variable as ‘any cystic lesion in the pelvis detected by
ultrasonography’. This lesion may correspond to TOA,
but cystic structures other than TOA such as hydrosal-
pinx or ovarian cysts should be included. Interestingly,
cases with any cystic lesion in the pelvis detected by
ultrasonography were associated with poor clinical
course, whereas other conditions or diseases such as
endometriosis, fibroid and adenomyosis, identified by
ultrasonography were not associated with clinical
course. It is well known that TOA requires long hospi-
talization and/or surgical intervention, but the find-
ings of the current study indicate that gynecologists
can predict poor clinical course only by identifying
cystic lesions by using ultrasonography, before con-
firming their characterization.

High CRP level on admission was identified as an
independent factor associated with poor clinical
course, whereas other clinical and laboratory factors
such as body temperature and WBC counts did not
predict clinical course. It has been well described that
serial CRP measurements are useful to assess the clini-
cal success of the conservative treatment of PID, such as
response to antimicrobial therapy.!® The aim of this
novel study was to identify predictors of poor clinical
course from factors that are ascertainable on admission.
We discovered that high CRP levels on admission are
significantly associated with poor clinical course. We
further conducted ROC analysis, which indicated that
the cut-off was 4.4 mg/dL, although the sensitivity and
the specificity were not satisfactorily high (sensitivity,
76.2%; specificity, 58.4%).

This study is the first of its kind to demonstrate that
history of intrauterine operation before the onset of
PID is an independent factor associated with poor
clinical course. In general, PID is caused by the ascend-
ing spread of microorganisms from the vagina to the
uterus, fallopian tubes and adnexa. Therefore, trans-
vaginal intrauterine operations such as the collection of
endometrial cytology or embryo transfer may poten-
tially induce PID. Here, we evaluated the impact of
infrauterine operations on the severity of hospitalized
PID, and discovered that PID triggered by intrauterine
operations is likely to result in a poor clinical course
regardless of concomitant risk factors. Indeed, 13 out of
18 PID cases that developed shortly after intrauterine
operations developed poor clinical courses. Five of the
13 patients had undergone collections of endometrial
cytology and four had received embryo transfers. One
patient underwent IUD removal just before the onset.
IUD use has been shown to be strongly associated with
an increased risk of surgery for PID as a result of failed

© 2013 The Authors
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conservative treatment?* On the other hand, no study
has assessed the influence of infertility treatment-
related intrauterine operations such as embryo transfer
or intrauterine insemination on the severity of PID,
although several case reports suggest that embryo
transfer provoked severe PID."»* The possible etiology
of the association between intrauterine operation and
severe PID is poorly understood, but it can be specu-
lated that mechanical stimulation on the endometrium
could provoke inflammatory reactions and enhance the
spread of microorganisms. It is also possible that those
who carried IUD in the uterus or infertile patients had
asymptomatic PID, and symptoms were manifested by
the intrauterine operations. Special attention should be
paid to PID that develops after intrauterine operations,
especially for patients in the course of infertility treat-
ment, as they are potentially conceiving within treat-
ment cycles.

This study has the following limitations. First, this is
a retrospective study and diagnostic and therapeutic
strategies may vary among cases, although each clini-
cian follows the same guideline. Second, several
important factors, such as the number of sexual part-
ners, were not included due to a lack of information in
medical records. It is also possible that small sample
size may have limited the power to detect significances
for some risk factors. A prospective study with a large
number of cases should be performed to address these
issues.

In summary, this study identified variables that can
be obtained at the time of admission and can predict
poor clinical course of patients hospitalized with PID.
These findings can assist gynecologists to identify
patients at risk and to optimize the choice of manage-
ment in advance.
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Individualized management of umbilical endometriosis:
A report of seven cases
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Abstract

Aim: The aim of this study was to review diagnostic/therapeutic strategies of umbilical endometriosis
managed in our department and evaluate the effectiveness of these strategies.

Methods: Medical records for patients with diagnosis of endometriosis managed from 1999 through 2011 in
the University of Tokyo Hospital were retrospectively reviewed. Cases with diagnosis of umbilical
endometriosis were identified. Clinical information of age, gravida, parity, histories of surgery and oral
contraceptive (OC), management for the disease prior to the first visit, symptoms, patients’ desire for preg-
nancy, diagnostic/therapeutic methods and prognosis were reviewed and summarized.

Results: During the period, 2530 patients with diagnosis of endometriosis were identified. Seven patients had
diagnosis of umbilical endometriosis, giving an incidence of 0.29% of all endometriosis cases and 5.6% of
extragenital endometriosis cases. A definitive diaghosis was made by histological examination following a
biopsy (two cases) or a resection (three cases). A clinical diagnosis was made by empirical treatment with OC
(one case) or dienogest (one case). With regard to therapy, three patients chose expectant management and did
not require therapeutic intervention. Three patients began OC and symptoms were well controlled in all
patients. One patient who wished to conceive chose a wide resection followed by umbilical reconstruction., She
became pregnant afterwards and recurrence was not reported.

Conclusion; There are various options of diagnostic/therapeutic strategies, such as empirical treatments and
OC that can provide individualized management of umbilical endometriosis, congruent with the severity of

patient symptoms, age and desire for pregnancy.

Key words: empirical treatment, endometriosis, extragenital, oral coniraceptive, umbilicus,

Introduction

Endometriosis occurs commonly in pelvic genital
organs, especially in the ovary. Endometriosis that
develops outside the genital tract, such as lung, urinary
tract, colon, ingninal canal, surgical scar or umbilicus,
is termed extragenital or extrapelvic endometriosis.!
Umbilical endometriosis is rare. The incidence is as
high as 0.5-4% in overall extragenital endometriosis.

In order to diagnose this condition, computed tomog-
raphy, magnetic resonance imaging (MRI), ultrasonog-
raphy and serum carbohydrate antigen 125 levels are
commonly used, but the results of these screening pro-
cedures are not conclusive; the definitive diagnosis
requires histological examination following biopsy or
resection® In order to treat umbilical endometriosis,
wide resection is generally recommended®® and few
cases are managed conservatively.
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Management of umbilical endometriosis

We have tried a variety of diagnostic/therapeutic
strategies for umbilical endometriosis in an attempt to
provide individualized management according to the
severjty of the symptoms, the patient’s age and desire
for current/future pregnancy. In this study, we retro-
spectively reviewed medical records for patients with
umbilical endometriosis in order to evaluate the effec-
tiveness of these strategies.

period
(years)

(AN oB =H

Managements Follow-up
E

E

D—E

ocC

oC

RR w/UR 4

Methods

Medical records for patients with diagnosis of
endometriosis managed from 1999 through 2011 in the
University of Tokyo Hospital were retrospectively
reviewed. Cases with diagnosis of umbilical
endometriosis were identified. Clinical information of
age, gravida, parity, managements for the disease prior
the first visit, symptoms at the first visit and their
changes with menstrual cycles, current patient desire
for pregnancy, and methods of diagnosis and manage-
ment were reviewed and summarized. For case 7,
immunohistochemical study was performed for the
resected specimen using antibodies for CD10 (cata-
logue no. 790-4506; Ventana Medical Systems, Tucson,
AZ, USA), estrogen receptor (no, 790-4324; Ventana
Medical Systems) and progesterone receptor (no. 790
2223; Ventana Medical Systems).

(histology)

B, bleeding; Bil, bilateral; C, clinical; Cy, Cyclical; D, definitive; D, dienogest; E, expectant managemeni; EMoma, ovarian endometriomas; G/P, gravida/parity; LR, local
resection; M, mass; MP, menopause; MRI, multiple resonance imaging; NCy, non-cyclical; OC, oral contraceptive; Ov, ovarian P, pain; RR w/UR, radical resecon with umbilical

reconstruction.
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Results

Between 1999 and 2011, a total of 2530 women received
management for endometriosis at the University of
Tokyo Hospital. Of these women, 124 patients had
diagnosis of extragenital endometriosis, including
intestine, urinary tracts, respiratory tracts, groin, sciatic
nerve and umbilicus. Seven patients had diagnosis of
umbilical endometriosis, giving an incidence of 0.29%
of all endometriosis cases and 5.6% of extragenital
endometriosis cases. The mean age of patients at the
first visit was 35.7 years (range, 26—45). No case had a
history of surgery at umbilicus, indicating that
endometriosis for all cases occurred spontaneously.
Here, we demonstrate our experience of seven cases
(Table 1).

the first

prior to

History Management Symptoms

visit

None

None

None

LR

LR

None

Nore

of OC

No
No
No
No
No

surgery

G1P1 Ov cystectomy  Yes
GOP0 Appendectomy Yes

G3P3 No
GOP0O No
GOPO No
GOPO No
GOP0 No

Case 1

A 44-year-old woman (para 3) presented with a
2-month history of umbilical palpable nodule. On
examination, a 0.5-cm nodule was observed at the
umbilicus. A biopsy indicated endometriosis. Pelvic
ultrasound showed no evidence of endometriosis in

Age atthe G/P  History of

first visit
(years)

Table 1 Clinical features of seven patients with umbilical endometriosis

44
33
37
34
26
45
3

Patient
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the pelvis. Given the diagnosis, the patient did not wish
to undergo therapy because she was not bothered by
the nodule. No therapeutic intervention has been
required up to 7 years thereafter.

Case 2

A 33-year-old woman (para 0) presented with an
8-month history of umbilical hard nodule with cyclical
pain. On examination, a 1-cm nodule was noted at the
umbilicus. A biopsy indicated endometriosis. Pelvic
ultrasound showed small bilateral ovarian endometrio-
mas and adenomyosis. Given the diagnosis, the patient
chose expectant management because her symptoms
were not serious; therapy was not requested and no
recurrence has been reported up to 6 years thereafter.

Case 3

A 37-year-old woman (para 0) presented with a
several-month history of cyclical umbilical pain and
bleeding. On examination, the lesion was not grossly
evident. Pelvic ultrasound revealed small bilateral
ovarian endometriomas and adenomyosis. ‘Empirical
treatment’ using dienogest (Dinagest; Mochida, Tokyo,
Japan) was initiated; her symptoms gradually subsided
over a 2-month period of treatment. Given the clinical
diagnosis of endometriosis, the patient discontinued
the medication because her symptoms were slight. The
patient has continued to be managed expectantly up to
7 years since then.

Case 4

A 34-year-old woman (para 0) was referred to us for
management of umbilical endometriosis. Two months
earlier, the patient had undergone local resection of an
umbilical nodule at a dermatology clinic; further histo-
logical examinations revealed endometriosis. On pre-
sentation, a 0.5-cm hard nodule was palpable at the
umbilicus. The patient reported that her umbilical pain
continued following the local resection. Pelvic ultra-
sound showed no evidence of endometriosis in the
pelvis. We proposed two options, a radical excision of
the tumor or oral contraceptive (OC). The patient chose
OC and a 21/7-day cyclic OC containing ethinyl-
estradiol (0.035mg) and norethisterone (1.0 mg)
(Lunabell; Fuji Pharma, Tokyo Japan/Nippon Shiny-
aku, Kyoto Japan) was initiated. The patient’s symp-
toms were relieved by this therapy and the patient has
continued to take OC for 4 years up until now.

Case 5

A 26-year-old woman (para 0) presented to our hospi-
tal seeking further opinion for her residual umbilical

42

endometriosis. Six months earlier, the patient under-
went a local resection of the umbilical nodule at a cos-
metic clinic; histology revealed endometriosis. Despite
the resection, the patient continued to experience
umbilical pain and bleeding. On examination, a 1-cm
hard nodule was palpable at the umbilicus. Pelvic ultra~
sound showed no evidence of endometriosis in the
pelvis. As the patient wished conservative management
rather than undergoing another surgical intervention,
we recommended OC. One month after commencing
OC (Lunabell), her pain and bleeding disappeared.
Management using a 21/7-day cyclic OC has contin-
ued for this patient for 3 years until now.

Case 6

A 45-year-old woman (para 1) presented with a 5-year
history of umbilicus nodule with cyclical bleeding. At
the age of 21 years, the patient underwent laparotomy
for a removal of the left ovarian endometrioma,
although the abdominal incision did not reach to the
umbilicus. The patient had been taking OC until the
age of 42 years. The patient reported that the nodule
had begun to grow following discontinuation of OC.
On examination, a 1.5-cm, hard, tender mass was
observed. MRI revealed a mass of 1.5 c¢cm, with low
signal on Trweighted images, resembled a hemor-
rhagic nodule (Fig.1) and small right ovarian
endometrioma. With a presumptive diagnosis of
endometriosis, we recommended OC (Lunabell) as an
‘empirical treatment’. One month after, the patient’s
symptoms improved. Management with cyclic OC con-
tinued until the age of 48 years, when menopause
occurred.

Figure 1 Multiple resonance imaging findings of umbili-
cal endometriosis in case 6. (a) Sagittal and (b) trans-
verse Tr-weighted images. Note: 1.5 cm mass with low
signal on T,-weighted images, resembling a hemor-
rhagic mass, was evident on the umbilicus (arrow).

© 2013 The Authors
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Figure 2 Histological findings of umbilical endometrio-
sis in case 7. (a) Hematoxylin-eosin staining, (b) CD10,
(c) estrogen receptor (ER), (d) progesterone receptor
(PR) (original magnification x40). Note: endometrial
glands are lined with CD10-positive stroma in the
dermis. The lesion is both ER and PR positive. Cells in
the stratum basale of epidermis are also ER positive.

Case 7

A 3l-year-old woman (para 0) presented with a
2-month history of cyclical umbilical bleeding. The
patient had been using OC since the age of 26 years,
and until 1 year before the consultation. On examina-
tion, a bluish 1-cm nodule at the umbilicus was noted
and bloody discharge spilled from a small opening at
the surface. MRI indicated a hemorrhagic mass and
bilateral ovarian endometriomas. Because the patient
wished to conceive at the time, a decision was made to
surgically remove the mass rather than undergo hor-
monal treatment. A total excision of the umbilicus, fol-
lowed by an umbilical reconstruction, was performed.
Ovarian endometriomas were also removed laparo-
scopically. Histological results indicated endometriosis
with positive staining of CD10, estrogen receptor and
progesterone receptor (Fig. 2), Afterwards, the patient
became pregnant by in vitro fertilization and gave birth,
and no recurrence has been reported 4 years post-

surgery.

Discussion

When managing endomeiriosis, regardless of its site,
we must keep in mind that this disease has a wide
spectrum of severity and clinical consequences. Given
this principal, we have provided individualized

© 2013 The Authors
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management for umbilical endomeiriosis with a
variety of diagnostic/therapeutic strategies primarily
decided by the informed wishes and needs of the indi-
vidual patients. Biopsy for diagnosis,® and wide resec-
tion for treatment, are generally*® recommended for
management of umbilical endometriosis and few cases
are managed conservatively. In this study, however, we
found that two out of seven cases were diagnosed
without biopsy, and six out of seven cases were treated
without surgical interventions, and thus avoided inva-
sive interventions.

With regard to diagnostic strategies, it is crucial to
perform a histological examination to reach a defini-
tive diagnosis® However, histological diagnosis is
sometimes challenging, due to the lack of glandular
epithelial structures or stromal cells,® especially when
attempting to minimize the invasiveness of the
biopsy, for instance, using fine-needle aspiration.”
Consequently, some clinicians skip the biopsy and
conduct a therapeutic excision when they suspect
umbilical endometriosis and later confirm the histol-
ogy with a resected specimen, the way we also
applied for case 7. Alternatively, for patients having
only mild symptoms, we trialed ‘empirical treatment’
to make the clinical diagnosis (cases 3 and 6). Both
the European Society of Human Reproduction and
Embryology and the American College of Obstetri-
clans and Gynecologists recommend the empirical
use of medical therapy before confirming a definitive
diagnosis of pelvic endometriosis, to minimize the
use of invasive procedure, in this case, laparoscopy.®’
We have applied this strategy to diagnose umbilical
endometriosis. Indeed, ‘empirical treatment’ with OC
or progestin not only relieved the patient’s symptoms,
but also resulted in a clinical diagnosis and success-
fully avoided invasive procedures to obtain specimens
for histological diagnosis.

It was surprising that three out of seven women with
umbilical endometriosis declined any therapeutic pro-
cedure and preferred expectant management once the
diagnosis was established (cases 1, 2 and 3). We have
learned thata tumor at the umbilicus with an unknown
diagnosis causes patients to experience amdety and
fear, even though the mass does not cause physical
discomfort. For these patients, an establishment of
diagnosis that rules out malignancy meets their
needs.

It was also surprising that OC was effective in con-
trolling the symptoms associated with umbilical
endometriosis. The efficacy of medical therapy (OC,
progestin, gonadotropin-releasing hormone analogs,
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danazol) has been reported in pelvic endometriosis*

and in extragenital endometriosis such as rectovagi-
nal,? thoracic?® and bladder endometriosis,* whereas
medical treatment is reported to be insufficient for
umbilical endometriosis.**” However, we found that
symptoms were well controlled in all three patients
who took OC (cases 4, 5 and 6). In addition, two cases
of umbilical endometriosis in our series (cases 6 and
7) progressed or developed shortly after quitting
OC, as reported previously,*”® demonstrating that OC
can suppress umbilical endometriosis. Therefore, we
suggest that OC should be considered as a therapeu-
tic option for umbilical endometriosis for patients
who do not wish to become pregnant at that
time.

Two patients who were referred to us after having
undergone a local resection at other clinics both
developed recurrent or residual tumors (cases 4 and
5). These observations strongly supported the need for
wide and radical resections to prevent the recurrence
of umbilical endometriosis,** although a very recent
article reports that an excision biopsy with 2-mm
margin avoids recurrence up to 6 months.** Therefore,
we performed a wide resection; a total excision
of the umbilicus followed by umbilical reconstruction
{case 7) and obtained a preferable outcome. Patients
who have experienced local resections previously,
however, are reluctant to undergo reoperation. We
recommended OC for these patients; fortunately, their
symptoms were relieved, suggesting once again that
OC is a satisfactory alternative treatment, especially
for those who do not wish to undergo invasive
procedures.

It is still unknown how long these patients need
hormonal therapies. Given that two cases of umbilical
endometriosis in our series (cases 6 and 7) progressed
or developed shortly after quitting OC, as reported
previously,”® it is possible that the umbilical
endometriosis may recur once the hormonal therapy is
discontinued. Therefore, for those who do not wish to
undergo invasive procedures, we plan to continue the
therapy until the patient wishes to become pregnant or
reaches menopausal status.

In summary, we have shown that umbilical
endometriosis can be managed with a variety of
diagnostic/therapeutic strategies. Although we still
support wide resection as the ultimate radical cure,
there are also alternative and less invasive strategies
that can successfully manage umbilical endometriosis.
These various strategies help us provide individualized
management of umbilical endometriosis, congruent

44

with the severity of patient symptoms, age and desire
for pregnancy.
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ARTICLE INFO ABSTRACT

Background/Purpose: The purpose of this study was to clarify the relationship between the lung to thorax
transverse area ratio (L/T ratio) and the observed to expected lung area to head circumference ratio (O/ELHR),
based on the results of a nationwide Japanese survey conducted in 2011, and to evaluate the compatibility
of these prognostic predictors of fetal CDH.

Methods; Two hundred and forty-two prenatally diagnosed isolated CDH patients born between 2006 and
2010 were included in the present analysis. A regressiorranalysis was conducted to investigate the relationship
between the L/T ratio and the O/E LHR based on 191 simultaneous measurements of these parameters in

Article history:

Received 20 August 2013

Received in revised form 6 October 2013
Accepted 28 October 2013

Key words:
Congenital diaphragmatic hernia
Prenatal diagnosis

Pulmonary hypoplasia 120 patients . . . ) i )
Predictive parameter Results: The linear regression equation between the L/T ratio and the O/E LHR was: L/T ratio = 0.0233 +
Prognostic factor (0.00222 x O/E LHR), (R = 0.847, p < 0.0001). According to this equation, 25% of the O/E LHR, the cut-off

value used in the fetal intervention for CDH, was equivalent to an L/T ratio of 0.08, a commonly accepted
cut-off value for identifying the most severe cases of fetal CDH.
Conclusions: As there is a positive correlation between the L/T ratio and the O/E LHR, these two parameters

proved to be used intefchangeably according to the linear regression equation,

© 2014 Elsevier Inc. All rights reserved.

The mortality and morbidity of infants with congenital diaphrag-
matic hernia (CDH) mainly depend on the severity of pulmonary
hypoplasia. Therefore, an accurate prenatal assessment of pulmonary
hypoplasia is necessary to establish an optimal treatment strategy for
individuals before birth. Although many prenatal prognostic param-
eters have previously been proposed by various investigators [1-4],
measurement of the residual lung size seems to be one of the most
reasonable and realistic methods [5-8].

The lung area to head circumference ratio (LHR) was the most
commonly used predictor for CDH in the past [5,9,10], The observed
to expected (O/E) LHR has become a standard parameter used for
determining the indications for fetal intervention to treat severe cases
of CDH [11]. Of note, the O/E LHR was used in the Tracheal Occlusion
To Accelerate Lung growth (TOTAL) trial of left CDH patients with
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severe pulmonary hypoplasia 12,13}, On the other hand, the lung to
thorax transverse area ratio (L/T ratio), which was proposed before
the publication of the LHR [5.6.9], has been widely used in Japan for
the assessment of pulmonary hypoplasia in fetal CDH patients [6,14-16].
The IHR is no longer considered to be independently predictive of
survival {17,18], as it was shown to increase according to the gestational
age {11,19-21}. In contrast, the O/E LHR is not influenced by gestational
age [22] as is the case with the L/T ratio {6,14,19], because it is
standardized by the normal mean value of the LHR corresponding to
the specific gestational age [11]. Both of the indicators are similarly
based on the measurement of the contralateral lung area by using
tracing methods [6,21,23] at the transverse section containing the four-
chamber view of the heart.

The relationship between the /T ratio and the O/E LHR has not
been studied, despite their similarities. The purpose of this study was
to clarify the relationship between the L/T ratio and the O/E LHR and
to evaluate the compatibility of these parameters as prognostic
predictors of fetal CDH based on the results of a nationwide Japanese
survey.
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1. Materials and methods
1.1. Study population

This retrospective cohort study was performed as part of a
nationwide Japanese survey of neonatal CDH conducted in 2011,
This study was conducted after being approved by the ethics
comunittee of Osaka University Hospital (approval number 11017)
and the independent ethics committees of five other participating
institutions; Hyogo College of Medicine, National Center for Child
Health and Development, Kyushu University, Nagoya University
Hospital and Osaka Medical Center and Research Institute for
Maternal and Child Health. The data obtained from 72 institutions
that consented to participate in a questionnaire survey targeted to the
departments of pediatric surgery and/or tertiary perinatal care centers
of 159 educational hospitals were retrospectively evaluated., Data
were collected as case report forms requesting further details about
the patients by the data center located in Osaka University Graduate
School of Medicine, The entered data were crosschecked twice by the
data center and then were fixed after data cleansing. A total of 614
neonates with CDH were born between 2006 and 2010; the overall
profiles of the patients are described elsewhere [24]. Among those
subjects, the present study was conducted using the data of the 364
isolated CDH cases that were prenatally diagnosed.

Isolated CDH was defined as being present in CDH infants who did
not have other serious congenital anomalies, such as major cardiac
anomalies or unfavorable chromosomal abnormalities. Three cases
of bilateral diaphragmatic hernia were excluded from the study. The
contralateral Jung area accompanied by the thorax area and/or the
head circumference was measured at least one time in 242 out of
the 364 cases. The initial and final measurements were reported in
the case report form if those parameters were measured more than
two times. A total of 242 study subjects (400 measurements), which
accounted for 39.4% of all 614 CDH patients treated at 45 institutes,
were ultimately included in the present analysis. Among those
subjects, the thorax area measurement was reported 339 times for
210 patients and the head circumference measurement was reported
251 times for 154 patients. The contralateral lung area, the thorax area
and the head circumference were simultaneously measured 191 times
in 120 patients,

1.2. Collected data

The primary outcome measure was the survival to discharge,
which was defined as surviving at the time of discharge from the
hospital. The secondary outcome measure was the “intact discharge”,
which is a new concept for prognostic evaluation, defined as being
discharged from the hospital without any major morbidity that
requires home treatment, including ventilatory support, oxygen
administration, tracheostomy, tube feeding, parenteral nutrition or
vasodilator administration [4]. The patient demographics, including
the gestational age, birth weight, Apgar score at 1 minute, presence of
liver and stomach herniation, mode of delivery, gender and side of
hernia, were reviewed. Whether a surgery could be performed, the
size of the diaphragmatic defect, the surgical procedure performed,
the use of high-frequency oscillatory ventilation (HFOV), nitric oxide
inhalation (iNO), prostaglandin E; or extracorporeal membrane
oxygenation (ECMO) were also reviewed. As the indication criteria
for surgery were not defined prospectively, the operability of each
case was determined according to the clinical decisions of each
institution. The highest preductal Pa0,, best oxygenation index and
the right to left shunting at the ductus which were determined within
24 h after birth, were reviewed. The contralateral lung area (in square
millimeters) and the thorax area (in square millimeters) were
measured by manual tracing of the limit of the lung and thorax at
the transverse section containing the four-chamber view of the heart

in ultrasonography. The head circumference (in millimeters) was
measured in the standard biparietal view of ultrasonography. The L/T
ratio was defined as the area of the contralateral lung divided by the
area of the thorax [19]. The observed LHR, which was the ratio of the
contralateral lung to the head circumference, was divided by the
appropriate normal mean for gestational age and multiplied by 100 to
derive the O/E LHR and expressed as a percentage [21]. The expected
LHRs were determined by the published formulas, which are freely
available to all by the official calculator in the Tracheal Occlusion To
Accelerate Lung Growth (TOTAL) trial website (access http://www,
totaltrialew/) [12].

1.3. Analysis of the relationship between the L/T ratio and the O/E LHR

A simple regression analysis was conducted to investigate the
relationship between the L/T ratio and the O/E LHR based on the
simultaneous measurements in 120 cases, Although the initial and final
simultaneous measuremnents were available in 71 cases, only a single
simultaneous measurement was available in 49 cases, We decided to
use all simultaneous measurements in order to obtain more accurate
relationships between the two parameters. The linear regression
equation between the 1/T ratio and the O/E LHR was derived from
the regression analysis. The L/T ratio values which corresponded to the
cut-off values of the O/E LHR used in the TOTAL trial entry criteria were
calculated according to the linear regression equation,

1.4. Patient outcome according to the prenatal prediction of the
disease severity

In the 226 cases of left isolated CDH whose liver herniation was
evaluated, the survival to discharge rate was reviewed according to
the classification of the disease severity used in the TOTAL trial, which
was defined by the combination of the O/E LHR and the presence of
liver herniation, as proposed by Deprest et al. [25], In the cases whose
O/E LHR was not measured, the O/E LHR was estimated from the L/T
ratio using the linear regression equation. The patient demographics,
prenatal and postnatal profiles, including parameters indicating the
respiratory status, circulatory status, surgical findings and outcome,
were compared among the prenatal risk-stratified classifications
defined by the combination of the L/T ratio and the presence of liver
herniation, as proposed by Usui et al. {16]. In the cases whose L/T ratio
was not measured, the L/T ratio was estimated from the O/E LHR using
the linear regression equation. The values of the O/E LHR and L/T ratio
were represented by the initial values of two measurements in
principle, and the final values were substituted for the patients whose
initial value was not available in the case report form.

1.5. Statistical analysis

The statistical analyses were performed using the JMP software
program (version 9.02; SAS Institute, Inc, Cary, NC, USA). The
frequencies and percentages were used to describe categorical data.
The means and standard deviation were used to describe continuous
variables. The median and interquartile ranges were used to describe
Apgar scores. The chi-square test and Fisher's exact test were used
to analyze categorical data. The one-way analysis of variance with
Tukey's post-hoc honestly significant difference test was used to
compare continuous variables. The Kruskal-Wallis test was used for
the comparison of the Apgar scores. The log-rank test and Kaplan~
Meier method were used to compare the survival times, Values of
P < 0.05 were considered to indicate statistical significance,

2. Results

An outline of the patient demographics is shown in Table 1. Of the
242 neonates with prenatally diagnosed isolated CDH, 177 (73.1%)
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Table 1

The patient demographics.
Number of patients 242
Gestational age (days)* 264.3 & B6
Birth weight (g)* 2746 4 386
Apgar score at 1 min® 4(2-6)
Liver-iip® 68/239 (28.5%)
Contralateral stomach herniation® 35/236 (14.8%)
Caesarean section delivery 177 (73.1%)
Gender (male) 138 (57.0%)
Side of hernia {left) 229 (94.6%)
Surgery performed for diaphragmatic hernia 224 (92.6%)
Time of surgery after birth (h)° 56, {30-95)
Patch closure 81/224 (36.2%)
Use of HFOV 212/233 (91.0%)
Use of iNO 166/241 (68.9%)
Use of ECMO 19 (7.8%)
Suyvival to discharge 200 (82.6%)
Intact discharge 177 (73.1%)

HFOV: high-frequency oscitlatory ventilation, iNO: inhaled nitric oxide, ECMO:
extracorporeal membrane oxygenation.

* Mean % standard deviation.

b Median (interquartile range).

¢ Liver-up, liver occupying more than one-third of the thoracic space.

4 Contralateral stomach herniation, more than half of the stomach was herniating
into the contralateral thoracic cavity.

were delivered by Caesarean section and 224 (92.6%) underwent
surgical repair for diaphragmatic hernia at a median age of 56 h after
birth. Surgery could not be performed in 18 cases (7.4%) based on the
clinical decisions of each institution. It was therefore assumed that
these cases were extremely unstable and were considered to be in too
serious of a condition to undergo a surgical repair. Two hundred
patients (82.6%) survived until discharge, 177 (73.1%) of whom were
discharged from the hospital without any major morbidity that
required hore treatment (Table 1).

2.1. Relationship between the L/T ratio and the O/E IHR

Eighteen of the 120 infants whose L/T ratio and O/E LHR were
simultaneously determined died, resulting in an 85.0% survival rate.
We found & strong positive correlation between the 1/T ratio and
the O/E LHR, The linear regression equation between the L/T ratio and
the O/E LHR was: /T ratio = 0.0233 + (0.00222 x O/E LHR), where
the regression coefficient was 0.00222, correlation coefficient was
0.847 and coefficient of determination was 0.717 (p < 0.0001) (Fig. 1).
According to this equation, 15%, 25%, 35% and 45% of the O/E LHRs, the
cut-off valtes used in the TOTAL trial of left CDH patients, were found
to be equivalent to 0.06, 0,08, 0,10 and 0,12 L/T ratios, respectively.

2.2. Patient outcome according to the prenatal prediction of the
disease severity

In the 226 cases of left isolated CDH, the survival to discharge rate
was reviewed according to the four-step stratification proposed by
Deprest et al. [25]. The survival rate exhibited a trend toward a
decrease as the severity of the disease increased. However, the effect
of the liver herniation seemed to be stronger in our series compared to
those in the series described by Deprest et al. (Fig. 2). In the prenatal
risk-stratified classification {16}, there were no significant differences
in the patient demographics except for the side of hernia. There were
unsurprisingly significant differences in the rate of liver-up and the L/T
ratio based on how the each group was defined (Table 2). The highest
preductal Pa0; decreased, and the best oxygenation index increased,
as the severity of the disease increased, The right to left shunting at
ductus evaluated within 24 h after birth, which suggests the severity of
pulmonary hypertension, differed significantly among the three
groups, which resulted in the differences in the numbers of patients
who used iNO, prostaglandin E; and ECMO. Although surgical repair

3 L/T ratio = 0.0233 + (0.00222 X O/E LHR)
0.35 B3

4 alive
¥ dead

1 i i ] i
0 2025 40 60 80 100 (%)

O/E LHR

Fig. 1. The relationship between the O/E LHR and the L/T ratio. There was a linear
positive correlation between the L/T ratio and the O/E LHR. The linear regression line
was: L/T ratio = 0,0223 + (0.00222 x O/E LHR), where the regression coefficient was
0.00222, the correlation coefficient was 0.847 and the coefficient of determination was
0.717 (p < 0.0001). The open triangles represent the survivors and the closed triangles
represent the non-survivors. The 25% O/E LHR was equivalent to an /T ratio of 0.08
according to this equation, as indicated by broken lines,

could not be performed in only two (1.3%) cases in group A, surgery
was not possible in six out of 16 (35.3%) cases in group C due to their
unstable conditions. There were also significant differences in the
proportions of patients with diaphragmatic defects exceeding 75%, as
rated by the surgical record, as well as the need for patch repair. There
were significant differences in the morbidity and mortality among the
three groups. The rate of survival to discharge was 93% and the intact
discharge rate was 87% in group A, whereas the corresponding rates
were 72% and 58% in group B and 35% and 18% in group C, respectively
(Table 3). There were also statistically significant differences in the
survival curves among the three groups (Fig. 3).

3. Discussion

Since the mortality and morbidity of neonates with CDH primarily
depend on the severity of pulmonary hypoplasia, an accurate prenatal
assessment of pulmonary hypoplasia is necessary for making a decision
about the optimal treatment. Although many prenatal prognostic
parameters have been reported previously [1-4], the assessment of
the residual lung size seems to be one of the most reasonable and
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43% 52% 80% 93%
(%) ¥ 4 LI § 4 Y f 4 LR . 3
100 ¢ : : in=36
- H ; 2y
80} H H Liver up *
5 H : [}
i n=18s .,
60 |- H ' Liver down
40 ] E E
=4 2 n=7 3
1 ]
20 ; ;
il HiIR |
: i
O/ELHR  <15% I 15-25% l 25-35% i 35-45% § 45%s

Fig. 2. The survival rates depending on the O/E LHR measuréments and presence of liver
herniation. *Liver-up, fiver occupying more than one-third of the thoracic space.
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Table 2
The patient demographics and prenatal findings according to the prenatal risk-stratified classification [16],
Definition of the group [16] Group A Group B Group C P
L/T ratio = 0.08 L/T ratio = 0.08 with liver-up® or L/T ratio < 0.08
with liver-down L/T ratio < 0.08 with liver-down with liver-up®
Number of patients 151 4 17
Gender (male) 89 (58.9%) 36 (50.7%) 12 (70.6%) 0.265
Side of hernia (left) 149 (98.7%) 64 (90.1%) 13 (76.5%) <0.001
Gestational age at birth (days) 265 4 7.7 263 = 106 264 £ 69 0313
Birth weight (kg) 2.76 + 037 2.68 & 045 2.87 4 026 0.141
Caesarjan section delivery 109 (72.2%) 53 (74.7%) 12 (70.6%) 0.908
Liver-up® 0 (0.0%) 51 (71.8%) 17 (100%) <0.001
Contralateral stomach herniation 5/148 (34%) 20771 (28.2%) 10/17 (58.8%) <0.001
1/T ratio 0,148 =+ 0.053" 0106 & 0.039"" 0. 059 = 0,020"*" < 0,001

# Liver-up, liver occupying more than one-third of the thoracic space; Contralateral stomach herniation, more than half of the stomach was herniating into the contralateral

thoracic cavity; L/T ratio, contralateral lung to thorax transverse area ratio.
* P<05AVSB,
" p<05BvsC.
P2 O5Cys A

realistic methods. It has previously been reported that the LHR, which
was first described in 1996 [5], was increased according to the
gestational age in normal fetuses {21] and also in the fetuses with
CDH [11,19]. The reason for this increase in the LHR with the gestational
age is due to the difference in the rate of the increase of the lung area and
head circumference. Peralta et al. reported that there was a four-fold
increase in the LHR between 12 and 32 weeks of gestation in normal
fatuses because of these differences [21]. Approaches to standardize
the LHR by using the normal mean value of the LHR have been proposed
to provide a constant value throughout the gestational period [11}]. The
LHR was originally defined as the contralateral lung area determined
using a two-dimensional perpendicular linear measurement, divided by
the head circumference [5]. However, two other methads to determine
the lung area were subsequently proposed [9,21], and the tracing method
was finally found to be the most reproducible method to measure the
lung area [21,23].

The L/T ratio has been widely used in Japan, because it was first
described in 1990 for the assessment of pulmonary hypoplasia in CDH
[6], and has been applied for the assessment of pulmonary hypoplasia

Table 3

in CDH neonates since then [15,16,26]. The L/T ratio was originally
reported to be constant throughout the gestational period in normal
fetuses {6], This parameter was redefined as the contralateral lung
area, to make it more consistent with the LHR, divided by the area of
the thorax as measured by the tracing method {19}, although the
original definition was determined by using the area of both lungs.
Thus, there are several similarities between these two parameters.
First, both parameters exhibit constant values throughout the
gestational period, and the other is that only the contralateral lung
area is measured by using the tracing method. However, the
relationship between these two parameters has not been studied,
despite their similarities.

A strong positive correlation between the 1/T ratio and the O/E LHR
was found, and a linear regression equation between the L/T ratio
and the O/E LHR was obtained. According to this linear regression
equation, several important cut-off values of both parameters can be
interchanged. Interestingly, a 25% O/E LHR, the cut-off value for the
most severe cases as used in the TOAL trial for fetal CDH, was found to
be equivalent to an L/T ratio of 0.08, a commonly accepted cut-off

The respiratory status, circulatory status, intraoperative findings and outcomes according to the prenatal risk-stratified classification [16],

Definition of the group [16] Group A

Group B

Group C P

1/T ratio > 0.08 with liver-down

L/T ratio = 0.08 with liver-up” or

L/T ratio < 0.08 with liver-up*

I/T ratio < 0.08 with liver-down

Number of patients 151
Apgar score at 1 min 5(3-7)

(n = 143)
Highest preductal Pa0, (Torr)® 257 4 134"

(n = 145)
Best oxygenation index” 57 & 59"

(n = 143)
Right to left shunting at ductus® 55/143 (38.5%)
Use of HFOV 130/145 (89.7%)
Use of iNO 85/151(56.3%)
Use of prostaglandin Ey 45/149 (30.2%)
Use of ECMO 4 (2.7%)
fnoperable cases 2(1.3%)
Diaphragmatic defects 2 75%° 27/149 (18.1%)
Patch closure 31/149 (20.8%)
Survival to discharge 141 (93.4%)
Intact discharge 131 (86.8%)

71 17
4(2-5) 2.5 (1.25-4) <0.001
(n=66) (n = 16)
199 & 135" 75+ 70" <0001
(n = 69) (n=17)
143 4 175™ 32,0 & 245 <0.001
(n = 68) (n=17)
40/68 (58.8%) 13/17 (76.5%) 0.001
64/69 (92.8%) 16/17 (94.1%) 0680
63/71 (88.7%) 15/16 {93.8%) <0.001
35/71 (49.3%) 14/17 (82.4%) <0.001
9(127) 5 (29:4%) <0,001
10 (14.1%) 6 (35.3%) <0.001
38/61 (62.3%) 8/11(72.7%) <0.001
40/61 (65.6%) 8/11 (72.7%) <0,001
51 (71.8%) 6(353%) <0.001
41 (57.8%) 3(17.7%) <0.001

HFOV, high-frequency oscillatory ventilation, iNO, nitric oxide inhalation; ECMO, extracorporeal membrane oxygenation.

2 Liver-up, liver occupying more than one-third of the thoracic space.

Y The highest pre Pa0,, best oxygenation index and the right to left shunting at ductus were determined within 24 h after birth.
¢ The size of the diaphragmatic defect was rated by a surgeon according to the surgical record,

* P<05AVsB.
¥ P<O5BVsC,
* p< 05 CvsA
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Fig. 3. The survival curves for patients with isolated CDH, compared using the prenatal
risk-stratified classification [16}]. *P < .001; **P < .001; 1P < .001.

value for identifying the most severe cases of fetal CDH in Japan. These
results suggested that the patients considered to be the most severe
cases in Japan also met the criteria for fetal intervention for left
CDH patients with severe pulmonary hypoplasia in the TOTAL trial
protocol, which was the first international prospective randomized
controlled trial for fetoscopic tracheal occlusion {12,13}. In the nation-
wide Japanese survey for fetal CDH, 57.7% of the patients were measured
for the L/T ratio, and only 42.3% of the patients were measured for the
O/E LHR. However, owing to this conversion equation, both of the
parameters can be generated for the evaluation of the patient CDH
severity if either of the parameters was measured.

To verify the accuracy and the universal applicability of the
prenatal risk-stratified classification, which was proposed by Usui
et al, and was defined as the combination of the L/T ratio and the
presence of liver herniation {16}, we applied the classification to this
cohort as a different population from the original cohort using the
conversion equation. Although the patient demographics except for
the side of the hernia, were similar between the three groups
classified using this systern, the prenatal and postnatal profiles,
including the stomach position, parameters indicating the respiratory
status, circulatory status, surgical findings and outcome were
significantly different between the three groups, suggesting that the
prenatal risk-stratified classification is also valid in other cohorts,
such as that in the nationwide Japanese questionnaire survey. The
indication for a fetal intervention of the patients proposed by Deprest
etal, [25] can be estimated by using the conversion eq. in the patients
whom the L/T ratio was solely measured without measurement of
LHR. The rate of survival to discharge was 93% in the mild group,
80% in the moderate group, 52% in the severe group and 43% in the
extreme group (Fig. 2). Compared to this four-step stratification used
in the TOTAL trial, our prenatal risk-stratified classification therefore
seems to have better discrimination of disease severity. It is possible to
describe the prenatal risk-stratified classification as shown in Table 4
using the O/E LHR instead of the /T ratio according to the linear
regression equation (Table 4),

When the characteristics of both parameters were compared, the
gestational variation and the procedure of the lung area measure-
ments were similar, However, there were concerns that the individual
fetal growth variation is not considered when determining the O/E
LHR. There may be a possibility for an overestimation in a small-for-

Table 4
The prenatal risk-stratified classification described using the O/E LHR instead of the
L/T ratio.

Group A Q/ELHR = 25% with liver-down
Group B O/ELHR = 25% with liver-up ? or O/E LHR < 25% with liver-down
Group C OfE LHR < 25% with liver-up *

2 Liver-up, liver occupying more than one-third of the thoracic space.

date fetus, as the O/E LHR of these fetuses, which should have a lower
LHR compared to an appropriate-for-date fetus, would be evaluated
based on the normal mean value, The L/T ratio includes, by nature,
individual fetal growth variation, and it can be determined with
standard values for gestational age or with for a relevant population.
More importantly, calculating the 1/T ratio is a simple task to perform,

A major limitation of this study is that it was conducted in a
retrospective manner using a questionnaire. Many of the institutions
had a small number of cases, and the treatment strategies, including
the indication criteria for surgery, were determined by each
institution. There may have been inaccurate measurement of both
parameters dute to the limited experience of the physicians with such
infants. More accurate prospective studies and an analysis of the
correlation based on the timing of the measurement are therefore
needed to confirm the present findings. Despite these limitations, an
excellent positive correlation was observed between the L/T ratio and
O/E LHR in the present study, and these two parameters proved to be
compatible according to a linear regression equation, These results
suggested that the linear regression equation may become a useful
tool for all populations,
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