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Abstract

Thanatophoric dysplasia (TD) is a rare skeletal dysplasia commonly thought to be lethal. In this case report, we
discuss a nine-year-old male with TD and review his parents’ decision making shortly after their son was born, the
technology needed to sustain him, and his parents’ perception of his quality of life. We also summarize the clin-
ical course of published long-term survivors with TD. Pediatric Palliative Care teams, especially those conducting
perinatal palliative care consultations, are often asked to support families in the face of prognostic uncertainty.
Our case report and review of the literature adds to the uncertainty of prognosis in TD and suggests that pedi-
atric palliative care providers should be wary of the label “lethal.”
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Introduction

Thanatophoric dysplasia (TD) is a skeletal dysplasia
that was previously described to be incompatible with
life. The term thanatophoric is Greek for “death bear-
ing.” Infants with this condition have extreme short
stature, micromelia, a narrow chest, underdeveloped
lungs, macrocephaly, and a small foramen magnum.
Occurring in 1/20,000 to 1/50,000 births, it was under-
stood to be lethal soon after birth due to difficulty with
ventilation and development of respiratory failure.'™
There are very few reports of patients who have sur-
vived beyond the first few days of life; therefore, fami-
lies faced with this diagnosis are typically counseled to
consider pregnancy termination and/or comfort care at
birth. However, with advances in technology, survival
can be possible for some. This makes counseling
around prognosis and expected clinical course chal-

lenging for families faced with a perinatal diagnosis
of TD.

In this brief report, we describe the case of a boy with
thanatophoric dysplasia type 1 (TD1) and review the
medical decisions the family faced. We also summarize
the clinical course of published long-term survivors
with TD. Both serve not only as prognostic guides for
this specific condition but also to illustrate themes that
emerge when providing palliative care for children with
diseases commonly labeled as “lethal.” The family gave
permission for their child’s name and story to be shared.

Case Description

Charlie was born to a 33-year-old gravida 7 para
3 mother and a 33-year-old father. Pregnancy was
complicated by polyhydramnios and features sugges-
tive of TD by anatomical ultrasound. Amniocentesis
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identified a ¢.742C>T (p.R248C) mutation in FGFR3,
consistent with a diagnosis of TD1. Charlie’s mother
recalls being given the diagnosis by a high-risk obstetri-
cian and a genetic counselor who both counseled that,
if she were to carry to term, the infant would not make
it out of the delivery room alive and, therefore, offered
termination of the pregnancy. After connecting with
two families whose children were long-term survivors
with TD, they made the decision to continue the preg-
nancy. Charlie’s mother met with her local neonatology
team and together they created a birth plan that sup-
ported her goal of prolonging Charlie’s life.

Delivery occurred at 36 weeks gestation through re-
peat cesarean section, and the infant required intuba-
tion and ventilator support immediately after birth.
He spent five months in the neonatal intensive care
unit where he received frequent speech, physical, and
occupational therapy. Tracheostomy and gastric tube
were placed at two weeks of age. He was treated for
subclinical seizures and had challenges with hypoventi-
lation and apnea, all of which improved with time. He
was discharged to a rehabilitation facility for one
month before going home.

He presented to our skeletal dysplasia program for
multidisciplinary evaluation at 2.5 years of age. At
that time, he had been generally healthy with one hos-
pital admission for treatment of pneumonia since birth.
He was able to roll from his back to his stomach and
also used a power wheelchair for mobility. He was
able to feed primarily by mouth with assistance, utiliz-
ing the gastric tube infrequently. Polysomnography
obtained around this time demonstrated periodic
breathing and central apnea with oxygen desaturations,
and his neurological examination was notable for hy-
potonia, weakness, hyperreflexia, and crossed adductor
reflexes, raising the concern for critical foramen mag-
num stenosis. Magnetic resonance imaging of the cer-
vical spine and craniocervical junction identified a
narrowed foramen magnum and diffuse narrowing of
the cervical canal with signal changes within the spinal
cord, and he subsequently underwent foramen mag-
num decompression the following month. After sur-
gery, his developmental skills advanced significantly
and his central apneas resolved.

At four years, his gastric tube had been removed and
his ventilator settings were being slowly weaned over
time. Acanthosis nigricans, a known skin finding in
children with changes in the FGFR3 gene unrelated
to glucose intolerance, was first observed in Charlie at
approximately two years of age and had begun to
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spread within skin folds and areas of friction. He
would go on to have surgical excision of these skin
folds multiple times in an effort to reduce the compli-
cations that arose in these areas.

Repeat evaluation each year since has demonstrated
consistent progression of developmental skills. At
seven years of age, he was able to army crawl, bear
weight in a jumper, and sit unsupported for one hour.
With the assistance of a communication device, as
well as sign language, he was able to use up to three-
word phrases to communicate his needs and answer
questions, including asking for specific foods and activ-
ities. Neuropsychiatric testing placed him at the one- to
three-year-old level, with the caveat that standardized
testing is made for children who experience the world
much different than Charlie; therefore, it was noted to
better describe him functioning within the sensorimo-
tor developmental stage. Today, Charlie’s mother de-
scribed him as “a thriving 9-year-old boy” (Fig. 1)
who feeds himself, drives his own power chair, throws
a ball, colors, and paints. He has been weaned off the
ventilator since eight years of age, and is now working
toward decannulation, of which we believe he would be
the first child with TD1 to accomplish.

Discussion

Expected clinical course

A crucial role that palliative care providers serve is to
help families gain a better understanding of their child’s
prognosis and expected clinical course. This can be
challenging when a fetus or a child carries a rare diag-
nosis and/or has surpassed prognostic expectations.
A summary of the medical needs of published long-
term survivors with TD can be found in Table 1.>'*
Although the number of published individuals living
with TD1 are few, knowing the medical decisions and
interventions these children required can be helpful
when families turn to us for guidance."

Respiratory. Infants with TD face challenges with
ventilation. We hypothesize that this is due to a combi-
nation of upper airway obstruction, tracheomalacia,
abnormal pulmonary anatomy, and pulmonary hypo-
plasia due to small ribs and a narrow chest.'® Although
we suspect that infants with TD who are unable to be
ventilated despite all interventions are in the majority,
we note that there is a subset of patients who have the
potential to survive when offered respiratory support.

As in Charlie’s case, all published individuals with
TD who have survived beyond one year of life have
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FIG. 1.

Charlie at nine years of age in the front
yard of his home.

required long-term mechanical ventilation (Table 1).
Most patients required tracheostomy, although one de-
scribed patient utilized long-term endotracheal intuba-
tion.*” Several individuals were able to experience brief
ventilator-free windows throughout the day; however,
there are no published reports before this one of indi-
viduals completely weaned off of invasive respiratory
support. It is worth noting that one child has been
reported to have tolerated periods of time off ventila-
tion, but later developed neurological sequelae, leading
to complete ventilator dependence by the end of her
second decade.”

Neurological. As seen in achondroplasia, the anterior-
posterior diameter of the foramen magnum can be sig-
nificantly narrowed in TD. This may present with neu-
rological changes, developmental delays, and/or central
apnea. Foramen magnum decompression can provide
relief of pressure on the spine for those with critical ste-
nosis. We anecdotally witnessed significant improve-
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ments in all three of these domains for our patient
after decompression surgery. However, as noted earlier,
an individual has been described for whom there was
progression of cervical spinal stenosis in the second de-
cade of life despite decompression as a child, leading to
quadriplegia as a teenager and regression to need of
complete ventilator support.’

On brain imaging, a majority of children in the liter-
ature had ventriculomegaly and/or temporal lobe dys-
plasia or dysgenesis; however, only two children had a
ventriculoperitoneal shunt placed (Table 1).*%%17-2?
Seizures were common, typically temporal lobe epi-
lepsy, but seemed to be manageable with antiepileptic
medications.>”

Developmental delays are expected. The individual
described in this study demonstrated slow and steady
developmental progress over time, with intensive ther-
apies and augmentative communication devices. Early
intervention should be involved; however, physical
therapy should avoid any manipulations of the neck
or back so as to not exacerbate injury due to the
condition-associated foramen magnum stenosis and
thoracolumbar kyphosis. Expectations should not be
that a child with TD will be conversant and ambulatory
without assistive devices, but that there is potential for
developmental advancement.”

Dermatological. Acanthosis nigricans is a consistent
feature that appears to develop in individuals with
TD. This is not a surprising finding as acanthosis nig-
ricans is observed in several other FGFR3-related disor-
ders.”>"*° Using a lubricant in locations of friction can
sometimes slow the progression and prevent skin
breakdown. Alternatively, surgical excision can be ben-
eficial for some children with widespread acanthosis if
it is causing significant discomfort or risk of infection.

Growth. Growth velocity for children with TD is not
known; however, the child in our case showed steady
length, chest, and head circumference growth over
time. We suggest growth points for a child with TD
be best plotted on achondroplasia growth charts, with
expectations that the head circumference would plot
above the mean, and the height would plot more
than two standard deviations below the mean. To this
end, infants with TD inevitably have different weight
goals, and we suggest a goal of 5 to 10g/day in the
first year of life. Weight gain above this amount can
cause reflux, vomiting, and abdominal competition
leading to increased respiratory needs.
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Potential for future treatment

C-type natriuretic peptide (CNP) is a potent positive
regulator of endochondral bone growth. Studies have
shown that CNP plasma levels are altered in FGFR3-
opathies.*® Currently, clinical trials are underway testing
the use of CNP analogues in children with achondropla-
sia. These studies are in progress, but early results show
a modest increase in height.”” Although linear growth is
one outcome being measured, the hope is that this treat-
ment will decrease medical complications caused by
skeletal changes in achondroplasia. There are also sev-
eral other potential therapeutic agents for achondropla-
sia that are early in their development. We would be
remiss if we did not mention the possibility of these
medications being helpful to children with TD in the fu-
ture as well. This is important to note as it further evi-
dences the evolving clinical landscape for children
with TD and informs the way in which palliative care
physicians will need to counsel families about future po-
tential and prognosis.

The role of the palliative care team

in an evolving landscape

The story of children such as Charlie surviving with a
“lethal” disease is not unfamiliar in pediatric palliative
care (PPC). Trisomy 13 and 18 (T13/18), once consid-
ered mostly fatal, are now well established as syn-
dromes with wide phenotypic variation, and children
are known to survive for decades both with and with-
out surgical intervention.”®*>° TD in some ways is
today where T13/18 were in the 1980s—with single
case reports of long-term survivors, such as Charlie,
and parents fighting for medical providers to consider
alternatives.”’

Although we currently lack longitudinal data in TD,
we can extrapolate that with surgical intervention
(tracheostomy, gastric tube placement, foramen mag-
num decompression, and/or ventriculoperitoneal (VP)
shunt when clinically indicated), survival curves are
likely to differ from what we would expect with a “uni-
formly fatal” diagnosis. Quality of life (QOL), of course,
is important to follow, along with survival. If Charlie is
any indication, his parents perceive his QOL to be ex-
cellent and state they would do nothing differently if
they were faced with the same medical decisions for
Charlie all over again.

As with the paradigm shift that has occurred in the
care of infants with T13/18, PPC teams have played
and continue to play a pivotal role in advocating for
goal-concordant clinical care that is based on best avail-
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able evidence for the disease in question. With rare dis-
eases such as TD, single case reports of survivors such as
Charlie are important evidence that a condition may be
life-limiting, but not necessarily “uniformly lethal.” We,
therefore, recommend practitioners be wary of the label
“lethal” and suggest counseling families on the variety
of clinical outcomes documented in the literature.
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Abbreviations Used

AED = antiepileptic drug

CNS = central nervous system

CSF = cerebral spinal fluid

CNP = C-type natriuretic peptide
FM = foramen magnum

MRI = magnetic resonance imaging
NR = not reported

PPC = pediatric palliative care

QOL = quality of life
SD = standard deviation
TD = thanatophoric dysplasia

TD1 = thanatophoric dysplasia type 1

T13/18 = trisomy 13 and 18

VP = ventriculoperitoneal
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