
Received: August 26, 2025
Accepted: November 11, 2025

Correspondence
Anna Maria Buccoliero
E-mail am.buccoliero@meyer.it

How to cite this article: Buccoliero AM, 
Mancano G, Cioni ML, et al. Marked hepatic 
fibrosis with progression towards cirrhosis 
in generalized arterial calcification of 
infancy: an unreported association observed 
in a case carryng a novel ENPP1 variant. 
Pathologica 2025;117:610-617. https://doi.
org/10.32074/1591-951X-1624

© Copyright by Società Italiana di Anatomia Pato-
logica e Citopatologia Diagnostica, Divisione Itali-
ana della International Academy of Pathology

 OPEN ACCESS

This is an open access journal distributed in accordance 
with the CC-BY-NC-ND (Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International) license: the 
work can be used by mentioning the author and the license, 
but only for non-commercial purposes and only in the original 
version. For further information: https://creativecommons.
org/licenses/by-nc-nd/4.0/deed.en

PATHOLOGICA 2025;117:610-617
DOI: 10.32074/1591-951X-1624

Case report

Marked hepatic fibrosis with progression 
towards cirrhosis in generalized arterial 
calcification of infancy: an unreported 
association observed in a case carryng a 
novel ENPP1 variant

Anna Maria Buccoliero1, Giorgia Mancano2, Maria Luce Cioni3, Caterina Panzuto3, Rosangela Artuso2, 
Viviana Palazzo2, Giovanni Battista Calabri4, Guglielmo Capponi5, Abramo Ponticelli1,  
Chiara Caporalini1, Federico Bertini6, Ludovico D’Incerti7, Elisa Severi8, Angela Peron2,9, Marco Moroni3

1 Pathology Unit, Meyer Children’s Hospital IRCCS, Florence, Italy; 2 Division of Medical Genetics, Meyer 
Children’s Hospital IRCCS, Florence, Italy; 3 Neonatal Intensive Care Unit, Interdisciplinary Specialistic 
Department of High-Intensity and Emergency Care , Meyer Children’s Hospital IRCCS, Florence, Italy; 
4 Cardiology Unit, Meyer Children’s Hospital IRCCS, Firenze, Italy; 5 Department of Pediatric Cardiology and 
Congenital Heart Disease, National Research Council-Tuscany Region G. Monasterio Foundation (FTGM), 
Massa, Pisa, Italy; 6 Department of Radiology, Meyer Children’s Hospital IRCCS, Florence, Italy; 7 Department of 
Neuroradiology, Meyer Children’s Hospital IRCCS, Florence, Italy; 8 Department of Pediatric abdomninal, thoracic 
and genitourinary surgery, Meyer IRCCS, Florence, Italy; 9 epartment of Experimental and Clinical Biomedical 
Sciences “Mario Serio”, University of Florence, Florence, Italy.

Summary
Generalized arterial calcification of infancy (GACI) is a rare autosomal recessive disorder 
characterized by dysregulated calcium-phosphate metabolism, leading to mineral deposi-
tion within the internal elastic lamina of medium- and large-sized arteries. This results in 
arterial wall thickening and luminal narrowing due to intimal hyperplasia, causing signifi-
cant vascular disruption. Approximately 70% of cases (GACI type 1) are caused by biallelic 
loss-of-function mutations in the ENPP1 gene, with nearly 40 pathogenic variants reported. 
We report a case of an infant diagnosed with GACI type 1 who died at 7 weeks of age. 
The patient was delivered via cesarean section at 36 weeks of gestation after a pregnancy 
complicated by polyhydramnios. The parents were second-degree cousins, with a history 
of two neonatal deaths of unknown etiology and one miscarriage. Autopsy revealed diffuse 
arterial calcification with prominent involvement of the coronary arteries. Notably, the liver 
showed fibrosis progressing to cirrhosis. Genetic analysis through trio exome sequencing 
identified a novel homozygous nonsense variant in ENPP1 (c.553C  >  T; p.Gln185Ter), 
inherited from both parents. This stop-gain variant is predicted to produce a severely trun-
cated, non-functional or absent protein. This case is notable for two key aspects: a pre-
viously unreported association between GACI and progressive hepatic fibrosis evolving 
into cirrhosis, and the identification of a novel pathogenic ENPP1 variant not previously 
described in the literature.
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Introduction

Generalized arterial calcification of infancy (GACI) is a rare autosomal 
recessive disorder characterized by dysregulated calcium-phosphate 
homeostasis, leading to calcium deposition along the internal elastic 
lamina of medium- and large-sized arteries. This results in arterial cal-
cification and progressive narrowing of the arterial lumen due to intimal 
proliferation  1. Since the first description of this disease dated 1899  2, 
about 250 patients have been reported so far 1. The incidence of GACI 
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is estimated at approximately 1 in 200,000 live births. 
However, the carrier frequency can be as high as 1 in 
200 individuals, with variations observed across differ-
ent populations 3.
The most common genetic cause of GACI (GACI 
type 1) was identified by Rutsch et al. in 2003 4 and 
consists of pathogenic variants in the ectonucleo-
tide pyrophosphatase/phosphodiesterase 1 (ENPP1) 
gene. This gene encodes a glycoprotein expressed 
in various cell types, including osteoblasts, osteo-
clasts, chondrocytes, and vascular smooth muscle 
cells. ENPP1 plays a crucial role in the hydrolysis of 
adenosine triphosphate (ATP) to adenosine mono-
phosphate (AMP) and pyrophosphate (PPi) on the cell 
surface 4

. Its inactivation induces a deficiency of PPi, 
the main inhibitor of tissue calcification 4,5. In approxi-
mately 70% of cases, biallelic inactivating variants in 
the ENPP1 gene lead to GACI type 1, with about 40 
different mutations described to date. In around 10% 
of cases, GACI (GACI type 2) is caused by homozy-
gous variants in the ATP-binding cassette subfamily C 
member 6 (ABCC6) gene, which encodes a protein 
involved in the indirect transmembrane transport of 
ATP, the primary source of PPi 6. Lastly, in about 20% 
of affected individuals only one pathogenic variant in 
either gene, or no variants is detected by current mo-
lecular testing 3,6. Notably, pseudoxanthoma elasticum 
(PXE), a connective tissue disorder characterized by 
progressive calcification and fragmentation of elastic 
fibers in the skin, eyes, and cardiovascular system, 
shares overlapping genetic causes with GACI. Patho-
genetic variants in ABCC6 have been implicated in 
both conditions 6,7.
Patients with GACI exhibit a broad clinical spectrum. 
In approximately 48% of cases, onset occurs prena-
tally or at birth, presenting with signs such as hydrops 
fetalis, polyhydramnios, intrauterine distress, general-
ized edema, ascites, pleural or pericardial effusions, 
respiratory distress, and/or cardiac failure. The late-
onset form typically presents at a median age of 3 
months, with symptoms including respiratory distress, 
cyanosis, feeding difficulties, heart failure, vomiting, 
and/or irritability. In both early- and late-onset forms, 
vascular and extravascular calcifications remain the 
hallmark features of GACI  8,9. Although prenatal and 
postnatal hepatic vascular involvement has been re-
ported in the literature 1, no cases of hepatic fibrosis/
cirrhosis have been previously described to the best 
of our knowledge.
We present the case of an infant with GACI, includ-
ing detailed clinical, radiological, pathological, and 
genetic findings. Notably, this case is characterized by 
two novel aspects: a previously unreported associa-
tion between GACI and hepatic fibrosis progressing 

to cirrhosis, and the identification of a unique genetic 
variant not previously described in the literature.

Case presentation

Clinical history

The patient was a male infant, delivered via cesarean 
section at 36 weeks of gestation, after a pregnancy 
complicated by polyhydramnios.
The placenta was not submitted for histological exami-
nation, resulting in a missed opportunity to evaluate 
for placental vascular disease.
The parents were consanguineous (second-degree 
cousins) and had two previous children who died dur-
ing the neonatal period of unknown causes, and a mis-
carriage. The couple also has a healthy daughter. The 
patient’s pregnancy was monitored in a low-income 
country until the 6th month, when the family moved to 
Italy. Maternal infectious screening during pregnancy 
was negative for TORCH panel (Toxoplasmosis, CMV, 
Rubella; Herpes simplex virus IgM negative, IgG posi-
tive), HIV, HCV, hepatitis B surface antigen, and syphi-
lis. Vaginal swab was positive for Candida.
Due to perinatal respiratory distress, the newborn re-
quired respiratory support with nasal continuous posi-
tive airway pressure (nCPAP) for approximately one 
day, after which oxygen therapy was discontinued. 
At 10 days of life, clinical conditions suddenly wors-
ened, the baby presenting with tachypnea and fever 
associated with progressively increased inflammatory 
markers. Two days later, the infant developed feeding 
intolerance along with biliary stagnation. The abdo-
men became tender and painful, and an abdominal 
radiograph revealed gastric and bowel distension with 
air-fluid levels. Acute abdomen was suspected and the 
baby was admitted to the Neonatal Intensive Care Unit 
for urgent surgical evaluation. A first cardiologic evalu-
ation with echocardiography was performed: no major 
functional or morphological anomalies were identified. 
Abdominal x-ray showed a poor progression of the 
contrast agent at the jejunal level, prompting a lapa-
rotomy. During the procedure, diffuse areas of bowel 
inflammation and ischemia were observed. Notably, 
the intestinal lumen was covered with a whitish, lumpy 
material. After excluding intestinal malrotation, an en-
ema was performed, and two stomas were created. 
Seven days later the patient underwent another emer-
gency laparotomic procedure because the stomas 
appeared sunken and dehiscent. Patchy ischemic 
areas and necrotic perforated areas of the intestinal 
wall close to stomas were identified, requiring three 
end-to-end anastomoses. Histopathological exami-
nation of the intestinal resection specimens revealed 
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features consistent with necrotizing enterocolitis, in-
cluding transmural necrosis accompanied by marked 
acute inflammation. No additional histopathological 
abnormalities were observed in the intestinal wall, 
peri-intestinal stroma, or associated vasculature.
Neonatal metabolic screening was negative. A com-
prehensive metabolic panel – including creatine ki-
nase, total cholesterol, uric acid, transferrin isoforms, 
chitotriosidase, urinary oligosaccharides, organic ac-
ids, redox status, and a detailed prothrombotic profile 
including plasma homocysteine – revealed no signifi-
cant abnormalities. Infectious workup identified colo-
nization and infection with multidrug-resistant Entero-
coccus faecium in oral swabs and wound cultures, 
and Klebsiella species detected by blood PCR and 
isolated from peritoneal fluid cultures. Multiple blood 
cultures were negative. Viral serologies and liver 
function tests were not performed during the clinical 
course.
Two days after the last surgery, the infant’s clinical con-
dition deteriorated significantly; the patient became 
anuric with a weight gain of approximately 1 kg, sug-
gestive of fluid overload. A second cardiologic evalu-
ation was performed; the electrocardiogram revealed 
diffuse myocardial ischemia, and echocardiographic 
assessment demonstrated severe left ventricular sys-
tolic dysfunction, with an ejection fraction of 20%, ac-
companied by severe tricuspid and mitral valve insuf-
ficiency. As a result, continuous intravenous infusions 
of adrenaline and furosemide were initiated to support 
cardiac function and manage fluid balance. N-terminal 
pro-B-type natriuretic peptide (NT-proBNP) was 132 
884 pg/mL (normal value (n.v.) 5-1000) and troponin 
was 9368 pg/mL (n.v. < 14). The following day, echo-
cardiography showed LV systolic dysfunction (EF 
22%) due to global hypokinesia, with left ventricular di-
lation and severe mitral insufficiency. Right ventricular 
systolic function was still preserved. Pulmonary hyper-
tension was also detected and inotropic therapy was 
implemented (dobutamine and milrinone associated 
with boluses of ethacrynic acid and nitric oxide). The 
use of extracorporeal membrane oxygenation was ex-
cluded due to the recent surgical procedure. Labora-
tory tests revealed markedly elevated transaminase 
levels – aspartate aminotransferase 4913 UI/L and 
alanine aminotransferase 1237 U/L – along with other 
markers of hepatic insufficiency, including an Interna-
tional Normalized Ratio of 2 and prothrombin activity 
at 40%. These coagulation abnormalities were par-
tially corrected with plasma infusions. Over the follow-
ing days, hypertransaminasemia gradually decreased 
and the coagulopathy resolved. Unfortunately, despite 
supportive care, the infant’s overall clinical condition 
failed to improve, and the patient passed away one 

week later at 7 weeks of age. 
Trio-based whole-exome sequencing was ongoing at 
the time of the infant’s demise. 

Autopsy findings

External and internal macroscopic examinations re-
vealed no somatic dysmorphisms or malformations. 
Upon sectioning, the heart exhibited chromatic inho-
mogeneity in both ventricles and papillary muscles, 
while the liver demonstrated fibrosis progressing to 
cirrhosis (Fig.  1). No other macroscopic alterations 
were noted in the remaining organs.
Microscopic examination of the heart revealed myo-
cardial coagulative necrosis in areas corresponding 
to macroscopic color inhomogeneity (Fig. 2). Calcifi-
cation of the internal elastic lamina was observed in 
the aortic arch and in both large and intraparenchymal 
medium-sized coronary arteries, with complete occlu-
sion of the smallest coronary branches (Fig. 3). In the 
lungs, calcifications affected both the afferent arteries 
and the intraparenchymal arterioles (Fig. 4). In the in-
testine, kidneys, adrenal glands, spleen, thymus, and 
pancreas, calcifications were confined exclusively to 
the afferent/extra-parenchymal arteries (Fig.  5). The 
brain and liver appeared uninvolved; however, calci-
fication of the larger vessels supplying these organs 
cannot be ruled out. The veins were unaffected. There 
was no evidence of atherosclerosis, thrombi, inflam-
matory changes, or emboli. No extravascular calcifica-
tions were detected. As far as could be assessed, no 
evident ischemic damage was observed in these or-
gans. Microscopic evaluation of the liver confirmed ad-
vanced fibrosis progressing to cirrhosis, correspond-
ing to stage 4 fibrosis according to the METAVIR scor-
ing system. The hepatic architecture was disrupted by 
numerous regenerative nodules encircled by fibrous 
septa. Prominent ductular proliferation was observed. 
There was no histological evidence of biliary stasis 
or intracellular accumulation of fat or glycogen within 
the hepatocytes. Iron staining was not sufficiently con-
clusive to support a suspicion of hemochromatosis. 
Extramedullary hematopoiesis was noted, consistent 
with the patient’s age (Fig. 6).

Radiological and Echocardiographic findings

Retrospective evaluation of the X-ray images per-
formed during patient’s lifetime revealed subtle linear 
calcific changes predominantly affecting the lumbar 
segment of the aorta (Fig. 7a). Similarly, a retrospec-
tive review of echocardiographic studies performed 
on the fourth day of life demonstrated marked hyper-
echogenicity of the aortic root and ascending aortic 
wall, consistent with calcium deposition within the 
internal elastic lamina (Fig.  7b). The subcostal four-
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chamber view revealed the presence of the “sunburst 
sign,” a pattern suggestive of myocardial edema and/
or fibrosis (Fig. 7c).
Post-mortem computed tomography of the formalin-
fixed heart demonstrated diffuse and extensive calci-
fication involving the coronary arteries and the aortic 
root (Figure 7d-e).

Genetic findings

Trio exome sequencing detected a novel homozygous 
variant in ENPP1 (c.553C > T; p.Gln185*) in patient’s 
DNA; both parents were heterozygous carriers. The 
variant was classified as pathogenic according to AC-
MG guidelines 10. It is a stop-gain variant predicted to 
result in a severely truncated, non-functional, or ab-
sent protein. No pathogenetic/likely pathogenic vari-
ants in other genes –also possibly related to hepatic 

phenotype- were identified in the patient.
Loss-of-function variants in ENPP1 cause ENPP1 
deficiency, a group of clinical presentations with both 
dominant and recessive inheritance patterns  11 [11]. 
Therefore, cardiological evaluations of both parents 
were performed, revealing no morphological or func-
tional abnormalities of myocardial structures.

Discussion

This report describes a previously unreported asso-
ciation between GACI and hepatic fibrosis/cirrhosis, 
and the identification of a novel genetic variant in 
ENPP1 (c.553C > T; p.Gln185*), which has not been 
described previously in the literature. In our case, all 
the main clinicopathological features previously de-
scribed in GACI were present, including extensive 
calcifications of large and medium-sized arteries, vas-
cular stenoses, early-onset heart failure, polyhydram-
nios, with hepatic involvement in the form of fibrosis/
cirrhosis a peculiar finding. In previously reported pa-
tients, the spectrum of hepatic involvement consists 
predominantly of hepatic arterial calcification, a con-
dition that has been demonstrated in about 81% of 
autopsies of patients with an early diagnosis 8. Hepa-
tomegaly also occurs in a not negligible percentage of 
patients 8. Numakura et al.  12 described a 3-year-old 
patient who first presented with hepatomegaly, signs 
of liver dysfunction, and elevated transaminases at 7 
months of age. Computed tomography revealed calci-
fications in the hepatic artery, as well as in the splenic, 
superior mesenteric, and renal arteries. Interestingly, 
no pathogenic variants in the ENPP1 gene were iden-
tified, suggesting that a PPi-independent mechanism 
may be involved in the underlying pathogenesis or 
that the pathogenic variants are located in non-coding 
regions, which cannot be analyzed with the most com-
monly used genetic tests. Recently, Staretz-Chacham 
et al. 13 reported 4 cases with an unusual and severe 
phenotypic manifestation of GACI from two Bedouin 
consanguineous families caused by a novel ENPP1 
founder variant. All patients exhibited a multisystem 
disease with neurologic involvement, and thrombocy-
topenia and liver dysfunction. In one patient the cana-
licular involvement producing cholestatic jaundice 
was found. 
In our patient, a homozygous variant affecting a highly 
conserved domain of the ENPP1 protein, where no 
previous GACI-causing variants have been reported, 
was identified. This variant might be related to the 
atypical disease presentation observed; however, fur-
ther research and additional cases are necessary to 
better explore potential genotype-phenotype associa-

Figure 1. Upon sectioning, the heart exhibited circumferen-
tial chromatic inhomogeneity of both the left and right ven-
tricles, including the ventricular walls and papillary muscles 
(left), while the liver showed fibrosis progressing to cirrho-
sis (right). 

Figure 2. Microscopic examination of the heart revealed 
areas of myocardial coagulative necrosis corresponding 
to macroscopic regions of color inhomogeneity; papillary 
muscles (a) and ventricular wall (b). Hematoxylin and eosin 
staining, original magnification 4× (a-b)
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tions and the variability of GACI type 1. The presence 
of advanced hepatic fibrosis and cirrhosis at birth sug-
gests that the pathogenic process may have started 
during the fetal period. However, the exact mecha-
nisms and timing of liver involvement in GACI remain 
to be elucidated. The role of ENPP1 dysfunction in 
liver disease remains uncertain. Integrated clinical 
and histological findings excluded common causes of 
pediatric cirrhosis, but the specific etiology could not 
be determined. Recent evidence has underlined the 
importance of ENPP1 in the regulation of glucose and 

lipid homeostasis in the liver, physiologically controlled 
by insulin 14. Hudert et al. studied a cohort of pediatric 
patients with non-alcoholic fatty liver disease, a condi-
tion associated with metabolic syndrome, performing 
a genetic test and and comparing results with an adult 
population as a control cohort. Interesting correlations 

Figure 4. Lungs: calcifications affected both the afferent ar-
teries and the intraparenchymal arterioles. Hematoxylin and 
eosin staining, original magnification 4× (a-c).

Figure 5. Kidneys (a), spleen (b), adrenal glands (c), thy-
mus (d); calcifications were confined exclusively to the af-
ferent/extra parenchymal arteries. Hematoxylin and eosin 
staining, original magnification 4× (a-d).

Figure 3. Calcification of the internal elastic lamina was observed in the aortic arch (a) and in medium- and large-sized 
coronary arteries (b), with complete occlusion of the smallest coronary branches (c). Hematoxylin and eosin staining, original 
magnification 4× (a-c).
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were found regarding ENPP1 polymorphisms and the 
development of fibrosis/cirrhotic degeneration of the 
liver 14. On this basis, we hypothesize that the patho-
genesis of liver fibrosis/cirrhosis may reasonably re-
sult from chronic ischemia, possibly exacerbated by 
direct fibrotic degeneration mediated by intrahepatic 
ENPP1 deficiency.
Although no cure for GACI exists, treatment has been 
explored over the years. The efficacy of bisphospho-
nates is still controversial regarding their role in induc-
ing the regression of systemic calcification and the 
improvement of survival  15,16. New treatment strate-
gies are emerging. Enzyme replacement therapy has 
shown significant results in mouse models and is now 
under investigation in humans 17. Specifically, an open 
label phase 1b ENERGY trial that aims at assessing 
the safety, tolerability, pharmacokinetics and phar-
macodynamics of the recombinant form of ENPP1 

enzyme in infants after a 52-week period of subcuta-
neous administration is currently ongoing. During the 
observation period PPi levels, survival, growth, devel-
opment, functional performance and cardiac function 
of the patients will be evaluated 18. 
GACI should be considered in the differential diagno-
sis of pregnancies complicated by polyhydramnios or 
previous unexplained neonatal deaths particularly in 
cases of parental consanguinity. In such cases, target-
ed prenatal imaging in the third trimester of gestation, 
including detailed ultrasound and fetal echocardiog-
raphy, may identify vascular calcifications, although 
these findings can be subtle and easily overlooked. 
When feasible, molecular genetic testing for patho-
genic variants in ENPP1 and ABCC6 can provide de-
finitive diagnostic confirmation 19.
Unfortunately, no signs of GACI were detected on the 
initial radiological examinations in our patient, and no 

Figure 6. Microscopic evaluation of the liver confirmed the presence of extensive fibrosis with architectural distortion and 
nodular formation, indicative of progression toward cirrhosis. PAS and Perls stains showed no evidence of glycogen or iron 
deposition. a: hematoxylin-eosin, b: trichrome, c: PAS, d: Perls, original magnification 4× (a-d).
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specific treatment was initiated, as the diagnosis was 
established post-mortem based on genetic testing 
and autopsy findings.

Conclusion

GACI is a rare and often underdiagnosed disorder 
that can be life-threatening in a significant number 
of cases. We report a unique case of GACI associat-
ed with a biallelic pathogenic variant in ENPP1, that 
has not been previously described in the literature, 
characterized by distinctive hepatic involvement. Re-
porting novel cases of this syndrome is essential to 
increase awareness among healthcare professionals 
and promote early diagnosis. When GACI is clinically 
suspected, meticulous prenatal and postnatal imaging 
is essential, since findings – like in our patient – may 
be subtle or minimal.
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