Introduction:

Congenital diaphragmatic hernia (CDH) occurs in approximately 1 in 2,500 to
5,000 live births.1‘3~ENREF_1 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 hypercapnia, 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
institutions. The use of different strategies to treat CDH might affect the outcome of the
disease. Additionally, recent reports have demonstrated a relationship between outcome
and hospital volume in the treatment of CDH * as well as a relationship with neonatal
intensive care.” Because a nationwide survey of CDH has not been conducted in Japan,
the effects of the hospital volume-outcome relationship and the effects of different
therapeutic strategies used with CDH patients in Japan remain unexplored. The aim of
th13 study was to evaluate the relationships among the number of CDH patients, survival

% - rates, and the current strategies employed at individual hospitals.
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Methods:

This study was approved by the ethics committees at Nagoya University Hospital,
Osaka University Graduate School of Medicine, the National Center for Child Health and
Development, the Hyogo College of Medicine, Osaka Medical Center, the Research
d Institute for Maternal and Child Health, and the Graduate School of Medical Sciences,

” Kyushu University.

| 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. One hundred and nine 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 postnatal), the delivery mode, and neonatal therapeutic strategies.

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 spontaneous delivery and induction delivery. Neonatal therapeutic
strategies included choosing a ventilator mode, applying the policy of gentle ventilation
1th permissive hypercapnia, using tolerable levels of blood gas parameters,
adnn'nistering 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): between 11 and 20 patients, and Group 3 (G3): fewer than 10
patients.

Data were analyzed by using SPSS version 19.0 statistical software (SPSS Inc.,

Chicago, USA). The statistical analysis was performed using the chi square test, Fisher’s

~exact test for categorized factors, and a logistic regression analysis. Bonferroni’s
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correction was used as a posthoc test. A p-value < 0.05 was considered to be significant.

The numerical data represent the medians (range).
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f‘ - 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) number 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 was 5 (1-43). The mode value of

the CDH patients at the individual hospitals was 4 (Figure).

~ 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

© Gland G2 (Gl 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 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%,
féépectively. 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% 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 those with isolated CDH with a
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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% CI: 0.236-0.847], G1 vs. G3, p = 0.007; OR: 0.425 [95%

CI: 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

o hospitals (G1;42.9%, G2;71.4%, G3;71.0%, P=0.535).

Ventilator strategies

HFOV was widely used and the infants were managed in accordance with the
policy of gentle ventilation with permissive hypercapnia 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

Pa0,, preductal SpO,, and preductal pH were as follows: the level of preductal PaCO,
ranged from 50 to 60 mmHg, the level of preductal PaO, ranged from 60 to 70 mmHg, the
‘ 1;:%/61 of preductal SpO, ranged from 90% to 95%, and the level of preductal pH ranged
 from 7.30 10 7.35 (Table 2).

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 without body movements. Muscle relaxants were administered by

continuous infusion in most of the hospitals. The strategies of sedation were the same
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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 circulatory conditions. Regarding the postnatal day of surgical repair,
surgery was performed within four postnatal days in most of the hospitals. In almost all of

the hospitals in G1, surgery was performed within two postnatal days (Table 4).

The difference in strategies by physicians of different specialties.

In 54 institutes, neonatologists treat CDH infants. In 5 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 a department of neonatology. The attending physicians were pediatric
surgeons, pediatric cardiologists, anesthesiologists, obstetricians and of 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.
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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 to 93%) and 85% (range: 78 to 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 staffs in large-volume hospitals

(Gl) 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 survival 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

© 2013 The Authors
Pediatrics International © 2013 Japan Pediatric Society

— 160 —



11

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 stuff was not adequate
- to care for such critical patients on holidays and/or night shifts.

The most important ventilator strategy for treating CDH is avoiding

- ventilator-induced lung injury (VILI). To avoid and minimize VILI, gentle ventilation
~ with permissive hypercapnia'" ' and early conversion to HFOV have been used.'> '

- Although the majority of Japanese hospitals applied gentle ventilation 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
éé%/ere 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.'> '° In this study, iNO was found to be widely available in Japanese NICUs. One
report from Japan showed that the combination of iNO 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
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 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.20 In this study, ECMO tended 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 literature reports controversial results. Some centers
delay surgery until physiologic stabilization has occurred, while others prefer to perform
surgery immediately 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 1;)1r0t00()ls.23‘25 In these studies, the outcome for infants who received
standardized 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
“k;yels of blood gas parameters, used among the centers varied widely. Multicenter
"‘45:(\‘511ab0ration 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 relationship for CDH.*? The Canadian Pediatric Surgery Network reported a

. volume-outcome relationship 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. 7 7%).2" A recent study using the Pediatric Health
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Information System in the USA reported a relationship between hospital volume and
outcome. In their study, 2,203 infants with CDH from 37 children’s hospitals were
divided into three groups according to the number of CDH cases at each individual
hospital.4 Hospital volume was categorized as being low (< 6 cases/year), medium (> 6
and < 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 five
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 diagnosis should be
referred to tertiary centers.

This study employed a retrospective survey using a questionnaire and was not
designed to compare the outcomes that resulted from the management strategies. Judging
from the birth prevalence of CDH,_ENREF_1'" the number of patients in our survey
corresponded 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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Figure legend

The number of CDH cases at the individual hospitals.

The black bar, gray bar, and white bar indicate G1, G2, and G3, respectively.
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Table 1. Survival rates

19

Total

G1

G2

G3

es
overall
502/674 (74.5%)
OR (95%Cl)

ated cases
473/572 (82.6%)

29/102 (28.4%)

337/483 (69.8%)

OR (95%Cl)

isolated cases

N 318/401 (79.3%)
R (95%Cl)

isolated cases

n/N 19/82 (23.2%)
R (95%CI)

postnatal diagnosis

165/191 (86.4%)

155/171 (90.6%)
‘OR (95%Cl)

isolated cases

N 10/20 (50.0%)
"OR (95%Cl)

171/215 (79.5%)
1.00

159/181 (87.8%)
1.00

12/34 (35.3%)
1.00

139/178 (78.1%)
1.00

129/148 (87.2%)
1.00

10/30 (33.3%)
1.00

32/37 (86.5%)
1.00

30/33 (90.9%)
1.00

2/4 (50.0%)
1.00

134/191 (70.2%)°
0.605 (0.384-0.952)

126/160 (78.8%)"
0.513 (0.286-0.920)

8/31 (25.8%)
0.638 (0.219-1.857)

93/144 (64.6%)"
0.512 {0.313-0.837)

88/117 (75.2%)°
0.447 (0.236-0.847)

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)

3/4 (75.0%)
3.000 (0.150-59.890)

197/268 (73.5%)
0.714 (0.465-1.096)

188/231 (81.4%)
0.605 (0.347-1.054)

9/37 (34.3%)
0.589 (0.211-1.649)

105/161 (65.2%)"
0.526 (0.325-0.851)

101/136 (74.3%)°
0.425 (0.230-0.787)

4/25 (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)

5/12 (41.7%)
0.714 (0.074-6.922)
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Table2. Ventilator care

‘ Total (n=83) G1 (n=7) G2 (n=14) G3 (n=62) p value
r mode 0.963
67 (80.7%) 6 (85.7%) 11 (78.6%) 50 (80.6%)
n depending on the situation 6 (7.2%) 1 (14.3%) 1 (7.1%) 4 (6.5%)
5 (6.0%) 0 (0.0%) 1 (7.1%) 4 (6.5%)
2 (2.4%) 0 (0.0%) 0 (0.0%) 2 (3.2%)
3 (3.6%) 0 (0.0%) 1 (7.1%) 2 (3.2%)
0.819
69 (83.1%) 7 (100%) 13 (92.9%) 49 (79.0%)
4 (4.8%) 0 (100%) 0 (0.0%) 4 (6.5%)
2 (2.4%) 0 (0.0%) 0 (0.0%) 2 (3.2%)
4 (4.8%) 0 (0.0%) 0 (0.0%) 4 (6.5%)
4 (4.8%) 0 (0.0%) 1 (7.1%) 3 (4.8%)
0.891
<40mmHg 5 (6.0%) 0 (0.0%) 0 (0.0%) 5 (8.1%)
40mmHg< <50mmHg 17 (205%) 2 (28.6%) 3 (214%) 12 (19.4%)
36 (43.3%) 3 (42.9%) 8 (57.1%) 25 (40.3%)
15 (18.1%) 2 (28.6%) 2 (143%) 11 (17.7%)
3 (3.6%) 0 (0.0%) 0 (0.0%) 3 (4.8%)
7 (8.4%) 0 (0.0%) 1 (7.1%) 6 (9.7%)
0.745
10 (12.0%) 1 (14.3%) 2 (14.3%) 7 (11.3%)
25 (30.1%) 3 (42.9%) 5 (35.7%) 17 (27.4%)
10 (12.0%) 2 (28.6%) 1 (7.1%) 7 (11.3%)
12 (145%) 1 (14.3%) 1 (7.1%) 10 (16.1%)
(8.4%) 0 (0.0%) 0 (0.0%) (11.3%)
(6.0%) 0 (0.0%) 1 (7.1%) (6.5%)
14 (16.9%) 0 (0.0%) 4 (28.6%) 10 (16.1%)
0.533
2 (2.4%) 0 (0.0%) 1 (7.1%) 1 (1.6%)
22 (24.5%) 2 (28.6%) 5 (35.7%) 15 (24.2%)
34 (41.0%) 5 (71.4%) 6 (42.9%) 23 (56.5%)
19 (22.9%) 0 (0.0%) 1 (7.1%) 18 (29.0%)
1 (1.2%) 0 (0.0%) 0 (0.0%) 1 (1.6%)
5 (6.0%) 0 (0.0%) 1 (7.1%) 4 (6.5%)
0.445
7 (8.4%) 0 (0.0%) 1 (7.1%) 6 (9.7%)
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38
11

PR

217%) 1
45.8%) 4
13.3%) 1
2.4%) 0
2.4%) 1
6.0%) 0

14.3%)
57.1%)
14.3%)
0.0%)
14.3%)
(0.0%)

= = O O 00 Ww

21.4%)
57.1%)
0.0%)
0.0%)
7.1%)
7.1%)

14
26
10

22.6%)
41.9%)
16.1%)
3.2%)
0.0%)
6.5%)

e

21
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Table 3. Sedation treatments used during acute management

22

Total (n=83) G1 (n=7) G2 (n=14) G3 (n=62) p value
0.842
82 (98.8%) 7 (100%) 14 (100%) 61 (98.4%)
1 (1.2%) 0 (0.0%) 0 (0.0%) 1 (1.6%)
iscle relaxant 0.373
72 (86.7%) 7 (100%) 13 (92.9%) 52 (83.9%)
1 (13.3%) 0 (0.0%) 1 (7.1%) 10 (16.1%)
0.752
30 (36.1%) 3 (429%) 5 (35.7%) 22 (35.4%)
48 (57.8%) 4 (57.1%) 9 (64.3%) 35 (56.5%)
5 (6.0%) 0 (0.0%) 0 (0.0%) 5 (8.1%)
0.797
stration as necessary 17 (23.6%) 2 (28.6%) 4 (30.8%) 11 (21.2%)
uous infusion 52 (72.2%) 5 (71.4%) 9 (69.2%) 38 (73.1%)
3 (4.2%) 0 (0.0%) 0 (0.0%) 3 (5.7%)
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Table 4. The timing of surgical repair

total (n=83) G1 (n=7) G2 (n=14) G3(n=62) pvalue

Timing of surgical repair 0.818

4 (4.8%) 1 (14.3%) 0 (0.0%) 3 (4.8%)
| 34 (41.0%) 4 (57.1%) 5 (35.7%) 25 (40.3%)
stabilization 41 (49.4%) 2 (28.6%) 8 (57.1%) 31 (50.0%)
atment principle 1 (1.2%) 0 (0.0%) 0 (0.0%) 1 (1.6%)
3 (3.6%) 0 (0.0%) 1 (7.1%) 2 (3.2%)
0.139

2 (2.4%) 1 (143%) 0 (0.0%) 1 (1.6%)

31 (37.3%) 4 (57.1%) 5 (35.7%) 22 (35.5%)

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

5 (6.0%) 1 (14.3%) 0 (0.0%) 4 (6.5%)

1 (1.2%) 0 (0.0%) 1 (7.1%) 0 (0.0%)

7 (8.4%) 0 (0.0%) 2 (143%) 5 (8.1%)
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