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Summary 

The medical community generally identified a rising amount of patients with 

primary immune deficiency (PID) and cardiovascular system (CVS) comorbidities last 

year. These CVS malformations might be explained by infectious or autoimmune 

etiologies, genetic aspects, and the immune system participating in the CVS tissue 

development. Here, we describe combinations of immune and CVS defects from 

comprehensive literature. 

In addition to some famous combinations of PID with CVS abnormalities, such as 

DiGeorge syndrome and CHARGE anomaly, here are described CHD in combination 

with Omenn syndrome, DNA repair defects, common variable immunodeficiency, 

Roifman syndrome, and others. Moreover, we describe the vascular anomalies in 

chronic mucocutaneous candidiasis, chronic granulomatous disease, and Wiskott–

Aldrich syndrome.  

In conclusion, the expanding range of PID needs advanced attention to the 

potential CVS involvement as an essential benefactor in diagnosing and managing the 

disease. 
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Introduction  

Primary immunodeficiency diseases encompass a broad spectrum of inheritable 

disorders commonly associated with susceptibility to infections, malignancies, and 

immune dysregulation. Therefore, early recognition and correction of immune 

deficiency are essential. Patients with serious T-cell immune deficiency, such as severe 

combined immunodeficiency (SCID), should be treated by allogeneic hematopoietic 

stem cell transplantation or autologous gene therapy. In contrast, antibody deficiency 

can be corrected by immunoglobulin replacement. The critical role of the immune 

system in the functioning of numerous organs and systems, as well as the effects of 

genetic implication, contributes to the multisystem abnormalities often observed in 

patients with PID. 

Additionally, the nonimmune abnormalities can be a clue to establishing the 

specific etiology of the PID, anticipating potential complications, or choosing the best 

treatment options. Indeed, nonimmune neurological, bone, gastrointestinal, skin, and 

endocrine abnormalities are often associated with PIDs, such as purine nucleoside 

phosphorylase deficiency, adenosine deaminase deficiency, cartilage–hair hypoplasia, 

ectodermal dysplasia, etc. In recent years, particularly with the significant increase in 

PID for which molecular defects are identified, many PID conditions are associated 

with CVS abnormalities.  

Here we provide a comprehensive review of PID associated with CVS defects. 

The review was performed using the PubMed database. The International Union of 

Immunological Societies Expert Committee for Primary Immunodeficiency 

classification system was used for searching articles reporting PID associated with 

cardiac or vascular malformations. Additional associations were identified through an 

open PubMed search by combining terms such as “primary immunodeficiency” and 

“cardiac,” “heart,” or “vascular.”  
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The review is intended for both cardiologists and immunologists. Therefore, 

following a brief description of the clinical features, the immunological and CVS 

abnormalities are provided. 

Predominantly T lineage defects 

Omenn syndrome  

Description: Omenn syndrome (OMIM# 603554) was described by the first time 

by Gilbert Omenn in a child of consanguineous parents [1]. It is characterized by 

generalized severe erythroderma, lymphadenopathy, eosinophilia, hepatosplenomegaly, 

failure to thrive, diarrhea, and alopecia [2]. 

CVS abnormalities: Cardiac manifestations of Omenn syndrome have rarely been 

described. An infant with Omenn syndrome was found to have biventricular 

hypertrophy, low FE VS, and severe sinus bradycardia, possibly secondary to 

eosinophilic endomyocardial disease caused [3]. Another case of a 3-month-old girl 

with Omenn syndrome was described with right ventricular thrombosis. An 

echocardiographic study revealed a round structure that filled the apex and corpus of the 

right ventricle, which is an uncommon finding in Omenn syndrome [4]. An infant was 

admitted to the hospital at 25 days of life with an initial diagnosis of congenital 

ichthyosis, then diagnosticated with Omenn syndrome did not perform bone marrow 

examination because of a short episode of cardiac arrest during a biopsy procedure with 

effective reanimation procedures [2]. 

Calcium channel deficiency  

Description: ORAI-1 deficiency (OMIM# 610277) is an autosomal recessive 

form of SCID characterized by recurrent infections in infancy, congenital muscular 

hypotonia, developmental delay, and failure to thrive [5]. 

CVS abnormalities: CVS abnormalities have not been described in ORAI-1 

deficient patients; however, it was demonstrated that inactivation of the highly 

conserved zebrafish orthologue of ORAI1 resulted in severe heart failure, reduced 
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ventricular systolic function, bradycardia, and skeletal muscle weakness [6]. Another 

study’s results reveal a critical role of ORA1 in fine-tuning cardiac remodeling. They 

indicate an inverse mode of action between early developmental stages and disease 

progression in adulthood, as it operates as a crucial mediator for the hypertrophic 

response in embryonic myocytes but as a limiting determinant in hypertrophy and 

fibrosis in neurohumoral evoked cardiac pathology in adults [7]. 

Chronic mucocutaneous candidiasis  

Description: Chronic mucocutaneous candidiasis is a group of diseases 

represented by recurrent Candida infections of the skin, nails, and mucous membranes, 

which may occur in infancy or later and are frequently accompanied by autoimmune 

endocrine anomalies (hypoparathyroidism and adrenal insufficiency) [8]. 

CVS abnormalities: Grouhi et al. described a brain biopsy in one patient that 

demonstrated periarterial mononuclear cell infiltrates, which is suggestive of 

endarteritis, and another two patients with chronic mucocutaneous candidiasis with 

cerebral vasculitis and severe neurologic sequelae [9].  

STK-4 deficiency  

Description: Autosomal recessive mutations in STK4, known as MST1 (OMIM# 

614868), were found among some consanguineous families with frequent bacterial and 

viral infections, mucocutaneous candidiasis, cutaneous warts, and skin abscesses and 

congenital heart disease (CHD) [10]. 

CVS abnormalities: According to Heallen, STK4 is activated by Rassf1A in the 

heart, promoting apoptosis in cardiac cells and inhibiting cardiac fibroblast 

proliferation, thus controlling cardiac remodeling and mutations in other murine genes 

in the STK4/Hippo pathway, also lead to heart defects [11]. Routine echocardiography 

of 3 patients in Abdollahpourʼs study identified structural cardiac abnormalities, 

including atrial septal defect type II, patent foramen ovale, and patent foramen ovale 

associated with mitral, tricuspid, and pulmonary insufficiency [10]. Sherkat et al. 
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reported an extraordinary case of primary cardiac T-cell lymphoma and atrial septal 

defect in an 11-year-old girl with STK4 deficiency, a typical non-Hodgkin type 

involving just the heart or pericardium without confirmation of extracardiac 

involvement. The echocardiogram showed a large tumor mass on the right ventricular 

outflow tract (RVOT). Unfortunately, removing it was impossible, so a Glenn shunt was 

inserted for RVOT obstruction compensation [12]. 

DNA repair defects  

Ataxia–telangiectasia  

Description: Ataxia–telangiectasia is a well-described autosomal recessive 

disorder characterized by cerebellar ataxia, telangiectasia, oculomotor apraxia, and 

increased susceptibility to ionizing radiation, predisposition to cancer, insulin resistance, 

immune deficiency, and premature aging (OMIM# 208900) [13]. Recent studies have 

provided insight into the dynamic role ATM plays in cardiac remodeling following 

insults such as β-AR stimulation and MI, indicating that ATM modulates cardiac 

remodeling by affecting inflammatory response, apoptosis, fibrosis, and hypertrophy in 

the heart [13]. 

CVS abnormalities: Bastianon reported a case of ataxia–telangiectasia with mitral 

valve prolapse, mitral regurgitation, and tricuspid regurgitation [14]. Also, carriers of 

mutations in a single allele AT-mutated kinase are more exposed to ischemic heart 

disease [15]. 

Nijmegen breakage syndrome  

Description: Nijmegen breakage syndrome (OMIM# 251260) is a rare AR-

genetic disorder caused by mutations within nibrin, a DNA damage repair protein. 

Hallmarks of Nijmegen breakage syndrome include chromosomal instability and 

clinical manifestations such as growth retardation, immunodeficiency, and progressive 

microcephaly [16]. 
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CVS abnormalities: Cernakova et al. reported a case of a newborn with 

hypotrophy and somatic stigmatization: microcephaly, facial dysmorphism, foramen 

ovale apertum, and Nijmegen breakage syndrome [17]. 

 

Predominantly antibody deficiencies 

 Common variable immunodeficiency  

Description: Common variable immunodeficiency disorder (CVID) is diverse in 

its clinical presentation and the kinds of deficiency. It is a primary humoral 

immunodeficiency disorder characterized by decreased serum levels of IgG, IgA, and 

IgM, frequent sinopulmonary infections, autoimmune disorders, granulomatous 

diseases, improved risk of malignancy, and impaired antibody response despite the 

adequate number of B cells [18]. 

CVS abnormalities: In the Cambray-Gutiérrezʼs study in adults, 17 patients 

presented with mitral insufficiency and 2 had aortic insufficiency, 24 - tricuspid 

insufficiency, up to 12 - pulmonary valve insufficiency, and 8 - pulmonary arterial 

hypertension [19]. In another clinical case reported by Tsai, CVID is associated with 

systemic infections, autoimmune diseases, and perpetuated atrial fibrillation [20]. 

Iranian PID Registry reported 5 CVID patients with a medical history of acute 

pericarditis from 337 CVID-registered patients [21]. 

Predominantly defects of neutrophils/macrophages number and function  

Barth syndrome  

Description: Barth syndrome (OMIM# 302060) is an X-linked autosomal 

recessive disease characterized by cardiomyopathy, skeletal myopathy, neutropenia, 

growth retardation, and 3-methylglutaconic aciduria. Barth syndrome (BTHS) patients 

have a high mortality rate throughout infancy, primarily related to progressive 

cardiomyopathy and a severely weakened immune system [22]. 
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CVS abnormalities: According to the report from the Barth Syndrome Registry in 

2012, 70% of BTHS patients were recognized as having cardiomyopathy in the first 

year of life, and 12% required cardiac transplantation [23]. The most common 

cardiomyopathy presented in BTHS is dilated cardiomyopathy (DCM), characterized by 

the weakening of the heart muscle and enlarged ventricles [24], [25]. Additionally, 

BTHS patients sometimes present left ventricular noncompaction and less frequently 

have hypertrophic and restrictive cardiomyopathy [24], [26]. Other cardiac issues 

include arrhythmia, prolonged corrected QT interval, endocardial fibroelastosis, sudden 

cardiac arrest, and fetal cardiomyopathy with or without intrauterine fetal demise [24]. 

Cohen syndrome 

Description: Cohen syndrome (OMIM# 216550) is an autosomal recessive 

disorder initially described as a syndrome including obesity, hypotonia, mental 

deficiency, and facial, oral, ocular, and limb anomalies. Leukopenia, especially 

neutropenia, was later described as a feature of Cohen syndrome [27]. 

CVS abnormalities: Heart defects reported in Cohen syndrome include decreased 

left ventricular function with age, valvular defects (such as a floppy mitral valve and 

mitral regurgitation), vascular defects including a dilated descending aorta, cardiac 

systolic murmurs, ST segment abnormalities (ST-segment depression, T-wave 

inversion), essential hypertension, and pulmonary hypertension [28]–[33]. Patients also 

tend to have decreased high-density lipoprotein levels and often meet several criteria for 

metabolic syndrome [34]. 

Shwachman–Diamond syndrome  

Description: Shwachman–Diamond syndrome (SDS) is an autosomal recessive 

disorder (OMIM# 260400) described with neutropenia, severe exocrine pancreatic 

insufficiency, liver abnormalities, and bone marrow failure or myelodysplastic 

syndrome [35]. The earliest clinical manifestation of the disease usually occurs in 

infancy as pancytopenia, with the majority being neutropenic, which makes patients 
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susceptible to infections, malabsorption, leukemia, failure to thrive, and rib cage 

abnormalities. Other rare associations are cardiac pathology and severe hepatic 

dysfunction, although mild hepatomegaly and elevated transaminases have also been 

reported in the literature [36], [37]. 

CVS abnormalities: Cardiac involvement in SDS is not well documented. 

However, some fatal cases have been recorded in literature [38], [39]. A retrospective 

and prospective study carried out by Ryan et al. on 17 cases, which were first analyzed 

retrospectively based on their data and then followed up for some time to document 

their cardiac changes using echocardiographic measures, showed that there was 

abnormal systolic dysfunction in 33% of these patients [40]. Atrioventricular septal 

defect involvement has also been reported in patients with SDS [41]. A study by 

Toiviainen-Salo on myocardial function in SDS patients established that no 

abnormalities were found in the myocardial structure and the cardiac anatomy of these 

patients. However, they observed alterations in the right ventricular diastolic function at 

rest and a decreased left ventricular contractility during exercise [42]. All this evidence 

shows cardiac involvement in SDS, and clinicians should closely monitor such patients 

as this can lead to dire complications. 

WHIM syndrome  

Description: (WHIM) syndrome is an autosomal dominant rare combined 

primary immunodeficiency disorder named by an acronym for the diagnostic tetrad of 

Warts, Hypogammaglobulinemia, Infections, and Myelokathexis, that is characterized 

by difficult-to-treat warts, low IgG levels, recurrent bacterial infections, and neutropenia 

[43].  

CVS abnormalities: Severe cardiac conotruncal malformations (Tetralogy of 

Fallot and double aortic arch) were present in 2 different reports from unrelated 

pedigrees with other CXCR4 mutations [44], [45].  

Well-defined syndromes with immunodeficiency 
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 DiGeorge syndrome  

Description: DiGeorge syndrome (DGS, OMIM# 188400) or 22q11.2 deletion 

syndrome (DS 22q11.2) is a rare condition caused by the q11.2 region missing in 

chromosome 22. It affects one in 4000 live newborns. Among the clinical presentations 

of this syndrome are anomalies in the parathyroid glands, the palate, the heart, and the 

thymus. Therefore, it is also called velocardiofacial syndrome or DiGeorge syndrome. 

Features commonly identified among patients with 22q11.2 microdeletion include 

ophthalmologic and renal abnormalities, developmental delay, learning disabilities, 

schizophrenia, and bipolar disorders, as well as skeletal defects (palate abnormalities or 

short stature). In addition, patients also have typical dysmorphic facial features, 

including micrognathia, low-set ears, telecanthus with short palpebral fissures, and 

upward or downward-slanting eyes with short philtrum and small mouth [46]. 

CVS abnormalities: It is well known that the most common cardiac defects seen 

in patients with 22q11.2DS are сonotruncal defects, including tetralogy of Fallot, 

pulmonary atresia with ventricular septal defect, interrupted aortic arch, mainly type B, 

truncus arteriosus, and conoventricular VSD [47]. Other cardiovascular anomalies have 

been reported in patients with 22q11.2DS, including hypoplastic left heart syndrome, 

transposition of great arteries, double outlet right ventricle, total anomalous pulmonary 

venous connection, atrial septal defect, tricuspid atresia, pulmonary valve stenosis, 

bicuspid aortic valve or aortic valve stenosis [48]. In Butensky’s study, which included 

85 patients with DGS, of which 5 (7.4%) had an aortic arch anomaly (3 of them with 

evidence of aortic root dilation), only one (2.2%) was found to have CHD (isolated 

bicuspid aortic valve without stenosis) [49]. 

CHARGE syndrome  

Description: CHARGE syndrome (OMIM# 214800) is characterized by a pattern 

of congenital anomalies (Coloboma of the eye, Heart defects, atresia of the choanae, 

Retardation of growth, Genital abnormalities, and Ear abnormalities). De novo 
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mutations of chromodomain helicase DNA binding protein 7 (CHD7) are the primary 

cause of CHARGE syndrome. The clinical phenotype is highly variable, including a 

wide spectrum of congenital heart defects. 

CVS abnormalities: The spectrum of congenital heart disease is highly variable in 

CHARGE syndrome and encompasses mild cardiac malformations that may not require 

intervention to more severe malformations that require cardiothoracic surgery in 

infancy. Conotruncal defects (31–42%) and atrioventricular septal defects (13–17%) 

with associated or isolated PDA and aortic arch abnormalities are seen more frequently 

in individuals with CHARGE than the entire population of patients with congenital 

heart disease [48]. The most extensive study of individuals with CHARGE syndrome 

examining the spectrum of congenital heart defects included 299 individuals with 

CHARGE syndrome and demonstrates the over-representation of conotruncal defects 

and ASD/VSDs [50]. 

Roifman syndrome  

Description: Roifman syndrome (OMIM# 300258) is characterized by antibody 

deficiency, spondyloepiphyseal dysplasia, growth retardation, retinal dystrophy and 

associated manifestations that include intellectual disability, dysmorphic features, and 

hypogonadism [50]. 

CVS abnormalities: An adolescent boy with Roifman Syndrome was reported 

with left ventricular noncompaction and heart failure [51]. 

 

Conclusion  

In conclusion, the large spectrum of PID requires increased alertness to the 

possibility of CVS involvement as an essential contributor to the prognostic and 

management of these patients. 
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