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Abstract Background: Thanatophoric dysplasia (TD) is a rare congenital disease of the skeletal system, with an incidence of
1.68-8.3 per 100 000 births, but statistical data on the estimated number of TD patients across Japan are not avail-
able. The aim of this study was therefore to investigate the prevalence and prognosis of TD in Japan.

Methods: A nationwide primary questionnaire survey was conducted.

Results: A total of 127 obstetric, 186 pediatric, and 115 orthopedic facilities provided responses. Excluding dupli-
cations, we identified 73 patients with TD. Of the 73 cases, 15 were abortions, four were stillbirths, 51 were live
births, and three had unknown details. Of the 51 live newborns, 27 died <7 days after birth, with an early neonatal
mortality rate of 56%. Of the 24 newborns who survived the early neonatal period, 16 survived for >1 year. All of
the 24 newborns received respiratory management and survived during the early neonatal period. Of the 51 live
newborns, 25 did not receive respiratory management and died <2 days after birth.

Conclusions: The prevalence of TD in Japan is estimated to be at 1.1 (95%CI: 0.84—1.37) per 100 000 births, but
the actual incidence is expected to be higher. To our knowledge, we have confirmed for the first time that newborns
with TD may not always die during the early neonatal period but can survive the early neonatal period with appro-
priate respiratory management. Therefore, the term “thanatophoric dysplasia” does not accurately reflect the nature

of the disease.
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Thanatophoric dysplasia (TD) is the most common form of
lethal neonatal skeletal dysplasia.1 TD is caused by mutations
of the gene encoding fibroblast growth factor receptor 3
(FGFR3)? and is characterized by marked shortening of the
limbs, narrow thorax, macrocephaly with frontal bossing, and
a relatively normal trunk length. Infants with TD usually die
soon after birth without intensive medical intervention,® form-
ing the basis of the disease name (thanatophorus in Greek,
which means “death bringing” or “death bearing”).

The prevalence of TD is 2.1-3 per 100 000 live births
(1 per 33 330-1 per 47 620 live births) in the USA,? 5 per
100 000 live births in Latin America,* and 2.4 per 100 000
live births in West Scotland.” While there have been several
isolated case reports of TD in Japan,®™® a 1999 study reported
a comparatively low TD prevalence rate of 0.29 per
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100 000 births in Japan.g That study, however, was based on
surveys performed primarily at pediatric facilities and likely
excluded stillbirths involving TD that would be captured by
surveying obstetric facilities. Furthermore, prenatal diagnosis
on genetic examination for TD was not commonly performed
prior to 1999 and may have contributed to the underreporting
of TD prevalence.

Traditionally, postnatal diagnosis of TD was based on
radiographic skeletal abnormalities in the newborn. Patients
with TD have been classified into two types (TD1 and TD2)
based on the presence or absence of a “clover-leaf” skull or
presence of curved/straight femurs. The more common TD1 is
characterized by curved femurs (“telephone receiver appear-
ance”) and usually does not present with a clover-leaf skull.
In contrast, TD2 patients have relatively straight femurs and a
clover-leaf skull."* Molecular analysis of FGFR3 is also now
being used to confirm TD diagnosis in newborns. Owing to
the high risk of postnatal mortality, prenatal diagnosis of TD
is commonly performed using ultrasonography, 3-D helical
computed tomography (3-D CT), or mutation analysis of the
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causative gene FGFR3.[>'%'"] In light of these advancements

in genetic diagnosis and medical imaging technology, we
speculate that a new survey that includes obstetric, pediatric,
and orthopedic facilities would provide a more accurate esti-
mation of TD prevalence.

Furthermore, the Japanese term for TD, being a direct
translation from the Greek term thanatophoric, highlights the
lethal aspect of the condition and is a cause of great concern,
pessimism, and stigma among the family of patients with TD.
Although TD is conventionally viewed to be lethal in the early
neonatal period, several studies have reported longer survival
in patients with TD.'*™'* To date, no survey on the postnatal
course of TD has been reported. Therefore, a second objective
of this study was to investigate the prognosis of TD after birth
and to examine whether TD is in fact lethal in the early
neonatal period.

Methods

The study was performed within the framework of scientific
research for the diagnosis and prognosis of TD according to
the Ministry of Health, Labour and Welfare of Japan. A ques-
tionnaire was mailed to university hospitals, general perinatal
medical centers, regional perinatal medical centers, and chil-
dren’s medical centers, which were routinely involved in the
diagnosis and treatment of TD. The questionnaire was
addressed to 381 obstetric, 394 pediatric, and 381 orthopedic
facilities.

The questionnaire inquired about the number of patients
with TD managed at each department between April 2005 and
September 2010. Detailed information on the sex, gestational
age, methods of diagnosis, clinical findings, complications,
respiratory treatment methods, physical findings, and survival
time was also requested. Considering the issue of pessimism
surrounding the Japanese term for TD, we included a question
about the view of the respondents regarding the validity of the
Japanese term and the reason for each view.

Statistical analysis

Kaplan—Meier survival analysis was performed to evaluate the
effect of respiratory management on patients with TD. Statisti-
cal analysis was performed using JMP (SAS Institute Japan,
Minato-ku, Tokyo, Japan).

This study was approved by the Medical Ethics Committee
of Kyoto University.

Results

Responses were obtained from 127 obstetric facilities (33.2%),
186 pediatric facilities (47.2%), and 115 orthopedic facilities
(30.2%). A total of 85 patients with TD were reported: 53
from obstetric facilities, 30 from pediatric facilities, and two
from orthopedic facilities. Detailed data were not available for
five patients from pediatric facilities, and overlapping data
were obtained from multiple facilities or departments for
seven patients. These 12 patients were excluded, and analysis
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was performed using the data obtained from 73 patients
(Fig. 1).

Of the patients, 27 were boys and 38 were girls; sex was
not known in eight patients. TD1 was present in 43 patients;
and TD2, in eight; the type of TD was unknown in 22
patients. Eleven patients underwent FGFR3 genetic testing, of
whom eight had TDI1, with three having a cDNA 742 C>T
mutation (Arg248Cys mutation in amino acids), three having a
1118 A>G mutation (Tyr373Cys in amino acids), and two
having unknown/unavailable mutation data. One patient had
TD2 and carried a cDNA 1948 A>G mutation (Lys650Glu
mutation in amino acids). Two patients with unknown TD
type did not have a mutation in FGFR3.

Thanatophoric dysplasia was diagnosed at a gestational age
of <22 weeks in 19 patients on the basis of diagnostic imag-
ing. Intrauterine diagnosis after the gestational age of
22 weeks was made in 43 patients. The condition was diag-
nosed after birth in 11 patients. Of the 19 patients diagnosed
at gestational age <22 weeks, 15 underwent induced abortion.
The outcome of pregnancy in the other 58 patients was still-
birth in four, live birth in 51, and unknown in three. Of the 31
live newborns with available information on the manner of
delivery, 12 were delivered by cesarean section for reasons of
cephalopelvic disproportion (CPD) in six cases, breech presen-
tation in five, and mother’s strong desire for cesarean delivery
because of anxiety about the sick fetus in one.

The clinical findings from 51 live newborns with available
data are presented in Figure 2. Short limbs were noted in all
patients; narrow thorax, in 90%; respiratory insufficiency, in
84%:; and bowed femurs in 78%. The overall survival data of
51 live newborns are presented in Figure 3, Table 1. Twenty-
four patients died on the first day, three died on the second
day, and the remaining 24 live newborns survived past the
early neonatal period. Thus, the early neonatal death rate was
56% (31/55, including the four stillbirths). The cause of death
in the 33 patients, regardless of the time of death, was respira-
tory failure in 23 patients, heart failure in two, ileus/acute res-
piratory distress in one, and unknown in seven. All seven
patients in whom the cause of death was unknown died
<2 days after birth, and six were reported to have a narrow
thorax and respiratory insufficiency.

The postnatal respiratory management and survival rates
are summarized as follows: Of the 51 live newborns, 24
received respiratory management and 16 (66.6%) survived for
>1 year. Of these 16 survivors, seven underwent tracheotomy
and six underwent tracheal intubation, while detailed informa-
tion about the remaining six survivors was unavailable. Bipha-
sic positive airway pressure, directional positive airway
pressure, synchronized intermittent mandatory ventilation, or
high-frequency oscillation was selected as the mode of
mechanical ventilation, depending on the individual patient
condition. No attempt at resuscitation was made in the case of
25 patients after birth, all of whom died <2 days after birth.
Among the live newborns, detailed information on respiratory
management was unavailable in two patients, and both died
<2 days after birth.
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Fig. 1 Schematic diagram of subject selection. TD, thanatophoric dysplasia.

Of the 17 survivors confirmed at the time of the investiga-
tion, nine were receiving care as inpatients, and five were
receiving care at home; details about the remaining three were
unknown after referral to other facilities.

Discussion

According to the present survey, 73 patients were diagnosed
with TD during the study period, between April 2005 and
September 2010. Of these patients, 51 were live newborns
(9.27 births/year), which was greater than the number (16
patients, 3.20 births/year) reported previously in Japan for the
period January 1995-December 1999.°

Assuming an estimated total of 6 million births in Japan
during the survey period,'® live births with TD during this per-
iod (excluding seven patients who were not born during the
survey period) yielded a rate of 0.73 TD cases per 100 000
births. Combining the 44 live births, 15 induced abortions,
four stillbirths, and three cases with unknown details, for a
total of 66 cases, the TD prevalence during the second

trimester of pregnancy (when short limbs are detectable on
diagnostic imaging) was estimated to be 1.1 (66/60; 95%CI:
0.83-1.37 per 100 000 births).

This estimate is approximately equal to that reported in a
recent regional survey in the USA (2.1-3 per 100 000)* and is
consistent with the conventionally reported TD prevalence
(1.68-4.0 per 100 000 births), thereby suggesting the lack of
ethnic difference in TD prevalence.m’17 It should, however, be
noted that the response recollection rate was <50% in this sur-
vey, and some patients with TD may have been delivered, in
the case of women who decided to undergo induced abortion
after detection of a fetal anomaly (severely short limbs) during
the first trimester of pregnancy, particularly at facilities not
included in this survey. A recent study suggested that the inci-
dence is higher (4.7-8.3 per 100 000 births).'®'*2*! To our
knowledge, no national range or estimate has been established
for the incidence of TD in Japan. If one considers the possible
data from the non-response facilities, the actual incidence of
TD in Japan would be higher than that estimated in the pre-
sent study (0.83-1.37 per 100 000 births). Unfortunately,
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Fig. 2 Distribution of clinical findings in live newborns with thanatophoric dysplasia (TD) according to type (n = 51): (M), type 1; (M),
type 2; (=), unknown. Respiratory insufficiency is attributable to the narrow thorax. Bowed femurs are attributable to short limbs. Thus,
short limbs and narrow thorax were identified as the common clinical features of patients with thanatophoric dysplasia.
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Fig. 3 Distribution of surviving thanatophoric dysplasia (TD) subjects (n = 51) according to age.

owing to the limitations of the present low response rate, the
uncontrollable factor of induced abortion at an early stage of
pregnancy, and operational limitations of patient transfer to a
specialized medical facility, we could not perform a thorough
statistical analysis, because it may lead to a skewed represen-
tation for the incidence of TD in Japan.

Thanatophoric dysplasia has conventionally been regarded
to be fatal during the early neonatal period, and respiratory
insufficiency due to narrow thorax has been considered a
direct cause of early neonatal death in patients with TD.?* In
the present survey, 51 live newborns had TD, and 16 of the

24 patients who received respiratory care survived for >1 year,
while all 25 patients who did not receive respiratory manage-
ment after birth died in <2 days. Therefore, respiratory man-
agement appears to be necessary and indispensable for
prolonging the survival of newborns with TD.

The long-term survival of newborns with TD has been
reported in several isolated reports. Stensvold et al. reported a
169 day survivor, and Tonoki reported a 212 day survivor,
both of whom died from respiratory insufficiency.'®*
McDonald et al. reported the cases of 2 children alive at age
4.0 and 4.75 years, respectively, stating that respiratory
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Table 1 Thanatophoric dysplasia (n = 51): Kaplan—-Meier sur-
vival table

Age n Dead Censored Conditional Survival
probability standard
— deviation
of of
survival death
1 day 51 24 0 0.5294 0.4706  0.0699
2 days 27 3 0 0.4706 0.5294  0.0699
3 months 24 3 0 0.4118 0.5882  0.0689
4 months 21 1 1 0.3922  0.6078 0.0684
5 months 19 0 1 0.3922  0.6078 0.0684
6 months 18 1 0 0.3704 0.6296  0.0680
11 months 17 0 1 0.3704 0.6296  0.0680
1 year 16 0 4 0.3704 0.6296  0.0680
2 years 12 0 4 0.3704 0.6296  0.0680
3 years 8 0 1 0.3704 0.6296  0.0680
4 years 7 1 2 03175 0.6825 0.0761
6 years 4 0 2 0.3175 0.6825 0.0761
10 years 2 0 1 03175 0.6825 0.0761
23 years 1 0 1 03175 0.6825 0.0761

management was important in both patients.]8 Nikkei et al
reported one of the patient in ref.'® was still living and 28
years of age.'* In addition, the cases of 9- and 23-year-old
patients with TD in whom the condition was definitively diag-
nosed on genetic testing and who received respiratory manage-
ment after diagnosis, have been reported.'>'® These findings
support the need for respiratory management for long-term
survival of patients with TD. The present results provide addi-
tional evidence for the importance of respiratory management
by showing that all patients who did not receive any respira-
tory management after birth died in <2 days. In contrast, 24 of
the 51 live newborns who received respiratory management
survived the early neonatal period, and 16 (66.6%) of the 24
patients survived for >1 year. TD is not lethal under adequate
respiratory support. These amazing results highlight the neces-
sity of revising the Japanese term for TD, which emphasizes
the inevitably fatal nature of the disease.

Thanatophoric dysplasia was diagnosed on the basis of
postnatal radiographs in all cases of living patients, but we
could not perform postnatal radiography in the cases of abor-
tion. Furthermore, only a few cases could be diagnosed pheno-
typically without a requirement for radiography. Nonetheless,
because TD is attributable to mutation of FGFR3 and because
the mutation is concentrated at several sites in the gene,
genetic diagnosis is also greatly useful.'’ In the present sur-
vey, seven patients underwent genetic examination that identi-
fied an FGFR3 mutation: three TD1 patients with a cDNA
742C>T mutation, three TD1 patients with a cDNA 1984A>G
mutation, and one TD2 patient with a cDNA 1948A/G muta-
tion. All these mutations were previously known and were
concentrated at previously known specific sites.”> Information
on subtype was unavailable in 22 of the 73 patients in this
survey, but two of the 22 patients underwent FGFR3 analysis
that showed no mutation. The number of patients who under-
went genetic analysis was too small to allow analysis of the
differences in postnatal course depending on gene type. This

is one of the limitations of the present study, wherein we
could not diagnose all cases on postnatal radiography and
FGFR3 mutation.

The inherent limitations of retrospective studies also exist in
this study. Given that no TD registration system covers all births
in Japan, we mailed a questionnaire to individual facilities. Thus,
this survey cannot be considered to cover all cases of TD, in
view of the partial response rate and the patients lost before
birth. Future studies will aim to conduct a more detailed and
prospective evaluation of the prognosis of TD, including analysis
of the growth and development of survivors, to understand the
natural history of TD in greater detail.

The preliminary data of this study were used as reference
for developing a new system of Intractable Diseases by Min-
istry of Health and Welfare of Japan and led to the develop-
ment of the diagnostic criteria for TD in the System of
Designated Intractable Diseases of Japan. Furthermore, the
translation of TD in Japanese was revised from “lethal bone
dysplasia” to “thanatophoric dysplasia” in Japanese, this
avoids the ambiguity and is not offensive or distressing to
patients and their families.**
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