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Decorridos mais de 18 meses desde o diagndstico do
primeiro caso de COVID-19, esta continua a ser uma doen-
¢a nova que desafia a comunidade cientifica a aprender em
tempo real. Os relatos dos doentes recuperados, referindo
sintomas e sinais que persistem semanas a meses apos a
resolugdo da infecgdo aguda, obrigam-nos a reflectir so-
bre a histéria natural da infecgao por SARS-CoV-2. Embora
ndo exista ainda uma definicdo consensual, a long-COVID
é uma condicdo caracterizada por manifestagdes clinicas
multissistémicas, do foro respiratério, cardiovascular, neu-
rolégico, gastrointestinal, renal e/ou musculo-esquelético,
que surgem habitualmente na fase aguda da infeccédo ou
imediatamente depois, ndo sdo explicaveis por um diag-
nostico alternativo e persistem além das quatro semanas
de doenga.’

Os sintomas podem manifestar-se isoladamente ou em
associacoes diversas, surgir varios meses apos a doenca
aguda e ter uma evolugéo ciclica com periodos de remis-
sdo e de recidiva.

A utilizagdo de nomenclaturas diferentes para designar
esta entidade e a auséncia de critérios universais defini-
dores do diagnodstico tém comprometido a identificagéo de
casos clinicos, a investigacdo da doenca, nomeadamente
a sua fisiopatologia, e a partilha de informagéo.

Nao existem dados da prevaléncia da long-COVID em
Portugal. Os numeros referentes a outros paises séo dis-
pares e reflectem a auséncia de uma uniformizagao de ter-
minologia e de critérios de diagnéstico. No dia 31 Julho de
2021, tinham sido diagnosticados em Portugal cerca de 968
000 casos de infecgdo por SARS-CoV-2.2 Se assumirmos
que 10% a 30% destes doentes desenvolvem sintomas
persistentes, como é referido por alguns autores, facilmen-
te reconhecemos a sobrecarga adicional que esta doenca
representara para o Servico Nacional de Saude (SNS) e
para a economia do pais.® Serdo mais de 96 000 doen-
tes, a maioria numa faixa etaria profissionalmente activa, a
necessitarem de cuidados médicos a médio-longo prazo e
que ndo conseguem retomar a actividade profissional, nos
primeiros meses apods a infecgédo, devido ao compromisso
funcional causado pela doenca.

Foram os doentes recuperados, mas com sintomas que
comprometiam a sua qualidade de vida e desempenho pro-
fissional, que, sentindo-se incompreendidos e insatisfeitos
com as solugdes apontadas pelos profissionais de saude,
deram o alerta para esta doencga nova e reclamaram o seu
reconhecimento. Recusaram o rétulo de “dano psicoldgi-
CO”, organizaram-se em associagdes e grupos de apoio
e divulgaram online o conceito de long-COVID. Foram, e
ainda sdo, usadas outras designacdes, como sindrome
pdés-COVID-19 e COVID-19 crénica, mas long-COVID pa-
rece ser a mais consensual por ter implicito o continuum
de sintomas da fase aguda, sem o corte abrupto sugerido
pela “sindrome pds-COVID” e o peso da cronicidade de
outros termos. Mais recentemente o termo /long-COVID foi
reconhecido pela comunidade cientifica, surgiu em revistas
cientificas com revisdo por pares e tem sido tema de edito-
riais e artigos de revisédo e de opinido em diversas revistas
cientificas."3#

Alguns autores referem-se a long-COVID como uma
sindrome pés-infecciosa idéntica a encefalomielite mial-
gica (EM), sindrome de fadiga cronica, associada ao
SARS-CoV-1, ao virus Epstein-Barr e a Coxiella burnetti,
e a sindrome pos-doenca de Lyme. A EM é uma doenca
cronica multissistémica caracterizada por um conjunto de
sintomas, fadiga, disturbios do sono, alteragdes neurocog-
nitivas, intolerancia ortostatica e mal-estar pdés-esforgo,
agravados pelo stress e esforgo fisico. Ndo ha actualmente
evidéncia cientifica que o SARS-CoV-2 constitua um tri-
gger para a EM. Apesar dos mecanismos etiopatogénicos
da long-COVID nao terem sido ainda esclarecidos, sédo
apontadas varias hipoteses, nomeadamente a persistén-
cia do SARS-CoV-2 nos tecidos, a disfungdo imunitaria e
a resposta inflamatéria desencadeadas pelo virus e fené-
menos disautondmicos. A presenga do virus na mucosa
gastrointestinal foi documentada histologicamente em um
terco de doentes submetidos a bidpsias quatro meses de-
pois da infecgdo aguda.* Contudo, a presencga do virus nos
tecidos ndo é nem condigao necessaria, nem sinénimo de
persisténcia da doenga. Daniel Altmann et al, num artigo
de opinido publicado na BMJ, refere que os mecanismos

1. Servigo de Medicina 2. Hospital de Santa Maria. Centro Hospitalar Universitario Lisboa Norte. Lisboa. Portugal.
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fisiopatoldgicos subjacentes as doengas auto-imunes po-
dem constituir um modelo conceptual relevante para o pa-
dréo de sintomas da long-COVID.* Faz alusdo ao lUpus,
enquanto doenga de um sistema unico, o sistema imuni-
tario, mas com afecgéo de varios outros e manifestagdes
multissistémicas, e a evolugéo clinica da esclerose multi-
pla, com padrdo de remisséo-recaida idéntico ao de alguns
casos de long-COVID. Refere-se ainda as manifestagdes
de auto-imunidade e resposta inflamatéria persistente as-
sociadas a outras infecgdes virais, como sdo os casos do
Ebola, o Chikungunya ou o Epstein-Barr. As semelhangas
da long-COVID com outras patologias, infecciosas ou auto-
-imunes, sdo inegaveis, mas na fase inicial de uma doenca
nova, estabelecer analogias com outras doencas pode ser
redutor e comprometer a investigacdo de um modelo fisio-
patolégico com caracteristicas singulares. O conhecimento
da fisiopatologia da long-COVID é crucial para o desen-
volvimento de intervengdes terapéuticas, que podem vir a
modificar a trajectéria da doenca e mitigar o seu impacto.
A persisténcia do virus nos tecidos reforga a importancia
da investigacéo de farmacos anti-viricos e a disfuncao imu-
nitaria associada ao SARS-CoV-2, além das implicagbes
terapéuticas, alerta-nos para o risco futuro de patologias
auto-imunes nos doentes que tiveram COVID-19.

Os estudos observacionais de follow-up de doentes
com long-COVID, divulgados em revistas cientificas com
revisdo por pares, oferecem-nos uma caracterizagdo de-
talhada das manifestagdes clinicas e uma perspectiva da
sua prevaléncia e evolugdo temporal.' Verificamos que os
doentes diferem entre si, no que diz respeito ao padrao de
sintomas e a gravidade clinica, e que a maioria se mantem
sintomatica 6 meses apo6s a infecgado aguda. Contudo, néo
sabemos quais e quantos doentes irdo recuperar e os que
vao apresentar sintomas incapacitantes no futuro. Quanto
aos factores de risco de evolugéo para long-COVID, nao
foi demonstrada uma correlacdo directa entre a gravidade
clinica da doenga aguda e o risco de long-COVID e o pres-
suposto que os doentes com doenga critica tém uma maior
probabilidade de desenvolver sintomas persistentes esta
errado. A idade, o sexo masculino e a obesidade, factores
de risco para COVID-19 grave, ndo estao associados a ris-
co aumentado de long-COVID. Deve ser investigado o po-
tencial de risco de outros factores, demograficos e clinicos,
e o impacto dos tratamentos instituidos na infecgdo aguda
ndo deve ser descurado.

A long-COVID constitui um desafio para a comunida-
de médica. A novidade da doenga e a auséncia de reco-
mendacdes de organizagbes e sociedades cientificas, que
guiem a marcha diagndstica e tratamento, gera ansiedade
e insegurancga. Além da fisiopatologia, desconhecemos a
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epidemiologia, o curso natural da doenga e as potenciais
sequelas. Estamos, em muitos aspectos, perante o desco-
nhecido, mas a gravidade e dimensao do problema exige
uma resposta solida e estruturada. Os médicos que acom-
panham estes doentes tém de investir na colheita, registo e
organizagédo de dados, promover a criagdo de plataformas
nacionais de registo e organizar-se em grupos de trabalho
que facilitem a troca de informagdes. Mas, citando Daniel
Altmann, é necessario ir além dos estudos observacionais
e promover estudos de intervengao. A inclusdo de doentes
com long-COVID em ensaios clinicos é ja uma prioridade
reconhecida por alguns paises e centros de investigacéo.
Destaco o trabalho da Organizagdo Mundial de Saude
(OMS) e o programa SARS-CoV-2 Recovery Cohort, uma
iniciativa do National Institutes of Health, que inclui estudos
prospectivos de coorte que pretendem avaliar os efeitos da
infeccéo a longo prazo e acompanhar a trajectéria de sinto-
mas ao longo do tempo.®

Steven Philips et al, num artigo recentemente publica-
do na NEJM, refere-se a long-COVID como o proximo de-
sastre nacional de saude.* Como podemos evitar que uma
condigdo quase desconhecida, que afecta um nimero tao
significativo de doentes, abale um SNS ja com tantas fra-
gilidades? Através de uma resposta coordenada da politica
nacional de saude, investindo na prevencao da infecgéo e
na investigacdo da doenga, definindo planos de interven-
¢ao adaptados a realidade do pais e ajustaveis a evolucao
da pandemia e, acima de tudo, gerindo, de forma realista e
responsavel, os recursos humanos e as instituicoes.

A long-COVID tem caracteristicas singulares. O aler-
ta para os sintomas persistentes foi dado pelos doentes,
0S mesmos que reclamaram o seu reconhecimento como
“doenca nova”, que a mediatizaram e alertaram para o im-
pacto que poderia ter na saude, na economia e na socieda-
de. A comunidade médica mostrou-se ambivalente e reco-
nheceu, ao olhar para o passado, a possibilidade de estar
perante uma nova sindrome pdés-viral, mas nao afastou, de
imediato, o contributo de uma componente psicoldgica. A
abordagem desta doenca é também um exercicio de hu-
mildade. N&o ha sinais ou sintomas patognomonicos, ndo
ha biomarcadores da doenga nem testes diagndsticos que
a afirmem ou excluam. O que podemos fazer? Tédo simples
quanto assumir que ndo sabemos, identificar o que preci-
samos saber e melhorar e criar as condi¢des para que isso
aconteca.
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Coronavirus disease 2019 (COVID-19) is a public health
emergency of international concern that has led to a world-
wide crisis with dramatic consequences for life, health,
economy, and society.! In Portugal, like in many other coun-
tries around the world, the strategies to manage the pan-
demic have mostly revolved around imposing restrictions.
In particular, the social distancing measures and lockdown
requirements resulted, among others, in the temporary
closing of many crowded environments including fitness
centres, public gyms and sports facilities. Albeit essential to
decrease the spread of the virus, these measures reduced
the number of opportunities to remain physically active, and
probably led to a decrease in the physical activity (Physi-
cal Activity is defined as any bodily movement produced
by skeletal muscles that results in energy expenditure.
Physical activity in daily life can be categorized into occu-
pational, sports, conditioning, household, or other activities)
levels, while the amount of time spent in sedentary behav-
iours (e.g., time spending seated or laid down, and watch-
ing TV) potentially increased, as described elsewhere.??
Moreover, the COVID-19 pandemic has posed major chal-
lenges for maintaining mental health. For instance, both
individuals with and without mental disorders may experi-
ence negative psychological effects like distress, and symp-
toms of depression and anxiety."* Although the impact of
COVID-19 on the physical activity in those without pre-ex-
isting psychiatric disorders has been covered extensively,
there has been a limited focus on individuals with severe
mental disorders (such as bipolar disorder, schizophrenia,
and other psychosis) and emerging psychopathology. This
is particularly disconcerting because individuals with severe
mental disorders already tend to have low levels of physical
activity and present higher risk of infection and of suffering

complications from COVID-19 compared to those without a
psychiatric disorder, due to the disorder per se, comorbid
conditions (obesity, diabetes, hypertension) and cognitive
deficits.2®> Moreover, with lockdown restrictions, individuals
with severe mental disorders can be more susceptible to
stress, and consequently, relapses or worsening of the dis-
ease course can occur.287 Sole et al? evaluated the effects of
the COVID-19 pandemic and lockdown measures between
community controls and patients with mental disorder dur-
ing the state of emergency and found that patients reported
engaging in less physical activity compared with the com-
munity controls. Additionally, the study also revealed that
during the lockdown, symptoms of anxiety and depression,
as well as weight gain, sleep changes and tobacco con-
sumption were more prevalent in the mental disorder group
compared to community controls. Nonetheless, this vulner-
able population relies on psychiatric services, such as insti-
tutions, programs, or group support to encourage and pro-
mote a healthy lifestyle including physical active behaviour.?
Unfortunately, due to the burden imposed by the pandemic,
namely during the period of the state of emergency, the Por-
tuguese National Health System had to adjust in order to
ensure the response to essential care needs and the Portu-
guese Psychiatric and Mental Health units were included in
this adjustment — limiting appointments and home visits to
the most urgent cases; non-urgent outpatient appointments
were carried out by telephone.® Moreover, the temporary
closure of several ambulatory facilities for psychiatric pa-
tients, including acute day hospitals, led to an abrupt inter-
ruption in the provision of ambulatory mental health care to
many patients.®

In this scenario, it is crucial that government, psychiatric
services, and healthcare providers understand the reality of

1. Research Centre in Physical Activity, Health and Leisure (CIAFEL). Faculty of Sport. University of Porto. Porto. Portugal.
2. Centre of Research, Education, Innovation and Intervention in Sport. Faculty of Sport. University of Porto. Porto. Portugal.
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people with severe mental disorders in order to support their
needs with adequate policies, such as ensuring the conti-
nuity of necessary community-based social and healthcare
services and providing access to important information. A
recent study'® demonstrated that meeting physical activity
guidelines was strongly associated with a reduced risk for
severe COVID-19 outcomes among infected adults. There-
fore, the promotion of physical activity should be prioritised
by public health agencies and incorporated into routine
medical care.’® Due to the vulnerability of people with se-
vere mental disorders?® it is crucial to improve their physi-
cal activity levels by implementing innovative and effective
strategies.

Firstly, it is crucial to understand that people with severe
mental disorders often exhibit limited motivation to engage
in physical activity and to maintain an active lifestyle."-"?
Several factors can explain this behaviour, namely, the
presence of negative and depressive symptoms, low self-
efficacy and lack of confidence and somatic co-morbidities
associated with the disorder (e.g., metabolic syndrome and
clinical pain)."-'* Therefore, the implementation of motiva-
tional strategies is essential to engage this population in
physical activity. Strategies such as a relationship of trust
with mental healthcare professionals, positive interactions
with peers, and engaging in physical activity in a non-clinical
environment are linked with starting and maintaining physi-
cally active behaviours.'>'® However, due to the COVID-19
pandemic, all these motivational processes became difficult
to enforce. Therefore, an adjustment to the conventional ap-
proach became necessary. For example, during telephone
appointments, online psychoeducation programs or online
mindfulness-based interventions, mental healthcare profes-
sionals supported by qualified exercise professionals, could
spend a few minutes to discuss the details of a healthy
lifestyle and encourage patients to perform more physical
activity. Some strategies can be suggested as discussed
below.

Increasing physical activity levels

Costa et al'', in a Portuguese sample of patients with
schizophrenia, demonstrated that autonomous motivation
(i.e., when patients behave with a full sense of volition and
choice) is a significant predictor of physical activity. The
authors suggested that clinical practice guidelines should
highlight the importance of autonomous motivation to im-
prove attitudes towards physical activity. Evidence revealed
that in order to increase the level of autonomous motiva-
tion, clinicians should minimize pressure, adopt supportive
language, and promote pleasant activities in a positive envi-
ronment.'>'® For example, qualified exercise professionals
with expertise in exercise (Exercise is a subset of physical
activity that is planned, structured, and repetitive and has

as a final or an intermediate objective the improvement or
maintenance of physical fithess) prescription, and addition-
al knowledge regarding psychopathology, can help patients
create a new weekly schedule that should be both enjoy-
able and feasible. Due to the pandemic, the regular daily
routines have changed, including the routine to engage in
physical activity. Therefore, a new and personalized sched-
ule is important to provide some structure to individuals with
severe mental disorders. Qualified exercise professionals
can provide support and guidance to create the schedule,
for instance, by suggesting when to include the exercise
sessions, the duration of each session, what type of activ-
ity (e.g., walking, yoga, circuit training), clarify what will be
the necessary equipment (if applicable), and the intensity
(i.e., low, moderate, and high). It is important to consider the
physical activity recommendations from the World Health
Organization'™: adults should do at least 150—-300 minutes
of moderate-intensity aerobic physical activity; or at least
75—-150 minutes of vigorous-intensity aerobic physical ac-
tivity throughout the week. Combinations of moderate and
vigorous intensity exercise can be performed in order to
meet this recommendation. Adults should also do muscle-
strengthening activities at moderate intensity or greater
that involve all major muscle groups on two or more days
a week. In order to help achieve these recommendations,
workout resources (e.g., exercise illustrations or exercise
videos) should be provided. These can be facilitated by on-
line services or, if this is not possible, copies or flyers with
exercise illustrations (e.g., Manual de Boas Praticas em
Atividade Fisica na Doenga Mental)'® can be sent by mail.

Decreasing sedentary behaviour

A systematic review and meta-analysis'® analysed sed-
entary time of people with psychosis and the authors found
that this population spent more than 11 hours of their waking
day being sedentary. These high levels of sedentary behav-
iour, along with the decline of cardiovascular health in this
population, highlights the need for approaches specifically
targeting sedentary behaviour."® The World Health Organi-
zation' recommends that adults should limit the amount of
time spent being sedentary. In order to reduce sedentary
time, it is important to avoid long periods of inactivity — for
example by using external cues such as advert breaks or
set alarms to perform a movement break (e.g., stretch-
ing, five jumps, walking to the door and returning, climb-
ing stairs) when watching TV. In the same way, performing
daily activities like cleaning and cooking, gardening, and
farming; performing a short exercise workout (e.g., relax-
ation exercises, abs, stretching, strength condition using
body weight and/ or objects in the house [e.g., chairs, water
bottles, rice package]) are also good strategies to reduce
sedentary time and consequently improve physical activity
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levels. Walking is also a good activity to increase physical
activity levels (but not enough to meet the above physical
activity recommendations), for example people with severe
mental disorder should be encouraged to choose walking
to the nearest supermarket instead of using a car or public
transport.

Furthermore, the use of devices and social support
could also be good strategies to maintain physical activ-
ity levels and decrease sedentary behaviour in people with
severe mental disorders. There is evidence demonstrating
that mental health technologies for activity tracking are fea-
sible and acceptable for use among patients with severe
mental disorders."” Apps and devices — for example activ-
ity monitors, set with reminders to move, can track activity
levels and step counts. Mental healthcare professionals can
motivate each person to increase their physical activity level
every day, for example by increasing the number of steps or
reduce the time spent in sedentary behaviours. It is impor-
tant to take into consideration that this vulnerable popula-
tion can present significant difficulties in terms of access
to technologies or resources that are commonly used by
the general population. Regarding social support, a recent
systematic review'® showed that family members play a piv-
otal role in supporting health parameters, like cardiovascu-
lar care of people with severe mental disorders. Therefore,
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ABSTRACT
Introduction: Breast implant-associated anaplastic large cell lymphoma (BIA-ALCL) is a rare T-cell neoplasm that is predominantly
associated with the use of textured implants. Recently, several countries have tried to clarify their epidemiological profile of BIA-ALCL.
This study aims to estimate the number of cases of BIA-ALCL in Portugal and to describe the pattern of use of breast implants at a
national level.
Material and Methods: This is a cross-sectional study including 57 healthcare institutions - 29 public hospitals and 28 private insti-
tutions. Each department of Plastic, Reconstructive and Aesthetic Surgery was asked to provide information concerning the main
manufacturer(s) and respective device texture of the breast implants used, and to report the number of registered cases of BIA-ALCL.
Results: In our study sample, the response rate was 58%. In our sample, most hospitals reported using textured breast implants from
Mentor (45.45%), Allergan (42.42%) and Polytech (39.39%). Only one private institution referred using smooth-coated implants from
Mentor and Motiva. Despite several hospitals reporting late-onset seromas, there was only one confirmed case of BIA-ALCL after
proper investigation with immunohistochemistry and histological procedures.
Discussion: BIA-ALCL may represent a shift for surgeons regarding selection of implant type. Smooth-coated implants or autologous
tissue represent adequate alternatives that could surpass the risks associated with textured devices.
Conclusion: In the future, the creation of a national patient registry and proper recognition of BIA-ALCL by plastic surgeons could be
useful tools to clarify the impact of the disease nationally and to mitigate potential risk factors.
Keywords: Breast Implants/adverse effects; Lymphoma, Large-Cell, Anaplastic/epidemiology; Lymphoma, Large-Cell, Anaplastic/etio-
logy; Portugal

RESUMO
Introducgao: O linfoma anaplasico de grandes células associado a implantes mamarios (BIA-ALCL) é uma neoplasia rara de células T
predominantemente associada ao uso de proéteses texturizadas. Recentemente, varios paises procuraram clarificar o seu perfil epide-
miologico. Este estudo pretende estimar o numero de casos de BIA-ALCL em Portugal e descrever o padréo de utilizacdo de proteses
mamarias a nivel nacional.
Material e Métodos: Este € um estudo transversal realizado em 57 servigos de saude - 29 hospitais publicos e 28 instituigdes pri-
vadas. A cada departamento de Cirurgia Plastica, Reconstrutiva e Estética foi solicitada informagéo sobre os principais fabricantes e
respetiva textura dos implantes mamarios utilizados, bem como nimero de casos registados de BIA-ALCL.
Resultados: Na nossa amostra, a taxa de resposta foi 58%. Considerando o universo de respostas obtidas, a maioria dos hospitais
referiu usar implantes mamarios texturizados da Mentor (45,45%), Allergan (42,42%) e Polytech (39,39%). Apenas uma instituicao
privada mencionou utilizar implantes lisos da Mentor e Motiva. Varios hospitais reportaram a ocorréncia de seromas tardios. Contudo,
apenas um caso de BIA-ALCL se veio a confirmar apds investigagao imunohistoquimica e histolégica adequada.
Discussao: O BIA-ALCL podera determinar uma alteracdo do paradigma de selegéo do tipo de implante mamario, onde alternativas
como os implantes lisos e tecido autélogo poder&o superar os riscos inerentes aos dispositivos texturizados.
Conclusao: De futuro, a criagdo de um registo nacional de doentes e reconhecimento do BIA-ALCL pelos cirurgides plasticos poderao
ser importantes ferramentas para clarificar o seu impacto no territério nacional e mitigar potenciais fatores de risco.
Palavras-chave: Implantes Mamarios/efeitos adversos; Linfoma Anaplasico Cutaneo Primario de Células Grandes/epidemiologia;
Linfoma Anaplasico Cutaneo Primario de Células Grandes/etiologia; Portugal

INTRODUCTION

Recent estimates report that approximately 10 million 1997, the first case that suggested a possible association
women worldwide have breast implants' and that the use  between breast implants and a rare T-cell neoplasm - ana-
of these medical devices tends to rise each year, both in  plastic large cell ymphoma emerged.® Since then, the num-
the cosmetic and reconstructive fields.? Nevertheless, sev- ber of cases increased substantially and, in 2016, the World
eral concerns have been raised regarding their safety. In  Health Organization recognized breast implant-associated
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anaplastic large cell lymphoma (BIA-ALCL) as a novel
and particular type of lymphoma.' Currently, 626 cases of
BIA-ALCL* and 24 deaths have been reported around the
world.®

BIA-ALCL is a rare T-cell neoplasm that arises in the flu-
id or capsule surrounding the implant. All reported cases of
BIA-ALCL are CD30-positive and ALK-negative, which re-
inforces its unique antigenic profile.® Most patients present
with a delayed seroma while less common manifestations
include a mass, regional lymphadenopathy, skin lesions or
B symptoms (such as weight loss, fever and night sweats).”
In the presence of these symptoms, patients should under-
go an ultrasound, which is recommended as the first-line
imaging test.® Ultrasound is considered to have similar or
better sensitivity and specificity in the detection of an effu-
sion or a mass compared to magnetic resonance imaging
and computerized tomography.? The establishment of the
diagnosis requires CD30 positive staining in immunohisto-
chemistry, cytological examination showing large anaplastic
cells and flow cytometry showing clonal expansion.” Com-
plete capsulectomy and implant removal is the standard of
treatment for localized disease,’ whereas chemotherapy
and/or antibody-drug conjugates (such as brentuximab
vedotin) are recommended in more advanced stages.” In
most cases, BIA-ALCL has an indolent course with excel-
lent prognosis, although fatalities have also been reported.

The device texture seems to have a role in the pathogen-
esis of the disease. Scientific evidence suggests that BIA-
ALCL is predominantly associated with the use of textured
rather than smooth-coated implants' and the risk seems to
be higher for more robustly textured or polyurethane-cov-
ered implants.* As of July 2019, and considering both US
and global BIA-ALCL cases reported to the US Food and
Drug Administration (FDA), 67% were associated with tex-
tured implants, 5% were related to smooth-coated implants
and in 28% of the cases the texture was not specified.! Nev-
ertheless, the FDA states that in the cases associated with
smooth implants, there was prior exposure to a textured im-
plant or a history of prior implants was unknown." Manufac-
turers estimate that 70% to 80% of implants sold in Europe
are textured, while 70% to 80% of those sold in North Amer-
ica are smooth.' This preference towards textured implants
in Europe might be explained by their supposed lower rates
of capsular contracture and implant rotation in comparison
with smooth breast implants.' Furthermore, patients who re-
quire reconstructive surgery often look for a natural shape
and projection of the breast, which led to the expansion of
anatomic implants.'® These devices are always textured in
order to improve adherence to the surrounding capsule and
prevent device rotation.® Moreover, tissue expanders used
in two-stage breast reconstruction have textured surfaces.®
Prolonged time of exposure to the implant seems to be a
common denominator in cases of BIA-ALCL, which occurs
on average nine years after implantation.™

Several theories have been proposed to explain the eti-
ology of BIA-ALCL. Some authors believe that the release
of silicone degradation products is capable of activating a

local immune response via T helper 1/ T helper 17 cells."
However, the most accepted hypothesis is that textured im-
plants, with their greater surface areas and enhanced bac-
terial adhesion, lead to higher rates of biofilm formation and
subsequent lymphocytic activation.® Hu et al documented
a significantly greater proportion of Ralstonia spp., a gram-
negative bacteria, in BIA-ALCL specimens compared with
non-tumor capsule specimens.'® Besides, Collett et al re-
ported that high-textured high-surface area implants (grade
four surface) have greater potential to harbour microorgan-
isms and, thus, carry the highest risk of BIA-ALCL.3

Since breast-implants are foreign bodies, concerns have
been raised regarding the possibility of their implication in
‘foreign-body carcinogenesis’ or as an immune trigger in the
ontogenesis of other cancers, such as sarcomas, hemato-
poietic malignancies, cervical, vulvar and lung cancers."”
Nevertheless, a systematic review found no evidence that
breast implants alter the risk of non-breast malignancies.'”
On the other hand, several implantable devices share simi-
larities with breast prosthesis, raising questions regarding
the possibility of triggering the same neoplastic response.’®
However, there was only one confirmed case of anaplastic
large cell lymphoma (ALCL) in association with an orthope-
dic device and most implantable devices seem to be pre-
dominantly associated with B-cell lymphomas rather than
with ALCL."®

Due to this recent scientific information, health authori-
ties from several countries took measures to minimize the
risk of BIA-ALCL. In April 2019, the French medicines
agency (ANSM) suspended the distribution and demanded
the withdrawal of numerous macrotextured shell and poly-
urethane breast implants.” Several manufacturers were
affected by this decision, including Allergan, Polytech, and
Eurosilicone. Furthermore, ANSM is presently advising sur-
geons to preferentially use smooth surface implants in the
cosmetic and reconstructive fields. In May 2019, Canada
also suspended the licenses of macrotextured breast im-
plants.?

The estimation of prevalence and incidence of BIA-ALCL
faces many difficulties both in the determination of the num-
ber of women with implants and the number of cases of
BIA-ALCL. Poor registries, underreporting, fear of litigation,
lack of awareness and cosmetic tourism are some of the
obstacles that prevent a reliable assessment.® The high-
est reported incidence is in Australia and New Zealand
(1/2832), whereas the lowest relative incidence is in the
Eurozone, China and Brazil.® Until recently, Scandinavian
countries had no reported cases.® Portugal is one of the Eu-
ropean countries where the number of cases of BIA-ALCL
remains unknown."

The present study aims to estimate the number of cases
of BIA-ALCL in Portugal and to describe the main brand
manufacturers and texture of breast implants used at a na-
tional level.

MATERIAL AND METHODS
This is a national multicenter cross-sectional study.
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Fifty-seven healthcare organizations were included in our
study, of which 29 were public hospitals and 28 were private
institutions. All public institutions with a department of Plas-
tic, Reconstructive and Aesthetic Surgery in Portugal were
included. We included private institutions in order to accu-
rately represent cosmetic surgery, an important sub-field of
Plastic Surgery and one of the most significant applications
of breast implants. The institutions were contacted via in-
stitutional e-mail addresses and/or telephone numbers re-
questing a response from the Plastic Surgery Department.
When available, the contact was established directly with
the department. Each department was asked to provide
information concerning the main manufacturer(s) and the
respective device texture of the breast implants currently
used at the institution (Fig. 1). Values were reported with
95% confidence intervals. For specific types of brand and
texture of breast prosthesis, namely Mentor Smooth, Sil-
imed Polyurethane, Silimed Textured, and Motiva Smooth,
the confidence interval was not calculated since the number
of cases was too small to ensure reliable intervals.

Additionally, we requested each department to report
the number of registered cases of BIA-ALCL (Fig.1). We
included all confirmed cases of BIA-ALCL ever registered
in each healthcare institution after adequate diagnostic ap-
proach (CD30 positive staining in immunohistochemistry,
cytological examination showing large anaplastic cells and
flow cytometry showing clonal expansion), both in the con-
text of reconstructive and aesthetic procedures. There were
no restrictions regarding the sex or age of the patient.

Late-onset seromas that did not match diagnostic cri-
teria were not considered. Incomplete responses from the
departments with missing data were not included and were
classified as ‘non-responses’.

If a case was confirmed, surgeons were requested to
provide relevant clinical data, namely the age of the patient,
brand and texture of the breast prosthesis involved, num-
ber of years after implantation, treatment approach and the
current status of the patient. Surveys were implemented
between the 3 March 2019 and the 14"January 2020. All

12.12%
[4.21-27.93]

Motiva textured
Motiva smooth
Silimed polyurethane

Siliemed textured

15.15%

Eurosilicone textured [5.33 - 31.40]

Mentor textured

Mentor smooth

Polytech textured

15.15%

Polytech polyurethane
v poly [5.33 - 31.40]

Allergan textured

57 healthcare services
29 public hospital
28 private institutions

Contact was established

via institutional e-mail address
and/ or telephone
OR

directly with the Department of Plastic Surgery
(when contact was available)

Requesting information regarding

Main manufaturer(s) and respective device texture of the
breast implants used in the institution
PLUS
number of cases of BIA-ALCL registered in the Department

Figure 1 — Methods

answers received in this period were included in the statisti-
cal analysis. The present study was approved by the Ethics
Committee of Centro Hospitalar de Sao Joao.

RESULTS

In our universe of 57 hospitals, we obtained a total of 33
responses, which corresponds to a response rate of 58%.
Considering our universe of responses, we observed that
most hospitals reported the use of textured breast implants
from Mentor [45.45% (29.84 - 62.02)], Allergan [42.42%
(27.22 - 59.21)] and Polytech [39.39% (24.65-56.35)] (Fig.

45.45%
[29.84 - 62.02]

39.39%
[24.65 - 56.35]

42.42%
[27.22 -59.21]

I
0 5 10 15 20

25 30 35 40 45 50

Percentage

Figure 2 — Pattern of use of breast implants in the sample by texture and manufacturer
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2). Polyurethane implants from Polytech and textured im-
plants from Eurosilicone were reported to be used in a
significant number of the hospitals that responded, each
representing [15.15% (5.33 - 31.40)] (Fig. 2). Only one pri-
vate institution reported using smooth-coated implants from
Mentor and Motiva. Recently, in light of emerging scientific
information, Centro Hospitalar de Sao Joao replaced the
use of textured implants from Allergan with smooth implants
from the same brand manufacturer.

Despite several hospitals reported having suspicious
cases, there was only one confirmed case of BIA-ALCL
after investigation with adequate immunohistochemistry
and histological procedures (Table 1). Instituto Portugués
de Oncologia (IPO) Porto, Centro Hospitalar de Sao Joao,
Centro Hospitalar de Lisboa Central, and several others
admitted having late-onset seromas that did not match the
criteria to be classified as a BIA-ALCL after a proper diag-
nostic approach.

Table 1 — Healthcare institutions contacted (n = 57) and number of reported cases of BIA-ALCL

Districts Hospitals/ Healthcare Centers contacted Answers BIA-ALCL cases
Viana do Castelo Unidade Local de Saude do Alto Minho Yes 0
Clinica Uniplastica — V. N. Famalicao Yes 0
Clinica Art Corpus Braga No -
Clinica Santa Tecla No -
Braga Hospital da Senhora da Oliveira -Guimaraes Yes 0
Casa de Saude de Séo Lazaro Yes 0
Misericérdia de Vila Verde Yes 0
Hospital de Braga Yes 0
Vila Real Centro Hospitalar de Tras-os-Montes e Alto Douro Yes 0
Centro Hospitalar de Sao Joao Yes 0
Hospital da Prelada No -
Centro Hospitalar V.N. Gaia/Espinho Yes 0
CUF Porto Yes 0
Hospital da Luz Porto Yes 0
Hospital Lusiadas Porto No -
Trofa Saude Yes 0
Hospital da Luz Pévoa de Varzim No -
Clinica Artlaser Porto Yes 0
CCE Porto Yes 0
Porto IPO Porto Yes 0
Hospital da Lapa Yes 0
Hospital da Ordem da Trindade No -
Hospital St Maria No -
Clinica Luso Espanhola No -
Misericérdia de Vila Conde Yes 0
Misericordia de Lousada Yes 0
Hospital-Escola da Universidade Fernando Pessoa Yes 0
Centro Hospitalar Universitario do Porto Yes 0
Centro Hospitalar Tamega e Sousa Yes 0
Unidade Local de Saude de Matosinhos Yes 0
Aveiro Centro Hospitalar Entre Douro e Vouga Yes 0
Viseu Centro Hospitalar Tondela-Viseu Yes 0
CUF Viseu Yes 0
Centro Hospitalar e Universitario de Coimbra No -
CUF Coimbra No -
Coimbra Centro Cirurgico de Coimbra No -
IPO Coimbra No -
Hospital da Luz Coimbra No -
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Districts Hospitals/ Healthcare Centers contacted Answers BIA-ALCL cases
Centro Hospitalar Lisboa Central Yes 0
Centro Hospitalar Universitario Lisboa Norte Yes 0
CUF Descobertas Yes 0
Clinica Faccia No -
Clinica Milénio No -
Lisboa Clinica Europa Lisboa No -
IPO Lisboa Yes 0
Fundagao Champalimaud Yes 1
Hospital Beatriz Angelo- Loures No -
Centro Hospitalar Lisboa Ocidental No -
Hospital Prof. Dr. Fernando Fonseca No -
Hospital Garcia de Horta No -
S Centro Hospitalar Barreiro Montijo No -
Centro Hospitalar de Setubal No -
Santarém Hospital Distrital de Santarém Yes 0
Evora Hospital do Espirito Santo de Evora No -
Faro Hospital de Faro No -
Madeira Hospital Central do Funchal Yes 0
Acores Hospital do Divino Espirito Santo Yes 0
" TOTAL 33 1

The only confirmed case of BIA-ALCL in our sample was
described by Fundagdo Champalimaud. The patient had
personal history of right breast carcinoma and high genetic
risk. Both breasts were intervened as part of the treatment
of the oncological disease and as a prophylaxis strategy
considering the genetic background. The postmastectomy
reconstruction involved the use of textured implants from
Allergan. Since the oncological surgery, the patient pre-
sented with three late-onset seromas, but the cytological
confirmation was only established at the third recurrence.
In the most recent recurrence, the patient presented with
a bilateral seroma eight years after implantation which had
a positive CD30 and negative ALK staining in immunohis-
tochemistry and matched other required criteria to be clas-
sified as a BIA-ALCL. Since the tumor was bilateral and
confined to the capsule, the therapeutic approach consisted
of total capsulectomy and implant removal in both breasts,
with subsequent surveillance.

DISCUSSION

This study described the national pattern of use of
breast implants and the number of cases of BIA-ALCL in
Portugal. Despite its clear association with BIA-ALCL, most
healthcare institutions included in our sample reported the
use of textured breast implants. Only one private institution
reported using smooth-coated implants. In recent years,
the popularity of textured implants among plastic surgeons
increased substantially due to their allegedly lower rates
of capsular contracture and implant rotation. Neverthe-
less, the theoretical benefit of textured devices has been
increasingly questioned. Contrasting with smooth implants,

textured implants have been associated with late seromas,
double capsules and more recently BIA-ALCL.?' The rate
of capsular contracture between smooth and textured de-
vices remains controversial and the superiority of textured
implants regarding this key point remains yet to be proven.
Even though Namnoum et al observed lower capsular con-
tracture rates with textured implants,?' two meta-analyses
from 2006 found no evidence of a reduction in capsular con-
tracture rates using textured implants when they are placed
subpectorally.> On the other hand, a study conducted by
Sieber et al revealed that textured implants rotate in their
pockets in 42% of cases,’ which can compromise their sup-
posed theoretical advantage in adherence. Thus, in light of
the current scenario, the benefits of smooth implants might
surpass the risks of textured devices.

In our study, we identified one confirmed case of BIA-
ALCL in Portugal. Despite its rarity, BIA-ALCL has a tremen-
dous impact not only as a symbol of the medical iatrogenic
potential but also in healthcare policies and management.
Therefore, the number of cases reported and attempts to
estimate the prevalence and incidence of this disease is ris-
ing each year. Germany and Denmark have seven reported
cases, whereas Poland identified three cases at a national
level." Wilkinson et al identified 55 cases of BIA-ALCL in
Australia and New Zealand between 2007 and 2016.22 The
first report of the PROFILE (Patient Registry and Outcomes
for Breast Implants and Anaplastic Large Cell Lymphoma
Etiology and Epidemiology) database recorded 186 distinct
cases of BIA-ALCL in the USA between 2012 and 2018.2
The estimated rates of BIA-ALCL (per implant placed) vary
widely across different European regions, from 1/25 000 in
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Ireland or 1/20 000 in Austria to 1/8928 in France, 1/4500 in
Switzerland or even 1/2400 in the United Kingdom." How-
ever, the accuracy of these estimates is questionable and
is widely limited by poor registries, underreporting, fear of
litigation and cosmetic tourism.?

While Australia and New Zealand have the highest re-
ported incidence rate, BIA-ALCL appears to be an extreme-
ly rare event in Asians, Africans and Native American de-
scendants.® These marked variations suggest that ethnicity
and genetic factors may also be involved in the pathogen-
esis of the disease. Mutations in Janus kinase and STAT3
have been described in relation to BIA-ALCL cases, as well
as activating mutations in the TP53 pathway.® Therefore,
BIA-ALCL seems multifactorial in its origin, rather than es-
tablished through a cause-effect linear relationship.

The present study has several limitations that could lead
to an underestimation of the exact number of cases in Portu-
gal. First, we only included healthcare institutions with a de-
partment of Plastic, Reconstructive and Aesthetic Surgery.
This could be a relevant limitation since breast reconstruc-
tive surgery is a wide field that can involve various medical
specialties such as General Surgery, Gynecology, Hematol-
ogy or Pathology. Even though most patients that under-
went reconstructive techniques involving breast implants
are theoretically followed by plastic surgeons, we cannot
ignore the potential existence of BIA-ALCL cases outside
this department. The inclusion of Pathology departments,
which normally have access to their own patient databas-
es or of Hematology departments may be a crucial point
in obtaining reliable estimates and should be considered
in future studies that attempt to estimate the prevalence of
this rare type of lymphoma. On the other hand, it would be
interesting to analyze the total number of breast implants
placed per institution in order to determine the frequency of
this rare event. However, obtaining a reliable and accurate
numerator (number of cases of BIA-ALCL in Portugal) is a
critical step to properly assess the risk of BIA-ALCL in fur-
ther studies. Furthermore, our sample included 28 private
institutions, but the total number of private healthcare cen-
ters where breast cosmetic surgery is performed is mark-
edly higher. Nevertheless, BIA-ALCL is a rare and novel en-
tity and, thus, it is expectable that those cases are referred
to specialized, large dimension and experienced centers,
such as IPO. All specialized centers were included in this
study, thus overcoming this limitation. BIA-ALCL usually de-
velops on average nine years after implantation. In contrast
with patients who underwent reconstructive surgery after
breast cancer, cosmetic surgery patients seldom follow-up
with their plastic surgeon for longer than one year post-sur-
gery.”™ Hence, the absence of cases in some healthcare in-
stitutions can simply reflect an incomplete follow-up. More-
over, other medical specialties less aware of BIA-ALCL may
delay its diagnosis or even misdiagnose it, when confronted
with symptomatic patients in the emergency department.'
The fear of litigation and the absence of a validated national
registry are also potential variables that could contribute to
underestimating our results.

Even though our study only identified one confirmed
case of BIA-ALCL, several hospitals reported having late-
onset seromas that did not match the required criteria to
be classified as BIA-ALCL after pathological examination.
Seromas that arise more than one year after implantation
occur in approximately 0.1% - 0.2% of patients and it is es-
timated that BIA-ALCL occurs in 9% - 13% of such cas-
es.® Some authors propose that BIA-ALCL may originate
in a pre-existing lymphoproliferative disorder characterized
by an indolent localized (in situ) disease that resolves in
most cases with capsulectomy and implant removal.?* The
National Comprehensive Cancer Network (NCCN) recom-
mends that symptomatic peri-prosthetic effusions that de-
velop more than one year after implantation should be aspi-
rated and screened for CD30 in immunohistochemistry and
flow cytometry.’® Nonetheless, as mentioned previously,
BIA-ALCL can also present as a mass without a coexist-
ing seroma, regional lymphadenopathy or skin lesions,® de-
manding a high index of suspicion.

BIA-ALCL is a rare disease which generally follows an
indolent course. Most cases resolve with implant removal
and complete capsulectomy. However, 15% of cases corre-
spond to more advanced stages of the disease and require
treatment with chemotherapy, antibody-drug conjugates
(such as brentuximab vedotin) or both.2° These modalities
of treatment carry high long-term morbidity due to their sys-
temic toxicity. For women who undergo breast reconstruc-
tive surgery after malignancy or as a prophylactic measure,
the risk regarding BIA-ALCL, even though low, might be un-
acceptable. Currently, the prophylactic removal of textured
prosthesis is not recommended as BIA-ALCL remains an
extremely rare and mostly curable disease.’

After implant removal and complete capsulectomy in the
context of BIA-ALCL, the reconstruction of the breast should
be executed with autologous tissue or smooth implants.2'
Furthermore, the NCCN claims that surgeons might con-
sider the removal of the contralateral implant since 4.6% of
cases were identified as having an incidental lymphoma in
the contralateral breast."

Based on the hypotheses that a subclinical infection
might be in the origin of BIA-ALCL, the use of techniques
that minimize the bacterial load at the time of surgery, spe-
cifically the 14-point plan, might reduce the occurrence of
this disease. Adams et al designed a prospective study to
test this possibility, following eight plastic surgeons that
were asked to perform the 14 point-plan.? After the imple-
mentation of this technique in women with macrotextured
breast implants, no cases of BIA-ALCL were reported, al-
though the expected number according to previous Austra-
lian studies would be between eight and nine.?

The number of cases of BIA-ALCL has increased con-
siderably in the last 10 years.?® The increasing use of mac-
rotextured implants, improved awareness and the time-lag
required for the development of the disease are some of
the factors that might contribute to this upward trend.®
Nevertheless, it is difficult to establish a reliable determi-
nation due to the dispersion of data and single reports.
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The adherence to registries and mandatory reporting are
the most important vehicles towards adequate surveillance,
tracking, and detailed epidemiological profiling.® Various
countries have already created voluntary national regis-
tries concerning BIA-ALCL. In 2012, the American Society
of Plastic Surgeons, The Plastic Surgery Foundation and
FDA created PROFILE. This patient registry represented a
systematic tool to collect and unify data concerning patients
diagnosed with BIA-ALCL in the United States.? Similarly,
the Netherlands has a mandatory registry since 2016.%” Por-
tugal should also create a national registry regarding BIA-
ALCL in order to accurately clarify the epidemiology of the
disease in our country.

Patients in the cosmetic field rarely follow-up with their
plastic surgeon more than one year post-surgery. However,
BIA-ALCL develops on average nine years after implanta-
tion. Extending the follow- up of these patients would proba-
bly carry a heavy burden on public healthcare systems for a
largely curable and exceptionally rare disease. Future clini-
cal practice should focus on informing women with breast
implants about the alarming signs of the disease that should
motivate the return to their plastic surgeon. In our opinion,
all women should be fully informed regarding the type of
implant they have and should perform regular self-breast
exams. Moreover, other specialties should be educated and
made aware about BIA-ALCL, allowing for its recognition
both in the emergency department and primary care set-
tings.

BIA-ALCL may represent a shift for surgeons regarding
selection of implant type. Smooth implants or autologous
tissue represent adequate alternatives for women who wish
to undergo a cosmetic or reconstructive procedure. Women
should be fully informed about the potential risks and ad-
vantages of textured implants and consent to the alternative
that is more acceptable for them. Furthermore, manufactur-
ers should offer new alternatives to implant design, materi-
als and surface texture.*

CONCLUSION

Despite its rarity, BIA-ALCL remains a potentially fatal
disease. The current use of textured implants should be re-
viewed and the potential harms concerning their application
must be weighted in medical decisions.

This study was the first to attempt to bring some light
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ABSTRACT
Introduction: Chromosome abnormalities contribute to about 10% of cases of premature ovarian insufficiency. Most are associated
with X chromosome. Fragile mental retardation 1 (FMR1) gene premutation has an estimated prevalence of 1% - 7% in sporadic cases
and up to 13% in familial cases. Our aim was to describe the clinical characteristics, cytogenetic and FMR1 testing of a Portuguese
population with premature ovarian insufficiency.
Material and Methods: Women diagnosed with premature ovarian insufficiency in a Portuguese tertiary centre were retrospectively
analysed. Data were retrieved from electronic medical records including clinical characteristics, cytogenetic and FMR1 testing. The
main outcome measures were the prevalence of chromosome abnormalities and FMR1 premutation in a Portuguese population with
premature ovarian insufficiency.
Results: Ninety-four patients were included, with a median age at menopause of 36 years. The prevalence of chromosome abnormali-
ties was 16.5% (14/85) and most were X chromosome related (78.6%, n = 11). The prevalence of FMR1 premutation was 6.7% (6/90).
The prevalence of karyotypic abnormalities or FMR1 premutation did not differ significantly between familial and sporadic cases. Nei-
ther chromosome abnormalities nor FMR1 premutation influenced age at menopause or follicle stimulating hormone levels at diagnosis
in premature ovarian insufficiency patients.
Discussion: This is the first study describing the clinical characteristics and both cytogenetic and FMR1 testing in a Portuguese popu-
lation with premature ovarian insufficiency. The rate of chromosome abnormalities in our sample was higher than in other populations,
while the prevalence of FMR1 premutation was similar to previous reports.
Conclusion: Our results underline the importance of genetic screening in premature ovarian insufficiency patients in both etiological
study and genetic counselling.
Keywords: Chromosome Abnormalities; Cytogenetic Analysis; Fragile X Mental Retardation Protein; Premature Ovarian Insufficiency

RESUMO
Introdugao: As anomalias cromossomicas contribuem para 10% dos casos de insuficiéncia ovarica prematura estando maioritaria-
mente associadas ao cromossoma X. A pré-mutacéo do gene fragile mental retardation 1 (FMR1) tem uma prevaléncia estimada de
1% - 7% nos casos esporadicos e até 13% nos casos familiares. O nosso objetivo foi descrever as caracteristicas clinicas e a analise
citogenética e do gene FMR1 de uma populagdo Portuguesa com insuficiéncia ovarica prematura.
Material e Métodos: Analise retrospetiva das mulheres com o diagndstico de insuficiéncia ovarica prematura vigiadas num hospital
terciario Portugués. Recolha de dados através do processo médico eletronico incluindo caracteristicas clinicas, analise citogenética
e analise do gene FMR1. Os desfechos principais foram a prevaléncia de anomalias cromossémicas e da pré-mutacdo FMR1 numa
populagdo Portuguesa com insuficiéncia ovarica prematura.
Resultados: Foram incluidas 94 doentes, com uma mediana de idade de menopausa de 36 anos. A prevaléncia de anomalias cro-
mossomicas foi 16,5% (14/85) e a maioria estavam relacionadas com o cromossoma X (78,6%, n = 11). A prevaléncia da pré-mutagao
FMR1 foi de 6,7% (6/90). A prevaléncia de anomalias cromossémicas ou pré-mutagdo FMR1 nao diferiu entre casos esporadicos e
familiares. Nem as anomalias cromossomicas nem a pré-mutagcao FMR1 influenciaram a idade de menopausa ou os niveis da hormo-
na estimulante dos foliculos aquando do diagnéstico na populagdo com insuficiéncia ovarica prematura.
Discussao: Este é o primeiro estudo a descrever as caracteristicas clinicas e a andlise citogenética e do gene FMR1 numa populagédo
Portuguesa com insuficiéncia ovarica prematura. A prevaléncia de anomalias cromossoémicas na nossa amostra foi superior a descrita
para outras populagdes, enquanto a prevaléncia da pré-mutacdo FMR1 foi semelhante a descrita em estudos anteriores.
Concluséao: Os nossos resultados sublinham a importancia do rastreio genético em doentes com insuficiéncia ovarica prematura, quer
no estudo etioldgico, quer no aconselhamento genético.
Palavras-chave: Andlise Citogenética; Anomalias Cromossoémicas; Insuficiéncia Ovarica Prematura; Proteina do X Fragil de Retardo
Mental
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INTRODUCTION

Premature ovarian insufficiency (POI) is defined as the
loss of ovarian function before the age of 40 and affects ap-
proximately 1% of women.! Clinically, patients may present
with primary or secondary amenorrhea, or with olygomen-
orrhea.' Several factors have been recognized as causes
of POI, such as genetic factors, previous chemo- or radio-
therapy, bilateral ovarian surgery, autoimmune or infectious
diseases.' In most cases, however, the underlying cause
will remain unknown.

In the last decades, an increasing interest has been
drawn to the genetic causes of POI.#® Chromosome ab-
normalities are known to be present in 10% - 13% of pa-
tients with POl and most are associated with the X chromo-
some.*”# Numerous karyotypic abnormalities have been re-
ported, ranging from X chromosome deletions, X-autosome
translocations or X-isochromosomes to numerical defects.*®
X-monosomy, both with and without mosaicism, has been
associated with an accelerated follicular atresia.* Previous
studies have reported that 47,XXX patients are also at risk
for POI, with a prevalence varying between 1.5% and 3.8%.
The exact mechanism is still unclear but an association with
autoimmune diseases or a meiotic disturbance caused by
an extra X chromosome have been proposed.*”° In 1973,
Sarto et al defined a X chromosome critical region from
Xg13-Xg21 to Xq23-g27." The implication of this region in
translocations or deletions was associated with POI. Multi-
ple studies have corroborated this finding.*

The fragile mental retardation 1 (FMR1) gene is the
strongest genetic association with POI.* The FMR1 premu-
tation (FMR1-PM) has a prevalence of 1:130 - 1:250 in the
female population.>'? Carriers of premutated alleles, with
55 - 200 CGG repeats, are known to have a risk of devel-
oping POI as high as 34%."" An association between the
number of CGG repeats and the development of POI has
been reported, although the number of repeats associated
with the highest risk is still a matter of debate.>'” Contrary
to what has been reported in the past, intermediate alleles
(45 - 54 CGG repeats) do not seem to be associated with
POI.1®

Carriers of FMR1-PM are not only at risk of developping
POI, but also have an increased risk of fragile-X-associated
tremor/ataxia syndrome (FXTAS)."'" This is a late onset
neurodegenerative disorder, characterized by gait ataxia,
dementia and intention tremor, which occurs in male car-
riers of FMR1-PM. The penetrance of symptoms increases
with age, affecting more than one third of patients over 50
years of age and exceeding 50% for men aged 70 - 90
years. Females are also affected although to a lesser ex-
tent.?®

Another reason to test for FMR1-PM is the increased
risk of expanding to the full length mutation (over 200 CGG
repeats) in the offspring, leading to the Fragile X Syndrome
(FXS). This risk is directly associated with the number of the
premutation carrier CGG repeats, increasing significantly
with more than 65 - 70 repeats.?

These figures highlight the importance of the genetic

characterization of these patients, both at the chromosomal
and molecular level. This will contribute to a better under-
standing of the biological mechanisms associated with POI.
Moreover, this knowledge will allow for an evaluation of
their family risk of developing POI or having a fragile X or
FXTAS descendent, identifying family members candidates
for genetic evaluation, genetic counseling or prenatal diag-
nosis. In this regard, a multidisciplinary approach envolving
gynecologists, obstetricians, geneticists and neurologists is
of paramount importance in the correct counselling of these
patients.

It is known that population characteristics, such as eth-
nicity, may affect POI prevalence and its genetic contribu-
tion." Therefore, our aim was to describe both cytogenetic
abnormalities and FMR1 tests in a Portuguese population
with POL.

MATERIAL AND METHODS
Study design

Our group carried out a retrospective study regarding
patients with the diagnosis of POI who attended their first
visit in a tertiary university-affiliated hospital between Janu-
ary 2010 and December 2018. The study was performed in
accordance with the 2013 Helsinki Declaration and with ap-
proval of the Institutional Ethics Committee (reg. 010-2020).
Since the study involved completely anonymous data ex-
traction from electronic medical records, patient consent
was not required. The inclusion criteria were: primary or
secondary idiopathic amenorrhea for at least four months in
women under 40 years old and two serum follicle stimulating
hormone (FSH) measurements over 25 mUI/mL obtained at
least one month apart. Patients with conditions known to
induce POI (previous chemo- or radiotherapy, ovarian sur-
gery and autoimmune diseases) were excluded. Patients
with typical Turner syndrome stigmata were also ruled out.
Family history of POl was considered when a history of first
or second-degree relatives with POl was present. Family
history of Fragile X syndrome was validated when a medical
report confirming the diagnosis was available.

Electronic medical records were reviewed for gyneco-
logical and obstetric history (age at menarche and meno-
pause, gravidity and parity, previous miscarriages and men-
strual pattern), family history of POl and fragile X syndrome
and laboratory results (plasma serum FSH and estradiol
levels at diagnosis, cytogenetic analysis and FMR1 test).

FSH and estradiol measurements

Plasma serum levels of estradiol and FSH were meas-
ured using a commercial chemiluminescence array (CMIA)
using the Architect analyser (Abbot Diagnostics, Spain).

Cytogenetic analysis

Chromosomal analysis was performed on metaphases
obtained from 72 h phytohemagglutinin (PHA) stimulated
peripheral blood lymphocyte cultures according to standard
procedures. Analysis of GTG-banded chromosomes was
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done at a resolution of 700 bands per haploid genome, ac-
cording to the International System for Human Cytogenetic
Nomenclature (ISCN) 2016.2" A minimum of 30 cells were
counted to rule out mosaicism, the common occurrence of
age related sex chromosome losses and/or gains was con-
sidered before reporting sex chromosome mosaicism.??23

FMR1 testing

Genomic DNA was extracted from peripheral blood lym-
phocytes using Jetquick blood and cell culture DNA Midi
Spin kit (Genomed, Léhne, Germany) and DNA concen-
tration and purity were evaluated using a NanoDrop1000
Spectrophotometer (Thermo Scientific, Waltham, USA).
FMR1 gene CGG repeat number was determined by con-
ventional PCR using primers C and F described by Fu et al
and by Triplet Repeat Primed PCR (TP PCR) using Asura-
gen AmplideX® FMR1 PCR Kit (Asuragen, Austin, USA), as
previously described by Ferreira et al.?42°

Statistical analysis

Statistical analysis was performed using SPSS Statis-
tics, Version 23.0 (IBM Corp., Armonk, NY, USA). Categori-
cal variables were compared using the Fisher’s exact test
according to the Cochrane rules. Quantitative non-normal
variables were expressed as median (interquartile range)
and the non-parametric Mann-Whitney U test was used for
distribution comparisons. All tests were 2 tailed, and p <
0.05 was considered statistically significant.

RESULTS
Clinical characteristics

A total of 94 patients enrolled the study. Patients’ gy-
necological and family history is shown in Table 1. Median
age at menopause was 36.0 (6.0) years. The majority of
patients reported secondary amenorrhea (95.7%, n = 90).

Obstetric history was unavailable in four patients. Over-
all, the nulliparity rate was 40.0% (36/90) and 18.9% (17/90)
of the patients had a history of previous spontaneous mis-
carriage.

Twenty-three patients presented a family history of POI.

Table 1 — Patients’ baseline characteristics

Obstetric and gynecological history

Age at menarche (years) 12.0 (3.0)
Primary amenorrhea 4/94 (4.3%)
Nulligravida 31/90 (34.4%)
Nullipara 36/90 (40.0%)
Previous miscarriage 17/90 (18.9%)
Age at menopause (years) 36.0 (6.0)
FSH at diagnosis (IU/L) 79.0 (43.9)
Estradiol at diagnosis (pg/mL) 20.0 (10.0)
Family history

POI 23/94 (24.4%)

Fragile X syndrome 2/94 (2.1%)

Values are median (interquartile range) deviation or n (%)

The prevalence of primary amenorrhea was 4.3% (1/23) in
familial cases and 4.2% (3/71) in sporadic POI patients. A
family history of fragile X syndrome was present in 2 pa-
tients. None of the cases with family history of fragile X syn-
drome presented with primary amenorrhea.

No statistically significant difference was found between
the median FSH at diagnosis in patients with primary versus
secondary amenorrhea [64.9 (56.0) vs 80.0 (39.0) IU/L, p =
0.392, Mann Whitney test].

Chromosomal abnormalities

Due to missing data, the karyotype was analysed in 85
patients (Table 2).

An abnormal karyotype was observed in 16.5% (n = 14),
of which 78.6% (n = 11) involved the X chromosome. The
most common abnormality was X chromosome mosaicism,
which was found in 50.0% of our cohort (7/14). The four pa-
tients with primary amenorrhea presented a normal karyo-
type.

No statistically significant differences were found re-
garding age at menopause [35.5 (7.8) vs 36.0 (6.0) years,
p = 0.691, Mann Whitney test] or FSH at diagnosis [83.0
(62.0) vs 78.1 (32.0) IU/L, p = 0.415, Mann Whitney test] be-
tween patients with (n = 14) or without (n = 71) an abnormal
karyotype.

Also, no statistically significant difference was found re-
garding the prevalence of karyotypic abnormalities between
the 23 patients with a family history of POl (8.7%, n = 2)
and those without (19.4%, n = 12) (p = 0.333, Fisher’s exact
test).

FMR1 testing
Due to missing data, FMR1 analysis was performed
in 90 patients (Table 3). FMR1-PM was present in 6.7%

Table 2 — Karyotyping
Normal (46, XX)

Abnormal

71/85 (83.5%)
14/85 (16.5%)

X chromosome related
- 46,X,del(X)(q25~q26).ish del(X)(DXYS61-)
- 46,X,del(X).ish del(X)(pter-q22.2)(DXS28-)
- 46,X,t(X;8)(q24;924.22)
- 47 XXX
- mos 45,X[2]/46,XX[28].nuc ish(DXZ1x1)[4/110]
- mos 45,X[1]/47,XXX[1]/48,XXXX[1]/46,XX[47]
- mos 45,X[3]/47,XXX[1]/46,XX[26]
- mos 45,X[3]/47,XXX[1]/46,XX[26]
- mos 45,X[3]/47,XXX[1]/46,XX[16]
- mos 47,XXX[3]/45,X[1]/46,XX[26]
- mos 47,XXX[2]/45,X[1]/46,XX[32]
Non-X chromosome related
- mos 47,XX,+21[2]/46,XX[38]
- 45,XXder(13;14)(q10;910)
- 47 XX,+mar.ishder(14/22)(D1421/D22Z1+,D22S75-)
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Table 3 — Number of CGG repeats in FMR1 testing
82 patients/90 (91.1%)

Normal alleles

<29 62
29 18
30 53
31 19
32-44 19
Intermediate zone alleles 2 patients/90 (2.2%)
53 1
54 1
Premutation alleles 6 patients/90 (6.7%)
58 1
60 2
69 1
80 1
82 1

(n = 6). The most frequent CGG number of repeats was 30
(n =53), followed by 31 (n =19) and 29 (n = 18).

None of the four patients with primary amenorrhea pre-
sented the FMR1-PM.

No significant difference was found between patients
with and without FMR1-PM concerning age at menopause
[38.0 (1.8) vs 36.0 (6.0) years, p = 0.092, Mann Whitney
test] or FSH levels at diagnosis [84.7 (63.0.) vs 77.7 (40.0)
IU/L, p = 0.340, Mann Whitney test].

There was a higher prevalence of FMR1-PM in patients
with a family history of POI, but this difference was not sta-
tistically significant [13.0% (3/23), vs 4.5% (3/67), p = 0.176,
Fisher’s exact test].

Both patients with a family history of X fragile syndrome
carried premutated alleles [(30,60) and (35,58)].

DISCUSSION

This is the first study describing the clinical characteris-
tics and both cytogenetic and FMR1 testing in a Portuguese
population with POI.

The median age at menopause in our population was 36
years, similar to the results published by Murray et al in a
UK population.?® In an Italian study, Baronchelli et al also re-
ported a mean age at menopause of 34 years.?” However, in
this study the authors considered patients with menopause
before the age of 45 years.?” Janse et al described a me-
dian age at menopause of 32 years in a POl Dutch popu-
lation.?® Lower ages at menopause have been reported in
POI non-European populations, varying between 24 and
30 years.”#2%-31 Although more studies are needed to con-
solidate this data, the available evidence seems to point to-
wards a higher age at menopause in European populations
with POI. This is in line with previous reports which suggest
differences regarding age of natural menopause in different
ethnic groups.* Despite the controversy regarding race/eth-
nicity per se as a factor that influences age at menopause,
a higher educational level, the prolonged use of oral contra-

ceptives and a higher baseline weight seem to be associ-
ated with a higher age at natural menopause.®>% The exact
mechanism behind these associations is not completely un-
derstood. Although no epidemiological studies have been
performed in POI populations, we hypothesize that these
factors may also contribute to our results.

The prevalence of primary amenorrhea in our popula-
tion was 4.3% (95% CI 1.6% - 11.0%), which is lower than
in other populations (13.2% - 51.0%).78282931.34 \We hypoth-
esized that the fact that our department attends to predomi-
nantly adult patients might have contributed to this bias.

The rate of previous spontaneous miscarriage was
18.9% (95% CI 12.0% - 28.5%), which is higher than the
findings reported by Allen et al and Jansel et al in a POI
population (5.0% - 13.9%), but similar to the expected rate
in the general population.'s.28:3

The prevalence of chromosomal abnormalities in our
population was 16.5% (95% CIl 9.9% - 26.1%). Most stud-
ies report a prevalence of karyotypic abnormalities varying
between 9% and 14%.7827.283134 However, a higher preva-
lence, between 21% and 32%, has also been reported in
Tunisian, American, Chilean and Turkish populations.236-38
Similarly to what has been previously published, most kar-
yotypic abnormalities were X chromosome related.”#2%2° |n
our population, in accordance with the results of Lakahl et al
and Janse et al, the most frequent were mosaic numerical
X chromosome abnormalities.?®®' Other authors reported
X chromosome structural abnormalities as being the most
frequent.”#272% Regarding X chromosome structural abnor-
malities, in our sample, all cases involved the Xq, which is in
agreement with previous studies and with the critical regions
previously defined for the development of POI (Xq13-Xqg21
and Xg23-Xq27).4"" Two patients presented Robertsonian
translocations, which have also been previously reported in
POI patients, although the autosomal role in POI remains
unexplained.*” Finally, one patient, who was referred to our
department due to secondary amenorrhea, presented one
autosomal mosaic involving trisomy 21 in two different cell
lines [47,XX,+21(2)/46,XX(38)]. Being a mosaic, we cannot
predict the presence of the trisomy in other tissues and a
causal effect with POl cannot be excluded, since women
with Down syndrome have a higher chance of suffering from
PO|.39,40

Despite the fact that previous studies found a higher
prevalence of chromosome abnormalities in patients with
primary amenorrhea than in patients with secondary amen-
orrhea,®?°3" none of the cases with primary amenorrhea
presented karyotypic abnormalities in our study. Most cer-
tainly, the small size of the primary amenorrhea subgroup (n
= 4) was underpowered to detect these differences. Similar-
ly to what has been previously described, no difference was
found regarding the prevalence of karyotypic abnormalities
in familial and sporadic cases.?*'

The prevalence of FMR71-PM in our sample was 6.7%
(96% CI 3.0% - 14.2%), similar to what has been previously
described in non-Asian populations."?® In Asian popula-
tions, the prevalence seems to be lower (0.5% - 1.5%).%°
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This is in line with a previous study involving almost 135 000
women from an unselected pan-ethnic cohort, which also
reported a lower incidence of FMR1-PM in Asian patients.*'
In accordance with other studies, the prevalence was higher
in familial cases of POI (13.6% vs 4.5%).5'4% The fact that
this difference was not statistically significant in our sample
may also be attributed to the small sample size. The num-
ber of CGG repeats has emerged as a possible predictor of
risk and severity of FMR1-related POI. Despite still being a
matter of debate, 80 - 100 repeat alleles seem to confer the
highest risk.'®'® In our sample, among the six patients with
FMR1-PM, only two presented alleles in the high-risk zone
(respectively, 80 and 82).

The most frequent number of CGG repeats has been
reported as 32,* while in our sample the most frequent allele
was 30. This probably reflects population related variations,
which account for the importance of the genetic characteri-
zation of these patients on a population level. Considering
that fragile X syndrome is the result of the expansion of
the number of CGG repeats when transmitted from mother
to offspring, the fact that both patients with family history
of fragile X syndrome presented FMR1-PM [(30,60) and
(35,58)] was an expected finding. In accordance with the
findings by Bouali et al, all patients with FMR7-PM present-
ed with secondary amenorrhea.?

CONCLUSION

Taking into account the prevalence of chromosomal ab-
normalities and FMR71-PM in our cohort, these results de-
monstrate the importance of genetic screening for patients
with POl and add new data on the different phenotypic and
genotypic patterns of this disorder in different populations.
We highlight the higher prevalence of chromosome abnor-
malities in our Portuguese cohort. Chromosomal studies
and FMR1 testing not only provide an etiological explana-
tion for the POI patient, but they also bear important infor-
mation for both reproductive and genetic counselling, both
for the couple and other relatives. Taking into account the
extra-reproductive risks conferred by FMR71-PM, namely
FXS and FXTAS, the importance of a multidisciplinary
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ABSTRACT
Introduction: Primary open-angle glaucoma is the most frequent subtype of glaucoma. Relatives of primary open-angle glaucoma
patients have an increased risk of developing the disease, suggesting a genetic predisposition to the disease. MYOC was the first
primary open-angle glaucoma-causing gene identified. This study aimed to identify sequence variations in the MYOC gene that may be
responsible for the phenotype in a group of primary open-angle glaucoma patients from the Centre Region of Portugal.
Material and Methods: The three coding exons and the proximal splicing junctions of the MYOC gene were studied using a PCR-
sequencing approach in a group of 99 primary open-angle glaucoma patients.
Results: The sequencing analysis enabled the identification of 20 variants, including four in the promoter region, seven in the introns
and nine in exons one and three, of which four were missense variants.
Discussion: Initially, all four missense sequence variations identified were considered candidates to glaucoma causing disease muta-
tions. However, after literature review, only variant c.1334C>T (Ala445Val) remained as likely responsible for mild late-onset normal
tension glaucoma.
Conclusion: This is the first study performed in a group of primary open-angle glaucoma patients from the Centre Region of Portugal,
contributing to the identification of one genetic variant in the MYOC gene and reinforcing the hypothesis that normal tension glaucoma
could be also due to MYOC gene mutations.
Keywords: Genetics; Glaucoma/diagnosis; Low Tension Glaucoma; Mutation, Missense

RESUMO
Introdugao: O glaucoma primario de angulo-aberto é o subtipo mais frequente de glaucoma. Os familiares de doentes com glaucoma
primario de angulo-aberto tém um risco maior de desenvolverem a doenga, o que sugere uma predisposigao genética para a doenca.
MYOC foi o primeiro gene causador de glaucoma primario de angulo-aberto a ser identificado. Este estudo pretendeu identificar va-
riagdes de sequéncia no gene MYOC que possam ser responsaveis pelo fenétipo num grupo de doentes com glaucoma primario de
angulo-aberto da Regido Centro de Portugal.
Material e Métodos: Os trés exdes codificantes e as regides adjacentes do gene MYOC foram estudados utilizando o método de
PCR-sequenciagdo num grupo de 99 doentes com glaucoma primario de angulo aberto.
Resultados: A analise de sequenciagdo permitiu identificar 20 variantes, incluindo quatro na regido promotora, sete nos intrdes e nove
nos exdes um e trés, das quais quatro eram variantes missense.
Discussao: Inicialmente, todas as quatro variagdes de sequéncia missense identificadas foram consideradas candidatas a mutagdes
causadoras de glaucoma. No entanto, apds anadlise da literatura, somente a variante c.1334C>T (Ala445Val) permaneceu como pro-
vavel responsavel pelo glaucoma de pressdo normal de inicio tardio.
Concluséo: Este é o primeiro estudo realizado num grupo de doentes com glaucoma primario de angulo aberto da Regido Centro de
Portugal, contribuindo para a identificagdo de uma variante genética no gene MYOC e reforgando a hipétese de que o glaucoma de
pressao normal também podera ser causado por mutagées no gene MYOC.
Palavras-chave: Genética; Glaucoma/diagnéstico; Glaucoma de Baixa Presséo; Mutagdo Missense

INTRODUCTION

Glaucoma is a group of optic neuropathies essentially
characterized by a progressive degeneration of retinal gan-
glion cells (RGCs) and their axons, leading to excavation
in the optic nerve head and, consequently, characteristic,
progressive and irreversible visual field defects.’ At the be-
ginning, the peripheral vision loss may not interfere with
the daily routine and remains undetected.? Therefore, until

an advanced stage of the disease is reached, which usu-
ally consists on central vision loss, most patients are una-
ware that they have the disease and, consequently, remain
undiagnosed and untreated.®

This ocular disease is the second leading cause of
blindness* and the leading cause of irreversible blindness
in the world, affecting 67 million people, of which 85% - 90%

* These authors contributed equally to this study.
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have primary open-angle glaucoma (POAG) in developed
countries.>% It is estimated that the number of people with
glaucoma in the world will increase to 76 million in 2020 and
to 111.8 million in 2040, from which 52.7 million and 79.8
million, respectively, will be POAG patients.”

Although the pathogenesis of POAG has not been fully
elucidated, there are known risk factors for the disease
including elevated intraocular pressure (IOP), age, ethnicity,
a positive family history, pseudoexfoliation, central corneal
thickness, myopia and ocular perfusion pressure.*® And
even though elevated IOP is a risk factor for POAG, it is
not a necessary feature for diagnosis since an important
subtype of POAG, known as normal tension glaucoma
(NTG), occurs at low to normal IOP levels.® NTG accounts
for approximately 20% - 50% of all POAG cases.®

There is little doubt that a positive family history
increases the risk of developing glaucoma. Relatives of
POAG patients have been shown to have an eight-fold
increase in the disease risk,“¢ exhibiting an autosomal
dominant heredity.® MYOC, a gene composed by three
exons and encoding a protein with 504 amino acids,'® was
the first POAG-causing gene identified" and mutations in
this gene are responsible for approximately 2% to 4% of the
cases." Prior to the identification of this gene, Sunden et al
mapped the GLC1A locus comprising an interval in the long
arm of chromosome 1 (1921-q31), that was associated with
juvenile open-angle glaucoma (JOAG), a subtype of POAG
with onset earlier than 35 years old (yo) and very high IOP."3
Afterwards, this region was limited to chromosome 1923 -
g25. The defective gene in this locus was finally identified
as TIGR (Trabecular meshwork-Inducible Glucocorticoid
Response)." In the meantime, Japanese researchers
mapped this gene by FISH within the chromosome 1q23
- 1924 region, and due to its homologous regions with
myosin, TIGR was named MYOC."

The myocilin protein is ubiquitously expressed in normal
tissues and organs,' widely expressed in ocular tissues
and highly expressed in the trabecular meshwork (TM),
where it plays an important role in the regulation of IOP.16-18
Despite a number of studies over a 20 year period since its
discovery in 1997, the physiological functions and biological
activities of myocilin in the TM remain poorly understood.
Aggregation of aberrant mutant myocilins is closely
associated with glaucoma pathogenesis. The aggregation of
misfolded/wild-type myocilins in the endoplasmic reticulum
(ER) may be harmful for TM cells and lead to apoptosis.'®
Previous results have suggested that the TM is several
times thicker in patients with glaucoma harboring mutations
compared with that in patients without myocilin mutations.
Therefore, myocilin mutations appear to be involved in
the morphological changes in the TM, which lead to cell
apoptosis.®

The present study aimed to identify sequence variations
in the MYOC gene that may be responsible for the
phenotype in a group of POAG patients from the Centre
Region of Portugal.

MATERIAL AND METHODS
Human subjects

A group of 99 Portuguese Caucasian POAG patients
from the Centre Region of Portugal, consisting of 52
males and 47 females with an average age of 71.2 yo and
ranging from 42 to 88 yo, and an average age at diagnosis
of 61.7 yo and ranging from 23 to 82 yo, was recruited to
this study and a clinical characterization was performed at
the Ophthalmology Department of the Centro Hospitalar e
Universitario de Coimbra. All patients underwent a detailed
ophthalmologic examination to ensure the diagnosis of
POAG including: 1) exclusion of secondary causes, 2)
open drainage angles on gonioscopy (Shaffer’s grading
IlI-1V), 3) presence of typical glaucomatous optic disc
damage (excavation) and 4) visual field defects detected
by automated perimetry (with Humphrey’'s perimeter).
The IOP was also evaluated since ocular tension enables
the distinction of POAG subtypes. Accordingly, glaucoma
patients with IOP equal or below 21 mmHg are diagnosed
as NTG.* For the present study, 26 patients with high IOP
and 73 with IOP equal or below 21 mmHg (NTG) were
randomly recruited.

This study was approved by the Ethics Committee of
the Faculty of Medicine, University of Coimbra, following
the tenets of the Declaration of Helsinki 2013 and a
written consent for genetic testing was obtained from adult
probands.

Sequence variations identification

The DNA was extracted from the peripheral blood of
POAG patients using a standard phenol—-chloroform method
followed by ethanol precipitation.?°

Individual exons and adjacent regions of the MYOC gene
were amplified by polymerase chain reaction (PCR) using
primers designed with Primer3 software (http://bioinfo.ut.ee/
primer3-0.4.0/primer3/). The primers nucleotide sequence
will be made available upon request to the corresponding
author. The PCR reactions were performed using 50 ng
of genomic DNA mixed with the following reagents: 1X
Taq Buffer 10X [with (NH,),SO,] (Fermentas), 0.2 uM of
forward and reverse primers (Sigma-Aldrich), 1.5 mM MgCl,
(Fermentas), 0.2 MM dNTPs (5PRIME), 1U Taq Polymerase
(Fermentas) and RNAse/DNase free Water (AccuGENE) to
a final volume of 10 pl. The reaction mixtures were subjected
to a specific PCR program with an initial denaturation step
of five minutes (min) at 95°C followed by 35 cycles, each
with denaturation at 95°C for 30 seconds (sec), annealing at
59°C - 63°C for 30 sec, and extension for one min at 72°C,
with a final elongation step of 10 min at 72°C.

PCR products underwent an electrophoresis on an
agarose gel containing 1% agarose SeaKem LE (Lonza)
and 1% ethidium bromide (Acros/Fisher bioreagents) in 1X
Tris Borate EDTA (TBE) solution (National diagnostics).

The amplified PCR products were purified using 1 pl
of ExoSAP-IT® and sequencing reactions were performed
using BigDye® Terminator v3.1 according to manufacturer
recommendations (Applied Biosystems) and the primers
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previously used for target DNAamplification. The sequencing
reaction products were separated on a Genetic Analyzer
3130 (Applied Biosystems) equipment. DNA sequencing
data obtained was analysed using Sequencing Analysis
Software v.5.4° (Applied Biosystems) and SeqScape v2.5°
(Applied Biosystems).

RESULTS

After PCR-sequencing analysis of the 99 POAG
Portuguese patients it was possible to identify at least one
genetic variant in MYOC gene exons or in the adjacent

regions in all the patients but two. Overall, 20 different
sequence variations were found, including nine coding and
11 non-coding variants (Table 1). From the coding variants
four were missense alterations [c.227G>A p.(Arg76Lys),
c.878C>A p.(Thr293Lys), c.1193A>G p.(Lys398Arg)
and c.1334C>T p.(Ala445Val) (Fig. 1)] and five were
synonymous variants [c.39T>G p.(Pro13Pro), c.141C>T
p.(Cys47Cys), c.477A<G p.(Leu159Leu), c.975G>A
p.(Thr325Thr) and c.1041T>C p.(Tyr347Tyr)]. Four non-
coding sequence variations were found in the promoter
region (c.-224T>C, ¢.-190G>T, c.-126T>C and c.-83G>A),

Table 1 — Sequence variations identified in MYOC gene of POAG patients

Genotype
Sequence variation Amino acid change . (n=99)
Wild type Mutant
homozygous Heterozygous homozygous

C.-224T>C - 54TT 41TC 4CC
c.-190G>T - 98 GG 1GT -
c.-126T>C - 94TT 5TC -
c.-83G>A - 83 GG 16 GA -
c.39T>G p.(Pro13Pro) 96 TT 3TG -
c.141C>T p.(Cys47Cys) 97 CC 2CT -
C.227G>A p.(Arg76Lys) 83 GG 16 GA -
c477A>G p.(Leu159Leu) 96 AA 3AG -
c.604+50G>A - 97 GG 2GA -

€.605-332G>A - 71 GG 26 GA 2AA

€.605-280G>T - 16 GG 57 GT 26TT
€.605-210delT - 97TT 2 Tdel -

c.730+35A>G - 45 AA 46 AG 8 GG

€.731-205A>C - 66 AA 32AC 1CC
c.731-73C>T - 95 CC 4CT -
c.878C>A p.(Thr293Lys) 98 CC 1CA -
c.975G>A p.(Thr325Thr) 96 GG 3GA -
c.10417>C p.(Tyr347Tyr) 94TT 5TC -
c.1193A>G p.(Lys398Arg) 97 AA 2AG -
c.1334C>T p.(Ala445Val) 98 CC 1CT* -

* Marks the individual with the variant responsible for late-onset NTG.
The nomenclature used in Table 1 for sequence variations is according to reference.*®
C>T
!
GTCAGCAGCTACACCTC CAG|IYAGATGCTACCGTC CTTTGC

I I
348 338

I I
328 318

Ala445Val

AV WAV PN v,

GCA>GTA

Figure 1 — Electropherogram of the genetic region surrounding variant c.1334C>T p.(Ala445Val) identified in a normal tension glaucoma
patient. Heterozygous transition of a C to a T at nucleotide 1334, changing the codon GCA to GTA and causing an Alanine to Valine amino
acid substitution at position 445. The nomenclature used in Fig. 1 for sequence variation is according to reference.*®
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four were found in intron one (c.604+50G>A, c.605-
332G>A, ¢.605-280G>T and c¢.605-210delT) and three
were found in intron two (c.730+35A>G, ¢.731-205A>C
and ¢.731-73C>T) (Table 1). The missense variants
c.878C>A p.(Thr293Lys) and c.1334C>T p.(Alad445Val)
(Fig. 1) were identified in heterozygosity in 1 patient each,
the ¢.1193A>G p.(Lys398Arg) in two patients and variant
c.227G>A p.(Arg76Lys) was identified in 16 patients (Table
1). It is noticeable that the promoter variant c.-83G>A and
the exon one missense alteration ¢.227G>A p.(Arg76Lys)
were always found simultaneously in the same patients,
even sharing the same genotype.

DISCUSSION

The sequencing analysis of the MYOC gene in 99
POAG patients allowed the identification of 20 variants
including four missense alterations [c.227G>Ap.(Arg76Lys),
c.878C>A p.(Thr293Lys), ¢.1193A>G p.(Lys398Arg) and
€.1334C>T p.(Ala445Val) (Fig. 1)] (Table 1). Initially, all four
missense sequence variations were considered candidates
to glaucoma causing disease mutations. However, after
literature review, it was possible to determine that c.227G>A
p.(Arg76Lys), c.878C>A p.(Thr293Lys) and c.1193A>G
p.(Lys398Arg) variants were previously described in
individuals without the glaucoma phenotype,?"?® thus
likely neutral polymorphisms. Nevertheless, the variant
€.1334C>T p.(Ala445Val) (Fig. 1) was previously identified
only in glaucoma patients and consequently reported as a
glaucoma causing mutation.2229-33

With the aim of developing a biochemical assay to
distinguish different forms of myocilin protein, a cellular
assay with Triton X-100 detergent was applied to determine
protein solubility of mutant and normal forms of the protein,
taking into consideration that misfolded myocilin mutants
aggregate in the ER and are insoluble. Variant ¢.1193A>G
p. (Lys398Arg) was one of the studied variants and the
assay established its solubility,** and consequently non-
pathogenicity.

Upon crystal structure-based prediction, variant
p.(Thr293Lys) is a remote surface exposed residue having
wild-type-like stability, which makes it unlikely to promote
misfolding of myocilin protein.®> Considering this data and
the identification of c.878C>A p. (Thr293Lys) in individuals
without the glaucoma phenotype, this variant is most likely
a neutral polymorphism.

Variant ¢.1334C>T p. (Ala445Val) (Fig. 1) is located in
MYOC gene exon 3 and results from an alteration at the
second nucleotide of codon 445, changing an amino acid
alanine to a valine. Even if it is unlikely that this amino acid
change causes alterations in the protein properties since
both alanine and valine are non-polar and hydrophobic
amino acids,® the strong former o alanine changes to a
strong former  valine may possibly cause an increased
preference for a B-sheet conformation® and a significant
modification in the secondary structure of the myocilin
protein. However, based on crystal structure-based
prediction, p. (Ala445Val) is located on a remote surface

of olfactomedin (OLF) domain® and exhibits wild-type-like
stability for OLF melting temperature,® suggesting that
it is not prone to misfolding.®®> Nevertheless, using size
exclusion chromatography, it was possible to determine
that the p. (Ala445Val) OLF domain has a higher yield of
aggregated species, allowing the identification of significant
differences in the ratio of aggregate to monomer species
when compared with wild type OLF domain, suggesting that
p.(Ala445Val) is more similar to disease causing variants
than to the wild-type.3” Additionally, in the present study, the
¢.1334C>T p.(Alad445Val) (Fig. 1) variant was identified in
a male NTG patient with 77 yo at diagnosis and an IOP
of 17mm/Hg in both eyes. Taking into consideration that
MYOC gene mutations are mainly associated with JOAG
patients with an early onset before 35 yo and very high IOP,
most likely caused by severe morphological changes in
TM, our study suggests that the ¢.1334C>T p.(Ala445Val)
variant may be responsible for a mild late onset form of
glaucoma regardless of TM dysfunction and likely caused
by a neurodegenerative mechanism affecting RGC, as
previously proposed.®® Finally, the present study supports
the glaucoma causing mutation classification for the MYOC
variant ¢.1334C>T p.(Ala445Val) based on its association
with late onset NTG and high yield of aggregated species.
Additional results obtained in the present study
include four non-coding sequence variations found in the
MYOC gene promoter region (c.-224T>C, c.-190G>T,
c.-126T>C and c.-83G>A) (Table 1). As much as it was
possible to determine from the literature review, there
is no association between the MYOC gene promoter
region variants and any type of glaucoma, and so it is still
questionable if these variants may influence MYOC gene
expression and lead to glaucoma. Also interesting for future
line of research is the simultaneous identification of the
promoter variant c.-83G>A and exon 1 missense alteration
¢.227G>A p.(Arg76Lys), even sharing the same genotype
in every patient and suggesting a segregation in linkage
disequilibrium as previously reported.®?3%42 If separately
both are unanimously considered neutral polymorphisms
for glaucoma, their impact in linkage remains elusive.
Personalized medicine using genetic information
to anticipate disease onset and progression, and to
implement preventive interventions for each patient is
an evolving field.** This is directly associated with the
exponential drop in cost of high-throughput genome-wide
genotyping platforms.* Next generation, high-throughput
DNA sequencing technology offers a powerful approach to
identify causal genetic variants for many rare and common
genetic disorders, including POAG." Genetic testing for
POAG is clearly helpful in some specific situations, such as
screening of family members in autosomal dominant POAG
of early onset.* Early identification of mutation carrying
individuals creates the opportunity for early implementation
of medical and surgical treatment alternatives for slowing
down the progression or even preventing glaucoma from
developing.*®* But this is only possible if genetic testing is
included in the diagnostic criteria for glaucoma. Recently,
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it was demonstrated that MYOC cascade genetic testing
for POAG allows identification of at-risk individuals at an
early stage or even before signs of glaucoma are present.*®
This was only possible due to MYOC gene screening
and identification of disease-causing mutations in POAG
patients and further mutation screening in patients’ relatives.
Without genetic testing as a diagnostic criterion there will
be no mutation identification, no relatives tested, no early
diagnosis achieved and no preventive therapies applied.
Taking into consideration the present study, gathering of
DNA samples for genetic testing from relatives of the patient
with variant ¢.1334C>T p.(Ala445Val) is ongoing.

CONCLUSION

This is the first study performed in a group of POAG
patients from the Centre Region of Portugal contributing to
the identification of one genetic variant in the MYOC gene
[c.1334C>T p.(Ala445Val)], probably responsible for a mild
late onset glaucoma through a neurodegenerative mecha-
nism that is independent of TM dysfunction. These findings
will enable cascade genetic testing of patient’s relatives with
the aim of identifying at-risk individuals and implementing
therapeutic procedures to prevent the development of glau-
coma. Accordingly, genetic testing should be included in the
diagnostic approach for glaucoma.
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ABSTRACT
Introduction: Sequence variants in the GJB2 gene account for up to 50% of cases of non-syndromic sensorineural hearing loss in the
Caucasian population. In this study, we report the frequency of the less common variants of the GJB2 gene in a Portuguese sample
and compare these frequencies with those of a group of hearing-impaired patients.
Material and Methods: In order to select the less common GJB2 variants, 147 hearing-impaired patients followed in Centro Hospitalar
Universitario de Sao Jo&do were evaluated. Afterwards, the presence of those variants was tested in 360 individuals from Generation 21.
Results: The patient assessment enabled the selection of 11 GJB2 variants. Of those, 10 were investigated in Generation 21 par-
ticipants, with only four being detected, in heterozygosity: p.Phe83Leu, p.Arg127His, p.Val153lle and p.Asn206Ser, with the allelic
frequencies (95% confidence interval) of 0.14% (0.01% - 0.87%), 0.28% (0.01% - 1.08%), 0.97% (0.43% - 2.04%) and 0.14% (0.01%
- 0.88%), respectively. Two variants, p.Val37lle and p.Val95Met, were more frequent in the patients’ group with statistical significance.
Discussion: Our results allow for the p.Arg127His and p.Val153lle variants to comply with polymorphism criteria and support the
pathogenicity of p.Val37lle and p.Val95Met variants. Moreover, two cases of moderate hearing loss were explained by the p.Val37lle/p.
Asn206Ser genotype, substantiating both the pathogenicity of such variants and the hypothesis that compound heterozygosity with
p.Ans206Ser is associated with mild-moderate genotypes.
Conclusion: Understanding the role of the variants is essential in order to provide genetic counselling to patients and their families. We
explored a set of uncommon GJB2 variants that comprised 12% of the hearing-impaired patients in this study, supporting the relevance
of their description.
Keywords: Connexin 26; Gene Frequency; Genetic Counselling; GJB2 protein, human; Hearing Loss, Sensorineural

RESUMO
Introducgao: As mutagdes no gene GJB2 séo responsaveis por mais de 50% dos casos de hipoacusia neurossensorial ndo sindrémica
na populagédo caucasiana. Neste estudo, reporta-se a frequéncia das variantes menos comuns do gene GJB2 numa amostra da popu-
lacéo portuguesa, comparando-se com a dos doentes com hipoacusia seguidos na consulta de Genética.
Material e Métodos: Para selegédo das variantes menos frequentes do gene GJB2, avaliaram-se 147 doentes com hipoacusia segui-
dos na consulta de Genética — Doengas Hereditarias do Ouvido do Centro Hospitalar Universitario de Sdo Jo&o. A presenca dessas
variantes foi depois testada em 360 individuos da Geragéo 21.
Resultados: A avaliagdo dos doentes com hipoacusia permitiu selecionar 11 variantes. Dessas, 10 foram pesquisadas nos individuos
da Geragao 21, identificando-se apenas quatro, em heterozigotia: p.Phe83Leu, p.Arg127His, p.Val153lle e p.Asn206Ser, com frequén-
cias alélicas (intervalo de confianga 95%) de 0,14% (0,01% - 0,87%), 0,28% (0,01% - 1,08%), 0,97% (0,43% - 2,04%) e 0,14% (0,01%
- 0,88%), respetivamente. Duas variantes, p.Val37lle e p.Val95Met, mostraram-se mais frequentes nos doentes com hipoacusia de
forma estatisticamente significativa.
Discussao: Estes resultados permitem considerar as variantes p.Arg127His e p.Val153lle como polimorfismos e apoiam a patogeni-
cidade das variantes p.Val37lle e p.Val95Met. Note-se ainda que dois casos de hipoacusia moderada foram justificados pelo genoétipo
p.Val37lle/p.Asn206Ser, apoiando a patogenicidade de tais variantes e corroborando a hipétese de que heterozigotias compostas com
a p.Asn206Ser cursam com fenétipo ligeiro-moderado.
Concluséao: O conhecimento da patogenicidade das variantes € fundamental para o aconselhamento genético dos doentes e respeti-
vas familias. No seu conjunto, as variantes do gene GJB2 analisadas estavam presentes em 12% dos doentes, reiterando a relevancia
do seu estudo.
Palavras-chave: Aconselhamento Genético; Conexina 26; Frequéncia do Gene; Gene GJB2 humano; Perda Auditiva Neurossensorial

INTRODUCTION

Sensorineural hearing loss (SNHL) is one of the most 70% are non-syndromic.2 Non-syndromic sensorineural
common congenital sensory impairments, affecting approxi- hearing loss (NS-SNHL) is inherited in an autosomal reces-
mately one in 500 - 1000 newborns." About 60% of cases of  sive trait in 80%, but it can also be transmitted in autosomal
early-onset hearing loss are due to genetic causes, of which  dominant (15% - 20%), X-linked (2% - 3%), or mitochondrial

1. Faculty of Medicine. University of Porto. Porto. Portugal.

2. Department of Public Health and Forensic Sciences, and Medical Education. Faculty of Medicine. University of Porto. Porto. Portugal.

3. Instituto de Saude Publica. Universidade do Porto. Porto. Portugal.

4. Genetics Unit. Department of Pathology. Faculty of Medicine. University of Porto. Centro Hospitalar Universitario de Sao Jodo. Porto. Portugal.

5. Instituto de Investigagé@o e Inovagdo em Saude. Universidade do Porto. Porto. Portugal.

6. Department of Otorhinolaryngology. Centro Hospitalar Universitario de S&o Jo&o. Porto. Portugal.

< Autor correspondente: Claudia Sousa Reis. claudia.casr@gmail.com

Recebido: 24 de margo de 2020 - Aceite: 11 de janeiro de 2021 - First published: 25 de maio de 2021 - Online issue published: 01 de setembro de 2021
Copyright © Ordem dos Médicos 2021

Revista Cientifica da Ordem dos Médicos 592 www.actamedicaportuguesa.com




Reis CS, et al. GJB2: frequency of the less common variants in a sample of the Portuguese population, Acta Med Port 2021 Sep;34(9):592-600

(1%) patterns.®

More than one hundred genes are known to be involved
in NS-SNHL. Despite the genetic heterogeneity, sequence
variants in the GJB2 gene account for up to 50% of cases of
NS-SNHL in several populations.* This gene encodes con-
nexin 26, which is the major component of gap junctions in
the cochlea and has been implicated in the maintenance of
K* homeostasis in the inner ear." More than two hundred
GJB2 variants have been reported, most of them considered
pathogenic.® The p.Gly12Valfs*2 (also known as c.35delG)
variant is the most common GJB2 mutation in several SNHL
populations, including Portugal.®%° The p.Met34Thr variant,
recently classified as pathogenic, has also been found with
a high frequency among SNHL patients.>%'° The frequency
of the p.Gly12Valfs*2 and p.Met34Thr mutations in the gen-
eral Portuguese population has already been estimated."
As for the remaining GJB2 variants, no published studies
in the Portuguese population have estimated their carrier
rates.

The main purpose of this study was to estimate the
frequency of the less common GJB2 variants in a Portu-
guese community sample — Generation 21 (G21) — and to
compare these frequencies with those of SNHL patients. To
select the less common GJB2 variants, a cohort of SNHL
patients was evaluated.

We also compare the allelic frequencies of the G21
sample with those of the European sample of the GhomAD
Exome population database.'?

MATERIAL AND METHODS
SNHL patients

A total of 147 consecutive patients followed in the He-
reditary Hearing Loss Genetics Clinic from June 2011 un-
til February 2019, presenting with mild to profound SNHL,
were studied for GJB2 variants. For that purpose, peripher-
al blood samples were collected. Additionally, the audiologi-
cal evaluation was performed using auditory brainstem re-
sponse tests or pure tone audiometry. For each patient, the
medical history has been collected to determine the age of
onset and hearing loss evolution, family and patient history.
Moreover, causes of acquired hearing loss were excluded.
The severity of SNHL was classified by the pure tone aver-
age (PTA) of 0.5, 1, 2 and 4 kHz thresholds: PTA < 20 dB
was defined as normal hearing, 21 - 40 dB as mild SNHL,
41 - 70 dB as moderate SNHL, 71 - 95 dB as severe SNHL
and PTA > 95 dB as profound SNHL.

Selection of the less common variants

The evaluation of the SNHL patients’ cohort provided
the spectrum and frequency of GJB2 variants in this group.
Taking this spectrum as reference, every variant other than
p.Gly12Valfs*2 (c.35delG) and p.Met34Thr was included
in our set of less common variants - the target variants of
this study. Then, the G21 cohort participants were screened
for the selected GJB2 variants, in order to assess their fre-
quency in this Portuguese community group.

G21 cohort participants

Generation 21 (G21), is a population-based birth cohort
of 8647 newborns recruited in the metropolitan area of Por-
to, Portugal, in 2005 - 2006. The recruitment occurred at all
level 1l public units providing obstetrical and neonatal care.
At four years of age, the total cohort was invited to a re-
evaluation that occurred between April 2009 and July 2011.
For this specific study, 480 of the participants attending the
follow-up evaluation were randomly selected to study the
carrier rate of the most common variants of the GJB2 gene.
To fit into the general study aim, only children with parents
of Portuguese nationality were included. For each child, a
sample of buccal mucosa cells was collected with a swab.
Of the 480 selected participants, only 360 were included in
the study, due to sample quality constraints.

Genetic analysis

In total, 360 DNA samples were completely sequenced
and analyzed. Firstly, genomic DNA was extracted from
buccal mucosa cells, using a commercial kit (JETQUICK,
Genomed). Then GJB2 gene Sanger sequencing was per-
formed. For that purpose, polymerase chain reaction (PCR)
of the GJB2 exon 2 was performed, using the following spe-
cific primer pair - Cx26F: 5-TCTTTTCCAGAGCAAACC-
GCC-3" and Cx26R: 5-TGAGCACGGGTTGCCTCATC-3".
PCR products purification using AmpureXP® was performed
to remove the contaminants. The sequencing analysis of
amplified fragments was performed on an automated se-
quencer (Applied Biosystems® 3730xI DNA Analyzer) and
the Applied Biosystems® Sequencing Analysis v.5.4 soft-
ware was used. The annotation of GJB2 sequence vari-
ants was based on the GenBank cDNA reference sequence
NM_004004 and following the standard nomenclature rec-
ommended by the Human Genome Variation Society.

All phases of the study complied with the Ethical Prin-
ciples for Medical Research Involving Human Subjects ex-
pressed in the Declaration of Helsinki (World Medical As-
sociation, 2013). The study was approved by the Centro
Hospitalar Universitario de Sdo Joao Ethics Committee and
a signed informed consent according to the Declaration of
Helsinki was obtained from all participants.

Statistical analysis

The statistical analysis was performed using GraphPad®
and OpenEpi® software. Confidence intervals (Cl) were
calculated using the modified Wald method."® Differences
in the allelic frequencies between the G21 and the SNHL
groups were tested by Fisher’s exact test, as expected val-
ues in some cells of the contingency table were below five
and the sample size was small. The chi-square test was
used to assess differences between the allelic frequencies
of the G21 group and the data from the European sample of
the GnomAD Exome population database.' A significance
level of 0.05 was considered.
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RESULTS
GJB2 variants in patients with SNHL
A total of 147 index cases with mild
to profound SNHL were studied for
the presence of variants in the GJB2
gene. p.Gly12Valfs*2 (also known
as c¢.35delG) and p.Met34Thr were
the most frequently identified vari-
ants and were previously studied by
Déria M et al." Besides those, other
11 less common variants were identi-
fied: p.lle20Met, p.Trp24X, p.lle30Val,
p.Val37lle, p.Phe83Leu, p.Val95Met,
p.Arg127His, p.Arg143Gin, p.Val153lle,
p.Arg184Trp and p.Asn206Ser. Togeth-
er, these 11 less common variants were
found in 18 of the 147 families included.
The allelic frequencies and genotypes
are described in Table 1.

Frequency of the less common vari-
ants in the G21 group

A total of 360 individuals from the
G21 cohort were studied for the pres-
ence of the less common variants
identified in patients with SNHL. Due
to poor DNA amplification by PCR at
the extremities of exon 2 of the GJB2
gene, the p.lle20Met variant was not
possible to study, reducing the total
number of variants assessed to ten.
For the same reason, some of the G21
samples could not be screened for the
presence of p.Trp24Ter, p.Arg184Trp
and p.Asn206Ser variants, and hence
the total number of subjects screened
for these variants was 328, 359 and
352, respectively.

Four out of the ten variants as-
sessed have been identified, in hetero-
zygosity, in individuals from the G21.
The allelic frequencies are summarized
in Table 1. The p.Val153lle variant was
found in seven individuals, indicating
a carrier rate of approximately 1 in 51
(1.94%, 95% CI 0.86% - 4.04%). The
p.Arg127His variant was detected in two
more participants, indicating a carrier
rate of 1 in 180 (0.56%, 95% CI 0.02%
- 2.14%). One individual presented the
p.Phe83Leu variant, indicating a carrier
rate of 1 in 360 (0.28%, 95% CI 0.01%
- 1.72%). Likewise, the p.Asn206Ser
variant was found in one participant,
suggesting a carrier rate of 1 in 352
(0.28%, 95% C1 0.01% - 1.76%).

No homozygotes or compound

Table 1 — Results of GJB2 variants in G21 sample, SNHL patients and European Sample of the GnomAD Exome database and statistical comparison between the groups

Statistical comparison

European sample
(GnomAD Exome database)

SNHL patients

G21 group

GJB2 variant

Alleles no.
(Frequency, %) (95% CI)

G21-SNHL
Fisher’s exact test p-value*

Alleles no. / n
(Frequency, %) (95% CI)

Alleles no. / n
(Frequency, %) (95% CI)

G21-European sample

Chi-square test p-value*

294 chromosomes

n=

1/112153
(0.0009) (0.0000% - 0.0056%)

1
(0.34) (0.01% - 2.10%)

p.lle20Met

0.8398

0.3095

71112334
(0.0062) (0.0027% - 0.0132%)

(0.34) (0.01% - 2.10%)

0/656
(0.00) (0.00% - 0.70%)

p.Trp24Ter

0.8582

0.2899

5/112798
(0.0044) (0.0016% - 0.0107%)

(0.34) (0.01% - 2.10%)

0/720
(0.00) (0.00% - 0.64%)

p.lle30Val

0.3267

0.0020

150 / 113146
(0.1326) (0.1129% - 0.1556%)

5
(1.70) (0.61% - 4.03%)

0/720
(0.00) (0.00% - 0.64%)

p.Val37lle

0.3690

0.2032

377 /113688
(0.3316) (0.2998% - 0.3668%)

2
(0.68) (0.02% - 2.61%)

11720
(0.14) (0.01% - 0.87%)

p.Phe83Leu

0.8735

0.0020

4/113566
(0.0035) (0.0010% - 0.0094%)

5
(1.70) (0.61% - 4.03%)

0/720
(0.00) (0.00% - 0.64%)

p.Val95Met
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0.8784

0.0622

350/113072
(0.3095) (0.2788% - 0.3437%)

4
(1.36) (0.40% - 3.57%)

2/720
(0.28) (0.01% - 1.08%)

p-Arg127His

NA 0.2899

(0.34) (0.01% - 2.10%)

0/720
(0.00) (0.00% - 0.64%)

p.Arg143GIn

0.0072

0.4501

413 /113494
(0.3639) (0.3305% - 0.4007%)

1
(0.34) (0.01% -2 .10%)

71720
(0.97) (0.43% - 2.04%)

p-Val153lle

0.2905

0/113592
(0.0000) (0.0000% - 0.0041%)

(0.34) (0.01% - 2.10%)

0/718
(0.00) (0.00% - 0.64%)

p.Arg184Trp

0.0001

0.2090

8 /113466
(0.0071) (0.0033% - 0.0142%)

%
(0.68) (0.02% - 2.61%)

Cl: confidence interval; n: total number of chromosomes assessed; NA: not available.

1/704
* A significance level of 0.05 was considered.

(0.14) (0.01% - 0.88%)

p.Asn206Ser
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heterozygotes were found for any of the variants. The
p.Trp24Ter, p.lle30Val, p.Val37lle, p.Val95Met, p.Arg143GIn
and p.Arg184Trp variants were not identified in the cohort.

Comparison between the G21 group and SNHL patients

We compared the allelic frequencies in the G21 group
with those of SNHL patients. The differences in the allelic
frequencies between the two groups were statistically sig-
nificant for the p.Val37Ille and the p.Val95Met variants (p
= 0.0020), these variants being present only in the SNHL
group. Regarding the other variants, no statistically signifi-
cant differences were found (p > 0.05). The statistical re-
sults are presented in Table 1.

Comparison between the G21 group and the European
sample of the GnomAD Exome

We compared the G21 group allelic frequencies with
those of the GnomAD Exome for a (non-Finnish) European
sample.” The differences were statistically significant for
p.Val153lle (p = 0.0072) and p.Asn206Ser (p < 0.0001) vari-
ants, with these variants being more frequent in the G21
sample. No statistically significant differences were found

Family 1

Family 2

for any of the other variants (p > 0.05). The allelic frequen-
cies of the GJB2 variants in the GhomAD European sam-
ple, as well as the statistical results, are presented in Table
1.

Characterization of p.Phe83Leu, p.Arg127His,
p.-Val153lle and p.Asn206Ser variants in families with
NS-SNHL

The p.Phe83Leu, p.Arg127His, p.Val153lle and
p.Asn206Ser variants correspond the ones that were iden-
tified in the G21 sample. In order to further characterize
them, we report on the NSHL patients and respective fami-
lies in which they were present, corresponding to a total
of seven unrelated families. The families’ genograms with
the individuals’ genotypes and phenotypes are presented in
Fig. 1.

Syndromic hearing loss was evaluated for all hearing-
impaired members. Subjects presenting other clinical find-
ings beyond hearing loss were further studied using com-
plementary diagnostics tests and were observed by other
medical specialists when required. No individual fulfilled the
criteria for syndromic hearing loss. Also, none of them com-

Family 3

p.[Arg127His;Arg127His)/WT WT/WT

p.Arg127His/p.Arg127His  p.Arg127His/WT RE moderate NSHL
Mild NSHL Normal LE normal

| Q |
-

1

—

1 q

p.Arg127His/p.Arg127His WT/WT
Profound NSHL RE profound NSHL
LE severe NSHL

Family 4 Family 5
WT/WT p.Val153lle/WT
Normal Normal
N 1 2
p.Phe83Leu/WT
RE mild NSHL
LE moderate NSHL
1l Il
N 1
p-Val153lle/WT

RE severe NSHL
LE profound NSHL

p.[Arg127His;Arg127His)/WT
Moderate NSHL

RE mild NSHL WT/WT p.Phe83Leu/WT
LE moderate NSHL Normal Normal
|
2 1 2
1}
N 1

p.Phe83Leu/WT
RE profound NSHL
LE moderate NSHL

Family 6 Family 7
p-Val37lle/WT p.Asn206Ser/WT p.Asn206Ser/WT p-Val37lle/WT
Normal Normal Normal Normal

|
1 2 1 2
1l
N N

1
p.Val37lle/p.Asn206Ser
Moderate NSHL

1
p-Val37lle/p.Asn206Ser
Moderate NSHL

Figure 1 — Genogram of the seven families. Hearing-impaired symptomatic individuals are indicated by green symbols, unaffected patients

by light grey symbols. The severity of SNHL considering the PTA

0.5,1,2,4kHz

is presented: normal hearing corresponds to a PTA < 20 dB, mild

SNHL to 21 - 40 dB, moderate SNHL to 41 - 70 dB, severe SNHL to 71 - 95 dB and profound SNHL to PTA > 95 dB. The index case is

identified by a green arrow.
WT: wild type; NSHL: non-syndromic hearing loss; RE: right ear; LE: left ear
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plained of dizziness or tinnitus, nor reported barotrauma or
occupational, recreational, or accidental noise exposure.
Some individuals had history of otological disease. Clinical
features are summarized in Table 2. Parents from families
one, two and four were consanguineous. Also, families one
and two were of Romani ethnicity.

The p.Phe83Leu variant was present in the heterozy-
gous state in families three and four. Since NS-SNHL is
mostly of autosomal recessive inheritance, it is unlikely that
this variant is the cause of the condition. Furthermore, in
family three, the mother of the index case has the same
GJB2 genotype and normal hearing.

The p.Arg127His variant was identified in patients from
two different families, both Romani — families one and two
- either in heterozygosity or homozygosity or cis configura-
tion of two p.Arg127His variants. The cis configuration was
inferred in individuals 1-1 and 1l-1 from family two since the
individual 1l-1 inherited both variants from the male progeni-
tor. The p.Arg127His variant does not seem to segregate

with the hearing impairment, as the individual 1I-2 in family
one presented with severe to profound NS-SNLH despite
the absence of this variant.

The p.Val153lle variant was found in heterozygosity in
two individuals from family five. Following the same line of
reasoning used for the p.Phe83Leu variant, it is unlikely that
this variant is the cause of the hearing impairment.

The p.Asn206Ser variant was found in compound het-
erozygosity with the p.Val37lle variant in two individuals
from families six and seven, both presenting moderate NS-
SNHL bilaterally. Families six and seven are not related, but
both came from the same region of southern Portugal. As
both variants are classified as pathogenic, this compound
heterozygosity might be responsible for the hearing loss in
these patients.''®

DISCUSSION
In this study, 360 participants from the G21 cohort
were screened for the presence of ten less common GJB2

Table 2 — Clinical characteristics of individuals from the SNHL families harbouring the variants p.Phe83Leu, p.Arg127His, p.Val153lle and

p.Asn206Ser. The severity of SNHL considering the PTA

0.5,1,2,4kHz

is presented: normal hearing corresponds to a PTA < 20 dB, mild SNHL

to 21 - 40 dB, moderate SNHL to 41 - 70 dB, severe SNHL to 71 - 95 dB and profound SNHL to PTA > 95 dB.

Age Age at SNHL

Family Case (years) onset Hearing impairment Genotype Observation
1-1 54 Bilateral mild p.Arg127His/p.Arg127His =
-2 47 - Normal audition p.Arg127His/WT -
™t I1-1 24 18 months Bilateral profound p.Arg127His/p.Arg127His Bilateral prosthesis
Il-2 17 16 months RE féol‘;‘:/';‘:ea”d WT/WT RE cochlear implant
I-1 58 = REa:‘éxfg :’Oi‘rf;fte p.[Arg127His:Arg127HisyWT  RE chronic otitis media
1-2 50 - mixeR dEnernigje?:t: LE WT/WT LE tympanosclerosis
2% Bilateral prosthesis;
LE chronic otitis media;
-1 20 6 years Bilateral mixed moderate  p.[Arg127His;Arg127His]/WT RE tympanoplasty;
Bilateral myringotomy
and tubes at 4 - 5 yo.
1-1 56 - Normal audition WT/WT -
3 1-2 54 = Normal audition p.Phe83Leu/WT =
I1-1 32 Childhood ~ E Profound and LE p.Phe83Leu/WT LE prosthesis
moderate
4* = 5 Congenital RE mild and LE moderate p.Phe83Leu/WT Bilateral prosthesis
1-1 69 - Normal audition WT/WT -
5 -2 64 = Normal audition p.Val153lle/WT =
I1-1 41 1year RLEESS;’(;;ZﬁQd p.Val153lle/WT -
1-1 34 = Normal audition p.Val37lle/WT =
6 -2 35 - Normal audition p.Asn206Ser/WT -
-1 3 Congenital Bilateral moderate p.Val37lle/p.Asn206Ser Bilateral prosthesis
1-1 50 - Normal audition p.Asn206Ser/WT -
7 -2 42 = Normal audition p.Val37lle/WT =
11-1 7 18 months Bilateral moderate p.Val37lle/p.Asn206Ser Bilateral prosthesis

ABG: air-bone gap; RE: right ear; LE: left ear; WT: wild type

* Consanguineous parents; ¥ Romani ethnicity.
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variants: p.lle20Met, p.Trp24X, p.lle30Val, p.Val37lle,
p.Phe83Leu, p.Val95Met, p.Arg127His, p.Arg143Gin,
p.Val153lle, p.Arg184Trp and p.Asn206Ser. These variants
were selected through the evaluation of a cohort of 147
SNHL patients who had been screened for GJB2 variants;
every detected variant other than p.Gly12Valfs*2 (c.35delG)
and p.Met34Thr was included in our set of less common
variants. Even though each less common variant was pres-
ent in few patients, together they comprised approximately
12% of the SNHL patients included in this study, denoting
the relevance in approaching them. An important tool for
the classification of the variants regarding pathogenicity
is the assessment of their frequency in a healthy popula-
tion. To our knowledge, this is the first study to estimate
the frequency of these variants in a Portuguese community
sample.

Four out of ten less common variants were found in in-
dividuals from the G21 cohort: p.Phe83Leu, p.Arg127His,
p.Val153lle and p.Asn206Ser. All four are missense variants
and are classified as benign/likely benign,'® benign/likely
benign/uncertain significance, likely benign,'® and patho-
genic,™ respectively. Differences between the allelic fre-
quencies of these variants in the G21 sample and the SNHL
group were not statistically significant - a finding which was
expected for p.Phe83Leu, p.Arg127His and p.Val153lle,
considering their tendentiously benign classifications, but
not for p.Asn206Ser, whose pathogenicity would be better
described by a higher frequency in the SNHL group com-
pared to the G21 sample. For the p.Arg127His variant,
however, a right deviation of the CI of the SNHL group was
observed, suggesting a higher frequency in this group. An
explanation can be the fact that the SNHL group also in-
cluded Romani people, while the G21 group included only
participants with Portuguese ancestry. In fact, both index
cases identified with the p.Arg127His variant were Romani.
Similarly, in another Portuguese study consisting of a report
on three Portuguese families carrying this variant, two of
the families were also Romani."® Romani people have In-
dian ancestry and this variant was found at a high frequency
in Indian individuals.?® Also, in a study with Slovak Romani
hearing impaired people, p.Arg127His was the most com-
mon GJB2 variant, occurring in 19.4% of the chromosomes
screened.?' So, the inclusion of Romani people may explain
the trend for a higher allelic frequency in the SNHL group.

Akey point to mention is that the highest estimate for the
allelic frequencies of p.Arg127His and p.Val153lle variants
in the G21 sample is higher than 1%, allowing for these vari-
ants to comply with polymorphism criteria. The role of the
p.Arg127His variant in SNHL is contentious as functional
studies are inconsistent.?>? Evidence of its possible non-
pathogenic nature relies on its common occurrence in the
Indian population and the similar frequencies between hear-
ing and non-hearing subjects found in France.”? Moreover,
the p.Arg127His variant has been detected in normal hear-
ing subjects both at homozygous state”?® and in compound
heterozygosity with the p.Gly12Valfs*2 mutation.?” Nev-
ertheless, two studies report significantly higher frequen-

cies in the patient group compared to the control group,
one from Tibet?® and the other from India.?® In the Indian
study, compound heterozygosity involving the p.Arg127His
variant was identified in hearing-impaired individuals but
not among control individuals.? In this regard, some stud-
ies suggest that genotypes combining p.Arg127His variant
with other pathogenic variants could lead to hearing loss by
having phenotypic expression modulated by environmental
factors or modifier genes.”'*?° Regarding the p.Val153lle
variant, the possibility of being pathogenic has been previ-
ously proposed.**-3* However, subsequent studies contra-
dicted this hypothesis by reporting its high occurrence in
normal hearing populations,?°** and describing its presence
in normal hearing subjects both at the homozygous state?°3%
and in compound heterozygosity with the p.Gly12Valfs*2
(35delG) mutation.?”3** Finally, in vitro expression studies
in transfected Hela cells demonstrated that the mutated
p.Val153lle protein was correctly synthesized and targeted
to the plasma membrane and its function was not altered.®
It is noteworthy that some studies do not rule out the pos-
sible role of the p.Val153lle variant as a modifier of the final
phenotype in the presence of other mutations in genes in-
volved in hearing function.032

The p.Phe83Leu variant was first described in 19983%
and since then, it has been reported by several authors as a
polymorphism, as similar frequencies in affected individuals
and controls have been observed - likewise in the present
study - and, in familial studies, it was not segregating with
SNHL.*2 Furthermore, functional evidence supports its
non-pathogenic nature.*®

In this study, the p.Ans206Ser variant was detected
in two index cases and, interestingly, both presented
compound heterozygosity with the pathogenic variant
p-Val37lle.** Also, both children had bilateral moderate NS-
SNHL (PTA , , 44, in the range of 41 - 70 dB). Compound
heterozygous genotypes with p.Asn206Ser have received
special attention in previous studies, as they have been as-
sociated with less severe audiological characteristics.* In
fact, the genotype p.Val37lle/p.Ans206Ser was previously
identified in a patient with congenital bilateral mild NS-
SNHL (PTA; , 5, Of 24 dB).** Furthermore, the genotype
p.Gly12Valfs*2/p.Ans206Ser was associated with bilateral
moderate SNHL in three patients (PTA ;. ;46001 iN the
range of 41 - 70 dB” ; PTA, , ., in the range of 41 - 55
dB* and PTA, , , ;. Of 65 dB)* and unilateral mild SNHL
in another (PTA . ,,, in the range of 21 - 40 dB).*® These
findings led the authors to speculate that the p.Asn2016Ser
variant may not severely compromise the gap junctional
communication system in the inner ear,*® which was later
corroborated by functional studies - some even revealing
that the permeability to anionic fluorescent tracers was
maintained, but the permeability to larger molecules was
compromised.314849

The comparison between the allelic frequencies of the
G21 group and the GnomAD European sample revealed
statistically significant differences for the p.Val153lle and
p.Asn206Ser variants, suggesting that these variants might
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be more frequent in the Portuguese population. In fact, our
allelic rate for p.Val153lle (0.97%) is higher than the fre-
quencies described for Italy (0.49%)*® and France (0.38%),”
but lower than that for the Czech Republic (1.92%).3* Vari-
ants p.Phe83Leu and p.Arg127His variant did not show
statistically significant differences, even though our G21
allelic frequencies (0.14% for p.Phe83Leu and 0.28% for
p.Arg127His) were lower than frequencies described for
France (0.28% and 0.66%, respectively).”

Another important consideration of our study is the de-
tection of the Arg127His variant in a cis configuration (fam-
ily 2, Fig.1) since it has never been described in previous
research, as far as we know.

The variants p.Trp24Ter, p.Val37lle and p.Arg184Trp,
classified as pathogenic,'®%%" and the variants p.Val95Met
and p.Arg143GlIn, classified as pathogenic/likely pathogen-
ic,525% were not identified in individuals from the G21 cohort,
which is consistent with their classifications. The p.lle30Val,
a variant of uncertain significance,> was not detected ei-
ther. The differences in allelic frequencies between the G21
and the SNHL groups for the p.Val37lle and the p.Val95Met
variants were statistically significant, strengthening the hy-
pothesis of their pathogenic role in SNHL. No statistically
significant differences were observed for the other variants.

CONCLUSION

The present study is the first report of the frequency of the
less common GJB2 variants in a Portuguese sample. The
p.Phe83Leu, p.Arg127His, p.Val153lle and p.Asn206Ser
variants were identified in G21 participants, in heterozygos-
ity, with the allelic frequencies of 0.14%, 0.28%, 0.97% and
0.14%, respectively. The p.Trp24Ter, p.lle30Val, p.Val37lle,
p.Val95Met, p.Arg143GIn and p.Arg184Trp variants were
not found in the G21 group. Our estimate of the allelic fre-
quencies allows for the p.Arg127His and p.Val153lle vari-
ants to comply with polymorphism criteria. Furthermore,
our comparison of the allelic frequencies of the variants
between G21 and the patients’ group strengthens the hy-
pothesis of p.Val37lle and the p.Val95Met variants having a
pathogenic role in NS-SNHL. Moreover, these results raise
the hypothesis that p.Val153lle and p.Asn206Ser variants
are more frequent in the northern Portuguese population
than in the general European population. Estimating the
carrier rates of the variants in a healthy population is an
important tool for the classification of their pathogenicity.
The clarification of the pathogenic role of each variant is of
paramount importance in familial genetic counselling.
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ABSTRACT
Introduction: Long-term health impairments are often experienced among survivors of critical illness, which may have a negative im-
pact on their quality of life. The aim of this study was to characterize COVID-19 survivors of critical illness and to evaluate health-related
quality of life and disability following hospital discharge.
Material and Methods: This is a retrospective case-series study that included COVID-19 survivors admitted to the Intensive Care
Medicine Department of a University Hospital. Follow-up evaluation was performed between the 30th and the 90th day after discharge.
Quality of life was explored using the five-level version of the EQ-5D instrument (EQ-5D-5L) and functionality using the 12-question
World Health Organization Disability Assessment Schedule 2.0 (WHODAS 2.0).
Results: Forty-five survivors were enrolled, 28 (62.2%) men, median age 63.0 years. The EQ-5D-5L questionnaire showed moderate
to extreme problems in some dimension in 29 patients (64.4%): mobility in six (13.3%), self-care in seven (13.3%), usual activities in
23 (51.1%), pain/discomfort in 14 (31.1%) and anxiety/depression in 17 (37.8%). When using the 12-question WHODAS 2.0 question-
naire, moderate to extreme disability was reported in some question in 37 patients (82.2%): 19 (42.2%) in standing for long periods, 18
(40.0%) in long-distance walking; 14 (31.1%) on taking care of household responsibilities and 17 (37.8%) in their day-to-day work; 23
(51.1%) felt emotionally affected by their health problems.
Discussion: Based on COVID-19 survivors-reported outcomes after critical illness, mobility, pain/discomfort, and anxiety/depression
were the main problems that persisted one to three months after hospital discharge.
Conclusion: An organized follow-up structure is crucial to improve health-related quality of life in critical COVID-19 survivors.
Keywords: COVID-19; Critical Care; Follow-up Studies; Portugal; Quality of Life; Survivors

RESUMO
Introdugdo: Os sobreviventes de doencga critica apresentam frequentemente sequelas a longo prazo. O objetivo deste estudo foi
caracterizar os sobreviventes da COVID-19 grave e avaliar a qualidade de vida apds a alta hospitalar.
Material e Métodos: Série de casos que inclui sobreviventes COVID-19 admitidos no Servigo de Medicina Intensiva de um Hospital
Universitario. A consulta de seguimento foi realizada entre o 30° e o 90° dia apds alta hospitalar. A qualidade de vida foi avaliada
através do questionario EQ-5D com cinco niveis (EQ-5D-5L) e a funcionalidade através do instrumento World Health Organization
Disability Assessment Schedule 2.0 (WHODAS 2.0) de 12 questdes.
Resultados: Foram incluidos 45 sobreviventes, 28 homens (62,2%), idade mediana de 63,0 anos. No questionario EQ-5D-5L 29
sobreviventes (64,4%) mostraram problemas moderados a extremos em alguma dimens&o: seis (13,3%) na mobilidade, sete (13,3%)
nos cuidados pessoais, 23 (51,1%) nas atividades habituais, 14 (31,1%) na dor/desconforto e 17 (37,8%) na ansiedade/depressao. No
WHODAS 2.0 37 sobreviventes (82,2%) revelaram altera¢des funcionais moderadas a extremas em alguma questéo: 19 (42,2%) em
permanecer de pé por longos periodos, 18 (40,0%) em percorrer longas distancias, 14 (31,1%) em cuidar das responsabilidades do-
mésticas e 17 (37,8%) no dia-a-dia no trabalho; 23 (51,1%) mostraram-se emocionalmente afetados pelos seus problemas de saude.
Discussao: A avaliagdo dos sobreviventes COVID-19 apos a doenga critica demonstra que a mobilidade, a dor/desconforto e a an-
siedade/depressdo sdo os principais problemas que persistem um a trés meses apos a alta hospitalar.
Conclusao: O acompanhamento estruturado apos alta podera ter impacto significativo na qualidade de vida destes doentes.
Palavras-chave: COVID-19; Medicina Intensiva; Portugal; Qualidade de Vida; Seguimentos; Sobreviventes

INTRODUCTION

On the 2™ of March of 2020, the first case in Portugal of health after critical iliness are often experienced among sur-

infection with the novel severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) was diagnosed.' This chal-
lenging disease with a daily stunning speed of infection led
to abrupt adjustments in hospital and healthcare teams, with
profound consequences to the physical and mental health
of all those involved: professionals, patients and families.?®
A recent meta-analysis reported that approximately 20% of
COVID-19 hospitalized patients required admission to In-
tensive Care Medicine.*

Long-term impairment in physical, cognitive and mental

vivors and their families, which is known as post-intensive
care syndrome (PICS).5 One year after critical illness, 60%
of survivors have one or more PICS-related problems.®
Moreover, moderate or severe disability six months after
critical iliness is present in 25% of survivors and it is associ-
ated with reduced health-related quality of life.” The press-
ing question remains understanding what the outcomes
of COVID-19 patients are after discharge from Intensive
Care and what are the implications of PICS.2 The largest
clinical follow-up study published about COVID-19 patients
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reported that the severity of illness was a risk factor for psy-
chological symptoms, mobility problems, persistent pain/
discomfort, and anxiety/depression in survivors.®

The aim of this study was to characterize survivors of
COVID-19 critical illness and to evaluate health-related
quality of life and disability following hospital discharge.

MATERIAL AND METHODS
Study design and participants

This retrospective case-series study included all
COVID-19 survivors admitted to the Intensive Care Medi-
cine Department of Centro Hospitalar Universitario Sao
Jodo in Porto, Portugal, with an effective hospital discharge
until the 15" of July of 2020. The eligible adult survivors
were those with an intensive care length of stay lasting lon-
ger than 24 hours.

In this Intensive Care Medicine Department there is a
follow-up clinic dedicated to the assessment of patients af-
ter critical illness which includes intensivists and an inten-
sive care trained nurse specifically dedicated to contacting
survivors by telephone and to apply disability scales as a
triage method before medical evaluation. The evaluation
period of survivors includesthe period between the date of
hospital discharge and the date of clinical telephone evalu-
ation.

The study was approved by the Ethics Committee of
Centro Hospitalar Universitario Sao Jodo (CE 376/2020)
and all the included patients gave verbal informed consent
at the time of contact.

Data collection

Demographic, clinical, laboratory and treatment data
were extracted from the hospital electronic informa-
tion systems. All patients had laboratory confirmation of
SARS-CoV-2 infection by real-time PCR methods.

Follow-up evaluation of survivors was performed over
the telephone by the intensive care nurse of the Intensive
Care follow-up team, between the 30" and the 90" day after
hospital discharge, following the specific requirements of
each scale evaluated in this study. Answers were provided
by the patient, except in three cases in which the family did
it.

Health-related quality of life

Health-related quality of life was assessed with the Eu-
roQol five-dimension five-level questionnaire (EQ-5D-5L).
This is a descriptive self-evaluation that assesses five di-
mensions: mobility, self-care (hygiene and dressing), usual
activities (work, study, housework, family and leisure activi-
ties), pain/discomfort and anxiety/depression. Each dimen-
sion has five levels of disability: no problems, slight prob-
lems, moderate problems, severe problems and unable
to or extreme problems, classified between 1 and 5.° The
visual analogue scale (EQ-VAS) is a quantitative measure
of health outcomes that reflects the self-rated health of pa-
tients, where the endpoints are labelled between “the worst
health you can imagine” (zero points) and “the best health

you can imagine” (100 points)."® The results will be present-
ed as disability degree for each dimension. We applied the
validated EQ-5D-5L Portuguese version."

Functionality and disability

In order to complement the evaluation of the impact
of critical illness on global functionality and disability the
12-question World Health Organization Disability Assess-
ment Schedule 2.0 (WHODAS 2.0) was applied. It covers
six domains of functioning, each one based on two ques-
tions with the intention of recognizing functional impair-
ments in the last 30 days: cognition (understanding and
communication), mobility (moving and getting around), self-
care (hygiene, dressing, eating and staying alone), getting
along (interacting with other people), life activities (domestic
responsibilities, leisure, work and school) and participation
(joining community activities). Each question was scored
from 1 (no difficulty) to 5 (extreme difficulty or cannot do)
with the possibility of answering “not applicable” (N/A) if the
person did not have the opportunity to complete the task in
the last 30 days.'? The results will be presented as disability
degree in each question. We applied the validated Portu-
guese version of 12-question WHODAS 2.0."®

Statistical analysis

Statistical analysis was carried out using SPSS soft-
ware (version 23.0). Continuous variables were presented
as median (interquartile range) and categorical variables as
frequency rates (percentages).

The answers to the EQ-5D-5L and WHODAS 2.0 ques-
tionnaires were dichotomized into no or mild problems/dis-
ability (score 1 or 2) and moderate to extreme problems/
disability (score 3, 4 or 5). For the comparison of disability
degree according to whether invasive mechanical ventila-
tion (IMV) was used or not, and according to the period in
which the follow-up assessment was performed (between
day 30 and 44 or between day 45 and 90), we used the
Mann-Whitney U test. P-values < 0.05 were considered sig-
nificant.

RESULTS
Population characterization

A total of 93 adult critically ill patients infected with
SARS-CoV-2 were admitted to the Intensive Care Medicine
Department of Centro Hospitalar Universitario Sdo Joao
from the 11" of March to the 10" June 2020. Among the
86 patients that stayed in the Intensive Care Medicine De-
partment for more than 24 hours, 46 (53.5%) were already
home by the 15" of July and were eligible for this study, 23
died during hospital stay (26.7%) and 17 (19.8%) were still
hospitalized (Fig. 1). One patient of the 46 survivors refused
to participate in this study.

Demographic and clinical characteristics of survivors
are detailed in Table 1. All enrolled patients were admitted
with the diagnosis of SARS-CoV-2 pneumonia. Forty-one
(91.1%) were supported with some type of mechanical ven-
tilation. High flow nasal cannula (HFNC) was used in 20
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COVID-19 patients admitted during more
than 24 hours
n =86

Not eligible (n = 40)

v

23 died
L17 still hospitalized (3 in ICU)

Eligible patients
n =46

l

Enrolled patients
n =45

Figure 1 — Flow diagram of studied participants

[Declined to particiapate (n = 1) ]

Table 1 — Demographic and clinical characteristics of 45 COVID-19 survivors after critical illness

Demographic and clinical characteristics Alznp:t‘ig)\ts IM\(Inpza;i:)n L) No-levzﬁa‘::;ents p value
Age, years (IQR) 63 (55 -73) 63 (49 - 73) 62 (59 - 74) 0.75
Male, n (%) 28 (62%) 20 (65%) 8 (57%) 0.64
First symptom to hospital admission, days (IQR) 6 (3-8) 6(3-9) 4(3-7) 0.48
Hypertension, n (%) 29 (64%) 22 (71%) 7 (50%) 0.19
Obesity, n (%) 18 (40%) 12 (39%) 6 (43%) 0.79
History of anxiety/depression, n (%) 16 (36%) 10 (32%) 6 (43%) 0.52
Known respiratory disease, n (%) 8 (18%) 5 (16%) 3(21%) 0.69
Charlson Comorbidity Index, (IQR) 3(0-4) 2(0-4) 3(2-4) 0.18
SAPS Il Score (IQR) 36 (25 - 50) 36 (25 - 57) 30 (19 - 41) 0.14
APACHE Il Score (IQR) 16 (12 - 22) 17 (13- 23) 13 (10-17) 0.04
ICU length stay, days (IQR) 18 (6 - 25) 21 (15-33) 4(3-6) < 0.001
Hospital length of stay, days (IQR) 31(15-38) 34 (23 -42) 17 (15 - 27) 0.007
Mechanical ventilation, n (%) 41 (91%) -

Invasive ventilation, n (%) 31 (69%) ) - )

High flow nasal cannula, n (%) 20 (44%) 7 (50%)

Conventional non-invasive ventilation, n (%) 14 (31%) 4 (29%)
ECMO, n (%) 6 (13%) 5 (16%) 1(7%) -
Continuous renal replacement therapy, n (%) 2 (4%) 2 (6%) 0 -

Results are expressed as n (%) or median (25" - 75" percentiles). IMV: invasive mechanical ventilation; SAPS Score: Simplified Acute Physiology Score Il; APACHE Il Score: Acute
Physiology And Chronic Health Evaluation II; ICU: Intensive Care Unit; ECMO: extracorporeal membrane oxygenation.

patients (44.4%) for a median of 2.0 days (1.3-3.8) and 14
patients (31.1%) were supported with conventional non-
invasive mechanical ventilation (NIV) for a median time of
1.0 days (1.0-2.0). Endotracheal intubation and IMV were
performed in 31 (68.9%) and maintained for a median pe-
riod of 18.0 days (11.0-26.0). These patients had a higher
APACHE score and a longer ICU and hospital length of
stay. Veno-venous Extracorporeal Membrane Oxygenation
(ECMO) support was performed in 6 (13.3%), with a median
duration of 15.0 days (11.0-18.3). Among 31 patients who

underwent deep sedation, fentanyl perfusion (150 (100-
200) mcg/h) was used in all of them for a median period of
14 days (8-22) and midazolam infusion (4 (2-6) mg/h) was
used in 20 (44.4%) for a median period of eight (4-15) days.
Dexmedetomidine was used in 27 patients (60.0%), mainly
during the weaning process (96%), representing a sedative/
anxiolysis strategy in 85% of patients with IMV, trying to
avoid or control the expression of delirium in patients sub-
jected to prolonged deep sedation. Delirium was described
in eight patients (17.8%).
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Quality of life and disability outcomes

Median time from discharge to follow-up assessment
was 55.0 days (42.0-64.0).

Moderate to extreme problems (level = 3) in some di-
mension of the EQ-5D-5L questionnaire were described
in 29 patients (64.4%). The representation of moderate to
extreme problems regarding the five dimensions was the
following: mobility in six patients (13.3%), self-care in seven
patients (13.3%), usual activities in 23 patients (51.1%),
pain/discomfort in 14 patients (31.1%) and anxiety/depres-
sion in 17 (37.8%). The median EQ-VAS score was 75.0
(60.0 - 90.0).

In the 12-question WHODAS 2.0, 38 survivors (84.4%)
reported moderate to extreme functionality impairments in
at least one question. Moderate to extreme disability were
mostly reported in the following questions: 19 (42.2%) in
standing for long periods, 18 (40.0%) in walking a long
distance, 17 (37.8%) in their day-to-day work/school re-
sponsibilities, 14 (31.1%) in taking care of their household
responsibilities, 12 (26.7%) in joining community activities.
Twenty-three (51.1%) assumed that they felt emotionally af-
fected by their health problems and 12 of these 23 (52.2%)
had no previous anxiety/depression disorders.

Moderate to extreme disability according to whether
IMV was used or not, and according to the period in which
the follow-up assessment was performed is represented in
Table 2. Invasive mechanically ventilated patients reported
significantly higher levels of disability in 3 questions of the
WHODAS 2.0 questionnaire: standing for long periods (p
= 0.04), walking a long distance (p = 0.02) and day-to-day
work responsibilities (p = 0.02). There was no association
between moderate to extreme disability and the period in
which the follow-up assessment was performed.

Of the 19 survivors with an active professional life be-
fore hospital admission (42.2%), 15 (78.9%) were still on
sick leave and only four (21.1%) had returned to their regu-
lar professional activities.

DISCUSSION

In the current case-series study of survivors of COVID-19
critical illness, performed one to three months after dis-
charge, the incidence of moderate to extreme problems
in health-related quality of life, assessed by the EQ-5D-5L
instrument, was 64% and moderate to extreme disability,
evaluated by the WHODAS 2.0 questionnaire, was ob-
served in 84%.

In the scientific literature, one or more PICS related
problems are described in 60% of critical illness survivors
one year after intensive care admission.®* Hodgson et al
described moderate or severe disability six months after
critical illness in 25% of survivors and its association with
reduced health-related quality of life. They also found that
prior history of anxiety/depression and a longer duration of
mechanical ventilation were predictors of disability.”

The population of critical COVID-19 patients may be
particularly prone to develop PICS. Firstly, because risk fac-
tors for developing PICS are part of the typical clinical pro-

file of the COVID-19 critical patient.® In fact, out of 45 sur-
vivors, 62.2% were male, median age was 63.0 years and
comorbidities were present in 86.7% of critical survivors,
the most prevalent being hypertension (64.4%), followed by
obesity (40.0%), anxiety/depression (35.6%) and previous
pulmonary disorder (17.8%). Secondly, because median
Intensive Care and hospital length of stay are usually long
— respectively, 18.0 (6.0 - 25.0) and 31.0 days (14.5 - 37.5)
in this population — and prolonged bed rest and extended
hospital stay contribute to muscular weakness that is as-
sociated with substantial impairments in physical function
and health-related quality of life that often persist beyond
24 months after critical illness.™ Thirdly, because these pa-
tients often need prolonged deep sedation'™ and we also
observed an unusually high sedation requirements in a
large proportion of COVID-19 patients in our clinical prac-
tice, which could explain the significant use of midazolam
perfusion (44.4%).

In the EQ-5D-5L questionnaire, applied 30 and 90
days after hospital discharge, the most affected dimen-
sion was usual activities (51.1% describing moderate to
extreme problems), followed by anxiety/depression (37.8%
with moderate to extreme problems) and pain/discomfort
(31.1% with moderate to extreme problems). These find-
ings are consistent with the results of a recent work from
Belfast that highlighted a significant level of functional and
psychological morbidity in COVID-19 patients post-inten-
sive care admission where 61% had moderate to severe
problems participating in previous activities, 45.2% had at
least moderate impairment of mobility and 35.5% described
at least moderate symptoms of anxiety/depression at the
time of follow-up.®

Additionally, in the present study, the 12-question
WHODAS 2.0 questionnaire showed that mobility, life ac-
tivities and participation were the most affected domains:
42% with moderate to extreme difficulty in standing for long
periods, 40% in walking a long distance, 37% in day-to-day
work/school responsibilities, 31% in joining community ac-
tivities and 51% emotionally affected by their health prob-
lems. The largest clinical follow-up study published with
COVID-19 adult patients so far reported that 86% of pa-
tients supported with HFNC, NIV or IMV presented at least
one symptom six months after symptom onset with an im-
portant impact of the critical disease in mobility and physi-
cal status: 81% presenting fatigue or muscle weakness and
29% with a distance walked in 6-min that was below the
lower limit of the normal range.® In fact, we also found that
IMV patients reported significantly higher levels of disabil-
ity in the two questions of the WHODAS 2.0 questionnaire
concerning mobility: standing for long periods (p = 0.04)
and walking a long distance (p = 0.02).

Psychological impairments were also significant. This
can be intrinsically associated with the impact of the pan-
demic on social isolation and less cognitive stimulation
which may exacerbate symptoms of anxiety/depression.'”
An evaluation of self-reported clinical sequelae after hos-
pital discharge of COVID-19 hospitalized patients from
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Renmin Hospital of Wuhan University (Wuhan, China)
showed that 23% had psychosocial symptoms and 18%
sleep disorders." Regarding critical COVID-19, Huang C
et al reported that 41% had pain/discomfort problems and
32% anxiety/depression in the Eg-5D-5D questionnaire,®
which was similar to our results.

The global self-perception of quality of life was positive
with a median EQ-VAS score of 75.0 (60.0-90.0), which was
also similar to the results of Huang C et al.® The EQ-5D-
5L questionnaire reflects the perception of patientsthat was
evaluated during a pandemic period where a significant part
of the world’s population was in isolation, having few social
interactions and engaging mostly in controlled outdoor ac-
tivities, which may have influenced the survivors’ perception
of disability. In contrast, the WHODAS 2.0 questions are
more objective in evaluating the disability degree and that
may explain why we found significant differences regarding
mobility domain between IMV and no-IMV patients. On the
other hand, almost one third of patients we studied did not
need deep sedation and invasive ventilation which may in-
fluence favorable disability results. Dexmedetomidine was
used in 60% of the patients for avoidance or early control
of agitation and has been associated with a reduction in the
duration of mechanical ventilation, delirium, intensive care
length of stay and incidence of PICS."°

As recognized in the literature, survivors of critical illness
often present a delayed return to work, with approximately
two-thirds remaining on sick leave up to three months fol-
lowing hospital discharge, two-fifths up to 12 months and
one-third up to 60 months.?® Among the 19 previously em-
ployed survivors who participated in this study, 15 (78.9%)
were still on sick leave and only four (21.1%) had returned
to regular work.

We acknowledge several limitations to our study. First,
this is a single center retrospective study with a small popu-
lation of severe COVID-19. Second, the follow-up evalua-
tion period was heterogeneous, having occurred between
the 30" and 90" day after hospital discharge. Third, the ap-
plied scales reflect patients perception about the degree
of their disability. Fourth, disability was evaluated during
a pandemic period and the lockdown may have led to an
over estimation of quality of life by the patients themselves.
However, we believe this study reflects new data about
the importance of clinical focus on functional outcomes in
COVID-19 critically ill patients and the importance of an
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Cardiovascular Complications of COVID-19 Infection
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ABSTRACT

Introduction: Reports of cardiovascular complications related to the COVID-19 infection have been frequent.

Methods: Narrative review for relevant articles on the topic. The classic cardiovascular risk factors, like age, obesity, diabetes, and
hypertension are associated with adverse outcomes in COVID-19 patients. Cardiovascular complications can have a diverse clinical
presentation including silent myocardial injury, acute coronary syndromes, thromboembolism, cardiac arrhythmias, and heart failure.
There are multiple mechanisms of cardiac injury that are not mutually exclusive. The approach to diagnosis and management should
be carried out according to usual practice, while considering the particularities of COVID-19 infection.

Conclusion: The interaction between SARS-CoV-2 and the heart is complex and is manifested in multiple ways. Regardless of the
clinical presentation, cardiac complications convey a worse prognosis. Patients should be actively monitored and treated accordingly.
Keywords: Arrhythmia; COVID-19; Heart Failure; Myocardial Infarction; Pulmonary Embolism; SARS-CoV-2

RESUMO

Introdugao: As complicagdes cardiovasculares associadas a infecdo por COVID-19 tém sido frequentemente reportadas.

Métodos: Revisdo da literatura sobre os artigos relevantes neste topico. Os fatores de risco cardiovasculares classicos como idade,
obesidade, diabetes e hipertensédo foram associados a um risco maior de evolucdo desfavoravel. As complica¢des cardiovasculares
podem ter uma apresentagéo clinica variavel incluindo lesdo miocardica, sindrome coronario agudo, trombo-embolismo, arritmias e
insuficiéncia cardiaca. Estdo descritos multiplos mecanismos de leséo cardiaca os quais ndo sdo mutualmente exclusivos. A aborda-
gem diagnostica e terapéutica deve seguir a pratica comum tendo, no entanto, em consideragéo as particularidades da infecao por
COVID-19.

Concluséo: A interagdo entre a infegao por COVID-19 e o coragao € complexa e manifesta-se de varias formas. Independentemente
da apresentagéo clinica, as complica¢des cardiacas conferem um prognostico desfavoravel pelo que devem ser monitorizadas ativa-

mente e tratadas de forma apropriada.

Palavras-chave: Arritmia; COVID-19; Embolia Pulmonar; Enfarte do Miocardio; Insuficiéncia Cardiaca

INTRODUCTION

As of the 18t of March of 2021, almost one year after
the World Health Organization declared the COVID-19 viral
infection as a pandemic, there were more than 113 million
cases reported worldwide. The current global case fatality
rate is 2.2%."? Cardiovascular disease and risk factors like
obesity, diabetes and hypertension are associated with an
increased risk of adverse outcomes from COVID-19 infec-
tion.® In a recent meta-analysis, the intensive care unit ad-
mission rate was 10.9%.* The typical presentation of severe
COVID-19 infection is viral pneumonia. However, the clini-
cal picture varies widely, from asymptomatic or mild flu-like
symptoms to acute respiratory distress syndrome (ARDS)
and multisystemic complications. Cardiovascular complica-
tions of COVID-19 infection are being reported more fre-
quently and range from silent myocardial injury to acute
coronary syndromes, thromboembolic events, arrhythmia,
and cardiogenic shock.

The purpose of this clinical review is to merge current
data on the most common cardiovascular complications as-

sociated to COVID-19 infection and their underlying mecha-
nisms. Bearing in mind the evolving nature of this topic, and
the present knowledge gaps, we aim to provide a clinical
update of the most recent evidence.

METHODS

A narrative review using PubMed was conducted us-
ing the keywords ‘COVID-19’ or ‘SARS-CoV-2’ along with
‘cardiovascular’, ‘cardiac’, ‘arrhythmia’, ‘myocardial injury’,
‘myocardial infarction’, ‘pulmonary embolism’, ‘out-of-hos-
pital-cardiac-arrest’ and ‘heart failure’. Prospective and ret-
rospective studies, reviews, meta-analysis, clinical guide-
lines, guidance documents and case reports, were includ-
ed. Relevant articles published in English were screened
and included only after critical review.

Risk factors for severe COVID-19 infection
Classic cardiovascular risk factors, namely, hyperten-
sion, diabetes and obesity, are frequent comorbidities in
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COVID-19 patients and convey an increased risk for ad-
verse outcomes.®® The prevalence of hypertension ranged
from 15% - 17% in the Chinese population,®® to 56% in the
New York study.® Diabetes was present in 7% and 17%, re-
spectively. Previous cardiovascular disease was reported in
14% to 35% of patients,®'® with one study specifically re-
porting that coronary artery disease was present in 2.5% of
the overall population and 9% of the critically ill patients.®

The presence of these comorbidities confers an in-
creased risk of developing severe forms of COVID-19 infec-
tion: the New York study highlighted obesity as a significant
risk factor for mechanical ventilation.® A meta-analysis found
that cardio or cerebrovascular disease increased the risk of
developing severe manifestations of COVID-19 three-fold.®
In a nationwide Danish study, risk factors for death included
age [odds ratio (OR) 15 (95% CI 7.6 - 24) for 70 - 79 years,
when compared with the 50 - 59 years age group], male
sex, comorbidities and chronic diseases.® Likewise, the
presence of ischemic heart disease and heart failure (HF)
increased the risk of hospitalization (OR 1.4, 95% CI 1.2 —
1.7) and 2.2 95% CI 1.7 - 2.9, respectively).

Pathophysiological mechanisms

There is consensus that endothelial dysfunction is the
final and most relevant pathological lesion caused by COV-
ID-19 infection."* The SARS-CoV-2 virus enters host cells
via angiotensin conversion enzyme 2 (ACE 2) receptors on
the cellular membrane, which is abundant in the lungs, heart
and vessels. The SARS-CoV-2 virus triggers a generalized
inflammatory response, via dysregulation of multiple path-
ways that coordinate host defence systems and homeosta-
sis. In severe cases, patients can develop a feedback loop
that perpetuates inflammation and aggravates endothelial
damage."

Mechanisms of cardiac injury include cytokine-mediated
immune activation, direct cardiotoxicity, micro and macro-
vascular dysfunction, and hypercoagulability. The risk of
myocardial injury is significant and multifactorial, either by
destabilization of coronary plaques, vasospasm, thrombo-
embolic events, hypoxic lesion leading to type 2 myocardial
infarction (MI), catecholamines-induced cardiomyopathy or
myocarditis.'?4

From a hemodynamic standpoint, COVID-19 infection
causes multiple pressure and volume changes that direct-
ly affect the heart. Severe pulmonary infection increases
pulmonary pressures and therefore right ventricle (RV)
afterload. Positive pressure ventilation also increases RV
afterload and decreases venous return (RV preload). The
RV responds by increasing contractility and dilating to in-
crease its end-diastolic volume and thus its stroke volume
(Frank-Starling law). However, it fares poorly with acute
increases in pressure and these mechanisms can quickly
fail. The systemic cardiac output can be compromised both
by decreased left ventricle (LV) preload (due to decreased
venous return, RV failure and paradoxical septal movement
that reduces LV filling in diastole) and impaired LV contrac-
tility caused by hypoxia, inflammation, or other ‘direct’ car-

diac injuries, like coronary occlusion, spasm or myocarditis.

Severe inflammation can also occur, causing vasople-
gia, and manifesting with hypotension. On a physiological
level, decreased systemic vascular resistance, combined
with changes in capillary permeability, lead to fluid leaks to
the extravascular compartment and cause reduction in ve-
nous return, as well as edema.

Low cardiac output combined with hypotension can
cause impairment in end-organ perfusion, which is required
to define shock. In the kidneys, low perfusion will activate
the renin-angiotensin-aldosterone system (RAAS). The fail-
ing heart cannot cope with the extra fluid retention and in-
creased end-diastolic pressures induced by the RAAS and
enters a deleterious loop that potentiates shock develop-
ment.

In patients with severe pulmonary infection and ARDS,
endothelial dysfunction leads to inflammatory lung edema,
reduced lung compliance and ventilation/perfusion mis-
match. If there is associated HF, the increase in end-dia-
stolic pressure will be transmitted to the lung causing tran-
sudative edema. The ‘cardiogenic’ edema in a patient with
severe lung injury compromises even further gas exchange
and lung compliance.

Cardiac complications of COVID-19 infection

Myocardial injury

Myocardial injury in infected patients can occur by the
multiple mechanisms mentioned earlier. It is expressed
quantitatively by the release of troponin. Troponin eleva-
tion occurs in 17% to 22% of hospitalized patients with
COVID-19 infection.''® Myocardial injury is not a clinical
diagnosis in itself, but troponin elevation is related to ad-
verse prognosis in early observational studies.'®'® A subse-
quent study using Cox regression found an increased risk of
death in patients with cardiac injury [HR 4.2 (95% ClI, 1.92
- 9.49)]."5 Areview suggests monitoring troponin at baseline
for all patients, and then every 48 hours in intermediate-
high risk patients. While this might help risk stratification
and provide clues to a potential cardiac complication, the
document also emphasizes the need for good clinical judg-
ment when interpreting the results."”

Myocarditis

The diagnosis of myocarditis involves well defined cri-
teria from four different aspects: symptoms, EKG, tropo-
nin elevation and imaging [echocardiography and cardiac
magnetic resonance (CMR)]."® Coronary disease should be
discarded in all patients with suspected myocarditis. Endo-
myocardial biopsy is a class | indication in persisting severe
HF and fulminant myocarditis.

In COVID-19 patients, myocarditis can be challenging
to diagnose due to overlapping symptoms (dyspnoea and
chest pain from either cardiac or pulmonary origin) and diffi-
culties in obtaining CMR, which is of paramount importance
to confirm the diagnosis.

Considering the pathophysiology of the COVID-19 in-
fection, especially in critically ill patients, it is likely that
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myocarditis is more prevalent than reported. The underly-
ing specific mechanisms of COVID-19 myocarditis are not
clearly defined, although they are thought to be mediated
by activated T-cells and macrophages that infilirate the
myocardium.'?'® The cytokine storm phase of COVID-19 in-
fection further increases the risk of severe cardiac damage
and arrhythmias. Furthermore, a high viral load has been
associated with fulminant myocarditis in these patients.' A
meta-summary of cases found 12 examples of CMR or bi-
opsy proven COVID-19 myocarditis in the literature.?® The
most common symptoms were fever, dyspnoea and chest
pain. EKG changes included T-wave changes and ventricu-
lar tachycardia. LV dysfunction was also frequent. Severe
myocarditis was associated with cytokine storm. Patients
were treated with drugs for HF, as well as a variety of im-
munosuppressants, glucocorticoids and IV immunoglobu-
lins.?"?22 However, none of these treatments has been tested
in specific trials.

The timing of presentation is currently uncertain, with
reports of symptoms weeks after the COVID-19 infection.?
Furthermore, histological evidence of COVID-19 inside the
cardiomyocyte is unavailable, although one report found vi-
ral particles outside the cardiomyocytes.?*

Acute coronary syndrome

Acute coronary syndrome (ACS) may be the initial pre-
sentation of COVID-19 or may complicate the course of an
infected patient. Data is scarce about the incidence of ACS
prompted by COVID-19 infection.

Importantly, the general ACS admission rate (non-COV-
ID related) during the first wave of the pandemic, decreased
up to 54% according to an international report.® Likewise,
a reduction in coronary angiography and other diagnostic
tests was noted.?® Possible reasons for this include late
admissions of patients due to fear of coming to the hospi-
tal and overwhelmed healthcare systems with decreased
capacity to provide care. A 30 minute increase in door-to-
guidewire time was also found in one study.?” Difficulties in
defining circuits for COVID-19 patients and managing the
additional time needed for personnel and catheterization
laboratory preparation contribute to the delays. The de-
crease in procedures was more substantial in low to mid-
dle income countries.?® Adverse outcomes like in-hospital
death, cardiogenic shock, ventricular arrhythmias and need
for mechanical support were also more common during the
first wave.?

Clinical presentation of suspected ACS in COVID-19
patients may range from ST-elevation M| to M| with non-
obstructive coronary arteries (known as MINOCA, which
is a working diagnosis for multiple possible causes from
myocarditis to coronary dissection) and type 2 Ml (which is
typically caused by a mismatch between oxygen supply and
demand, and not related to an acute coronary plaque event
like ACS). As for angiographic findings, several studies
found a higher prevalence of nonobstructive disease from
33% to 40% in those who underwent cardiac catheterization
for suspected ST-elevation M|.282°

In patients with unclear diagnosis, close clinical monitor-
ing and serial EKG and troponin measurements should be
performed. EKG changes over time, the pattern of rise in
cardiac biomarkers as well as segmental wall changes in
echocardiography are critical to define the best course of
action.

Management of ACS should follow the appropriate
guidelines for ST-elevation and non-ST elevation coronary
syndromes. The European Society of Cardiology (ESC)
has developed a guidance document with useful practical
considerations in the specific context of the COVID-19 pan-
demic." For ST-elevation MI, all efforts must be employed
to achieve primary percutaneous coronary intervention
(PCI) as soon as possible. Fibrinolysis is reserved for eli-
gible patient who cannot timely reach a PCI centre. For non-
ST elevation MI patients with intermediate risk (diabetes,
renal insufficiency, early post-infarction angina or previous
PCI or coronary bypass) the ESC guidance document sug-
gests considering non-invasive testing, depending on avail-
ability and expertise.

Heart failure

Data on acute HF prevalence in COVID-19 patients is
limited. Zhou et al found that 23% of hospitalized patients
developed symptoms of HF and was associated with poorer
prognosis.'®

As for ACS, a striking decrease in the admission rate for
HF during the first wave was noticed.***' This raises con-
cerns for patient safety and potential adverse outcomes.
However, the specific consequences and impact in HF pa-
tients are not yet reported. Telemedicine programs have
been suggested as an effective tool to help mitigate this is-
sue.®

The underlying causes for acute HF in the COVID-19
patient are numerous and not mutually exclusive. These
include ARDS, hypoxic lesions, hypervolemia, cardiorenal
syndromes and pulmonary embolism, but also specific car-
diac complications, such as MI, myocarditis, stress-induced
cardiomyopathy and arrhythmias.'#**% Furthermore, any of
these mechanisms can result in an acute decompensation
of a chronic HF patient.

Defining hemodynamic profiles is more important for
the management of the COVID-19 critical patient than phe-
notypical HF classifications (reduced or preserved ejection
fraction). Integrating clinical assessment with laboratory
values, EKG and echocardiographic findings is key, both
to identify reversible causes that require specific treatment
(like ACS or arrhythmia) and to define the best therapeu-
tic strategy.®* Meticulous assessment of volume status
and perfusion should be done using multiple parameters:
clinical (peripheral perfusion, edema, pulmonary conges-
tion, urinary output, central venous pressure), laboratory
(cardiac biomarkers, central venous O, saturation, lac-
tate, markers of liver and renal dysfunction) and imaging
(mainly cardiac and pulmonary ultrasound). Hypervolemia
is best managed with diuretics (while also avoiding hypo-
volemia, especially in vasoplegic states and in RV failure).
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If cardiogenic shock ensues, starting inotropes with pulmo-
nary vasodilatory properties may be useful. In low blood
pressure states, especially with compromised renal perfu-
sion and congested venous system, vasopressors are often
necessary. HF drugs should be carefully considered in each
case. Measurement of NT-proBNP is useful and has prog-
nostic value.®®

Of note, despite initial controversies with the use of
ACE-inhibitors, several large cohort studies,***” and a ran-
domized trial® have found no association between ACE in-
hibitors and adverse outcomes.

Stress cardiomyopathy

Stress cardiomyopathy (stress CMP) or Takotsubo syn-
drome has rarely been reported as a complication of CO-
VID-19 infection. In a case series,*® 16 reports were found in
the literature. Both genders were equally affected and mean
age was 57 years. Most patients had reduced LV ejection
fraction and three patients died. These characteristics differ
from non-COVID-19 related stress CMP that typically affect
postmenopausal women and rarely causes death. Interest-
ingly, some studies have reported also an increase in stress
CMP in non-infected patients. A Cleveland clinic study of
patients with suspected ACS and a negative test for CO-
VID-19, found a 4.58-fold increase in stress CMP compared
to the pre-pandemic period.*

Stress CMP is characterized by reversible ventricular
dysfunction, and the most typical pattern is ‘apical balloon-
ing’ with akinesia of all distal segments of the LV walls. It is
usually caused by an emotional or physical trigger. Evalu-
ation of coronary disease is mandatory in all patients, by
coronary angiography or computed tomography (CT).4" Ac-
cepted pathological mechanisms for stress CMP include
high circulating catecholamine levels, exaggerated inflam-
matory response and direct cytotoxicity.%*!

Treatment depends on the severity of presentation and
is mainly supportive. In cardiogenic shock, non-aminergic
inotropic drugs may be a good option. However, in some
cases, patients can develop an obstruction of the LV outflow
tract due to hypercontractility of the basal portions. In this
scenario, the use of inotropes may be counterproductive.*?

Pericarditis and pericardial effusion

Isolated pericarditis has been infrequently reported in
relation with COVID-19 infection. However, pericardial ef-
fusion accompanying myocarditis has been reported in up
to 50% of cases.?’ In the available case reports for isolated
pericarditis, the first clue to the diagnosis was the typical
chest pain.*344 Evolution was usually benign. Regarding
treatment, experts recommend maintaining colchicine,
while reserving ibuprofen for worsening pain. For fever
and other systemic symptoms, paracetamol is preferred.
Furthermore, corticosteroids and anakinra (a recombinant
modified version of the interleukin one receptor antagonist
protein) can be considered to treat both situations.*

Cardiac arrhythmias

Cardiac arrhythmias have been described in 17% of the
hospitalized cases and in almost 50% of patients in the in-
tensive care units.*® Cardiac arrhythmias probably contrib-
ute to a higher risk of adverse outcomes, with an increased
risk of in-hospital death, and varies from bradyarrhythmia
(less common), to sinus tachycardia and atrial arrhythmias
(the most frequently reported), like atrial fibrillation (AF)
and atrial flutter, and ventricular dysrhythmias, including
cardiac arrest.*’ In infected hospitalized patients, continu-
ous EKG monitoring and accurate and prompt recognition
of arrhythmias are important.

AF is one of the common chronic comorbidities found
in patient deaths due to COVID-19.4% In a large propensity
score matched study of COVID-19 patients aged over 50
years of age, AF significantly increased short-term mortality
and thromboembolic events.*®

Risk factors for the development of cardiac arrhythmias
are: 1. Respiratory failure, 2. myocardial ischemia or myo-
carditis, 3. cardiogenic shock, 4. sepsis or systemic inflam-
mation, 5. hyperactivity of sympathetic nervous system, 6.
hypercoagulability status, 7. electrolyte disturbances, 8.
Therefore, the incidence of cardiac arrest and cardiac ar-
rhythmias in patients with COVID-19 are likely the conse-
quence of systemic illness and not solely the direct effect
of the viral infection. In a study assessing the QT interval in
COVID-19 patients, the hydroxychloroquine-azithromycin
combination regimen was not associated with arrhythmic
fatalities and none of the deceased had a QTc over 500
ms.% In an early report from Guo et al, among 187 patients
with COVID-19 from a Chinese cohort, 5.9% had ventricular
tachyarrhythmias while hospitalized.

Out-of-hospital cardiac arrest

Since the onset of the COVID-19 pandemic an increase
in the incidence of out-of-hospital-cardiac-arrest (OHCA)
has been consistently reported worldwide.5%* In an lItalian
study, COVID-19 diagnosis accounted for around 80% of
these events.! This rise in OHCA is presumably due to a
combination of acute respiratory failure and pulmonary em-
bolism associated with COVID-19, and arrhythmic sudden
death due to myocardial injury and QT interval prolonga-
tion (infection-related or caused by administration of drugs
to treat the infection). OHCA has been accompanied by a
reduction in survival from resuscitation efforts. Potential
causes include delay in seeking medical care, longer wait-
ing times for emergency services, fewer shockable rhythms
and lower rates of bystander initiated cardiopulmonary re-
suscitation.

Pulmonary embolism

Pulmonary embolism (PE) is one of the most severe
thromboembolic manifestations. Recent studies report
overall incidences of PE in COVID-19 patients between
1.1% - 3.4%,%% but rising up to 17% - 27% in critical pa-
tients.5”% In an autopsy study, PE was the direct cause
of death in 33% of COVID-19 patients.®® These rates are
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higher than previous reports for other infections. For in-
stance for H1N1 influenza, the rate of venous thrombo-
embolism was approximately 6%.%° The mechanism of
thromboembolic events in COVID-19 infection is not fully
understood, but all three components of the Virchow triad
(endothelial injury, stasis, and hypercoagulable state) are
thought to play a major role in thrombus formation. Coagu-
lation abnormalities are frequent in COVID-19 patients,®'62
and are associated with adverse outcomes.®2% Remark-
ably, deep venous thrombosis (DVT) has seldom been re-
ported as the cause for PE. Although this might be partially
explained by suboptimal screening, some studies suggest
that pulmonary in situ thrombosis instead of embolism is
also present.®

Several expert consensus agree on the following rec-
ommendations®?¢5%; 1. Thromboprophylaxis (mechanical
or pharmacological) in hospitalized patients; 2. Serial moni-
toring of haemostasis through platelet count, prothrombin
time, fibrinogen and d-dimers in intensive care unit patients;
3. In patients under therapeutic anticoagulation, monitor-
ing of anti-Xa levels is recommended every 48 hours; 4.
Unfractionated heparin or low molecular weight heparin is
preferred to fondaparinux or direct oral anticoagulants; 5.
Extending prophylactic anticoagulation after hospital dis-
charge in patients with low bleeding risk should be consid-
ered.

French experts suggest using an intermediate antico-
agulation dose for patients with a body mass index (BMI)
over 30 kg/m? or with risk factors for DVT. For those with
D-dimer levels over 3 ug/mL and fibrinogen over 8 g/L the
recommendation is to use the full anticoagulation dose.®® A
Mayo clinic review proposes an intermediate anticoagula-
tion dose for those with BMI over 40 kg/m? or D-dimer over 3
ug/mL.%2 These recommendations are controversial due to
lack of controlled studies and lack of mention in other expert
consensual documents.%®8’Observational studies in criti-
cal COVID-19 patients found associations between higher
dose anticoagulation and a lower risk of death, with a non-
significant increase in major bleeding.®®7® However, this was
not observed in a systematic review and meta-analysis.5?

In COVID-19 patients, an abrupt deterioration in oxy-
genation should raise suspicion for PE, especially if ac-
companied by sudden hypotension and tachycardia.
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Necrotizing Fasciitis Caused by Photobacterium damselae:
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Fasceite Necrotizante Causada por Photobacterium
damselae: O Primeiro Caso Descrito em Portugal
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ABSTRACT

Necrotizing fasciitis is a severe soft tissue infection with a high mortality rate and therefore requires emergent surgical treatment. Sev-
eral microorganisms can cause this infection, Photobacterium damselae being one of them, with only eight cases previously published
in the literature. We report the first ever case of necrotizing fasciitis, caused by this microorganism, in Portugal. In this case report the
patient survived after several debridement procedures and reconstruction of the upper limb with acellular dermal matrix and skin graft. A
brief review of the Photobacterium damselae soft tissue infection reports as well as the clinical presentation, diagnosis, pathophysiology
and treatment of necrotizing fasciitis can also be found in this paper.

Keywords: Bacterial Infections; Fasciitis, Necrotizing; Hand Injuries; Photobacterium; Vibrio Infections

RESUMO

A fasceite necrotizante é uma infegado grave que requer tratamento cirirgico emergente, sendo responsavel por uma elevada taxa de
mortalidade. Existem varios microorganismos que podem ser responsaveis por este tipo de infecgao, sendo o Photobacterium damse-
lae um destes, com apenas oito casos descritos na literatura de fasceite necrotizante por este agente, sendo o presente relato a pri-
meira vez que é reportada uma infegéo a este agente em Portugal. No presente caso o paciente sobreviveu apds varias intervengdes
de desbridamento cirurgico e reconstrugdo do membro superior com matriz dérmica acelular e enxertos de pele. Foi ainda realizada
uma breve revisao de todos os relatos de infec¢do de tecidos moles por este agente, bem como um resumo da apresentagao clinica,
diagndstico, fisiopatologia e tratamento da fasceite necrotizante.

Palavras-chave: Fasceite Necrotizante; Infec¢édo por Vibrio; Infeccdes Bacterianas; Lesdes da Mao; Photobacterium

INTRODUCTION

Necrotizing fasciitis is an infection involving the fascia
and subcutaneous tissue, that spares the underlying tis-
sues. Risk factors include immunosuppression, peripheral
vascular disease, diabetes mellitus, chronic liver disease,
and intravascular drug abuse.

Necrotizing fasciitis is often polymicrobial and group A
B-hemolytic Streptococcus is the most common group of
microorganisms identified in microbial culture tests.’

The subspecies piscicida of the bacterium Photobacteri-
um damselae (P. damselae) is a well-studied fish pathogen,
causing a zoonosis known as ‘fish pasteurellosis’,? but in-
fections in human are rare. We describe the first ever infec-
tion by P. damselae reported in Portugal and make a brief
literature review of both necrotizing fasciitis and P. damse-
lae infections.

CASE DESCRIPTION

A 65 year old man, fisherman, was transferred to the
emergency department of our hospital because of pain and
edema in his right hand. There was history of chronic re-
nal failure dependent on blood dialysis through an arterial-
venous fistula in the right arm. His regular medication was
lisinopril, alprazolam and bicalutamide.

On admission the patient complained of progressively
worse right hand edema and severe pain. He mentioned a

history of trauma 12 hours earlier in a fish cleaning table.
During our physical examination he presented with right
hand edema, reduced movement amplitude and strength of
the wrist and all the fingers. The fingers had good perfusion
and no sensitive deficits. There was a small wound in the
dorsum of the hand (Fig. 1). The blood tests at admission
had a white blood cell (WBC) count of 10 770 x 10°9/L with
86% neutrophils; and a C reactive protein (CRP) of 31.1
mg/L. Swab, skin biopsy and blood cultures were collected.
About two hours after admission, the patient was taken to
the operating room and fasciotomies of the hand and wrist
were performed. Empiric antibacterial therapy with amoxi-
cillin/clavulanic acid and metronidazole was initiated.

About 15 hours after admission, skin necrosis in the dor-
sum oftherighthand and progression ofedematothe forearm
was observed. The patient developed septic shock and un-
derwent emergent debridement (Fig. 2). A preliminary identi-
fication of P. damselae was possible after 48 hours and ade-
quate antibiotic therapy with ceftriaxone and doxicicline was
initiated.

On day 10 and 17 after admission, surgical debridement
procedures were carried out. From the 17" day onwards, a
regimen of negative pressure therapy was started. The anti-
biotic therapy was stopped at day 21. At day 25 an acellular
dermal matrix (ADM) was applied (Fig. 3). Four weeks later,
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Figure 1 — Clinical presentation at admission, 12 hours after injury

the hand and forearm were skin grafted (Fig. 4). The patient
was discharged from the hospital 70 days after admission
after a total of six surgical interventions. A splint holding the
wrist in extension was applied after ADM application until
two weeks after skin graft. Daily physiotherapy was main-
tained for the next three months, and three times per week
during the following six months. The patient was able to re-
sume his daily life activities without restrictions. At present,
he has a decreased amplitude of wrist and finger flexion
(Fig. 5), but no extension restrictions.

Figure 2 — Presentation after debridement

DISCUSSION

Necrotizing fasciitis frequently appears only as low-
grade cellulitis and can be very challenging to make an
early diagnosis. The most common examination findings at
the time of presentation are warmth (97%), erythema (95%
— 100%), edema (82%) and disproportionate pain (98% —
100%)."® Patients are frequently hemodynamically unsta-
ble with elevated WBC counts, coagulopathy, and shock.*
Skin necrosis, bullae, crepitus, gas on imaging studies and
hemodynamic instability, all suggestive signs of necrotiz-
ing fasciitis, are not always present. In fact one or more of
these signs are present less than 50% of the time.®* A more
specific sign is a gray fat and liquified pus with ‘dishwater’
appearance along the fascial planes during debridement,
while frank pus is uncommon.®

Laboratory markers can aid in diagnosis, sodium levels
below 135 mmol/L and WBC greater than 15 400 cells/uL
are the best predictors of necrotizing soft tissue infections.®
The Laboratory Risk Indicator for Necrotizing Fasciitis (LRI-
NEC) scale was developed in an attempt to help in the di-
agnosis.”® A formal diagnosis of necrotizing fasciitis can be
made on microscopic examination of biopsied fascia.®

An intensive care unit is recommended. Planned,
staged debridements every 24 to 48 hours of affected limbs
are expected, with an average of 3 — 4 debridements per
patient. %" Antibiotic therapy should be initiated empirically
until retrieval of culture test results. The empirical antibiotic
treatment should be broad (e.g, vancomycin or linezolid
plus piperacillin-tazobactam or a carbapenem; or plus cef-
triaxone and metronidazole), as the etiology can be polymi-
crobial.’? Mortality from necrotizing fasciitis usually ranges
from 23% to 76%, with organ failure and sepsis consisting
in the major causes of death." The factors mostly associ-
ated with increased mortality are delay in diagnosis, delay
in surgical debridement, advanced age and having two or
more comorbilities.

In 1981 an ‘unnamed marine Vibrio’ was isolated as the
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Figure 3 — Presentation after reconstruction with acellular dermal matrix

Figure 4 — Two months post-op

Figure 5 — Six months post-op
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causative agent of a human infectious case,™ posteriorly
identified as P. damselae. A review of the soft tissue infec-
tions caused by this agent was made by Hundenborn et al'®
in 2013, reporting 11 infection cases. In the 11 cases report-
ed, eight (73%) had a fatal outcome. In the three patients
who could be cured, one required an amputation of the arm.
When a search with the terms ‘photobacterium damselae
OR vibrio damselae’ was carried out on the PubMed data-
base and only case reports were selected, we retrieved 27
results, of which only 14 are skin or soft tissue infections in
human. Most cases occurred in coastal areas of the United
States of America, Australia, and Japan.

Other possible reconstructive options could be: a pedi-
cle flap from another distal region (e.g. extended groin flap)
with more complications expected; or a free flap (e.g. ante-
ro-lateral thigh) with important risks considering the A-V fis-
tula in this arm, a possible blood steal syndrome in a patient
on blood dialysis and anticoagulated. A skin graft without
ADM was not possible because tendons did not have peri-
tenon and there were no consistent local flaps available.

Necrotizing fasciitis is a rare infection that requires
emergent surgery. A high degree of suspicious is necessary
since delay in diagnosis can lead to loss of life or limb.
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Creutzfeldt-Jakob Disease: Atypical Presentation of a Very
Rare Disease

Renato OLIVEIRADA"2, Marta DIAS?, Inés Bras MARQUES'
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RESUMO

A doenga de Creutzfeldt-Jakob, manifesta-se habitualmente como deméncia rapidamente progressiva. Apresentamos um caso de um
doente de 59 anos com quadro subito de parésia facial central e disartria, seguindo-se mioclonias no hemicorpo esquerdo. A resso-
nancia magnética cranio-encefalica inicial mostrava hipersinal T2 e difusdo no caudado e putamen direitos e liquido cérebro-raquidiano
com hiperproteinorraquia. A investigagao para causas autoimunes, infecciosas e paraneoplasicas foi negativa. Verificou-se um agra-
vamento progressivo nos meses seguintes para hemiplegia esquerda, disfagia, incontinéncia urinaria e posterior mutismo acinético. A
ressonancia magnética cranio-encefalica mostrou evolugdo para restrigdo a difusdo dos ganglios da base bilateralmente e multiplas
areas corticais; A eletroencefalografia mostrou atividade periddica e proteina Tau no liquido cérebro-raquidiano elevada. A analise
genética revelou mutacgédo ¢.598G > A. O falecimento ocorreu apés quatro meses de doenga. Reportamos um caso de doenga de
Creutzfeldt-Jakob familiar associada a mutagao da proteina priénica, com apresentacao clinica e radioldgica atipicas, nomeadamente
sinais focais com instalagao subita, auséncia de defeito cognitivo significativo e alteragdes imagiolégicas unilaterais. Na evolugéo, a
clinica e imagem tornaram-se caracteristicas, permitindo o diagnéstico.

Palavras-chave: Mutacdo/genética; Prides/genética; Sindrome de Creutzfeldt-Jakob/diagnéstico; Sindrome de Creutzfeldt-Jakob/
genética

ABSTRACT

Creutzfeldt-Jakob disease typically presents as rapidly progressive dementia. We describe the case of a 59-year-old male patient
presenting with sudden onset of central facial palsy and dysarthria, followed by myoclonus of his left upper and lower limbs. Initial
brain magnetic resonance showed hyperintensity of the right caudate and putamen on diffusion-weighted imaging and T2 sequences.
Cerebrospinal fluid analysis showed increased protein count. The workup to investigate autoimmune, infectious and paraneoplastic
causes was negative. Symptoms progressively worsened, with left hemiplegia, dysphagia, urinary incontinence, and, later, akinetic
mutism. The follow-up brain magnetic resonance scan revealed hyperintensity of bilateral basal ganglia as well as cerebral cortical
abnormalities on diffusion-weighted imaging. Electroencephalography showed periodic activity and tau protein levels in the cerebrospi-
nal fluid were elevated. Genetic analysis showed mutation c-598G > A. The patient died four months later. We report a case of familial
Creutzfeldt-Jakob disease with atypical clinical and radiological features, namely neurological focal signs with sudden onset, absence
of significant cognitive impairment and unilateral radiological findings. With disease progression, characteristic clinical and radiological
features led to the diagnosis.

Keywords: Creutzfeldt-Jakob Syndrome/diagnosis; Creutzfeldt-Jakob Syndrome/genetics; Mutation/genetics; Prions/genetics

INTRODUGAO

As doencas prionicas, ou encefalopatias espongiformes
transmissiveis, sdo doengas degenerativas que afetam o
sistema nervoso central de animais e humanos' (Tabela
1). A proteina prionica normal (PrPC), presente em todas
as espeécies mamiferas, é codificada pelo gene pridnico
(PRNP) no cromossoma 20, desconhecendo-se o seu
papel fisioldgico. Nestas doencgas a proteina pridnica é con-
vertida numa forma anormal denominada prido.™?

A doenca de Creutzfeldt-Jakob (DCJ),forma mais co-
mum de doenga pridénica humana, € muito rara, com taxa
de incidéncia anual de 1 - 2 casos/milhdo a nivel global.®
A forma esporadica (sDCJ) corresponde a 80% - 95% dos
casos.? Estima-se que 10% a 15% dos casos estejam as-
sociados a mutacdes de PRNP (DCJ familiar/hereditaria) e
que 1% sejam iatrogénicos, e relacionados com transplan-
tes de dura-mater ou cérnea, e com o uso de instrumentos

neurocirirgicos contaminados.? Existe ainda a forma va-
riante relacionada com o consumo de produtos contamina-
dos, atualmente rara.?

A sDCJ tem pico de incidéncia na sétima década de
vida, e caracteriza-se por alteragdo cognitiva rapidamente
progressiva associada a sinais neuroldgicos, mais frequen-
temente mioclonias e disfungdo cerebelosa,* com sobrevi-
da média de seis meses.2 O diagndstico definitivo consiste
na identificagdo de prides em tecido cerebral post mortem.
Contudo, é possivel fazer o diagnodstico utilizando critérios
do Centers for Disease Control and Prevention (CDC),
que consideram como critérios alteragbes no eletroence-
falograma (EEG), ressonancia magnética cranio-encefalica
(RM-CE), e marcadores no liquido cefalorraquidiano (LCR)
(Fig. 1).

A DCJ familiar é semelhante a forma esporadica, apre-
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Tabela 1 — Encefalopatias espongiformes transmissiveis - Doengas Pridnicas Humanas e seus acrénimos, e correspondentes doengas

priénicas animais.

Doengas humanas priénicas

Encefalopatias espongiformes transmissiveis animais

DCJ esporadica
DCJ iatrogénica
DCJ familiar ou genética
DCJ variante

Sindrome de Gerstmann-Straussler-Scheinker

Insénia fatal esporadica
Insénia fatal familiar

Prionopatia variavelmente sensivel a protease
Kuru

Angiopatia amiloide cerebral de proteina pridnica

Tremor epizodtico
Tremor epizodtico atipico

Encefalopatia espongiforme dos visons
Doenca cronica emaciante

Encefalopatia espongiforme bovina

Encefalopatia espongiforme dos felinos

DCJ; doenga de Creutzfeldt-Jakob

E DCJ esporadica: E

Deméncia rapidamente progressiva

2 de 4:
- Mioclonias
- Alteragoes visuais/ cerebelosas
- Sinais piramidais/ extra-piramidais
- Mutismo acinético

Sem diagnéstico alternativo
< 2 anos de evolugao 1 resultado positivo:
- EEG compativel
- RM-CE compativel
- Proteina 14-3-3 no LCR

Diagnéstico
neuropatoldgico,
imunoistoquimico

Patologia
neuropsiquiatrica
+

RT-QuIC positivo no LCR efou

confirmacgao de PrP
mutante

ou outros tecidos

DIAGNOSTICO POSSIVEL | DIAGNOSTICO PROVAVEL| DIAGNOSTICO PROVAVEL | DIAGNOSTICO DEFINITIVO

DCJ familiar: !
- DCJ definitiva/ provavel + DCJ definitiva/ provavel em familiar 1° grau e/ou 1
- Doenga neuropsiquica + mutagao gene PrP especifica 1

Figura 1 — Critérios do Centers for Disease Control and Prevention para o diagnéstico de doenga de Creutzfeldt-Jakob (DCJ)
DCJ: doenga de Creutzfeldt-Jakob; EEG: eletroencefalograma; LCR: liquido cérebro-raquidiano; PrP: proteina priénica; RM-CE: ressonancia magnética cranio-encefalica; RT-QuIC:

real-time quaking-induced conversion

sentando-se em idades mais precoces (40 - 50 anos) e com
sobrevida ligeiramente maior (até dois anos).? A mutagdo
E200K é a mais comum a nivel global.?

Apresentamos um caso de DCJ definitiva em que a
marcha diagndstica foi desafiadora pela apresentacao cli-
nica e radiolégica atipica.

CASO CLINICO

Doente do sexo masculino de 59 anos com antece-
dentes de hemocromatose, acidente isquémico transitério
e glaucoma. Apresentava histéria familiar em dois tios pa-
ternos de morte aos 60 anos por doenga neurolégica néo
especificada.

Apresentou-se com disartria e parésia facial de insta-
lagéo subita, com melhoria em poucos dias. Apds uma se-
mana iniciou movimentos involuntarios do membro superior
esquerdo (MSE), associados a disartria, ligeira anomia (di-

ficuldade na nomeacao de pessoas e objetos) e discalculia
(dificuldade no calculo) Nao apresentava febre ou outra
sintomatologia. Ao exame neuroldgico ndo apresentava al-
teracgao significativa das fungbes nervosas superiores, com
disartria ligeira, parésia facial central direita, movimentos
mioclénicos do MSE e hemiface esquerda (Tabela 2).

A RM-CE (Fig. 2A) mostrou alteragdo em T2 e difusao
(DWI) no caudado e putamen direitos, sem envolvimento
do estriado contralateral. Por manter agravamento, repetiu
RM-CE (Fig. 2B) ap6s cinco dias, tendo-se verificado adi-
cional hipersinal em difus&o do cortex fronto-parieto-cingu-
lar medial. A investigacdo realizada para identificagdo de
causas autoimunes, infecciosas e paraneoplasica resultou
negativa, LCR apresentava aumento da proteina tau e pro-
teina 14.3.3 normal. O EEG revelou atividade lenta parie-
tal direita e frontotemporal bilateral (Tabela 2). Nas duas
semanas seguintes, verificou-se agravamento da disartria
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Tabela 2 — Resumo das caracteristicas clinicas, laboratoriais e radiolégicas ao longo do curso da doenga

Sexo/ Idade

Tempo de sintomas
até ao diagnéstico

Disartria
Parésia facial central direita
Mioclonias*
Discalculia

Clinica inicial/ evolutiva

Laboratorialmente

Diagnéstico diferencial

neurotrépicos;

Evolugéao radiolégica Nucleo caudado e putamen
(restricao a difusao - RM-CE) direito

Evolucgéao eletroencefalografica
(EEG)

Tempo de sintomas até a morte

Atividade lenta difusa

Estudo negativo para causas autoimunes, infeciosas, paraneoplasicas, incluindo:
- VS, PCR, autoimunidade sistémica (ANA, SSA/B, ANCAs, SAF, anti-Tiroideus), Anti-Hu, e
anticorpos associados a encefalites auto-imunes (NMDA, LGI1, AMPA, GABA, CASPR2);

- LCR: bandas oligoclonais, exames culturais, exame citoldgico, pesquisa de virus

- TC téraco-abdomino-pélvica

&, 59 anos

1 més

Incontinéncia urinaria
Mutismo acinético

Hemiplegia esquerda
Disfagia

Proteina Tau > 1700
Proteina 14.3.3 negativa

Ganglios da base
bilateralmente e multiplas
areas corticais

Cértex fronto-pareito-cingular
medial e pericentral a direita

Atividade periédica complexos ponta-onda

4 meses

EEG: eletroencefalograma; LCR: liquido-céfalo-raquidiano; RM-CE: ressonancia magnética cranio-encefalica; <: sexo masculino; *Mioclonias: movimentos mioclénicos do membro
superior esquerdo desencadeados pela extensdo do punho e mioclonias ritmicas da hemiface esquerda com expanséo aos musculos da regido cervical ipsilateral desencadeados

pela contragao voluntaria dos musculos da hemiface esquerda.

e surgimento de ataxia da marcha. Colocou-se a possibi-
lidade de encefalite autoimune, tendo sido administrada
metilprednisolona endovenosa (1 g durante cinco dias),
sem melhoria.

Nos meses seguintes a deterioragdo neurolégica man-
teve-se progressiva, com evolugao para anartria (incapaci-
dade de articulagéo verbal) e disfagia, hemiparesia esquer-
da, incontinéncia urinaria e agravamento cognitivo com
alteragdo da memoria recente, desorientacao temporal e
disfuncéo executiva. Foi realizada nova RM-CE (Fig. 2C),
que mostrou restrigdo a difusdo dos ganglios da base bila-
teralmente e multiplas areas corticais, predominantemente
cortex frontal e parietal. O EEG identificou atividade perio-
dica de complexos ponta-onda generalizadas com reati-
vidade a estimulagdo. O doente viria a falecer aos quatro
meses de doenca.

A andlise genética efetuada posteriormente resultou po-
sitiva para a mutagéo ¢.598G > A (E200K).

DISCUSSAO

Na pratica clinica, a DCJ surge mais frequentemente no
diagnostico diferencial de deméncia rapidamente progres-
siva. Nalguns casos, pode mimetizar outras doengas neu-
rolégicas ou psiquiatricas e os exames complementares
iniciais podem ndo apresentar alteragdes caracteristicas.
Estima-se que muitos doentes ja ultrapassaram dois tergos
do curso da doenga aquando do diagndstico.®

Os sintomas cognitivos sdo a forma mais comum de
apresentacao, seguidos em igual frequéncia por sintomas
cerebelosos, constitucionais e comportamentais (20%

cada).? Sintomas de disfungdo cortical (por exemplo, afa-
sia, apraxia, neglect) ocorrem precocemente em 15% dos
casos, e em metade dos casos durante a evolugdo da
doenca.? O fendtipo classico caracteriza-se por deméncia
rapidamente progressiva associada a ataxia e mioclonias.
No caso que relatamos, apenas as mioclonias fizeram par-
te da apresentagéo clinica inicial, que consistiu em sinais
neurolégicos focais de instalagdo subita, sem defeito cog-
nitivo significativo. Estdo descritas outras apresentagdes
atipicas, incluindo alien-limb, parésias isoladas de pares
cranianos, e variantes clinicas como as variantes visual e
cerebelosa.!24

Até ao momento existem cerca de 50 mutagbes patogé-
nicas do gene PRNP, sendo a E200K a mais prevalente.’
Embora as alteragbes dos exames complementares sejam
semelhantes a sDCJ, existem algumas diferengas clinicas.
Crises convulsivas, cefaleia, neuropatia periférica, parésia
da supraversado do olhar e alteragbes do sono (predomi-
nantemente insénia) sdo mais frequentemente reportadas
em doentes com mutagdo E200K.55

Em Portugal, a maioria dos casos reportados sdo de
sDCJ. Numa das maiores séries de casos, no norte de Por-
tugal, apenas dois dos 11 doentes incluidos tinham histé-
ria familiar de deméncia, e apenas um cumpria critérios de
DCJ familiar. Nao se identificaram mutagdes PRNP.”

Comparativamente a sDCJ, em que a detegado de pro-
teina 14-3-3 no LCR apresenta alta sensibilidade (90% -
96%), a elevacgao deste e de outros biomarcadores do LCR
€ menos frequente nas formas de DCJ geneticamente de-
terminadas,?® o que vai ao encontro do caso clinico repor-
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Figura 2 — Evolugao radiologica. Evolugédo das lesdes com restri-
¢ao a difusdo na RM-CE ao longo do curso da doenga. (A) Altera-
¢ao em T2 e difusdo no caudado e putamen direito. Sem envolvi-
mento do estriado contralateral; (B) Restricéo a difusdo no cauda-
do e putamen direito, com discreto hipersinal em difusdo do cortex
fronto-parieto-cingular medial e pericentral a direita. (C) Restrigao
a difusdo dos ganglios da base bilateralmente e multiplas areas
corticais; RM-CE — ressonancia magnética cranio-encefalica.

tado, em que ndo se detetou proteina 14-3-3 no LCR.

A RM-CE é considerada o exame complementar mais
util na investigagéo, com sensibilidade global de 92,3%.° As
alteragdes classicas incluem hipersinal do caudado, puta-
men ou cortex (ou combinagéo entre estes) especialmente
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L P e
Figure 1 — Radiograph of the right fof'ear, at admission. Yellow
arrow: metallic fragment; red arrow: bone fragment.

A 41-year-old man was admitted to the emergency
department with severe gunshot injuries: three penetrat-
ing wounds at the volar side and ulnar border of the right
forearm, with bone exposure. The radiograph showed an
irregular multi-fragmented meta-diaphyseal fracture of the
ulna with multiple small metal fragments spread across the
forearm (Fig. 1). External fixation was used for stabilization
during five months. Two years later, the radiograph showed
nonunion of the remaining fragments, that were insufficient-
ly bridged by mature bone (Fig. 2).

Gunshot fractures of the ulna are infrequent and there
is scarce literature about their management." Severe com-
minution may arise without high local energy transfer, due

Figure 2 — Radiograph of the right forearm, two years after the in-
jury

either to very fast transfer or to concentration in a small
area.?* Although gunshot injuries often result in neurovas-
cular lesion or infection,’ a highly-comminuted gunshot
fracture might have a relatively maintained soft-tissue en-
velope, which must be preserved with an appropriate stabi-
lization method to allow for consolidation.?
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Guidelines on COVID-19 Vaccine Induced Thrombosis,
Bleeding, and Thrombocytopenia

Sara MORAISP<"2, Eugénia CRUZ"3
Acta Med Port 2021 Sep;34(9):625-629 - https://doi.org/10.20344/amp.16602

RESUMO
Apos a generalizagéo da vacinagéo contra a COVID-19, foram relatados efeitos adversos como trombose, hemorragia e trombocito-
penia. Recentemente, apds vacinagao, foi reconhecido um sindrome raro e com mortalidade elevada, caraterizado por uma combi-
nagao nao usual de trombocitopenia e trombose, em particular trombose dos seios venosos cerebrais, com muitas semelhangas com
a trombocitopenia induzida pela heparina. Foram desenvolvidas diferentes recomendacgdes na definicdo, diagndstico e tratamento
destas raras complicagdes. Apresentamos aqui, um protocolo de atuagdo baseado na evidéncia atual.
Palavras-chave: Vacinas Anti-COVID-19; Hemorragia; Trombocitopenia; Trombose

ABSTRACT
After widespread vaccination with COVID-19 vaccines, there have been worldwide reports on thrombosis, bleeding, and thrombocyto-
penia. Recently, a rare syndrome with a high mortality rate consisting of an unusual combination of thrombocytopenia and thrombosis,
in particular cerebral venous sinus thrombosis, which clinically resembles heparin-induced thrombocytopenia, was reported following
vaccination. Different statements and recommendations were developed regarding the definition, diagnosis, and treatment of these rare

complications. We present here a protocol with recommendations, based on current evidence.
Keywords: COVID-19 Vaccines; Hemorrhage; Thrombocytopenia; Thrombosis

INTRODUGAO

A infecdo pelo SARS-CoV-2 (COVID-19), que se as-
socia a consideravel morbilidade e mortalidade, tornou-se
rapidamente numa pandemia global com impacto na saude
das populagdes e na economia de cada pais. Tal como para
outras infegdes, a vacinagéo parece ser a principal forma
de controlo da doenga, pelo que desde cedo foi grande o
esfor¢co no sentido do desenvolvimento de vacinas, sendo
que algumas destas ja se encontram licenciadas e em uso
generalizado.

Foi precisamente a generalizagdo da vacinagdo que
fez emergir novos efeitos adversos, e o aparecimento dos
primeiros relatos de associagéo das vacinas baseadas no
RNA mensageiro (RNAm) com trombocitopenia grave e he-
morragia, mas sem trombose.' Logo no inicio de janeiro,
foi relatado nos EUA o caso de um profissional de saude
que, 16 dias apds inoculagao com a vacina produzida pela
Pfizer-BioNTech, apresentou uma hemorragia fatal asso-
ciada a trombocitopenia imune.' Seguiu-se imediatamente
a identificagdo de varios casos de trombocitopenia, com
resposta favoravel a terapias dirigidas a trombocitopenia
imune [corticdides e imunoglobulina humana IV (IglV)].2
Atualmente, os casos de ‘trombocitopenia’ ou ‘trombocito-
penia imune’(PTI), com ou sem associagdo a hemorragia e
mortalidade, s&o transversais as quatro vacinas aprovadas
pela European Medicines Agency - EMA, e tém sido repor-
tados quer na Vaccine Adverse Event Reporting System
(VAERS) nos Estados Unidos, quer na EudraVigilance na

Europa, quer no MHRA Yellow Card no Reino Unido, entre
outros. Alias a PTI € uma complicagéo ja bem conhecida,
embora rara, de varias outras vacinas.®

No inicio de mar¢o de 2021, na Europa, comegaram
a surgir preocupacgdes sobre o aparecimento de eventos
tromboticos ndo usuais na sequéncia da vacinagao com a
vacina ChAdOx1 nCoV-19 da AstraZeneca (Vaxzevria), se-
guidas da declaragéo pela EMA, a 18 de marc¢o, garantindo
que o numero de eventos observados nao seria superior
ao esperado e aconselhando a continuagéo da vacinagao
com a Vaxzevria, uma vez que os beneficios superariam os
riscos.* Pouco tempo depois, trés grupos independentes,
da Noruega,5AIemanha/Austria,6 e Reino Unido,” descreve-
ram um total de 39 pessoas com um novo sindrome carac-
terizado por trombose, trombocitopenia e presenga de an-
ticorpos circulantes contra o fator plaquetario 4 (FP4).8 Es-
tes doentes, 66,7% mulheres e média etaria de 42,5 anos
(a variar entre 21 e 77 anos), foram admitidos no hospital
cinco a 24 dias apés vacinagao, com tromboses atipicas
em localizagdo nao usual, com predominio das tromboses
dos seios venosos cerebrais (TSVC) em dois tergcos dos
casos e tromboses esplancnicas. Tromboses tipicas como
trombose venosa profunda (TVP) ou embolia pulmonar
(EP) assim como eventos arteriais, também foram descri-
tos.>® Dois destes doentes apresentaram trombocitopenia
sem trombose (um deles faleceu com uma hemorragia
cerebral sem que uma TSVC pudesse ter sido excluida,®

1. Unidade de Trombose e Hemostase. Servigo de Hematologia Clinica. Hospital de Santo Anténio. Centro Hospitalar Universitario do Porto. Porto. Portugal.
2. Unidade Multidisciplinar de Investigagao Biomédica. Instituto de Ciéncias Biomédicas. Universidade do Porto. Porto. Portugal.
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e um outro apresentou apenas sintomas hemorragicos’).
A mortalidade foi superior a esperada (aproximadamente
40%) como consequéncia da lesédo isquémica cerebral e/
ou hemorragia cerebral.® O nimero de plaquetas ao diag-
nostico variou entre cerca de 10 000 e 110 000/mm?, e os
niveis de D-dimeros apresentavam-se acentuadamente
aumentados acompanhados por niveis baixos a normais
de fibrinogénio.® Em quase todos os doentes foram identi-
ficados niveis elevados de anticorpos anti-FP4, detetados
por testes de ELISA usados na suspeita de trombocitopenia
induzida pela heparina (TIH), mas outros testes usados por
rotina (quimioluminiscéncia ou imunoensaios por latex) sdo
frequentemente negativos.?

Esta combinag&o néo usual de trombocitopenia e trom-
bose, em particular TSVC, que partilha muitas semelhan-
g¢as com a TIH, é uma condi¢do altamente pré-trombdética
e com mortalidade elevada, tendo sido proposta a desig-
nacédo de Vaccine-induced Immune Thrombocytopenia
and Thrombosis ou Vaccine-induced Immune Thrombotic
Thrombocytopenia (VITT).2 Ao contrario da TIH, na VITT a
formagéo dos anticorpos anti-FP4 ocorre na auséncia de
exposicdo a heparina, mimetizando uma entidade previa-
mente descrita’® denominada TIH autoimune ou atipica, na
qual a trombose surge na auséncia de exposi¢cdo prévia
conhecida a heparina.

Mais recentemente, surgiu a publicagdo de um caso de
VITT 14 dias apds vacinagdo com a vacina Ad26.COV2.S
da Johnson & Johnson/Janssen (vJ&J)," seguido pelo re-
lato de 12 outros casos com o mesmo fendtipo clinico e
laboratorial dos casos descritos apds vacinagdo com a Va-
xzevria.'?

Sao varios os casos revistos pelo Comité de Seguranca
da EMA associados a Vaxzevria (em 4 de abril, um total
de 169 casos de TSVC e 53 casos de tromboses venosas
esplancnicas)."® Muitos outros tém sido reportados associa-
dos a vacinagdo com as vacinas RNAm (Pfizer- BioNTech e
Moderna), embora nem todos tenham sido revistos central-
mente ou haja informagao sobre a avaliagdo dos anticorpos
anti-FP4.° A taxa de incidéncia estimada de VITT é de cerca
de 1 caso por 100 000 vacinagées,® a variar entre 1 caso
por 26 500 e 1 caso por 127 300 vacinagées. Pensa-se,
no entanto, que a taxa de incidéncia esteja subestimada,
devido a ndo obrigatoriedade da notificagao.

RECOMENDAGCOES

O reconhecimento desta nova entidade, levou ao rapi-
do aparecimento de protocolos de diagnodstico e orienta-
¢ao clinica de diferentes sociedades cientificas nacionais e
internacionais (Fig. 1)."*?' Da sintese dessas orientagdes,
sugerimos as seguintes recomendagdes:

Vacina contra a COVID-19 ha < 30 dias
Trombose e/ou hemorragia e/ou
trombocitopenia de novo (< 150,000/ul)

! '

1

Numero plaquetas normal
D-dimeros < 2000 ng/mL e
Fibrinogénio N com trombose

D-dimeros 111

Trombocitopenia

Fibrinogénio N ou diminuido

Trombocitopenia
D-dimeros N e
Fibrinogénio N sem trombose

!

!

| Pesquisa de anticorpos anti-FP4 (ELISA) |

| Pesquisa de anticorpos anti-FP4 (ELISA)? |

!

} ; |

Trombose e/ou hemorragia
+

Anticorpos anti-FP4 (ELISA) + " || Anticorpos anti-FP4 (ELISA) +

Sem trombose e sem hemorragia |Anticorpos anti-FP4 +| |Anticorpos anti-FP4 -|

+

VITT definitivo ou provavel | |

VITT precoce | |

VITT improvavel |

!

! | |

Anticoagulacao de acordo
com as recomendacgdes de
tratamento de um episédio

1glV 1g/kg 2 dias
Ponderar corticoterapia
Evitar transfusédo de plaquetas

Contra-indicada
anticoagulagéo com heparinas

de trombose aguda

Tromboprofilaxia com [Trombocitopenia Trombocitopenia
anticoagulacéo sem heparinas + +
(NOACs como 12 opgéo) Hemorragia Sem hemorragia
AAP +/-

PTI definitiva
ou provavel Monitorizagdo da
J trombocitopenia

1glV 1g/kg 2 dias
Corticoterapia

Figura 1 — Estratégias de diagnostico e tratamento da trombocitopenia, trombose e/ou hemorragia, associada a vacinagdo contra a

COVID-19

VITT: vaccine-induced Immune Thrombocytopenia and Thrombosis; PTI: purpura trombocitopénica imune; FP4: fator plaquetario 4; IglV: imunoglobinas intra-venosas; AAP: anticorpos

antiplaquetarios.
(1): na auséncia de resultado de anticorpos anti-FP4, assumir VITT provavel.
(2): ndo obrigatdria pesquisa de anti-corpos anti-FP4, nesta situacéo.
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1. Até 30 dias apds vacinagao, em particular com as vaci-
nas Vaxzevria e vJ&J, deve ser procurada assisténcia mé-
dica imediata na presencga de'®'58.20:

* sintomas neuroldgicos, incluindo tonturas, dores de
cabeca graves e persistentes ou visao turva;

* dor abdominal persistente;

» falta de ar ou dor no peito;

» edema ou dor persistente nos membros;

» presencga de petéquias ou equimoses para além do
local da injegao.

Sintomas semelhantes aos da gripe, como artralgias,
mialgias ou cefaleias, que persistem por um a dois dias
apos a vacinagao, sio efeitos comuns e ndo sdo motivo de
preocupagdo.’s 15
2. Em presenga dos sintomas referidos, devem ser reali-
zados estudos de imagem apropriados para diagnostico de
trombose aguda e avaliagéo analitica, que inclui hemogra-
ma completo com contagem de plaquetas e esfregaco de
sangue periférico (para confirmagéo de trombocitopenia), e
estudo de coagulagdo com D-dimeros e fibrinogénio.'s 1710
3. Perante episddio de trombose aguda confirmado, com
contagens de plaquetas normais, D-dimeros < 2000 ng/
mL e fibrinogénio normal, é possivel excluir a VITT. O tra-
tamento é o tratamento anticoagulante de qualquer outro
episdédio agudo de trombose.

4. Em presenga de trombocitopenia e evidéncia de trom-
bose aguda e/ou hemorragia deve ser efetuada pesquisa
de anticorpos anti-FP4'52':

* Indicados testes por ELISA para detegdo de TIH
(baseados na detegcdo imunoldgica de anticorpos
contra o complexo FP4/heparina).'>°

* Nem todos os testes comerciais para diagndstico de
TIH podem ser usados (ndo estao indicados testes
por outros métodos, como Acustar ou o método la-
tex)'15,16,19,21

» Testes funcionais anti-FP4, se disponiveis, ajudam a
diferenciar uma TIH autoimune de VITT,'®>"® embora
a sua utilidade néo seja muito clara.'

* Na auséncia de disponibilidade imediata de um tes-
te anti-FP4, a amostra de sangue periférico colhida
antes do tratamento, deve ser congelada, para pos-
terior detegdo de anticorpos.’®

5. Diagnostico definitivo de VITT, se trombocitopenia, D-
-dimeros muito aumentados e trombose progressiva, com
uma grande preponderancia de TSVC; a hemorragia tam-
bém pode ser significativa e inesperada.’®

» Tipicamente contagem de plaquetas inferior a 150
x 10%L, niveis muito aumentados de D-dimeros (>
4000 ng/mL) e em alguns casos niveis baixos de
fibrinogénio; foi reconhecido recentemente que até
5% dos doentes podem ter contagens de plaque-
tas normais na apresentacgéo, podendo desenvolver
trombocitopenia nos dias subsequentes.'®

* Presenca de anticorpos anti-FP4 (por testes ELISA)
na auséncia de exposigao a heparina.

6. Diagnostico provavel de VITT, se trombose e/ou hemor-
ragia, trombocitopenia e D-dimeros muito aumentados e

niveis de fibrinogénio normais ou baixos. Na auséncia de
disponibilidade imediata para teste ELISA anti-FP4 tratar
como VITT, enquanto se aguarda confirmagao de diagnos-
tico.'®

7. O tratamento do VITT definitivo ou provavel passa
por15.16,19,21:

e Tratamento imediato com IglV, mesmo na auséncia
de confirmagao do diagndstico (1 g/kg/dia durante
dois dias). Podem ser necessarias doses adicionais.

« Evitar transfusédo de plaquetas. Se necessario pro-
cedimento neurocirurgico, as plaquetas devem ser
efetuadas durante ou apds administrar IgIV."®

» Evitar qualquer administracdo de heparina (incluin-
do nos cateteres) pela possibilidade tedrica de exa-
cerbara VITT.

* Anticoagulagdo com anticoagulantes sem heparina
[fondaparinux, argatrobano - utilizado no tratamento
da trombocitopenia induzida pela heparina em hos-
pitais portugueses, por importagéo direta, e noutros
hospitais europeus apesar de n&do estar aprovado
pela EMA - danapardide, anticoagulantes orais dire-
tos (DOAC)] com doses ajustadas de acordo com a
trombocitopenia’®
Se Plaquetas > 100x 10°/L

Fondaparinux: 5/7,5/10 mg para peso corporal <
50/50 — 100/ > 100 kg, respetivamente.

Argatrobano: racio de TTPA1,5-2,5
Se Plaquetas 50 - 100x 10°/L

Fondaparinux: 5/7,5 mg para peso corporal < 50
ou > 50 kg

Argatrobano: racio de TTPA1,5-2,5
Se Plaquetas 20 - 50x 10°/L

Fondaparinux: 2,5/5 mg para peso corporal < 50
ou > 50 kg

Argatrobano: racio de TTPA 1,5
Se Plaquetas < 20 - 50x 10°/L

Evitar anticoagulagéo.

* Podem estar indicados corticoides, sobretudo se
houver atraso na administragéo de IglV.'®1°2° Se o
valor de plaquetas < 20x 10%L, esta indicado asso-
ciar dexametasona 40 mg/dia durante quatro dias®
ou prednisolona 1 mg/kg/dia, se plaquetas < 50 x
109/L.2°

» Considerar suplementagdo com concentrados de fi-
brinogénio, se niveis plasmaticos de fibrinogénio <
1,5 g/L.

» Considerar plasmaférese se se verificar deteriora-
¢éo clinica apesar do tratamento. No caso de trom-
bose extensa, trombocitopenia < 30x 10%L ou niveis
muito elevados de anticorpos anti-FP4, a plasmafé-
rese deve ser considerada precocemente.®

» N&o estd recomendada antiagregacao plaquetéria.

* A presenga de trombose complicada por hemorra-
gia, em particular em doentes com TSVC, torna o
tratamento um desafio. Nao se deve introduzir anti-
coagulagdo enquanto houver hemorragia ativa.
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* Em caso de trombose arterial, é preferida a anticoa-
gulagéo sobre a antiagregagao até a normalizagao
dos valores de plaquetas, D-dimeros e fibrinogénio;
s6 entdo é que se deve mudar para terapéuticas an-
tiplaquetarias.'®

8. Trombocitopenia sem trombose, com D-dimeros nor-
mais ou ligeiramente aumentados e fibrinogénio normal,
torna o diagndstico de VITT improvavel.'62!

+ Se trombocitopenia sem hemorragia, devem-se mo-
nitorizar continuamente os parametros clinicos e la-
boratoriais.?'

+ Trombocitopenia e hemorragia aponta para trom-
bocitopenia imune (PTI), a confirmar pela presencga
de anticorpos antiplaquetarios (AAP). Esta indicado
IglV e/ou corticoides mas ndo anticoagulagéo.?'

9. Trombocitopenia sem hemorragia ou trombose, mas
com alteragbes nos paradmetros da coagulagédo (D-dimeros
aumentados) pode indiciar uma VITT precoce, estando in-
dicado iniciar tromboprofilaxia com anticoagulantes sem
heparinas.?'

1

0. Histdria prévia de trombose ou trombofilia conhecida

ndo sao considerados fatores de risco para o desenvolvi-
mento de VITT. Nao ha evidéncia de que tromboses em
localizagbes tipicas (TVP, EP) sejam mais comuns apos
vacinagao do que na populagdo em geral do mesmo grupo
etario."

11. N&o esta indicada profilaxia de rotina com anticoagu-
lantes ou antiplaquetarios na prevencao das tromboses ati-
picas associadas a vacinagdo.'®

» Doentes a fazer anticoagulagao oral por outras indi-
cagoes [ex: fibrilagdo auricular ou tromboembolismo
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Resposta Imunolégica a Primeira Dose da Vacina
Moderna em Profissionais de Saude com Infegao
Prévia por SARS-CoV-2

Immune Response to Single-Dose Moderna
Vaccination in Healthcare Workers Previously Infected
with SARS-CoV-2

Palavras-chave: COVID-19/imunologia; Pandemia; Pessoal de
Saude; SARS-CoV-2; Vacinas COVID-19/imunologia
Keywords: COVID-19/immunology; COVID-19 Vaccines/immunol-
ogy; Healthcare Workers; SARS-CoV-2; Pandemics

Caro Editor,

O Hospital-Escola da Universidade Fernando Pessoa
(HE-UFP) recebeu as primeiras doses da vacina Moderna
contra o SARS-Cov-2, em janeiro de 2021. No planeamen-
to da administragdo da segunda dose da vacina, antecipa-
mos que conseguiriamos oito doses a mais: quatro por me-
Ihor aproveitamento dos frascos em relagcéo ao realizado
no primeiro dia de vacinagao com a primeira dose, e quatro
profissionais que ndo poderiam receber a segunda dose
(duas por gravidez e outros dois por infecgao COVID-19).

Se por um lado podiamos usar estas doses para vacinar
mais oito profissionais de sadde sem histdria de infecgéo
COVID-19 prévia, por outro ndo tinhamos a garantia duma
segunda inoculagao no prazo estipulado pelo protocolo da
Moderna (28 dias, de acordo com a Norma 01/2021 da Di-
recdo Geral da Saude)." Assim, procedemos a vacinagéo
de oito profissionais de saude com histéria prévia de infec-
¢ao COVID-19. Foram colhidas amostras serolégicas (IgG)
no proprio dia, que repetimos em D14 - 16 pds-inoculagao.
Os resultados sédo os apresentados na Tabela 1. Com ex-
cegao do profissional 1, todos tinham tido COVID-19 sinto-
matico. Nenhum tinha tido necessidade de internamento e,
a data de vacinagdo, encontravam-se assintomaticos. Foi
obtido o consentimento informado dos profissionais para a
inclusao no estudo.

Literatura recente tem mostrado que doentes previa-
mente infectados com SARS-CoV-2 podem necessitar ape-

Tabela 1 — Sintomas e valores de IgG dos profissionais de saude

nas de uma dose de vacina para desenvolver uma imunida-
de semelhante a populagéo sem histéria prévia de infecgao
inoculada com duas doses. Saadat et al compararam os
titulos de anticorpos IgG de profissionais de saude com e
sem infegdo prévia por SARS-CoV-2.2 Segundo os autores,
0s primeiros tém uma resposta secundaria classica a vaci-
nagéo apenas com uma dose da vacina, com um pico de
IgG em D14 pés-vacinagado. No mesmo estudo, a neutrali-
zagao virica em laboratério permitiu afirmar com confianga
que os profissionais com infegado COVID-19 prévia preci-
sam apenas de uma dose da vacina. Estudos serologicos
por Stamatatos ef al demonstraram ainda que a imunidade
apos uma dose Unica em doentes previamente infetados
é extensivel a variante Beta (B.1.351) do SARS-CoV-2 da
Africa do Sul.®

Krammer et al compararam valores de 1gG de indivi-
duos com infegdo prévia por SARS-CoV-2 com valores
de IgG de individuos sem infegdo prévia, conclui que a
administragcdo de apenas uma dose da vacina aos indivi-
duos com infecgao prévia permite atingir uma imunidade
10 vezes maior do que a imunidade conseguida com duas
doses da vacina em individuos sem infecgéo prévia.* Este
aumento da reagao imune reflete-se numa maior incidéncia
de efeitos adversos da vacinagao. No dia 12 de fevereiro a
Haute Autorité de Santé Francesa emitiu uma recomenda-
¢ao que vai no sentido de vacinar apenas com uma dose da
vacina os individuos que tenham tido infecgao confirmada
com COVID-19 ha mais de trés meses e de preferéncia
seis meses apos a infecgdo.’

Os valores de IgG 14-16 dias apds a inoculagdo Unica
com a vacina Moderna mostram que 0s nossos profissio-
nais de saude desenvolveram uma resposta imune seme-
Ihante aos individuos sem histéria prévia de infecdo por
COVID-19 que fizeram as duas doses da mesma vacina.
Numa altura em que as vacinas sdo um bem escasso e que
poderdo sobrar doses em varias instituigbes, parece-nos
importante alertar para esta alternativa. Ou seja, na impos-
sibilidade de garantir que a dose sobrante tera o reforgo
protocolado passadas 3 - 4 semanas, deve ponderar-se a

n 1 2 3

Categoria profissional Médico Enfermeiro  Enfermeiro

Tempo da infegdo

COVID-19 até vacina 91 79 83
(Dias)
IgG* DO (V) 0,3 3 2,7
IgG* D14-16 (U) 7,6 >9 >9
Sintomas da vacina dor local dor local dor local
cefaleia cefaleia
febre febre
mialgias mialgias
fadiga fadiga
tonturas tonturas

4 5 6 7 8
AAM AAM Enfermeiro Enfermeiro  Enfermeiro
100 107 80 120 129
2,3 4,5 2,6 24 3,1
>9 >9 >9 >9 >9
dor local dor local dor local dor local dor local
cefaleia

* Euroimmun AG, ELISA SARS-CoV-2 IgG, Cat 2606, valor de cut-off de acordo com o fabricante (negativo: < 0,8; positivo: > 1,1)

AAM: auxiliares de agdo médica
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utilizacdo dessas doses para a inoculagao Unica de quem
ja teve infecgao por COVID-19.
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The Stool Color Card as a Screening Tool for Biliary
Atresia in the Digital Version of the Portuguese Child
and Youth Health Booklet

O Cartao de Cores das Fezes como Instrumento de
Rastreio da Atrésia Biliar na Versao Digital do Boletim
de Saude Infantil e Juvenil Portugués

Keywords: Biliary Atresia/diagnosis; Feces; Jaundice, Neonatal;
Neonatal Screening

Palavras-chave: Atresia das Vias Biliares/diagnostico; Fezes; Ic-
tericia Neonatal; Rastreio Neonatal

Dear Editor

Biliary atresia (BA) is a rare entity (incidence in Europe
of 1/18 000 live births) leading to great morbidity and mortal-
ity and represents the first indication for pediatric liver trans-
plantation.” The long-term prognosis depends on the timing
of bile flow restoration (Kasai portoenterostomy). One of the
major determining factors of prognosis and survival of the
native liver is surgical intervention before 45 days of life.?

Taiwan has one of the highest incidence rates of BA in
the world. Therefore, a universal screening program was
started there in 2002, using a validated stool color card
(SCC). Subsequently, in 2011, it was observed that the me-
dian age of patients undergoing Kasai portoenterostomy
decreased substantially, thus improving prognosis.® Mean-
while, other countries have demonstrated the cost-effective-
ness of this tool,* and some have already started using it as
a teaching and surveillance tool, by enrolling parents and
caregivers. In Portugal, and as far as we know, there have
been no initiatives at the level of the central healthcare sys-
tem on this matter.

The SCC was originally created by Prof. Mei-Hwei
Chang and her team, from the National University of Tai-

wan Medical College. It includes nine stool-colored imag-
es: three with normal colors and six with abnormal colors,
which are considered red flags requiring urgent observation
of the newborn/infant by Pediatricians.

A study performed in Northern Portugal has identified a
significant percentage of healthcare professionals with clini-
cal practices that may delay recognition of BA.> Recently,
we have obtained written permission from both Prof. Mei-
Hwei Chang and the Taiwan Ministry of Health and Health
Promotion Administration to use the original SCC and its
validated images for the purposes of a screening program
in Portugal.

We propose the use of SCC as a teaching tool for par-
ents at the time of discharge from the maternity hospital,
and the inclusion of an early ambulatory screening in the
first two visits after discharge by inserting the SCC into the
Child and Youth Health Booklet. If the Portuguese Director-
ate-General of Health will convert the current paper booklet
into a digital format, as it has been preliminarily admitted,
we propose that a SCC should be part of this update (Fig.
1) and that a digital version should be accessible to both
parents and caregivers, for example, through a web link or
an app. In this scenario, the outcome of the implementa-
tion of this practice must be validated and a referral network
should be implemented.

AUTHORS CONTRIBUTION

JA: Requested for permission to use the original SCC
and its validated images, drafted the manuscript and ap-
proved its final version.

MT: Contributed with intellectual insights to the work,
critically reviewed the manuscript and approved its final ver-
sion.

ESS: Designed the work, supervised the request for

- 12 causa de transplante hepatico em idade pediatrica -

Vigie a cor das fezes do seu bebé
Rastreio da atrésia das vias biliares

Nos primeiros dois meses de vida vigie no seu bebé:

A cor dos olhos e pele.

Se estiverem amarelos (ictericia) recorra ao seu Centro de Saude ou ao
seu Pediatra.

Se aictericia persistir para além dos 14 dias de vida, recorra outra vez
ao seu médico.

* A cor das fezes.

Se o seu bebé tiver ictericia e fezes descoradas (amarelo ou verde
palidos, cinzento ou branco - cores 1 a 6) pode/deve recorrer directamente
a Urgéncia de Pediatria hospitalar.

Agradecemos ao Health Promotion, Ministry of Health and Welfare, Taiwan e a Professora Mei-Hwei
Chang, College of Medicine, National Taiwan University, por autorizarem o do seu Stool Color Card.

Figure 1 — Portuguese stool color card for screening biliary atresia in newborns and infants

Revista Cientifica da Ordem dos Médicos 632 www.actamedicaportuguesa.com



Cartas ao Editor, Acta Med Port 2021 Sep;34(9):630-645

permission to use the original SCC and its validated imag-
es, critically reviewed the manuscript and approved its final
version.

AlIL: Designed the work, critically reviewed the manu-
script and approved its final version.

PROTECTION OF HUMANS AND ANIMALS

The authors declare that the procedures were followed
according to the regulations established by the Clinical Re-
search and Ethics Committee and to the Helsinki Declara-
tion of the World Medical Association updated in 2013.

REFERENCES

1. Fanna M, Masson G, Capito C, Girard M, Guerin F, Hermeziu B, et al.
Management of biliary atresia in France 1986 to 2015: long-term results.
J Pediatr Gastroenterol Nutr. 2019;69:416-24.

2. Serinet MO, Wildhaber B, Broue P, Lachaux A, Sarles J, Jacquemin E,
et al. Impact of age at Kasai operation on its results in late childhood and
adolescence: a rational basis for biliary atresia screening. Pediatrics.
2009;123:1280-6.

3. Lien TH, Chang MH, Wu JF, Chen HL, Lee HC, Chen AC, et al. Effects
of the infant stool color card screening program on 5-year outcome of

DATA CONFIDENTIALITY

The authors declare having followed the protocols in
use at their working center regarding patients’ data publica-
tion.

COMPETING INTERESTS
The authors have declared that no competing interests
exist.

FUNDING SOURCES

This research received no specific grant from any fund-
ing agency in the public, commercial, or not-for-profit sec-
tors.

biliary atresia in Taiwan. Hepatology. 2011;53:202-8.

4. Mogul D, Zhou M, Intihar P, Schwarz K, Frick K. Cost-effective analysis
of screening for biliary atresia with the stool color card. J Pediatr
Gastroenterol Nutr. 2015;60:91-8.

5. Santos Silva E, Moreira Silva H, Azevedo Lijnzaat L, Melo C, Costa
E, Martins E, et al. Clinical practices among healthcare professionals
concerning neonatal jaundice and pale stools. Eur J Pediatr.
2017;176:361-9.

Joanna ASHWORTH?', Marta TAVARES?, Ermelinda SANTOS SILVA><%34 Ana Isabel LOPES®5¢

. Instituto de Ciéncias Biomédicas Abel Salazar. Universidade do Porto. Porto. Portugal.

oA WN =

Autor correspondente: Ermelinda Santos Silva. ermelinda.dca@chporto.min-saude.pt

Recebido: 06 de junho de 2021 - Aceite: 07 de junho de 2021 - Online issue published: 16 de julho de 2021 - Online issue published: 01 de setembro de 2021

Copyright © Ordem dos Médicos 2021
https://doi.org/10.20344/amp.16679

. Paediatrics Division. Child and Adolescent Department. Centro Materno-Infantil do Norte. Centro Hospitalar Universitario do Porto. Porto. Portugal.
. Gastroenterology Unit. Pediatrics Division. Child and Adolescent Department. Centro Materno-Infantil do Norte. Centro Hospitalar Universitario do Porto. Porto. Portugal.

. Laboratory of Biochemistry. Department of Biological Sciences. Faculdade de Farmacia. Universidade do Porto. Porto. Portugal.
. Clinica Universitaria de Pediatria. Faculdade de Medicina. Universidade de Lisboa. Lisboa. Portugal.
. Paediatrics Gastroenterology Unit. Paediatrics Department. Hospital Universitario de Santa Maria. Centro Hospitalar Lisboa Norte. Lisboa. Portugal.

Revista Cientifica da Ordem dos Médicos 633 www.actamedicaportuguesa.com

x
o
E
(=]
w
o
<
2
&
<
()




o
>
3
>
[
>
(e]
m
=
3
o
A

Cartas ao Editor, Acta Med Port 2021 Sep;34(9):630-645

Letter to the Editor concerning “HIPTCN: Prospective
Observational Study of Hypocoagulated Head
Trauma Patients with Normal Admission Computed
Tomography Scan”

Carta ao Editor referente a “HIPTCN: Estudo
Prospetivo Observacional de Doentes Traumatizados
Cranioencefalicos Hipocoagulados com Tomografia
Computorizada Inicial Normal”

Keywords: Anticoagulants; Brain Injuries, Traumatic; Intracranial
Hemorrhage, Traumatic; Neurosurgical Procedures; Tomography,
X-Ray Computed

Palavras-chave: Anticoagulantes; Hemorragia Intracraniana Trau-
matica; Lesdes Encefalicas Traumaticas; Procedimentos Neuroci-
rurgicos; Tomografia Computorizada

Dear Editor,

Duarte-Batista et al have analyzed the occurrences and
outcomes of a series of 178 adult patients with head in-
jury that had an initial normal head computed tomography
(CT) scan, and despite that, further remained in hospital
for a 24-hour surveillance period due to a hypocoagulative
state (drug induced and/or caused by coagulopathy), then
undergoing a post surveillance CT scan. As a rule, anticoa-
gulation medication was not taken during the surveillance
period, they state, but the cases in which either partial or to-
tal reversal was performed were not reported. With this ap-
proach, the authors found that the mortality rate of patients
was zero." They diagnosed all the patients that developed
delayed intracranial hemorrhage (n = 4, 2.3%), and curiou-
sly they were all asymptomatic; one had already undergone
reversal of anticoagulation and the remaining were kept off
the medication. None of these patients with delayed intra-
cranial hemorrhage required surgery, and no morbidity was
recorded. They also state that their results cannot support
exclusion of post surveillance CT scan since it dictated the
management of anticoagulant therapy. They also recall the
possibility of a falsely normal initial head CT scan that has
been described in the literature in this setting due to errors
in radiology reporting.

Nevertheless, they assume seven occurrences that
they encountered during the 24 hour in-hospital surveillan-
ce period as complications caused by this in-hospital re-
quirement, and in view of this 3.9% rate, they hypothesize
on home surveillance and ambulatory post surveillance CT
scan. They report five situations of mental changes (agi-
tation, confusion) as maladaptation of the patient to the
hospital environment, but a differential diagnosis with brain
concussion symptoms does not seem to have been made.
A case of stridor due to nasogastric intubation attempt was
described, but the indication for the procedure was appa-
rently judged as correct; in a home setting this could lead
to more serious consequences. The case of atrial fibrillation
with tachycardia due to withdrawal of beta blockers regar-
ding which the medical team was unaware of could happen
in the home setting as well, especially when dealing with a

population with a mean age of 80.7 years as reported by the
authors. The proposal of home surveillance and proper in-
formation for patients and caregivers regarding red flags in
selected situations does not provide clues as to how effecti-
vely can the healthcare team in an emergency room setting
ascertain the real aptitude of both patients and caregivers
to perform these tasks. The patients might be subjected to
transportation constraints in the setting of acute trauma,
and the organization of prehospital emergency care can
feel like an extra burden if the patients deteriorate at home
and have to be transported back to the hospital, either for
due and undue reasons. The authors also do not elabora-
te on the importance and merit of diagnosing a worsening
Glasgow coma scale score in four patients (2.2%) and new
neurological deficits in two (1.1%) during the in-hospital sur-
veillance period, and on the possible consequences of this
occurring in a home setting.

A seminal paper on this subject? reports on four patients
who had normal neurological examinations and normal com-
puted tomographic scans after mild head injury, and who la-
ter developed an acute subdural hematoma and deteriora-
ted rapidly. One deteriorated 12 hours after the trauma, two
on the day after, and the other on day three. Three of the
four patients underwent craniotomy for evacuation of their
hematomas. Two patients died and two reached Glasgow
outcome scores of three and four only after extended inpa-
tient rehabilitation. None of these patients underwent rever-
sal / correction of the coagulation abnormalities, one was
discharged right after trauma, another six hours after, and
the remaining two were inpatients. The repeat CT scan was
performed due to the neurological deterioration. This serves
to illustrate that such favorable outcomes as reported by
Duarte-Batista et al are not necessarily the rule for these pa-
tients; that consideration should be given to a full evaluation
of the coagulation status of these patients; that suspension
of these medicines and even early reversal in situations of
largely abnormal laboratory results should be considered;
and that a repeat CT scan within a six to 24 hour time frame
could allow for the timely diagnosis of delayed intracranial
traumatic hemorrhage in hypocoagulated patients.

Duarte-Batista et al are to be commended since they
have succeeded in the Herculean task of performing a mul-
ticenter study on hypocoagulated head trauma patients with
normal admission CT scan, and demonstrating that very low
morbidity and mortality rates can be achieved in the mana-
gement of these patients with the protocol that they use.
Changes to that protocol can certainly be hypothesized, but
further variables should be brought into the discussion.
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Outpatient Community-Acquired Pneumonia: Out of
Sight, Away from Prevention

Pneumonia Adquirida na Comunidade em
Ambulatoério: Longe da Vista, Longe da Prevencgao
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Dear editor,

Community-acquired pneumonia (CAP) is a common
and potentially serious illness with a significant morbidity
and mortality rate. The estimated annual incidence of CAP
is five to 11 cases per 1000 adults and incidence increases
with age and seems to be higher in men than in women.’
CAP remains one of the most common medical causes of
hospital admission in healthcare systems? and in Portugal,
between 2000 - 2009, it was responsible for 3.7% of the
hospitalizations.

After diagnosis, the initial management decision is to
determine the location of care: outpatient, hospitalization,
or admission to an Intensive Care Unit (ICU). It is essen-
tial to avoid unnecessary admissions to avoid the costs
and higher consumption of resources and minimize the risk
of nosocomial infections by resistant hospital bacteria or
thromboembolic events.?

The aim of this study was to determine the incidence
of CAP in a Portuguese adult outpatient population (over
18 years old) and to characterize those patients, their risk
factors and respective vaccination status (seasonal flu and
pneumococcal vaccination).

This was a prospective, multi-center and observational
study carried out in the ambulatory setting. It involved pul-
monologists from Centro Hospitalar Universitario Lisboa
Norte with the collaboration of USF-AN (Associagdo Nacio-
nal das Unidades de Saude Familiar) and family physicians
from three Health Units in Northern Portugal. The study
was approved by the respective Regional Health Admin-
istrations and Ethics Committees. A total of 27 711 adults
were observed by their family doctor, over a period of one
year (between the 1%t July 2014 to the 30tth June 2015).
We prospectively analyzed all the diagnoses of CAP that
were coded with the ICPC-2® code R81 in the problem list
and which corresponded to a diagnosis of CAP (viral and
bacterial pneumonia, bronchopneumonia and legionnaires’
disease, excluding aspiration pneumonia and obstructive
pneumonia associated with lung cancer). The inclusion cri-
teria were age over 18 years old and a diagnosis of CAP
made according to the standard of care based on clinical
and radiological features. The exclusion criteria were pa-
tients aged under 18 years old and patients with HIV infec-
tion.

In this study, 33 patients with a CAP diagnosis were
included, corresponding to an incidence of 1.19 per 1000
adults. The average age was 65.4 years, ranging from 20 to

96 years of age and there were 18 women (54.5%).

Fifteen (45.5%) patients went directly to the hos-
pital emergency room (ER). The family physician
was later informed of the diagnosis. In the remain-
ing 19 (54.5%) patients, the diagnosis was made in
a primary health care facility. Four of these patients
required hospital referral and no patients required hospital-
ization or died.

In terms of smoking and alcohol habits, 21 (63.6%)
never smoked, 12 (36.4%) had past or active smoking
habits, eight (24.2%) consumed alcohol regularly and 25
(75.8%) did not usually drink alcohol. As for vaccination,
nine (27.3%) received seasonal flu vaccination (all over
65 years old and entitled to free flu vaccination), while 23
(70%) did not receive any vaccination. There was only one
patient (3.0%) that received inoculation with pneumococcal
polysaccharide vaccine (PPSV23) and the other 32 (96.7%)
did not receive any inoculation of the PPSV23 vaccine.
None of the 33 cases received the pneumococcal 13-valent
conjugate vaccine. Sixteen patients (48.5%) had, at least,
one comorbidity (Table 1).

The main limitation of this study lies in the retrospective
diagnosis in almost half of the patients along with the pos-
sibility that other cases of CAP may not have been reported.
This may compromise some results, namely the low num-
ber of cases, low prevalence of smoking and alcohol drink-
ing habits and predominance of female patients. The latter
can be explained by the fact that, in general, women consult
their family physician more often.

The low vaccination coverage for both the influenza an-
dpneumococcal vaccines should be mentioned. The popu-
lation that was vaccinated against influenza was included in
the groups entitled to free vaccination and without the need
for medical consultation, which may explain the difference
compared to the pneumococcal vaccine.

According to the expected annual incidence of five to
11 cases per 1000 adults, between 138 and 305 cases of
CAP should have been diagnosed in this study, almost four
to nine times more than the 33 reported cases. This low
number of outpatient diagnoses, compared to the number
of hospital admissions, suggests that most patients with

Table 1 — Comorbidities in patients with a diagnosis of CAP (some
patients may have multiple comorbidities)

Comorbidities n (%)
Any comorbidity 16 (48.5%)
Obesity (grades 1, 2, 3) 11 (33.3%)
Renal failure 7 (21.2%)
Diabetes mellitus 6 (18.2%)
Cardiac failure 5(15.2%)
Cancer 4 (12.1%)
Asthma 3(9.1%)
COPD 3(9.1%)
Hepatic disease 1(3.0%)
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CAP sought care directly in the ER, instead of seeking their
family physician first.

This diversion of patients from Primary Health Care di-
rectly to the hospital ER with reduced monitoring of patients
with pneumonia by family physicians can make it more dif-
ficult to implement preventive measures, namely flu and
pneumococcal vaccination.

The impact and severity of CAP justify additional studies
in the outpatient setting that would allow a better character-
ization of this disease and promote a greater awareness for
its prevention.
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Reverse Transcription Polymerase Chain Reaction
Pattern of SARS-CoV-2 Beta Variant

Padrao da Variante Beta do SARS-CoV-2 por Biologia
Molecular (RT-PCR)
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To the Editor:

In March 2021, the presence of the SARS-CoV-2 Beta
(B.1.351) variant was suspected and detected in our hos-
pital by real-time reverse transcription polymerase chain
reaction (RT-PCR), later confirmed by the National Institute
of Health Dr. Ricardo Jorge (INSA) by genomic sequenc-
ing. With the increase in the prevalence of SARS-CoV-2
variants in Portugal' and the fact that not all laboratories
have specific kits to detect these mutations, we believe that
it is relevant to share the findings that led us to suspect
the presence of a variant in these patients. This variant is
considerably more contagious and can quickly worsen the
underlying disease of inpatients that share the same ward if
they become infected.?

The RT-PCR test can be performed using various Kkits,
which can detect various viral genes. These genes code
for different structures such as the spike glycoprotein (S),
the envelope protein (E), the nucleoprotein (N) and the OR-
F1ab sequence that contains RNA-dependent RNA poly-
merase (RdRP).?

Among the SARS-CoV-2 variants currently in circula-
tion in Portugal, there are some raising attention. The Alpha
(B.1.1.7) variant, originally identified in the United Kingdom
in September 2020, the Gamma (P.1) variant circulating in
Brazil since mid-2020 and the Beta (B.1.351) variant de-
scribed in South Africa at the end of 2020.* The three vari-

Table 1 — Real-Time RT-PCR results

ants share the N507Y mutation and the Beta and Gamma
variants share the E484K mutation.®

Samples from our patients, obtained by nasopharyngeal
swabs, were tested using the Allplex™ (Seegene®; Werfen)
RT-PCR kit that detects the presence of the E, RARP/S and
N genes. The samples had low cycle thresholds (Ct) values
(< 25 - 30) and we noticed a RT-PCR amplification pattern
in which the N gene amplified two to six cycles later in rela-
tion to the other genes. This raised the suspicion that these
samples could contain a SARS-CoV-2 variant. The results
are described in Table 1.

In order to clarify these findings, we tested the samples
with the Novaplex™ | (Seegene®, Werfen) RT-PCR kit that
can detect the presence of the specific mutations in each
variant. All samples were positive for the E484K and N501Y
mutations and negative for the 69/70 deletion. In order to
differentiate the Gamma and Beta variants, samples were
sent to INSA for genome sequencing, which revealed that
all samples had the SARS-CoV-2 Beta variant (B.1.351)
Therefore, we identified 12 new cases of the Beta mutation.
Until March 2021, there were only five reported cases of this
variant in Portugal. In the most recent report, there are 103
reported cases.’

The aim of this letter is to raise awareness regarding
this variant, which can be suspected when there are lower
cycle threshold values and the N gene has two to six am-
plification cycles later than the other genes tested, which
is relevant since genome sequencing is a time consuming
process. Kits that detect SARS-CoV-2 variants should be
implemented as reflex testing when this pattern is present.

AUTHORS CONTRIBUTION

DFS: Draft of the paper, critical review, and approval of
the final version of the paper.

PDS: Draft of the paper and critical review.

IB: Critical review and approval of the final version of the
paper.

Gene
Kit (Analyzer) Samples
E (ct) RdRP/S (ct)

A 15.17 17.36

B 20.16 22.08

Cc 18.29 18.20

D 16.06 15.77

E 19.06 18.03

AllplexTM F 19.57 18.98

(Seegene®, Werfen)

G 20.85 20.93

H 2217 22.59

| 19.80 20.05

J 20.35 20.70

K 26.21 25.74

L 23.03 21.75

ct: cycle threshold
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Gastrointestinal Symptoms and Liver Injury on
Admission in a Hospitalised Population with COVID-19
Infection

Sintomas Gastrointestinais e Lesdo Hepatica a
Admissido numa Populacao Hospitalizada com
Infecgdo por COVID-19

Keywords: COVID-19; Gastrointestinal Diseases; Liver Diseases;
SARS-CoV-2

Palavras-chave: COVID-19; Doengas do Figado; Doengas Gas-
trointestinais; SARS-CoV-2

Dear Editor,

The novel coronavirus disease 2019 (COVID-19) may
present with gastrointestinal symptoms and liver injury, but
current evidence on their prevalence and association with
disease-severity and severe outcomes is conflicting'-3

We retrospectively analysed the prevalence of gastroin-
testinal manifestations and elevated liver enzymes in adult
patients hospitalised in wards of a tertiary hospital in Portu-
gal, with a COVID-19 diagnosis between March and August
2020. We studied their association with hospital mortality,
intensive care unit (ICU) admission and hospital length of
stay. The study was approved by the hospital’s Ethics Com-
mittee.

A total of 561 patients were selected, mean aged 62 +
20 years and 63% men. After excluding 25 patients due to
previous gastrointestinal or liver disease, 536 patients were
eligible for analysis. Gastrointestinal symptoms were pres-
ent in 22% and included diarrhoea (14%), nausea/vomiting
(10%) and abdominal pain/discomfort (5%). Elevated liver
enzymes on admission were found in 30% of the patients.
Seventeen percent (n = 93) presented with an isolated as-
partate transaminase (AST) elevation [median 49 (43;62)
Ul/L] and 13% (n = 70) with both AST and alanine amino-
transferase (ALT) elevated [median 66 (51;10) Ul/L and 83
(65;109) UI/L, respectively], with a mean AST/ALT ratio of
0.94 + 0.48.

We found an association between liver enzyme chang-
es and mortality in multivariable analysis adjusted for age,
gender and patients’ comorbidities such as hypertension,
obesity, diabetes mellitus and respiratory disease. Patients
with isolated AST elevation and with both AST and ALT
elevations were associated with greater hospital mortality
[odds ratios (OR) of 2.28 (95% CI 1.19 - 4.35, p = 0.012)
and 2.68 (95% CI 1.12 - 6.45, p = 0.028), respectively],
compared to patients without liver changes. The presence
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of gastrointestinal symptoms had no statistically significant
association with hospital mortality (p = 0.078) or ICU ad-
mission (p = 0.750). Patients with isolated AST elevation
had an OR of 2.33 (95% CI 1.37 - 3.98, p = 0.002) of being
admitted to an ICU than patients without liver changes, but
these differences were not seen for patients with elevation
of both enzymes (OR 1.65, 95% CI 0.88 - 3.09, p = 0.119).
Median hospital length of stay was 10 (5; 12) days, without
differences between groups with gastrointestinal symptoms
(p = 0.305) or elevated liver enzymes (p = 0.259).

In our Portuguese cohort, the prevalence of gastrointes-
tinal symptoms and liver injury on presentation was similar
to that of previous reports. Several mechanisms for these
changes have been proposed, including the direct cytopath-
ic effect of the virus mediated by ACE-2 receptors, which are
highly expressed in intestinal epithelial cells, hepatocytes
and cholangiocytes, and injury mediated by ischaemia and
systemic inflammatory response in patients presenting with
severe infection.*%

While gastrointestinal manifestations were unrelated to
worse outcomes, liver injury on admission, characterized
by moderate AST and ALT elevations, was associated with
greater hospital mortality. This should raise awareness to
the possible prognostic value of elevated liver enzymes on
admission in patients infected with SARS-CoV-2.
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New-Onset Type 1 Diabetes in Children and COVID-19

Diabetes Tipo 1 Inaugural em Idade Pediatrica e
COVID-19
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Dear Editor,

During the COVID-19 pandemic, a lower rate of health-
care care usage has been reported, like for example admis-
sions to Pediatric Emergency Departments. This can lead
to the delayed diagnosis of potentially severe diseases, like
type 1 diabetes mellitus (DM). Previous studies from lItaly
and Germany found an increase in severe diabetic ketoaci-
dosis (DKA) at the time of DM diagnosis in children during
the COVID-19 pandemic.'?

In our observational and retrospective study, we evalu-
ated the frequency and severity of new-onset DM in chil-
dren, at a tertiary hospital in Lisbon, during the first year
of the COVID-19 pandemic (April 2020 — March 2021) and
compared them with a similar period, prior to the COVID-19
outbreak in Portugal (April 2019 — March 2020). The inde-
pendent t-test, Mann-Whitney test and the chi-square test
were used, where appropriate. Statistical significance was
predetermined as p < 0.05. SPSS® 26 was used for statisti-
cal analysis. Ethical approval was not required by the Ethics
Committee of Centro Hospitalar Lisboa Norte-Hospital de
Santa Maria (Lisbon, Portugal) for the present study, since it
was based on retrospective data collection. The results are
shown in Table 1.

Between April 2020 and March 2021, 20 children were
diagnosed with type 1 DM, a lower number than in previ-

Table 1 — Comparison of clinical and biochemical parameters between the COVID-19 group and the non-COVID-19 group

ous years. The median age was similar between the two
groups, as well as glycemia and symptoms at presentation.
Only one child presented simultaneously with SARS-CoV-2
infection.

A significantly higher proportion of children presented
with severe DKA during the COVID-19 pandemic. Arterial
blood gas parameters such as pH, bicarbonate, and base
excess were also worse in this group of patients. Conse-
quently, more children were admitted to the intensive care
unit. Nonetheless, the reported median duration of preced-
ing symptoms of DM was not statistically different between
the two groups and was, in fact, shorter in the COVID-19
pandemic group.

In conclusion, during the first year of the pandemic, we
observed a significant increase in severe cases of DKA.
The notion of delay in healthcare seeking to explain this
increase could not be established. However, the duration
of symptoms was self-reported, which may limit the con-
clusions. It is also likely that complex psychosocial factors
related with social isolation could have changed the percep-
tion of symptoms of the disease.® Recent studies suggest
that SARS-CoV-2 can act as an infectious trigger and pre-
cipitate DKA in patients with new-onset DM.*5 However, in
our cohort, only one patient had SARS-CoV-2 infection and
patients had not been tested for previous exposure through
serological tests.

Further research into the causes of the increase in DKA
during the pandemic is required. Additionally, strategies to
educate parents about timely attendance at the emergency
department remain crucial.

AUTHORS CONTRIBUTION
MIA: Data aquisition, draft of the paper.
ARH, LR: Data aquisition, critical review of the paper.

Number of patients 20 27 -
Age, years 10.0 (7.0) 12.3 (5.2) 0.220
Sex 45% male 63% male 0.221
Days of preceding symptoms 18.0 (88.0) 30.0 (147.0) 0.266
° ¢  Polydipsia 90% 96% 0.383
% é Polyuria 85% 100% 0.038
¥ 7  Polyphagia 35% 56% 0.163
Weight loss 90% 82% 0.417
Mean % of weight loss -10.5% + 8.85 -10.0% * 6.42 0.826
ICU stay 30% 3.7% 0.012
25 Glycemia, mg/dL 458 (195.0) 493 (225.0) 0.426
22 pH 7.1(0.315) 7.31(0.176) 0.007
E '(% Bicarbonate, mmol/L 9.4 (11.0) 18.45 (9.6) 0.03
05 Excess base, mmol/L -21.1 (18.2) -7.2 (14.6) 0.01

ICU: intensive care unit
Values are given as n or %, mean + standard deviation or median (interquartile range)
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Prevalence of Pediatric Vestibular Disorders

Prevaléncia da Doenca Vestibular Pediatrica
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It was with great interest that we read the article by Lima
AF et al." The authors investigated vertigo complaints in
children under 18 years of age that were referred to a ter-
tiary academic center.

The reported prevalence and etiologies of vestibular dis-
orders can vary depending on the hospital department or
clinic to which children are referred to, the referral criteria,
the age range of the patients tested and the vestibular test-
ing technologies that are available.

We have carried out a specific pediatric dizziness clin-
ic in a tertiary academic center with a specialized pediat-
ric hospital with most cases referred from Ears, Nose and
Throat (ENT) consultants. From January 2014 to December
2019, we attended to 78 new pediatric patients with diz-
ziness complaints. Our diagnoses differ substantially from
the diagnoses in the study by Lima et al, especially in terms
of the number of cases of psychogenic vertigo and benign
paroxysmal positional vertigo (BPPV) (Table 1). Psycho-
genic vertigo is a prevalent diagnosis, especially in adoles-
cent girls. As for primary BPPV, it is a very rare condition in
children and anterior canal BPPV is even more so.2® We
suspect that the cause for these differences might be a se-
lection bias caused by nonconsecutive patient recruitment,
as well as the difficulty in obtaining an accurate diagnosis in
younger children.

We would also like to highlight the importance of the
ophthalmic exam in pediatric patients, as this is the second
most frequent cause of dizziness complaints in big centers
and an aggravating factor in patients with the typical mi-
graine equivalents.*

As for videonystagmography, we would like to stress
that it is not the same as to performing caloric tests, and

that in children, the rotatory chair is a very important test,
especially in the early years of age.*5

Regarding the patients diagnosed with vestibular neuri-
tis, we do not understand why they all underwent imaging.
If the head impulse, nystagmus, and Test-of-Skew - HINTS
Protocol is followed as stated, the clinical history and physi-
cal examination should be the key elements to select which
children with vertigo require neuroimaging.* When caloric
testing was carried out later and showed no hypofunction, it
makes us wonder if these were rather cases of first attacks
of vestibular migraine, even though we acknowledge that
follow-up at one year shows a very high recovery rate.® The
authors did not mention the follow-up time.
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Table 1 — Pediatric population observed during a 5-year period in the Vestibular Clinic of the Hospital and University Centre of Coimbra -

Pediatric Hospital

Total
(n=178)
Sex (female, n%) 45 (57.7)
Age (mean, min - max) 123 (14 -17)
Diagnosis (n, %)
Vestibular migraine 23 (29.5)
Psycogenic 13 (16.5)
Vestibular neuritis 13 (16.7)
BPVC 3(3.8)
BPPV 2 (2.6)
Genetic syndrome 5(5.1)
Mix diagnosis 11 (14.1)
Unknown peripheral vestibular disease 9(12.8)

BPVI: benign paroxysmal vertigo of childhood; BPPV: benign paroxysmal positional vertigo
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