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Cardiopulmonary function in fibrodysplasia
ossificans progressiva
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ABSTRACT Cardiopulmonary function was evaluated in 21 patients with fibrodysplasia ossificans
progressiva. Neither cardiac enlargement nor failure was observed, but six patients had abnormal
electrocardiograms. All had marked restrictive spirometry because ofchest wall fixation and depended
upon diaphragmatic respiration. The severity ofchest restriction was independent ofsex, age, duration
of disease, and extent of other physical disability. Progression to chronic respiratory failure was not
observed. Chest infection in the presence of diminished pulmonary reserve is the major hazard to life
in this rare disease and prophylactic measures should be considered.

Fibrodysplasia ossificans progressiva (FOP, syn
myositis ossificans progressiva) is a rare inherited
disorder of connective tissue in which there is pro-
gressive ossification in voluntary muscles and liga-
ments in association with characteristic skeletal
malformations.' It was first reported in 1692 by Guy
Patin2 and 470 cases had been reported from all
ethnic groups by 1976.3 There have been several
excellent reviews of the voluminous literature of
this subjectl 4-6 but, because of its rarity, most
authors have studied only one or two patients with
the disease. It is inherited as an autosomal dominant
disorder. However, patients rarely reproduce because
of physical handicap and thus virtually all cases
are fresh mutations with a negative family history.1 7 8
The mechanism by which this abnormal gene
produces its effects is unknown and therapy has been
largely empirical and not of proven value.6

Characteristic digital anomalies are present in
virtually all patients with FOP.6 9 Most commonly
the big toes are shortened with or without valgus
deviation and radiographs reveal deformity of the
first metatarsals and a single phalanx in each big toe
(figs 1, 2). Changes in the hands are less frequent
and include short first metacarpals and incurving
of the fifth digits (fig 3). These anomalies are present
at birth and provide important, though often over-
looked, diagnostic clues.6 Extraskeletal bone forma-
tion usually presents as a series of localised swellings
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in the muscles of the neck or back (fig 4). This is
usually evident by 10 years, but may occasionally be
delayed until adult life.5 Axial musculature bears
the brunt of the disease and limb involvement tends
to be restricted to their proximal parts.5 The disease
progresses erratically with periods of apparent
inactivity of up to several years but severe physical
disability is the rule: the end result being a literal
"stone man".
The diaphragm never ossifies in FOP but ankylos-

is of the costovertebral joints with chest wall
fixation is the major prognostic factor.1 6 Patients
usually die in their third or fourth decades.'0 The
usual cause of death in recorded cases has been
pneumonia,' 311 but some authors7 12 believe that
chronic respiratory failure may occur. Pulmonary
function tests, however, have been recorded in only
eight patients with FOP.3 13-18 These authors
found restrictive ventilatory defects and reduced
lung volumes. Arterial blood gases have been
measured in three FOP patients13 14 17 and were
normal. The heart is said to be normal,' although
there are three reports of abnormal electrocardio-
grams in patients with FOP.5 19 20 The abnormalities
found were right bundle branch block,5 left axis
deviation with ST segment changes,20 and supra-
ventricular tachycardia.19 Few detailed postmortem
studies have been publishedl 3 and these have
concentrated on the changes in the muscles.

In view of the paucity of studies in this area we
wish to report upon the cardiopulmonary status in
a large series of patients with FOP.
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Fig 1 Typical big toe dejormity in
fibrodysplasia ossificons progressiva.

Fig 2 Monophalangic big toes and
deformedfirst metatarsals infibrodysplasia
ossificans progressiva.

Fig 3 Short.first metacarpals and
incurving oflittlefingers infibrodysplasia
ossificans progressiva.
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Fig 4 Paraspinal ossification in a 14-year-oldpatient
with fibrodysplasia ossificans progressiva.

Methods

Patients with FOP were discovered by means of a

national questionnaire and a survey of disabled
associations. In all cases the diagnosis was confirmed
by personal evaluation and in view of the patients'
disability home assessments were made. The assess-

ment consisted of a history, physical examination,
electrocardiogram, peak expiratory flow measure-

ment with a Wright Peak Flow Meter, and spiro-
metry using a Vitalograph spirometer. Predicted
values were according to Cotes." Pulmonary function
tests were performed with the patients in a standing
position except for seven patients (numbers 3, 4,
5, 12, 15, 18, 20-table) who are confined to wheel-
chairs and appropriate corrections were made for
their predicted values.21 In three longstanding
cases (numbers 1, 15, 18) arterial blood gases were

taken. Where possible the patients' clinical records
and radiographs were reviewed.

Results

Cardiopulmonary function was assessed in 21
patients with FOP. There were 10 males and II

females. They had an age range of 6-70 years with a
mean of 30-2 years. All patients had digital anomalies
in addition to ectopic ossification. Ectopic ossifica-
tion was evident in all patients by 10 years and
had a mean age of onset of 3 3 (±2-43) years. The
paraspinal musculature was the initial site of involve-
ment in 16 patients and all had severe limitation of
spinal movements by 15 years of age. The mean age
of severe spinal limitation was 5-7 years (SD±3-61).
Only two of these patients (numbers 3 and 11) had
a moderate scoliosis. In both of these it was situated
in the mid-thoracic region and was concave to the
left. The extent of other physical handicap was more
variable and will be described elsewhere in detail.
No patient had any cardiorespiratory symptoms

and none had ever smoked cigarettes. Results of
pulmonary function tests are presented in the table.
Chest expansion was reduced in all patients and had
a range of 0-3 cm and a mean of 14 cm. FEV1
when expressed as a percentage of its predicted value
was reduced in all patients and had a range of
27-64O% and a mean of 45% (SD±13 0). FVC
when expressed as a percentage of its predicted value
was also reduced in all patients and had a range of
23-63 and a mean of 40% (SD±13-2). The FEVy/
FVC percentage was in excess of 80% in all patients.
Only one patient achieved his predicted peak expira-
tory flow rate. The degree of lung restriction in these
patients was independent of sex, age, duration of
disease, or extent of other physical handicap. No
patient was centrally cyanosed and arterial blood
gases were normal in three patients with longstanding
chest wall fixation (numbers 1, 15, 18).
No patient had cardiac enlargement or failure

detectable on physical examination. Six patients
however, had abnormal electrocardiograms: patients
1, 2, and 18 had T wave inversion in the inferior leads,
and patients 3, 5, and 17 had right bundle branch
block. Chest radiographs were available for study
on 12 of the patients. These all showed ectopic
ossification in the voluntary muscles of the chest wall,
but no evidence of cardiac, diaphragmatic, or pul-
monary ossification (fig 5). No patient had clinical
or radiological evidence of upper lobe fibrosis.

Discussion

Abnormal pulmonary function is an early and con-
sistent feature of FOP. A restrictive ventilatory defect
caused by chest wall fixation is typical and does not
appear to progress during adult life. This reflects the
characteristic predilection for involvement of the
axial muscles and joints.5 All our patients had
severe limitation of spinal movements and chest wall
expansion by 15 years of age and in many such
limitation was evident many years earlier. Thus
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Table Pulmonary function tests in 21 patients with FOP. FEVy and FVC are given in actual values and as
percentages oftheir predicted values,2' correctedfor age, sex, height, andposture. The peak expiratory flow rate
predicted values21 are given in parentheses

Number Sex Height (cm) Age (yr) Chest FEV, (1) FVC (1) FEV/FVC Peakflow (l!min)
expansion (1%)
(cm)

1 F 163 25 2 0-95 (30%) 1-0 (27%) 95 175 (440)
2 F 153 27 1-5 0-85 (30%) 0-85 (27%) 100 175 (400)
3 F 173 60 0 0-65 (27%) 0-8 (23%) 81 145 (410)
4 F 173 57 2-2 0-85 (33 %) 1-0 (28 %) 85 210 (410)
5 M 175 30 2 2-1 (52%) 2-25 (46%) 93 350 (620)
6 M 155 14 1-8 1-55 (47%) 1-6 (41%) 97 260 (380)
7 M - 6 0-5 - - - 60 (110)
8 M 160 19 2 2-2 (61%) 2-3 (55 %) 96 400 (575)
9 M 152 16 1'5 1-6 (61%) 1-7 (55%) 94 360 (360)
10 F 162 28 0-5 1-2 (40%) 1-2 (33%) 100 130 (430)
11 F 183 32 2-5 1-1 (31%) 1-2 (26%) 92 280 (490)
12 F 165 30 1 5 0-95(31%) 1-05(28%) 90 220(440)
13 M 170 39 0 2 25 (63%) 2-65 (60%) 85 400(570)
14 M 178 27 2 1-95 (46%) 1-95 (38 %) 100 230 (630)
15 F 160 32 1 1-8 (53%) 1-8 (45%) 100 385 (420)
16 M 178 19 0 1-25 (29%) 1-4 (27%) 89 175 (640)
17 M 163 30 3 1-65(46%) 1-65(39%) 100 275 (570)
18 F 160 70 0 - - - 95 (340)
19 M 157 15 3 1-85 (64%) 2-0 (59%) 93 310 (390)
20 F 157 35 1-5 1-3 (48%) 1-3 (39%) 100 265 (400)
21 F 142 24 0 1-45 (57%) 1-65 (63%) 88 310 (360)

Fig 5 Chest radiograph showing extrasKeletal
ossification infibrodysplasia ossificans progressiva.

adults with FOP have usually reached their maximum
disability with regard to spinal and chest wall
restriction and pulmonary function at this stage is

maintained by the uninvolved diaphragm. Such
diaphragmatic function is adequate for the basal
requirements of these patients with restricted
mobility and we believe that progression to chronic
respiratory failure is unlikely in uncomplicated FOP.
This belief is supported by the normal arterial blood
gases in three patients in our study and in three
patients in the literature.13 14 17
Our FOP patients had a high prevalence (29 %) of

abnormal electrocardiograms. Right bundle branch
block may be occasionally found in otherwise normal
individuals22 and might be coincidental, but the T
wave changes in the inferior leads cannot be thus
explained. Cardiac ossification has never been
recorded in FOP' and was not evident on the radio-
graphs of our patients. Chronic respiratory failure
was not observed so cor pulmonale is untenable. It
is therefore speculative if these abnormal electro-
cardiograms reflect involvement of the cardiac
connective tissue by the disease process in FOP and
further detailed pathological examinations should
help to resolve this point.
FOP has some similarities to ankylosing spondyl-

itis. Both result in spinal rigidity and restrictive
pulmonary function due to ankylosis of costo-
vertebral joints.23 In ankylosing spondylitis the
limitation ofchest wall expansion is well compensated
by diaphragmatic movement until the thorax is
severely affected.24 Chronic respiratory failure and
cor pulmonale do not occur in uncomplicated
ankylosing spondylitis.23 Upper lobe fibrosis is an
occasional complication of ankylosing spondylitis
with 16 reported cases by 197125 This is probably
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a component of the primary disease process26 but
it has been proposed that it might be secondary to
pulmonary hypoventilation.27 The former theory
is supported by our lack of observation of this upper
lobe fibrosis in FOP patients who generally have a
more severe restrictive defect than patients with
ankylosing spondylitis.

Severe upper thoracic kyphoscoliosis is a recog-
nised cause of chronic respiratory failure and cor
pulmonale.23 None of our patients had such a
severe high deformity and care should be taken to
avoid spinal fixation in such a position in FOP.
Otherwise irreversible progression to chronic repira-
tory failure is unlikely in FOP, and attention should
be directed towards the prevention and therapy of
intercurrent chest infections. Such measures might
include: chest physiotherapy, prompt antibiotic
treatment of early chest infection, pneumococcal
and influenzal vaccines. Obviously factors which will
interfere with diaphragmatic respiration, such as
upper abdominal surgery, should be avoided if
possible. Such measures will undoubtedly prolong
life for patients with FOP while research is directed
towards understanding and halting the basic disease
process.

We are indebted to the consultants throughout
Britain who have allowed us to study their patients
with FOP.
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