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Thrombophilia and Hemostasis Global Panel  [176 genes + Pharma + Polygenic Risk Score] Thrombophilia and Hemostasis Global Panel  [176 genes + Pharma + Polygenic Risk Score] 

Thrombophilia
[5 / 30 genes + Pharma + Polygenic Risk Score]

Thrombophilia Polygenic Risk Score Panel
[52 SNPs]

Antiplatelet and Anticoagulation Pharmacogenetics 
Panel [13 genes]

Hemostasis and Bleeding
[148 genes + Pharma]

Hermansky-Pudlak 
Syndrome 
[21 genes]

Bernard-Soulier Syndrome 
[3 genes]

RASopathies Syndromes
[26 genes]

Coagulation Factors
[25 genes]

Von Willebrand                      
Disease [2 genes]

Fibrinogen Diseases
[3 genes]

Hemorrhagic 
Vasculopathies
[40 genes + Pharma]

Hemorrhagic 
Telangiectasia 
[12 genes]

Hemophilia                             
[2 / 7 genes]

Thrombocytopenia and 
Platelet Disorders 
[84 genes]

Thrombotic Vasculopathies
[43 genes + Pharma + + Polygenic Risk Score]

Pharmacogenetic Genotyping of Clopidogrel 
[4 variants in CYP2C19]

NGS panels

Hereditary Hemorrhagic and Thromboembolic Diseases

Hemostasis Thrombophilia Pharmacogenetics
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Thrombophilia and Hemostasis Global Panel

The key point in platelet anticoagulation and antiaggregation clinical scenarios is to determine the hemorrhagic risk for 
each person during medical treatment versus the benefits of preventing a thromboembolic event. Our Thrombophilia 
and Hemostasis Global Panel is a study directed towards the molecular diagnosis and the risk stratification of bleeding 
and thrombosis, providing genetic information that helps the clinician make decisions in these clinical contexts.

It has been described that the presence of a family or personal history of major/minor bleeding is associated with 
and increase in the risk of hemorrhages in patients who are under anticoagulant therapy, which suggests that a 
percentage of these individuals have a causal genetic substrate. Genetic diseases which are common (such as von 
Willebrand disease) or rare (such as plasminogen activator inhibitor type 1 deficiency) exist associated with major/
minor bleeding episodes, such as nosebleeds and menorrhagia, or with excessive postoperative bleeding episodes. 
The high number of inherited hemorrhagic pathologies and their broad phenotypic heterogeneity make the assertive 
clinical and analytical diagnosis in affected patients and family members at risk more difficult. In this context, NGS 
extended studies have been established as an efficient tool for the diagnosis of these diseases, since they allow for 
the study of several diseases with a single test.

The genetic study on hemostasis covers four Mendelian genetic disease groups: (a.) coagulation factor deficiencies, 
(b.) primary thrombocytopenias, (c.) disturbances in platelet function, and (d.) vasculopathies that affect small and 
medium caliber blood vessels associated with brain, gut, and other hemorrhages.

On the other hand, the genetic study of hereditary thrombophilias is particularly relevant for identifying rare treatable 
causes and for a better stratification of the risk of thrombosis in specific clinical situations. The sequencing of (a.) an 
extended set of genes related to this clinical condition allows for the diagnosis of Mendelian monogenic causes (e.g. 
thrombophilia associated with hyperhomocysteinemia due to a mutation in CBS or thrombophilia related to dysfi-
brinogenemia), while the multifactorial nature of thrombophilia is investigated via a (b.) risk score constituted by 52 
polymorphisms, including the SNP of Leiden Factor V and prothrombin. Genes associated with (c.) brain thrombotic 
vasculopathies, such as autoinflammatory vasculitis or thrombotic microangiopathy (ADAMTS13) are also analyzed.

PLATELET ANTICOAGULATION AND ANTIAGGREGATION PHARMACOGENETICS
12 drugs, including new oral anticoagulants (NOAC) and N2Y12 inhibitors                                                                            
+ 13 additional genes

[176 genes + Pharma + Polygenic Risk Score]

THROMBOPHILIA [30 genes]
21 clinical conditions + 52 SNP polygenic risk score

THROMBOCYTOPENIA AND PLATELET 
DYSFUNCTION [84 genes]
72 diseases

COAGULATION FACTORS [25 genes]
26 diseases

HEMORRHAGIC AND THROMBOTIC 
VASCULOPATHIES [50 genes]
24 diseases

The Thrombophilia and Hemostasis Global Panel is an ample study performed by complete sequencing and the 
analysis of the copy number variations (CNVs) of 176 genes associated with hemorrhagic and thrombophilic diseases 
with a Mendelian inheritance pattern. Additionally, the panel includes the sequencing of SNV and the determining of 
haplotypes in another 13 genes related with the pharmacogenetics of anticoagulants and antiplatelets, and also the 
polygenic risk score [52 SNPs] for thrombophilia.

Thrombophilia and Hemostasis Global Panel   I
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Genetic study indications:
• Confirmation of clinical or analytical suspicion of hereditary hemorrhagic diseases.
• Patients who are under anticoagulant and/or antiplatelet therapy that have a personal or family history of major
• /minor hemorrhages for risk stratification of bleeding or diagnosis of the cause of the hemorrhagic event.
• Preoperative risk assessment of bleeding in patients with clinical or analytical suspicion of genetic bleeding causes.

• Confirmation of clinical suspicion of inherited thrombophilia.
• Thrombotic episode in young age (<50 years) when it is not provoked or in the presence of a slight triggering factor 

(minor surgery, oral contraceptives, or lack of mobility).
• Family history (first-degree family member of young age) of thromboembolism.
• Recurrent venous thromboembolism, particularly at a young age.

• Patients with major/minor bleeding events or thromboembolism in which a vascular origin is suspected (vascular 
malformation, telangiectasia, aneurysms, small blood vessel diseases, or autoimmune inflammatory vasculitis).

Yield of genetic testing:
The probability of detecting via NGS the genetic variant causing the disease in individuals that have suffered bleeding 
events, with a clinical or analytical suspicion of some specific etiology, is approximately 90%. In patients with the same 
phenotype where the diagnosed etiology was uncertain, the yield of the genetic study is between 50-60%.

The probability of detecting a causal variant in a patient suspected of inherited thrombophilia is around 50-60%.

On the other hand, patients who suffered bleeding events in which the clinical propedeutics  did not allow for any 
diagnostic hypothesis to be established (unknown cause of bleeding), the yield was near to 20%.

With the objective of increasing the genetic investigation in these patients, this panel includes genes associated with 
vascular disorders related to thromboembolic or bleeding events, and pharmacogenetics testing.

• Simeoni I et al. A high-throughput sequencing test for diagnosing inherited bleeding, thrombotic, and platelet disorders. Blood. 2016 Jun 9;127(23):2791-
803. 
• Bastida JM et al. Design and application of a 23-gene panel by next-generation sequencing for inherited coagulation bleeding disorders. Haemophilia. 2016 
Jul;22(4):590-7.
• Almazni I, Stapley R, Morgan NV. Inherited Thrombocytopenia: Update on Genes and Genetic Variants Which may be Associated With  Bleeding. Front 
Cardiovasc Med. 2019 Jun 19;6:80.
• Watson SP et al. Genotyping and phenotyping of platelet function disorders. J Thromb Haemost. 2013 Jun;11 Suppl 1:351-63.
• Itzhar-Baikian N et al. Updated overview on von Willebrand disease: focus on the interest of genotyping. Expert Rev Hematol. 2019 Dec;12(12):1023-1036. 
• Srivastava A. Diagnosis of haemophilia and other inherited bleeding disorders - Is a new paradigm needed? Haemophilia. 2020 Jun 14.
• Johnsen JM  et al.  Novel approach to genetic analysis and results in 3000 hemophilia patients enrolled in the My Life, Our Future initiative. Blood Adv. 2017 
May 18;1(13):824-834.
• Connors JM. Thrombophilia Testing and Venous Thrombosis. N Eng J Med. 2017 Sep 21;377(12):1177-1187.

Thrombophilia and Hemostasis Global Panel [176 genes]
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Thrombophilia and Hemostasis Global Panel   I

For more information on the anticoagulant and antiplatelet pharmacogenetic study (13 genes), see page 35.
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Hemostasis

The Hemostasis and Bleeding Extended Panel is aimed at the genetic diagnosis of hereditary bleeding diseases and 
the risk stratification of bleeding events. It is a study carried out by the whole sequencing and analysis of CNVs in 148 
genes related with major/minor bleeding phenotypes. Additionally, the panel includes the sequencing of SNV and the 
determining of the haplotypes in another 13 genes related with the pharmacogenetics of 12 antiplatelet and anticoa-
gulant drugs, constituting, therefore, a broad study for the genetic research of patients who have suffered bleedings in 
which a hereditary cause is suspected.

Symptoms related to bleeding diseases in various clinical specialties have been reported, affecting up to 25% of 
the general population. There are more than one hundred bleeding genetic pathologies, some of which are relatively 
common (such as von Willebrand disease) and other are rare (such as plasminogen activator inhibitor type 1 
deficiency). These diseases present ample clinical heterogeneity and demand a specialized analytical study which, 
many times, is long ad inconclusive. In this context, the extended NGS studies have become an efficient tool for the 
diagnosis of these diseases in patients affected with bleeding and family members at risk.

Our clinical report helps to stratify better the risk of bleeding via the molecular diagnosis of Mendelian diseases, such 
as (a.) coagulation factor deficiencies, (b.) primary thrombocytopenias, (c.) disturbances in platelet function, and (d.) 
small and medium caliber vasculopathies such as vascular malformations, aneurysms, telangiectasia, and tortuosity; 
apart from the pharmacogenetic study.

COAGULATION FACTORS [25 genes]
26 clinical conditions, including von Willebrand 
disease, hemophilia-like diseases, and other rare 
deficiencies.

THROMBOCYTOPENIA AND PLATELET 
DYSFUNCTION [84 genes]
72 diseases associated with isolated or syndromic 
thrombocytopenia and with platelet function 
disturbances, such as thromboxane A2 receptor 
deficiency or glycoprotein Ia deficiency.

HEMORRHAGIC VASCULOPATHIES [40 genes]
18 diseases of small and medium blood vessels 
associated with brain, gastrointestinal, and other 
bleedings.

PLATELET ANTICOAGULATION AND 
ANTIAGGREGATION PHARMACOGENETICS
12 drugs, including new oral anticoagulants 
(NOAC) and N2Y12 inhibitors                                                                                                   
+ 13 additional genes

Hemostasis and Bleeding Extended Panel [148 genes]
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Genetic study indications:
• Confirmation of clinical or analytical suspicion of hereditary hemorrhagic diseases.
• Patients who are under anticoagulant and antiplatelet therapy that have a personal or family history of major/
• minor bleeding for helping in the risk stratification for bleeding.
• Research of bleeding event in patient with suspicion of hereditary cause.
• Help in the preoperative risk stratification in those patients with a personal or family history of
•  major/minor bleedings.
• Patients with major/minor bleeding events with a suspicion of vascular cause (vascular malformations, aneurysms, 

small blood vessel diseases, or autoimmune inflammatory vasculitis).

Hemostasis and Bleeding Extended Panel

Hemostasis   I

[148 genes + Pharma ]
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Yield of genetic testing:
The probability of detecting via NGS the genetic variant causing the disease in individuals that have suffered bleeding 
events, with a clinical or analytical suspicion of some specific etiology, is approximately 90%. In patients with the same 
phenotype where the diagnosed etiology was uncertain, the yield of the genetic study is between 50-60%.

On the other hand, patients who suffered bleeding events in which the clinical propedeutics  did not allow for any 
diagnostic hypothesis to be established (unknown cause of bleeding), the yield is close to 20%.

With the objective of increasing the yield of the genetic study and better stratify the risk in these patients, this panel 
includes genes associated with hemorrhagic vasculopathies and a pharmacogenetic study.

• Simeoni I et al. A high-throughput sequencing test for diagnosing inherited bleeding, thrombotic, and platelet disorders. Blood. 2016 Jun 9;127(23):2791-
803. 
• Bastida JM et al. Design and application of a 23-gene panel by next-generation sequencing for inherited coagulation bleeding disorders. Haemophilia. 2016 
Jul;22(4):590-7.
• Almazni I, Stapley R, Morgan NV. Inherited Thrombocytopenia: Update on Genes and Genetic Variants Which may be Associated With  Bleeding. Front 
Cardiovasc Med. 2019 Jun 19;6:80.
• Watson SP et al. Genotyping and phenotyping of platelet function disorders. J Thromb Haemost. 2013 Jun;11 Suppl 1:351-63.
• Itzhar-Baikian N et al. Updated overview on von Willebrand disease: focus on the interest of genotyping. Expert Rev Hematol. 2019 Dec;12(12):1023-1036. 
• Srivastava A. Diagnosis of haemophilia and other inherited bleeding disorders - Is a new paradigm needed? Haemophilia. 2020 Jun 14.
• Johnsen JM  et al.  Novel approach to genetic analysis and results in 3000 hemophilia patients enrolled in the My Life, Our Future initiative. Blood Adv. 2017 
May 18;1(13):824-834.
• Hulot JS et al. Routine CYP2C19 Genotyping to Adjust Thienopyridine Treatment After Primary PCI for STEMI: Results of the GIANT Study. JACC Cardiovasc 
Interv. 2020 Mar 9;13(5):621-630.
• Franchi F  et al. Prasugrel Versus Ticagrelor in Patients With CYP2C19 Loss-of-Function Genotypes: Results of a Randomized Pharmacodynamic Study in a 
Feasibility Investigation of Rapid Genetic Testing. JACC Basic Transl Sci. 2020 Mar 25;5(5):419-428.
• Notarangelo FM et al. Pharmacogenomic Approach to Selecting Antiplatelet Therapy in Patients With Acute Coronary Syndromes: The PHARMCLO Trial. J 
Am Coll Cardiol. 2018 May 1;71(17):1869-1877. 
• Cavallari LH et al. Multisite Investigation of Outcomes With Implementation of CYP2C19Genotype-Guided Antiplatelet Therapy After Percutaneous Coronary 
Intervention. JACC Cardiovasc Interv. 2018 Jan 22;11(2):181-191.
• Johnson JA, et al. Clinical Pharmacogenetics Implementation Consortium (CPIC) Guideline for Pharmacogenetics-Guided Warfarin Dosing: 2017 Update. 
Clin Pharmacol Ther. 2017 Sep;102(3):397-404.
• Scott SA, et al. Clinical Pharmacogenetics Implementation Consortium guidelines for CYP2C19 genotype and clopidogrel therapy: 2013 update. Clin 
Pharmacol Ther. 2013 Sep;94(3):317-23.
• DPWG - Dutch Pharmacogenetics Working Group. Dutch Pharmacogenetics Working Group Guidelines November 2018.
• U.S. Food and Drug Administration (FDA). FDA Table of Pharmacogenetic Associations. 2020.

Coagulation Factors Panel  [25 genes]
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Coagulation Factors Panel

Yield of genetic testing:
The probability of detecting a causal variant in a patient under suspicion of suffering from a coagulation factor 
deficiency is close to 60-70%.

Genetic study indications:
• Confirmation of the clinical or analytical suspicion of a coagulation factor deficiency.

• Sivapalaratnam S, Collins J, Gomez K. Diagnosis of inherited bleeding disorders in the genomic era. Br J Haematol. 2017 Nov;179(3):363-376.
• Menegatti M, Palla R. Clinical and laboratory diagnosis of rare coagulation disorders (RCDs). Thromb Res. 2019 Sep 7:S0049-3848(19)30402-5
• Mohammed BM et al. An update on factor XI structure and function. Thromb Res. 2018 Jan;161:94-105.
• Jin DY et al. Molecular basis of the first reported clinical case of congenital combined deficiency of coagulation factors. Blood. 2017 Aug 17;130(7):948-951. 
• Itzhar-Baikian N et al. Updated overview on von Willebrand disease: focus on the interest of genotyping. Expert Rev Hematol. 2019 Dec;12(12):1023-1036. 
• Zolkova J et al. Genetic Background of von Willebrand Disease: History, Current State, and Future Perspectives  J.Semin Thromb Hemost. 2020 Jun;46(4):484-
500. 
• Castaman G, Matino D. Hemophilia A and B: molecular and clinical similarities and differences. Haematologica. 2019 Sep;104(9):1702-1709.
• Srivastava A. Diagnosis of haemophilia and other inherited bleeding disorders - Is a new paradigm needed? Haemophilia. 2020 Jun 14.
• Johnsen JM  et al.  Novel approach to genetic analysis and results in 3000 hemophilia patients enrolled in the My Life, Our Future initiative. Blood Adv. 2017 
May 18;1(13):824-834.

[25 genes]

This panel includes the whole sequencing and analysis of the copy number variations (CNVs) of 25 genes associated 
with deficiencies of common coagulation factors (such as von Willebrand disease and hemophilia), aside from other 
rare coagulation factor deficiencies.

The whole sequencing of a single gene can be considered in those cases in which a specific deficiency of a certain 
coagulation factor has been detected by analytic screening. However, via extended NGS panels, digenetic studies (e.g. 
patients who are carriers of variants in the F8 + VWF genes), have been reported, which is why an extended study for 
patients with this clinical suspicion could be considered.

Additional clinical applications include the genetic research of cases where an undefined diagnosis, suspicion of 
rare etiologies or of those associated with a deficiency of one or more coagulation factors, such as the combined 
deficiency of factors V and VIII, exist.For more information on the anticoagulant and antiplatelet pharmacogenetic study (13 genes), see page 35.

Hemostasis   I
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Hemophilias
We have developed different types of genetic studies for hemophilias which allow clinicians to request the most suited 
clinical diagnosis for the specific situation of each patient.

Our hemophilia studies via NGS allow for the identification of the whole spectrum of variants (point mutations, deep 
intronic variants, deletions, insertions, and rearrangements) described in the F8 and F9 genes, including the inversion 
of intron 22 and those in UTR region related with Leiden hemophilia B. All structural variants are confirmed internally by 
an additional technique. We carry out the whole sequencing of all introns of gene F8 with the objective of identifying 
any deep intronic variant in this gene.

In the case that an analytical alteration of a specific coagulation factor is identified, the directed sequencing via NGS 
of a single gene may be requested, which includes the analysis of CNV, without the necessity of requesting additional 
genetic tests. In male patients diagnosed with hemophilia A and severe deficiency of factor VIII, it is recommended to 
initially request the test for the detection of the inversion of intron 22.

Also, we have developed the hemophilia panel with the two main genes (F8 and F9) and the hemophilia-like extended 
panel (7 genes) to serve clinical situations in which the coagulation factor cannot be determined or those where 
studying possible differential diagnoses is considered. The hemophilia-like extended panel includes genes (F8, F9, 
LMAN1, MCFD2, VWF, GGCX, and VKORC1) associated with diseases that can clinically mimic a mild-moderate 
hemophilia phenotype, such as the combined deficiency of factors V and VIII or the 2N subtype of von Willebrand 
disease.

The genetic investigation must be offered to all patients with a diagnosis suspicion or a confirmed diagnosis of 
hemophilia. The genetic application has a fundamental role in the family screening and in the early identification in 
family members at risk, including the detection of asymptomatic female carriers. Genetic counseling is fundamental in 
these patients, with possibilities of counseling on prenatal and preimplantation diagnosis. Another genetic application 
of hemophilia is allowing for the diagnostic confirmation in uncertain cases, including the differential diagnosis with 
other causes that lead to a reduction of factors VIII and IX in blood. Genetic tests have also allowed for the identification 
of mutations associated with the development of inhibitors, a serious complication during hemophilia treatment.

Genetic study indications:
• The genetic study must be offered to all patients who have a confirmed diagnosis or clinical suspicion of 

hemophilia.

Yield of genetic testing:
A causal variant has been detected in 99% of patients with severe hemophilia A and in up to 97% of patients with 
mild-moderate hemophilia A by using methods in which deep intronic regions are have not been sequenced. In 
patients with hemophilia B from mild to moderate, the yield of the genetic study is 99%. In patients with a negative 
genetic study, a hemophilia-like extended panel (7 genes) that allows for the research of differential diagnoses is 
recommended.

Hemophilia A. MLPA F8

Hemophilia B. MLPA F9

Coagulation factor. Full sequencing of a single gene [1 gene]

F8. Detection of the inversion of intron 22.

MLPA

MLPA

NGS

SANGER

Others tests and methods:

• Castaman G, Matino D. Hemophilia A and B: molecular and clinical similarities and differences. Haematologica. 2019 Sep;104(9):1702-1709.
• Srivastava A. Diagnosis of haemophilia and other inherited bleeding disorders - Is a new paradigm needed? Haemophilia. 2020 Jun 14.
• Johnsen JM  et al.  Novel approach to genetic analysis and results in 3000 hemophilia patients enrolled in the My Life, Our Future initiative. Blood Adv. 2017 
May 18;1(13):824-834.
• Srivastava A et al. Treatment Guidelines Working Group on Behalf of The World Federation Of Hemophilia. Guidelines for the management of hemophilia. 
Haemophilia. 2013 Jan;19(1):e1-47.

Hemophilia-like Extended Panel [7 genes]

Hemophilia F8 and F9 Panel [2 genes]

Hemophilia B [1 gene]

Hemophilia A [1 gene]

F8

F8

F9

F8

F9

F9

GGCX LMAN1 MCFD2 VKORC1 VWF

Hemostasis   I



17

Von Willebrand disease
Von Willebrand disease is a common congenital condition with a prevalence of 1/100 individuals. The specialized 
analysis of genetic studies is essential for the identification of the variants that really are the cause of the disease, 
since the VWF gene has a great variability in the general population.

Pathogenic variants in the VWF gene produce qualitative or quantitative changes in the von Willebrand factor in the 
blood plasma, characterizing different type 1, 2A, 2B, 2M, 2N, and 3 of this disease. The genetic study can contribute 
to determining this disease's type, which has implications in the genetic counseling, since cases with dominant 
autosomal and recessive patterns of inheritance are described.

The majority of persons affected have mild to moderate mucocutaneous bleedings, which, however, tend to aggravate 
as age increases, presenting elder carriers with a higher disposition to bleeding complications. Type 3 tends to course 
with important bleedings. Due to the incomplete penetrance and the variable expressivity of this disease, patients with 
intermediate levels of von Willebrand factor can be asymptomatic, which would make the characterizing of past family 
events and the assertive risk stratification in the index case and family screening more difficult.

The sequencing of the VWF gene via NGS allows for the analysis of CNVs, which includes deletions and duplications, 
which in turn prevents the request of additional study methods such as MLPA, etc. All identified structural variants 
and the ones localized in the high homology region with their pseudogene are confirmed internally by an additional 
technique.

Yield of genetic testing:
A causal variant has been detected in 80%, 90%, and 90% of patients with von Willebrand disease type 1, 2, and 3, 
respectively. The contribution of deletions/duplications is added to each type 6, 0.2% and 3.7% of identified patients 
with pathogenic variants for each type.

Genetic study indications:
The genetic study contributes to the confirmation of the diagnosis, determining the subtype, and the clinical 
management. The identification of the subtype if fundamental for the family screening and the genetic counseling, 
since cases with dominant autosomal inheritance or recessive autosomal patterns have been described. The prenatal 
diagnosis can be considered in families who have type 3, particularly after an affected child.

Von Willebrand disease VWF  [1 gene]

Von Willebrand disease MLPA VWF

NGS

MLPA

Others tests and methods:

• Zolkova J et al. Genetic Background of von Willebrand Disease: History, Current State, and Future Perspectives  J.Semin Thromb Hemost. 2020 Jun;46(4):484-
500. 
• Laffan M, Sathar J, Johnsen JM. von Willebrand disease: Diagnosis and treatment, treatment of women, and genomic approach to diagnosis. Haemophilia 
2020 Jun 23.
• Itzhar-Baikian N et al. Updated overview on von Willebrand disease: focus on the interest of genotyping. Expert Rev Hematol. 2019 Dec;12(12):1023-1036. 
• Sharma R, Haberichter SL. New advances in the diagnosis of von Willebrand disease. Hematology Am Soc Hematol Educ Program. 2019

Von Willebrand disease Panel [2 genes]

GP1BA VWF

Hemostasis   I
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Fibrinogen Disorders Panel [3 genes]

FGA FGB FGG

Fibrinogen diseases
Fibrinogen (Factor I) is an essential molecule in the coagulation cascade and it is constituted by three different 
subunits, coded by the following genes; alfa (FGA), beta (FGB), and gamma (FGG).

Diseases related with fibrinogen are afibrinogenemia, hypofibrinogenemia, and dysfibrinogenemia. These diseases 
cause imbalances in hemostasis that, in the majority of cases, cause bleeding. However, dysfibrinogenemia can also 
be associated with thrombophilia

The genotype-phenotype correlation depending on the affected gene and the type of variant identified is what deter-
mines the different phenotypes. For example, in the majority of cases, dysfibrinogenemia is caused by missense-type 
variants in any of these three genes and is inherited with a dominant autosomal pattern, while congenital afibrinoge-
nemia is a recessive autosomal disease caused by truncating-type (radical) variants in both alleles of the FGA gene. It 
has been reported that biallelic variants in FGB or FGG located in the specific functional domains of the protein could 
cause afibrinogenemia, among other diseases.

Coagulation factor - Full sequencing of a single gene [1 gene] NGS

Yield of genetic testing:
A causal variant has been identified in almost 100% of patients with a confirmed clinical diagnosis of a fibrinogen 
disease.

Others tests and methods:

Genetic study indications:
The genetic study is fundamental for the genetic counseling and the family screening. The clinical diagnosis must be 
confirmed by a molecular study

• Casini A et al.  Mutational Epidemiology of Congenital Fibrinogen Disorders. Thromb Haemost. 2018 Nov;118(11):1867-1874.
• Tiscia GL, Margaglione M. Human Fibrinogen: Molecular and Genetic Aspects of Congenital Disorders. Int J Mol Sci. 2018 May 29;19(6):1597.

Thrombocytopenia and platelet disorder panel

Yield of genetic testing:
The probability of detecting a causal variant in a patient under suspicion of platelet count disorder is close 60%, while 
in those cases with suspicious of platelet function disorders the probability is lower (40%).

Genetic study indications:
• Confirmation of the clinical or analytical suspicion of inherited thrombocytopenia or of platelet function disorder.

Thrombocytopenia and Platelet Disorders Panel [84 genes]

ABCG5
ABCG8
ADAMTS13
ANKRD26
AP3B1
DIAPH1
DTNBP1
GATA1
GP1BA
GP1BB

GP6
HPS1
HPS3
HPS4
HPS5
HPS6
ITGA2
ITGA2B
ITGB3
LYST

MPL
MYH9
NBEAL2
P2RY12
RASGRP2
RBM8A
RUNX1
STIM1
TBXA2R
TBXAS1

THPO
TUBB1
WAS
ACTN1
ANO6
ARPC1B
BLOC1S3
BLOC1S6
CD36
CYCS

ETV6
FLI1
FYB1
GFI1B
GP9
HOXA11
MECOM
NBEA
PLA2G4A
PLAT

PLAU
PRKACG
PTGS1
SLFN14
SRC
WIPF1
FLNA
KDSR
BRAF
HRAS

KRAS
LZTR1
NF1
PTPN11
RAF1
RIT1
SOS1
SOS2
A2ML1
ALPK3

CBL
MAP2K1
MAP2K2
NRAS
PPP1CB
RASA2
RRAS
SHOC2
SPRED1
KAT6B

MAP3K8
RASA1
SPRY1
SYNGAP1

The thrombocytopenia and platelet disorder panel analyzes 84 genes related with more than 70 diseases that cause 
primary thrombocytopenias or platelet disorders, including those with an isolated presentation or syndromic manifesta-
tions.

Genetic studies on thrombocytopenias have been applied for the differential diagnosis due to acquired causes, since 
some of these cases can be erroneously diagnosed and, in turn, receive unnecessary treatment. Some thrombo-
cytopenia etiologies have an increased risk of progressing to malignant diseases, bone marrow aplasia, and liver and/
or kidney disorders, which is why the assertive etiological diagnosis is relevant for the management of these patients 
and the precocious identification of family members at risk. Among the syndromic presentations are the phenotypes 
associated to the MYH9, PTPN11, and RUNX1 genes, among others.

Also, clinical and analytical research related to anomalies in the platelet function can be inconclusive, even after an 
exhaustive analytical investigation. In these scenarios, the NGS study is a useful tool to deal with many etiologies with a 
single test, allowing for the establishment of an assertive etiological diagnosis.

In thrombocytopenias and platelet disorders, we have developed specific panels for very rare phenotypes, but that are 
clinically identifiable: Hermansky-Pudlak syndrome (21 genes), RASopathies (26 genes), and Bernard-Soulier syndrome 
(3 genes) panels, (see page 20).

[84 genes]
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Hermansky-Pudlak Syndrome [21 genes]

AP3B1
AP3D1
BLOC1S3

BLOC1S6
DKC1
DTNBP1

GPR143
HPS1
HPS3

HPS4
HPS5
HPS6

LYST
OCA2
SFTPB

SFTPC
TERC

TERT
TINF2

TYR
TYRP1

Bernard-Soulier Syndrome Panel [3 genes]

GP1BA GP1BB GP9

RASopathies Syndromes Panel [26 genes]

BRAF
HRAS
KRAS

LZTR1
NF1
PTPN11

RAF1
RIT1
SOS1

SOS2
A2ML1
ALPK3

CBL
MAP2K1
MAP2K2

NRAS
PPP1CB
RASA2

RRAS
SHOC2
SPRED1

KAT6B
MAP3K8
RASA1

SPRY1
SYNGAP1

• Simeoni I et al. A high-throughput sequencing test for diagnosing inherited bleeding, thrombotic, and platelet disorders. Blood. 2016 Jun 9;127(23):2791-
803. 
• Bastida JM et al. Design and application of a 23-gene panel by next-generation sequencing for inherited coagulation bleeding disorders. Haemophilia. 2016 
Jul;22(4):590-7.
• Almazni I, Stapley R, Morgan NV. Inherited Thrombocytopenia: Update on Genes and Genetic Variants Which may be Associated With  Bleeding. Front 
Cardiovasc Med. 2019 Jun 19;6:80.
• Watson SP et al. Genotyping and phenotyping of platelet function disorders. J Thromb Haemost. 2013 Jun;11 Suppl 1:351-63.
• Westbury SK, Mumford AD. Genomics of platelet disorders. Haemophilia. 2016 Jul;22 Suppl 5:20-4.
• Briggs BJ, Dickerman JD. Bleeding disorders in Noonan syndrome. Pediatr Blood Cancer. 2012 Feb;58(2):167-72
• Boeckelmann D et al. Patients with Bernard-Soulier syndrome and different severity of the bleeding phenotype. Blood Cells Mol Dis. 2017 Sep;67:69-74. 
• Bragadottir G et al. Clinical phenotype in heterozygote and biallelic Bernard-Soulier syndrome- a case control study. Am J Hematol. 2015 Feb;90(2):149-55.
• El-Chemaly S, Young LR. Hermansky-Pudlak Syndrome. Clin Chest Med. 2016 Sep;37(3):505-11.
• Savoia A, Pecci A. MYH9-Related Disorders. 2008 Nov 20 [updated 2015 Jul 16]. GeneReviews® [Internet]. 
• Tang C et al. The clinical heterogeneity of RUNX1 associated familial platelet disorder with predisposition to myeloid malignancy - A case series and review of 
the literature. Res Pract Thromb Haemost. 2019 Dec 13;4(1):106-110. 

HEMORRHAGIC VASCULOPATHIES [40 genes]
18 clinical conditions associated with vascular 
malformations, aneurysms, telangiectasia and 
tortuosity.

Hemorrhagic Vasculopathy Panel [40 genes]
ABCC6
ACTA2
ACVRL1
ADA2
APP

ARHGEF17
BMPR1A
CCM2
COL3A1
COL4A1

COL4A2
DDAH2
ELMO2
ENG
FLT4

GNAQ
IL6
KDR
KRIT1
NRP2

PDCD10
SLC2A10
SMAD4
SOX17
ANTXR1

BMP10
BMPR2
ELN
EPHB4
GDF2

GUCY1A1
JAG1
PCNT
PIK3CA

RASA1
RNF213
SAMHD1

SMAD1
TEK
THSD1

Thrombosis-Related Vasculopathies Panel

Yield of genetic testing:
TIt is still unknown what the probability of detecting a causal variant in a patient under suspicion of bleeding related 
with a vascular disease is, however, in specific phenotypes such as hereditary hemorrhagic telangiectasia the chances 
of detecting a mutation in the main genes, ENG or ACVRL1, is estimated to be higher than 85% in patients who fulfill 
the four criteria of Curaçao.

Several small and medium blood vessel diseases have been associated with a tendency towards bleeding via different 
mechanisms: vascular malformations, tortuosity, aneurysms, telangiectasia, and others. Our vasculopathies related to 
bleeding panel studies 18 clinical conditions in which a tendency exists towards vascular bleeding in the brain, 
gastrointestinal, or in other parts of the body, through the whole sequencing and CNV analysis of 40 genes.

Genetic study indications:
• Patients with minor/major bleeding event with suspicion of vascular cause (vascular malformations, aneurysms, 

telangiectasia…).

PLATELET ANTICOAGULATION AND 
ANTIAGGREGATION PHARMACOGENETICS
12 drugs, including new oral anticoagulants 
(NOAC) and N2Y12 inhibitors                                                              
+ 13 additional genes

• Santiago-Sim T et al. THSD1 (Thrombospondin Type 1 Domain Containing Protein 1) Mutation in the Pathogenesis of Intracranial Aneurysm and Subarachnoid 
Hemorrhage. Stroke. 2016 Dec;47(12):3005-3013.
• International guidelines for the diagnosis and management of Hereditary Hemorrhagic Telangiectasia. J Med Genet 2011;48:73-87.
• McDonald J, et al. Hereditary Hemorrhagic Telangiectasia: genetics and molecular diagnostics in a new era. Front Genet 2015;6:1-8.
• Beyens A et al.  Arterial tortuosity syndrome: 40 new families and literature review. Genet Med. 2018 Oct;20(10):1236-1245.
• Callewaert BL. Arterial tortuosity syndrome: clinical and molecular findings in 12 newly identified families.Hum Mutat. 2008 Jan;29(1):150-8

[40 genes + Pharma]

For more information on the anticoagulant and antiplatelet pharmacogenetic study (13 genes), see page 35.

Hemostasis   I



23

Hemorrhagic Telangiectasia Panel

Yield of genetic testing:
The benefit of this panel is in genetically confirming HHT, with its reliability being greater the more clinical criteria of the 
disease are found. It is estimated that the probability of detecting a mutation in the ENG or the ACVRL1 gene is higher 
than 85% in patients who meet all four Curaçao criteria. However, other secondary genes in those patients who do not 
fulfill this criteria or those with an atypical presentation, such as without nosebleeds, must be considered.

The hereditary hemorrhagic telangiectasia panel (HHT) includes the two main genes that encompass the majority if 
mutations that have been defined related with HHT : the ENG gene (which defines HHT type 1, more related to pulmonary 
arteriovenous fistula) and the ACVRL1 gene (which defines HHT type 2, with a higher frequency of hepatic affectation). 
Among the main genes are SMAD4 and BMPR1A, which have been associated with juvenile polyposis/hereditary 
hemorrhagic telangiectasia syndrome.
Secondary genes are the following: SMAD1, GDF2 (BMP9), BMP10, BMPR2, RASA1, EPHB4, ELMO2, and TEK (TIE2).

Genetic study indications:
• Patients with one of the four Curaçao criterion that defines the disease: 1) recurrent spontaneous nosebleeds, 2) 

cutaneous or mucosa telangiectasia, 3) gut AVMs, or 4) first degree family member with these characteristics.
• It is particularly useful in patients who have a likely (presence of two criterion) or unlikely (presence of less than two 

criterion) diagnosis, an also in patients with an atypical presentation of the disease, which would suggest a mutation 
in genes different from ENG or ACVRL1.

• The genetic study can help to confirm or discard the clinical diagnosis in these individuals.
• Also, knowing the molecular diagnosis of the disease can provide information on the prognosis, the best follow up, 

and management of the disease.
• Identifying the causal mutation is useful in the family screening, allowing for the early detection of affected patients 

who may be offered an optimal clinical study and follow up.
• The identification of the causal mutation allows for the preimplantation genetic diagnosis, detecting this mutations 

during the embryonic state, before its implantation, which could prevent the disease from being passed down to 
the descendants.

Hemorrhagic Telangiectasia Panel [12 genes]
ACVRL1
BMP10

BMPR1A
BMPR2

ELMO2
ENG

EPHB4
GDF2

RASA1
SMAD1

SMAD4
TEK

• International guidelines for the diagnosis and management of Hereditary Hemorrhagic Telangiectasia. J Med Genet 2011;48:73-87.
• McDonald J, et al. Hereditary Hemorrhagic Telangiectasia: genetics and molecular diagnostics in a new era. Front Genet 2015;6:1-8.
• Hernandez F, et al. Mutations in RASA1 and GDF2 identified in patients with clinical features of Hereditary Hemorrhagic Telangiectasia. Hum Genome Var. 
2015;2:15040

[40 genes + Pharma]
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GENE COAGULATION FACTORS [25 GENES]
VWF Von Willebrand disease type 1, 2A, 2B, 2M, 2N, and 3

GP1BA Pseudo-Von Willebrand disease or Platelet-type Von Willebrand disease type 3
F2 Dysprothrombinemia

Hypoprothrombinemia 
F3 Factor III deficiency
F5 Factor V deficiency
F7 Factor VII deficiency
F8 Hemophilia A
F9 Hemophilia B

LMAN1 Combined deficiency of factors V and VIII type 1 – Hemophilia-like
MCFD2 Combined deficiency of factors V and VIII type 2 – Hemophilia-like

F10 Factor X deficiency
F11 Factor XI deficiency
F12 Factor XII deficiency

F13A1 Factor XIIIA deficiency
F13B Factor XIIIB deficiency

FGA, FGB y FGG Afibrinogenemia
Hypofibrinogenemia 
Dysfibrinogenemia 

KLKB1 Fletcher factor deficiency
GGCX Multiple coagulation factor deficiency type 1

Pseudoxanthoma elasticum-like disorder associated with multiple coagulation factor deficiency type 1
VKORC1 Multiple coagulation factor deficiency type 2

SERPINE1, 
SERPINE2

Plasminogen activator inhibitor type 1 deficiency

KNG1 Kininogen deficiency
PROZ Protein Z deficiency

GENE HEMORRHAGIC VASCULOPATHIES [40 GENES]

APP Cerebral amyloid angiopathy
ENG, ACVRL1, BMPR1A, 
GDF2, SMAD4, SMAD1, 

BMP10, BMPR2, TEK, 
RASA1, ELMO2, EPHB4

Hemorrhagic telangiectasia

BMPR1A Juvenile gastrointestinal polyposis syndrome
TEK Multiple cutaneous and mucosal venous malformations

ELMO2 Intraosseous vascular malformation
RASA1 Capillary malformation-arteriovenous malformation type 1
EPHB4 Capillary malformation-arteriovenous malformation type 2
GNAQ Congenital capillary malformations and Sturge-Weber syndrome

SLC2A10 Arterial tortuosity syndrome
CCM2 Cerebral cavernous malformation type 1
KRIT1 Cerebral cavernous malformation type 2

PDCD10 Cerebral cavernous malformation type 3
KDR, FLT4, ANTXR1 Infant capillary hemangioma

THSD1 Intracranial aneurysm and subarachnoid hemorrhage
ABCC6 Pseudoxanthoma elasticum

GUCY1A1, ACTA2, 
RNF213, ELN, JAG1, 

PCNT, SAMHD1

Moyamoya disease

COL3A1 Vascular Ehlers-Danlos type IV
COL4A1, COL4A2, IL6 , 

PIK3CA
Cerebral small vessel disease associated with bleeding

PHENOTYPES - HEMOSTASIS
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GEN TROMBOCITOPENIA E DISFUNCIÓN PLAQUETARIA [84 GENES]

PRKACG Platelet hemorrhagic disorder type 19
SFLN14 Platelet hemorrhagic disorder type 20

FLI1 Platelet hemorrhagic disorder type 21
CD36 Platelet glycoprotein IV deficiency

GP1BA Bernard-Soulier syndrome types A1, A2
GP1BB Bernard-Soulier syndrome type B

GP9 Bernard-Soulier syndrome type C
NBEAL2 Gray platelet syndrome

GFI1B Gray platelet-like syndrome
HPS1 Hermansky-Pudlak syndrome type 1

AP3B1 Hermansky-Pudlak syndrome type 2 (AP3B1)
HPS3 Hermansky-Pudlak syndrome type 3
HPS4 Hermansky-Pudlak syndrome type 4
HPS5 Hermansky-Pudlak syndrome type 5
HPS6 Hermansky-Pudlak syndrome type 6

DTNBP1 Hermansky-Pudlak syndrome type 7
BLOC1S3 Hermansky-Pudlak syndrome type 8
BLOC1S6 Hermansky-Pudlak syndrome type 9

ITGA2B, ITGB3 Glanzmann’s thrombasthenia or glycoprotein IIb-IIIa deficiency
RBM8A TAR syndrome

STIM1 Stormorken syndrome
LYST Chédiak-Higashi syndrome
PLAT Familial hyperfibrinolysis due to increased release of tissue plasminogen activator
FLNA Coagulopathy associated with periventricular nodular heterotopia

PLA2G4A Recurrent gastrointestinal ulceration with dysfunctional platelets
ARPC1B Platelet abnormalities with eosinophilia and immune-mediated inflammatory disease

PTPN11, SOS1, SOS2, 
KRAS, NRAS, RIT1, 

PPP1CB, RAF1, MRAS, 
BRAF, SHOC2, MAP2K1, 

MAP2K2, NF1, A2ML1, 
ALPK3, CBL, PPP1CB, 

RASA2, RRAS, SPRED1, 
KAT6B, MAP3K8, RASA1, 

SPRY1, SYNGAP1

Noonan, Costelo, LEOPARD, cardiofaciocutaneous syndromes, and other RASopathies

GEN TROMBOCITOPENIA E DISFUNCIÓN PLAQUETARIA [84 GENES]
ANKRD26 Thrombocytopenia type 2

FYB1 Thrombocytopenia type 3
CYCS Thrombocytopenia type 4

SRC Thrombocytopenia type 6
ETV6 Thrombocytopenia and susceptibility to cancer

FLI1 Paris-Trousseau thrombocytopenia and Jacobsen syndrome
WAS X-linked thrombocytopenia

Intermittent X-linked thrombocytopenia
Wiskott-Aldrich syndrome type 1

WIPF1 Wiskott-Aldrich syndrome type 2
ITGB3 Neonatal alloimmune thrombocytopenia

Post-transfusion thrombocytopenia
KDRS Thrombocytopenia and erythrokeratodermia

RUNX1 Familial thrombocytopenia with predisposition to acute myeloid leukemia
ADAMTS13 Thrombotic thrombocytopenic purpura

GATA1 X-linked thrombocytopenia with beta-thalassemia
X-linked thrombocytopenia with or without dyserythropoietic anemia

HOXA11 Radioulnar synostosis with amegakaryocytic thrombocytopenia type 1
MECOM, RUSAT Radioulnar synostosis with amegakaryocytic thrombocytopenia type 2

TUBB1 TUBB1-associated macrothrombocytopenia
DIAPH1 Macrothrombocytopenia associated with sensorineural hearing loss

MYH9 Macrothrombocytopenia with or without granulocytic inclusions
Fechtner syndrome
May-Hegglin anomaly
Sebastian syndrome
Epstein syndrome

ABCG5, ABCG8 Sitosterolemia (macrothrombocytopenia/stomatocytosis)
NBEA Dense granule deficiency

GP1BA Pseudo-Von Willebrand or platelet-type bleeding disorder 3
PLAU Quebec platelet dysfunction or platelet-type bleeding disorder 5 (Quebec V Factor)
ANO6 Scott syndrome or platelet-type bleeding disorder 7

P2RY12 ADP receptor defect or platelet-type bleeding disorder 8
ITGA2 Glycoprotein Ia deficiency or platelet-type bleeding disorder 9

GP6, TBXA2R Platelet hemorrhagic disorder type 11
TBXA2R Thromboxane A2 receptor deficiency - Platelet hemorrhagic disorder type 13
TBXAS1 Thromboxane synthase deficiency or Ghosal syndrome - Platelet-type bleeding disorders 14

ACTN1 Platelet hemorrhagic disorder type 15
ITGB3, ITGA2B Platelet hemorrhagic disorder type 16

GFI1B Platelet hemorrhagic disorder type 17
RASGRP2 Platelet hemorrhagic disorder type 18
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Genetic study indications:
• Confirmation of clinical suspicion of inherited trombophilia.
• Thrombotic event at young ages (<50 years) when unprovoked or in the presence of a mild triggering factor (minor 

surgery, oral contraceptives, or immobility).
• Family history of thromboembolism (first-degree relative at a young age).
• Recurrent venous thromboembolism, particularly at a young age.
• Thromboembolism affecting unusual sites, such as cerebral or splanchnic veins.

Yield of genetic testing:
The probability of detecting a causal variant in a patient suspected of inherited thrombophilia is around 50-60%.

This Thrombophilia Basic Panel is recommended for the initial study of inherited thrombophilias.
This panel performs the full sequencing of the five genes most commonly associated with venous thromboembolism, 
allowing for the detection of the most frequently described polymorphisms, such as Factor V Leiden or prothrombin, 
as well as of other identified variants throughout the gene. This allows identifying simple heterozygous, homozygous, 
or even compound heterozygous carriers, which has implications for a better risk stratification in these patients. Copy 
number variation analysis aims to identify potential deletions or duplications, a type of variant that has been described 
in these genes.
The thrombophilia basic panel is complemented by the thrombophilia polygenic risk score, which consists of 
52 SNPs, as well as by pharmacogenetic testing of 13 additional genes for anticoagulant and antiplatelet agents, 
providing an efficient and innovative approach to the study and diagnosis of thrombophilias.

PLATELET ANTICOAGULATION 
AND ANTIAGGREGATION 
PHARMACOGENETICS
12 drugs, including new 
oral anticoagulants (NOAC) 
and N2Y12 inhibitors                                                        
+ 13 additional genes

BASIC THROMBOPHILIA [5 genes]:
• Leiden factor V thrombophilia or activated protein C resistance (F5)
• Thrombophilia due to prothrombin defect (F2)
• Protein C deficiency thrombophilia (PROC)
• Protein S deficiency thrombophilia (PROS1)
• Antithrombin III deficiency thrombophilia (SERPINC1)
• + 52 SNP Polygenic Risk Score

Thrombophilia Basic Panel [5 genes ]

F2 F5 PROC PROS1 SERPINC1

Thrombophilia

Genetic study indications:
• Confirmation of clinical suspicion of inherited trombophilia.
• Thrombotic event at young ages (<50 years) when unprovoked or in the presence of a mild triggering factor (minor 

surgery, oral contraceptives, or immobility).
• Family history of thromboembolism (first-degree relative at a young age).
• Recurrent venous thromboembolism, particularly at a young age.
• Thromboembolism affecting unusual sites, such as cerebral or splanchnic veins.
• The thrombophilia extended panel includes genes associated with rare thrombophilia disorders, among which
• arterial thrombosis has also been reported.

Yield of genetic testing:
The probability of detecting a causal variant in a patient suspected of inherited thrombophilia is around 50-60% with our 
basic 5-gene panel; this percentage can be increased by using the thrombophilia extended panel.

Our Thrombophilia Extended Panel is recommended for those cases where the whole genetic study on the cause of 
inherited thrombophilia is required.

THROMBOPHILIA EXTENDED PANEL
Full-sequencing and copy number variation (CNV) 
analysis of 30 genes.
21 common and rare causes of inherited thrombophilia.
+ 52 SNP Polygenic Risk Score

PLATELET ANTICOAGULATION AND 
ANTIAGGREGATION PHARMACOGENETICS
12 drugs, including new oral anticoagulants (NOAC) 
and N2Y12 inhibitors

+ 13 additional genes

Thombophilia Extended Panel [30 genes]

F2
F5
PROC
PROS1

SERPINC1
ADAMTS13
CALR
CBS

F9
FGA
FGB
FGG

HRG
F12
MPL
PLAT

PLG
SERPIND1
SH2B3
THBD

THPO
ALOX5AP
APOH
CDH1

HABP2
MTHFR

NOS3
PRKCH

PROZ
TFPI

• Zöller B et al. Genetic risk factors for venous thromboembolism. Expert Rev Hematol. 2020
• Connors JM. Thrombophilia Testing and Venous Thrombosis. N Eng J Med. 2017 Sep 21;377(12):1177-1187.
• Klaassen IL, van Ommen CH, Middeldorp S. Manifestations and clinical impact of pediatric inherited thrombophilia. Blood. 2015 Feb 12;125(7):1073-7.
• Maleknia M. et al. Essential thrombocythemia: a hemostatic view of thrombogenic risk factors and prognosis. Mol Biol Rep. 2020 Jun;47(6):4767-4778.
• Trasca LF et al. Therapeutic Implications of Inherited Thrombophilia in Pregnancy. Am J Ther May/Jun 2019;26(3):e364-e374.

Thrombophilia   I
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Thrombosis-Related Vasculopathies Panel [43 genes + Pharma + Polygenic Risk Score]

APP
F2
F5
PROC
PROS1

SERPINC1
ADAMTS13
ALOX5AP
APOH
CALR

CBS
CDH1
F9
FGA
FGB

FGG
HABP2
HRG
HTRA1
F12

MPL
MTHFR
NOTCH3
PLAT
PLG

PROZ
SAMHD1
SERPIND1
SH2B3
TFPI

THBD
THPO
TREX1
ADA2
CDH5

CYBA
GDF15
GUCY1A1
NOS3
PRKCH

SMAD6
TLN1
TLN2

Thrombosis-Related Vasculopathies Panel

The thrombosis-related vasculopathies panel comprises the full sequencing and copy number variation (CNV) analysis 
of 43 genes related to 29 clinical conditions:

Genetic study indications:
• This panel is recommended for the study of idiopathic cerebrovascular ischemia when there is suspicion of inherited 

thrombophilia.

[43genes + Pharma + Polygenic Risk Score]

Yield of genetic testing:
No specific study is available to determine the yield of genetic testing with extended NGS panel in patients with 
idiopathic cerebrovascular ischemia suspected of inherited thrombophilia. Generally, the probability of detecting a 
causal variant in a patient suspected of inherited thrombophilia is around 50-60% with our basic 5-gene panel; this 
percentage can be increased by using the thrombophilia extended panel.

THROMBOPHILIA EXTENDED PANEL
Full-sequencing and copy number variation (CNV) 
analysis of 30 genes.
21 common and rare causes of inherited thrombophilia.
+ 52 SNP Polygenic Risk Score

CEREBRAL THROMBOTIC VASCULOPATHIES  
[13 genes]
Eight clinical conditions, such as thrombotic 
microangiopathy and other autoinflammatory vasculitis.

PLATELET ANTICOAGULATION AND ANTIAGGREGATION PHARMACOGENETICS
12 drugs, including new oral anticoagulants (NOAC) and N2Y12 inhibitors                                                                                           
+ 13 additional genes

• Zöller B et al. Genetic risk factors for venous thromboembolism. Expert Rev Hematol. 2020
• Connors JM. Thrombophilia Testing and Venous Thrombosis. N Eng J Med. 2017 Sep 21;377(12):1177-1187.
• Klaassen IL, van Ommen CH, Middeldorp S. Manifestations and clinical impact of pediatric inherited thrombophilia. Blood. 2015 Feb 12;125(7):1073-7.
• Maleknia M. et al. Essential thrombocythemia: a hemostatic view of thrombogenic risk factors and prognosis. Mol Biol Rep. 2020 Jun;47(6):4767-4778.
• Trasca LF et al. Therapeutic Implications of Inherited Thrombophilia in Pregnancy. Am J Ther May/Jun 2019;26(3):e364-e374.
• Masias C, Cataland SR. The role of ADAMTS13 testing in the diagnosis and management of thrombotic microangiopathies and thrombosis.Blood. 2018 Aug 
30;132(9):903-910.

Thrombophilia Polygenic Risk Score Panel

Genotyping of polymorphisms (SNPs) factor V Leiden and prothrombin F2 have been classically associated with 
thrombophilia by several studies. More recently, other SNPs have also been described in the scientific literature in 
association with venous thromboembolism.

Polygenic risk scoring constitutes the modern approach for multifactorial genetic disorders such as thrombophilia. 
We have developed a polygenic risk score for thrombophilia based on 52 thrombophilia-related SNPs using 
next-generation sequencing and advanced bioinformatic processing. 

• 43 thrombophilia-related SNPs
• 9 pharmacogenetics SNPs related to warfarin and acenocoumarol

Our results report a high/moderate/low risk for thromboembolism in comparison with the relative risk described in 
the general population.

[52 SNPs]

Gene SNP

FV rs6025
rs118203905

rs118203906
rs6019
rs1800595
rs4524

FII rs1799963
THBD rs1800579

rs16984852
SERPINC1 rs121909548

SERPINA10 rs2232698
PROS1 rs121918472

FGB rs1800790
FGG rs2066865
FVII rs6046
FXI rs2289252

rs2036914
FXII rs1801020

FXIIIA1 rs5985

Gene SNP

PAI 
(SERPINE1)

rs1799768

KNG1 rs710446
VWF rs1063856

SERPINC1 rs2227589
PROCR rs867186

rs9574

GP6 rs1613662
ITGB3 rs5918

AB0 rs7853989
rs8176719
rs8176743

LPL rs8176750
rs268
rs1801177

SLC44A2 rs2288904
STXBP5 rs1039084

TSPAN15 rs78707713
CYP4V2 rs13146272

Gene SNP

STAB2 rs4981021
TC2N rs1884841

HIVEP1 rs169713
CYP4F2 rs2108622

VKORC1 rs9934438
CYP2C9 rs9923231

rs1799853
rs1057910
rs28371686
rs9332131

GGCX rs11676382
rs12777823

ADRB2 rs1042714
MTHFR rs1801133

rs1801133+
rs1801131
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• Grant RL. 2014. Converting an odds ratio to a range of plausible relative risks for better communication of research findings. BMJ Wang Z. 2013. Converting 
Odds Ratio to Relative Risk in Cohort Studies with Partial Data Information. J Stat Soft 2013;55. 

GENE THROMBOPHILIA [30 GENES]
F5 Leiden factor V thrombophilia or activated protein C resistance
F2 Thrombophilia due to prothrombin defect

PROC Thrombophilia due to protein C deficiency
PROS1 Thrombophilia due to protein S deficiency

SERPINC1 Thrombophilia due to antithrombin III deficiency
SERPIND1 Thrombophilia due to heparin cofactor II deficiency

THBD Thrombophilia due to thrombomodulin deficiency
PROZ Thrombophilia due to protein Z deficiency

PLG Thrombophilia due to plasminogen deficiency
PLAT Thrombophilia by impaired release of tissue plasminogen activator

FGA, FGB, FGG Thrombophilia related to dysfibrinogenemia
F9 Thrombophilia due to factor IX deficiency

CBS, MTHFR Thrombosis due to hyperhomocysteinemia / homocystinuria
ADAMTS13 Thrombotic thrombocytopenic purpura and thrombotic microangiopathy

HRG Thrombophilia due to increased or deficient histidine-rich glycoprotein
TFPI, CDH1 Thrombophilia related to genes TFPI (tissue factor pathway inhibitor) and CDH1.

APOH Thrombophilia due to antiphospholipid syndrome 
NOS3, F12, HABP2, 

ALOX5AP, PRKCH
Susceptibility to thrombosis related with NOS3, F12, HABP2, ALOX5AP, and PRKCH

THPO, SH2B3, CALR Essential thrombocythemia type 1
MPL Essential thrombocythemia type 2

JAK2 Essential thrombocythemia type 3

GENE THROMBOSIS-RELATED VASCULOPATHIES [43 GENES]
APP Cerebral amyloid angiopathy

TREX1, SAMHD1 Aicardi-Goutières syndrome
TREX1 Retinal vasculopathy with cerebral leukodystrophy

ADA2, CYBA, 
GDF15

Other autoinflammatory vasculitis related to genes ADA2, CYBA, and GDF15

CDH5, TLN1, TLN2, 
SMAD6, GUCY1A1

Small vessel diseases associated with endothelial disorder

HTRA1, NOTCH3 Cerebral arteriopathy with subcortical infarctions and leukoencephalopathy
HTRA1 CARASIL syndrome

ADAMTS13 Thrombotic thrombocytopenic purpura and thrombotic microangiopathy

PHENOTYPES - THROMBOPHILIA

Thrombophilia   I
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Pharmacogenetics

The antiplatelet and anticoagulation pharmacogenetics panel is aimed at studying those variants that have been 
associated with the response to the drugs that intervene in these processes, such as platelet antiaggregants and 
anticoagulants (12 drugs). For these drugs, recommendations for the treatment and dosage selection have been 
published based on the genotype in clinical practice guidelines as well as in technical sheets of regulatory agencies.

Our  pharmacogenetic  clinical report describes these prescription strategies and contains all the information 
necessary for their application on the patient.

The pharmacogenetics panel for anticoagulants and antiplatelets includes more than 180 variants in 13 genes, 
which are classified in main genes (4) and secondary genes (9). The sequencing of SNVs and of haplotypes, and the 
analysis of CNVs are carried out.

• Main genes (4): CYP2C19, CYP2C9, CYP4F2, VKORC1.
• Secondary Genes (9):  ABCB1, CALU, CES1, CYP2C18, GGCX, GP1BA, HLA-DPB1, LTC4S, PTGS1. Secondary 

genes are not included in clinical practice guidelines*.

a. Drugs with therapeutic information in clinical guidelines*:

 Warfarin, acenocoumarol, clopidogrel, prasugrel, and ticagrelor.

b. Drugs with information in drug labels of regulatory agencies*:

Rivaroxaban, edoxaban, lusutrombopag.

c. Drugs with information in other databases (lower clinical value)*:

 Aspirin, apixaban, dabigatran, cilostazol.

Antiplatelet and Anticoagulation Pharmacogenetics Panel

Antiplatelet and Anticoagulation Pharmacogenetics Panel [13 genes]

This pharmacogenetics panel is the same "pharma" service included in our main thrombophilia and/or hemostasis panels. 
This panel includes the pharmacogenetic genotyping of clopidogrel service (CYP2C19).

CYP2C19
CYP2C9

CYP4F2
VKORC1

ABCB1
CALU

CES1
CYP2C18

GGCX
GP1BA

HLA-DPB1 LTC4S PTGS1

Clopidogrel Pharmacogenetics Genotyping (4 variants in CYP2C19)

For the complete genetic risk stratification of bleedings related with anticoagulants and antiplatelets, 
consider using the possibility of using the hemostasis and bleeding extended panel (148 genes + Pharma).

Pharmacogenetic Genotyping of Clopidogrel 
[4 variants in CYP2C19]

Recommended for genotype-guided selection of oral P2Y12 inhibitors in patients undergoing primary percutaneous 
coronary intervention.

Turnaound time: 2 weeks. 

• Hulot JS et al. Routine CYP2C19 Genotyping to Adjust Thienopyridine Treatment After Primary PCI for STEMI: Results of the GIANT Study. JACC Cardiovasc 
Interv. 2020 Mar 9;13(5):621-630.
• Franchi F  et al. Prasugrel Versus Ticagrelor in Patients With CYP2C19 Loss-of-Function Genotypes: Results of a Randomized Pharmacodynamic Study in a 
Feasibility Investigation of Rapid Genetic Testing. JACC Basic Transl Sci. 2020 Mar 25;5(5):419-428.
• Notarangelo FM et al. Pharmacogenomic Approach to Selecting Antiplatelet Therapy in Patients With Acute Coronary Syndromes: The PHARMCLO Trial. J 
Am Coll Cardiol. 2018 May 1;71(17):1869-1877.
• Cavallari LH et al. Multisite Investigation of Outcomes With Implementation of CYP2C19Genotype-Guided Antiplatelet Therapy After Percutaneous Coronary 
Intervention. JACC Cardiovasc Interv. 2018 Jan 22;11(2):181-191.
• Johnson JA, et al. Clinical Pharmacogenetics Implementation Consortium (CPIC) Guideline for Pharmacogenetics-Guided Warfarin Dosing: 2017 Update. 
Clin Pharmacol Ther. 2017 Sep;102(3):397-404.
• Scott SA, et al. Clinical Pharmacogenetics Implementation Consortium guidelines for CYP2C19 genotype and clopidogrel therapy: 2013 update. Clin 
Pharmacol Ther. 2013 Sep;94(3):317-23.
• DPWG - Dutch Pharmacogenetics Working Group. Dutch Pharmacogenetics Working Group Guidelines November 2018.U.S. Food and Drug Administration 
(FDA). FDA Table of Pharmacogenetic Associations. 2020

NC_000010.10:g.96541616G>A rs4244285
NC_000010.10:g.96540410G>A rs4986893

NC_000010.10:g.96521657C>T rs12248560
NC_000010.10:g.96522463A>G rs28399504
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Other genetic tests

Gene sequencing

Exome sequencing

SNP array

Variant segregation/Family studies

NextGenDx® massive sequencing (NGS)

MLPA testing

Array CGH

We offer you the possibility of requesting the study of any gene or genes that you consider to be of interest and that 
are not included in the current portfolio.
For more information, contact the sales representative of your area send us an email at clinica@healthincode.com

Gene sequencing

Individual gene sequencing and interpretation service. Depending on its size and on the regions of interest, we can 
offer an approach based on Sanger sequencing or on NGS (enrichment using amplicons or hybridization probes). The 
NGS-based approach allows detecting copy number variations (CNVs).

NextGenDx® massive sequencing (NGS)

Next Generation Sequencing (NGS), or massive sequencing, is a term used to describe a group of newly developed 
technologies able to perform massive DNA sequencing. This means that millions of small DNA fragments can be 
sequenced at once, generating a vast amount of data. These data can add up to gigabytes of information, equivalent 
to 1,000 millions of DNA base pairs. In comparison, formerly used methods could only sequence one DNA fragment 
at a time, generating between 500 and 1,000 DNA base pairs in a single reaction.

NextGenDx® is indicated when a specific group of genes needs to be analyzed at the highest levels of diagnostic 
accuracy. It is aimed at:

• Monogenic diseases or diseases associated with a small number or large genes.

• Multigenic or genetically heterogeneous diseases with complex differential diagnosis.

Exome sequencing

NGS service based on sequencing the coding portion of the human genome. It is a versatile tool that enables the 
simultaneous testing of a large amount of genes, and it is particularly useful in those cases where clinical presentation 
does not allow selecting a specific clinical panel or in pathologies with a very wide range of candidate genes, e.g. 
epilepsy. The exome service allows for TARGETED (predefined) testing of a group of candidate genes or for CLINICAL 
(open) analysis, where an ad hoc test is performed based on the clinical features of each particular case. The most 
complex cases may benefit from TRIO- or FAMILY-BASED exome testing, which jointly analyze the exomes of several 
family members, taking into account the status of each studied individual (affected or healthy) and the suspected 
inheritance pattern.

Real-time PCR (Q-PCR)

Kits
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MLPA testing

Semiquantitative technique that is widely applied in molecular genetic laboratories and that allows diagnosing patho-
logies caused by copy number variations and, in some cases, by alterations in DNA methylation. A wide variety of 
commercial kits are available to test individual genes, gene panels related to specific pathologies, or large chromo-
somal regions involved in microdeletion/microduplication syndromes. HIC offers MLPA services based on MRC-Ho-
lland kits.

SNP array

They include more than 290 microdeletion/microduplication syndromes. 
Array analysis allows detecting copy number gains or losses throughout the whole genetic material of the patient. 
Within the field of cardiology, it is considered a first-line test for patients with congenital heart disease associated with 
other malformations, particularly intellectual disability, autism spectrum disorders, and/or multiple congenital malforma-
tions. SNP array testing can detect copy number variations (CNVs) throughout the whole genetic material and allows 
confirming or ruling out microdeletion/microduplication syndromes, such as deletion 22q11 (velocardiofacial syndrome), 
deletion 7q11 (Williams syndrome), etc.

Indication for genetic testing. It is considered a first-line test in postnatal analysis for multiple non-specific congenital 
abnormalities and/or mental retardation/intellectual disability.

Among its advantages are the possibility of testing DNA from virtually any tissue, including non-cultured tissue; the 
detection of citogenetic abnormalities that cannot be detected by conventional tests; the identification of breakage 
points in chromosomal rearrangements, and the detection of loss of heterozygosity (SNP array only).

However, this technique also has some limitations. One of them is that it cannot detect balanced chromosomal rearran-
gements (balanced translocations or inversions); however, it can determine whether rearrangements show losses or 
gains at breakage points. Likewise, it cannot detect low-level mosaicism, triploidy and other levels of polyploidy, or 
some aneuploidies such as XYY. CNVs from genomic regions are not covered by the platform. Moreover, the level of 
detection depends on study density. It does not allow detecting point mutations or gene expression, nor does it allow for 
methylation analysis. It also shows some limitations in the case of trisomies secondary to translocations (trisomies 13 
and 21).

Array CGH

It is also known as molecular karyotyping, and its main advantage over classic karyotyping is its high sensitivity, which 
allows detecting structural variants that go unnoticed in conventional karyotyping. CGH array technology allows detecting 
losses and gains of genetic material and unbalanced rearrangements throughout the whole genome of an individual. 

Postnatal CGX 108K is specifically designed for genetic diagnosis. Its mean resolution is 100 kb over the whole genome, 
and high resolution is 20 kb for regions of interest of the genome (regions with direct association between copy number 
variations and a described pathology or syndrome). 

Array 37K is specifically designed for prenatal diagnosis and allows detecting genetic and chromosomal alterations 
with a single test. Its resolution is 10 times greater than that of conventional karyotyping and 50 times greater in critical 
regions for the main syndromes. Without substantially decreasing resolution in regions of interest, CGX 37K shows low 
coverage levels in the rest of the genome in order to minimize diagnostic uncertainty.

Variant segregation/Family studies

Sanger sequencing studies on carriers of variants that have been previously described in the family.

Real-time PCR (Q-PCR)

Real-time polymerase chain reaction (Q-PCR) is a DNA fragment amplification technique used to genotype a short 
genomic sequence or test for a specific genetic variant. In hematology, it is used for the detection of thrombophilia-
related polymorphisms or the intron 22 inversion  in F8 (hemophilia type A).

Kits

Select the most suitable kit for the needs of your patient and perform the full analysis in your own laboratory. All our 
products include technical advice and counseling for clinical interpretation.
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Reference Test Turnaround time

S-202009655 Thrombophilia and Hemostasis Global Panel [176 genes + Pharma + Polygenic Risk 
Score]

5 weeks

PHARMACOGENETICS:
S-202008275 Antiplatelet and Anticoagulation Pharmacogenetics Panel [13 genes] 5 weeks
S-202009620 Clopidogrel pharmacogenetics genotyping [4 variants in CYP2C19] 2 weeks

HEMOSTASIS
S-202009656 Hemostasis and Bleeding Extended Panel [148 genes + Pharma] 5 weeks
S-202008300 Coagulation Factors Panel [25 genes] 5 weeks
S-202008850 Hemophilia A. F8 [1 gene] 5 weeks
S-202009335 F8. Detection of the inversion of intron 22 5 weeks
S-202008804 Hemophilia B. F9 [1 gene] 5 weeks
S-202008299 Hemophilia F8 and F9 Panel [2 genes] 5 weeks
S-202008294 Hemophilia-like Extended Panel [7 genes] 5 weeks
S-202009336 Hemophilia A. MLPA F8 4 weeks
S-202009337 Hemophilia B. MLPA F9 4 weeks
S-202008851 Von Willebrand Disease VWF [1 gene] 5 weeks
S-202008302 Von Willebrand Disease Panel [2 genes] 5 weeks
S-202009345 Von Willebrand Disease MLPA VWF 4 weeks
S-202008301 Fibrinogen Disorders Panel [3 genes] 5 weeks
S-202008306 Thrombocytopenia and Platelet Disorders Panel [84 genes] 5 weeks 
S-202008287 Hermansky-Pudlak Syndrome [21 genes] 5 weeks 
S-202008297 Bernard-Soulier Syndrome Panel [3 genes] 5 weeks
S-201906395 RASopathies Syndromes Panel [26 genes] 5 weeks
S-202008304 Hemorrhagic Vasculopathy Panel [40 genes + Pharma] 5 weeks
S-201906969 Hemorrhagic Telangiectasia Panel [12 genes] 5 weeks

THROMBOPHILIA
S-202008295 Thrombophilia Basic Panel [5 genes + Pharma + Polygenic Risk Score] 5 weeks
S-202008298 Thrombophilia Extended Panel [30 genes + Pharma + Polygenic Risk Score] 5 weeks
S-202008303 Thrombosis-Related Vasculopathies Panel [43 genes + Pharma + Polygenic Risk Score] 5 weeks
S-202009324 Thrombophilia Polygenic Risk Score Panel [52 SNPs] 5 weeks

Services

list of services   I

Reference Test Turnaround time
S-202009659 F5. Detection of the R506Q polymorphism 2 weeks 
S-202009660 F2. Detection of the G20210A polymorphism 2 weeks
S-202009661 F5 and F2. Detection of the R506Q + G20210A polymorphism 2 weeks
S-202009662 4-SNP thrombophilia Panel MTHFR, F2, F5, SERPINE1. Simultaneous analysis of F2 (20210G>A), 

F5 (p.Arg506Gln), MTHFR (c.677C>T), MTHFR (c.1298A>C), and 5G/4G in the 5´UTR region of 
the SERPINE 1 gene

2 weeks

S-202009342 Protein C deficiency MLPA PROC 4 weeks
S-202009341 Protein S deficiency MLPA PROS1 4 weeks
S-202009343 Antithrombin III deficiency MLPA SERPINC1 4 weeks
S-202009513 Thrombotic thrombocytopenic purpura and thrombotic microangiopathy ADAMTS13 [1 gene] 5 weeks

 Thrombophilia kits

Name Test Method Runs
CAMBRIDGE II Genotyping of p.(Ala368Ser) in gene SERPINC1 (antithrombin) Real Time-PCR 48 x
FII Genotyping of SNP c.20110G>A in gene F2 (prothrombin) Real Time-PCR 48 x
FII dPCR Genotyping of SNP c.20110G>A in gene F2 (prothrombin) Digital PCR 48 x
FV Genotyping of factor V Leiden SNP [p.Arg506Gln] Real Time-PCR 48 x
FV dPCR Genotyping of factor V Leiden SNP [p.Arg506Gln] Digital PCR 48 x
FXII Genotyping of SNP c.46C>T in gene F12 Real Time-PCR 48 x
MTHFR Genotyping of SNP c.677C>T in gene MTHFR Real Time-PCR 48 x
MTHFR II Genotyping of SNP c.1298A>C in gene MTHFR Real Time-PCR 48 x
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PRETEST AND POST TEST COUNSELING

All of our studies offer pretest and posttest 
counseling.

For more information, please contact your sales 
representative

 Other genetic tests

Consult the price and turnaround time with the team at clinica@healthincode.com

We offer you the possibility of requesting the study of any gene or genes that you consider to be of interest 
and that are not included in the current portfolio.

For more information, contact the sales representative of your area send us an email at clinica@healthincode.
com

Test Method
F5. Detection of polymorphism R506Q by real-time PCR PCR
F2. Detection of polymorphism G20210A by real-time PCR PCR
F5 and F2. Detection of polymorphisms R506Q+ G20210A by real-time PCR PCR
4-SNP thrombophilia Panel MTHFR, F2, F5, SERPINE1. Simultaneous analysis of F2 (20210G>A), F5 (p.Arg506Gln), 
MTHFR (c.677C>T), MTHFR (c.1298A>C) and 5G/4G in the 5´ UTR region of the SERPINE1 gene PCR

Protein C deficiency MLPA PROC MLPA
Protein S deficiency MLPA PROS1 MLPA
Antithrombin III deficiency MLPA SERPINC1 MLPA
Coagulation factor. Full sequencing of a single gene (1 gene) NGS
Thrombotic thrombocytopenic purpura and thrombotic microangiopathy ADAMTS13 (1 gene) NGS

 Other thrombophilia tests
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The quality assurance and management system of the Health in Code group combines the most rigorous 
management system standards (ISO 9001:2015) with excellence in performance and technical competence of 
a leading clinical diagnostic laboratory (authorized health center) (ISO 15189:2013 and CLIA-88) and efficient 
and respectful environmental management (ISO 14001:2015).

In addition, at Health in Code, we are members of the EMQN network (European Molecular Genetics Quality 
Network, United Kingdom) and GenQA Genomics Quality Assessment, United Kingdom), participating 
periodically in rigorous intercomparison tests (EQA Schemes) and obtaining highly satisfactory results that 
support our quality in both technical execution and clinical interpretation. 

Our quality assurance has been recognized and positively evaluated by the College of American Pathologists 
(CAP, USA) for the detection of variants using NGS sequencing (CAP # 8280234-01).

The Health in Code services are pursuant to Spanish law on the protection of personal data (Organic Law 
15/1999, of December 13, on the Protection of Personal Data, LOPD) and, therefore, to European regulations 
on data protection, in particular to the provisions of Regulation (EU) 2016/679 of the European Parliament and 
of the Council of 27 April 2016.

Our genetic diagnostic laboratories are accredited to the UNE-EN ISO 15189 standard by the Spanish national 
accreditation entity (ENAC) and the International Laboratory Accreditation Cooperation (ILAC). This accredi-
tation represents the highest quality standard applicable to clinical laboratories at the international level.

The scope of UNE-EN ISO 15189 of Health in Code laboratories combines state-of-the-art massive parallel 
sequencing (custom NGS panels, targeted and whole exome sequencing) with reference techniques (gold 
standard) in genetics—Sanger sequencing, MLPA, dPCR, and array CGH—constituting a pioneering laboratory 
in obtaining a flexible scope that can be extended to all its genetic diagnostic services. 

It should be noted that our laboratory's analytical developments, such testing for copy number variation (CNV), 
or structural variants, using a NGS depth coverage technique and mtDNA sequencing through the amplification 
of the complete mitochondrial genome and NGS, have been accredited to the ISO 15189 standard among first 
in Spain.

To achieve this, we have employed our custom-developed software for genetic diagnosis and analysis certified 
to the ISO 13485:2016 standard that also has the CE-IVD mark.

Additionally, Health in Code has received the prestigious CLIA certification (Clinical Laboratory Improvement 
Amendments) granted by the Centers for Medicare & Medical Services (CMS) of the US Federal Government, 
which authorizes it to perform high-complexity genetic testing (CLIA ID number 99D2153048), being one of 
the select group of 66 clinical laboratories worldwide that can process samples from the US outside of their 
territories. 

Accreditations and quality assurance 
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