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Abstract

Proteus syndrome is a rare progressive multisystem disorder characterized by
asymmetric, disproportionate overgrowth of bone, skin, and other tissue types.
Molecular pathogenesis has been identified as somatic activating mutations of
the AKT1 gene. The presentation of Proteus syndrome is exceptionally
variable. Respiratory complications include emphysematous lung disease and
predisposition to pulmonary emboli, the latter of which is a significant source
of mortality. Pulmonary hypertension due to longstanding hypoxic lung
disease as well as chronic thromboembolic events has been observed in this
population. In contrast, precapillary pulmonary arterial hypertension in the
absence of chronic pulmonary emboli and parenchymal lung disease has not
been described in the literature on patients with Proteus syndrome. We report
such a case in a young patient with Proteus syndrome, reviewing subsequent
management and emphasizing the need for a detailed investigation of
dyspnea.
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bony abnormalities including hyperostosis of the skull,
dysregulated adipose distribution, vascular malforma-

Proteus syndrome is a complex multisystem disorder
characterized by mosaic postnatal malformations and
asymmetric, disproportionate overgrowth of multiple
tissue types."? The syndrome is exceptionally rare,
with an incidence of less than one in one million
people worldwide. Somatic activating mutations of the
oncogene AKT1 have been identified as the principal
driver of pathogenesis for clinical overgrowth and
tumor susceptibility.> Although phenotypic expression
can be remarkably variable, common manifestations
include unrelenting, distorting overgrowth, unique

tions, and cutaneous findings such as cerebriform
connective tissue nevi.*> Due to the wide spectrum of
presentation, there is considerable overlap with other
asymmetric overgrowth syndromes that makes diagno-
sis challenging. In Proteus syndrome, pulmonary
manifestations are of particular importance as pulmo-
nary emboli are one of the most common causes of
mortality; other respiratory complications include
emphysematous bullous changes, pulmonary nodules,
and restrictive asymmetric thoracic overgrowth.®’
Although data are very limited, studies have also
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demonstrated Group 3 pulmonary hypertension sec-
ondary to diffuse parenchymal lung disease as well as
Group 4 chronic thromboembolic pulmonary hyper-
tension (CTEPH).>° We present a novel case of
precapillary pulmonary arterial hypertension in a
patient with Proteus syndrome without evidence of
underlying parenchymal lung disease or chronic
pulmonary embolism.

CASE PRESENTATION

A 23-year-old woman with known Proteus syndrome
presented to the clinic for over 6 years of progressively
worsening shortness of breath. She was dyspneic with
moderate exertion (World Health Organization func-
tional class 3), requiring nasal cannula oxygen therapy
at 2-3L/min. She denied worsening of shortness of
breath upon supine or upright position, cough, wheez-
ing, fevers, or chills. Of note, she demonstrated rapidly
progressive, asymmetric, disproportionate limb over-
growth beginning at 7 months of age, leading to a
diagnosis of Proteus syndrome via clinical criteria at an
outside institution. Complications included a lipoma of
the right forearm removed at the age of two, progres-
sively enlarging cutaneous venous malformations of the
lower extremities requiring excision, and diffuse joint
pain with mild kyphoscoliosis. Her history was relevant
for a pulmonary embolism 5 years before encounter,
which was managed with anticoagulant therapy. A
computed tomography (CT) of the chest at that time
demonstrated multiple small filling defects within
pulmonary arterial branches consistent with pulmonary
emboli and an enlarged main pulmonary artery
measuring 3.8 cm in diameter.

Previous workup for her shortness of breath
included a transthoracic echocardiogram (TTE) 3 years
before presentation, which estimated a moderately
elevated right ventricular systolic pressure (RVSP) of
56 mmHg. Unfortunately, the patient was lost to follow-
up at that time. On presentation to the clinic, she was
afebrile with a heart rate of 112 beats per minute and
blood pressure of 152/90 mmHg. Her oxygen saturation
was 94% on the nasal cannula at 3 L/min. Pertinent
physical examination showed a nondistressed woman
with a loud P2 and a 3/6 nonradiating holosystolic
murmur in the left lower sternal border. Musculo-
skeletal presentation included asymmetrically enlarged
left upper extremity and right foot with hypertrophic,
maligned digits.

Based on the patient's history of pulmonary emboli,
the initial consideration for her shortness of breath was

FIGURE 1 Contrasted computed tomography angiography of
the chest in the transverse plane and lung window demonstrating
enlarged main pulmonary artery measuring up to 41 mm in
transverse diameter with no evidence of acute or chronic
pulmonary emboli and no parenchymal lung disease with mosaic
attenuation.

CTEPH. Pulmonary function tests demonstrated a
decreased forced vital capacity (FVC) of 51.4% and
forced expiratory volume in 1s (FEV1) of 53.3% with a
preserved FEV1/FVC of 103.4%. An elevated total lung
capacity (TLC) of 117.2% and mildly reduced diffusing
capacity for carbon monoxide of 72.9% were also
observed. These results indicated an extrinsic restrictive
process; however, her kyphoscoliosis was mild in
nature. A CT angiography of the chest indicated no
evidence of acute or chronic pulmonary emboli
throughout the proximal subsegmental arterial
branches but did visualize an enlarged main pulmonary
artery up to 4.1cm. Normal lung parenchyma was
noted; however, there was also evidence of mosaic
attenuation throughout both lungs (Figure 1). A
ventilation-perfusion scan did not show any evidence
of unmatched perfusion deficits throughout the lungs;
these findings failed to meet established diagnostic
criteria for and effectively ruled out CTEPH.'® Subse-
quent TTE demonstrated an ejection fraction of
55%-60%, severely dilated right atrium, RVSP of
75-80 mmHg, and depressed right ventricular function
with tricuspid annular plane systolic excursion (TAPSE)
of 16 mm (Figure 2). Right-heart catheterization,
reported in Table 1, revealed precapillary pulmonary
hypertension with no high-risk features. The patient
was initiated on dual oral therapy with tadalafil 40 mg
daily and macitentan 10 mg daily and reported subjec-
tive improvement in dyspnea at a 3-month follow-up. At
this time, repeat TTE demonstrated stable ejection
fraction and improving right ventricular function with
an RVSP of 65-70 mmHg and TAPSE of 18 mm.
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FIGURE 2 Transthoracic echocardiogram apical four-
chamber view demonstrating dilated right atrium and right
ventricle with interventricular bowing.

TABLE 1 Right heart catheterization

RAP (mmHg) 15
sRV/dRV (mmHg) 105/15
sPA/dPA (mmHg) 105/48
mPAP (mmHg) 72
PAOP (mmHg) 14

CO (TD) (L/min)* 4.2

CI (TD) (L/min/m?) 2.5
PVR (Wood units) 13.8
PVRi (Wood units m?) 232
SvO, (%) 69

Abbreviations: CI, cardiac index; CO, cardiac output; dPA, diastolic
pulmonary artery pressure; dRV, diastolic right ventricular pressure; mPAP,
mean pulmonary artery pressure; PAOP, pulmonary artery occlusion
pressure; PVR, pulmonary vascular resistance; PVRi, indexed pulmonary
vascular resistance; RAP, right atrial pressure; sPA, systolic pulmonary
artery pressure; sRV, systolic right ventricular pressure; SvO,, venous
oxygen saturation; TD, thermodilution.

*Measured using the thermodilution method.

DISCUSSION

Due to the rarity and variable presentation of Proteus
syndrome, a timely and accurate diagnosis can be
challenging. Before the identification of somatic mutations

on Access

of the AKT1 gene as the underlying molecular basis of
Proteus syndrome, stringent clinical criteria were devised
to diagnose the disorder. Proper application of the criteria
has proven to be reliable in the identification of Proteus
syndrome and remains effective due to prohibitive factors
that may impede genetic testing. Patient presentations
must fulfill all general criteria (mosaic distribution,
sporadic occurrence, and progressive course) as well as
select features from categorical criteria (classified into
categories A, B, and C)."* The reported patient's course
satisfied all general criteria as well as four specific criteria,
two of which were from category B: linear epidermal nevi,
asymmetric and disproportionate overgrowth of limbs,
lipomas, and vascular malformations.

Among complications apparent in Proteus syndrome,
susceptibility to deep vein thromboses and pulmonary
emboli is a significant source of premature mortality and
morbidity.>*"'* The predisposition to thromboembolic
events is multifactorial. The presence of vascular anomalies
likely contributes to malformed vessels with hemostasis and
inflammatory endothelial dysfunction, leading to a pro-
thrombotic environment. This is supported by the higher
frequency of observed thromboembolic events in patients
with other overgrowth syndromes associated with vascular
malformations, such as Klippel-Trenaunay syndrome, as
well as in patients with isolated congenital vascular
defects.”>'* Furthermore, gene products of AKT1 are
involved in the PI3K/AKT/mTOR pathway and regulate
various proliferative and metabolic processes. Studies
indicate a significant role of the AKT1 kinase in vascular
tone and angiogenesis; activating mutations may contribute
to endothelial dysfunction that further predisposes patients
with Proteus syndrome to thromboembolic events.'” Thus, a
high degree of clinical suspicion and active surveillance is
vital in this patient population. The use of anticoagulant
therapy, even in young patients, has been endorsed to
prevent associated complications and premature death.

CTEPH has been observed in a patient with Proteus
syndrome who notably presented with lung cavitations as
well as in patients with other overgrowth syndromes.”'®
Treatment is pulmonary thromboendarterectomy for those
who are surgical candidates. Given our patient's history of
pulmonary emboli, CTEPH was among the initial principal
considerations for her longstanding, progressive dyspnea.
However, a ventilation-perfusion scan failed to demon-
strate significant unmatched perfusion defects. Pulmonary
hypertension secondary to chronic hypoxic lung disease
has also been observed. Precapillary pulmonary hyper-
tension in the absence of underlying lung disease or
chronic thromboembolic disease has not been described
before in Proteus syndrome. We present the first known
case of precapillary pulmonary arterial hypertension in a
patient with Proteus syndrome with a positive response
to pulmonary arterial hypertension-directed dual oral
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therapy. This case emphasizes the necessity of a complete
investigation of pulmonary hypertension in patients with
Proteus syndrome.
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