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Abstract: we describe the case of an infant hospitalized in our pediatric intensive care unit with suspected miocarditis.
The diagnosis of generalized arterial calcification of infancy (GACI) was confirmed after genetic analysis, the patient
was 6 days on extracorporeal membrane oxygenation and died after a failed attempt of endovascular stent placement
on 19" day of hospitalization. This paper also contains a review of the literature including new insights into genetic
and molecular mechanisms concerning the development of GACI, describe the pathophysiology of the disease and
discuss the recent possible ways of treatment and management of GACI.
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Generalized arterial calcification of infancy (GACI)
is a rare and severe autosomal recessive disorder, reported
to date in ~ 200 individuals.'* GACI is characterized
by calcification of the internal elastic lamina of large and
medium-sized arteries and marked myointimal proliferation
leading to arterial stenoses, as well as by foci of periarticular
calcification.' The main clinical manifestations of the
disease are respiratory distress, hypertension and congestive
heart failure with or without myocardial ischemia.’
The association of GACI with persistent pulmonary
hypertension (PPHN) is rare.>'* Additional findings can
include extravascular calcifications, typical skin and retinal
manifestations of pseudoxanthoma elasticum, hearing loss,
and development of rickets after infancy.6’ll GACI is often
fatal within the first 6 month of life because of myocardial
ischemia resulting in refractory heart failure.2,11,13

Pathophysiology. The pathophysiology of the disease
has been proven to be the result of unregulated excessive
deposition of calcium phosphate (hydroxyapatite) crystals
in and around the internal elastic lamina resulting in diffuse
arterial calcification with fibrointimal hyperplasia causing
luminal narrowing. 678

Antenatally the dystrophic calcification results in
decreased vessel compliance and hypertension leading
to cardiac failure and hypertrophy of the chambers. Fetal
heart failure results in polyhydramnios, fetal hydrops and,
usually, death during the third trimester.'> Heart failure in
infancy has been attributed to myocardial ischemia related
to stenosis and luminal occlusion of the coronary arteries.®
Hypertension is likely due to two mechanisms: increased
vascular resistance as a result of vessel wall calcification and

widespread luminal narrowing, and also due to elevated
serum renin secondary to renal artery stenoses.® Pulmonary
hypertension and right heart failure can be caused when the
obliterative changes and decrease vessel compliance take
place in the pulmonary circulation.®!°

Molecular genetics. GACI is a rare genetic disorder with
an autosomal recessive pattern of inheritance associated with
mutations in ENPP1 (ectonucleotide pyrophosphatase/
phosphodiesterase 1) gene localized on chromosome 6q22
in a subset of patients. ENPP1 is a cell surface enzyme, is
expressed on fibroblasts, osteoblasts and hepatocytes.'*
ENPP1 generates extracellular inorganic pyrophosphate
(PPi), which among other functions includes the regulation
of vascular smooth muscle cell differentiation and inhibition
of soft tissue calcification.?

Extracellular matrix calcification must be tightly
regulated, as normal calcium and phosphate concentrations
in extracellular fluids are near the saturation point for the
deposition of basic calcium phosphate crystals in the form
of hydroxyapatite.>!" PPi inhibits hydroxyapatite crystal
deposition. Inorganic pyrophosphate is produced by a
variety of biochemical reactions and a number of cells
appear to channel intracellular PPi to the extracellular
matrix.>!!

Adecrease in PPi, asaresult of mutationsin ENPP1 gene,
is believed to result in uninhibited calcium deposition in
arteries and soft tissues, and it have been linked etiologically
to GACI. 712 There are other known (ABCC6, NTSE and
SLC 20A2) and unknown gene mutations associated with
arterial calcification.'*

Case presentation. An §-month male infant of 9 kg
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was admitted to our pediatric intensive care unit with the
following cardiovascular symptoms: tachypnea, sweating,
feeding intolerance. A myocarditis was suspected. The baby
was the second child of a non consanguineous mother, born
on 39 week of gestation per vias naturalis. The pregnancy
and delivery were normal. Growth and development were
according to his age. The anamnesis revealed that the first
female child died from generalized arterial calcification of
infancy at age of 3 month. An echocardiography at birth
was performed, showing normal cardiac structures and
normal vascular echogenicity.

On admission a series of physical, laboratory and
instrumental examinations were performed. The infant
presented the next vital parameters: cardiac frequency
140-150 bpm, arterial pressure 55/30 mmHg, SpO, 99%,
temperature 37,7°. During clinical examination a cystic
calcification in the left sternoclavicular joint was found.

The chest radiography revealed signs of congestive heart
(Figure 1). The echocardiography showed left ventricular
dysfunction with dilatation of left atrium and left ventricle, a
patent foramen ovale with left-right shunt and severe mitral
valve insufficiency, the right heart was normal. During
the admission day an episode of bradycardia occurred,
the patient required a continuous cardiopulmonary
reanimation (CPR) without successful resuscitation,
and as an emergency measure it was decided to connect
an arteriovenous extracorporeal membrane oxygenation
(ECMO). Hemodynamic parameters were restored, but
laboratory and instrumental examinations showed ischemic
changes in the heart, and in order to improve cardiac
function an infusion of levosimendan (0,2 mcg/kg/min)
for 48 hours was started. At this point the inotropic support
consisted of adrenaline 0,03 mcg/kg/min, milrinone 0,8
mcg/kg/min. Additional infusions involved anticoagulation
therapy, diuretics, sedation, antibiotic prophylaxis,

Fig. 1. The chest radiograph shows cardiomegaly

electrolyte solutions. Considering the severity of the patient
state, bisphosphonates were introduced in the treatment.
Transfusion of blood components was applied according to
standard protocols.

Laboratory results at admission.

Metabolic acidosis (BE-9) with elevated lactate levels
(3 mmol/l) on the admission day. High levels of calcium
22,5 mg/dl, inorganic phosphate 64,7 mg/dl. Phosphate/
creatinine rate 3,80 mg/mg.

Insufficient levels of 25,0H vitamin D 21,8 ng/ml.
Increased levels of parathormone 119 pg/ml.

Increased natriuretic peptide 1167 ng/l, increased
D-dimer 6812 ng/ml. Elevated levels of troponin I, aspartate
aminotransferase, lactate dehydrogenase, creatinine kinase,
myoglobin.

Instrumental examinations.

Electrocardiography showed ischemic changes.The
ultrasound of the abdomen showed an calcifications
of abdominal aorta and celiac trunk (Figure 2). A
coronarography revealed an occlusion of the right coronary
artery and a multiple occlusions of the left coronary artery
(Figure 3). A CT scan of the abdomen showed a significant
calcification of the celiac trunk, in particular of the hepatic
artery, and the superior mesenteric artery, as well as dot
calcifications of the left renal artery.

Genetical analysis

The genetical analysis showed recessive mutations of
ENPPI1 gene. The variation of p.Leu572Ser was caused by
the substitution of the base T with the C in the position Chr6
(GRCh37) of the gene ENPP1, which caused the substitu-
tion of the amino acid leucine with serine in the position
572 of the protein. This was a rare sequence variation, and
the instruments of bioengineering prediction indicated that
the change was deleterious for the function of the protein.

After 6 days on ECMO, on a medical council, it was de-

Fig. 2. The ultrasound of the abdomen shows increased
echogenicity of the abdominal aorta and the celiac trunk
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Fig. 3. Coronarography showing luminal irregularities and
stenosis of the left coronary artery

cided to wean the patient from the extracorporeal support,
considering the absence of surgical solutions for the system-
ic vascular disease. Inotropic support was escalated previous
to removal, the condition of the patient remained stable and
the patient was on ventilation with the next vital parameters:
cardiac frequency 145 bpm, arterial pressure 75/45 mmHg,
SpO2 100%, NIRS 78/80. On the 12t day of hospitaliza-
tion, and 6 days after ECMO removal, a severe decompen-
sation of cardiac function occurred with elevated lactate
(16 mmol/l) and deep acidosis (pH 6,89), hypotension,
tachycardia, oliguria and symptoms of pulmonary edema.
During the following days the condition of the patient wors-
ened, inotropic support was increased, ventilatory param-
eters were reinforced, enteral nutrition was suspended. A
septic shock was suspected, and empiric antibiotic therapy
was adjusted and continuous infusion of noradrenaline
(0,04 mcg/kg/min) was initiated.

An echo control of cardiac function showed akinetic left
ventricle in the septal, lateral and posterior regions, ejection
fraction 20-30%, mild mitral valve insufficiency. A continu-
ous amiodaron infusion was added to the therapy consider-
ing the persistent tachyarrhytmia. As an extreme measure
another coronarography was planned. The attempt to dilate
the anterior descending coronary artery failed. On the 19"
day of intensive care treatment, the cardiac insufficiency led
to severe bradycardia and hypotension, the hemodynamic
state of the patient was critical, and after continuous and
ineffective CPR the patient died.

Postmortem histologic examination

A histologic examination of the coronary arteries re-
vealed diffuse calcification of epicardial coronary arteries.
Histologic sections showed severe luminal narrowing of all

Fig. 4. High power images of coronary arteries showing

lymphohistiocytic inflammatory infiltrates in areas of calcification:
A - right coronary artery; B - ramus intermedius; C - left anterior

descending artery; D - left circumflex artery

epicardial coronary arteries associated with calcification of
internal elastic lamina, extensive areas of medial destruc-
tion with chronic inflammation including lymphocytes and
macrophages, and marked intimal proliferation (figure 4).

Multiple representative sections of the aorta and major
branches showed foci of calcification of elastic lamellae,
smooth muscle loss with lymphohistiocytic replacement,
and variable degrees of intimal proliferation. Changes are
mild in the ascending aorta, with only scattered small foci
of calcification in the inner third of medial elastic lamellae.
Thoracic and abdominal aorta show greater destruction of
elastic lamellae and smooth muscle loss, as well as moder-
ate intimal proliferation (Figure 5). Little or no calcifica-
tion is seen in left and right common carotid arteries, while
there is significant calcification, smooth muscle destruction
and intimal proliferation in right and left subclavian arter-
ies. Calcification of internal elastic laminae, smooth muscle
loss and intimal proliferation are also seen in celiac artery,
superior mesenteric artery, renal artery and common iliac
arteries.

At autopsy, the gross examination revealed a dull gray
granular epicardial surface with prominent coronary arter-
ies, patent foramen ovale, left ventricular dilatation: left
ventricular cavity diameter 30 mm, left ventricular free wall
thickness 5 mm, ventricular septum thickness 7 mm, right
ventricle thickness 3 mm. The endocardial surface of the
left ventricle was hypertrabeculated, and there was a cir-
cumferential left ventricular subendocardial fibrosis and hy-
peremia. Histologic sections showed circumferential healed
and healing subendocardial and focally transmural infarc-
tions in the left ventricle, and patchy ischemic foci in the
right ventricle (Fig. 6).
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ders, normal serum calcium and phos-

| phorous panel and a positive family

) A history suggest GACL.'# The diagnosis
‘ is established in a patient with cardio-
; vascular symptoms associated with:

widespread arterial calcification on im-
aging; identification of biallelic patho-
genic variants during molecular testing
in ENPP1 or ABCC6; typical histologic
findings on arterial biopsy.6The gold

standard for diagnosis is arterial biop-
sy.'* GACI may be under recognized,
and the diagnosis should be suspected in
patients with multiple arterial stenoses
even in the absence of radiographic cal-
=] cification.* On many occasions, family

Fig. 5. Representative sections of aorta and major branches: RSC (right subclavian
artery), LSC (left subclavian artery), TA (thoracic aorta), CA (celiac artery), SMA (superior
mesenteric artery), AA (abdominal aorta), RA (renal artery), RCI (right common iliac)
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history reveals consanguinity.g’ 13
Clinical manifestations are related

: . to vasoocclusive disease of multiple

organs.'* GACI has 2 possible clinical

3 presentations: the 1% in utero or shortly

after birth, and the 2" at approximately

3 or 4 month of age, with most of survi-

vors falling into the first group,3 Initial

signs of the disease may occur prenatally

with fetal distress, polyhydramnios and

pericardial effusion reported most fre-
quently.13

During neonatal period the pre-

senting feature in over 50% of cases is

~ respiratory distress, followed by feed-

ing intolerance and poor weigh gain.

When the age of presentation is 3 or 4

— month, the clinical manifestations usu-
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Fig. 6. Gross and histologic images of heart showing healed and healing
subendocardial and focally transmural infarctions

The final diagnosis based on histological findings was:
Idiopathic arterial calcification of infancy involving coro-
nary arteries, aorta and major systemic aortic branches in-
cluding right and left subclavian arteries, celiac artery, su-
perior mesenteric artery, renal arteries and common iliac
arteries. Circumferential healed and healing subendocardial
and focally transmural myocardial infarctions.

Discussion. GACI is an exclusively rare and severe dis-
ease. Absence of other infantile arterial calcification disor-

ally include respiratory distress, cyano-
sis, feeding intolerance, heart failure,
vomiting and irritability.® Patients show
symptoms of progressive heart failure,
with tachypnea, tachycardia, lethargy,
pallor. Other rarer symptoms are: hyper-
tension, seizure, syncope and abdominal
ileus secondary to visceral infarction.®
Periarticular calcifications are thought
to be another stigma of GACI , they are
more frequently observed around the
hip, ankle, wrist or shoulder.?

Despite the recent link between the ENPP1 gene and
GACI, it is unclear what factors determine the severity of
disease or prognosis of affected patients.!">'> This is sup-
ported by the observation of a sibling pair with an identical
ENPPI mutation but different clinical manifestations.’

Other conditions capable of causing generalized arterial
calcifications are: metastatic calcifications secondary to ad-
vanced renal disease; arterial calcifications associated with
anomalies of the heart or great vessels; hypervitaminosis D;
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primary or secondary hyperparathyroidism, ®° Singleton-
Merten syndrome.

Within the last few years, bisphosphonates, which func-
tion in part as synthetic nonhydrolyzeable analogues of PPi,
have been reported to have varying degrees of success in the
treatment of GACL.'® This is a group of simple compounds
containing phosphate-carbon-phosphate bonds that act by
inhibiting the precipitation of several calcium salts in vitro
as well as by blocking the conversion of amorphous calcium
phosphate into crystalline hydroxyapatite. They are also
known to prevent ectopic mineralization and bone resorp-
tion in vivo.’ Long-term survival has also been reported in
patients receiving no specific antimineralization therapy,
suggesting that spontaneous resolution of calcifications may
also occur.”

Conclusions. GACI is a rare disorder, it should be sus-
pected whenever a neonate or infant presents with unex-
plainable cardiac failure, calcification of vessels on X-ray or
echocardiography or presence of concentric hypertrophic
ventricles.

Currently, there is no definitive therapy, although there
have been some reports of clinical improvement with
bisphosphonates therapy, but results are inconsistent and
overall effectiveness remains unknown. Prompt diagnosis
and referral for cardiac transplantation may be the best ap-
proach to management.
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B po6oTi onucyeThCst KAiHIYHMI BUMANIOK 8-MiCSIUHOT IUTUHU, MACOI0 Tijia 9 KijorpamiB, 3 piIKiCHMM 3aXBOpIOBaH-
HSIM — TeHepaJsli3oBaHOIO apTepiasibHO0 Kajbuudikailieto qutsayoro Biky (TAKII). Y cBiti Hapa3i HapaxoBY€ETbCsI OJIM3bKO
200 xniHivHUX BumaakiB gaHoi natosorii. TAKJI — 1e pinkicHe ayToCOMHO-pelMCUBHE 3aXBOPIOBAHHS, SIKE XapaKTe-
pU3y€ETHCS KaabLU(iKaIli€o apTepiil BEIMKOIO i cepeIHbOro Kaliopy, 110 3yMOBJIEHO MiOiHTMMAJIBHOIO Mpoidepallicro
BHYTPILITHBOI €JIaCTUYHOI 000JIOHKH, (Pi6PO30M iIHTUMM 3 TIOJANBLINM apTePiocKIepo3oM, 85% XBOpuX IiTei 10 6 Mics-
1IiB XUTTSI MalOTh BUCOKUI pUM3UK CMEPTHOCTI Bill iH(papKTy MioKapna, IUXaJlbHOI Ta CEpPLEBOI HENOCTAaTHOCTI, BaXKO1
apTepiajibHOI TinepTeH3ii.

JlutuHa Oyna rocmiTajlizoBaHa B TediaTpUYHE BiliJIEeHHS] iHTEHCUBHOI Teparlil 3 Tigo3por Ha MiokapauT. iarHo3
TAK]I 6yB minTBepIKEeHU T/ TeHETUYHOTO aHali3y, TallieHT OyB 6 THIB Ha eKCTpaKOPITOpabHiii MeMOpaHHIll OKCH-
reHatii i momep micyisi HeBOaaoi CrpoOU BCTAHOBJIEHHSI €HIIOBACKY/ISIPHOTO cTeHTa Ha 19-i1 nmeHb rocmitanizaiii. [To-
CMEpPTHE TiCTOJIOTiYHE JOCTiIKEeHHS IPOBOAWIOCS B crieliaiizoBaHiit kiaiHini CHIA. V wiii cTaTTi HaBOAUTHCS OIS JTi-
TepaTypHu, 1110 BKJIIOYA€E HOBI BiIOMOCTI PO T€éHETUYHi Ta MOJIEKYJISIpHiI MexaHi3Mu po3BUTKY TAK]I, onrcanHs natodisi-
0JIOTii 3aXBOPIOBAHHSI i OOrOBOPEHHST OCTAHHIX MOXKJIMBUX IILJISIXiB JIiKyBaHHS Ta BBeneHHs mauieHTiB 3 TAKJI, ockinbku
Ha TaHWI MOMEHT He iCHYE OCTaTOYHOTO TTPOTOKOJTY JIiKyBaHHSI 1aHoi natosorii. [IIBunke niarHocTyBaHHS i HarpaBJIeH-
HS Ha TPAHCIIJIAHTALI0 CepLIsl MOXYTh OYTH KpallyM ITiIXOI0M JI0 JIiIKyBaHHSI.

Karouoei caosa: cenepanizosana apmepianvha Karvyupikayis oumsa4oeo iKy; 3acmiilha cepyesa HedocmamHicms,; Kaib-
yugikauii; nepuapmukynapui kasrvyugixauii; apmepianrvHa einepmen3sis; 0imu mMoa00u020 iKYy, HOBOHAPOOICEHI; eeHeMmu4Hi
NOpPYUIEHHSL.



