
UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL 

PROGRAMA DE PÓS-GRADUAÇÃO EM CIÊNCIAS MÉDICAS: 

 ENDOCRINOLOGIA 

Cristiane Kopacek 

TRIAGEM NEONATAL PÚBLICA PARA HIPERPLASIA ADRENAL 

CONGÊNITA NO RIO GRANDE DO SUL: DA IMPLANTAÇÃO À  

CARACTERIZAÇÃO CLÍNICO-LABORATORIAL 

 Porto Alegre  

2016 



      

Cristiane Kopacek 

TRIAGEM NEONATAL PÚBLICA PARA HIPERPLASIA ADRENAL 

CONGÊNITA NO RIO GRANDE DO SUL: DA IMPLANTAÇÃO À  

CARACTERIZAÇÃO CLÍNICO-LABORATORIAL 

   

Orientadora Profa. Dra. Poli Mara Spritzer  

Porto Alegre  

2016 

!2

Tese de Doutorado apresentada ao 
Programa de Pós-Graduação em Ciências 
Médicas: Endocrinologia da Universidade 
Federal do Rio Grande do Sul como 
requisito parcial para obtenção do título de 
Doutor em Endocrinologia. 



CIP - Catalogação na Publicação

Elaborada pelo Sistema de Geração Automática de Ficha Catalográfica da UFRGS com os
dados fornecidos pelo(a) autor(a).

KOPACEK, CRISTIANE
   TRIAGEM NEONATAL PÚBLICA PARA HIPERPLASIA ADRENAL
CONGÊNITA NO RIO GRANDE DO SUL: DA IMPLANTAÇÃO À 
CARACTERIZAÇÃO CLÍNICO-LABORATORIAL / CRISTIANE
KOPACEK. -- 2016.
   102 f. 

   Orientador: POLI MARA SPRITZER.

   Tese (Doutorado) -- Universidade Federal do Rio
Grande do Sul, Faculdade de Medicina, Programa de Pós-
Graduação em Ciências Médicas: Endocrinologia, Porto
Alegre, BR-RS, 2016.

   1. HIPERPLASIA ADRENAL CONGÊNITA. 2. 17OH-
PROGESTERONA. 3. TRIAGEM NEONATAL. 4. GENÓTIPO-
FENÓTIPO. I. SPRITZER, POLI MARA, orient. II. Título.



 

AGRADECIMENTOS  

Agradeço à minha querida orientadora, Poli Mara Spritzer, pelo apoio incansável, pelos 

aconselhamentos, pela confiança, pela grande inspiração acadêmica e grande exemplo como 

profissional e ser humano. Sabe como poucas pessoas valorizar o esforço e o mérito, porque 

trilha este caminho com um brilhantismo que lhe é único. 

Agradeço ao Serviço de Endocrinologia que me acolheu desde o Mestrado e onde pude 

evoluir  no conhecimento da Endocrinologia e ao PPG Endocrinologia que me proporcionou 

um crescimento que culmina com a Defesa dessa Tese. 

Aos amigos e colegas do Serviço e do PPG, com quem muitas boas oportunidades de trocas 

não só acadêmicas, mas também de experiência de vida foram e são possíveis. 

Agradeço à Dra. Regina Elnecave, minha primeira orientadora, minha Mestre e Mentora, 

pelos ensinamentos que foram muito além da Endocrinologia Pediátrica, a quem eu dedico o 

meu título de Endocrinologista Pediátrica e a minha atuação profissional hoje.  

Agradeço à Prof. Dra. Tania Bachega, USP, pelo exemplo e inspiração na Triagem Neonatal 

da Hiperplasia em nível nacional, pelas palavras de incentivo e apoio durante um encontro 

acadêmico em Mérida , no México, que foram o start para o meu Doutorado. 

Ao Dr. Edmundo Kreisner, mais que um amigo (quase um pai) pelos primeiros passos na 

Endocrinologia e na Triagem Neonatal quando eu ainda estava em formação na Pediatria, por 

!3



ser um exemplo de ética e profissionalismo e pela confiança de ter deixado seu ambulatório 

no Hospital Materno Infantil Presidente Vargas como um legado para mim. 

Ao Serviço de Referência em Triagem Neonatal, à Dra. Paula Vargas e demais equipe, pelo 

pioneirismo e dedicação que fazem este trabalho se destacar pelo acolhimento, humanismo e 

excelência. 

À Prof Simone Castro, uma grande parceira de trabalho, pelo estímulo constante, pelo apoio e 

pela amizade crescente. À Equipe do Laboratório de Triagem, Marta incansável na busca 

ativa, Lilian, Vera e demais colaboradores pelo empenho constante neste trabalho tão 

gratificante. 

À parceiras de Pesquisa da Fundação Estadual de Produção e Pesquisa em Saúde, Mayara 

Jorgens Prado, Claudia Dornelles, Tarciana Grandi, Lila Maciel, por dividirmos os mesmos 

“sonhos" em pesquisa e constituirmos um grupo de trabalho coeso e afinado. 

Ao Prof Gil Guerra Junior, Unicamp, um amigo e ‘padrinho’ na Endocrinologia Pediátrica 

pelo apoio e incentivo constantes e à Prof Maricilda Palandi pela colaboração e cooperação 

com excelência, mesmo à distância, 

À minha querida aluna de Iniciação Científica, Luciana Amorim, meu braço direito na coleta 

de dados, incansável e parceira pra todas as horas.  

!4



 

Ao estudante Bruno Lança, que se interessou em acompanhar parte desta pesquisa e foi um 

importante apoio na lingua inglesa. 

Aos colegas da Unidade de Endocrinologia Ginecológica do Serviço de Endocrinologia do 

Hospital de Clínicas de Porto Alegre, em especial à Fernanda Missio, pelo auxílio nos 

momentos de dúvida, pelas dicas preciosas, além da amizade e afeto que só deixam marcas 

positivas. Às colegas Thayane Figueira e Thais Rasia, pela afinidade e boas conversas. Aos 

demais colegas,  Betânia Rodrigues dos Santos, Cintia Tusset, Débora Martinho Morsch, 

Denise Rovinski, Fabíola Satler, Gislaine Casanova, Indiara Velho, Larissa Paixão, Nathalia 

da Costa, Ramon Bossardi, Scheila Karen Graff e Sheila Lecke  pelo companheirismo e trocas 

de experiências num grupo afinado e coeso. À Miriam Sant’Helena e à Natália Goulart, pelas 

portas sempre abertas, pelo carinho a cada visita, pelo estimulo e  auxílio em todas as etapas.  

Agradeço aos meus pais Henrique Francisco e Dalira Kopacek, meus grandes exemplos de 

garra e determinação, pelo incentivo e apoio em todas as fases da minha formação e por cedo 

confiarem e  acreditarem que a caçula poderia ir muito longe… no sentido literal e figurado. 

Aos meus irmãos, Eliane e Vilmar, pela amizade, apoio e estímulo constantes.  

À grande família Kopacek e Silveira, que perdoou e soube compreender algumas ausências… 

foi apoio e suporte nos momentos importantes. 

Ao meu marido, Fernando Silveira, meu companheiro, conselheiro e amigo, que muitas vezes 

precisou assumir o meu papel com os filhos para permitir que eu pudesse ir em busca deste 

sonho. 

!5



Aos meus filhos, Fernanda e Antônio, meus maiores tesouros, maiores presentes e minha 

inspiração para ser uma Pediatra cada dia melhor, a quem dedico em nome das muitas 

crianças que cuido, esta Tese de Doutorado. 

!6



 

Esta tese de doutorado segue o formato proposto pelo Programa de Pós-Graduação em Ciências 

Médicas: Endocrinologia: Faculdade de Medicina, Universidade Federal do Rio Grande do Sul. 

Será constituída de uma introdução, no formato de revisão sobre o tema da tese e 3 artigos 

originais. O artigo do capítulo 2 foi submetido e aceito para publicação na Revista BMC 

Pediatrics (BPED-D-16-00129). O artigo do capítulo 3 será submetido para publicação na Revista 

Jornal de Pediatria e o artigo do capítulo 4 foi submetido na revista Hormone Research Pediatrics 

(HRE 6616).  

!7



SUMÁRIO   

LISTA DE TABELAS E FIGURAS ……………………………………………………………..9 

LISTA DE ABREVIATURAS ……………………………………………………………..……11 

RESUMO …………………………………………………………………………………….…..13 

ABSTRACT …………………………………………………………………………………..…15 

CAPÍTULO 1………………………………………………………………………………….…17 

Introdução: Triagem Neonatal da Hiperplasia Adrenal Congênita 

CAPÍTULO 2…………………………………………………………………………………….32 

Neonatal screening for congenital adrenal hyperplasia in Southern Brazil: a population 

based study with 108,409 infants 

CAPÍTULO 3……………………………………………………………………………………57 

Clinical and molecular profile of 132 newborns with confirmed or suspicious Congenital 

Adrenal Hyperplasia in the first two years of a public screening program 

implementation 

CAPÍTULO 4……………………………………………………………………………………84 

Severe craniosynostosis syndrome associated to salt wasting congenital adrenal hyper-

plasia 

CAPÍTULO 5………………………………………………………………………………..…101 

Considerações finais  

!8



 

LISTA DE TABELAS E FIGURAS   

CAPÍTULO 1  

Figura 1. Esteroidogênese da glândula adrenal………………………………………….…..18 

Figura 2. Escala de Virilização de Prader………………………………………………..….19 

Tabela 1. Características clínicas das formas clássica e não clássica de Hiperplasia Adrenal 

Congênita……………………………………………………………………………………..20 

Tabela 2. Níveis de 17 OHP (ng/mL) ajustados para peso de nascimento…………………..23 

Fluxograma 1. Fluxo de Triagem Neonatal para Hiperplasia Adrenal Congênita por Deficiên-

cia de 21 Hidroxilase……………………………………………………………….…….…..24 

Fluxograma 2. Fluxo de encaminhamento prioritário de atendimento a pacientes com Hiper-

plasia Adrenal Congênita…………………………………………………………………….25 

Figura 3. Correlação genótipo e fenótipo na deficiência da 21 Hidroxilase…………...……26 

CAPÍTULO 2  

Table 1. Rate of altered 17-OHP results on initial CAH screening stratified by birth weight 

tier in the general population tested until 40 days of age in the state of Rio Grande do Sul, 

Brazil…………………………………………………………………………………………52 

Table 2. Median 17-OHP levels in infants with suspected congenital adrenal hyperplasia on 

newborn screening and retest according to birth weight tier…………………………………53 

Table 3. Family history, maternal, perinatal, newborn and laboratory data of newborns 

diagnosed with congenital adrenal hyperplasia vs. false positive newborns…………………54 

Figure 1.  Flow diagram of newborn screening for congenital adrenal hyperplasia…………55 

Figure 2. Reported incidence of CAH at neonatal screening in different states of Brazil …..56

!9



CAPÍTULO 3  

Table 1. Clinical aspects and genotype in classical, non-classical and heterozygous CAH pati-

ents………………………………………………………..…………………………....….…78 

Table 2. Genotype frequency in classical CAH, Non Classical, Heterozigous and False Positi-

ves patients…………………………………………………….......………………..…….…81 

Figure 1. 17 OHP levels in sample 1 and 2 in the four groups (classical CAH, NC CAH, hete-

rozygous and Wild Type)……………………………………………………..……………..82 

Figure 2. 17 OHP levels in sample 1 and 2 according to genotype (mutation severity group, 

heterozygous and wild type)…………………………………………………………………83 

CAPÍTULO 4. 

Table 1. Differential diagnosis of syndromes with craniosynostosis…………………….…94 

Table 2. The six malformation domains for POR deficiency malformations………………95 

Figure 1: Craniosynostosis, turribrachycephaly and eyes proptosis…………………….…96 

Figure 2: Hand an foot malformation………………………………………………………97 

Figure 3: (A and B): Genital appearance before and after glucocorticoid adjustment…..…98 

Figure 4: Early suture closing and bone porosity on CT……………………………..…….99 

Figure 5: Turribrachycephalic shape and ocular proptosis on MRI………………….……100 

!10



 

LISTA DE ABREVIATURAS  

17-OHP 17 hydroxyprogesterone

21-OH 21 Hydroxilase

ABS Antley-Bixler Syndrome (ABS)

AR Argentina

BR Brazil

C-CAH Classical congenital adrenal hyperplasia

CAH Congenital adrenal hyperplasia

 CT Computed tomography

EFBN1 Ephrin-B1 

FGFR Fibroblast Growth Factor Receptor 

g Grams

HAC Hiperplasia adrenal congênita

HAC-PS Hiperplasia adrenal congênita perdedora de sal

HAC-VS Hiperplasia adrenal congênita virilizante simples

HC Hydrocortisone 

MF Malformation

MLPA Multiplex ligation-probe Amplification

MRI Magnetic resonance 

NC-CAH Non-classic congenital adrenal hyperplasia

ng/mL Nanogram/mililiter

PCR Polymerase chain reaction

pg/mL Picogram/mililiter

POR P450 oxidoreductase

PORD POR deficiency 

PPV Positive predictive value

RS Rio Grande do Sul

SD Standard deviation

SEM Standard error of the mean

!11



SNaPshot Single Nucleotide Primer Extension 

SPSS Statistical Package for the Social Sciences

SUS Sistema Único de Saúde

SV-CAH Simple virilizing congenital adrenal hyperplasia

SW-CAH Salt-wasting congenital adrenal hyperplasia

TWIST1 Twist-related protein 1

WT Wild type

!12



 

RESUMO  

 A hiperplasia adrenal congênita (HAC) é um grupo de doenças hereditárias causadas 

por uma deficiência em uma das enzimas necessárias para a síntese de cortisol no cortex adre-

nal. Mais de 95% de todos os casos de HAC são devidos a 21-Hidroxilase (21-OHD). Exis-

tem 3 formas principais, duas com manifestações clínicas no período neonatal, a forma mais 

grave perdedora de sal (HAC-PS) e a forma virilizante simples (HAC-VS). Além da perda 

salina, o excesso de andrógenos leva à virilização de recém nascidas femininas.  As formas 

neonatais são chamadas de clássicas, atividade enzimática da 21-OH  bastante reduzida,  de < 

2% na HAC-PS  e de 2-10% na HAC-VS. A forma parcial de início tardio é chamada de HAC 

não clássica (HAC-NC) e a principal manifestação na infância é a adrenarca precoce. Nesta 

forma a atividade da 21-OH é de 20-60%. Os programas de triagem para HAC visam, princi-

palmente, ao diagnóstico precoce da forma clássica perdedora de sal, mais grave e potencial-

mente letal. 

  No Brasil, a triagem pública é realizada no Estado de Goiás desde 1997 e em Santa 

Catarina desde 2001. No Rio Grande do Sul (RS) foi implantada em maio de 2014 na fase IV 

do Programa Nacional de Triagem Neonatal. A inclusão da HAC trouxe consigo muitos desa-

fios e a exigência de um fluxo de triagem e diagnóstico bem estruturados. O diagnóstico pre-

coce é crucial para prevenir o óbito de lactentes por insuficiência adrenal. Dosa-se, em papel-

filtro, a 17OH progesterona (17-OHP). Elevações podem ocorrer em recém-nascidos sem 

HAC (falso-positivos), devido a situações de estresse perinatal e por prematuridade. Após 

avaliação dos dados do primeiro ano de triagem para HAC neste estudo, a mediana da idade 

da coleta nos casos diagnosticados foi de 8 dias (4.25-15.75). Dos 8 casos diagnosticados de 

maio de 2014 a abril de 2015, 6 casos com forma perdedora de sal (incluindo 1 caso de óbito 
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por coleta tardia do TP aos 38 dias de vida). A incidência encontrada em nosso meio no pri-

meiro ano foi de 1:13.551 casos. Com a estratégia do uso de pontos de corte estratificados 

pelo peso de nascimento18, o índice total de resultados positivos em nosso meio foi de 0,5% 

da amostra avaliada (“n” total de 514 bebês), sendo mais frequente em recém nascidos com 

menos de 2000g de peso ao nascer. Além da confirmação clínica e laboratorial, o genótipo é 

importante, além de confirmar, para estabelecer gravidade da doença e também para ratificar 

o diagnostico dos falsos positivos na ausência de uma mutação do gene CYP21A2.  Um dos 

casos confirmados  de HAC-PS foi associado a múltiplas malformações e craniossinostose 

severa, suscitando a hipótese de um a associação com defeito de FGFR2. A correlação genóti-

po-fenótipo na avaliação dos casos em dois anos da triagem alcançou  um alto nível de con-

cordância de 87%. Diagnosticada, portanto, de forma assertiva a HAC forma clássica, institui-

se a terapia glicocorticóide para as formas virilizante simples e acrescenta-se mineralocorti-

cóide para as formas perdedoras de sal. 

  A triagem neonatal é um importante programa de saúde populacional e visa ao diag-

nóstico precoce de uma patologia com potencial risco à vida pela perda de sal, além de permi-

tir adequada atribuição de sexo nas meninas com virilização genital e à saúde da criança. Es-

tabelecer os fluxos adequados de triagem e manejo, além de ampliar o conhecimento sobre a 

HAC, com o reconhecimento dos desfechos e tratamentos adequados é essencial para minimi-

zar as possíveis complicações nesta população de maior vulnerabilidade. 

Palavras-Chave: Triagem Neonatal - Hiperplasia Adrenal Congênita - 17 OH progesterona - 

Genótipo-Fenótipo 
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ABSTRACT  

 Congenital adrenal hyperplasia (CAH) is a group of inherited diseases caused by a de-

ficiency in one of the enzymes required for the cortisol synthesis by the adrenal cortex. More 

than 95% of all CAH cases are due to 21-hydroxylase (21-OHD). There are 3 forms, two with  

neonatal clinical manifestation:  salt-wasting CAH  (SW-CAH\) and the simple virilizing form 

(HAC-VS). In addition to salt loss, androgens excess lead to the virilization of female new-

born. Neonatal forms are defined as classical CAH. The 21-OHD enzymatic activity in SW-

CAH is less than  <2%  and in the SV-CAH 2-10%. A late-onset form, with partial enzymatic 

defect (20-60%) is called non-classical HAC (NC-CAH) and the main manifestation in 

childhood is early adrenarche. 

  In Brazil, public health screening has been conducted in the State of Goiás since 1997 

and in te Sate of Santa Catarina since 2001. In Rio Grande do Sul (RS) it was implemented in 

May 2014, in phase IV of the National Neonatal Screening Program. The inclusion of CAH in 

the local screening program brought many challenges and the need of a well structured scree-

ning and diagnosis flowchart. Early diagnosis is crucial to prevent infant death due to adrenal 

insufficiency. Around de world, the screening programs for CAH main purpose is the early 

diagnosis of the more severe classical forms, especially SW-CAH. The cortisol precursor 

17OH progesterone (17-OHP) is the main disease marker and is measured on filter paper. 

Elevations may occur in infants without CAH (false positive) due to perinatal stress and pre-

maturity.  Of newborns screened in the first year, median age of collection in diagnosed cases 

was 8 days (4.25-15.75) and 8 patients were diagnosed with CAH (four males, four females). 

The incidence of CAH in the state was 1:13,551. Six cases were identified as classic salt-was-

ting CAH and two were cases of virilizing CAH. The overall rate of positive results was 0.5% 
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(n = 514 infants). The number of false positive results was higher among newborns with birth 

weight < 2,000 g. 

  In addition to clinical and laboratory confirmation, the genotype is important to con-

firme 21-OH deficiency,  to establish disease severity and also in the absence of a mutation of 

the CYP21A2 gene to more precise exclude the diagnosis of suspected false positives. One of 

the confirmed cases of SW-CAH was associated with multiple malformations and severe cra-

niosynostosis, raising the hypothesis of an association with FGFR2 mutation. A high genoty-

pe-phenotype correlation of 87% was found in the cases after two years of screening. Once 

the classic CAH is diagnosed, glucocorticoid therapy is instituted and  mineralocorticoid is 

added for SW-CAH.  

 CAH neonatal screening is an important population health program and aims to the 

early diagnosis of a pathology with a potential risk due to salt loss crisis. The early detection 

of cases also allows to adequate sex assignment in girls with genital virilization. Establishing 

adequate screening flows, proper diagnosis and management, in addition to increase kno-

wledge about the disease, with the appropriate recognition of outcomes and treatments is es-

sential to minimize complications in this population of greater vulnerability. 

 

Keywords: Neonatal Screening - Congenital Adrenal Hyperplasia - 17 OH progesterone - 

Genotype-Phenotype 
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CAPÍTULO 1 

Triagem Neonatal da Hiperplasia Adrenal Congênita 

1. Hiperplasia adrenal congênita 

 A hiperplasia adrenal congênita (HAC) é patologia decorrente de defeitos da via enz-

mática de síntese de cortisol, aldosterona e hormônios androgênicos a partir do colesterol (fi-

gura 1)1. Está associada a uma significante morbidade e mortalidade em crianças e adultos 

afetados2. Tem herança autossômica recessiva e o defeito é decorrente, em cerca de 90%, de 

mutações no gene CYP21A23. As mutações nesse gene podem levar à deficiência na produção 

da enzima 21-hidroxilase (21-OH). Esse defeito provoca um bloqueio em uma rota metabólica 

envolvida na síntese do cortisol (glicocorticóide) e aldosterona (mineralocorticóide), levando 

ao acúmulo de metabólitos precursores, dentre os quais está a 17-hidroxiprogesterona (17-

OHP), principal marcador da doença. Em conseqüência, a hipófise passa a produzir grandes 

quantidades de ACTH, estimulando exageradamente a glândula adrenal a produzir precursores 

esteróides com ação virilizante4. Em 2/3 dos casos, ocorre a forma clássica da doença, com 

desequilíbrio hidro-eletrolítico (perda de sal) que acomete, tanto meninos, quanto meninas, e 

cujos sintomas iniciam nas duas primeiras semanas de vida, levando a graves conseqüências 

clínicas e ao óbito se não tratada a tempo, justificando, portanto, o diagnóstico precoce5. Em 

meninas, a exposição intra-útero de excesso de andrógeno pode determinar virilização em 

graus variados e ambiguidade genital, classificados segundo a escala de Prader6 de 1-5, sendo 

1 o grau mais leve com aumento isolado do clitóris e 5 o grau mais severo, com fusão labio-

escrotal completa e uretra peniana (figura 2)6 . 
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2. Epidemiologia 

A incidência geral para HAC descrita na literatura é de 1/15-16.000 nascidos vivos5. No Bra-

sil, a incidência encontrada  em Minas Gerais foi de 1/20.000 nascidos vivos no período de 

2007 a 20087. Em Goiás, a incidência foi de 1/10.0008.  A prevalência da forma não clássica é 

estimada em 1/1000 indivíduos9. 

Figura 1. Esteroidogênese da glândula adrenal1 

 

Adaptado da referência 1 
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Figura 2. Escala de Virilização de Prader6 

!  

Prader 1: aumento isolado do clitóris  

Prader 2: aumento do clitóris e intróito vaginal em forma de funil (abertura uretral e vaginal distintas) 

Prader 3: aumento do clitóris e intróito vaginal profundo,  pseudo seio-urogenital e fusão labioescrotal parcial 

Prader 4: clitóris fálico com abertura urogenital em forma de fenda na base do falo 

Prader 5: fusão labioescrotal completa e uretra peniana 

Adaptado da referência 6 

3. Formas Clínicas da Hiperplasia adrenal congênita 

Existem quatro formas clínicas reconhecidas da HAC, as clássicas perdedora de sal (HAC-

PS) e virilizante simples (HAC-VS) e forma não-clássica (HAC-NC) de aparecimento tardio. 

O principal objetivo da triagem da HAC é identificar o recém-nascido com risco de ser afeta-

do pelas formas clássicas graves HAC-PS e HAC-VS3,5,10,11. Contudo, casos com níveis de 

17OHP neonatal persistentemente elevados e sem clínica franca são suspeitos de HAC-NC e 

podem ser diagnosticados no período neonatal e em lactentes, identificados nos estudos de 

biologia molecular. As características clínicas das formas clássica e não clássica estão descri-

tas na tabela 111.  
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Tabela 1. Características clínicas das formas clássica e não clássica de Hiperplasia Adrenal 

Congênita11 

Adaptado da referência 11 

3. 1. Hiperplasia adrenal congênita Perdedora de Sal 

A forma PS representa 75% dos casos clássicos, sendo a forma mais grave de HAC3. Nesse 

grupo, a 21-OH pode estar totalmente inativa ou com menos de 2% de sua atividade 

catalítica3,11. Devido à deficiência na síntese de cortisol não ocorre o feedback negativo e há 

um hiperestímulo do ACTH, com aumento da síntese de precursores e desvio para a rota de 

produção de andrógenos. As consequências clínicas relacionadas à deficiência de cortisol e de 

aldosterona são a hiponatremia e hipercalemia, desidratação, acidres metabólica e choque 

hipovolêmico3. As consequências clínicas do aumento dos andrógenos é a virilização em 

ambos os sexos, com ambiguidade genital nas meninas (figura 2 e tabela 1)3,6,11. O tratamento 

em ambos os sexos é realizado com glicocorticóide, que suprime CRH e ACTH e 

mineralocorticóide para repor o déficit de aldosterona e evitar a perda de sal3,11. 

3. 2. Hiperplasia adrenal congênita Virilizante Simples 

Característica HAC Clássica HAC Não Clássica

Virilização Pré-Natal Meninas Ausente

Virilização Pós-Natal Meninas e Meninos Variável

Perda de Sal ~75% dos afetados Ausente

Deficiência de Cortisol ~100% dos afetados Rara
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A forma VS representa  em torno de 25% dos casos clássicos de HAC. Nesse grupo, a 

atividade da 21OH é de  2 a 10%, permitindo apenas uma baixa produção de cortisol, que 

também não é suficiente para o feedback negativo no hipotálamo e hipófise. Da mesma forma 

que ocorre na HAC-PS, há um aumento da biossíntese de esteroides adrenais e a produção de 

andrógenos fica elevada. A quantidade sintetizada desses andrógenos é variável entre os 

indivíduos, com diferentes graus de virilização da genitália externa (figura 2)1,3,11. Em 

meninas, a virilização é mais facilmente identificada, pois leva a quadros de ambiguidade 

genital3. No entanto, em meninos esse diagnóstico clínico do aumento peniano e da 

hiperpigmentação genital nem sempre é identificado. Muitos estudos têm relatado uma menor 

proporção de meninos afetados por HAC que de meninas. O principal motivo para essa 

disparidade entre os gêneros é o subdiagnóstico de meninos com HAC-VS12. O tratamento, 

com glicocorticóide reduz os níveis de esteroides sexuais e seus danos são minimizados. 

Quando a virilização em meninas é muito grave, é necessária também uma intervenção 

cirúrgica para o restabelecimento da genitália normal3,10.  

3. 3. Hiperplasia adrenal congênita Não Clássica 

A atividade da 21-OH na forma NC é em torno de 20 a 60%, o que permite uma taxa de 

biossíntese de cortisol suficiente para não acometer os graves danos descritos nas formas 

clássicas HAC-PS e HAC-VS2,3,11. No entanto, a quantidade sintetizada de cortisol também 

não é satisfatória para o correto controle do feedback negativo e leva ao hiperandrogenismo1. 

Esse excesso de andrógenos provoca manifestações clínicas tardias. Ao longo da infância as 

manifestações são a pubarca precoce e crescimento acelerado a ponto de poder comprometer a 

altura final normal do indivíduo devido a fusão epifisária precoce e na adolescência quadros 

graves de acne e infertilidade. Em mulheres pode acarretar também hirsutismo e 
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irregularidade menstrual3,11. O tratamento dos pacientes com HAC-NC é realizado apenas 

quando sintomáticos através da reposição de glicocorticóides3,10.  

5. Triagem para Hiperplasia Adrenal Congênita 

 O diagnóstico precoce é crucial para prevenir o óbito de lactentes por insuficiência 

adrenal. Os programas de triagem para HAC visam, principalmente, ao diagnóstico precoce 

da forma perdedora de sal, mais grave e potencialmente letal5.  

 A triagem neonatal para HAC foi inicialmente realizada no Alaska no final da década 

de 70, com uma alta frequência de casos, 1/490 nascidos vivos13. Desde então, outros países 

passaram a implantar a triagem para HAC14. No Brasil, estados como Goiás e Santa Catarina 

acumulam experiências de mais de 10 anos na triagem neonatal da doença15,16. Dados dispo-

níveis da incidência no Brasil variam de aproximadamente 1:10.000 a próximo de 1:20.000 15-

17. 

 Dosa-se, em papel-filtro, o metabólito 17-OHP por imunofluorescência. O que se ob-

serva, contudo, é que elevações desse metabólito podem ocorrer em recém-nascidos sem 

HAC (falso-positivos), devido a situações de estresse que acometem as mães e os recém-nas-

cidos no período perinatal18. Os bebês prematuros sem HAC também podem apresentar ele-

vados níveis de 17OHP decorrentes de maiores concentrações de esteróides conjugados e rela-

tiva imaturidade renal com função excretora insuficiente. Um teste negativo, por sua vez, não 

exclui a possibilidade do bebê ter a deficiência da enzima 21-hidroxilase e o diagnóstico mo-

lecular pode ser útil8. Falsos negativos também podem ocorrer pelo uso materno de corticóide 

no final da gestação19. O Ministério da Saúde sugere, através de seu grupo de assessoramento 

técnico, que uma das estratégias para minimizar o número de falsos-positivos seja uso de pon-

tos de corte extratificados pelo peso ao nascer (tabela 2 e fluxograma 1)18,20. Uma vez diag-
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nosticada a HAC forma clássica pela triagem neonatal, institui-se a terapia glicocorticóide 

para as formas virilizante simples e acrescenta-se mineralocorticóide para as formas perdedo-

ras de sal3,9,10.  

Tabela 2. Níveis de 17 OHP (ng/mL) ajustados para peso de nascimento18    

Adaptado da referência 18 

 Em linhas gerais, para estimar a gravidade e prioridade de atendimento de pacientes 

suspeitos de HAC pela triagem neonatal, propõe-se o fluxo de encaminhamento prioritário de 

HAC, conforme descrito no fluxograma 221. 

 Tem sido sugerido que análises moleculares do gene CYP21A2 podem melhorar a es-

pecificidade da triagem neonatal, ajudando também no manejo clínico da doença8.  

Faixa de peso ao nascer

>P99 

corte para 2ª amostra

2X >P99 

corte para consulta
< 1,500 g 110 220

1,501 – 2,000 g 43 86
2,001 – 2,500 g 28 56

> 2,501 g 15 30
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Fluxograma 1. Fluxo de Triagem Neonatal para Hiperplasia Adrenal Congênita por Deficiên-

cia de 21 Hidroxilase 

 

Fonte: Araújo JPB & Goldbeck AS. Triagem neonatal: hiperplasia adrenal congênita. Ministério da Saúde, 

201520. 
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Fluxograma 2. Fluxo de encaminhamento prioritário de atendimento a pacientes com Hiper-

plasia Adrenal Congênita 

 

Fonte: Kopacek C. A Triagem neonatal da hiperplasia adrenal congênita no SUS, Bol Cient Ped, 201521 

Estudos moleculares do gene CYP21A2 

A mutações do gene CYP21A2 podem ser categorizadas em quatro grupos de acordo com as 

atividade enzimática residual da 21OH  e está associada aos três fenótipos clínicos2,4,11,22. No 

grupo "Nulo" não existe atividade enzimática. O grupo "A" tem uma actividade residual mí-

nima da 21OH (< 2%). Em ambos os grupos (Nulo e A), em homozigose ou heterozigose 

composta, o fenótipo correspondente é a HAC clássica perdedora de sal. O grupo "B" é com-
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posto por mutações que permitem 2-10% de atividade da enzima e  a biossíntese de aldoste-

rona está preservada. O fenótipo é comumente associado à forma de HAC-VS. No grupo "C"  

atividade enzimática é de 20-60% e o fenótipo está associado com a forma NC. A figura 3 

demonstra a atividade da enzima da 21OH, o espectro clínico da doença e as principais muta-

ções (genótipo) associadas a cada fenótipo23. 

Figura 3. Correlação genótipo e fenótipo na deficiência da 21 Hidroxilase 

Adaptado da referência 24 

Histórico da Implantação da TN para HAC no RS 

 O início da TN no Sistema Único de Saúde (SUS) para HAC em nosso Estado do RS 

ocorreu em maio de 2014, seguindo as recomendações e o fluxo do Programa Nacional de 

Triagem Neonatal (PNTN) e do Ministério da Saúde21. A cobertura dos exames no SUS em 

nosso meio é cerca de 75%. A fase IV do PNTN trouxe um conceito novo, o da urgência no 
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diagnóstico dos casos confirmados. Após avaliação dos dados do primeiro ano de triagem 

para HAC, a mediana da idade da coleta nos casos diagnosticados foi de 8 dias (4.25-15.75). 

Dos 8 casos diagnosticados de maio de 2014 a abril de 2015, 6 casos com forma perdedora de 

sal (incluindo 1 caso de óbito por coleta tardia do TP aos 38 dias de vida). A incidência encon-

trada em nosso meio no primeiro ano foi de 1:13.551 casos. Com a estratégia do uso de pon-

tos de corte estratificados pelo peso de nascimento18, o índice total de resultados positivos em 

nosso meio foi de 0,5% da amostra avaliada (“n” total de 514 bebês), sendo mais frequente 

em recém nascidos com menos de 2000g de peso ao nascer, conforme descrito no capítulo 2 

(Kopacek C, Castro SM, Prado MJ, Silva, CMD, Beltrão LA, Spritzer PM. Neonatal scree-

ning for congenital adrenal hyperplasia in Southern Brazil: a population-based study with 

108,409 infants; submitted BMC Pediatrics, 2016). Segundo o Manual de Triagem para Hi-

perplasia Adrenal Congênita do Ministério da Saúde20, usando‑se o percentil 99 como ponto 

de corte para a 17‑OHP, níveis ideais de reconvocação devem ser de 0,2%, mas aceitável até 

1%. Dados referentes aos primeiros dois anos da triagem neonatal da HAC no RS estão com-

pilados no capítulo 3 (Kopacek, C; Prado, MJ; da Silva, CMD; Castro, SM; Beltrão, LA; Var-

gas PR; Grandi, T;  Rossetti, MLR; Spritzer, PM. Clinical and molecular profile of 132 new-

borns with confirmed or suspicious Congenital Adrenal Hyperplasia in the first two years 

of a public screening program implementation; formato de submissão para o Jornal de Pedi-

atria, 2016). Dentre os desafios trazidos ela triagem da HAC, um caso em especial, associado 

a múltiplas malformações teve destaque, pela complexidade e gravidade dos achados clínicos. 

O estudo e relato deste caso foi o tema do capítulo 4 (Cristiane Kopacek, Liana Capelo Costa, 

Mayara Jorgens Prado, Rafael Fabiano Machado Rosa, Luciana Amorim Beltrão, Claudia 

Dornelles, Simone Martins de Castro, Poli Mara Spritzer, Gil Guerra Junior, Maricilda Palan-
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di de Mello. Severe craniosynostosis syndrome associated to salt wasting congenital adrenal 

hyperplasia; submitted Hormone Research in Pediatrics/Novel Insights from clinical experi-

ence, 2016). 

Relevância 

 A triagem neonatal é um importante programa de saúde populacional e visa ao 

diagnóstico precoce de patologias com potencial risco à vida e à saúde da criança. É 

importante, neste contexto, ampliar o conhecimento sobre as estratégias de triagem da HAC, 

diagnostico e seguimento de uma patologia que envolve alta morbimortalidade, mas também 

está associada a um alto índice de resultados falsos positivos e geram às famílias e 

profissionais de saúde dúvidas e anseios sobre a saúde dos recém-nascidos. É fundamental o 

conhecimento e o uso dos pontos de corte estratificados por peso de nascimento e a avaliação 

clínica criteriosa daqueles nascidos com história de prematuridade e/ou internação em UTIs 

neonatais. Ainda, o reconhecimento dos casos triados como positivos para HAC, a 

diferenciação entre falsos-positivos e casos verdadeiros, com auxílio de técnicas moleculares, 

a predição de seus desfechos e tratamentos adequados são essenciais para minimizar as 

possíveis complicações nesta população de maior vulnerabilidade. 
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ABSTRACT 

Background: Congenital adrenal hyperplasia (CAH) is an autosomal recessive disorder 

associated with inborn errors of steroid metabolism. 21-hydroxylase enzyme deficiency 

occurs in 90% to 95% of all cases of CAH, with accumulation of 17 hydroxyprogesterone 

(17- OHP). Early diagnosis of CAH based on newborn screening is possible before the 

development of symptoms and allows proper treatment, correct sex assignment, and reduced 

mortality rates. This study describes the results obtained in the first year of a public CAH 

screening program in the state of Rio Grande do Sul, Brazil. Methodology: We reviewed the 

screening database in search of babies with suspected CAH, that is, altered birth-weight 

adjusted 17-OHP values at screening. The following data were analyzed for this population: 

screening 17-OHP values, retest 17-OHP values, serum 17-OHP values for those with 

confirmed CAH on retest, maternal and newborn data, and family history of CAH. For the 

screening program, 17-OHP levels are determined on dried blood spots obtained in filter 

paper with GSP solid phase time-resolved immunofluorescence. Results: Of 108,409 

newborns screened, 8 were diagnosed with CAH (four males, four females). The incidence of 

CAH in the state was 1:13,551. Six cases were identified as classic salt-wasting CAH and two 

were cases of virilizing CAH. The positive predictive value (PPV) of the initial screening 

(before diagnostic confirmation) was 1.6%. The overall rate of false positive results was 

0.47%. The number of false positive results was higher among newborns with birth weight < 

2,000 g. Conclusion: The present results support the need for CAH screening by the public 

health care system in the state, and show that the strategy adopted is adequate. PPV and false 

positive results were similar to those reported for other states of Brazil with similar ethnic 

backgrounds. 
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BACKGROUND 

 Congenital adrenal hyperplasia (CAH) is an autosomal recessive disorder associated 

with inborn errors of steroid metabolism caused by deficiency of enzymes involved in the 

biosynthesis of cortisol from cholesterol [1]. 21-hydroxylase deficiency occurs in 90% to 95% 

of all cases of CAH and is related to mutations in the CYP21A2 gene [1,2]. In the presence of 

21-hydroxylase deficiency, 17 hydroxyprogesterone (17-OHP) accumulates and is diverted to 

androgen synthesis with virilizing effects [1,2]. Mineralocorticoid synthesis may or may not 

be reduced, depending on the extent to which 21-hydroxylase activity is impaired [1,3]. 

 Three clinical forms of CAH have been recognized: two classic forms, salt-wasting 

CAH (SW) and simple virilizing CAH (SV), and non-classic, late onset CAH (NC). SW is the 

most prevalent, occurring in around 75% of newborns with a diagnosis of CAH (1). 

Considering that the salt loss crisis is critical and starts in the second week of life, early 

diagnosis of classic forms of CAH based on newborn screening is desirable even before the 

beginning of symptoms. This allows proper treatment, correct sex assignment, and reduced 

mortality rates [2,4,5]. CAH occurs in about 1 of every 10,000 to 18,000 live births in the 

general population, and is more common in Caucasians [1]. Incidence varies according to 

ethnicity and geographical region [1,6]. In addition, 17-OHP levels in neonates are affected by 

factors such as gestational age at birth, birth weight, and age at the time of 17-OHP testing 

[7-11]. Perinatal stress has been associated with high values of 17-OHP on screening [8,12], 

while maternal use of corticosteroids towards the end of pregnancy and early sample 

collection seem to reduce these values [10,13]. Reference 17-OHP values for diagnosis of 

CAH in full term newborns vary from 15 to 40 ng/mL among different laboratories. 
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 Because of the many factors impacting the outcome of CAH screening, the 

stratification of 17-OHP values according to birth weight is recommended in order to decrease 

false positive results [8,10,14]. A high rate of false positive results translates into increased 

health care cost and distress for families [15-17]. 

 Even though screening for CAH has been available through the public health care 

system for many years in some Brazilian states [10,16,18,19], only in May 2014 was it 

introduced in the southernmost state of Rio Grande do Sul. Therefore, the aims of the present 

study were to summarize the results of the first year of CAH newborn screening in this 

population, to determine the incidence of CAH in the state, and to estimate the rate of false 

positive results in the local screening program. 

METHODS 

Design and population 

 A population-based study was conducted with newborns included in the first year of a 

public CAH screening program in the state of Rio Grande do Sul, Brazil (May 2014 to April 

2015). For the screening program, dried blood samples (heel prick test) are collected 2 to 40 

days after birth. Babies with positive screening are retested. Participation is open to public 

and private primary care facilities, health care units, hospitals, and maternity hospitals. The 

study population corresponded to about three-fourths of the live newborns in the state during 

this period. The other 25% of newborn babies are screened in private outpatient services, and 

data from this population are not freely available. 

 In the present study, we reviewed the screening database in search of babies with 

suspected CAH, that is, altered 17-OHP values at screening. The following data were 

analyzed for this population: screening 17-OHP values, retest 17-OHP values, serum 17-OHP 
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values (for those with suspected CAH on screening and retest), maternal and newborn data, 

and family history of CAH. Figure 1 describes the screening strategy.  

 The study protocol was approved by the Research Ethics Committee at Hospital 

Materno Infantil Presidente Vargas, and meets the guidelines and norms regulating research 

involving human beings.  

Blood collection and 17-OHP measurements 

 Dried blood spots were obtained using filter paper (S & S 903). 17-OHP was 

measured with the GSP solid phase [time-resolved] immunofluorescence assay (Neonatal 17-

OHP kit - PerkinElmer, Turku, Finland). The linearity range for serum 17-OHP concentration 

was 0.9 ng/mL to 229 ng/mL.  

 The reference 17-OHP values used in the present study are those recommended by the 

Brazilian National CAH Screening Program [20], which were based on a pilot study with the 

population of the state of São Paulo [10]. Four birth weight tiers were established: tier 1, birth 

weight ≤ 1,500 g; tier 2, birth weight 1,501 to 2,000 g; tier 3, birth weight 2,001 to 2,500 g; 

and tier 4, birth weight > 2,500 g. For each tier, the 99th percentile (P99) 17-OHP cut-off 

levels to diagnose CAH were 110.4, 43.0, 28.2 and 15.1 ng/mL respectively. In the pilot study, 

newborns from mothers with informed corticosteroid use late in pregnancy were called for a 

second collection after 15 days of life. This record was added to the filter paper in order to 

minimize the risk of false negative results [13]. For the present study, early (<48h) samples 

collected for 17-OHP determinations were excluded. In the Rio Grande do Sul screening 

program, CAH screening is based on samples collected between the 2nd and 40th post-natal 

days. Samples from 0-1 days and/or without weight information were excluded from this 
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analysis, but these babies were called for immediate new collection in the valid period and 

with correct weight information.  

 Classic CAH (SW and SV) was diagnosed by increased 17-OHP on screening, 

confirmed by dried blood spot retest and further clinical evaluation showing virilized external 

genitalia in girls and salt-wasting signs in both sexes and serum/dried blood spot 17-OHP 

measurement. 

Statistical analysis 

 Descriptive data were expressed as mean ± standard deviation (SD) or median and 

25-75 interquartile range. Categorical variables are reported as frequencies (%). Log10 

transformation was used to normalize the distribution of non-Gaussian variables and Student’s 

t test was used for comparisons between two groups. Categorical variables were compared 

using Fisher’s exact test. Generalized estimating equations (GEE) were used to estimate the 

interaction between birth weight tier and the difference (delta) between 17-OHP levels at 

screening and retest, followed by Bonferroni test. All analyses were performed using the 

Statistical Package for the Social Sciences 22.0 (SPSS, Armonk, NY, USA). Data were 

considered to be significant at p < 0.05. 

RESULTS 

 Of the 108,409 total samples obtained at the initial screening, 104,737 were collected 

between the 3rd and 40th post-natal days, and included in the present analysis, corresponding 

to 98.4% of the total. Of these, 83,424 (77%) were collected at age 3-7 days. Most retest 

samples were collected around the second or third week of life [median 17 (14.0 – 21.0) 

days]. Eight newborns were diagnosed with CAH (four males, four females). None of the four 

!38



 

females had a clinical diagnosis of CAH prior to the screening: the first female presented 

genital ambiguity of unknown etiology; the second was initially considered as a male; and in 

the other two females, clitoromegaly was not recognized. Two deaths occurred, one due to 

complications associated with several malformations and the other due to hyponatremia and 

metabolic acidosis. In this child, screening was not performed until 38 days of life. 

  The incidence of CAH in the state was 1:13,551. Six cases were identified as classic 

salt-wasting CAH and two were cases of virilizing CAH. Figure 2 shows the incidence of 

CAH in the state and in the other Brazilian states.  

 During this first year, 514 infants (0.47% of the total screened population) had 17-

OHP levels that were higher than the reference cut-off levels (>P99 or 2 times P99 for each 

birth weight tier) on the screening test. Of these 514 infants, 21 died before retest from 

various causes, of which extreme prematurity was the most frequent (mean weight 1.413,4 ± 

970,4) and 376 (73%) had normal 17-OHP levels on retest. The remaining 117 infants with 

suspected CAH at retest were examined by a pediatrician and underwent serum or dried blood 

measurement of 17-OHP. CAH diagnosis was confirmed in eight infants. One of them 

initiated treatment before the second sample collection. Clinical and laboratory assessment of 

the other 109 patients (0.1% of the total population) was negative, and the patients were 

considered to be FP.  

 The estimated positive predictive value (PPV) of the initial screening test was 1.6%. 

Table 1 shows the rates of altered 17-OHP values at the initial screening according to birth 

weight tier in the general population screened until 40 days of age.  

 Median age was similar for CAH cases and false positive at the initial screening 

(n=493) [8 (4.25- 15.75) and 5 (4.0-6.0) days P=0.199] and at retest (n=492) [20.0 (17-20.0) 

and 17 (14-21) days, P=0.205]. Median 17-OHP values at initial screening were significantly 
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different between CAH cases and false positive [446.50 ng/mL (72.60 – 501.25) and 25.80 

(17.4 – 41.8) ng/mL; p=0.001]. The same was true for the retest, with a 17-OHP median of 

435 ng/mL (209 – 521) and 8.30 (5.86– 12.60) ng/mL (p< 0.001) respectively.  

 Table 2 shows 17-OHP values at the initial screening and retest according to birth 

weight tier. At the initial screening test as wells as at the retest, 17-OHP values were 

progressively lower with increasing weight. Delta 17-OHP levels (retest minus screening 

value) were also significantly different in each tier compared to the others. 

 Regarding the 117 infants who underwent further clinical and laboratory evaluation of 

CAH, 61.5% (n=72) were in birth weight tier 4 (> 2,500g), vs. 7.7% (n=9) in tier 1, 13.6% 

(n=16) in tier 2, and 17% (n=20) in tier 3. No CAH case was diagnosed in tier 1 or 2, with 

birth weight < 2,000g. The prevalence of maternal complications, such as gestational diabetes, 

maternal hypertension, or maternal infection was similar in the case and false positive groups. 

The frequency of neonatal complications (hypoglycemia, jaundice, sepsis, ventilation, oxygen 

therapy, diarrhea, vomiting) was also similar between these two groups. Comparison of the 

clinical and laboratory data obtained for cases and babies with false positive results are 

presented in Table 3. Significant differences were observed between the groups, with higher 

prematurity rate, lower gestational age, and lower weight in false positive patients. In turn, 

consanguinity and dehydration were more frequent in CAH cases. Also, lower levels of 

sodium, higher levels of potassium and higher serum levels of 17-OHP were detected in CAH 

patients, as was to be expected. 

DISCUSSION 

 Early diagnosis of CAH is crucial to prevent infant death due to adrenal insufficiency. 

In the present study, the first year of a CAH screening program provided by the public health 
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care system in the state of Rio Grande do Sul, Brazil was assessed. The program successfully 

screened a high proportion of newborns (98.4%) between the 2nd and 40th post-natal days, 

and 80% of the valid samples were screened at the ideal moment, that is, between the 3rd and 

7th post-natal days [2,4,10].  

 The incidence of CAH in the state of Rio Grande do Sul detected by the screening 

program, 1:13,551, was similar to that reported for other populations [1]. It was also very 

close to the incidence of 1:14,972 reported for the only adjacent Brazilian state, in which a 

similar, predominantly Caucasian population is found [19]. In contrast, other Brazilian states 

had a lower incidence of CAH [16,17]. Ethnicity and geographic factors are known to affect 

the incidence of CAH [1,6]. Thus, in a country such as Brazil, covering a large territory, with 

a racially mixed population, different ratios are to be expected. According to the latest 

Brazilian census, of 2010, 78% of the population in the South is white, in contrast to 42% in 

the Midwest and 55% in the Southeast [21]. Regarding confirmed CAH cases, the inability to 

diagnose the disease even in the presence of genital atypia has been reported in other 

Brazilian studies [10], and reinforces the need for universal newborn screening for CAH in 

Brazil. In this sense, improving time to test, transport time to the laboratory, and time to result 

is still a challenge that must be overcome. In turn, the 15 day-interval to retest seems to be 

adequate in most cases, since these are premature newborns, hospitalized in intensive care 

units, born from mothers who may have received corticoids during the final pregnancy days 

for improving fetal lung maturation. 

 Since 1977, when Pang et al. [22] described a microfilter paper assay for 

determination of 17-OHP levels in newborns, neonatal screening has been available for CAH 

due to 21-hydroxylase deficiency. Later, an immunofluorimetric assay was introduced, which 

is currently the most widely used technique worldwide [2,23,24]. More recent studies suggest 
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a higher specificity and better sensitivity for mass spectrometry, especially when used as a 

second tier test [25-27]. In contrast, immunofluorimetric methods are less expensive, require a 

smaller blood spot, and are still widely available and recommended [2,10,24]. Also, mass 

spectrometry does not completely eliminate false positive results, especially in preterm infants 

[14,27] .  

 In our sample, PPV (1.6%) and false positive rate were similar to those of previous 

reports [10,24,28]. False positive results are a long-standing concern of CAH neonatal 

screening programs [7,9-11,23,27,29]. In the past two decades, a decrease in false positive 

rates has been noted [10,11,23,29,30], possibly as a result of both improved 17-OHP detection 

methods and adjustment of diagnostic cut-off points to birth weight [7,10]. Adjustment of 

diagnostic levels of 17-OHP according to birth weight tiers [7,9,10,19] has been proposed as a 

useful strategy to minimize false positive. However, it is also important to recognize other 

possible factors associated with an increased 17-OHP level in newborns. Indeed, studies have 

shown that low birth weight, premature or critically ill infants may have elevated 17-OHP 

levels per se, without a link to 21-hydroxylase deficiency [8,12,31]. Possible explanations for 

the transient elevation in 17-OHP levels in these patients are immature hepatic function, 

leading to a decrease in the metabolic clearance of 17-OHP; increase in stress-induced 

production of 17-OHP, especially if the sample is collected in the first 24 hours of life; or 

immaturity of the adrenal glands [31,32]. Low birth weight, premature, and critically ill 

infants should be monitored in relation to 17-OHP concentrations, with a second sample 

collected on a later occasion to prevent false diagnoses and waste of resources.  

 We found an association between low birth weight and false positive results. The 

highest rate of false positive (4.0%) was found in the group with birth weight of 1,500-2,000 

g (tier 2), in which no cases of CAH were finally detected (Table 1). We speculate that 
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survival is more likely in tier 2 newborns as compared to those in tier 1 (< 1,500g). We also 

recorded a higher rate of false positive results in preterm versus term infants (Table 3). 

Moreover, the gestational age of false positive babies was significantly lower than that of 

CAH cases. While a high correlation exists between birth weight and gestational age, one 

study suggests that gestational age-related 17-OHP cutoff levels improve CAH screening [9]. 

Nevertheless, birth weight data is more easily assessed than gestational age. Coulm et al. 

reported a PPV of 0.4% for CAH screening in pre-term infants, a value that is lower than that 

observed for term infants. Another study [33] suggests a correction factor for prematurity and 

weight, but does not use stratified cut-offs, which complicates the analysis of PPV. 

Interestingly, we observed that even if above the diagnostic cut-off point for the birth weight 

tier, 17-OHP values of false positive infants were significantly lower than those of CAH cases 

in both the initial screening and retest. Other studies have reported similar findings [10,19], 

which might be explained by a more severe clinical status, since many of these false positive 

infants required intensive care [12].  

 Consanguinity was an important factor in this population, present in 25% of CAH 

cases but absent in false positive cases. Thus, adding information about consanguinity to the 

initial screening might support CAH diagnosis in the presence of high 17-OHP levels. 

Limitations of this study are its retrospective nature, which prevented the analysis of factors 

related to false positive results, and the lack of proper information on initial screening 

regarding prenatal use of glucocorticoid, which might affect 17-OHP levels. Prospective 

studies with adequate design are required for these analyses. 

CONCLUSION 
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 The screening of CAH remains a challenge, and the implementation of an adequate 

screening flow makes population programs more assertive. In addition to the 17-OHP dosing 

method, diagnostic 17-OHP cut-offs stratified by birth weight, collection of samples at 

specific time points, and performance of retests even in the absence of clinical suspicion of 

CAH or confounding factors, such as prematurity and critical illness, greatly contribute to 

decrease false positive rates.  

 The present results support the need for CAH screening by the public health care 

system, and show that the strategy adopted is adequate, despite the initial screening of some 

infants after the 7th post-natal day. Future prospective studies may be useful to establish 

specific strategies for preterm groups, lower weight newborns, and ICU patients, and to 

improve effectiveness and PPV in all weight tiers. 
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Figure legends  

Figure 1. Flow diagram of newborn screening for congenital adrenal hyperplasia 

Adapted from references 15 and 19; P99 (99th percentile) 17-OHP cutoff points to diagnose 

CAH: birth weight ≤ 1500 g: 110.4 ng/mL; birth weight 1,501 to 2,000 g: 43.0 ng/mL; birth 

weight 2,001 to 2,500 g:  28.2 ng/mL; and birth weight weight > 2500 g: 15.1 ng/mL [9].  

Figure 2. Reported incidence of CAH at neonatal screening in different states of Brazil   

GO = State of Goiás [17]; MG = State of Minas Gerais [16], [21]; SP = State of São Paulo [9]; 

SC = State of Santa Catarina); RS = State of Rio Grande do Sul.
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Table 1. Rate of altered 17-OHP results on initial CAH screeninga stratified by birth weight 

tier in the general population tested until 40 days of age in the state of Rio Grande do Sul, 

Brazil 

a17-OHP diagnostic cut-off levels: birth weight ≤ 1500 g: 110.4 ng/mL; birth weight 1,501 to 2,000 g: 

43.0 ng/mL; birth weight 2,001 to 2,500 g:  28.2 ng/mL; and birth weight weight > 2500 g: 15.1 ng/

mL

17 OHP (>P99 or 2 times P99) 

Birth weight tier n n  (%)

< 1,500 g 1,071 35 (3.3%)

1,501 – 2,000 g 1,773 71 (4.0%)

2,001 – 2,500 g 6,462 106 (1.6%)

> 2,501 g 95,431 302 (0.3%)

 Total 104,737 514 (0.5%)
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Table 2. Median 17-OHP levels in infants with suspected congenital adrenal hyperplasia on 

newborn screening and retest according to birth weight tier 

#17-OHP diagnostic cut-off levels: birth weight ≤ 1500 g: 110.4 ng/mL; birth weight 1,501 to 2,000 g: 43 ng/mL; 

birth weight 2,001 to 2,500 g:  28.2 ng/mL; and birth weight weight > 2500 g: 15.1 ng/mL; §n=297 on retest 

∆ Samples: difference between 17-OHP at retest and screening. 

Values are expressed as median and interquartile range; different superscript letters indicate statistical difference 

by GEE test. 

Sample#

Birth weight tier  

p
≤ 1,500g 

n=23

1,501-2,000g 

n=67

2,001-2,500g 

n=105

≥2,501g 

n=298§

Screening 

 (median ng/mL [P25-75])

154   

(120 to 208)a

53.6 

 (47.0 to 64.7)b

33.6  

(29.9 to 41.9)c

18.8 

 (16.0 to 23.4)d
<0.001

Retest  

(median ng/mL [P25-75])

48.1 

 (21.9 to 96.5)a

12.7  

(10.1 to 20.5)b

8.1  

(6.4 to 12.3)c

7.3 

 (5.1 to 10.6)d
<0.001

∆ Samples
-98.6  

(-172.5 to -67.0)a

-38.9 

 (-47.2 to -33.2)b

-24.9 

(-31.5 to -21.2)c

-11.8  

(-15.6 to -7.95)d
<0.001
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Table 3. Family history, maternal, perinatal, newborn and laboratory data of newborns diag-

nosed with congenital adrenal hyperplasia vs. false positive newborns 

Variables CAH cases 
(n=8)

False positives 
 (n=109) 

p

Maternal data

 Caesarean delivery (n [%]) 4/8 (50.0) 42/70 (60.0) 0.496

Newborn data

 ICU care (n [%]) 4/8 (50.0) 71/98 (72.4) 0.281

 Preterm (n [%]) 2/8 (25.0) 59/109 (54.1) 0.004

 Birth weight (n [%]) 2,940 ± 570.34 (n=8) 2,496 ± 761.63 (n=109) 0.110

Gestational age (week) 38.0 ± 1.9 (n=8) 34.8 ± 3.2 (n=72) 0.007

 Dehydration (n [%]) 5/8 (62.5) 3/76 (3.9) <0.001

 Na (nmol/L)a 122.25 ± 10.15 (n=8) 136.56 ± 2.28 (n=54) 0.005

 K (nmol/L)a 6.17 ± 1.21 (n=8) 5.31 ± 0.67 (n=54) 0.004

 Serum 17-OHP (ng/mL)  

                      (Md [P25-P75]) 
25.6 (12.8 – 285) (n=3) 12.5 (7.4 – 17.8) (n=45) 0.006

Family data

 Family history (n [%]) 3/8 (37.5) 9/67 (13.4) 0.196

 Consanguinity (n [%]) 2/8 (25.0) 0/109 (0%) <0.001
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Figure 1.  Flow diagram of newborn screening for congenital adrenal hyperplasia 

Adapted from references 15 and 19; P99 (99th percentile) 17-OHP cutoff points to diagnose 

CAH: birth weight ≤ 1500 g: 110.4 ng/mL; birth weight 1,501 to 2,000 g: 43.0 ng/mL; birth 

weight 2,001 to 2,500 g:  28.2 ng/mL; and birth weight weight > 2500 g: 15.1 ng/mL [9].  
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Figure 2. Reported incidence of CAH at neonatal screening in different states of Brazil 

GO = State of Goiás [17]; MG = State of Minas Gerais [16], [21]; SP = State of São Paulo [9]; 

SC = State of Santa Catarina); RS = State of Rio Grande do Sul.
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ABSTRACT  

Objective: To describe the results obtained in a neonatal screening program after its imple-

mentation and to assess the clinical and molecular profiles of confirmed and suspicious con-

genital adrenal hyperplasia (CAH) cases. 

Methods: A cross-sectional study was conducted. Newborns with suspected disease due to 

high 17-OHP levels and adjusted for birth weight were selected. Classical CAH (salt wasting 

and simple virilizing forms) was diagnosed by an increase in 17-OHP levels as confirmed in 

the retest, clinical evaluation, and genotype determined by polymerase chain reaction, Snap-

Shot, and Multiplex ligation-dependent probe amplification.  

Results: After 24 months, 15 classic congenital adrenal hyperplasia cases were diagnosed 

from a total of 217,965 newborns, with an estimated incidence of 1:14,531. From a 132 pati-

ents sample, seven non-classical and 14 heterozygous patients were screened for CYP21A2 

mutations, and 96 patients presented false positives with wild type CYP21A2. On retest, in-

creased 17-OHP levels were found in classical CAH patients and showed significant correla-

tion with genotype-related classical CAH. The most frequent mutation was IVS2-13A/C>G 

followed by gene deletion or rearrangement events in classical CAH. In non-classical and he-

terozygous diseases, p.V281L was the most common mutation.  

Conclusions: The results underscore the effectiveness of CAH neonatal screening in the pub-

lic health system and indicate that the adopted strategy was appropriate. The second sample 

collection along with genotyping of suspected cases helped to properly diagnose both severe 

and milder CAH cases and delineate them from false positive patients. 
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BACKGROUND 

 Congenital adrenal hyperplasia (CAH) is characterized by impairment in the metabolic 

pathway involved in the synthesis of cortisol and aldosterone (1). Autosomal recessive genetic 

inheritance is caused by mutations in the CYP21A2 gene in approximately 90% of all cases, 

leading to 21-hydroxylase deficiency and causing accumulation of precursor metabolite (2). 

The main disease marker in 21-hydroxylase (21-OH) deficiency is 17-hydroxyprogesterone 

(17-OHP)(2). There are three recognized clinical forms of CAH: 1) classical salt-wasting 

(SW); 2) simple virilizing (SV); and 3) late onset form, termed nonclassical- (NC) CAH (1,3). 

The main purpose of neonatal screening is to identify newborns at risk of being affected by 

the two classical forms, SW and SV (4,5). However, asymptomatic cases with persistently el-

evated 17-OHP levels in neonatal screening are suspect for NC-CAH and may be further iden-

tified by molecular diagnosis (6,7). 

 The overall incidence for CAH described in the literature is 1:15,000 in live newborns 

(4). The prevalence of NC-CAH is estimated at 1:1,000 individuals (1). In 2/3 cases of the 

classical forms, salt loss affects both genders, and symptoms begin in the second week of life, 

thus reinforcing the importance of an early diagnosis (5). In girls, intrauterine androgen ex-

cess exposure causes different degrees of virilization and genital ambiguity as defined by the 

Prader Scale (8).  

 Increases in 17-OHP have been observed in newborns without HAC (false positives) 

due to stressful situations and premature birth (9,10). In turn, false negative cases can occur as 

a result of maternal use of corticosteroids at the end of pregnancy (11,12). In order to mini-

mize the number of false positives, cutoffs stratified by both Brazilian and international 

birthweight categories have been established (9‒11). 
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 Molecular analysis of the CYP21A2 gene can improve neonatal screening specificity 

and can also help in the clinical management of the disease (7,13). The main CYP21A2 muta-

tions have been categorized into four groups (Null, A, B, and C) according to residual 21-OH 

enzymatic activity, which allows for the determination of the expected phenotype (2,6,14,15). 

Both Null and A are associated with SW-CAH, group B with the SV-CAH, and group C with 

NC-CAH.  The point mutations IVS2-13A/C>G, p.I172N and p.V281L are the most common 

related do SW-CAH, SV-CAH and NC-CAH, respectively (2,6,13‒15). 

 In Brazil, states such as Goiás, Santa Catarina, and São Paulo have accumulated over 

10 years experience in neonatal CAH screening (9,14,16,17). Therefore, the aim of this study 

had several points: 1) to describe the results 24 months after a CAH Neonatal Screening in a 

public health program in Southern Brazil was implemented and 2) to assess the clinical pro-

files of confirmed and suspicious CAH cases in addition to molecular genotyping of these 

cases as a complementary tool to improve CAH diagnosis.

 METHODS

 Design and population 

 A cross-sectional study was conducted with newborns included in the first two years 

of the public CAH screening program implementation in the state of Rio Grande do Sul, 

Brazil. 

 The database of babies with suspected CAH, which was based on altered 17-OHP val-

ues from a 2014 to 2016 screening, were revised. Classical CAH (SW and SV) was diagnosed 

by increased 17-OHP levels detected at screening, confirmed by retest and/or clinical evalua-

tion showing virilized external genitalia in girls and salt-wasting signs in both sexes, followed 
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by genotype studies. False positives were characterized by lower 17-OHP levels on retest and 

by the wild type (WT) genotype.  

 The study protocol was approved by the Research Ethics Committee at Hospital 

Materno Infantil Presidente Vargas and by Ethics Committee of Fundação Estadual de Pro-

dução e Pesquisa em Saúde (N○ 341.289/June 8, 2013), and all parents gave written informed 

consent. 

Blood collection and 17-OHP measurements 

 Dried blood spots were obtained using filter paper (S & S 903) from the 3rd to 40th 

post-natal days. The GSP solid phase (time-resolved) immunofluorescence assay (Neonatal 

17-OHP kit; PerkinElmer, Turku, Finland) was used to measure 17-OHP. 

 The reference 17-OHP values used in the present study were those recommended by 

the Brazilian National CAH Screening Program, which was based on a previous Brazilian 

study (9,11). Cut-off levels of 17-OHP used to diagnose CAH were 110.4, 43.0, 28.2, and 

15.1 ng/mL for four sets of respective birth weight tiers: 1) birth weight ≤1,500 g; 2) birth 

weight 1,501‒2,000 g; 3) birth weight 2,001‒2,500 g; and 4) birth weight >2,500 g. Newborns 

subject to their mother's corticosteroid use at the end of pregnancy as recorded on filter paper 

were called for a second collection after 15 days of life (11,12). A second sample was also ob-

tained in these patients around the second to third week of life (median 17 [14.0–21.0] days) 

according to previous data (Kopacek, BMC Pediatrics 2016, submitted) (18). 

Mutation analysis of the CYP21A2 gene 

 Genotyping was performed in 132 subjects. Blood sample was collected at the time of 

retest. A multiplex minisequencing assay was chosen to analyze point mutations in CYP21A2 
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according to Prado (19). Twelve mutations were selected consisting of the 10 most common 

worldwide mutations derived from CYP21A1P (p.Q318X, p.R356W, p.Leu307fs(InsT), 

p.V236E, IVS2-13A/C>G, p.I172N, p.P30L, p.P453S, p.V281L, p.G110EfsX21 (E3Δ8bp) 

and other two mutations detected in the Brazilian population (p.R408C, “Null” group and 

p.H62L, “C” group) (14,20). Amplification of CYP21A2 was performed using an allele specif-

ic polymerase chain reaction (PCR) described by Krone et al. (21). A multiplex minisequenc-

ing reaction was performed with SNaPshot Multiplex Ready Reaction reagents (Applied 

Biosystems, Foster City, California, USA) according to the manufacturer’s protocol. This 

technique was performed in all of the study subjects. Large deletions, rearrangements, and 

gene conversions  were assessed for patients with SW or SV that was suspicious after detec-

tion by MLPA-SALSA MLPA probemix P050-C1 CAH kit (MRC-Holland; Amsterdam, The 

Netherlands) according to the manufacturer’s recommendations. Direct sequencing of 

CYP21A2 was used to characterize mutations that were present in the multiplex minisequenc-

ing panel or in the MLPA-probed CAH suspicious patients. This assay was also performed to 

confirm all point mutations found by multiplex minisequencing.

Statistical analysis 

 Results were expressed as mean + standard deviation (SD) or frequencies (expressed 

as percentages [%]). Comparisons among groups were analyzed by univariate analysis of 

variance (ANOVA) followed by Tukey test. Covariance ANOVA (ANCOVA) was used for 

17-OHP adjustments by birth weight, and data was expressed as mean + standard error of the 

mean (SEM). A partial correlation was estimated between 17-OHP and electrolytes. Analyses 

were performed using the Statistical Package for the Social Sciences Version 18.0. (Chicago: 

SPSS Inc). Data was considered to be significant at p <0.05. 
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RESULTS 

 From a total of 217,965 samples obtained at the 2-year screening, 15 classic CAH cas-

es were diagnosed with an estimated incidence of 1:14,531. Nine newborns were females and 

six were males, and 80% (n=12) were clinically characterized as SW-CAH patients and the 

remainder as SV patients. Table 1 describes clinical data, 17-OHP and electrolyte values, and 

phenotype-genotype evaluation of these cases. Three girls (cases 3, 5, and 11) had mild viril-

ization (Prader I classification) and were not clinically characterized as presenting with cli-

toromegaly previous to CAH screening. Another girl (case 2) was sex assigned as a boy and 

the other one (case 10) was registered with a neutral name, suitable for either sex due to geni-

tal ambiguity. In the other four girls (cases 4, 12,13, and 14) genital ambiguity was identified, 

but CAH was not diagnosed prior to screening. Among the males, case 6 and 15 presented 

with penis enlargement and the other four had normal male genitalia. 

 Ten of the 15 cases (66.6%) were born at birth weight >2,500g and no cases weighed 

< 2,000g. Mothers of three cases (5, 8, and 10) were using glucocorticoids at the end of their 

pregnancies. In two of them, a net increase in 17-OHP levels in the second sample was ob-

served. In a third infant (case 8), the onset of corticotherapy due to salt loss preceded the pos-

sibility to obtain a second sample. Four infants (26.6%) had consanguineous parents.  

 Table 1 also describes the clinical profile, 17-OHP values, and phenotype-genotype 

evaluation of NC-CAH and heterozygous cases that were detected during screening. Only one 

heterozygous patient (case 31) presented low birth weight related to extreme prematurity and 

had an increased 17-OHP value in the second sample that was associated with clinical wors-

ening in the intensive neonatal unit. This patient was followed in a tertiary hospital far from 

the screening center. Normal electrolyte values and no other clinical signs of CAH were re-

ported by this hospital. A third sample was collected after clinical improvement and showed a 
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considerable decrease in 17 OHP (17 ng/mL). In this patient, genotype was crucial for diagno-

sis elucidation. Another three patients with NC-CAH (16, 17, and 22) presented higher 17-

OHP values in the second sample and a history of maternal corticosteroid use.  

 Hyponatremia and hyperkalemia were not observed in NC-CAH and heterozygous 

cases. Among initial suspected cases of CAH, one patient with transient genital hyperpigmen-

tation (patient 16) was diagnosed as NC-CAH, and three girls with transient clitoromegaly 

were later identified as heterozygous cases. In these cases, spontaneous regression of cli-

toromegaly was seen during the follow-up through the first six months of life. Parental con-

sanguinity was found in two (14.3%) of heterozygous patients.  

 Tables 1 and 2 show the genotype distribution according to the enzyme activity groups 

(Null, A, B, and C), heterozygous, and WT in the newborn population. Genotype-phenotype 

agreement was observed in 13 (86.6%) cases. Among the cases with classical CAH, 

IVS2-13A/C>G was the most frequent mutation (33% in homozygosity and 20% in com-

pound heterozygosity), followed by p.I172N, deletion, and gene conversion, each seen in 20% 

of the classical CAH cases. Seven patients presented with non-classical mutations (group C), 

and the other 14 heterozygous patients had the wild allele detected during neonatal screening. 

Among the whole sample, p.V281L was the most frequent mutation in NC-CAH patients 

(57% heterozygous and 28.5% homozygous) and also in six heterozygous patients (43%) (Ta-

ble 2). A new allele IVS_T was described by Prado in a heterozygous girl born at term with 

birth weight of 2,905g (sample 1: 17 OHP 18.2 ng/mL and sample 2: 35.0 ng/mL) and in a 

boy born late-premature with birth weight of 2,540g (sample 1: 17-OHP 25.3 ng/mL and 

sample 2: 15.9 ng/mL) with positive screening (19). Surprisingly, the clitoromegaly identified 

in the girl during the first examination resolved spontaneously during the follow up period. 
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Both had normal electrolyte profiles and did not show any other symptoms associated with 

CAH during  the 6-month follow-up. 

 Levels of 17-OHP, adjusted for birth weight, were analyzed according to the groups 

(1=classical CAH; 2=NC CAH; 3= heterozygous; 4=WT) in samples 1 and 2 (Figure 1A and 

B, respectively). Significantly higher 17-OHP levels were observed in classical CAH compa-

red to other groups in samples 1 and 2. Figure 2 shows 17-OHP levels, adjusted for birth 

weight, in samples 1 and 2, classified according to the mutation groups. In sample 1, indivi-

duals with mutation groups null and A had significantly higher levels of 17-OHP and in sam-

ple 2, mutation groups null, A, and B maintained higher 17-OHP levels, which were statisti-

cally different from group C (NC-CAH), heterozygous, and WT patients. 

  Table 1 also shows electrolyte values in the different groups. Classical CAH cases had 

significantly lower Na+ and higher K+ levels. A strong inverse correlation between adjusted-

for-birthweight 17-OHP and Na+ (r= - 0.795 for 17-OHP Sample 1 and r= -0.740, for Sample 

2, p <0.05) and positive correlation with K+ was found (r= 0.494 for 17-OHP Sample 1 and r= 

0.531 for Sample 2, p <0.05).  

DISCUSSION 

 In the present study, the 2-year CAH neonatal screening program using significantly 

higher levels of the marker, 17-OHP, properly allowed for diagnosing of 15 classical CAH 

newborns. In addition, the retest successfully discriminated between cases and disease severi-

ty in concordance with the corresponding genotype investigation. 

 The screening program was highly effective in detecting some cases that would not be 

clinically recognized before the screening. In this sense, mild genital atypia (cases 3, 4, and 

11) and increased penis size in boys (cases 6 and 15) was not detected before specialized 
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evaluation. Even in those with ambiguous genitalia, CAH was not diagnosed before screening 

and incorrect sex assignment was made in two cases (2 and 10). Indeed, we observed that 

>50% of the females had an incorrect clinical evaluation of the virilization features, which 

was similarly identified in previous studies (9,15, and 22). This reinforces the importance of 

universal newborn screening for hyperplasia in Brazil.  

 We previously reported data from the first year of screening, in which we found that 

most of the false positives were newborns <2,000g (18). A second sample showing lower 17-

OHP levels in assymptomatic cases is usually sufficient to elucidate false positive cases, espe-

cially in premature and low birth weight infants. Also, as previously reported, consanguinity 

rates are higher among CAH cases (18, 23). Thus, this additional information can be useful in 

distinguishing between actual cases and false positives. Similarly, information about maternal 

corticoid use at the end of gestation is relevant. In this case, the collection of a second sample 

after 15 days of the newborn's life helps to diagnose cases such as that of patient 11, who 

presentd with mild virilization not previously recognized and further SW-CAH development 

(22). 

 In neonatal screening, high 17-OHP levels may be present in premature and critically 

ill newborns. For this reason, screening stratified by birth weight has been widely recom-

mended (9‒11). In addition, the genotype has been recommended to improve the  diagnosis of 

neonatal screening accuracy, discriminate between actual cases and false positives, clarify 

borderline cases, and eventually allow carriers of the NC forms to be diagnosed (7,13,15). 

High 17-OHP values corresponded to the severity of each genotype group (14,15,22). Inter-

estingly, when we stratified 17-OHP levels according to mutation group severity in the second 

sample, a better differentiation of SV forms (group B mutations) from NC (group C muta-

tions), heterozygous, and WT was seen. These last three groups have significantly lower 17-
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OHP levels, justifying the strategy of retesting these patients and when there is still doubt, 

performing genotype analysis (22). 

 The efficacy of the screening program can also be demonstrated when severe forms 

such as carriers of group null mutations are identified (15). Deletion and large gene conver-

sions characterizing group null were observed in 20% of our sample, which is in agreement to 

a recent, large genotype-phenotype correlation study (24). The group of null/null mutations 

were observed in 26.67% of our sample (4/15 patients) and null/A characterizing SW-CAH in 

another three patients. In patient 11, there were no clear phenotype-genotype correlations as a 

result of the manifestation of a mild SW-CAH phenotype. When group null/B compound het-

erozygous mutation is present, including p.I172N in one allelle, SV-CAH is expected in most 

cases (6,15). This observation has been reported by other groups (24,25), including a very rare 

association of p.I172N mutation with a NC-CAH (24). The salt loss associated with p.I172N 

is more common when a second more severe mutation is associated in heterozygosity (25,26).  

 In Brazil, a study by Bachega et al. determined the frequency of point mutations in 

130 patients with classical and non-classical forms of CAH and correlated genotype with 

phenotype (27). The most frequent mutations were IVS2-13A/C>G in 55% of the alleles of 

the patients with the SW form, p.I172N was found in 42% of the SV-CAH, and p.V281L in 

70% of the individuals with NC-CAH. The frequency of IVS2-13A/C>G mutation in our 

sample was, therefore, not surprising for the Brazilian population  (53% in homo and/or het-

erozygosity in the classical cases). In a Brazilian sample from São Paulo, Carvalho D et al. 

recently found 21% in allele frequency of IVS2-13A/C>G mutations (14). In a larger Argen-

tine cohort study, IVS2-13A/C>G corresponded to 20% of mutations in homozygosity (28). 

Brazil and Argentina (AR) show very similar rates of this mutation (14,28). The State of Rio 

Grande do Sul is near AR and the population shares common ethnic origins. This group also 
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describes the association of IVS2-13A/C>G alleles to SV forms, which may explain the rela-

tive non-concordant phenotype-genotype in case 3 (28). However, our data show excellent 

genotype-phenotype agreement, well above the close to 50% reported by New MI et a in a 

large number of individuals (24). 

 A new variant T in IVS2-13A/C>G was identified in two patients. The T allele was 

observed in heterozygous cases with the benign C allele as previously described (19). This 

variant was detected by the multiplex mini sequencing assay with locally-developed primers 

and was confirmed by MLPA. Because the female patient presented clitoromegaly at birth, 

even in heterozygous cases, this finding cannot be overlooked and requires further genetic 

studies. The description of three cases with transient clitoromegaly in our sample is worthy of 

additional study. It has been reported that some heterozygous patients had higher androgen 

levels, especially carriers of p.V281L mutation with premature adrenarche (1,29). It is expect-

ed that NC-CAH and heterozygous patients are asymptomatic at birth, but we hypothesized 

that possible transient androgen elevations may occur. Further studies to clarify this phe-

nomenon may use expanded genotyping with MLPA and CYP21A2 sequencing in determining 

for whom only SNaPshot be performed in order to exclude other mutations. In our sample, a 

better understanding of this new variant can provide more specific information. 

 One of the strengths of this study originated from the fact that diagnoses and follow-

up examinations were performed by the same pediatric endocrinologist. Therefore, adequate 

clinical assessment of patients made in this study are suitable to clinical and molecular char-

acterization of this sample in CAH neonatal screening. Another strength was the fact that data 

was collected from a population screening program, which favored the evaluation of a large 

number of individuals. In this context, our study was the first neonatal screening program/
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genotyping by the use of SnapShot Mini Sequencing for the most common point mutations 

and confirmed by CYP21A2 sequencing.  

 In conclusion, the results of this study underscore the effectiveness of the screening 

program in detecting CAH cases and excluding suspicious cases based on 17-OHP level cut-

offs linked to birth weight stratification. In addition, the second sample collection, together 

with the genotyping of suspected samples, helped to properly diagnose both severe WS/SV-

CAH cases and milder SV cases in addition to differentiating between classical CAH cases 

and false positive patients (WT). The present results also indicated that genotyping is a valu-

able and complementary diagnostic tool for neonatal screening. An additional benefit appears 

to be that it provides information on disease severity, allows for genetic counseling in severe 

cases, and avoids over-treating the late onset NC-HAC and the false positive patients.
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Figure legends 

Figure 1. 17 OHP levels in the four groups (classical CAH, NC CAH, heterozygous, and wild 

type) 

1=classical CAH; 2=NC CAH; 3= heterozygous; 4= Wild Type; A. 17 OHP levels in sample 

1; B. 17 OHP levels in sample 2. 

CAH=congenital adrenal hyperplasia; NC= non classical; * p<0.05 versus all other groups

Figure 2. 17-OHP levels according to genotype (mutation severity group, heterozygous and 

wild type); A. 17 OHP levels in sample 1; B. 17 OHP levels in sample 2.

Genotypes (1=Group Null; 2=Group A; 3=Group B; 4=Group C; 5=Heterozygous; 6=Wild 

Type) 

* p <0.05 versus all other groups 

∂ p <0.05 versus groups 1 and 2 
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List of abbreviations:

CAH: Congenital adrenal hyperplasia; 17-OHP: 17 hydroxyprogesterone; SW: salt-wasting; 

SV: simple virilizing and nonclassic; NC: nonclassic, late onset; WT: wild-type; SPSS: Statis-

tical Package for the Social Sciences. 
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Table 1. Clinical aspects and genotypes in classical, non-classical, and heterozygous CAH pa-

tients

Patient
 

 nº
S

E

X

Weig

ht
 

(g)

Ma
-

ternal 

corti
-

coid 

use

Consan
-

guinity

17 OHP 
(ng/mL) 
Sample 

1

17 OHP 
(ng/
mL) 

Sample 

2

[NA+] 

(nmol/

L)

[K+]  

(nmol/

L)

Viriliza
-

tion/  

Prader 

Scale

CAH 
Phe-

notype
Genotype Mutation  

Group

Phe-
notype/ 
Genoty-

pe  
correla -

tion

C
L
A
S
S
I
C
A
L

C
A
H

1

M 3,640 no yes 105.0 283.0 133 5.91 normal SW IVS2-13A/C>G/
IVS2-13A/C>G A/A yes

2
F 3,325 no yes 432.0 759.0 108 5.4

Prader 
IV SW Del CYP21A2/

LGC
null/null yes

3

F 2,490 no no 44.9 94.9 132 5.58
Prader 

I SV IVS2-13A/C>G/
IVS2-13A/C>G A/A no

4
 

F 2,040 no no 512.0 521.0 126 5.34
Prader 

III SW Del 30Kb/ 
IVS-2-13A/C>G

null/A yes

5
F 3,200 yes no 61.8 209.0 132 5.0

Prader 
I SV Del CYP21A2/

p.I172N
null/B yes

6

M 3,450 no no 733.0 - 120 5.7

penis 

enlage
-

ment

SW
Del CYP21A2/

CLUSTER E6
null/null yes

7
M 2,980 no no 461.0 489.0 109 6.54 normal SW

Del CYP21A2/

p.R356W
null/null yes

8

M 3,295 yes yes 382.0 - 126 6.6 normal SW IVS2-13A/C>G/
IVS2-13A/C>G

A/A yes

9

M 2,395 no no 469.0 435.0 118 8.9 normal SW

Dup CYP21P

+IVS2-13A/C>G /

LGC

null/A yes

10

F 2,270 yes no 37.0 354.0 129 5.9
Prader 

IV
SW

IVS2-13A/C>G/
IVS2-13A/C>G A/A yes

11
F 2,890 no no 34.2 133.0 130 5.3 Prader I SW LGC+p.I172N null/B no

12

F 3,580 no no 459.0 - 131 6.0
Prader 

IV
SW

IVS2-13A/C>G/
IVS2-13A/C>G A/A yes

13
F 3,730 no yes 515.0 - - -

Prader 

IV
SW

p.Q318X/ 

p.Q318X
null/null yes

!78



 

14

F 3,500 no no 65.2 313.0 125 7.4
Prader 

III
SW

Dup CYP21P+ 

insT/ IVS2-13A/

C>G

null/A yes

15

M 2,340 no no 32.5 58.0 131 5.85

penis 

enlage
-

ment

SV p.I172N/p.I172N B/B yes

mean
+SD/% 
positi-

ve

3,008
3 

(+ .
588)

20% 27%
289.57∂ 

(+ 
240.13)

331.72∂ 
(+ 

210.37)

125+8.3
0∂

6.10+1.
01∂ 86,6%

N
O
N

C
L
A
S
S
I
C
A
L

C
A
H

16
M 3,465 Yes No 2.8 46.30 135 5.11 Normal* NC p.V281L/p.281L C Yes

17
M 3,340 Yes No 4.16 15.1 136 5.25 Normal NC p.V281L/p.281L C Yes

18
M 2,508 No No 31.2 5.00 135 4.84 Normal NC p.Q318X/p.281L C Yes

19
 

F 2,660 No No 38.2 47.2 135 5.3 Normal NC p.P453S/p.P453S C Yes

20

F 2,988 No No 15.2 18.3 131 5.82 Normal NC
p.Q318X/

p.R356W/InsT/
p.V281L

C Yes

21
M 2,830 No No 25.8 15.1 129** 4.67 Normal NC

IVS2-13A/C>G /

p.V281L
C Yes

22
F 2,630 Yes No 15.1 22.1 135 5.4*** Normal NC

p.R356W/

p.V281L
C Yes

mean
+SD/% 
positi-

ve

2,917
3 

(+  .
366)

43% 0%
18.92 

(+ 
13.39)

24.16 
(+16.28

)

134.5+1.
76

5.16+0.
40

100%

H
E
T

23
F 3,680 Yes No 14.5 15.4 133 5.6 Normal HT p.Q318X/WT HT Yes

24
M 2,750 No No 18.3 16.9 135 5.96 Normal HT p.R356W/WT HT Yes

25
F 2,605 Yes No 24.5 16.9 134 - Normal HT p.Q318X/WT HT Yes

26
M 2,345 Yes No 6.1 17.7 135 5.3 Normal HT p.V281L/WT HT Yes

27
M 2,570 No Yes 31.0 11.5 133 6.34*** Normal HT p.V281L/WT HT Yes

28
M 2,535 Yes No 36.8 9.0 134 5.11 Normal HT p.Q318X/WT HT Yes

29
M 2,600 No No 50.9 10.9 137 5.4 Normal HT p.R356W/WT HT Yes

30
M 2,550 Yes Yes 25.8 16.2 131 5.18 Normal HT p.V281L/WT HT Yes
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∂ p<0.05 Group Classical CAH versus others 

* mild hyperpigmentation described on first clinical examination;  ** Na normalized in reanalysis (laboratory 

error assumed); ***  hemolysis described on laboratory result 

F (Female); M (Male); NC (Non Classical); HT (Heterozigous); CAH (Congenital Adrenal Hiperplasia); LGC 

(Large Gene Conversion) 

§ Classical CAH Suspected on first pediatric endocrinologist clinical evaluation, not confirmed in follow up 

¥(Case 10: Premature, 35w; Case 12: Term, 38 w; Case 14: Term, 39w) 

† Sample 3: 17.10 ng/mL 

E
T
E
R
O
Z
Y
G
O
U
S

31
M 1,215 No No 30.1 127.0† - - Normal HT p.V281L/WT HT Yes

32

F
2,504

¥
No No

35.3 10.4

134 4.95

transi
-

ent 

clitoro
-

megaly

suspected 
CAH § p.V281L/WT HT No

33
F 3,150 No No 15.4 16.10 135 4.3 Normal HT p.Q318X/WT HT Yes

34

F
2,560

¥
Yes No 22.4 16.7 137 5.15

transi
-

ent 

clitoro
-

megaly*

suspected 
CAH §

p.V281L/

DUPCYP21P
HT No

35
M 2,750 No No 25.3 15.9 136 5.29 Normal HT IVS_T/WT HT Yes

36

F
2,905

¥
No No 18.20 35.0 139 4.8

transi
-

ent 

clitoro
-

megaly

suspected 
CAH  § IVS_T/WT HT No

mean
+SD/% 
positi-

ve
2,623 
(+ .
535)

43% 14%
25.33 

(+ 
11.21)

23.97 
(+ 

30.28)

134.85+2
.07

5.18+0.
43 79%
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Table 2. Genotype frequency in classical CAH, non-classical, heterozygous and false posi-

tives patients 

CAH=Congenital Adrenal Hyperplasia; SW=Salt-Wasting; SV= Simple Virilizing; NC= Non-Classic; WT=Wild 

Type 

Classical CAH Non Classical and False Positives

Total 

(n= 

132)

SW CAH (Mutation Group Null and 

A) 

(n=13)

SV CAH (Mutation Group B) 

(n=2)

NC CAH  (Mutation Group 

c) 

(n=7)

Heterozigous 

(n=14)

WT 

(n=96)

Del CYP21A2 / Large gene conversion 

(n-1)

I172N /I172N (n=1) IVS2-13A/C>G / V281L 

(n=1)

Q318X / WT (n=4)

DupCYP21P+InsT/IVS (n=1) Del CYP21A2 / I172N (n=1) P453S / P453S (n=1) V281L / WT (n=5)

Del CYP21A2 / Cluster E6 (n=1) IVS2-13A/C>G/IVS2-13A/C>G 
(n=1)*

Q319X; R357W; 
Leu307PhefsX6 / V281L 

(n=1)

R356W / WT (n=2)

Q318X / Q318X (n=2) Q318X / V281L (n=1) V281L/

DupCYP21P (n=1)

Del CYP21A2 / R356W (n=2) R356W /V281L (n=1) IVS_T/WT (n=2)

IVS2-13A/C>G / IVS2-13A/C>G 

(n=5)

V281L / V281L (n=2)

Del 30Kb / IVS2-13A/C>G (n=1)

DupCYP21P+IVS (n=1)

DupCYP21P+del30Kb (n=1)

Large gene conversion+I172N 

(n=1)*

* genotype-phenotype discordance
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Figure 1. 17 OHP levels in sample 1 and 2 in the four groups (classical CAH, NC CAH, het-

erozygous and Wild Type) 

1=classical CAH; 2=NC CAH; 3= heterozygous; 4= Wild Type 

CAH=congenital adrenal hyperplasia; NC= non classical; * p<0.05 versus all other groups 
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Figure 2. 17 OHP levels in sample 1 and 2 according to genotype (mutation severity group, 

heterozygous and wild type) 

Genotypes (1=Group Null; 2=Group A; 3=Group B; 4=Group C; 5=Heterozygous; 6=Wild Type) 

* p<0.05 versus all other groups 

∂ p<0.05 versus group 1 and 2  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Abstract 

Craniosynostosis presents many challenges in etiology. One known form associated to steroi-

dogenesis impairment is the Antley-Bixler Syndrome (ABS).  ABS-phenotype without hor-

monal impairment is associated to FGFR mutations, whereas those with altered steroidogene-

sis related to P450 oxidoreductase deficiency, with mild to moderate 17OH progesterone (17-

OHP) elevation and basal normal cortisol levels. 

Case presentation: a term newborn, male phenotype, with a severe craniosynostosis, hand and 

feet malformation, presented early respiratory insufficiency and needed mechanic ventilation. 

At 15 days, there was clinical suspicion of adrenal insufficiency. Hydrocortisone was initiated 

and 3 days later also fludrocortisone, with further clinical improvement. At neonatal screening 

17-OHP levels were 733 ng/mL. Salt-wasting congenital adrenal hyperplasia (CAH-SW) di-

agnosis was performed. At 42 days, patient was transferred to a tertiary complexity hospital. 

Cranial CT and MRI showed severe medium face hypoplasia, posterior fossa with Arnold-

Chiari type 1 and cloverleaf skull, suggesting syndromic aspects. Early neurosurgical approa-

ch was performed.  

Conclusion: A severe craniosynostosis syndrome with clinical aspects of FGFR mutations 

associated to SW-CAH in a different presentation than in ABS had never been described 

before. It may indicate an overlap of two rare conditions or possible interaction between 

FGFR and steroidogenesis. 

Established facts

Novel insights 
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Antley Bixler phenotype and normal steroidogenesis is associated to FGFR mutations, whereas the 
same phenotype with steroidogenesis impairment is linked to P450 oxidoreductase  deficiency.

A severe syndrome with clinical aspects of FGFR mutations craniosynostosis and classical salt-wast-

ing CAH with CYP21A2 mutation in a different clinical presentation than in ABS may indicate overlap 
of two rare conditions or possible interaction between FGFR and steroidogenesis.



Introduction 

 Craniosynostosis is defined as the premature fusion of the cranial sutures and presents 

many challenges in etiology (1). The overall prevalence of craniosynostosis has been estima-

ted to be approximately 1 in 2,500 births. It is a very heterogeneous disease and its causes and 

presentation varies from isolated to syndrome-related condition (1).  The Fibroblast Growth 

Factor Receptor (FGFR) family is associated with up to half of single gene disorders. The 

FGFR2 gene is mutated in 32% of all genetic cases. Heterozygous mutations of FGFR2 cause 

three classical craniosynostosis syndromes: Apert, Crouzon and Pfeiffer. Other genes com-

monly mutated in craniosynostosis are FGFR3, TWIST1 and EFNB1 (1,2). Some clinically 

non-syndromic synostosis (usually affecting the coronal suture) can be caused by single gene 

mutations in FGFR3 (1). Much rarer, craniosynostosis are associated to P450 oxidoreductase 

(POR) gene mutation, leading to a condition called Antley-Bixler syndrome (ABS) (1-3). 

ABS-phenotype with normal steroidogenesis is associated to FGFR mutations (2), whereas 

those with ambiguous genitalia and altered steroidogenesis are due to POR deficiency 

(PORD), a rare cause of congenital adrenal hyperplasia (CAH) with mild to moderate 17 OH 

progesterone (17-OHP) elevation and basal normal cortisol levels (3, 4). CAH is most caused 

due to CYP21A2 mutations, around 90%, and its incidence in general population is around 

1:10,000 to 18,000 (5, 6). Other enzymatic impairments are much rarer. POR is in fact a co-

enzyme to 21- hydroxylase and 17-hydroxylase. PORD is a disorder of steroidogenesis with a 

phenotypic spectrum ranging from cortisol deficiency at the milder end to classic ABS at the 

severe end (3, 4). While classic CYP21 deficiency male patients have normal genital deve-

lopment at birth, PORD is associated to poor masculinization and maternal virilization during 

pregnancy with an affected fetus (3, 4). Manifestations of ABS also include skeletal anomali-

es, renal anomalies and other associated malformations (4). 
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Case description and results 

 A term newborn, normal weight (3,450g), male phenotype, third child of a non con-

sanguineous couple, was born with a severe craniosynostosis (turribrachycephalic skull sha-

pe), extreme ocular proptosis (unable to close eyelids) (Figure 1), hand and feet malformation 

(Figure 2). Mother referred normal gestation, discovered at 20 weeks, without virilization at 

any time and an obstetric ultrasound suggesting skull malformation. The newborn had Apgar 

score 3 and 7 and presented early respiratory insufficiency, evolving to mechanic ventilation 

and admitted at intensive neonatal unit care in a secondary medical center. At 15 days of life, 

there was clinical suspicion of adrenal insufficiency due to skin pigmentation and lowering of 

serum sodium. Hydrocortisone (HC) was initiated and 3 days later also fludrocortisone, with 

further normalization of electrolytes. Neonatal screening was collected after 1 dose of HC and 

17 hydroxyprogesterone (17-OHP) levels from dried blood on filter paper were 733 ng/mL. 

Salt-wasting congenital adrenal hyperplasia (CAH) diagnosis was made. At 42 days of life, 

due to worsening of upper respiratory distress, patient was transferred to a tertiary complexity 

hospital. At the admission, signs of macrogenitossomia and cutaneous hyperpigmentation 

were seen (Figure 3. A). Hormones levels were according to clinical evaluation, with ACTH 

839 pg/mL (normal <46) / 17-OHP 111.7 ng/mL (normal range 0.8-5.0). Patient improved cli-

nical and laboratory parameters after glucocorticoid adjustment (Figure 3. B). No signs of ra-

dioulnar or other joint synostoses or skeletal fractures were clinically or radiologically obser-

ved in this patient. Computed tomography (CT scan) and magnetic resonance (MRI) showed 

intense demineralization compatible with craniolacunia (Figure 4), severe medium face hypo-

plasia, corpus callosum and septum pellucidum absence, posterior fossa with Arnold -Chiari 

type 1 and cloverleaf skull, suggesting Crouzon or Pfeiffer Syndrome aspects, according to 

careful radiological evaluation (Figure 5). To avoid compressive complications of craniosy-
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nostosis, an early neurosurgical approach was performed, after careful evaluation by a multi-

disciplinary team at three and a half months old. Patient evolves favorably after surgery but 

was continuously dependent on oxygen therapy and tracheostomy was required. He passed at 

5 months and 20 days due to complications from respiratory infection, even with the use of 

appropriate doses of glucocorticoids in stress situations. 

A further genetic analysis was performed with informed parental consent. By sequencing te-

chnique two mutations have been identified in Cluster 6 (p.I236N and p.V237E) homozygous 

and from molecular analysis, commercial kit Multiplex ligation-probe Amplification (MLPA) 

P050 CAH, a deletion of the CYP21A2 gene in heterozygous was detected. The combination 

of these mutations is known and identified in patients with the classic form of salt-wasting 

CAH. Analysis of the POR gene was performed by PCR and a single heterozygous was found 

in intron 2, without pathogenic meaning. The FGFR2 gene has not been studied so far.  

Discussion 

ABS, first described in 1975 by the authors that originated the syndrome name (7), was the 

first hypothesis outlined, since Miller and collaborators have described the association of 

cranyossinostosis and impaired steroidogenesis due to PORD in 2004 (8).  The ABS repre-

sents the severe end of the spectrum of syndromic craniosynostosis. Many patients have cho-

anal atresia and severe respiratory distress, often resulting in early death (9). Reardon and col-

laborators described an overlapping in ABS and Pfeiffer syndrome phenotypes, arising the 

hypothesis of digenic inheritance for ABS (8), although it became further clear that POR me-

chanisms also are involved in ABS phenotype (3,8). However, when differential diagnosis of 

syndromes with craniosynostosis (1,2,4) are compared (Table 1), the phenotypic aspect, the 

type of cranial malformation, the severity of craniosynostosis and malformations of hands and 
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feet refers to the diagnosis of Pfeiffer syndrome (2). But, in this case, the clinical and labora-

tory presentation besides the molecular confirmation of mutation in the CYP21A2 gene con-

firms the diagnosis of classic salt-wasting CAH (10-12). In addition, according to the six do-

mains presented by Krone and collaborators for the PORD diagnosis (4), the presented case 

fulfilled criteria in all, except in femoral arching (Table 2). And according to these authors, 

clinical presentation varies among PORD patient.  

Interestingly, in 1977, Bixler, the same author that described ABS two years before, also des-

cribed an unusual association of Saethre-Chotzen syndrome and CAH (13). This syndrome is 

typically caused by TWIST1 mutations, but a family with phenotypic features of Saethre-

Chotzen syndrome and normal TWIST1 sequence analysis had the FGFR2 mutation, sugges-

ting that the TWIST1 and FGFR products may interact during development (14).  

Since more cases have been studied by different groups (3,4,8,9), the overlap between POR 

and FGFR2 mutations may exist.  A severe craniosynostosis syndrome with clinical aspects of 

FGFR2 mutations, more specifically, Pfeiffer syndrome phenotype associated to salt-wasting 

CAH with confirmed CYP21A2 mutations in a different presentation than in ABS, had never 

been described before. According to Cragun & Hopkin (16) and confirmed by Miller (17), the 

ABS is not appropriate for this related condition, since it is clear that the severity and other 

dysmorphologic findings lead to a FGFR2-related craniosynostosis syndrome. It may indicate 

an overlap of two rare conditions (CYP21A2 and FGFR2 mutations) or possible interaction 

between FGFR products and steroidogenesis.  
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Legends of Figures 

Figure 1: Craniosynostosis, turribrachycephaly and eyes proptosis 

Figure 2: Hand an foot malformation 

Figure 3: (A and B): Genital appearance before and after glucocorticoid adjustment 

Figure 4: Early suture closing and bone porosity on CT 

Figure 5 : Turribrachycephalic shape and ocular proptosis on MRI 
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Table 1. Differential diagnosis of syndromes with craniosynostosis 

Syndrome FRGR Mutati-
ons Thumbs/Toes Hand and Feet Impaired Steroi-

dogenesis

 CROUZON Yes normal normal No

PFEIFFER Yes medial deviation brachydactyly No

ANTLEY BIX-
LER Yes arachnodactyly arachnodactyly No

PORD/ANTLEY 
BIXLER No arachnodactyly arachnodactyly Yes
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Table 2. The six malformation domains for POR deficiency malformations

MF= malformation 

DOMAIN/
SCORE

Midface hypo-
plasia Craniosynostosis Hand and 

Feet MF
Large joints 
synostosis

Femoral 
arching

Additional 
MF

0 none none none none none none

1

moderate 
(low implanted 
ears, pear sha-

ped nose)
moderate 1 extension deficit present 1  additio-

nal MF

2

severe 
(structures 

compression, 
proptosis)

severe 
(2 or more sutures, 

turrincephaly) 2
fixed synostosis, 
contracture of a 

large joint

neonatal 
fractures

2  or more 
additional 

MF

3
complicated by 
stenosis or cho-

anal atresia, 
tracheostomy

complicated by hydro-
cephalus, need for ven-
triculoperitoneal shunt

3 or more various joints 
contracture - -

!95



Figure 1: Craniosynostosis, turribrachycephaly and eyes proptosis 
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Figure 2: Hand an foot malformation 
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Figure 3: (A and B): Genital appearance before and after glucocorticoid adjustment 
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Figure 4: Early suture closing and bone porosity on CT 
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Figure 5 : Turribrachycephalic shape and ocular proptosis on MRI 
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CAPÍTULO 5 

CONSIDERAÇÕES FINAIS  

 Participar do início de um programa de triagem de uma doença rara e complexa, como 

a Hiperplasia Adrenal Congênita, no contexto público, pode gerar grande ansiedade e desafio. 

Por outro lado é estimulante ter a possibilidade de acompanhar o seu andamento e perceber os 

seus frutos, quer nos diagnósticos realizados, quer nas cooperações técnicas, quer na gratidão 

das famílias atendidas.  

 É gratificante perceber que após 24 meses da Triagem da Hiperplasia os resultados são 

positivos e que o programa está alinhado com as estratégias do Programa Nacional de Tria-

gem e do Ministério da Saúde. A incidência da doença encontrada no RS muito próxima de 

outros estados com população de origem semelhante, bem como em consonância com dados 

internacionais corrobora a eficácia da Triagem Neonatal da HAC em nosso meio. A estratégia 

de se adotar pontos de corte da 17 OH progesterona estratificada para o peso de nascimento é 

de inequívoca eficácia. Os dados apresentados ainda que um reteste para todos os bebês com 

primeiro screening alterado auxilia muito na diferenciação entre casos e falsos-positivos, es-

pecialmente para bebês prematuros e na faixa de peso abaixo de 2000g. Se ainda permanece 

alterada a segunda amostra, o genótipo é uma ferramenta adicional e assertiva,  e a metodolo-

gia desenvolvida de Mini-sequenciamento Multiplex (SnapShot) muito adequada para um 

programa populacional. Em conjunto, essas estratégias permitem o diagnostico e tratamento 

assertivos,  além de discriminar a severidade  dos casos e evitar o tratamento indevido de fal-

sos-positivos. Já o diagnóstico de formas não clássicas no período neonatal é controverso. 

Mas ainda assim, pode-se evitar hiper tratamentos também neste grupo de pacientes. E acom-
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panha-los desde o nascimento pode acrescentar novas informações sobre o perfil hormonal e  

a história natural da doença nesta forma específica de HAC. 

 Os dados de incidência e genótipo são inéditos para a população do Rio Grande do Sul 

e para a comunidade científica nacional e internacional. Além disto, são os primeiros resulta-

dos brasileiros sobre HAC após a implementação da fase IV do Programa Nacional de Tria-

gem Neonatal.  

 Contudo, alguns desafios ainda permanecem, como melhora no tempo de coleta da 

primeira amostra, mais informação sobre a doença e a importância da triagem neonatal para a 

comunidade, além de conhecimento médico mais difundido sobre o reconhecimento dos 

sintomas clínicos e acompanhamento próximo aos pacientes e familiares. Além disso, uma 

vez que o fluxograma de detecção da doença e a metodologia para o genótipo foi implantada 

com sucesso neste programa de triagem, pode servir como uma ferramenta adicional e mais 

amplamente disponível em casos selecionados após o reteste ou confirmação da doença 

clínica. E, certamente, outros frutos deste trabalho surgirão à medida que vai sendo 

aperfeiçoado e ampliado.  
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