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Fetal intervention for congenital diaphragmatic hernia

Eieen v SR LEEE

o ... Shigehiro TaxarasHl', Masayuki Enpo?and Haruhiko Saco?
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| Fetal endoscopic tracheal occlusion

(FETO)
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Effect of hospital volume on the mortality of congenital diaphragmatic
hernia in Japan

Masahiro Hayakawa,! Miharu Ito,' Tetsuo Hattori,' Yutaka Kanamori,? Hiroomi Okuyama,* Noboru Inamura,’

Shigehiro Takahashi,® Kouji Nagata,® Tomoaki Taguchi,® Noriaki Usui’ and The Japanese Congenital Diaphragmatic

Hernia Study Group

\Center for Maternal-Neonatal Care, Nagoya Universitv Hospital, Nagoya, *Department of General Surgery and
3Department of Neonatology, National Center for Child Health and Development, Tokyo, *“Department of Pediatric Surgery,
Hyogo College of Medicine, Nishinomiya, *Deparitment of Pediatric Cardiology, Osaka Medical Center and Research
Institute for Maternal and Child Health, Izumi, °Department of Pediairic Surgery, Reproductive and Developmental
Medicine, Graduate School of Medical Sciences, Kyushu University, Fukuoka and "Department of Pediatric Surgery, Osaka
University Graduate School of Medicine, Suita, Japan

Absiract 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: Fighty-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
11in 2500-5000 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 I Survival rates
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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
v -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).

Resulis

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%) 171/215 (79.5%) 134/191 (70.2%)* 197/268 (73.5%)
OR (95%CT) 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 3377483 (69.8%) 139/178 (78.1%) 93/144 (64.6%)" 105/161 (65.2%)!
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%CI) 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%)
OR (95%CI) 1.00
Cases with postnatal diagnosis

Overall
/N 165/191 (86.4%) 32/37 (86.5%)
OR (95%CT) 1.00

Isolated cases
/N 155/171 (90.6%) 30/33 (90.9%)
OR (95%CT) 1.00

Non-isolated cases

5/27 (18.5%)
0.210 (0.133-1.559)

41/47 (87.2%)
1.068 (0.299-3.816)

38/43 (88.4%)
0.760 (0.168-3.468)

4125 (16.0%)
0.149 (0.103-1.414)

92/107 (86.0%)
0.958 (0.322-2.848)

87/95 (91.6%)
1.087 (0.271-4.367)

n/N 10/20 (50.0%) 2/4 (50.0%) 3/4 (75.0%) 5/12 (41.7%)
OR (95%CI) 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 (n = 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%) S (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
<7.25 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%)
=745 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%)

SIMYV, 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
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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 Gl 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%CI: 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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