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Effect of hospital volume on the mortality of congenital diaphragmatic
hernia in Japan
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Abstract Background: During the last decade, new supportive modalities and new therapeutic strategies to treat congenital
diaphragmatic hernia (CDH) have been introduced. In Japan, the large number of hospitals prevents centralizing infants
with CDH in tertiary centers. The aim of this study was to evaluate the correlations between the number of CDH patients,
survival rates, and the current strategies employed to treat CDH at the individual hospitals.

Methods: Eighty-three hospitals with 674 CDH cases were analyzed using questionnaires. We classified the hospitals
into three groups according to the number of CDH patients treated: Group 1 (G1; more than 21 patients), Group 2 (G2,
11-20 patients), and Group 3 (G3; fewer than 10 patients).

Results: The median number of CDH patients in G1, G2, and G3 were 28, 14, and 4, respectively. The overall survival
rate was 74.5%. When only the isolated CDH cases with a prenatal diagnosis were included, the overall survival rate was
79.3%. The survival rate of isolated CDH cases with a prenatal diagnosis was significantly higher in G1 than that in G2
or G3 (87.2% vs 75.2% vs 74.3%; P < 0.001). There were no differences in perinatal therapeutic strategies among the
three groups.

Conclusions: We concluded that it might therefore be important to centralize infants with CDH, especially those with
isolated CDH with a prenatal diagnosis, to tertiary centers in Japan in order to improve the survival rates.

Key words centralization, congenital diaphragmatic hernia, mortality, nationwide survey, prenatal diagnosis.

Congenital diaphragmatic hernia (CDH) occurs in approximately
1 in 25005000 live births.' Infants with CDH experience severe
respiratory failure due to pulmonary hypoplasia and pulmonary
hypertension of the newborn (PPHN). During the last decade, new
supportive modalities and new therapeutic strategies, such as
inhalation of nitric oxide (iNO), extracorporeal membrane
oxygenation (ECMO), high-frequency oscillation ventilation
(HFOV), and gentle ventilation strategies with permissive hyper-
capnia, have been introduced. Such medical advances have
improved mortality and morbidity in infants with CDH.

In Japan, the large number of hospitals for neonatal surgery
makes centralizing infants with CDH in tertiary centers difficult.
Therefore, it is speculated that the therapeutic strategies used to
treat CDH might not be standardized and might vary among
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institutions. The use of different strategies to treat CDH might
affect the outcome of the disease. Additionally, recent reports
have demonstrated a correlation between outcome and hospital
volume in the treatment of CDH” as well as a correlation with
neonatal intensive care.’ Because a nationwide survey of CDH
has not been conducted in Japan, the effects of the hospital-
volume—outcome correlation and the effects of different thera-
peutic strategies used with CDH patients in Japan remain
unexplored. The aim of this study was to evaluate the correlations
among the number of CDH patients, survival rates, and the
current strategies employed at individual hospitals.

Methods

This study was approved by the ethics committees at Nagoya
University Hospital, Osaka University Graduate School of Medi-
cine, the National Center for Child Health and Development, the
Hyogo College of Medicine, Osaka Medical Center, the Research
Institute for Maternal and Child Health, and the Graduate School
of Medical Sciences, Kyushu University.
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Fig.1 Number of congenital diaphragmatic hernia cases at the
individual hospitals. The black bar, gray bar, and white bar indicate
Group 1, Group 2, and Group 3, respectively.

We distributed a questionnaire to 159 educational hospitals for
pediatric surgery and/or tertiary perinatal care centers. The study
participants included infants with CDH born between 2006 and
2010. In total, 109 institutes responded. The collection rate was
68.6%. Twenty-six institutes had no cases with CDH. Ultimately,
83 institutes with 674 CDH cases were analyzed.

The questionnaire included items regarding the number of
patients, the type of CDH (isolated or non-isolated CDH), the
number of survivors, the timing of diagnosis (prenatal or postna-
tal), the delivery mode, and neonatal therapeutic strategies.

Table 1 Survival rates

Hospital volume on mortality in Japan 191

Isolated CDH was defined as a case without the occurrence of
any life-threatening major anomalies. Survival was defined as
“survival to discharge.” Vaginal delivery included both spontane-
ous delivery and induction delivery. Neonatal therapeutic strate-
gies included choosing a ventilator mode, applying the policy of
gentle ventilation with permissive hypercapnia, using tolerable
levels of blood gas parameters, administering sedation during
acute phases, using specific modalities to treat PPHN (iNO,
ECMO), and choosing the timing of surgical repair. We classified
the hospitals into three groups according to the number of CDH
patients treated: Group 1 (G1; more than 21 patients), Group 2
(G2; 11-20 patients), and Group 3 (G3; fewer than 10 patients).

Data were analyzed by using spss version 19.0 (spss, Chicago,
IL, USA). The statistical analysis was performed using the
¥ -test, Fisher’s exact test for categorized factors, and a logistic
regression analysis. Bonferroni’s correction was used as a post-
hoc test. A P-value < 0.05 was considered to be significant. The
numerical data represent the medians (range).

Results

The number of hospitals in G1, G2, and G3 were 7, 14, and 62,
respectively. Total number of CDH patients was 674. The median
(range) numbers of CDH patients in G1, G2, and G3 were 29
(22-43), 14 (11-17), and 4 (1-10), respectively. The median
(range) number of the CDH patients at the individual hospitals

Total Group 1 Group 2 Group 3
Total cases
Overall
n/N 502/674 (74.5%) 1717215 (79.5%) 134/191 (70.2%)* 1971268 (73.5%)
OR (95%CI) 1.00 0.605 (0.384-0.952) 0.714 (0.465-1.096)
Isolated cases
n/N 473/572 (82.6%) 159/181 (87.8%) 126/160 (78.8%)* 188/231 (81.4%)
OR (95%CI) 1.00 0.513 (0.286-0.920) 0.605 (0.347-1.054)
Non-isolated cases
n/n 29/102 (28.4%) 12/34 (35.3%) 8/31 (25.8%) 9/37 (34.3%)
OR (95%CI) 1.00 0.638 (0.219-1.857) 0.589 (0.211-1.649)
Cases with prenatal diagnosis
Overall
n/N 337/483 (69.8%) 139/178 (78.1%) 93/144 (64.6%)* 105/161 (65.2%)1
OR (95%CI) 1.00 0.512 (0.313-0.837) 0.526 (0.325-0.851)
Isolated cases
n/N 318/401 (79.3%) 129/148 (87.2%) 88/117 (75.2%) 101/136 (74.3%)#
OR (95%CD) 1.00 0.447 (0.236-0.847) 0.425 (0.230-0.787)
Non-isolated cases
n/n 19/82 (23.2%) 10/30 (33.3%) 5/27 (18.5%) 4/25 (16.0%)
OR (95%CI) 1.00 0.210 (0.133-1.559) 0.149 (0.103-1.414)
Cases with postnatal diagnosis
Overall
n/N 165/191 (86.4%) 32/37 (86.5%) 41/47 (87.2%) 92/107 (86.0%)
OR (95%CI) 1.00 1.068 (0.299-3.816) 0.958 (0.322-2.848)
Isolated cases
n/N 155/171 (90.6%) 30/33 (90.9%) 38/43 (88.4%) 87/95 (91.6%)
OR (95%CI) 1.00 0.760 (0.168-3.468) 1.087 (0.271-4.367)
Non-isolated cases
n/N 10/20 (50.0%) 2/4 (50.0%) 3/4 (75.0%) 5/12 (41.7%)
OR (95%C1) 1.00 3.000 (0.150-59.890) 0.714 (0.074-6.922)

P =0.030. *P = 0.023.

$P =0.008. P = 0.009. 7P = 0.013. ¥P = 0.007.
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Table 2 Ventilator care

Total (rn = 83) Group 1 (n=7) Group 2 (n=14) Group 3 (n = 62) P-value
Ventilator mode 0.963
HFOV 67 (80.7%) 6 (85.7%) 11 (78.6%) 50 (80.6%)
Decision depending on the situation 6 (7.2%) 1(14.3%) 1(7.1%) 4 (6.5%)
SIMV 5(6.0%) 0 (0.0%) 1(7.1%) 4 (6.5%)
No treatment principle 2 (2.4%) 0 (0.0%) 0 (0.0%) 2 (3.2%)
No response 3 (3.6%) 0 (0.0%) 1(7.1%) 2 (3.2%)
Gentle ventilation 0.819
Applying to all cases 69 (83.1%) 7 (100%) 13 (92.9%) 49 (79.0%)
Decision depending on the situation 4 (4.8%) 0 (100%) 0 (0.0%) 4 (6.5%)
Not applied 2 (2.4%) 0 (0.0%) 0 (0.0%) 2 (3.2%)
No treatment principle 4 (4.8%) 0 (0.0%) 0 (0.0%) 4 (6.5%)
No response 4 (4.8%) 0 (0.0%) 1(7.1%) 3(4.8%)
Tolerable level of pre-ductal PCO, 0.891
<40 mmHg 5 (6.0%) 0 (0.0%) 0 (0.0%) 5(8.1%)
40 mmHg—-50 mmHg 17 (20.5%) 2 (28.6%) 3(21.4%) 12 (19.4%)
50 mmHg-60 mmHg 36 (43.3%) 3 (42.9%) 8 (57.1%) 25 (40.3%)
60 mmHg-70 mmHg 15 (18.1%) 2 (28.6%) 2 (14.3%) 11 (17.7%)
=70 mmHg 3 (3.6%) 0 (0.0%) 0 (0.0%) 3 (4.8%)
No response 7 (8.4%) 0(0.0%) 1(7.1%) 6 (9.7%)
Tolerable level of pre-ductal PO, 0.745
<60 mmHg 10 (12.0%) 1(14.3%) 2 (14.3%) 7 (11.3%)
60 mmHg-70 mmHg 25 (30.1%) 3 (42.9%) 5 (35.7%) 17 (27.4%)
70 mmHg-80 mmHg 10 (12.0%) 2 (28.6%) 1(7.1%) 7(11.3%)
80 mmHg-90 mmHg 12 (14.5%) 1 (14.3%) 1(7.1%) 10 (16.1%)
90 mmHg-100 mmHg 7 (8.4%) 0 (0.0%) 0 (0.0%) 7 (11.3%)
=100 mmHg 5 (6.0%) 0 (0.0%) 1(7.1%) 4 (6.5%)
No response 14 (16.9%) 0 (0.0%) 4 (28.6%) 10 (16.1%)
Tolerable level of pre-ductal SpO» 0.533
<80% 2 (2.4%) 0 (0.0%) 1(7.1%) 1(1.6%)
80-90% 22 (24.5%) 2 (28.6%) 5 (35.7%) 15 (24.2%)
90-95% 34 (41.0%) 5 (71.4%) 6 (42.9%) 23 (56.5%)
95-100% 19 (22.9%) 0 (0.0%) 1(7.1%) 18 (29.0%)
100% 1(1.2%) 0 (0.0%) 0 (0.0%) 1(1.6%)
No response 5 (6.0%) 0 (0.0%) 1(7.1%) 4(6.5%)
Tolerable level of pH 0.445
<725 7 (8.4%) 0 (0.0%) 1(7.1%) 6 (9.7%)
7.25-7.30 18 (21.7%) 1 (14.3%) 3 (21.4%) 14 (22.6%)
7.30-7.35 38 (45.8%) 4 (57.1%) 8 (57.1%) 26 (41.9%)
7.35-7.40 11 (13.3%) 1(14.3%) 0 (0.0%) 10 (16.1%)
7.40-7.45 2 (2.4%) 0(0.0%) 0 (0.0%) 2 (3.2%)
=7.45 2 (2.4%) 1(14.3%) 1(7.1%) 0 (0.0%)
No response 5(6.0%) 0(0.0%) 1(7.1%) 4 (6.5%)

SIMV, synchronized intermittent mandatory ventilation, HFOV, high-frequency oscillation ventilation.

was 5 (1-43). The mode value of the CDH patients at the indi-
vidual hospitals was 4 (Fig. 1).

Timing of diagnosis

The rates of prenatal diagnosis in G1, G2, and G3 were 82.8%,
75.4%, and 60.1%, respectively. The rate of prenatal diagnosis in
G3 was significantly lower than that in both G1 and G2 (G1 vs
G3, P <0.001; G2 vs G3, P = 0.003).

Survival rate

The survival rates are shown in Table 1. The overall survival rates
for all cases, the cases with a prenatal diagnosis, and the cases
with a postnatal diagnosis were 74.5%, 69.8%, and 86.4%,
respectively. The overall survival rate for the cases with a

© 2013 The Authors
Pediatrics International © 2013 Japan Pediatric Society

prenatal diagnosis was significantly lower than that among the
cases with a postnatal diagnosis (P < 0.001).

In all cases, the survival rates in G1, G2, and G3 were 79.5%,
70.2%, and 73.5%, respectively. If the cases were restricted to
those with isolated CDH, the survival rate was 82.6%. Compared
among the three groups, the survival rates in G1, G2, and G3
were 87.8%, 78.8%, and 81.4%, respectively. The survival rate
in G1 was significantly higher compared with that in G2
(P =0.023).

When only the cases of CDH with a prenatal diagnosis were
included, the survival rate was significantly higher in G1 than that
in G2 or G3 (78.1% vs 64.6% vs 65.2%, G1 vs G2, P = 0.008;
OR: 0.512 [95%CTI: 0.313-0.837], G1 vs G3, P = 0.009; OR:
0.526 [95%CI: 0.325-0.851]). If the cases were restricted to
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Table 3 Sedation treatments used during acute management
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Total (n = 83) Group 1 (n="7) Group 2 (n = 14) Group 3 (n = 62) P-value
Analgesia/sedative agents 0.842
Yes 82 (98.8%) 7 (100%) 14 (100%) 61 (98.4%)
No 1(1.2%) 0 (0.0%) 0 (0.0%) 1(1.6%)
Muscle relaxant 0.373
Yes 72 (86.7%) 7 (100%) 13 (92.9%) 52 (83.9%)
No 1(13.3%) 0 (0.0%) 1(7.1%) 10 (16.1%)
Degree of sedation level 0.752
Movability acceptable 30 (36.1%) 3 (42.9%) 5 (35.7%) 22 (35.4%)
Movability unacceptable 48 (57.8%) 4(57.1%) 9 (64.3%) 35 (56.5%)
Other 5 (6.0%) 0 (0.0%) 0 (0.0%) 5(8.1%)
Mode of muscle relaxant administration 0.797
Administration as necessary 17 (23.6%) 2 (28.6%) 4 (30.8%) 11 (21.2%)
Continuous infusion 52 (72.2%) 5 (71.4%) 9 (69.2%) 38 (73.1%)
Other 3(4.2%) 0 (0.0%) 0(0.0%) 3(5.7%)

those with isolated CDH with a prenatal diagnosis, the overall
survival rate was 79.3%. The survival rates of isolated CDH with
a prenatal diagnosis in G1, G2, and G3 were 87.2%, 75.2%, and
74.3%, respectively. The survival rate in G1 was significantly
higher than that in G2 or G3 (G1 vs G2, P = 0.013; OR: 0.447
[95%CT: 0.236-0.847], G1 vs G3, P =0.007; OR: 0.425 [95%CIL:
0.230-0.787]).

Delivery mode

There were no differences in policies regarding the delivery
mode used among the three groups. An elective cesarean section
was the first-line treatment at almost all of the hospitals (G1,
42.9%; G2, 711.4%; G3, 71.0%; P = 0.535).

Ventilator strategies

HFOV was widely used and the infants were managed in accord-
ance with the policy of gentle ventilation with permissive hyper-
capnia in most of the hospitals in G1, G2, and G3. Overall, there
was variability in the tolerable levels of blood gas parameters.
There were no differences in the tolerable level of blood gas
parameters among the three groups. The highest percentage for
the tolerable levels of preductal PaCO,, preductal PaO,, preductal
SpO,, and preductal pH were as follows: 50-60 mmHg,
60-70 mmHg, 90-95%, and 7.30-7.35, respectively (Table 2).

Table 4 Timing of surgical repair

Sedation

In most of the hospitals in G1, G2, and G3, analgesia, sedative
agents, and muscle relaxants were widely used. In approximately
half of all the hospitals, the infants with CDH were cared for
without body movements. Muscle relaxants were administered
by continuous infusion in most of the hospitals. The strategies of
sedation were the same among the three groups (Table 3).

Specific treatments of PPHN

Most of the hospitals in Japan were able to treat infants with
PPHN using iNO, independent of hospital volume (G1, 100%;
G2, 100%; G3, 90.3%; P = 0.901). On the other hand, ECMO
tended to be available only in the high-volume hospitals
(G1, 85.7%; G2, 78.6%; G3, 46.8%; P = 0.073).

Timing of surgical repair

The timing of surgical closure of the diaphragmatic defect was
not different among the groups. In most of the hospitals, surgery
was performed after stabilization of the respiratory and circula-
tory conditions. Regarding the postnatal day of surgical repair,
surgery was performed within 4 postnatal days in most of the
hospitals. In almost all of the hospitals in G1, surgery was
performed within 2 postnatal days (Table 4).

Total (n = 83) Group 1 (n=17) Group 2 (n=14) Group 3 (n = 62) P-value

Timing of surgical repair 0.818

Early operation 4 (4.8%) 1(14.3%) 0 (0.0%) 3 (4.8%)

Decision depending on the situation 34 (41.0%) 4 (57.1%) 5 (35.7%) 25 (40.3%)

After stabilization 41 (49.4%) 2 (28.6%) 8 (57.1%) 31 (50.0%)

No treatment principle 1(1.2%) 0 (0.0%) 0 (0.0%) 1(1.6%)

No response 3 (3.6%) 0 (0.0%) 1 (7.1%) 2 (3.2%)
Postnatal day of surgical repair 0.139

Day 0 2 (2.4%) 1(14.3%) 0 (0.0%) 1(1.6%)

Day 1-2 31 (37.3%) 4(57.1%) 5 (35.7%) 22 (35.5%)

Day 34 37 (44.6%) 1(14.3%) 6 (42.9%) 30 (48.4%)

Day 5-7 5 (6.0%) 1 (14.3%) 0 (0.0%) 4.(6.5%)

Day 8- 1(1.2%) 0 (0.0%) 1(7.1%) 0 (0.0%)

No response 7 (8.4%) 0 (0.0%) 2 (14.3%) 5(8.1%)

© 2013 The Authors
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Difference in strategies by physicians of
different specialties

In 54 institutes, neonatologists treat CDH infants. In five
institutes, pediatric surgeons collaborate with neonatologists.
Therefore, neonatologists were involved in CDH treatments in 59
institutes. On the other hand, in 24 institutes, the attending
doctors did not belong to the department of neonatology. The
attending physicians were pediatric surgeons, pediatric cardiolo-
gists, anesthesiologists, obstetricians and from other specialties.
The strategies of CDH treatments employed by neonatologists
versus non-neonatologists (data not shown) were not different.
The survival rates for the infants treated by neonatologists versus
those treated by non-neonatologists (74.8% vs 74.0%; P = 0.87)
were not different.

Discussion

This study is the first Japanese nationwide survey of infants with
CDH and demonstrates the current state of CDH care in Japan.
The overall survival rate of all cases was 74.5%. The survival rate
of cases with a postnatal diagnosis was significantly higher than
that of cases with a prenatal diagnosis. The survival rate of cases
with a prenatal diagnosis was dependent on hospital volume. In
particular, the survival rate of isolated cases with a prenatal
diagnosis in G1 was significantly higher than that in G2 or G3.

A systematic review of CDH, which included 763 patients
from 13 reports, showed that the overall survival rate and the
survival rate of infants with isolated CDH were 79% (range:
69-93%) and 85% (range: 78-96%), respectively.® In this study,
the overall survival rate and the survival rate of infants with
isolated CDH were 74.5% and 82.7%, respectively. The survival
rate of CDH infants in Japan was compatible with that of other
countries. Focusing on the cases with a prenatal diagnosis, both
the overall survival rate and the isolated CDH survival rate were
significantly associated with the hospital volume in this study.
The dependency of the survival rates on the hospital volume was
not clear. One possibility is the habituation to care for critical
newborns. The care and handling of critical patients are very
important factors in neonatal medicine and they might affect the
patients’ outcome. The infants with CDH, especially prenatally
diagnosed cases, are critical and can easily develop into PPHN.
The medical staff members in large-volume hospitals (G1) are
generally used to dealing with CDH. This might be the reason for
the low mortality of isolated CDH with a prenatal diagnosis in
G1. The prenatal diagnosis makes it possible to plan the optimal
time and place of delivery. Neonatal transport is associated with
an increased mortality.” Therefore, in order to increase the sur-
vival rates, maternal cases with a prenatal diagnosis should be
referred to tertiary centers.

In prenatally diagnosed CDH, the best delivery mode remains
unknown. While the delivery mode is not associated with the
outcome of prenatally diagnosed CDH,® recent data suggest that
cesarean sections increase survival rates’ or increase survival
without ECMO."° In Japan, elective cesarean sections were the
first-line choice in most of the hospitals. The reason for this might
be that the number of medical staff was not adequate to care for
such critical patients on holidays and/or night shifts.

© 2013 The Authors
Pediatrics International © 2013 Japan Pediatric Society

The most important ventilator strategy for treating CDH is
avoiding ventilator-induced lung injury (VILI). To avoid and
minimize VILI, gentle ventilation with permissive hypercap-
nia'"'"* and early conversion to HFOV have been used.'*!*
Although the majority of Japanese hospitals applied gentle ven-
tilation with permissive hypercapnia, the tolerable levels of blood
gas parameters varied widely. In actuality, infants with CDH
were not always treated with gentle ventilation. Originally, the
gentle ventilation strategy reported by Wung included the use of
respiratory treatments without muscular relaxants, as well as the
use of permissive hypercapnia.”” The systematic review revealed
that the infants with CDH received light sedation, and muscle
relaxants tended to be used less frequently.’ In our study, both
analgesia and muscle relaxants were widely used in most of the
hospitals. A pulmonary hypertensive crisis can be triggered by
handling the infants or from nursing care provided at bedside. To
prevent pulmonary vasospasms secondary to these procedures,
most Japanese neonatologists/pediatric surgeons might therefore
choose to keep such patients paralyzed using analgesia and
muscle relaxants.

Most infants with CDH suffer from PPHN. iNO is one of the
treatments used for severe respiratory failure and/or PPHN.
Although there is little evidence for the effectiveness of iNO for
CDH, iNO has nevertheless been widely used to treat CDH
infants.'>'S In this study, iNO was found to be widely available in
Japanese neonatal intensive care units. One report from Japan
showed that the combination of iINO and early operations
improved the outcome and reduced the need for ECMO."” With
the widespread dissemination of gentle ventilation techniques,
the use of ECMO has decreased in some centers.* ECMO was
used in only 7.4% of CDH infants in a Canadian study.'®
Although treatment with iNO and HFOV reduced the need for
ECMO, it did not reduce mortality in infants with PPHN." The
systematic review showed that preoperative mortalities were
reduced in ECMO centers.! The Congenital Diaphragmatic
Hernia Study Group demonstrated that ECMO significantly
improved survival rates in CDH neonates with a high risk of
mortality.” In this study, ECMO tended to be more available in
the hospitals in G1; however, a statistically significant difference
was not seen (P = 0.073). In order to treat infants with critical
CDH, ECMO should therefore be provided in tertiary centers.

In about half of the hospitals that participated in this study,
infants with CDH were operated on after stabilization. The role
of the timing of surgery in influencing outcomes of CDH is
widely debated and the published reports provide controversial
results. Some centers delay surgery until physiologic stabiliza-
tion has occurred, while others prefer to perform surgery imme-
diately after birth.’ Rozmariek proposed that the outcome of
patients with CDH depends more on the degree of physiologic
derangement than on the timing of surgery.” Sometimes surgery
might worsen or trigger bouts of PPHN. The optimization of
hemodynamic and respiratory parameters might improve the
outcome.

Some centers described their protocols for treating CDH
and the possible beneficial effects of these protocols.”* In
these studies, the outcome for infants who received standardized
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treatment was favorable compared with that for infants who did
not receive standardized treatment. In our study, the ventilation
strategies, such as the use of tolerable levels of blood gas param-
eters, used among the centers varied widely. Multicenter collabo-
ration and the establishment of successful protocols are essential
for improving outcomes in patients with CDH.?

A few reports have demonstrated the existence of a hospital-
volume—patient-outcome correlation for CDH.**” The Canadian
Pediatric Surgery Network reported a volume—outcome correla-
tion for infants with CDH. They classified hospitals into high-
volume (=12 cases/22 months) and low-volume (<12 cases/22
months) groups according to the number of patients treated. The
high-volume hospitals had a significantly higher survival rate
(90% vs 77%).” A recent study using the Pediatric Health Infor-
mation System in the USA reported a correlation between hos-
pital volume and outcome. In their study, 2203 infants with CDH
from 37 children’s hospitals were divided into three groups
according to the number of CDH cases at each individual hospi-
tal.* Hospital volume was categorized as being low (=6 cases/
year), medium (6-10 cases/year), or high (=10 cases/year). The
results showed that the high-volume and medium-volume centers
had significantly lower mortality rates compared with the low-
volume centers. In this study, we divided hospitals into three
groups according to the number of patients treated. There are too
many hospitals in Japan to centralize infants with CDH. Even in
G1, the median (range) number of patients was 29 (22-43) during
5 years. Although individual hospitals had a small number of
CDH infants, the survival rate of the infants with prenatally
diagnosed CDH was dependent on hospital volume. Therefore,
we suggest that, at a minimum, the cases with a prenatal diagno-
sis should be referred to tertiary centers.

This study employed a retrospective survey using a question-
naire and was not designed to compare the outcomes that resulted
from the management strategies. Judging from the birth preva-
lence of CDH,'?* the number of patients in our survey corre-
sponded to approximately half of the estimated cases for that
period. Consequently, the results of this study accurately describe
the current status of infants with CDH in Japan. This study will
therefore provide useful information for prenatal counseling of
parents and for cross-national research.

The perinatal management strategies used to treat CDH were
the same for the three groups of institutions divided based on the
number of cases treated. The survival rate was dependent on
hospital volume, particularly in cases with a prenatal diagnosis.
We concluded that it might be important to centralize the infants
with CDH in tertiary centers in Japan in order to improve survival
rates.
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Prognostic factors of congenital diaphragmatic hernia accompanied
by cardiovascular malformation
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Abstract Background: Congenital diaphragmatic hernia is associated with cardiovascular malformation. Many prognostic factors
have been identified for isolated congenital diaphragmatic hernia; however, reports of concurrent congenital diaphrag-
matic hernia and cardiovascular malformation in infants are limited. This study evaluated congenital diaphragmatic
hernia associated with cardiovascular malformation in infants. Factors associated with prognosis for patients were also
identified.

Methods: This retrospective cohort study was based on a Japanese survey of congenital diaphragmatic hernia patients
between 2006 and 2010. Frequency and outcome of cardiovascular malformation among infants with congenital
diaphragmatic hernia were examined. Severity of congenital diaphragmatic hernia and cardiovascular malformation
were compared as predictors of mortality and morbidity.

Results: Cardiovascular malformation was identified in 76 (12.3%) of 614 infants with congenital diaphragmatic hernia.
Mild cardiovascular malformation was detected in 19 (33.9%) and severe cardiovascular malformation in 37 (66.1%).
Their overall survival rate at discharge was 46.4%, and the survival rate without morbidity was 23.2%. Mortality and
morbidity at discharge were more strongly associated with severity of cardiovascular malformation (adjusted OR 7.69,
95%ClI 1.96-30.27; adjusted OR 7.93, 95%CI 1.76—35.79, respectively) than with severity of congenital diaphragmatic
hernia.

Conclusions: The prognosis for infants with both congenital diaphragmatic hernia and cardiovascular malformation
remains poor. Severity of cardiovascular malformation is a more important predictive factor for mortality and morbidity
than severity of congenital diaphragmatic hernia.

Key words cardiac anomaly, diaphragmatic hernia, liver herniation, prognostic factor.

In recent years, outcomes in patients with isolated congenital
diaphragmatic hernia (CDH) have markedly improved because of
advances in perinatal management. Some studies have reported
overall survival and intact survival rates exceeding 80% and 60%,
respectively.'” However, CDH is also known to be associated
with other congenital malformations. Cardiovascular malforma-
tion (CVM) is found in 10-20% of infants with CDH.*® Some
reports have shown higher mortality rates in infants with both
CDH and CVM than in those with CDH alone.®’

Correspondence: Shigehiro Takahashi, MD, Division of Neonatology,
Center for Maternal-Fetal and Neonatal Medicine, National Center for
Child Health and Development, 2-10-1 Okura, Setagaya-ku, Tokyo
157-8535, Japan. Email: takahashi-s@ncchd.go.jp

Received 17 December 2012; revised 6 February 2013; accepted 12
March 2013.

© 2013 The Authors
Pediatrics International © 2013 Japan Pediatric Society

Many prognostic factors, such as liver herniation, lung-to-
head ratio, Apgar score, and pulmonary artery size, have been
previously evaluated for their association with isolated CDH.
These factors are important for counseling of parents or manage-
ment in the perinatal period.*'? However, in infants with both
CDH and CVM, the association of the severity of these condi-
tions with mortality and morbidity remains uncertain. This study
evaluated the incidence and outcome of CDH associated with
CVM and factors influencing the prognosis for infants with CDH
and CVM were also examined.

Methods

This study was approved by the ethics committees of the National
Center for Child Health and Development, Nagoya University
Hospital, Osaka University Graduate School of Medicine, Hyogo
College of Medicine, Osaka Medical Center and Research
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Institute for Maternal and Child Health, Osaka University Hos-
pital and Graduate School of Medical Sciences, and Kyushu
University. A questionnaire was distributed to the departments of
pediatric surgery and/or tertiary perinatal care centers of 159
educational hospitals. The survey inquired about infants with
CDH born between 2006 and 2010. Of the 159 institutes invited
to participate, 109 (68.8%) responded to the questionnaire. Of
these, 26 institutes reported no CDH cases and 11 refused to
participate in the survey, although some cases of CDH were
treated at these institutes. Thus, the final sample included 72
institutes in which 614 CDH cases were treated during the study
period.

Data from the CDH survey were combined with data from a
nationwide survey conducted in Japan. All infants described as
having cardiac defects were selected for review. Infants with
patent foramen ovale, atrial septal defects, patent ductus arterio-
sus, and hemodynamically insignificant vascular malformation
(including right aortic arch) were excluded from the review. The
incidence of CVM among infants with CDH identified in the
hospital survey was examined.

Factors influencing mortality and morbidity in infants with
both CDH and CVM were assessed using multivariate analysis.
Infants with trisomy 13 or trisomy 18 and those who received
palliative care after birth were excluded from the analysis of
prognostic factors. Severe CVM was defined as hemodynami-
cally significant heart disease requiring surgical intervention.
Severe CDH was defined as liver herniation. In infants with more
than two CVM, the anomaly most likely to affect outcome was
adopted. In addition, survival without morbidity was defined as
no need for respiratory support, including oxygen supplementa-
tion, tube feeding, parenteral nutritional support, or vasodilation.’

All data were analyzed using the statistical software program
Stat Flex for Windows version 6.0 (Artec, Osaka, Japan). Uni-
variate analysis was performed to identify differences between
survivors and non-survivors and differences between infants with
and without morbidity at discharge or death. The y*-test, Fisher’s
exact test, the 2-sample test, and the Mann—Whitney non-
parametric test were selected as appropriate. Multiple logistic
regression analysis was performed to evaluate the association of
CDH and CVM severity with mortality and morbidity. Mortality
was defined as death during hospitalization. Statistical signifi-
cance was set at P < 0.05.

Results

CVM was identified in 76 of the 614 (12.3%) infants. Life-
limiting genetic defects were identified in 14 infants (trisomy 13,
n = 4, trisomy 18, n = 10). Palliative care for severe CVM,
trisomy 21, heterotaxia, or tracheal stenosis was administered in
six cases, and full intervention was required in 56 cases. Mild
CVM was detected in 19 (33.9%) of these 56 infants and severe
CVM in 37 (66.1%) (Fig. 1).

Details of the 76 infants with CVM are provided in Table 1.
Ventricular septal defect (VSD) was identified in four of the
infants with trisomy 13 or trisomy 18, three infants with tetralogy
of Fallot (TOF) and double-outlet right ventricle (DORV) with
right ventricular outflow tract obstruction (RVOTO), and four

Prognostic factors of CDH with CVM 493

All CDH
614 infants
|
CDH with CVM
108 infants
PDA, ASD, RAA
32 infants
13, 18 trisomy
14 infants
Palliative care
6 infants
56 infants
Mild CVM Severe CVM
19 infants 37 infants

Fig.1 Diagram summarizing the study population. ASD, atrial
septal defect; CHD, congenital diaphragmatic hernia; CVM, cardio-
vascular malformation; PDA, patent ductus arteriosus; RAA, right
aortic arch.

infants with DORV without RVOTO. The majority of infants
with mild CVM had VSD (n = 14, 73.7%).

The overall survival rate at discharge of the infants with CVM
who required full intervention was 46.4% (26/56). This rate for
those with mild CVM and severe CVM was 77.8% (14/18) and
31.6% (12/38), respectively. The overall usage rate of extracor-
poreal membrane oxygenation (ECMO) and nitric oxide inhala-
tion (iNO) were 8.9% (5/56) and 71.4% (40/56), respectively. On
the other hand, the overall survival rate without morbidity at
discharge was 23.2% (13/56). For those with mild and severe
CVM, this rate was 50.0% (9/18) and 10.5% (4/38), respectively.
Morbidities at discharge included use of supplemental oxygen
(n = 10), tube feeding (n = 6), and vasodilation (n = 4). No
ventilation, tracheostomy, or total parenteral nutrition was
required at discharge for any of the patients.

Univariate analysis revealed that severe CVM was found sig-
nificantly more frequently in non-survivors than in survivors
(86.7% vs 46.2%, P = 0.001). However, no significant difference
between survivors and non-survivors was observed for the other
variables (including liver herniation, which was used to represent
severity of CDH) (Table 2). Severe CVM was significantly more
frequent in infants with morbidity at discharge or in non-
survivors than in survivors without morbidity at discharge
(79.1% vs 30.8%, P = 0.001) (Table 3). The adjusted OR for
mortality in infants with CDH associated with CVM was 7.69
(95%CI 2.00-30.27) for infants with severe CVM and 0.49
(95%CI 0.12-1.91) for those with liver herniation. Morbidity in
infants with CDH associated with CVM was calculated as 7.93
(95%CI 1.76-35.79) for those with severe CVM and 0.82
(95%C1 0.15-4.63) for those with liver herniation (Table 4).

In a subgroup analysis, the survival rate of infants with VSD
was 72.2% (13/18); however, that of infants with the other CVM
was <50%. No infants with hypoplastic left heart syndrome
(HLHS) survived. In contrast, the intact survival rate in infants

© 2013 The Authors
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Table 1 Types of cardiac defects observed in patients with CDH and CVM

n 13, 18 trisomy Palliative care Full intervention Overall CVM
Severe CVM Mild CVM
14 6 37 19 76
VSD 4 2 5 14 25 (32.9%)
TOF or DORV with RVOTO 3 - 8 1 12 (15.8%)
DORYV without RVOTO 4 - 4 - 8 (10.5%)
CoA or TAA 1 - 4 3 8 (10.5%)
HLHS - 1 6 - 7 (9.2%)
SV 1 2 4 7 (9.2%)
PS or PA - - 1 1 2 (2.6%)
AVSD 1 - 1 - 2 (2.6%)
TAPVR - - 1 - 1(1.3%)
TGA - - 1 - 1(1.3%)
Truncus arteriosus - 1 - - 1(1.3%)
TA - - 1 - 1 (1.3%)
TV dysplasia - 1 - 1(1.3%)

AVSD, atrioventricular septal defect; CDH, congenital diaphragmatic hernia; CoA, coarctation of the aorta; CVM, cardiovascular malformation;
DORY, double-outlet right ventricle; HLHS, hypoplastic left heart syndrome; IAA, interruption of the aortic arch; PA, pulmonary atresia; PS,
pulmonary stenosis; RVOTO, right ventricular tract obstruction; SV, single ventricle; TA, tricuspid valve atresia; TAPVR, total anomalous
pulmonary venous return; TGA, transposition of the great arteries; TOF, tetralogy of Fallot; TV, tricuspid valve; VSD, ventricular septal defect.

with VSD was 38.9% (7/18). The intact survival rate in infants
with other CVM was very low (Table 5).

Discussion

Results of this report showed that CVM was concurrent with
CDH in 12% of infants included in this study during this period.
Ninety percent of infants with CVM (except those with trisomy
13 and trisomy 18) underwent full intervention. Despite this
intervention, overall and intact survival rates at discharge were
extremely poor (46% and 23%, respectively). VSD was the
most common cardiac defect, and left-sided heart disease and
conotruncal anomalies, such as TOF and DORYV, were also
common. Severe CVM was more closely associated with mor-
tality and morbidity at discharge than liver herniation, which
represented severe CDH in this study. The survival rate of infants
with VSD was about 70%; however, less than 50% of infants with
other types of CVM survived. In addition, even infants with VSD
had low intact survival rate.

Table 2 Clinical characteristics of survivors and non-survivors. Data
are presented as mean values & SD or median values and (Q1-Q3)

Variables Survivors Non-survivors P
Number of infants 26 30

GA (wk) 377 +£20 36.9 £2.9 0.254
BW(g) 2259 *+ 517 2447 + 623 0.229
Apgar score at 1 min 3 (2-5) 3024 0.172
Apgar score at 5 min 5 (3-6) 5(3-6) 0.418
Female 13 (50.0%) 17 (56.7%) 0.618
Vaginal delivery 6 (23.1%) 4 (13.3%) 0.738
Prenatal diagnosis 20 (76.9%) 25 (83.3%) 0.547
CDH left 24 (92.3%) 27 (90.0%) 1.000
Liver herniation 8/26 (30.8%) 7/26 (26.9%) 0.760
Severe CVM 12 (46.2%) 26 (86.7%) 0.001

BW, birthweight; CDH, congenital diaphragmatic hernia; CVM,
cardiovascular malformations; GA, gestational age.

© 2013 The Authors
Pediatrics International © 2013 Japan Pediatric Society

In various studies, the prevalence of CVM ranges from 8 to 13
per 1000 live births.'”*"* However, a recent study suggested a
much higher prevalence of CVM (50 per 1000 live births)."> The

Table 3 Clinical characteristics of infants according to status at dis-
charge. Data are presented as mean values = SD or median values and

(Q1-Q3)

Variables Survival Survival with P
without morbidity or
morbidity death

Number of infants 13 43

GA (wk) 374+ 16 372 +27 0.787
BW(g) 2158 + 535 2421 * 584 0.154
Apgar score at 1 min 4 (3-6.3) 324 0.047
Apgar score at 5 min 5(5-7) 5 (2.3-6) 0.068
Female 8 (61.5%) 22 (51.1%) 0.511
Vaginal delivery 1(7.7%) 9 (20.9%) 0.424
Prenatal diagnosis 11 (84.6%) 34 (79.1%) 0.721
CDH left 12 (92.3%) 39 (90.7%) 1.000
Liver herniation 3/13 (23.1%) 12/39 (30.8%) 0.733
Severe CVM 4 (30.8%) 34 (79.1%) 0.001

BW, birthweight; CDH, congenital diaphragmatic hernia; CVM,
cardiovascular malformations; GA, gestational age.

Table 4 Association of severity of CVM and CDH with status at
discharge (multivariable logistic regression). Variables were adjusted
for gestational age, prenatal diagnosis, and Apgar score at 1 min

Variables Mortality Morbidity
Adjusted 95%CI Adjusted 95%CI
OR OR
Severe 7.69 2.00-30.27 7.93 1.76-35.79
CVM
Liver 0.49 0.12-1.91 0.82 0.15-4.63
herniation

CVM, cardiovascular malformation.
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Table 5 Survival rates with and without morbidity at discharge for
infants with CDH according to presence and type of cardiac defect

n Survivors Survivors
without
morbidity
CDH with CVM Overall 56 26 (46.4%) 13 (23.2%)
Severe 38 12 (31.6%) 4 (10.5%)
Mild 18 14 (77.8%) 9 (50.0%)
VSD 18 13 (72.2%) 7 (38.9%)
TOF or DORV with RVOTO 9 3(33.3%) 1(11.1%)
DORYV without RVOTO 5 2 (40.0%) 1 (20%)
CoA or IAA 7 3 (42.9%) 2 (28.6%)
HLHS 6 0 0
SV 4 2 (50%) 0
PS or PA 2 1 (50%) 1 (50%)
AVSD 1 0 0
TAPVR 1 0 0
TGA 1 1 (100%) 0
TA 1 1 (100%) 1 (100%)
TV dysplasia 1 0 0

AVSD, atrioventricular septal defect; CDH, congenital diaphrag-
matic hernia; CoA, coarctation of the aorta; CVM, cardiovascular
malformation; DORV, double-outlet right ventricle; HLHS, hypoplas-
tic left heart syndrome; IAA, interruption of the aortic arch; PA, pul-
monary atresia; PS, pulmonary stenosis; RVOTO, right ventricular
tract obstruction; SV, single ventricle; TA, tricuspid valve atresia;
TAPVR, total anomalous pulmonary venous return; TGA, transposi-
tion of the great arteries; TOF, tetralogy of Fallot; TV, tricuspid valve;
VSD, ventricular septal defect.

present study detected a frequency of CVM associated with CDH
of about twice as high as that in the general population. The
frequency of this study (12%) was similar to that identified by
the Congenital Diaphragmatic Hernia Study Group (CDHSG)
(10.5%).° In the assessment of types of CVM, VSD was the most
common in both studies (this study 32%, CDHSG study 42%).
The frequency of left-sided heart disease, including HLHS, was
28% in the CDHSG study, which was higher than that identified
in the present study (19.7%). Some reports have shown a lower
frequency of left-sided heart disease in Asia than in Western
countries. Thus, the discrepancy between our results and those of
the CDHSG study may be because of differences in race."' In
Japan, left-sided heart disease accounts for about 3% of all CVM,
which suggests that the frequency of left-sided heart disease
associated with CDH is extremely high, even in the Japanese
population.'>"

In a study of major structural non-cardiac anomalies identified
with CVM, Miller et al. reported a frequency of 15% for left-
sided heart disease associated with all congenital anomalies. In
another study, the frequency of left-sided heart disease associated
with CDH was reported as 27%."® The higher incidence of left-
sided heart disease may reflect the limited flow through the left
side of the heart due to direct compression of herniated structures
and decreased pulmonary blood flow caused by lung compres-
sion. In the present study, all infants with left-sided heart disease
also had left-sided CDH, which supports this theory.'*?

In this study, numerous conotruncal anomalies, such as TOF
and DORYV, were observed, accounting for about 30% of all
CVM. Trisomy 13 and trisomy 18 have been strongly associated
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with conotruncal anomalies.?’ Our sample included 14 infants
with trisomy 13 and trisomy 18, half of whom had TOF or
DORV. This may be one of the causes of the high frequency of
conotruncal anomalies.

Many studies have reported associations between the progno-
sis for patients with isolated CDH and several predictors, such as
lung-to-head ratio, liver herniation, low birthweight, Apgar score,
pulmonary artery diameter, and best PaO, value.*'*? This study
found no association between liver herniation (used to represent
severe CDH) and mortality and morbidity. However, the results
indicated that severity of CVM was an independent risk factor for
mortality and morbidity at discharge.

In this study, the survival rate of infants with mild CVM was
about 80%, the same as that for isolated CDH (84%) in our
survey.”® On the other hand, the survival rate of infants with
severe CVM was about 30% and of infants without morbidity
was just 10%. This result suggests that the prognosis remains
poor in infants with CDH concurrent with CVM despite improve-
ments in outcomes in cases with isolated CDH. Furthermore, in
our survey, the usage rates of ECMO and iNO in all CDH were
7.0% and 56.2%, respectively.” The usage rates among infants
with both CDH and CVM tended to be higher than those among
all CDH.

The survival rate was relatively favorable in infants with VSD
(72%) but not in infants with other types of CVM (<50%). In
infants with VSD, cyanosis rarely develops. However, in infants
with univentricular anatomy, DORYV, and pulmonary stenosis,
cyanosis could develop easily even without CDH. Furthermore,
in such patients, hypoxia could get worse because of presence of
CDH. It may be one of the causes that infants with CDH and such
types of CVM have poorer prognosis than those with VSD.

In this study, none of the six infants with HLHS survived.
Termination of labor and palliative care after birth may be con-
sidered in cases associated with HLHS. Although the survival
rate of infants with VSD was favorable, only 40% of infants were
discharged from hospital without morbidities. This may be
important information for parents of infants with this defect.

Completion of Fontan circulation is difficult for infants with
CVM in whom biventricular repair is also difficult. Residual
pulmonary hypertension complicates this situation. Therefore, 3-
or 5-year survival rates may be lower than the survival rate at
discharge used in this study. To our knowledge, no previous cases
have been reported of survival in infants with cavopulmonary
anastomosis and CDH. Long-term follow up in patients with
these conditions is required.

This study has several limitations. First, detailed information
regarding treatment was not included. This study was based on
data from a retrospective national survey of infants with CDH
that did not include this information. Second, severity of CVM
was defined on the basis of hemodynamic significance. However,
this decision may have differed between facilities, and thus,
assessment of disease severity may not have been uniform. Third,
the end-point of the study was at discharge; therefore, intracar-
diac surgery had not yet been performed in some infants. Thus,
the actual mortality and morbidity rates may have been poorer
than those reported in this study. Finally, the number of cases
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may be insufficient for accurate evaluation of prognostic factors.
The lung-to-heart ratio and pulmonary artery size are useful for
assessing severity of CDH; however, data on these parameters
were available for only about 20 infants included in this study.
Thus, liver herniation was used as an index of CDH severity.

Despite these limitations, the results of this study demonstrate
that the frequency of CVM among infants with CDH in Japan is
similar to that in Western countries. Mortality and morbidity rates
remain unfavorable despite improvements in perinatal manage-
ment. The severity of CVM is important to the prognosis for
patients who have these conditions concurrently. Further study is
needed to determine factors influencing prognosis depending on
the type of CVM.
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