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A patient with alveolar capillary dysplasia has survived more than 56 months with medical therapy. Intrauterine exposure

to metformin potentially modified the severity of disease. In combination with other agents, endothelin receptor

antagonists and amlodipine have been key medications in lowering pulmonary arterial pressure and managing right heart

failure. (Level of Difficulty: Beginner.) (J Am Coll Cardiol Case Rep 2020;2:1492–5) © 2020 The Authors. Published by

Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
T he majority of patients with alveolar capil-
lary dysplasia (ACD) die in early infancy
from respiratory failure with hypoxemia

and pulmonary hypertension (1). However, a recent
report has reviewed several patients with an atypical
phenotype and relatively long survival (2). The role of
medical therapy in ACD is unknown because atypical
patients may be overlooked if genetic testing or a his-
tological evaluation is not performed. Here, we report
a patient who has survived for more than 56 months
with medical therapy including key agents that poten-
tially modified the severity of pulmonary vascular
disease or lowered pulmonary artery pressure.
EARNING OBJECTIVES

To demonstrate that rare patients with
alveolar capillary dysplasia can be treated
long term with medical therapy.
To highlight key elements of medical care
that potentially modified the severity of
pulmonary vascular disease or improved
cardiovascular function.
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HISTORY OF PRESENTATION

A 43-year-old woman developed gestational diabetes
and started treatment with metformin 1,000 mg/day
at 14 weeks’ gestation. The dose was increased to
2,000 mg/day at 17 weeks’ gestation. A fetal right
pleural effusion, noted during the third trimester,
resolved before birth. A male neonate was born at a
gestational age of 37 weeks. He developed acute
respiratory failure and pulmonary hypertension (PH)
during the first day of life. Hypoxemia and PH per-
sisted despite treatment with high-frequency oscil-
latory ventilation, surfactant, and inhaled nitric
oxide (iNO). He was transported and supported with
venous/venous extracorporeal membrane oxygena-
tion from 17 h of age to 6 days of age. In addition to
iNO, inpatient therapy included epoprostenol, sil-
denafil, and bosentan. His end-systolic eccentricity
index, a measure of ventricular septal flattening or
increased systolic pulmonary arterial pressure,
normalized after the onset of treatment with
bosentan, allowing iNO and epoprostenol to be
stopped.
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AB BR E V I A T I O N S

AND ACRONYM S

ACD = alveolar capillary

dysplasia

iNO = inhaled nitric oxide
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MANAGEMENT

Figure 1 shows his clinical course over time with
noteworthy events, end-systolic eccentricity indices,
B-type natriuretic peptide levels, and medications.
He was initially treated as an outpatient with
FIGURE 1 Chronological Summary of Medical Care

(A) Key events (upper section); (B) Serial measurements of the end-syst

systolic pulmonary to systolic systemic arterial pressure (normal: 1.00).

estimate the right ventricular systolic pressure by echocardiography. (C)

heart function (normal: <100 pg/ml). (D) Medications. (E) Age.
sildenafil, bosentan, furosemide, and full-
time supplemental oxygen. His clinical
course was consistent with resolving pulmo-
nary hypertension. Bosentan was dis-
continued, and he was transitioned from full-
time oxygen to nighttime oxygen. He was
olic eccentricity index, an echocardiographic estimate of the ratio of

Waveforms of tricuspid valve regurgitation were rarely adequate to

Serial measurements of B-type natriuretic peptide, a gauge of right

PH = pulmonary hypertension



FIGURE 2 Histology Samples Demonstrating a Mild Variant of Alveolar Capillary Dysplasia

(A) There is medial muscularization of the intralobular arterioles (a) with adjacent dilated venules (b). (B) A thickened pulmonary arteriole (c)

is surrounded by an adjacent bronchial venule (d, misaligned pulmonary vein) and bronchiole (e). In both images, the capillary bed is

diminished, and there is heterogeneous alveolar septal thickening. The lack of homogenous septal thickening demonstrates a milder pattern in

this disease process.

TABLE 1 Arterial Blo

35%

pH

PaO2, mm Hg

mPAP, mm Hg

mLAP, mm Hg

mSAP, mm Hg

mRAP, mm Hg

CI, l/min/m2 3

Rp, U$m
2

Rs, U$m
2

CI ¼ cardiac index; mLAP ¼
right atrial pressure; mSA
Rp ¼ pulmonary vascular r
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admitted to the hospital at 10 months of life with
evidence of severe PH and right heart failure. Airway
secretions tested positive for rhinovirus and beta-
lactamase–negative Hemophilus influenza. A high-
resolution computed tomography scan of the chest
showed bilateral ground glass opacities and septal
thickening. A lung biopsy showed evidence of “a mild
form of alveolar capillary dysplasia with misalign-
ment of the pulmonary veins,” as shown in Figure 2.
Genetic testing revealed a c.246C>G (p.F82L) het-
erozygous, novel, and de novo variant in the FOXF1
gene. He was again treated as an outpatient with sil-
denafil, full-time oxygen, and furosemide, with the
addition of bosentan, digoxin, chlorothiazide, spi-
ronolactone, beclomethasone, albuterol, and aspirin.
od Gases, Pressure Measurements, and Hemodynamic Calculations

Oxygen 100% Oxygen

100% Oxygen
Nitric Oxide

20 ppm
100%
Oxygen

100% Oxygen
Nicardipine
3 mg/kg/min

7.39 7.41 7.40 7.41 7.39

101 308 349 356 309

51 49 39 47 43

7 — — — —

47 49 44 52 47

7 — — — —

.09 2.72 2.81 2.65 2.72

14.2 15.4 11.4 15.1 13.2

12.9 15.4 14.4 17.0 14.7

mean left atrial pressure; mPAP ¼ mean pulmonary arterial pressure; mRAP ¼ mean
P ¼ mean systemic arterial pressure; PaO2 ¼ systemic arterial oxygen tension;
esistance index; Rs ¼ systemic vascular resistance index.
During the subsequent year, he again developed
findings consistent with a mild increase in the
severity of PH and right heart failure. A hemody-
namic evaluation was performed at 25 months of
life to explore options for treatment with additional
medications. The results of heart catheterization
and acute vasodilator testing are shown in Table 1.
His response to supplemental oxygen with iNO
suggested that he may benefit from treatment with
a calcium-channel blocker. His acute response to
intravenous nicardipine confirmed that this may be
an appropriate option for precision care. Over time,
his end-systolic eccentricity indices and B-type
natriuretic peptide levels have improved while he is
being treated with amlodipine. He is able to
perform at the same level of physical activity as his
healthy siblings. He has not developed evidence of
right heart failure despite occasional respiratory
infections. He is currently being treated with sil-
denafil, ambrisentan, amlodipine, digoxin, furose-
mide, aspirin, fluticasone, and blow-by oxygen at
night.

DISCUSSION

This case describes a patient with a variant in the
FOXF1 gene and histological findings consistent with
a mild form of ACD who has survived for more than
56 months. It is possible that intrauterine exposure
to metformin modified the severity of disease. We
do not know whether medical therapy modified the
severity of disease following birth. However, a
combination of medications has provided enough
cardiovascular support for him to participate in
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age-appropriate activities. Only 2 other reported
children with ACD have lived longer than 2 years
without lung transplantation (2). A favorable
outcome potentially depends on the extent of arte-
riolar obstruction and intrapulmonary shunting
through bronchial veins and venules (3,4). Further-
more, some patients may respond favorably to spe-
cific medications.

Variants in FOXF1 may inhibit STAT3, a critical
transcriptional regulator of angiogenesis, and cause
ACD in the mouse (5). Metformin may also inhibit
STAT3 signaling, raising concern that intrauterine
exposure might further exacerbate the disease pro-
cess. However, metformin might modify the
severity of disease when STAT3 signaling is sup-
pressed with a genetic variant by facilitating
angiogenesis through other pathways during
vascular development, including an increase in
adenosine monophosphate–activated protein kinase
signaling (6). If so, additional studies are needed to
determine whether there is a critical period before
or after birth when metformin could favorably
modify the severity of ACD. None of the previous
reports of atypical ACD included a maternal medi-
cation history (2).

Additional potential key elements of care are
medications that decrease pulmonary vascular resis-
tance. We do not know whether iNO, epoprostenol
and sildenafil independently influenced early sur-
vival. However, eccentricity indices improved with
these agents and normalized after treatment with
bosentan. Clinical worsening occurred after stopping
bosentan, suggesting that endothelin receptor an-
tagonists have been key medications for long-term
care. However, we acknowledge that clinical wors-
ening could have occurred with a respiratory infec-
tion even if bosentan was continued. iNO decreased
pulmonary arterial pressure during heart catheteri-
zation at 2 years of age. If available in the future, iNO
may be a key option for the long-term precision care
of our patient. Intravenous nicardipine acutely
improved pulmonary arterial pressure to a lesser
extent than iNO. Accordingly, amlodipine has pro-
vided long-term precision care.

CONCLUSIONS

A small subset of patients with ACD may survive with
medical therapy. Additional studies are needed to
determine whether metformin or other agents may
modify the severity of disease during pulmonary
vascular development. For this patient, key agents
were identified when clinical worsening occurred
following withdrawal of a medication and when pul-
monary arterial pressure decreased during acute
vasodilator testing. Precision care may prevent right
heart failure and improve functional capacity by
maintaining the lowest attainable pulmonary vascular
resistance.
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