL T, MITEE L. RPFENATVER
N2FEE (FFHH) TBRULTILEEL,

AR
REDRSFT AR SIE

EE | REIRADERERSICK UABIRD SAEENMRMER L. LEICBESFHH
[AR<ESION

<BRLDIE>

1. MTHELERBIREE2T 2BEDHZEFURE LTIEE N,

2. REIRSFRAEASIRBEDRE FMITHELLVEREEX SNRBZTRE
ELTERELTLZE L,

3. fDWSERBOEH UEMOEREACRMITEE LRDFENRETNEBbN
BRBTERLU TS,

MS
BB FIRAAE

EE | BERORECLVEEN SEENDIIERANCEEZEZL, ERBRICEETZ
FleTHD., HXUTHDTENSV, tMOELREAEERBEEAHT D EHGD,
<BRR LDIFE>

1. [TENRE FERIBMBZZE T 2BEDHZEEHRURE LTI EETL,

2. [BIERHAEFREAEADEDREEMITHE LXVEELEX SNZHEBTERLT
<FEEV,

3. thDOEEREDEH UICEMORERES TRITEE LRBEENAETVEB DN
BRBTERLTIREL,

4. BIERF LRIGAEB(ICERU TS,

MR
1BIEFEASEA2IE

EE | BEROATEROERES CKVIURHICEEN SEBNDERNEL. B
[CBEBREZECT DD, BIEBMRBHEREE. Marfan JE&Ef. Ehlers-Danlos FE&E.
NIBFRETEETE. B EARATENARECIAME. IERIVOAE. ARG E(CEHT
BTENDD,

<ERLOFE>

1. MiTENRE EBERBFIRN G BEFDHERL T W,

2. [BIERSEFREPAEADEDOREFMITHE LXVEELEZI SNBDHRBTERLT
2SN,

3. OEERE HEH UTER DVESES T, MITEHE L, RORENKETNER

N3RE (FKB) TERLTES W,

4. 2 U T O EIEF BERMEOES FREBEE ICER LBV T TV,

valvular PS
FRENAR A IR

EE | EBIRAOREICKVERICEEFZEICTHD,

<BFEDIEZ>

1. MTBRE LERRBIRZET 2B EDHZEFIRE LTI LT,

2. fOBERBEOEH UIEM DRRES T3, MITEE L. ZOPEIRETVERD
NaRe (TFRB) TERLTL T,

supra PS
FhEnpRST_EXRARE

EFE | EIRF LORECKERICEEFZELTHD,

<BHFLEDIEZ>

1. MTHRE LERBIRZET 2BEDHZEFRIRE LT LT,

2. hOERBEDEH UICEMOEDES T, MTEE L ROFEINRTVLERD
NaRe (EFRB) TERLTL T,

peripheral PS
R ERTEDIRIRAEAE

EFE | EEMEIRDILEN K U IRUDREICKVERICEEFHZEIZTHD,
<SHZLEDEZ>

1. MTBELERBIRZE2T 2BEDHZEIFNRE LTI,

2. fEOWSERBOEH UCEMOEDES CIE. MITHE L. ROFENRETNER
ON2FEE (FRE) TERLTILEST,

58



i; BaRERSEEE
DEEREAEY 27 4

L . EE
% CARORAERCE-T. LENSLEDEANED. LEICARaEES
I=CESION
<BREDFE>
T 1. M R GFRE AT SREOH EBRIRE LT,
R | CARPEREMR S EOBE G MM L&) EBEEX SNHRETERLT
SARERRSE o
3. BOBBERE DM LD ERER TS, MEIE L. BoREFA=OEEND
NeRs (ERE) TERLTREL,
4. Ebstein FEDEFIFABRICERUBGVWTLEEWL,
T8 AR PNBEORRER & -T. BENSEE~OMEANCZBES L.
EBRICEaEEEETHD,
<E% FOEE>
TS 1. MFEE FEBLFREAST 5 BEDH EBRNSE LT 2T,
=asRn 2. CARCERER RS OB ST &) SEEER 5NBRETERLT
RSV,
3. OWERELAH LI OEREA TS, M8 . BOREMA=LEED
NBRS (ERE) TEELTIREL,
% | BRSSO BENRLEE (PSR, PQ BEEE F2L. F=E
EAHTHE0, FEROHAIEEBEOETHEEERY. THECEFIL TR
wow f;gfgﬁ;fwuﬂkﬁﬁzﬁo
wmmp;;;;;%gfﬁkﬁ 1. SRR BIERMRAR (T L— 32758 FBIAUHIDBER LT

2N,
2. ERMOMERBCARBZGH UITEF. RRIE UTEREDMERBCERU
TLEEL,

PSVT (WPW LISY)
FHIEEERE LSO L =E51E

EFE L WPW EEB ZBRU c L5810,

<BRLOFE>

1. FARICERY E 2 FIERYIEE (F I U— 3 VIR E B UHOH ER LT
T

2. FREDMBRB(ICAEEZGH UICESE. REIE UCTAEREDMNERE CEIR
LTLIEEL,

EE DEHED OENSEEICTRAL SRECEETZHD. DEREULT. fR (&
ROTNRANMEBADK) =R, 18E)  DENBBREIRAELUEET 2D, 0
BREUT. FIR GRAIEUVWVEEIRR) Z3B6H2.

Af/AF <BRLDFE>
IDEEHHED/A8Eh 1. BROBRICHN DS T R (EEMERLND SOBNE) ZERUTIE

T,
2. ERMEOMERE CABEEZGH UIERIE, REIE UCTHRRIEDMERE CERL
TLREEW,
T QT BETERICKY . ZRMBLEDD. OEME). RATEDOIXTDHZHD,
BLETFEBZHD NS0,
<B@RLOF=>

LQT 1. BMFICIIFEEYEE (ICDRE) ZHUSBEB LA FIel33 U BLF2MS

QT AERIEREF

NIZBICRRE L TERL T T,

2. BANYD LM, FEIFICKD TR LQT DBBERFER LBV TIZEL,

3. ARMWOMERB(ICAREZ G H# UICERE. RAIE L CRERMDMERBICERUL
TLEEL,

59



U BaRERSEEE
DEEREAEY 27 4

B e EE. IR
B AAENALE (V1-3) THERST FRERTESEN IOV IERL. DERR
FIRIC K RBPRATEDU R T DHDHD,
Burgada <ERELOFE>
SRR 1. BYFICFIERYEE (ICDRE) ZHULBBURAL FB3H U< BLTFEMS
NIBICRE L TERLTEE L,
2. ERMLDMERS CABEEZEH UIDERE. REIE UTAREDMERS CERL
TLREW,
T L EE). BEBOR(. AT ISIVRST. ZHOES S VEZEAEDDEEDH
BRIN, K. BRFEOURIDHEHD, BIEFREEHES TENZ,
CPVT <BRREOFE>

H7 IS VERSMDERE

1. BEOBRCHDDS T, FRZMHIZEERL TR,
2. ERMEOMERBCAREZEH UTEIE. RRIC UTEREOMERSCERU
TLEEL,

T& AMT0v 0. EWRALZRIDEED. CaF vRIVEHE (RS/VZ))) (TR
RMTHD.

<BHFLEDIE>

1. BROBRICOHNDS T, FRZEAIZBRLTIIZT L,

2. ERMOMERE CAREZEH UMEIE. RRIE UTEREOMERS CERU
TLREEL,

VT
IDZ5EIH

E# CPVT RUNS /NS )VERZIEOEEALANDOEEH, < FEEREEILFET.
EHMT7OvD. TA#ZERY . BRFEFEBRNDEN,
<EREOFEE>

BEOEEICHDD ST, FREEMAIZESEIRL TS0,
2. ERMODMBREICABEEZGH UESS, REIIE UTEREDMERS(CEIRL
TLIREW,

Sick sinus syndrome
TRAREERE

TR RBEOKERS, FFRBEHD S OBENDBECEES(CLIRIREZSET
HO. ERREDRERIK (<50/9) . AELEFRIFEETOY T, HRIREITERS
7220,

<ERFLOZEFE>

1. BROBRCNMD DS T, FREHBHIZERLTIIEEL,

2. ERMEOMERE CABEEZEH UIERIE, REIE UCTHRRIEDMERE CERL
TLREW,

Complete AVB
TEEETOVY

TR BEREHOERBICLY. DBEOEOEENEHE T, RIREELTDD,
<EFLOZEFE>

BEREOERICOHID ST FEEIZERL TR0,

2. ERMOMERE CABEEZGH UIERIE, REIE UCTHRRIEDMERE CERL
TLREW,

IPAH
RFEE AR BRI DS E

TR MEBIROERNER(CKY .. ETHICHBMEZ ST DD, BEHE (heritable
PAH) DHDEST.

<EREOFEE>

1. BR&. MITERE EERIREREZ M S AR OERE. HIV R, FEIC XKD PAH
FARBECERULBVTLRE W,

2. BEERREAES (T D PIIR PAH (FPIAR PAH (ICBERUL T IEE L,

3. [MfTENRE L AR EGREZHDIBRVEREIERZGH Uz PAH FARIECER UL
TLIREL,

4. EDRES. MRS /EER. MAERMUMSIECHD PAH BERBICERULG
WTCLEEW,

60



U BaRERSEEE
DEEREAEY 27 4

Eiuies) E&. AR

ER | MITERE FERBAEEEZEM# S EREDERICEKY . MBIREIERENEIT U,
BEEEEELIZBD,

<BRLOF=E>

1. FREGEAEE UTERL. REEB S CHD FEFRULIBNTL IS,

2. #ifzIC Eisenmenger WIS NITESIDH ZERL TS,

Eisenmenger
TALCYAY I v —fEREE

TF | PIRETTEZ ST FERRICEHT D PAH,
<EBRLOER>
1. SERMPIWRABERIGH T D PAH BAEICER U TS,

Pl PAH
PIBRAHE MEE

EE . RETHOLEBREREZ SRS,
<BRLDEFE>
HCM 1. IDEREARIC K D HEESHAIS R TIESH ) FB Ao
BEARZYDERAE 2. RBERBICHSIDOBHAIRBICER LT IEE L,
3. tOBEREDEH LITES TRMITBE LROFENATVERDNDKRETE
FUTL S,

TR RERHOLELRL. [EEE T ZELT B0,
<BRLDIZ>
DCM 1. IDEREARIC K BHERESHIIS A TIEH ) F B Ao
HRSREUDERE 2. RERRICHSDODHAEBICERU T LT,
3. tOBERBOEH LITEM TRMITBE LRORENATVERDNDRETE
BUTL S,

TR AEDIRESZRD. DA2Z2Y BKE. LEDIRERERFRN. X
IKIFTEV, i EFDAMBIRDIER, #RHLe EIFFRNTRZSD 5.

RCM <& LOFE>
HEREYDVERAE 1. IDEREARIC K B HEESHAIS IR TIE S ) F B Ao
2. DOBERBOOH UTEATRMITEE LROFEEN AT NERDONDRETE
LTS L,

TR ARDHBEEBOEMAL, BHECAREMZRDZHD, DI I—t. 1R
DRHEE/BEBELEN 2 51 k.

LVNC <BRIRLDFE>
DERE LS 1. BEARBUDERAE. MSREVDEREIFERUBVNTL T,
2. OB ERE OB LS TRMTERE LRDHEEBNAEVERDNZRZTE
FmUTLEE W,

EE | REFNHOEEOHDEN., FETEH, Mt ZESHE L. GEDHER. IWNER
2. EEEROTERZZT 2HD,

ARVC <BHFEDEZ>
NEIREE R DEE 1. DERERRIC K B HEMESHTIE A TIESH ) F B Ao
2. OWERBOEH UIES TR TS LROFENAETVEBONZHETHE
B|UTL S,

R L DEICBRRME, HIEHREDBEICET DNEDREZE D, ERIRBRENE
TT2HD,

<BHFLEDIZ>

1. DEFEARIC K DB RATH ) T A,

2. EERHBIEICL D EFE FERULBL T REL,

EFE
D BRARAESE EAE

EE | VA ABRECL > TELUIDHORMENERER T, DRSS PLEEE
BILRDTERGEZZET HDHD,

ESEINY:ii <BHZLDIFR>

1. RRREIC KW DIEBED R T U iREVDERE B &R LBL T <2 L,

2. IDEERIC K D HEMEHIIT A T3 B T A




U N i
DWREBREREVAT L

2t

R

& ER

FLR BRI

EE AR Q@mUT) OBIERERINITHL. BEFHEAZCK M OALZEE
2 HD.

<EFLOFE>

1. BFRMRHORAICKSTERL TS,

2. [BIEREAEA R EOBESIRFEET. AEDHERL TIIES,

3. RS gbh5 3 m EOEIEF R SEE R DECERU T

RIS

DRSS

ER DB DEICRET IER. BNHE RIEE WWRE. B, BE. NE
ZZ0.

<BRLDIFE>

1. WEMHEBEERULBVLTZE L,

SERMDIRRIBAE

B ARNICDENIBLIEDHD,

IR

TR DIRDORIECK I DANRDIEEZEZ L. DEDFTBESZE T DD, KFE
M OAVRM, BRI BDTE. BRI ERES T,

P TImYsiize a3

TER )Rk OEEIRIRA P MRS (C &L 5 DHiEE.

<EFLOFE>

1. EREDDEEZSHERLTIIZIN,

2. SRR D H COFER(CHHNRDBRE L ZHDBRVEAFER UGV TL

RIS

=R

EFE  A—IUHIIERICH 2 FOYEBNBEENE oNNTERY . RFBEEICDEM
D SR LEICE B IRRE,

<E#HFLOFE>

1. FIRE(CESY BB BDRMERNMEILICEER LBV TS0,

IDRMBSOMELE

T IDERICK VAN TIMBLEES T UIcB D, FERMOEER. TR, DFEE.
TEMTEIARSE. ) IBREODHEESENRR. DRERVHIZST.

<BRRLDFE>

1. INHEECRELTERLTEE L,

2. WRBEENDIFELEZT >z, H2LF. AED [CLW bystander [C& W ERES
NEHBE T, BRBEICKVRRICHESNBIICTREL T RZEL,

3. BRHEAER < EHEN'DE LIZAIFBRA LT IZE 0,

4. DIEERZEFAEEICERET. BEBICERLTIEEW,

EMHDER

T 3N BBLLEICOIE UREN RS 20K T, IRREDHAEALIDREZ R U,
D DERERE P EEBESC LD AERZEZZT2DD,

<EHFLOER>

1. DEHEEIRIC K B HEMESHIIC K W DA IR . HiFRRE &R L/BER L DLW
SR DOFRZEROIEADH ZETR L TEET W,

2. REDERFEN 53N B EICHIZ ) DEHOREDFFBIEZRD . DEFERTD
IDERRFTRN RS NAERIE, 2MEDERICEERE TITIEMEDHRDOH CERLT
<IEEWV,

Down syndrome
IO VIEREE

TER | BRASHMOGERR. DRR. BOREERREZR/ME T DIER. 21 BREHR
2RHZVE—BOFENERH.

<EFLOFTE>

1. DERZEEH UIERIDH ZEERL TIEE L,

2. ZHT2VEBRBOHICERLTIZEL QREZEER) .

3. REHIRE CHRESH S NIERDH EBHR U T LT,

18 trisomy
18 hUY=—

TE | BHNGRER. OER DROER. HOREERREZRHME T DEREE. 18
BREAERDZVE—BOEELRE.

<E#HF LOFE>

1. DEREBZEEH UTERIDH ZESR L T IZE L,

2. ZHTDVEBRBORICERU T T QKRBZEER) .

3. REHIRE CTHESE S NICAERIDH ZEiR U TEEL,

62



LBk 4 :

Circulation Journal
Circ J 2022; 86: 128—135
doi: 10.1253/circj.CJ-21-0559

ORIGINAL ARTICLE
ACHD

Echocardiographic Left Ventricular Z-Score Utility in
Predicting Pulmonary-Systemic Flow Ratio in
Children With Ventricular Septal Defect or
Patent Ductus Arteriosus

Naofumi F. Sumitomo, MD; Kazuki Kodo, MD, PhD; Jun Maeda, MD, PhD;
Masaru Miura, MD, PhD; Hiroyuki Yamagishi, MD, PhD

Background: The correlation between the Z-score of the left ventricular (LV) diameter and the LV volume-overload due to pulmonary
over-circulation in children with ventricular septal defect (VSD) or patent ductus arteriosus (PDA) remains unclear.

Methods and Results: The present, retrospective study enrolled 70 children (aged 0.3-16.8 years; 33 males, 37 females) with a
diagnosis of isolated VSD and/or PDA who underwent cardiac catheterization (CC) between 2015 and 2019. Patients with chromo-
somal/genetic anomalies, growth disorder, right-ventricular enlargement or other conditions causing LV enlargement were excluded.
Echocardiographic parameters were retrospectively evaluated from the medical records, converted to a Z-score, then compared with
CC data. The pulmonary-systemic flow ratio on CC (cQp/Qs) correlated significantly with the Z-score of both the LV end-diastolic
diameter (Zd) (r=0.698, P<0.0001) and LV end-systolic diameter (r=0.593, P<0.0001). Regression analysis and curve-fitting were
used to predict the cQp/Qs based on the Zd, and a significant regression equation was found on cubic regression (R2 of 0.524,
P<0.0001) showing a strong correlation with the cQp/Qs (r=0.724, P<0.0001).

Conclusions: The Z-score of the LV diameter can be a useful, non-invasive marker for evaluating LV volume overload and deter-

mining the surgical indications in children with VSD or PDA because of its strong correlation with the cQp/Qs.

Key Words: Children; Congenital heart disease; Echocardiography; Left ventricular volume over-load; Z-score

tricle (LV) in various heart diseases causes left ven-

tricular chamber enlargement. In adults, acquired
valve insufficiency, such as mitral valve regurgitation (MR)
or aortic valve regurgitation (AR), is the principal cause.
In these cases, the indications for surgical valve repair rely
on LV diameter measurements using transthoracic echo-
cardiography (TTE)."# In pediatric patients, most cases of
LV volume overload result from congenital heart disecases
(CHD) with increased pulmonary circulation due to left-
to-right shunt, such as ventricular septal defect (VSD) and
patent ductus arteriosus (PDA). In such cases, the LV
becomes enlarged as in adults,5 but its size varies according
to the patient’s body size.

In the past, the degree of LV volume overload in children
with VSD or PDA was evaluated by cardiac catheteriza-
tion (CC), which can assess LV volume angiographically,®
as well as demonstrate the pulmonary-systemic flow ratio
(Qp/Qs). Although CC is currently the gold standard for

I t is well-known that volume overload of the left ven-

Editorial p136

evaluating the Qp/Qs and pulmonary vascular resistance
in patients with VSD or PDA, it can be replaced by other
imaging modalities, such as TTE and magnetic resonance
imaging (MRI), as a means of evaluating LV volume over-
load.” Two-dimensional (2D) and three-dimensional TTE
are frequently used to evaluate LV volume. MRI is some-
times used for this purpose as well,” and these imaging
modalities are known to correlate well with LV volume
measurements in healthy children.® Despite the recent
development of such assessment methods, there are still no
studies using any imaging modality to determine if there is
a precise correlation between the degree of LV volume
overload and LV volume size in children with VSD or PDA.

Some recent studies discussed the standardization of
children’s echocardiographic measurements based on the
Z-score, which is useful for evaluating both congenital and
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Candidates
N =175

Total 91

Chromosomal/Genetic abnormality : N = 53
Preterm/LBW infant : N=7
Height/Weight < -2SD or > +2SD : N = 31

Total 12

ASD>5mm:N=3
LVEF <55% : N=0
| Valve regurgitation 2 moderate : N = 4*

Severe PHt : N=5

Figure 1. Number of candidate patients,
excluded patients, and enrollees in the pres-
ent study. ASD, afrial septal defect; LBW, low
birth weight infant; LVEF, left ventricular ejec-
tion fraction; PH, pulmonary hypertension.

*Includes 2 patients with moderate aortic

N=2

Other reason for exclusion

valve regurgitation and 2 patients with mod-
erate mitral valve regurgitation. tSevere pul-
monary hypertension is defined by a mean

Included
N=70

pulmonary artery pressure >40mmHg or
right ventricular systolic pressure >70% of
the left ventricular systolic pressure on car-
diac catheterization.

acquired cardiac diseases.®!® The hemodynamic abnor-
malities in CHD affect the heart’s structure and size. Thus,
the echocardiographic Z-score is useful because it reflects
the cardiac hemodynamic status.'® Although children with
VSD and PDA are known to have increased echocardio-
graphic Z-scores of the LV dimensions,!!!2 no studies have
described the relationship between increased pulmonary
circulation and the Z-score of the echocardiographic LV
dimensions precisely. We conducted the present study to
test our hypothesis that the Z-score of the LV diameter
correlates with LV volume overload caused by pulmonary
over-circulation in children with VSD or PDA.

Methods

Inclusion and Exclusion Criteria
Children aged 0 to 18 years with the diagnosis of VSD and/
or PDA without any other CHD who underwent CC between
2015 and 2019 at Keio University Hospital (KUH) or
Tokyo Metropolitan Children’s Medical Center (TMCMC)
were enrolled. At these facilities, CC studies for VSD were
performed routinely in patients with clinical findings of
pulmonary over-circulation, including infants aged >6
months at KUH and <6 months at TMCMC to evaluate
their Qp/Qs, and in some cases, pulmonary vascular resis-
tance. Catheter closure for VSD is still not practiced in
Japan. The main purpose of CC in PDA cases was catheter
closure for patients with various levels of pulmonary blood
flow. Some of these patients had undergone surgical or cath-
eter closure after CC, whereas others had undergone nei-
ther. Also included were patients with atrial septal defect
(ASD) <5 mm and trivial/mild valve regurgitation, includ-
ing MR, AR, tricuspid valve regurgitation (TR), and pul-
monary valve regurgitation (PR), because these diseases
are often associated with VSD and PDA and were consid-
ered to have less impact on the LV size.

The following patients were excluded due to having an

unsuitable Z-score: patients with (1) a history of cardiac
surgery or catheter intervention; (2) a chromosomal abnor-
mality, including 21 trisomy, genetic abnormality or mul-
tiple malformation syndrome; (3) birth weight <2,500¢g or
gestational age <37 weeks; (4) age <1 month or body
weight <2,500g at CC; and (5) height or weight <=2 SD or
>+2 SD at CC, including poor growth due to left-to-right
shunt, because in cases of extreme failure-to-thrive with a
weight <—2 SD, the Z-score might be inaccurate owing to
the deviation from the reference group norms. Also
excluded were patients with: (6) severe pulmonary hyper-
tension (PH), defined as a mean pulmonary artery pressure
>40mmHg or right ventricular systolic pressure >70 percent
of the LV systolic pressure on CC; and (7) the following
TTE findings: LV ejection fraction (LVEF) <55 %, ASD
>5mm or moderate/severe valve regurgitation, including
MR, AR, TR, PR, because these are considered to have a
significant impact on LV size independent of the Qp/Qs.

Study Design and Methods

The present, retrospective, cohort study was conducted at
2 hospitals in Japan. Candidates for enrollment were iden-
tified by their catheterization records. Demographic, clini-
cal, TTE, CC, and surgical data were extracted from their
medical records. The CC data, including the volume of
pulmonary circulation (Qp), volume of systemic circula-
tion (Qs), right ventricle (RV) systolic pressure, LV systolic
pressure, and pulmonary artery pressure, were extracted
from the catheterization records. The Qp and Qs values
were calculated using Fick’s principle. Pulmonary hyper-
tension was defined as a mean pulmonary artery pressure
of 220mmHg on CC. We used data from TTE performed
within 1 week prior to CC for infants and 1 month prior to
CC for children aged >1 year, which included the left ven-
tricular end-diastolic dimension (LVEDA), left ventricular
end-systolic dimension (LVEDs), and Qp/Qs estimates
based on measurements of the cardiac output at the respec-
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Table. Patient Characteristics
vsD* PDAt Total

(n=47) (67.1%) (n=23) (32.9%) (n=70)
Median age in years (range) 1.7 (0.3-16.9) 3.2 (0.8-16.3) 2.3 (0.3-16.9)
Male sex 26 (55.3) 7 (30.4) 33 (47.1)
PH# 9(19.1) 1(4.3) 8(11.4)
ASD <5mm 7 (14.9) 0 7(10.0)
Surgical closure 34 (72.3) 1(4.3) 35 (50.0)
Catheter closure 20 (87.0) 20 (28.6)

Data are presented as n (%) unless otherwise stated. *Includes one patient with both VSD and PDA. tDoes not
include the patient with both VSD and PDA. *Pulmonary hypertension was defined as a mean pulmonary artery pres-
sure of 220mmHg on cardiac catheterization. ASD, atrial septal defect; PDA, patent ductus arteriosus; PH, pulmo-

nary hypertension; VSD, ventricular septal defect.

n=70
r=.698
5
4 : .
3 « * . °
FSl bt
2 R
] e
0 X
. 0 The 32 3 4
-2 .
3 cQp/Qs

end-systolic diameter.

Figure 2. Pearson’s correlation between the pulmonary-systemic flow ratio on cardiac catheterization and the Z-score of the left
ventricular diameter. cQp/Qs, pulmonary-systemic flow ratio measured according to Fick's principle via cardiac catheterization;
Zd, echocardiographic Z-score of the left ventricular end-diastolic diameter; Zs, echocardiographic Z-score of the left ventricular

n=70
r=.593

cQp/Qs

tive cardiac outflow tract using 2D echocardiography and
pulse-wave Doppler (eQp/Qs),!* whenever available. The
parasternal LV long axis view on 2D-guided M-mode
echocardiography immediately below the level of the mitral
valve leaflet tips was used to assess the LVEDd and LVEDs, 4
and the images of all the patients were re-assessed by a
single observer blinded to the CC data. The measurements
were then converted to a Z-score using the formula described
by Pattersen et al, as follows: Z-score of the LVEDd
(Zd)=(In (measured LVEDd (cm))—0.105—2.859 xbody
surface area (BSA)+2.119xBSA2-0.552xBSA3)x 10, Z score
of the LVEDs (Zs)=(In (measured LVEDs (cm)) +0.371—
2.833xXBSA +2.081 xBSA2—0.538xBSA%)/0.016°5.° The
BSA was calculated using Haycock’s formula.!s With
regard to the eQp/Qs in patients with PDA, the flow across
the outflow tract of the RV was calculated as a systemic
flow measurement whereas the actual pulmonary flow was
treated as the flow across the LV outflow tract, as previously
reported.’6 We also assessed for the presence of valve
regurgitation, and cases of moderate or higher valve regur-

gitation found via qualitative evaluation were excluded
after adding a quantitative evaluation.

To examine the reliability of the echocardiographic mea-
surements at the study centers, inter- and intra-observer
variability were evaluated with blinding, and 2 repeated
measurements of the LVEDd and LVEDs were taken in 20
subjects by 4 physicians who performed echocardiography
at KUH or TMCMC between 2015 and 2019. The mea-
surements’ reliability was tested using the intraclass cor-
relation coefficient.

Statistical Analysis

The relationship between the Qp/Qs on CC (cQp/Qs) and
the TTE parameters was assessed using the Pearson’s cor-
relation coefficient. To investigate the effects of a small
ASD, the above correlation was also analyzed except in
patients with an ASD <Smm. For TTE parameters with a
strong correlation with the cQp/Qs, regression analysis and
curve fitting were used to provide a formula for the line of
best fit for predicting the cQp/Qs. Receiver operating char-
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Figure 3. Pearson’s correlation between the pulmonary-systemic flow ratio on cardiac catheterization and echocardiographic
parameters of the young and older patients. (A) patients aged <2 years. (B) Patients aged =2 years. cQp/Qs, pulmonary-systemic
flow ratio measured according to Fick's principle via cardiac catheterization; Zd, echocardiographic Z-score of the left ventricular
end-diastolic diameter; Zs, echocardiographic Z-score of the left ventricular end-systolic diameter.
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acteristic (ROC) analysis was performed to determine the
threshold of the echocardiographic parameters to deter-
mine whether cQp/Qs was >1.5, and the area under the
curve (AUC) was measured using a non-parametric method.
To examine the difference in results by patient age, the
patients were divided into those aged <2 years and those
aged >2 years, and the same analyses as above, except for
regression analysis, were performed. All statistical analyses
were performed using IBM SPSS Statistics (version 25).
P<0.05 was considered to indicate statistical significance.

Ethics

All the procedures in this study were conducted in accor-
dance with the Declaration of Helsinki. The present study
was approved by the institutional review board of each
participating facility (the approval number for KUH and
TMCMC is 20190333 and 2019b-177, respectively). Writ-
ten informed consent was waived because of the study’s
retrospective design.

Results

In total, 175 patients had VSD or PDA without any other
CHD and underwent CC between 2015 and 2019 (Figure 1).
All the patients were Japanese. Of these patients, 105 were
excluded because they met the exclusion criteria described
above, and 70 were finally enrolled. The most common
cause of exclusion was a chromosomal or other genetic

abnormality. The second most common cause was a growth
disorder. Two patients each with moderate MR and mod-
erate AR were excluded. Two more patients were deemed
inappropriate for this study; 1 patient had inaccurate TTE
data because the M-mode cursor on the 2D view was not
aligned perpendicularly to the LV wall, and the remaining
patient had congenital tracheal stenosis and right lung
hypoplasia. Among the 70 patients enrolled, approxi-
mately two-thirds had VSD, and the remaining one-third
had PDA (Table). Only one patient had both VSD and
PDA. In the patients with VSD, 19% had PH, and 72%
underwent surgical closure. In the patients with PDA, only
1 had PH, and 87% underwent catheter closure.
Pearson’s correlation coefficient between the cQp/Qs
and echocardiographic parameters in all patients, includ-
ing the Zd, Zs, and eQp/Qs, was as follows: Zd: r=0.698,
P<0.0001; Zs: r=0.593, P<0.0001; eQp/Qs: r=0.655, P<0.0001.
All 3 echocardiographic parameters correlated with the
cQp/Qs, with the Zd showing the strongest correlation.
The Zd and Zs were able to be obtained from all patients,
whereas the eQp/Qs was available from 45 patients. Figure 2
shows the correlation between the cQp/Qs and echocardio-
graphic parameters of the Zd and Zs. Similar analysis was
also performed in all but 7 patients with ASD <5mm, and
no change was observed in the correlation tendency (Zd:
r=0.670, P<0.0001; Zs: r=0.586, P<0.0001; eQp/Qs: r=0.572,
P<0.0001). The correlation between cQp/Qs and echocar-
diographic parameters in patients aged <age 2 years and in
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Receiver operating characteristics
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0.0 systemic flow ratio on cardiac cath-
0.0 0.2 0.4 0.6 0.8 1.0 eterization was >1.5. AUC, area under
False positive rate the curve; Cl, confidence interval;
AUC p  SE  95%Cl Cutoffvalue Sensitivity Specificity it b G-k
Zd .868 <.0001 .042 .787-.950 1.76 66.7% 88.4% end-diastolic diameter; Zs, echocar-
diographic Z-score of the left ven-
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Zd .837 .001 189 688% 833% Zd .880 <.0001 174 636% 96.0%
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Figure 5. Receiver operating characteristics for calculating the threshold by echocardiographic parameters to determine whether
the pulmonary-systemic flow ratio on cardiac catheterization was >1.5 in the young and older patients. (A) Patients aged <2 years.
(B) Patients aged >2 years. AUC, area under the curve; Zd, echocardiographic Z-score of the left ventricular end-diastolic diam-
eter; Zs, echocardiographic Z-score of the left ventricular end-systolic diameter.
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Figure 7. Pearson’s correlation between the pulmonary-sys-
temic flow ratio on cardiac catheterization and predicted
pulmonary-systemic flow ratio calculated by a cubic equation
obtained by regression analysis. cQp/Qs, pulmonary-sys-
temic flow ratio measured according to Fick’s principle via
cardiac catheterization; pQp/Qs, predicted pulmonary-sys-
temic flow ratio based on cubic equation obtained from
regression analysis.

patients aged >2 years was as follows: age <2 years: Zd:
1=0.690, P<0.0001; Zs: r=0.482, P=0.004; eQp/Qs: r=0.632,
P=0.001; age >2 years: Zd: r=0.685, P<0.0001; Zs: r=0.720,
P<0.0001; eQp/Qs: r=0.785, P<0.0001. Each echocardio-
graphic parameter correlated with the cQp/Qs, except for
Zs, in patients aged <2 years. Figure 3A,B show the cor-
relation between cQp/Qs and Z-score of the LV diameter
in both age groups. Inter-observer and intra-observer vari-
ability with respect to LV diameter measurements was low,
with the interclass correlation coefficients ranging from
0.980 to 0.984 and 0.987 to 0.997, respectively.

In all patients, ROC analysis revealed a Zd cut-off value
of 1.76 for determining whether the cQp/Qs was >1.5 (sen-
sitivity: 66.7 %; specificity: 88.4 %; AUC: 0.868). Further-
more, the cut-off value for the Zs was 1.10 (sensitivity: 88.9
Y% specificity: 72.1 %; AUC: 0.846) (Figure 4). When the
patients were divided into those aged < 2 years and those
aged =2 years, the ROC curves showed a higher AUC for
the older group (Figure 5A,B).

Regression analysis and curve fitting for all patients
were conducted to predict the cQp/Qs based on the Zd,
and a significant regression equation was found on cubic
regression (F=24.212, P<0.0001) with an R? of 0.524
(Figure 6). The participants’ predicted cQp/Qs (pQp/Qs) was
equal to 1.166 +(0.139x Zd) + (0.046 X Zd?)— (0.003 x Zd?).
Figure 7 shows Pearson’s correlation between the pQp/QS
and cQp/Qs. There was a strong correlation between the 2
variables (r=0.724, P<0.0001).

Discussion

The present study is the first to examine the relationship
between the echocardiographic Z-score and LV volume
overload due to pulmonary over-circulation in children with
VSD or PDA. The study found a strong correlation in
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children of all ages between the Zd and the cQp/Qs, which
were found to be the best predictors of the quantity of LV
volume overload independent of the patients” age and phy-
sique. In addition, the Zs also correlated well with the cQp/Qs
in the older group and was also considered a good predic-
tor of the quantity of LV volume overload. The ROC curve
for determining whether the cQp/Qs was >1.5 was found to
be highly accurate for all ages, especially for the older group.
The LV diameter can be measured readily using TTE and
does not require proficiency in the use of the technology.
Moreover, TTE is less invasive and costly than CC and
MRI and can be used in an outpatient setting.

In this study, both Zd and Zs correlated well with cQp/Qs,
and the ROC curve for the older group also demonstrated
high accuracy. Because patients with significant left-to-
right shunt often present with obvious symptoms and
echocardiographic findings of significant LV enlargement
and pulmonary hypertension, the indications for closure in
infants can be determined relatively easily without relying
on detailed evaluation of the LV diameter. In contrast, in
older children, the symptoms may be inadequate, even
with a certain amount of shunt as in adults,”” to make this
determination, so that it is more important to assess the
precise LV volume overload from the degree of LV
enlargement by echocardiography. For these reasons, the
Z-score of the LV diameter is considered more useful in
assessing the indications for closure in older children rather
than infants.

Our study found that the cut-off values for Zd and Zs
for determining whether cQp/Qs was >1.5, were <+2.0;
that is, they were within the normal range regardless of the
child’s age. This was an unexpected result because patients
normally have significant left-to-right shunt even if their
LV diameter is within the normal range. However, previ-
ous studies have also reported that the median Z-score of
the LVEDd was <+2.0 due to pulmonary over-circulation
in patients with VSD or PDA and was considered to be an
indication for closure.!12 These findings may be problem-
atic due to the low number of cases in previous reports,
including ours; however, in some patients with a LV diam-
eter within the normal range, closure is necessary if the
measurements are near the upper limit. More data from
further studies are needed to clarify this issue. The present
study also showed a weak correlation between the Zs and
cQp/Qs in the younger group. Left ventricular afterload in
patients with VSD or PDA is considered relatively low due
to the connection to pulmonary circulation so that Zs may
not be as useful as Zd in assessing the LV volume overload
in this population.

The present study also estimated the cQp/Qs by echocar-
diography using spectral Doppler measurements, which
presented some problems despite widespread use of the
method in assessing pulmonary over-circulation in patients
with CHD. For example, spectral Doppler measurements
require laminar flow at each semilunar valve, but in cases
of VSD, high-flow shunting tends to generate a turbulent
flow in the outflow tract of the RV,!8 leading to incorrect
estimates of the pulmonary blood flow.13 In PDA, the eQp/
Qs is considered to be less reliable than the Qp/Qs on CC
due to erroneous measurements of the outflow tract area,!¢
and is even more difficult to evaluate in patients who have
both VSD and PDA. In contrast, the echocardiographic
Z-score of the LV diameter is unaffected by turbulent flow
in the outflow tract of the RV, including the left-to-right
shunt produced by PDA, and can be used for a wide range

of patients, including those with VSD and PDA.

Predicting the pulmonary blood flow based on the
Z-score also presents some problems. First, a dilated RV,
such as is seen in ASD, TR, PR, and severe PH, depresses
the LV volume, potentially leading to underestimation of
the Z-score of the LV dimensions. The r and P values were
similar between patients with and without a small ASD
(£5mm), suggesting that this method might be applicable
to both types of patient. However, it may be premature to
state that cQp/Qs can be predicted with equal accuracy in
patients with or without an ASD <5mm based on the
Z-score of the LV diameter. Further research is needed to
clarify this question. Another problem is that the presence
of a LV dysfunction or the amount of AR and MR may
lead to overestimating the volume of pulmonary circulation
using the Z-score because each increases the LV dimen-
sions. The impact of these factors on the Z-score of the LV
diameter was not examined in this study. In addition, some
of our patients had a Zs of 23.0 despite having a cQp/Qs
<2.0, suggesting a latent LV dysfunction, which might
have affected the results. Furthermore, it is unclear whether
predictions based on the Z-score can be applied to patients
with a chromosomal or other genetic anomaly who often
have CHD because they were excluded from the present
study due to lacking normal TTE measurements. A similar
problem is encountered in patients with preterm gesta-
tional age, low birth weight or growth failure.

A previous report demonstrated that the LV diameter as
a percentage of the normal LV diameter (%onormal LV
diameter) can be treated as a value related to the surgical
indications in patients with neonatal PDA." but the pre-
cise relationship between %normal value and cQp/Qs has
not yet been clarified. In the present study, the Z-score and
%normal value had a 1:1 correspondence because they are
expressed using the following equations: Zd = In (%enormal
LVEDA/100)/0.010°% and Zs=1n (%normal LVEDs/100)/
0.016"3. The %normal LV diameter is the ratio of the mea-
sured LV diameter to the normal LV diameter, whereas the
Z-score reflects the deviation of the LV diameter from the
normal LV diameter in terms of the standard deviation.
Because the numerical characteristics of the 2 parameters
differ, determining which is more suitable for predicting
cQp/Qs is difficult; the %normal LV diameter might be
able to be used to predict cQp/Qs as well as the Z-score of
the LV diameter. The Z-score has the advantages of allow-
ing the deviation from the population to be determined
statistically and having global recognition as a standard
index in clinical research.

The present study has some limitations. At first, this
study does not include patients with markedly poor weight
gain due to left-to-right shunt and patients with small VSD
who did not undergo CC due to having few clinical find-
ings of pulmonary over-circulation; therefore, this study
was not able to consider all cases of VSD and PDA. More-
over, LV size measurements were obtained only by using
M-mode echocardiographic imaging, whereas 2D mea-
surements, which can also be converted to a Z-score,!®
were not included. In addition, the data on TTE used in
this study were derived from measurements performed by
multiple physicians whereas in previous studies, TTE was
performed by pediatric cardiovascular experts in the man-
ner recommended by the guidelines.? However, the mea-
surements used in the present study were reviewed and
found to have low variability. Another limitation is the
lack of data; 36% of the patients (25 of 70 patients) lacked
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data on the eQp/Qs, making it impossible to use spectral
Doppler measurements to assess the volume of pulmonary
flow in all the patients. Moreover, because the subjects were
all Japanese, it is unclear whether the findings are general-
izable to other ethnicities, although a recent study showed
that the Z-score itself is relatively unaffected by ethnicity.1®
Finally, due to the small sample size of patients, including
both VSD and PDA, further research involving each dis-
ease enrolling larger patient cohorts is necessary to verify
the findings of this study.

In conclusion, the Zd value in children of all ages and
the Zs value in older children are readily obtainable and
extremely useful markers for precisely evaluating the LV
volume overload and predicting pulmonary over-circulation.
They may also provide non-invasive means of determining
the surgical indications for VSD or PDA with pulmonary
over-circulation. Further research is required to confirm
the relationship between the echocardiographic Z-score
and hemodynamic characteristics in pediatric patients.
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CASE REPORT

Successful Preoperative Partial Splenic Artery and Aneurysm
Embolization for Thrombocytopenia Associated with Failed Fontan
Circulation

Naofumi F Sumitomo,' MD, Masashi Tamura,” PhD, Satoshi Asano,' MD, Erika Yuasa,' MD,
Takayuki Oyanagi,' MD, Masanori Inoue,” PhD, Kazuki Kodo,' PhD and Hiroyuki Yamagishi,' PhD

Summary

Long-term complications after the Fontan procedure are important concerns for patients with pediatric and
adult congenital heart disease. Although thrombocytopenia due to portal hypertension and hypersplenism is a
well-known complication of the Fontan circulation, few studies have reported on its management. Herein we
describe a young adult Fontan patient with thrombocytopenia and a splenic artery aneurysm caused by conduit
stenosis. The patient required conduit replacement due to high venous pressure. We performed partial splenic
artery embolization (PSE) and embolization of the aneurysm preoperatively to reduce the risk of bleeding, re-
sulting in successful subsequent cardiac surgery. Preoperative evaluation of the splenic artery aneurysm was in-
formative, and PSE was a safe and effective treatment option for thrombocytopenia to avoid bleeding during

open-heart surgery in this patient.

(Int Heart J Advance Publication)

Key words: Portal hypertension, Hypersplenism, Splenic artery aneurysm, Partial splenic artery embolization,

Single ventricle, Adult congenital heart

have become major issues in young adults who de-

velop a failed Fontan physiology. Fontan-associated
liver disease and protein-losing enteropathy are typical
complications.” Portal hypertension is another well-known
postoperative condition that often causes esophageal
varices, portosystemic shunts, and thrombocytopenia due
to hypersplenism.*” Although the management of esopha-
geal varices and portosystemic shunts has been reported,™”
literature is scarce about the management of thrombocy-
topenia in Fontan patients with portal hypertension.
Herein we describe a young adult Fontan patient who had
thrombocytopenia and a splenic artery aneurysm (SAA)
treated with embolization therapy. leading to successful
subsequent cardiac surgery.

I n recent years, long-term extracardiac complications

Case Report

A male patient with double outlet right ventricle and
hypoplastic left ventricle underwent a total cavopulmonary
connection using a 16 mm extracardiac conduit, tricuspid
valve replacement, and trans-pericardial pacemaker inser-
tion at the age of 3 years. He was admitted to our hospital
because of pacemaker infection at 24 years of age. During
admission, contrast-enhanced computed tomography (CT)

was performed, which revealed pleural effusion, ascites, a
dilated vena cava, a narrow extracardiac conduit compared
to physique, hepatosplenomegaly, and a portosystemic
shunt (Figure 1A and B). An additional dynamic abdomi-
nal CT scan showed a tortuous splenic artery with an
aneurysm having a 25 mm maximum diameter (Figure 1
C). The SAA was also visualized on abdominal ultra-
sonography (Figure 1D), whereas no hyperechoic liver
spots or cirrhosis was observed. A large amount of ascites
persisted even after the infection was controlled. Echocar-
diography showed preserved cardiac function, an electro-
cardiogram showed normal sinus rhythm throughout the
day without pacing activity, and the brain natriuretic pep-
tide level was 32.7 pg/mL. Cardiac catheterization re-
vealed a superior vena cava pressure of 15 mmHg, infe-
rior vena cava pressure of 16 mmHg, wedged hepatic vein
pressure of 18 mmHg, pulmonary vascular resistance in-
dex of 1.1 Wood units * m’, ventricular end-diastolic pres-
sure of 8 mmHg, and systemic cardiac index of 3.9 L/
min/m®. Upper gastrointestinal endoscopy performed as
further examination showed esophageal varices, which
were treated with endoscopic variceal ligation. Based on
these results, the patient was deemed to require conduit
replacement because the narrow conduit was considered to
be causing increased inferior vena cava pressure leading
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Figure 1. Contrast-enhanced computed tomography (A, B, and C) and abdominal ultrasonography (D). A: Pleural
effusion and ascites are observed. The extracardiac conduit (white arrow) is narrow compared to the superior vena
cava and the inferior vena cava. B: Hepatosplenomegaly, ascites, and a portosystemic shunt (white arrows) are ob-
served. C: A 3-dimensional reconstructed image shows the celiac artery and the tortuous splenic artery with a 25 mm
diameter aneurysm (white arrow). D: Splenomegaly and the splenic artery aneurysm with a maximum diameter of

20.8 mm (white arrow) are observed.

to portal hypertension and high output cardiac failure, re-
sulting in severe venous stasis of multiple organs. How-
ever, as the infection improved, his platelet count de-
creased to 50,000/mcL, which was similar to that before
admission. The immature platelet fraction was normal at
5.4%, suggesting normal bone marrow function. Platelet
transfusions did not increase the platelet count. Therefore,
we decided to perform partial splenic artery embolization
(PSE) and embolization of the SAA before cardiac sur-
gery to reduce the risk of bleeding and preventing rupture,
respectively.

Because the pacemaker in the abdomen was close to
the intervention field and the total fluoroscopic dose dur-
ing the procedure promptly increased, the procedure was
divided into two sessions. During the first session, PSE
using N-butyl-2-cyanoacrylate (NBCA) was performed.
Via brachial artery access, a 5 Fr. straight guiding sheath
and a 5 Fr. straight catheter were introduced into the deep
splenic artery. Following the insertion of a double coaxial
microcatheter distal to the splenic artery aneurysm, em-
bolization was performed with a 1:3 ratio mixture of
NBCA and lipiodol (Figure 2A and B). Meanwhile, dur-
ing the second session, coil embolization of the SAA was

performed. Using the transfemoral approach, a 4.5 Fr.
Simmons guiding sheath was introduced into the splenic
artery. Following insertion of a 3.4 Fr. high-flow micro-
catheter and a 2.4 Fr. coaxial microcatheter into the sac of
the splenic artery aneurysm, coil packing with 18 detach-
able coils was performed, preserving the parent splenic ar-
tery. Postembolization angiography showed complete oc-
clusion of the sac and no additional splenic infarction
(Figure 2C). One week after the first embolization, the pa-
tient’s platelet count gradually increased, reaching a maxi-
mum of 180,000/mcL after 2 weeks and then stabilized at
around 100,000/mcL (Figure 3). No serious adverse ef-
fects were observed after the procedure, except for tran-
sient fever for a few days. Splenic volumetry after emboli-
zation using contrast-enhanced CT showed an infarct af-
fecting 37% of the spleen (Figure 2D, E, and F). In terms
of his liver function before the two embolization sessions,
aspartate aminotransferase, alanine aminotransferase, -
glutamyl trans-peptidase, total bilirubin, albumin, Child-
Pugh score, Child-Pugh class, and MELD score were 53
U/L, 22 U/L, 77 U/L, 1.6 mg/dL, 3.5 g/dL, 7, B, and 3,
respectively. After the embolization sessions, the liver
function showed slight improvement including aspartate
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Figure 2. Selective angiography of a splenic artery during partial splenic artery embolization (PSE) (A and B) and aneurysm embolization

Right side Left side

(C). Contrast-enhanced computed tomography (CT) after the embolization (D, E. and F). A: Angiography before PSE. The white arrow indi-
cates a splenic artery aneurysm. B: Angiography after PSE. White arrows indicate an embolized artery with N-butyl-2-cyanoacrylate. C:
Angiography after the aneurysm embolization. White arrow indicates packed coils into the aneurysm. D: In an axial CT image, a partial in-
farcted spleen was seen. E, F: A 3-dimensional reconstructed CT image of the spleen (right side and left side). The blue area indicates an in-
farcted area, and the red area indicates an intact area. Volumetry revealed an infarcted area of 563 mL and an intact area of 956 ml, suggest-

ing an infarct affecting 37% of the spleen.

aminotransferase of 35 U/L, alanine aminotransferase of
18 U/L, y-glutamyl trans-peptidase of 88 U/L, total biliru-
bin of 1.2 mg/dL, albumin of 3.8 g/dL, Child-Pugh score
of 6, Child-Pugh class of A, and MELD score of 2, re-
spectively. Three weeks after the procedure, the patient
underwent open-heart surgery and was discharged without
any severe complications. Three months after the surgery,
cardiac catheterization showed improved hemodynamic
status with superior vena cava pressure of 11 mmHg, infe-
rior vena cava pressure of 12 mmHg, wedged hepatic vein
pressure of 16 mmHg, and systemic cardiac index of 3.8
L/min/m’. One year after the PSE, his platelet count was
around 80,000/mcL and he enjoys his daily life.

Discussion

To the best of our knowledge, this is the first report
of PSE for the management of thrombocytopenia in a
Fontan patient. Thrombocytopenia is a well-known com-
plication in patients with chronic liver disease” and hyper-
splenism secondary to portal hypertension,” which usually
limits major surgical procedures. Previously, total splenec-
tomy was often performed to improve thrombocytopenia;
however, immunosuppression was a serious postoperative

side effect, resulting in a worse long-term prognosis due
to severe infections.” In recent years, PSE has become a
safe and effective treatment option for thrombocytopenia
due to hypersplenism and is considered to be a good alter-
native to splenectomy.® On the other hand, there is an
opinion that a status such as secondary hypersplenism
with the primary disease in the terminal stage or severe
infections which implies a high risk of splenic abscess af-
ter the procedure may be a contraindication of PSE.”

A previous study revealed that PSE of more than
70% infarction in splenic volumetry is more likely to
cause severe complications such as large pleural effusion
or ascites, bacterial peritonitis, splenic abscess, variceal
bleeding, and portal vein thrombosis, whereas that less
than 509 is related to the recurrence of thrombocytopenia
1 year later due to an increase of the residual splenic vol-
ume.” Therefore, in general, PSE aims for 50-70% infarc-
tion which maintains the improvement of thrombocy-
topenia even 5 years later with few complications.” In-
triguingly, although the infarction rate was only 37% in
the present case, it was enough to improve thrombocy-
topenia at the time of surgery. This result may suggest
that PSE even with a low infarction rate may be a safe
and effective therapy for Fontan patients with thrombocy-
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Figure 3. Platelet count during the course of treatment. After infection improved, the platelet count decreased as
low as 50,000/mcL. before embolization, reached a maximum of 180,000/mcL two weeks after the first embolization,
and then stabilized at approximately 100.000/mcL. PSE indicates partial splenic artery embolization: and SAA, splen-
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ic artery aneurysm.

topenia due to hypersplenism, especially to avoid bleeding
risks during heart surgery. However, in order to notice the
deterioration of portal hypertension and hypersplenism in
the future, the present case needs follow-up with respect
to the platelet count, recurrence of esophageal varices, as
well as spleen size by ultrasonography and CT.”

The etiology of SAA is not completely clear, but it is
known that loss of the medial layer with the disintegration
of elastic fibers or loss of smooth muscles is frequently
found, and atherosclerosis, cirrhosis, and portal hyperten-
sion are risk factors for the development of the disease.'”
Whereas an SAA that is < 20 mm is usually asympto-
matic, an SAA > 50 mm has a 28% risk of rupture, re-
sulting in high mortality."” The etiology of SAA in Fontan
patients has not been fully uncovered, and from our litera-
ture search, only an adult female with Fontan and SAA
has been reported previously.” Interestingly, she also had
conduit stenosis, as in our case. Taken together, conduit
stenosis, especially when associated with hypersplenism
and/or portal hypertension, may be a risk factor for the
development of SAA in Fontan patients. Therefore, in
cases of portal hypertension, the anatomy of the splenic
artery should be assessed. In our case, SAA was detected
by abdominal ultrasonography and normal contrast-
enhanced CT, and the precise anatomy of the splenic ar-
tery was confirmed by dynamic abdominal CT, which was
essential for planning the appropriate embolization therapy
before the procedure.

Because of our patient’s large body size associated
with hepatosplenomegaly, the presence of a pacemaker,
and the oblique position due to complex vascular anat-
omy, there was a rapid increase in radiation exposure dur-
ing the embolization procedure, and hence, it had to be
divided into 2 sessions. In such patients, it might be nec-
essary to reduce the number of digital subtraction angiog-
raphy acquisitions and fluoroscopy time by more appro-

priate utilization of 3-dimensional volume-rendering im-
ages. In addition, SAAs associated with splenomegaly are
often accompanied by tortuous vascular anatomy, which
requires a robust system during embolization. In this case,
insertion of a guiding sheath into the splenic artery and
double coaxial microcatheters allowed stable and success-
ful use of the embolic material in both sessions.

In conclusion, PSE can be a safe and effective treat-
ment option for the management of thrombocytopenia in
order to avoid bleeding risk during surgery. Furthermore,
SAA should be considered as a complication in failed
Fontan patients who develop hypersplenism due to portal
hypertension.
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Synthetic electrocardiogram-gated cardiac computed tomography precisely
depicted a coronary-to-pulmonary fistula in an early infant with pulmonary
atresia, ventricular septal defect, and major aortopulmonary collateral
arteries

Naofumi F. Sumitomo ([?) *, Kazuki Kodo, and Hiroyuki Yamagishi

Department of Pediatrics, Keio University School of Medicine, Shinanomachi 35, Shinjuku-ku, Tokyo 160-8582, Japan
* Corresponding author. Tel: +81 3 3353 1211. E-mail: naosumi1983@keio.jp

A female newborn with
pulmonary atresia, ventric-
ular septal defect, and
major aortopulmonary col- fistula
lateral arteries (MAPCAs)
showed an echocardio-
graphic finding of a MAPCA
originating from the left
coronary cusp (LCC) to
the right lung; however, the
left coronary artery (LCA)
branching was ill-defined. : v
At 3months of age, syn- =, g :
thetic  electrocardiogram-
gated  contrast-enhanced |
cardiac computed tomog- LCA-RPAT LCX
. RcA fistula

raphy (secCT) with a syn-

thetic rate of 120 b.p.m.

revealed a precise relation- Frontal view Left side view

LCA-RPA
fistula

ship of vessels: a tricuspid
aortic valve (Panel A), dilated LCA originating from LCC and forming a fistula with the right pulmonary artery (RPA) (Panel B), left circumflex
artery, and left anterior descending artery branching from the LCA proximal to the fistula (Panels C and D), and a normal size right coronary
artery originating from the right coronary cusp (Panel E). Panels F and G show the three-dimensional reconstructed image of the aorta, coro-
nary arteries, LCA-to-RPA fistula, and MAPCA:s in frontal and left-sided views. At 4 months of age, she underwent division of the LCA-to-
RPA fistula, unifocalization of MAPCAs, and systemic-to-pulmonary shunt at one surgery followed by intracardiac repair at another. She is
currently doing well at 1 year of age. NCC, non-coronary cusp.

MAPCAs with coronary-to-pulmonary fistula are a very rare condition, and this is the case with the earliest diagnosis. The secCT can be
a powerful modality for infants with complicated heart diseases to obtain an accurate diagnosis of the vascular anatomy and to adopt an
optimal treatment strategy.

Published on behalf of the European Society of Cardiology. All rights reserved. © The Author(s) 2021. For permissions, please email: journals.permissions@oup.com.
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