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Bem vindos ao primeiro número do Heart em Português de 2021, um ano que não está a começar nada bem para 
Portugal, do ponto de vista da pandemia, que atingiu números absolutamente catastróficos. O impacto de tudo isto é 
resultante não só dos efeitos directos da infecção a SARS-CoV-2 mas muito também pelo efeito indirecto nas patologias 
não covid, em que as doenças cardiovasculares assumem um papel de grande relevo, infelizmente.
Vamos falar de endocardite infeciosa (EI) com dois artigos importantes. Um é um artigo original, vindo da Coreia 
de Sul, onde se foram investigar as tendências gerais, as características microbiológicas e os resultados da EI neste 
país asiático. Verificou-se que a incidência da EI está a aumentar na Coreia do Sul e embora a taxa de mortalidade 
tenha diminuído ligeiramente, ainda continua a ser elevada. A cirurgia tem um efeito protetor no que respeita tanto à 
mortalidade intrahospitalar como ao prognóstico a longo prazo nestes doentes. Num outro artigo de revisão, Talha K 
et al, da Mayo Clinic, nos EUA, fazem uma excelente revisão centrada, em particular, nos agentes patogénicos comuns 
da EI e no seu impacto no perfil clínico da EI.
A quantificação da calcificação da válvula aórtica por tomografia computorizada cardiovascular (TC-CVA) é útil 
na avaliação da gravidade da estenose valvular aórtica. O objetivo deste estudo foi o de avaliar a sua capacidade de 
acompanhar a progressão da estenose valvular aórtica com TC-CVA, comparativamente à ecocardiografia. Mahiri 
Doris et al, de Edimburgo, verificaram que a TC-CVA é reprodutível e demonstra aumentos superiores ao longo do 
tempo normalizado para a repetibilidade da medição, em comparação com as medições ecocardiográficas. Concluem 
assim que o uso da TC-CVA deve ser considerado na monitorização de doentes com estenose valvular aórtica.
Mantegazza et al, de Milão foram avaliar a concordância entre diferentes técnicas imagiológicas para a identificação e 
a medição da disjunção do anel mitral DAM, uma anomalia ligada ao prolapso da válvula mitral (PVM), com possivel 
associação a arritmias ventriculares malignas. Os autores concluiram da complementaridade de uma abordagem 
imagiológica integrada, levando a uma avaliação abrangente dos doentes com PVM e sintomas sugestivos de arritmias. 
Se a ecocardiografia é fundamental para a caracterização anatómica e hemodinâmica da doença valvular mitral, a 
ressonância magnética cardíaca poderá identificar melhor a DAM de pequeno comprimento, assim como a presença 
de fibrose miocárdica.
Neste número temos dois artigos dedicados à pandemia COVID-18. Num primeiro artigo um conjunto de 
autores britânicos fez a monitorização do impacto indireto da pandemia da COVID-19 nos serviços de doenças 
cardiovasculares no Reino Unido. Os autores constataram reduções substanciais nas atividades a nível global e, em 
particular, cardiovascular, podendo as mesmas serem suscetíveis de contribuir para uma carga elevada dos efeitos 
indiretos da pandemia, pelo que os autores sugerem a sua monitorização e mitigação urgente. Um outro grupo inglês, 
de Leeds, descreveu o local e as causas de morte cardiovascular aguda durante a pandemia de COVID-19. Concluiram 
que a pandemia resultou numa inflação das mortes cardiovasculares agudas, sendo que quase metade delas ocorreram 
na comunidade e a maioria não esteve relacionada com a infeção por COVID-19, o que sugere que se verificaram 
atrasos na procura de ajuda ou que foram, provavelmente, o resultado de COVID-19 não diagnosticada.
Boas leituras

Fausto J Pinto
Diretor Dpt Coração e Vasos CHULN, Lisboa

Faculdade de Medicina da Universidade de Lisboa
Presidente Eleito WHF

Editorial
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RESUMO
Objetivo  O tratamento da endocardite infecciosa (EI) 
tornou-se mais complexo com a atual multiplicidade de 
fatores associados aos cuidados de saúde e com as dife-
renças regionais nos organismos causadores. O nosso 
objetivo foi investigar as tendências gerais, as característi-
cas microbiológicas e os resultados de EI na Coreia do Sul.
Métodos Foi realizado um estudo de coorte retrospetivo de 
12 anos. Utilizou-se a regressão de Poisson para estimar as 
tendências temporais da incidência e a taxa de mortalidade 
da EI. Foram identificados fatores de risco para a mortali-
dade intrahospitalar com regressão logística multivariada e 
realizou-se a comparação de modelos para avaliar o desem-
penho preditivo de fatores de risco relevantes. Foram reali-
zadas análise de sobrevivência de Kaplan-Meier e regressão 
de Cox para avaliar o prognóstico a longo prazo.
Resultados Incluímos 419 doentes com EI, cuja incidência 
demonstrou uma tendência crescente (risco relativo 1,06, 
p=0,005), enquanto que a mortalidade demonstrou uma 
tendência decrescente (taxa de incidência 0,93, p=0,020). A 
taxa de mortalidade nos hospitais foi de 14,6%. Na análise 
de regressão logística multivariável, a endocardite da válvula 
aórtica (OR 3,18, p=0,001), a EI causada por Staphylococcus 
aureus (OR 2,32, p=0,026), as complicações neurológicas 
(OR 1. 98, p=0,031), a pontuação elevada na Avaliação 
de Falência Sequencial de Órgãos (OR 1,22, p=0,023) e 
o Índice de Comorbidade de Charlson elevado (OR 1,11, 
p=0,019) foram preditores de mortalidade intrahospitalar. 
Para a EI, a intervenção cirúrgica foi um fator de proteção 
contra a mortalidade intrahospitalar (OR 0,25, p<0,001) e 
foi associada a um melhor prognóstico a longo prazo em 
comparação com o tratamento médico isolado (p<0,001).
Conclusões A incidência da EI está a aumentar na Coreia do 
Sul. Embora a taxa de mortalidade tenha diminuído ligeira-
mente, esta continua a ser elevada. A cirurgia tem um efeito 
protetor no que respeita tanto à mortalidade intrahospitalar 
como ao prognóstico a longo prazo em doentes com EI.

INTRODUCTION
Despite advances in diagnostics and therapeutics, infec-
tive endocarditis (IE) remains associated with high 
morbidity and mortality.1 The epidemiology of IE varies 
and depends on multiple hosts and microbiological 
factors.2 3 Moreover, IE treatment has become more 
complex with the emergence of various healthcare- 
associated factors and regional differences in causa-
tive organisms.4 The incidence of IE is 2–8 per 100 000 
person- years and has been reported to be increasing.5 6 
The in- hospital mortality rate of IE has not shown signifi- 
cant improvement and, in fact, an increasing trend in 
mortality has been reported.7 8

To evaluate the disease burden caused by IE, it is 
important to identify the trends in its incidence and 
mortality; investigate its microbiological characte- 
ristics, clinical features and treatment outcomes; and 
collect region- specific data while considering the 
regional differences in the patients’ medical back-
ground, microbiological distribution and resistance.9 
Therefore, this study aimed to evaluate the incidence- 
related and mortality- related trends, and the clinical and 

microbiological characteristics and treatment outcomes 
of IE in South Korea.

PATIENTS AND METHODS
Study population
We retrospectively analysed adult patients with IE 
admitted to Severance Hospital, a large tertiary care 
teaching hospital with 2400 beds in South Korea, from 
November 2005 to August 2017. IE was defined as defi-
nite or possible according to the modified Duke criteria, 
and both types were included in the study.10 Patients 
admitted for suspicion of IE were managed by a multi-
disciplinary team including cardiologists, cardiovascular 
surgeons and infectious disease specialists. Surgery was 
considered according to the American Heart Association 
guidelines and South Korea’s national guidelines.4 11 These 
guidelines indicate surgery for uncontrolled heart failure 
or cardiogenic shock, paravalvular abscess, uncontrolled 
infection and vegetation of >10 mm with systemic embo-
lisation. Surgery was determined according to the agree-
ment of cardiologists and cardiovascular surgeons, as well 
as the advice of infectious disease specialists, if necessary. 
Transoesophageal echocardiography was performed in 
most patients, including those with negative transtho-
racic echocardiography findings. Follow- up visits to 
the outpatient clinic were made at 1 week and at 1, 3, 6 
and 12 months after discharge. At each visit, the patients 
were checked for evidence of heart failure and relapse of 
IE through a system review and physical examination. 
Further, if anticoagulation therapy was performed after 
valve replacement, the prothrombin time was deter-
mined to ensure that the proper dose of anticoagulation 
had been used. At 6 months after discharge, follow- up 
echocardiography was performed to evaluate valvular 
and ventricular functions. Subsequently, follow- up visits 
to the outpatient clinic were made every 6 months.

Variables and definitions
Nosocomial infection was defined as an infection that 
occurred >48 hour after hospitalisation with no evidence 
of infection at admission. Nosocomial infection was also 
diagnosed if IE occurred within 60 days after hospital 
discharge when a high- risk procedure for bacteraemia 
was performed or when any predisposing factor for IE was 
present during hospitalisation, including dental manipu-
lation, gastrointestinal manipulation, gynaecology proce-
dures, urological manipulation and invasive intravascular 
techniques (intravascular device implantation, pacemaker 
insertion and cardiac catheterisation).12–14 Among comor-
bidities, cardiac devices were defined as implantable pace-
makers or defibrillators,15 and the Charlson Comorbidity 
Index was used to categorise patients according to overall 
comorbidity at hospital admission.16 Among clinical 
symptoms and signs at diagnosis, neurological complica-
tions included ischaemic or haemorrhagic stroke, cerebral 
abscess and intracranial mycotic aneurysm, including 
middle cerebral artery aneurysm with or without cerebral 
haemorrhage. Complications were diagnosed according 
to clinical, CT or MRI findings.17 Peripheral embolic 
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complications included pulmonary embolism, coronary embolism, splenic 
infarct or abscess, and peripheral limb embolisation.17 Signs of peripheral 
vasculitis included Roth spots on retinal examination, subconjunctival 
haemorrhage, Osler nodes and Janeway lesions. The Sequential Organ 
Failure Assessment (SOFA) and Acute Physiology and Chronic Health 
Evaluation (APACHE)- II scores were used to stratify the disease severity, 
and EuroSCORE II was used to calculate the risk of death in patients under-
going surgery.18 Causative microorganisms were defined as those present in 
blood or tissue samples (valve and/or vegetation).

Statistical analysis
Poisson log- linear regression was used to estimate the time trends in 
IE incidence (relative risk (RR)) and mortality rate (incidence rate ratio 
(IRR)). To analyse long- term survival, we used mortality data obtained 
from the Ministry of the Interior and Safety of South Korea, which collects 
death information of all Korean citizens. Comparisons were made between 
patients who died in the hospital and those who survived. The Mann- 
Whitney U- test was used to compare continuous variables, and χ2 or Fish-
er’s exact test was used for categorical variables. The final logistic regression 
model predicting in- hospital mortality was constructed based on clinical 
significance among risk factors with p<0.05 in univariate analysis after 
checking for multicollinearity and interaction effects. Multicollinearity was 
defined as a variance inflation factor of <5. ORs and 95% CIs were calcu-
lated from this analysis. The predicted performance of the final model was 
evaluated using areas under the curve (AUCs), Hosmer- Lemeshow test 
and calibration plots. To verify the efficiency of our model (free from over-
fitting, with high predictive performance), we compared the AUCs of our 
models with that of high- predictive performance models selected based on 
bidirectional elimination selection with Akaike’s information criterion. The 
DeLong method was used to compare the AUCs of the models.19 Kaplan- 
Meier survival analysis and Cox regression were performed to assess long- 
term prognosis. A p value of <0.05 was considered statistically significant. 
Poisson regression analyses for trend tests were performed using SAS V.9.4. 
All other statistical analyses were performed using R V.3.4.4 (The R Foun-
dation for Statistical Computing, Vienna, Austria).

Patient and public involvement
This study was performed without patient involvement. Patients were not 
invited to comment on the study design and were not consulted to develop 
patient- relevant outcomes or to interpret the results. Patients were not 
invited to contribute to the writing or editing of this document for reada-
bility or accuracy.

RESULTS
Study population and characteristics
A total of 419 patients who met the inclusion criteria were included (figure 1). 
The median age was 56 years, with 275 male patients (65.6%). Ninety- one 
patients (21.7%) had nosocomial infection. Most patients (74%) had fever, 
and 129 (30.8%) had neurological complications. The in- hospital, 30- day 
and 1- year mortality rates were 14.6%, 8.8% and 17.4%, respectively (table 1).

The mitral valve was the most commonly affected valve (61.3%) followed 
by the aortic valve (43.2%), and 70 patients (16.7%) showed simultaneous 
involvement of more than two valves. Sixty- three patients (15.0%) deve-
loped IE related to prosthetic valves, and 68 patients (16.2%) had accom-
panying paravalvular complications. Inflammatory markers such as C 
reactive protein were elevated (table 2).

Incidence and mortality trends of IE
The monthly incidence rate of IE progressively increased from 2.0 in 2005 
to 3.8 in 2017. An overall significant increase over time was observed (RR 
1.06, 95% CI 1.02 to 1.10, p=0.005). The proportion of patients admitted 
with IE among all inpatients of the cardiovascular surgery division of our 
hospital also exhibited an increasing trend over time (IRR 1.03, 95% CI 1.01 
to 1.06, p=0.042). The mortality rate showed a statistically significant, gradu- 
ally declining trend (IRR 0.93, 95% CI 0.88 to 0.99, p=0.020) (figure 2).

Changes in causative microorganisms with calendar year
Among the 419 patients, causative microorganisms of IE were identified in 
309 (73.7%). Streptococcus species were the most common species identified 
(35.1%), followed by Staphylococcus aureus (15.8%), Enterococcus species 
(8.6%) and coagulase- negative staphylococci (7.6%) (online supplemental 
table S1). Causative microorganisms were identified in 61 of 91 patients 
with nosocomial infection. Among these cases, S. aureus was the most 
commonly identified microorganism (19 cases), followed by Streptococcus 
species (14 cases). Streptococcus species were consistently identified most 
frequently throughout the study period, and no specific trend was identi-
fied for other isolates (figure 3).

Results of patients who underwent surgery
Among the 419 patients, 273 (65.2%) underwent surgery for IE. No diffe-
rence was noted in the proportion of patients undergoing surgery over 
time (IRR 1.01, 95% CI 0.97 to 1.05, p=0.688) (online supplemental figure 
S1). Patients who underwent surgery had in- hospital, 30- day and 1- year 
mortality rates of 7.3%, 3.7% and 7.7%, respectively (table 3). Kaplan- Meier 
curves showed that patients who underwent surgery had a significantly 
higher long- term survival rate than those who received medical treatment 
only (p<0.001, log- rank test) (figure 4). The effects of surgery on long- term 
prognosis were robust after adjustment for potential confounders with 
Cox regression (HR 0.20, 95% CI 0.11 to 0.34, p<0.001). The mortality rate 
tended to be lower after 2012 than before, although the difference was not 
significant (5.1% vs 9.5%, p=0.169). In contrast, the median time between 
diagnosis and surgery was significantly shorter after 2012. Thus, the 
number of patients who underwent surgery within 7 days after diagnosis 
was significantly higher after 2012 than before (60.3% vs 29.2%, p<0.001) 
(table  4). Among the 101 patients who underwent surgery to prevent 
embolism, systemic embolic events (five in the middle cerebral artery, three 
in the spleen and one in the kidney) occurred significantly less frequently 
in the early surgery group than in the late surgery group during hospitalisa-
tion (2.1%, 1/48, vs 15.1%, 8/53; p=0.033).

Risk factors for in-hospital mortality
Sixty- one of the 419 patients (14.6%) died during the hospital stay. On 
univariate analysis, various variables were identified as risk factors for 
mortality (online supplemental table S2). After checking for multicolline- 
arity, several factors were selected as variables for multivariable logistic 
regression analysis based on clinical significance. To verify the predictive 
performance of the selected logistic regression model, receiver operating 
characteristics curves were generated (AUC=0.83). Using the DeLong 
method, we found the model to be non- inferior to other possible models 
selected with bidirectional elimination selection using Akaike’s informa-
tion criterion. The model was also identified as appropriate (p=0.118) with 
the Hosmer- Lemeshow test. Multivariable logistic regression analysis indi-
cated that aortic valve endocarditis (OR 3.18, 95% CI 1.63 to 6.19, p=0.001), 
S. aureus infection (OR 2.32, 95% CI 1.11 to 4.85, p=0.026), neurological 
complications (OR 1.98, 95% CI 1.07 to 3.69, p=0.031), high SOFA score 
(OR 1.22, 95% CI 1.03 to 1.45, p=0.023) and high Charlson Comorbidity 
Index (OR 1.11, 95% CI 1.02 to 1.22, p=0.019) were independent risk 
factors for in- hospital mortality from IE. The protective effect of surgery 

Figure 1 Flow of patients suspected of having infective endocarditis 
during the study period.
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against in- hospital mortality remained robust (OR 0.25, 95% CI 0.13 to 0.50, 
p<0.001) after adjusting for other variables (online supplemental table S3).

DISCUSSION
Studies have identified a stable incidence of IE, although most have reported 
an increasing trend over time.5 7 We found an increasing trend during each 
calendar year of the study period. The increasing trend was also identified 
when hospital size was considered according to inpatient ratio. This is likely 
related to an increase in the sizes of high- risk populations comprising indi-
viduals with older age, diabetes and haemodialysis therapy.20 Actually, in 
this study, the median patient age tended to increase over time, although 
not statistically significant (IRR 1.01, 95% CI 0.99 to 1.03, p=0.570) (online 
supplemental figure S2). Moreover, the number of invasive procedures, 
including spinal surgery, which could lead to transient bacteraemia, has 
markedly increased over time.21

Streptococcus species have continued to be the major causative organisms 
of IE. The frequency of isolation of these species did not decrease, but rather 
increased, over the calendar years studied. Because Streptococcus species 
are the major microorganisms contributing to IE development, which is 
preventable with antibiotic prophylaxis, it is possible that antibiotic prophy-
laxis for IE was not effectively performed during the study period. In fact, 
according to South Korea’s national guidelines, antibiotic prophylaxis for 
IE was performed in patients with the highest risk of an adverse outcome of 
IE.11 Antibiotic prophylaxis was recommended in patients with a high risk 
of bacteraemia during dental procedures, which may involve the manipu-
lation of the gingival or periapical region of teeth or perforation of the oral 
mucosa (including scaling and root canal procedures). However, Ki et al 
reported that the prescription rate of prophylactic antibiotics for IE was 

only 14.1%, which may explain the sustained development of IE caused by 
Streptococcus species.22 The high incidence of IE caused by Streptococcus 
may explain why patients with IE in South Korea are younger than those 
in Western countries.

A study from the UK showed an increase in the incidence of IE with a 
decrease in prophylactic antibiotic use, after the National Institute for Health 
and Care Excellence (NICE) guidelines were modified in 2008.1 However, 
in South Korea, the national guidelines for IE were revised in 2011 and did 
not include all of the NICE guidelines.11 Further, the preguideline revi-
sion era was shorter than the postguideline revision era during our study 
period, and the prescription rate of prophylactic antibiotics for IE was low. 

Table 1 Clinical characteristics and outcomes of patients with IE

Total (N=419)

Demographics

  Age (years) 56 (43–68)

  Age ≥65 years 138 (32.9)

  Male sex 275 (65.6)

  Nosocomial infection 91 (21.7)

Comorbidities

  Previous valve surgery 83 (19.8)

  Diabetes 77 (18.4)

  Antibiotic treatment within 30 days 74 (17.7)

  Cancer 54 (12.9)

  Renal disease 43 (10.3)

  Central venous catheter access 32 (7.6)

  Congestive heart failure 29 (6.9)

  Liver disease 27 (6.5)

  Haemodialysis 23 (5.5)

  Previous IE 21 (5.0)

  Cardiac device 19 (4.5)

  Immunosuppressive therapy 18 (4.3)

  Connective tissue disease 15 (3.6)

  Chemotherapy within 30 days 15 (3.6)

  Charlson Comorbidity Index 2 (0–4)

Clinical symptoms and signs

  Fever 310 (74.0)

  Sepsis, including septic shock 294 (70.2)

  Left ventricular dysfunction 141 (33.7)

  Neurological complications 129 (30.8)

  Peripheral embolic complications 35 (8.4)

  Signs of peripheral vasculitis 9 (2.1)

Outcomes

  Acute renal failure 62 (14.8)

  New- onset heart failure 58 (13.8)

  New- onset conduction abnormality 32 (7.6)

  In- hospital mortality 61 (14.6)

  30- day mortality 37 (8.8)

  1- year mortality 73 (17.4)

Data are presented as median (IQR) or number (%) of patients.
IE, infective endocarditis.

Table 2 Echocardiographic and laboratory findings in patients with 
infective endocarditis

Total (N=419)

Affected valve

  Mitral valve 257 (61.3)

  Aortic valve 181 (43.2)

  Tricuspid valve 34 (8.1)

  Pulmonary valve 16 (3.8)

  Multiple valves 70 (16.7)

  Prosthetic valve 63 (15.0)

  Paravalvular complications 68 (16.2)

  Associated ventricular septal defect 11 (2.7)

  Vegetation size (cm) 1.1 (0.7–1.6)

Preoperative laboratory findings (normal range)

  White blood cell count, ×103 (4.0–10.8) 9.54 (6.92–12.95)

  Segmented neutrophil (%) (39.0–74.0) 79.4 (70.3–86.5)

  Platelet count, 103/μL (150.0–400.0) 202 (133–280)

  Erythrocyte sedimentation rate (mm/hour) (0.0–15.0) 61 (36–83)

  C reactive protein (mg/L) (0.0–8.0) 46.8 (10.3–103.0)

  Procalcitonin, ng/mL (0.00–0.50) 0.35 (0.16–1.13)

Severity scales

  SOFA score 1 (1–3)

  APACHE- II score 6 (4–9)

Data are presented as median (IQR) or number (%) of patients. Normal range refers to the 
hospital criteria.
APACHE, acute physiology and chronic health evaluation; SOFA, sequential organ failure 
assessment.

Figure 2 Trends in the incidence and mortality rate of infective 
endocarditis according to calendar year in Poisson log- linear regression. 
Trends are depicted as green dashed lines.
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Therefore, we did not observe any significant change in the incidence and 
microbiological profile of IE between the two periods.

The overall in- hospital mortality rate of patients with IE was 14.6%, 
which is lower than that in a study performed in Japan (with a similar racial 
background to South Korea).23 This may be because of the younger patient 
age and the lower proportion of infections caused by S. aureus in our study. 
Meanwhile, the mortality rate declined over each calendar year. To under-
stand the decline in the in- hospital mortality rate over the calendar years, 
factors affecting mortality need to be considered. Although the number of 
resistant bacterial strains has increased, the proportion of resistant strains, 
such as methicillin- resistant S. aureus, did not significantly increase during 
the study period. Streptococcus species remained the most frequently iden-
tified microorganisms, which might have contributed to the favourable 
outcomes. Moreover, early surgery has been reported to improve the progno- 
sis of IE.24 Thus, in recent years, surgery for IE has been performed earlier, 
which likely facilitated the gradual decline in the in- hospital mortality rate 
of IE in South Korea.

In this study, there were patients (n=29) who met the surgical criteria but 
did not undergo surgery because of multiorgan failure and comorbidities. 
Therefore, although surgical intervention reduces the in- hospital mortality 
rate of IE, there is a potential for bias because the severity of IE in patients 
who underwent surgery might be less than that in patients who received 
medical treatment only. To clarify this, we used the Charlson Comorbidity 
Index and SOFA score as variables in multivariable logistic regression analy- 
sis to adjust for the patients’ medical background and disease severity. We 
also assessed the interaction effects between surgical intervention and the 
Charlson Comorbidity Index and SOFA score. No interaction between 
these factors was identified. This result is consistent with previous reports 
that surgery in IE is associated with a good prognosis.25 26 Our findings on 
the impact of early surgery to prevent embolism are consistent with those of 
previous studies and support the guideline recommendations.4 27

To identify factors affecting the in- hospital mortality rate of IE, we 
selected variables for multivariable logistic regression analysis (based 
on clinical significance) from among the significant variables in univa- 
riate analyses. The logistic regression model including these variables was 
compared with two logistic regression models selected using bidirectional 
elimination selection to verify the predictive performance. Our model not 
only was non- inferior to the other two models in predictive performance 
but also was free of problems of overfitting. Therefore, we concluded that 
the model is appropriate for predicting in- hospital mortality from IE and 
that the selected variables in the model are significant. This rigorous statis-
tical process strengthens our conclusions.

Patients with aortic valve endocarditis had a poor prognosis. Conversely, 
Kaartama et al28 reported that patients with aortic valve endocarditis had 
better short- term and long- term survival than those with mitral valve 
endocarditis. In their study, the mean patient age and the frequency of S. 

Figure 3 Distribution of microorganisms causing infective 
endocarditis according to calendar year. CNS, coagulase- negative 
staphylococci; GNB, Gram- negative bacillus; MRSA, methicillin- resistant 
Staphylococcus aureus; MSSA, methicillin- susceptible Staphylococcus 
aureus.

Table 3 Indications, timing and outcomes in 273 patients who 
underwent surgery for infective endocarditis

Total (N=273)

Surgical indications

  Congestive heart failure 217 (79.5)

  Prevention of embolism 101 (37.0)

  Paravalvular complications 58 (21.2)

  Uncontrolled infections 19 (7.0)

  Pacemaker infections 7 (2.6)

Valve locations

  Mitral valve 174 (63.7)

  Aortic valve 131 (48)

  Tricuspid valve 17 (6.2)

  Pulmonary valve 10 (3.7)

  Multiple valves 56 (20.5)

Timing of surgery

  Surgery within 24 hours 12 (4.4)

  Surgery within 2–7 days 110 (40.3)

  Surgery at >7 days 151 (55.3)

EuroSCORE II (%) 6.2 (4.7–9.3)

Replaced valve

  Mechanical valve 184 (67.4)

  Bioprosthetic valve 68 (24.9)

  Bentall operation 5 (1.8)

  Homograft 3 (1.1)

  Valve repair only 18 (6.6)

Outcomes

  New- onset heart failure 32 (11.7)

  Acute renal failure 29 (10.6)

  New- onset conduction abnormality 27 (9.9)

  In- hospital mortality 20 (7.3)

  30- day mortality 10 (3.7)

  1- year mortality 21 (7.7)

Data are presented as median (IQR) or number (%) of patients.

Figure 4 Kaplan- Meier curves of the long- term survival rates of 
patients with infective endocarditis who underwent surgery versus 
those who underwent medical treatment only.

aureus infection were higher in patients with mitral valve endocarditis than 
in those with aortic valve endocarditis. Further, surgery was delayed in 
patients with mitral valve endocarditis. However, in our study, patients with 
aortic valve endocarditis were significantly older than those without (mean 
age 58.4 vs 53.6 years, p=0.009). Moreover, in patients with aortic valve 
endocarditis, the median SOFA (2.0 vs 1.0, p<0.001) and APACHE- II (7.0 
vs 6.0, p=0.014) scores were significantly higher than in those without aortic 
valve endocarditis. Additionally, there was no difference in the frequency 
of S. aureus infection (14.7% vs 16.7%, p=0.640) or in the proportions of 
patients who underwent surgery within 7 days after the IE diagnosis (63.8% 
vs 61.5%, p=0.682) between patients with and without aortic valve endo-
carditis. This suggests that aortic valve endocarditis may not confer a good 
prognosis and that clinical features should be considered in assessing the 
prognosis of IE.

Because many variables affect the in- hospital mortality rate of patients 
with IE, we used the Charlson Comorbidity Index to represent comorbidities, 
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including age, and the SOFA score to indicate disease severity. Both varia-
bles were identified as independent risk factors for in- hospital mortality in 
patients with IE. The other independent risk factors for in- hospital mortality 
in patients with IE were S. aureus infection and neurological complications. 
These findings are consistent with those of previous studies.29 30

This study had some limitations. First, it was a non- randomised retro-
spective study and certain clinical variables might have been missed. 
Although we used rigorous statistical analysis to adjust for host- related 
factors and disease severity, unmeasured confounders could have affected 
the outcomes. Second, because there are very few intravenous drug users 
in South Korea, the effect of intravenous drug use on IE could not be evalu-
ated. Third, this was performed at a single centre, which limits the extra- 
polation of our results to the overall trends of IE in South Korea. More-
over, the incidence, microbiological profile and severity of disease may have 
been biassed, as this study was performed in a single country. However, our 
results are still meaningful because data on IE trends in Asia are currently 
lacking. Further nationwide population- based studies and multinational 
cohort studies are needed to validate our findings.

In conclusion, the incidence of IE has increased over time and the 
mortality rate has slightly declined but remains high. Streptococcus species 
were the most common causative organisms of IE throughout the study 
period. Aortic valve endocarditis, IE caused by S. aureus, high SOFA score, 
high Charlson Comorbidity Index and presence of neurological complica-
tions were independent risk factors for in- hospital mortality in patients with 
IE, whereas surgical intervention for IE was associated with an improved 
prognosis. Further nationwide studies on the trends, causative organisms 
and risk factors of IE are needed.
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Table 4 Changes in the timing of surgery according to calendar year

Total 2005–2012 2013–2017 P value

No. of patients who underwent surgery 273 (100.0) 137 (100.0) 136 (100.0)

Surgery within 7 days 122 (44.7) 40 (29.2) 82 (60.3) <0.001*

Days from diagnosis to surgery 8.0 (4.0–17.0) 11.0 (5.0–22.5) 6.0 (4.0–11.0) <0.001†

In- hospital mortality 20 (7.3) 13 (9.5) 7 (5.1) 0.169*

Data are presented as a median (IQR) or number (%) of patients.
*χ2 test.
†Mann- Whitney U- test.

What is already known on this subject?
 ► Studies have reported that the incidence of infective endocarditis 

(IE) is increasing, and its mortality rate has not shown significant 
improvement. Although many variables were reported to be related 
to in- hospital mortality in patients with IE, the study results differed 
according to the statistical method. In particular, the effects of 
surgical treatment on long- term prognosis were not conclusive.

What might this study add?
 ► This study shows that the incidence of IE is increasing and that, 

although the in- hospital mortality rate has slightly decreased, it remains 
high in South Korea. Data about the causative microorganisms of IE 
and factors affecting in- hospital mortality, determined using rigorous 
statistical methods, are also provided. Finally, this study reveals that 
surgical intervention has a protective effect with respect to both in- 
hospital mortality and long- term mortality.

How might this impact on clinical practice?
 ► Given the increasing incidence and high mortality rate, the disease 

burden of IE is significant. The fact that Streptococcus species are still 
the main causative microorganisms means that antibiotic prophylaxis 
for IE should be improved. Because the protective effect of surgical 
intervention against in- hospital mortality and long- term mortality was 
identified, a more active approach to surgical treatment is needed.

Key messages
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oral; uma única cápsula por dia, sem mastigar ou esmagar antes de engolir, de preferência após uma 
refeição. CONTRAINDICAÇÕES Hipersensibilidade às substâncias ativas e a qualquer dos excipien-
tes, a outros salicilatos, a AINE, a qualquer outro IECA, à soja ou ao amendoim; no caso de antece-
dentes de crises de asma ou de outras reações alérgicas ao ácido salicílico ou a outros analgésicos/
AINE; úlcera péptica activa ou recorrente e ou/ hemorragia gástrica/intestinal ou outro tipo de hemor-
ragias como cerebrovasculares; h

ratamento concomitante com 
metotrexato≥15mg/semana; uso concomitante com medicamentos contendo aliscireno em doentes 
com diabetes ou compromisso renal; doentes com pólipos nasais associados a asma induzida ou 
exacerbada pelo AAS; doença hepática ativa ou elevações persistentes e inexplicadas das transami-
nases séricas que excedem 3 vezes o limite superior dos valores normais; durante a gravidez, aleita-
mento e em mulheres com potencial para engravidar que não estão a utilizar métodos contracetivos 
apropriados; tratamento concomitante com tipranavir ou ritonavir ou ciclosporina devido ao risco de 
rabdomiólise; antecedentes de angioedema; tratamentos extracorporais que causam um contacto do 

estenose da artéria renal no caso de um único rim funcionante; o ramipril não deve ser utilizado em 
doentes com estados hipotensivos ou hemodinamicamente instáveis; crianças e adolescentes <18 
anos; doentes tratados com glecaprevir/pibrentasvir para a hepatite C; uso concomitante com sacu-
bitril/valsartan. Trinomia não deve ser iniciado antes de 36 horas após a última dose de sacubitril/
valsartan. ADVERTÊNCIAS E PRECAUÇÕES ESPECIAIS DE UTILIZAÇÃO Supervisão médica: - 

 ou a outros 
alérgenos; - Outras alergias conhecidas, asma brônquica, febre dos fenos, membranas mucosas na-
sais edemaciadas e outras doenças respiratórias crónicas; -Doentes com antecedentes de úlceras 
gástricas ou entéricas ou de hemorragia gastrointestinal; - Doentes com função hepática e/ou renal 
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reduzida; - Risco de hipotensão; - 
Risco de níveis elevados de ácido úrico; - Consumo de álcool e/ou antecedentes de doença hepática; 
- Gravidez: interromper imediatamente tratamento com IECA; - utilizar com precaução IECA em doen-
tes de raça negra. Monitorização durante tratamento: - Tratamento concomitante com AINEs, corti-
costeroides, ISRS, antiplaquetários, anticoagulantes ou ibuprofeno; - Sinais ou sintomas sugestivos 
de lesão hepática; - Cirurgia: interromper temporariamente terapêutica com Trinomia prévia a cirurgia 
eletiva; pequenas intervenções Trinomia pode contribuir para o prolongamento do tempo de hemor-
ragia; - Compromisso renal (especialmente em doentes com ICC ou após transplante renal); - Potás-
sio sérico: Os inibidores da ECA podem causar hipercaliemia devido à inibição da libertação de aldo-
sterona. O efeito não é 

-
mentos de potássio (incluindo substitutos do sal), diuréticos poupadores de potássio, trimetoprim ou 
cotrimoxazol, também conhecidos por trimetoprim/sulfametoxazol e, especialmente, antagonistas da 
aldosterona ou bloqueadores dos recetores da angiotensina. Em doentes tratados com inibidores da 
ECA, os diuréticos poupadores de potássio e os bloqueadores dos recetores da angiotensina devem 
ser usados com precaução, e o potássio sérico e a função renal devem ser monitorizados; - Risco de 
hipercaliemia. : Efeitos hepáticos: Devem ser 
efectuados testes de função hepática antes do início do tratamento e posteriormente de forma perió-
dica. Doentes com aumento das transaminases deverão ser monitorizados. Se persistir um aumento 
das transaminases superior a 3 vezes o limite máximo normal, recomenda-se redução da dose ou 
suspensão. Efeitos no músculo esquelético: Não iniciar tratamento com Trinomia se CK>5xLSN; des-
continuar se CK>10xLSN, ou se for diagnosticada ou houver suspeita de rabdomiólise. Trinomia não 
deve ser coadministrado com formulações sistémicas de ácido fusídico ou nos 7 dias seguintes após 
ter parado o tratamento com ácido fusídico. Doença pulmonar intersticial:
excecionais de doença pulmonar intersticial com terapêutica prolongada com algumas estatinas. DM: 
Doentes em risco de diabetes devem ser submetidos a monitorização clínica e bioquímica. Angioe-
dema: O uso concomi-
tante de inibidores da ECA com sacubitril/valsartan é contraindicado devido ao aumento do risco de 
angioedema. O tratamento com sacubitril/valsartan não deve ser iniciado antes de 36 horas após a 
última dose de Trinomia. O uso concomitante de inibidores da ECA com racecadotril, inibidores 
mTOR e vildagliptina pode levar a um aumento do risco de angioedema. Recomenda-se precaução 
na utilização concomitante destes fármacos num doente que já tome um inibidor da ECA; - Duplo 
bloqueio do sistema renina-angiotensina-aldosterona (SRAA): Existe evidência de que o uso conco-
mitante de inibidores da ECA, antagonistas dos recetores da angiotensina II ou aliscireno aumenta o 
risco de hipotensão, hipercaliemia e função renal diminuída. Portanto, o duplo bloqueio do SRAA não 
é recomendado. Reações anafiláticas durante a dessensibilização: Considerar descontinuação tem-
porária de Trinomia antes da dessensibilização. Neutropenia/agranulocitose: Recomendada monitori-
zação da contagem de glóbulos brancos. Tosse:
associação com a utilização de IECA, que se resolve após a descontinuação da terapêutica. Trinomia 
contém lactose. INTERAÇÕES MEDICAMENTOSAS E OUTRAS FORMAS DE INTERAÇÃO AAS: 
- Aumento do risco de hemorragia em concomitância com terapêutica anticoagulante e trombolítica; 
- Inibidores da agregação plaquetária podem aumentar o tempo de coagulação; - Outros analgésicos/
AINE e antirreumáticos aumentam o risco de hemorragia e úlceras gastrointestinais; - Glucocorticoi-
des sistémicos (exceto hidrocortisona como terapêutica de substituição na doença de Addison) au-
mentam o risco de hemorragia e úlceras gastroentéricas; - Álcool aumenta o risco de úlceras e hemor-
ragia gastroentéricas; - AINE aumentam os níveis plasmáticos de digoxina; - Administração 
concomitante com antidiabéticos, incluindo a insulina, aumenta o efeito hipoglicémico destes medi-
camentos; - Salicilatos podem deslocar o metotrexato das proteínas plasmáticas de ligação e diminuir 
a sua depuração renal produzindo concentrações plasmáticas tóxicas de metotrexato; - Salicilatos 
podem deslocar o ácido valpróico das proteínas plasmáticas de ligação e diminuir o seu metabolismo 
aumentando as concentrações plasmáticas do ácido valpróico; - ISRS aumentam o risco de hemor-
ragia devido aos seus efeitos sinérgicos; - Utilização concomitante com diuréticos pode causar insu-

agentes uricosúricos diminui o efeito destes e aumenta os níveis plasmáticos do AAS reduzindo a sua 

vasodilatadoras, a doses altas (≥325mg), mas não com doses baixas (≤100mg); - Alguns dados expe-
rimentais não conclusivos revelaram diminuição do efeito do AAS sobre a agregação plaquetária 
quando utilizado concomitantemente com ibuprofeno a longo prazo; - AINEs podem aumentar a ne-
frotoxicidade da ciclosporina devido aos efeitos mediados pelas prostaglandinas renais; - AAS pode 
aumentar o risco de ototoxicidade causada pela vancomicina; - AAS diminui a atividade do interferão 

AINEs diminuem a eliminação do lítio, aumentando os seus níveis plasmáticos; - Antiácidos po-
dem aumentar a eliminação renal de salicilatos através de alcalinização da urina; - AAS aumenta os 
níveis plasmáticos dos barbitúricos; - AAS pode aumentar os níveis plasmáticos da zidovudina por 
inibição competitiva da glucuronidação ou por inibição direta do metabolismo microssómico hepáti-
co; - AAS pode aumentar os níveis plasmáticos da fenitoína; - AAS pode alterar diversos seguintes 
testes analíticos, tanto no sangue como na urina; - Metamizol pode reduzir o efeito do ácido acetilsa-
licílico na agregação plaquetária. Atorvastatina: - Demonstrou-se que os inibidores potentes da CY-
P3A4 causam um aumento das concentrações de atorvastatina. Os inibidores moderados da CY-
P3A4 podem aumentar as concentrações plasmáticas de atorvastatina. - A administração 
concomitante de atorvastatina com indutores do citocromo P450 3A pode causar diminuições variá-
veis das concentrações plasmáticas de atorvastatina. - Os inibidores das proteínas de transporte 
podem aumentar a exposição sistémica da atorvastatina; - O risco acontecimentos relacionados com 
os músculos, incluindo rabdomiólise pode aumentar com a utilização concomitante de derivados do 
ácido fíbrico, ácido fusídico ou ezetimibe concomitantes com atorvastatina; - A coadministração com 
colestipol diminuiu as concentrações plasmáticas de atorvastatina e dos seus metabolitos ativos; - O 
risco de miopatia, incluindo rabdomiólise, pode ser aumentado pela administração concomitante de 

combinação.;- Foram reportados casos de miopatia em doentes a tomar atorvastatina e colquicina, 
recomenda-se precaução com esta associação; - As concentrações de digoxina no estado de equi-
líbrio aumentaram ligeiramente aquando da coadministração de doses múltiplas desta com 10mg de 
atorvastatina; - A coadministração de atorvastatina com contracetivo oral produziu aumentos das 

concentrações plasmáticas de noretindrona e de etinilestradiol; - A coadministração de atorvastatina 
com varfarina causou uma pequena diminuição no tempo de protrombina durante os primeiros 4 dias 
de administração, o qual normalizou no período de 15 dias de tratamento com atorvastatina. A tera-
pêutica com atorvastatina não foi associada a hemorragia ou a alterações do tempo de protrombina 
em doentes que não estão a tomar anticoagulantes. Ramipril: Associações contraindicadas: Trata-
mentos extracorporais que causam o contacto do sangue com superfícies carregadas negativamen-
te e a aférese de lipoproteínas de baixa densidade com sulfato de dextrano, devido ao risco acrescido 
de reações -
tril/valsartan). Precauções de utilização: - Diuréticos poupadores do potássio, suplementos de potás-
sio ou substitutos do sal contendo potássio; - Heparina, pois pode ocorrer hipercaliemia; - Anti-hiper-
tensores e outras substâncias que podem diminuir a tensão arterial devido a risco de hipotensão; 
- Simpaticomiméticos vasopressores e outras substâncias que podem diminuir o efeito anti-hiperten-
sor de ramipril; - Alopurinol, imunossupressores, corticosteroides, procainamida, citostáticos e outras 
substâncias que podem alterar o hemograma (maior probabilidade de reações hematológicas); - IECA 
podem diminuir excreção de lítio, pelo que sua a toxicidade pode aumentar. - Antidiabéticos incluindo 
insulina, pois podem ocorrer reações hipoglicémicas; - Medicamentos que aumentam o risco de an-
gioedema como o racecadotril, inibidores mTOR e vildagliptina; - Ciclosporina, pois pode causar hi-
percaliemia. EFEITOS INDESEJÁVEIS Infeções e infestações Frequentes: Nasofaringite. Doenças do 
sangue e do sistema linfático Pouco frequentes:  Raros: Hemorragias graves que podem 
ser fatais; Hemorragia nasal, hemorragia gengival, hemorragia cutânea ou hemorragia do trato uroge-
nital; Diminuição da contagem de leucócitos e de eritrócitos, diminuição da hemoglobina e tromboci-
topenia. Desconhecido: Doenças do 
sistema imunitário Frequentes: Reações alérgicas. Raros: Reações de hipersensibilidade cutânea, das 
vias respiratórias, do trato gastrointestinal e do sistema cardiovascular, especialmente em doentes 
com asma. Muito raros: Desconhecido:
dos anticorpos antinucleares. Doenças do metabolismo e da nutrição Frequentes: Hiperglicemia; 
Aumento do potássio sanguíneo. Pouco frequentes: Hipoglicemia, aumento de peso, anorexia, dimi-
nuição do apetite. Muito raros: Em doses baixas, o ácido salicílico diminui a excreção de ácido úrico. 
Desconhecido: Diminuição do sódio sanguíneo. Perturbações do foro psiquiátrico Pouco frequentes: 
Pesadelos, insónia; Depressão, ansiedade, nervosismo, agitação, perturbação do sono incluindo so-
nolência. Raros: Estado confusional. Desconhecido: Perturbação da atenção. Doenças do sistema 
nervoso Cefaleias, tonturas, perturbação da audição ou acufeno e confusão mental podem ser sinto-
mas de sobredosagem do AAS. Frequentes: Cefaleias, tonturas. Pouco frequentes: Parestesia, hi-
poestesia, ageusia, disgeusia, amnésia, vertigens. Raros: Neuropatia periférica; Tremores, perturba-
ção do equilíbrio. Desconhecido: Isquemia cerebral, incluindo acidente vascular cerebral isquémico e 
ataque isquémico transitório, alteração das capacidades psicomotoras, sensação de ardor, parosmia. 
Afeções oculares Pouco frequentes: Perturbações visuais incluindo visão pouco nítida. Raros: Con-
juntivite. Afeções do ouvido e do labirinto Pouco frequentes: Acufeno. Raros: Perturbação da audição. 
Muito raros: Perda de audição. Cardiopatias Pouco frequentes: Isquemia do miocárdio incluindo an-
gina de peito ou enfarte do miocárdio, taquicardia, arritmia, palpitações, edema periférico. Vasculopa-
tias Frequentes: Hipotensão, diminuição da tensão arterial ortostática, síncope. Pouco frequentes: 
Afrontamentos. Raros: Estenose vascular, hipoperfusão, vasculite. Desconhecido: Fenómeno de 
Raynaud. Doenças respiratórias, torácicas e do mediastino Frequentes: Dor faringolaríngea, epistaxe; 
Broncospasmo paroxístico, dispneia grave, rinite, congestão nasal; Tosse irritativa não produtiva, 
bronquite, sinusite, dispneia. Pouco frequentes: Broncospasmo incluindo agravamento da asma, 
congestão nasal. Doenças gastrointestinais Muito frequentes: Queixas gastrointestinais; Micro-he-
morragias do trato gastrointestinal. Frequentes: ncia, dispepsia, náuseas, diarreia; 

Pouco fre-
quentes:
do trato gastrointestinal após utilização prolongada; Dor na região superior e inferior do abdómen, 
eructação, pancreatite; Pancreatite, aumento das enzimas pancreáticas, angioedema do intestino 
delgado, dor na região abdominal superior incluindo gastrite, obstipação, xerostomia. Raros: Glossite. 
Muito raros: Perfuração de uma úlcera gastrointestinal. Desconhecido: Estomatite aftosa. Afeções 
hepatobiliares Pouco frequentes: Aumento das enzimas hepáticas e/ou aumento da bilirrubina conju-
gada; Hepatite. Raros: Colestase; Icterícia colestática, lesão hepatocelular. Muito raros:
hepática. Desconhecido Afeções dos 
tecidos cutâneos e subcutâneos Frequentes: Erupção cutânea em particular maculopapular. Pouco 
frequentes: Angioedema, prurido, hiperidrose; Reações cutâneas; Urticária, erupção cutânea prurido, 
alopecia. Raros: Edema angioneurótico, dermatite bolhosa incluindo eritema multiforme, síndrome de 
Stevens-Johnson e necrólise epidérmica tóxica; Dermatite esfoliativa, urticária, onicólise. Muito raros: 
Eritema multiforme; Reação de fotosensibilidade. Desconhecido: -

Afeções musculosqueléticas e 
dos tecidos conjuntivos Frequentes: Mialgia, artralgia, dor nas extremidades, espasmos musculares, 
edema articular, dorsalgia. Pouco frequentes: Dor cervical, fadiga muscular. Raros: Miopatia, miosite, 
rabdomiólise, tendinopatia. Doenças renais e urinárias Pouco frequentes: Alteração da função renal, 
aumento do débito urinário, agravamento de proteinúria pré-existente, aumento da ureia sanguínea, 
aumento da creatinina sanguínea. Muito raros: Compromisso renal. Doenças dos órgãos genitais e da 
mama Pouco frequentes: Impotência erétil transitória, diminuição da líbido. Muito raros: Ginecomas-
tia. Perturbações gerais e alterações no local de administração Frequentes: Dor no peito, fadiga. 
Pouco frequentes: Mal-estar, astenia, edema periférico, pirexia. Exames complementares de diagnós-
tico Frequentes: Anomalias das provas da função hepática, aumento da CK sanguínea. Pouco fre-
quentes: Leucócitos na urina positivos. : Pede-se aos 

do sítio da Internet: 
http://www.infarmed.pt/web/infarmed/submissaoram (preferencialmente) ou através dos seguintes 
contactos: Direção de Gestão do Risco de Medicamentos, Parque da Saúde de Lisboa, Av. Brasil 53, 
1749-004 Lisboa, Tel: +351 21 798 73 73, Linha do Medicamento: 800222444 (gratuita). E-mail: far-
macovigilancia@infarmed.pt
TITULAR DE AIM: Ferrer Internacional, S.A. Medicamento Sujeito a Receita Médica (MSRM). Regime
de comparticipação pelo escalão C. Para mais informações deverá contactar o Titular da Autorização
de Introdução no Mercado. Data de revisão destas informações: 05.2020
Referência 1 RCM Trinomia®. Agosto de 2019. Accessed on: 02/06/19
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Resumo
Objetivo A quantificação da calcificação da válvula aór-
tica por TC (TC-CVA) é útil na avaliação da gravidade da 
estenose valvular aórtica. O nosso objetivo foi o de avaliar 
a sua capacidade de acompanhar a progressão da este-
nose valvular aórtica comparativamente à ecocardiografia.
Métodos Os participantes foram recrutados em duas 
coortes: (1) uma coorte de reprodutibilidade, onde os 
doentes foram submetidos a TC-CVA ou ecocardiogra-
fias repetidas no prazo de 4 semanas e (2) uma coorte 
de progressão da doença onde os doentes foram sub-
metidos a TC-CVA e/ou ecocardiografias anuais. A esta-
tística (d) de Cohen foi calculada a partir do rácio entre 
a progressão anual e a repetibilidade das medições e 
utilizada para estimar os tamanhos dos grupos neces-
sários para a deteção de alterações anuais na TC-CVA e 
na ecocardiografia.
Resultados Foi recrutado um total de 33 (idade 71±8) 
e 81 participantes (idade 72±8) para as coortes de 
reprodutibilidade e progressão, respetivamente. Dez TC 
(16%) foram excluídas da coorte de progressão dada a 
qualidade não diagnóstica da imagem. A reprodutibili-
dade das medições foi excelente para a TC-CVA (limites 
de concordância -12% a 10%, correlação intraclasse 
(CIC) 0,99), velocidade de pico (-7% a +17%; ICC 
0,92), gradiente médio (-25% a 27%, CIC 0,96) e índice 
sem dimensão (-11% a +15%; CIC 0,98). As medições 
repetidas da área da válvula aórtica (AVA) foram menos 
fiáveis (-44% a +28%, CIC 0,85). A TC-CVA progrediu 
152 (65-375) AU/ano. Relativamente à ecocardiografia, 
a variação média anual da velocidade de pico foi de 0,1 
(0,0-0,3) m/s/ano, gradiente médio 2 (0-4) mm Hg/ano 
e AVA -0,1 (-0,2-0,0) cm²/ano.
A estatística d de Cohen foi mais do dobro para o 
TC-CVA (d=3,12) do que cada medição ecocardiográfica 
(velocidade de pico d=0,71; gradiente médio d=0,66; 
AVA d=0,59, índice sem dimensão d=1,41).
Conclusão A TC-CVA é reprodutível e demonstra 
aumentos superiores ao longo do tempo normalizado 
para a repetibilidade da medição em comparação com 
as medições ecocardiográficas.
 
INTRODUCTION
Aortic stenosis represents a major cause of 
morbidity and mortality, the burden of which 
is set to increase. Currently, the only definitive 
treatment is surgical or transcatheter aortic valve 
replacement in patients with severe symptomatic 
stenosis. Aortic valve narrowing progresses inexo- 
rably but at a variable and unpredictable rate in 
individual patients. Frequent echocardiographic 
follow- up is therefore mandated to determine the 
optimal timing for intervention.1

The clinical assessment of aortic stenosis 
severity is based on two- dimensional echo- 
cardiography and Doppler, with measure-
ment of the peak jet velocity, mean gradient 

and aortic valve area (AVA) frequently used to 
guide severity assessment.1 However, the measu- 
rement of disease progression by echocardio- 
graphy is challenged by small changes in these 
markers of haemodynamic severity over time, 
combined with a relatively high degree of vari-
ability between measurements.2 3 A complemen-
tary imaging technique capable of providing 
improved reproducibility and sensitivity to 
change is therefore desirable. This is of impor-
tance in the clinical setting for accurate tracking 
of disease progression, and also in the research 
arena, where imaging end points are increasingly 
being used to assess the effects of novel therapies 
on aortic stenosis progression.

Quantification of aortic valve calcification by 
non- contrast CT (CT- AVC) has demonstrated 
promise in accurately defining the valvular 
calcification burden, with sex- specific thresh-
olds demonstrating good diagnostic accuracy 
compared with concordant echocardiography and 
providing incremental prognostic information.4 5 
In this study, our objective was to assess the ability 
of CT- AVC to monitor aortic stenosis progression 
compared with echocardiographic assessments. 
We investigated scan- rescan reproducibility and 
annual progression of both CT- AVC and echocar-
diographic measurements in a large prospective 
cohort of patients with aortic stenosis.

METHODS
Study population
Participants aged >50 years attending the outpa-
tient Department of the Edinburgh Heart Centre 
with aortic stenosis (peak aortic jet velocity >2 
m/s) were recruited into two cohorts as part of a 
previously reported study (NCT01358513) and 
an ongoing clinical trial (NCT02132026).6 7 In 
the reproducibility cohort, participants underwent 
repeat echocardiography or CT- AVC scanning 
within 4 weeks. In the disease progression cohort, 
participants underwent either repeat echocar-
diography, CT or both after at least 1 year. This 
research was undertaken without patient involve-
ment. Patients were not invited to comment on 
the study design and were not consulted to inter-
pret the results or contribute to writing or editing 
of this document for readability or accuracy.

Baseline assessment
All participants underwent a comprehensive 
baseline clinical assessment. Echocardiography 
was performed by an experienced echocardio- 
grapher (AW) using a prespecified protocol 
according to the European Society of Echocar-
diography guidelines8 on the same scanner of a 
British Society of Echocardiography accredited 

ARTIGO ORIGINAL DE INVESTIGAÇÃO

Pontuação de cálcio na Tomografia Computorizada da  
válvula aórtica para avaliação da progressão da  
estenose valvular aórtica  
Mhairi Katrina Doris,1 William Jenkins,1 Philip Robson,2 Tania Pawade,1 Jack Patrick Andrews,1 Rong Bing,1 
Timothy Cartlidge,1 Anoop Shah,1 Alice Pickering,1 Michelle Claire Williams,1,3 Zahi A Fayad,2 Audrey White,1 
Edwin JR van Beek,1,3 David E Newby,1 Marc R Dweck1 

 ► Additional material is 
published online only. To view, 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
heartjnl- 2020- 317125).

1The University of Edinburgh 
Centre for Cardiovascular 
Science, Edinburgh, UK
2Icahn School of Medicine 
at Mount Sinai BioMedical 
Engineering and Imaging 
Institute, New York, New York, 
USA
3Edinburgh Imaging, The 
University of Edinburgh- The 
Queen’s Medical Research 
Institute, Edinburgh, UK

Correspondence to
Dr Marc R Dweck, The 
University of Edinburgh Centre 
for Cardiovascular Science, 
Edinburgh EH16 4SB, UK;  
 marcdweck@ hotmail. com

MKD, WJ, DEN and MRD 
contributed equally.

Received 21 April 2020
Revised 10 August 2020
Accepted 13 August 2020

To cite: Doris MK, 
Jenkins W, Robson P, 
et al. Heart. doi:10.1136/
heartjnl-2020-317125

 ► http:// dx. doi. org/ 10. 1136/ 
heartjnl- 2020- 317340

© Author(s) (or their 
employer(s)) 2021. Re- use 
permitted under CC BY. 
Published by BMJ.



Doença valvular cardíaca

14 Doris MK, et al. Heart 2020;0:1906–1913. doi:10.1136/heartjnl-2020-317125

laboratory. Multiple acoustic windows were assessed with the 
S51 and D2cwc probes (Philips Medical Systems, The Neth-
erlands). Aortic stenosis severity was assessed on the basis of 
the peak velocity, mean gradient, AVA (calculated using the 
continuity equation) and dimensionless index (DI; defined as 
left ventricular outflow tract (LVOT) peak velocity divided by 
aortic peak velocity) according to the American Heart Associa-
tion and American College of Cardiology guidelines.9

To measure CT- AVC, an ECG- gated non- contrast CT scan 
was performed during inspiration on a 128 multidetector 
scanner (Biograph mCT Siemens, 40 mA/rot tube voltage 100 
kV, tube current selected using automatic exposure control).10 
In the absence of contraindications, participants were adminis- 
tered beta- blockade to achieve a resting heart rate ≤65 bpm. 
Images were reconstructed in the axial plane with 3 mm slice 
width and 1.5 mm increment. Valvular calcification was quan-
tified by the Agatston method11 using dedicated analysis soft-
ware (Vitrea Advanced, Vital Images, Minnetonka, USA; online 
supplemental figure 1). Care was taken to exclude calcium from 
extravalvular structures such as the mitral valve annulus and 
coronary arteries. When confluent calcium extended into the 
ascending aorta, the origin of the left coronary artery was set 
as the most rostral slice beyond which further calcium was 
excluded.4 12 The aortic valve calcium burden was expressed as 
CT- AVC in Agatston Units (AU).

Scan-rescan reproducibility
The reproducibility cohort consisted of two groups of partici- 
pants with aortic stenosis who underwent either repeat 
CT- AVC scoring or echocardiographic assessment of their 
valve. In one group, CT was performed at baseline and again 
within 4 weeks. Scan- rescan reproducibility was determined 
for CT- AVC measurements. In a second group, patients under-
went two echocardiographic assessments during the same visit, 
using the same scanner on the same bed and in the same room 
by two accredited echocardiographers (AW, JA) blinded to 
each other’s assessment. Scan- rescan reproducibility was deter-
mined for haemodynamic measures of stenosis severity (peak 
velocity, mean gradient, AVA and DI).

Assessment of disease progression
Participants in the disease progression cohort returned for repeat 
clinical assessment and echocardiography at 1 and 2 years as 
well as repeat CT at either 1 or 2 years.13 The same scanner and 
imaging protocol was used for all CT scans and echocardiograms 
were performed by the same echocardiographer (AW) using the 
same scanner. To assess disease progression, annualised diffe-
rences in each measure of stenosis severity were calculated. In 
participants who underwent three echocardiograms (baseline, 1 
and 2 years), a line of best fit was used to determine annualised 
progression. Finally, Cohen’s d- statistic (d) was calculated for 
CT- AVC and each echocardiographic assessment (peak velocity, 
mean gradient, AVA, DI) to express the magnitude of progression 
normalised by the uncertainty in the measurement technique. 
This was calculated by dividing the magnitude of the annualised 
progression by the measurement repeatability, defined as (1/√2) 
of the SD of the differences between measurements at scan and 
rescan within the reproducibility cohort.14

Group size analysis
Power analysis was performed to determine group sizes needed 
to detect changes in CT- AVC and echocardiographic parame-
ters in a hypothetical clinical trial. To determine the group size 
needed to detect changes after a therapeutic intervention in a 
single group, power analyses were based on paired t- tests. The 
annualised progression and measurement repeatability for each 
modality were used to compute the effect size and subsequently 
group sizes required to detect i) disease progression using 

CT- AVC and each echocardiography measure and ii) sample 
sizes needed to detect treatment effects on disease progression 
using the different modalities. Treatment effects of 30%, 20% 
and 10% of the annualised progression values measured in the 
progression group were considered. Group sizes were estimated 
for powers of 70%, 80% and 90% and an error probability (α) of 
0.05. Analysis was carried out using G- power software.15

Statistical methods
Continuous variables were expressed as either mean±SD or 
median (IQR) depending on normality. Parametric (unpaired 
Student’s t- test) and non- parametric (Mann- Whitney U) tests 
were used for independent variables as appropriate. Categorical 
data were presented as n (%) and compared when appropriate 
using a contingency table and Fisher’s or χ2 tests. Reproducibility 
was assessed using Bland- Altman analysis and intraclass correla-
tion (ICC). Correlation between continuous variables was assessed 
with linear regression analysis and either Pearson’s r or Spearman’s 
Rho subject to normality. Annualised rates of progression were 
calculated using the difference between two time- points (CT- 
AVC) or regression analysis over three time- points (echocardio- 
graphy). Statistical significance was defined as two- sided p<0.05.

RESULTS
Study population
Thirty- three participants comprised the reproducibility cohort 
(aged 71±8, 68% male). Eighteen participants underwent two 
echocardiograms (aged 70±8, 67% male, table 1) and 15 under-
went two CT scans (aged 73±7, 67% male, table 1). A total of 
81 participants were enrolled in the disease progression cohort 
(aged 72%±8%, 69% male, table  1). Of these, 71 underwent 
repeat echocardiography and 61 underwent repeat CT- AVC. 
Ten CT scans were excluded due to suboptimal image quality, 
leaving 51 included in the analysis. There was a high prevalence 
of cardiovascular risk factors, with the majority of patients 
having co- existing hypertension.

Reproducibility cohort
Within the reproducibility cohort (n=33), 15 patients underwent 
two non- contrast ECG- gated CT scans within 19 (IQR 14–28 
days, range 7–98 days). Scan- rescan reproducibility for CT- AVC 
was excellent, without fixed or proportional bias (mean diffe- 
rence −1% (limits of agreement −12% to 10%), ICC 0.99; table 2, 
figure 1). Measurement variability for CT- AVC was 49 AU, or 
4.2% when normalised to the median CT- AVC at baseline. Intra-
observer (median CT- AVC 1178 AU, mean difference 1% (limits 
of agreement 9% to −11%), ICC 0.99) and interobserver (median 
CT- AVC 1207 AU, mean difference 0% (limits of agreement 
−5% to 6%), ICC 0.99) reproducibilities were also excellent. 
Scan- rescan reproducibility was also assessed with two different 
observers and demonstrated good reproducibility (ICC 1.00 
(95% CI 0.99 to 1.00), mean difference 2.57% (44 AU) and limits 
of agreement −27.5% to 22.4%) (online supplemental figure S2).

Eighteen patients underwent two transthoracic echocardio-
grams during a single study visit. Scan- rescan reproducibility was 
excellent for peak velocity (mean difference 5%; limits of agree-
ment −7% to 17%; ICC 0.96; measurement repeatability 4.0%; ICC 
0.96) and DI (mean difference −1.7%; limits of agreement −11.1% 
to 14.5%; ICC 0.98; measurement repeatability 3.3%). Reproduci-
bility was also good for mean gradient (mean difference 1%; limits 
of agreement −25% to 27%; ICC 0.97; measurement repeatability 
12.0%; ICC 0.97) but less reliable in the assessment of AVA (mean 
difference −8%; limits of agreement −44% to 28%; ICC 0.85, measu- 
rement repeatability 15.5%) (table 2).

AVC and aortic stenosis severity
At baseline, CT- AVC correlated with all echocardiographic measu- 
res (online supplemental table S1). The closest associations were 
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observed with peak velocity (r=0.75 (95% CI 0.63 to 0.84), p<0.001) 
and mean gradient (r=0.75 (95% CI 0.64 to 0.83), p<0.001) and the 
weakest with AVA (r=−0.46 (95% CI −0.61 to −0.25), p<0.001).

Patient follow-up
During the 2- year follow- up period (736 (IQR 722–760) days), 
61 participants (75%) underwent repeat CT (13 at 1 year and 
48 at 2 years). Images were non- interpretable in 10 participants 
(16%) due to motion artefact and were excluded, predomi-
nantly in those in whom beta- blockers were contraindicated. 
Follow- up echocardiography was performed in 71 participants 
at 1 year and 62 at 2 years. No echocardiography scans were 
excluded from analysis.

Aortic stenosis disease progression
Across all patients, modest progression in each echocardio-
graphic measure of severity was observed (Δ peak velocity 0.12 
(IQR 0.0–0.25) m/s/year; Δ mean gradient 2.0 (IQR 0.0–4.0) 
mm Hg/year; Δ AVA −0.11 (IQR −0.26–0.02), Δ DI −0.02 
(IQR −0.04 to −0.01)) (table  3). When patients were divided 

into mild, moderate and severe aortic stenosis, those in the 
moderate group demonstrated the clearest evidence of disease 
progression (n=30, Δ peak velocity 0.18 (IQR 0.06–0.30) m/s/
year; Δ mean gradient 3.2 (IQR 0.7–5.4) mm Hg/year) (table 3).

Across the cohort as a whole, CT- AVC progressed by 152 
(IQR 65–375) AU/year, with the most rapid rates of progres-
sion observed in participants with the most severe disease (Δ 
CT- AVC; mild AS 64 (IQR 48–134) AU/year, moderate AS 289 
(IQR 106–443) AU/year, severe AS 342 (IQR 163–583) AU/
year) (table 3, figure 2).

The Cohen’s d- statistic (d) was calculated by dividing the 
overall annualised rate of change in each severity measure by the 
measurement repeatability (table  3) By this method, CT- AVC 
displayed a greater progression to measurement repeatability 
ratio (CT- AVC: d=3.12) when compared with each echocar-
diographic parameter (peak velocity: d=0.71; mean gradient: 
d=0.66; AVA: d=0.59; DI d=1.41). When patients with more 
advanced disease were considered, the differences between echo-
cardiography and CT- AVC were greater. In participants with 
severe aortic stenosis, CT- AVC displayed a greater than sixfold 

Table 1 Baseline clinical characteristics

Reproducibility
cohort

Disease progression
cohort

Echocardiography CT All
Echocardiography
follow- up

Calcium score
follow- up

Number 18 15 81 71 51

Age (years) 70±8 73±7 72±8 72±8.2 73±7

Male 12 (67) 10 (67) 55 (69) 50 (70) 34 (67)

Body mass index (kg/m2) 30±4 30±6 29±5 28±4 28±4

Systolic blood pressure (mm Hg) 152±20 151±18 146±20 144±18 143±17

Comorbidity

  Diabetes mellitus 4 (22) 4 (27) 15 (18) 13 (18) 9 (18)

  Hypertension 13 (72) 11 (73) 60 (74) 50 (70) 36 (70)

  Documented CAD 9 (50) 6 (40) 33 (41) 31 (44) 26 (51)

  Current smoker 8 (44) 6 (40) 9 (11) 8 (11) 5 (9)

  Serum creatinine (mg/dL) 0.89±0.23 0.70±0.11 1.01±0.31 1.00±0.30 0.98±0.28

Medications

  ACE inhibitors 8 (44) 6 (40) 32 (40) 27 (38) 20 (39)

  AIIRB 4 (22) 3 (20) 11 (13) 9 (13) 7 (13)

  Beta- blockers 7 (39) 7 (47) 33 (41) 30 (43) 23 (45)

  Statins 14 (78) 9 (60) 54 (66) 46 (64) 34 (67)

Baseline echocardiographic assessment

  AV jet velocity (m/s) 3.5 (3.2–4.0) 3.3 (3.0–3.8) 3.4 (2.8–4.1) 3.3 (2.7–3.9) 3.0 (2.5–3.6)

  AV mean gradient (mm Hg) 25 (21–31) 24 (22–30) 25 (16–36) 24 (14–32) 21 (13–25)

  AV area (cm2) 1.1 (0.8–1.3) 1.1 (1.0–1.3) 1.1 (0.9–1.4) 1.2 (0.9–1.5) 1.2 (1.0–1.5)

  Dimensionless index 0.30 (0.23–0.37) 0.32 (0.25–0.40) 0.32 (0.25–0.39) 0.33 (0.26–0.39) 0.36 (0.30–0.40)

CT assessment

  AV calcium score (AU) 989 (497–1708) 1178 (579–2109) 1339 (553–2422) 1190 (505–2182) 874 (459–1792)

Mean±SD, median (IQR) and number (percentage).
AIIRB, angiotensin 2 receptor antagonists; AS, aortic stenosis; AU, Agatson Units; AVA, aortic valve area; CAD, coronary artery disease; LV, left ventricle; LVH, left ventricular 
hypertrophy.

Table 2 Reproducibility of CT- AVC and echocardiography assessments of aortic stenosis severity

Bias, %
(95% limits of agreement)

Bias, units
(SD of difference of scan 1 and scan 2)

Measurement repeatability, 
units (%)

Intraclass correlation
(95% CI)

CT- AVC

  Scan- scan reproducibility, AU −1 (−12–10) −20 (69) 49 (4.2%) 0.99 (0.99 to 1.00)

  Intraobserver reproducibility, AU −1 (−11–7) −12 (85) – 1.00 (1.00 to 1.00)

  Interobserver reproducibility, AU 0 (−5–6) 11 (65) – 0.99 (0.99 to 1.00)

Echocardiography, scan- rescan

  AV max, m/s 5 (−7–17) 0.17 (0.20) 0.14 (4.0%) 0.96 (0.78 to 0.99)

  Mean gradient, mm Hg 1 (−25–27) 0.28 (4.3) 3.0 (12.0%) 0.97 (0.91 to 0.99)

  AVA (VTI), cm2 −8 (−44–28) −0.11 (0.24) 0.17 (15.5%) 0.85 (0.59 to 0.94)

  Dimensionless index −2 (−11–15) 0.01 (0.02) 0.01 (3.3%) 0.98 (0.95 to 0.99)

AU, Agatson Units; AVA, aortic valve area; CT- AVC, CT quantification of aortic valve calcification; VTI, velocity time integral.
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higher value (d=6.98) compared with echocardiographic measu- 
res (peak velocity d=0.71; mean gradient d=1.0; AVA d=0.0; DI 
d=0.71). In those with moderate and mild disease, the d- statistic 
for CT- AVC remained higher when compared with echocardio-
graphic measures of the same severity (table 3, figure 3).

Group size analysis
Using the cohort- averaged progression and measurement repeata-
bility values, the effect size for a matched- pairs t- test was computed 
for CT- AVC and each echocardiographic measure. The group size 
required to detect annualised disease progression for CT- AVC was 
smaller than for echocardiographic measures (CT- AVC: 4, peak 
velocity: 33, mean gradient: 39, AVA: 48 (α=0.05, power=80%)). 
Similarly, the group size required to detect a treatment effect of 
a new therapy (30%, 20% and 10% reduction in the annualised 
progression) was >10- fold smaller for CT- AVC than for echocar-
diographic measures (CT- AVC: 20, 43, 165 patients, respectively; 
peak velocity: 351, 787, 3142 patients, respectively; mean gradient: 
403, 910, 3632 patients, respectively; AVA: 505, 1134, 4516 patients, 
respectively (α=0.05, power=80%)) (figure 4). Group size calcu-
lations should also consider the proportion of non- interpretable 
scans that may be encountered.

DISCUSSION
In this study, we have investigated the utility of CT- AVC and 
echocardiography in assessing disease progression in patients 
with aortic stenosis. CT- AVC demonstrated excellent scan- 
rescan reproducibility. Calculation of Cohen’s d- statistic demon-
strated that CT- AVC had a large annualised change normalised 
to measurement repeatability compared with echocardiography, 
with a fourfold higher value for CT- AVC (d=3.12) compared 
with peak velocity (d=0.71). (figure 3) CT- AVC may therefore 
be a useful technique both in clinical practice for assessing aortic 
stenosis progression and as an endpoint in clinical trials assessing 
the efficacy of novel therapies.

Given the central role of calcification in the progression of 
aortic stenosis, direct assessments of calcification hold major 
interest.16 Quantification of aortic valve calcification has demon-
strated considerable promise in a number of studies, discerning 
the presence of severe stenosis among patients with discordant 
echocardiography and providing powerful prognostic informa-
tion.5 17 18 In this study, we have demonstrated excellent scan- 
rescan reproducibility of CT- AVC coupled with relatively large 
progression in values over time, demonstrating the feasibility 
and potential advantages of this modality for tracking aortic 
stenosis progression.

Before an imaging technique can be applied to routine clini- 
cal practice, clinicians must be reassured that the technique is 
robust and reproducible. Measurement of CT- AVC is technically 
straightforward, although can be complicated by motion artefact, 
particularly in patients with advanced disease, systolic dysfunc-
tion or conduction disease in whom administration of beta- 
blockade is not possible. In this study, this resulted in exclusion 
of 16% of scans. This limitation of CT- AVC must be considered 
when deciding whether to use this test in the clinical or research 
settings and certain patient characteristics including body mass 
index, tachycardia or contraindications to beta- blockade may be 
used to identify patients in whom CT- AVC may be unreliable. 
However, when CT- AVC is possible we have demonstrated that 
excellent reproducibility can be achieved with a consistent and 
standardised approach. While all echocardiography scans were 
of diagnostic quality in our study, we acknowledge that there is 
a selection bias in our patient population since participants were 
only recruited if they had clear assessments of aortic stenosis 
severity on clinical echocardiograms. In non- selective cohorts, 
it is estimated that 10%–15% of patients have poor echocardio- 
graphic windows, similar to our observations for CT- AVC. 
Furthermore, variability in echocardiography was minimised by 
performing two echocardiograms under as consistent conditions 
as possible, thereby diminishing many sources of error encoun-
tered in clinical practice. This approach necessitated two different 
echocardiographers performing the scan to avoid recall bias.

For echocardiography, while peak velocity and mean gradient 
both demonstrated good reproducibility, repeatability of AVA 
was poor, likely reflecting the multiple different measurements 
required for its calculation. Measurement of the LVOT diameter 
represents the major source of error in calculation of AVA. By 
disregarding LVOT diameter and considering a simplified ratio 
of LVOT- to- aortic velocity, the DI overcomes discrepancies in 
LVOT measurements and has proven effective in distinguishing 
aortic stenosis severity and predicting adverse outcomes.19–21 We 
have shown that this measure improves reproducibility when 
compared with AVA.

In order to compare the utility of CT- AVC and echocardio- 
graphy for tracking disease progression, both the magnitude of 
change and measurement repeatability must be considered. On 
this basis, we calculated the Cohen’s d- statistic for each modality. 
This indicated that CT- AVC appears superior to echocardio- 
graphy for detecting small changes in disease severity over time. 
Indeed, this marker was four times higher for CT- AVC compared 
with peak velocity. This may have important clinical implications 
when tracking disease progression and predicting when patients 
are likely to require valve intervention. Further research is 
required to assess how this approach may work in clinical prac-
tice, but CT- AVC is likely to be of particular value in patients 
whose heart rate can be optimised for imaging and who have 
poor echocardiographic windows or low flow states where mean 
gradient and peak velocity may underestimate disease severity.

Our data also support a role for CT- AVC as an end point 
in research trials investigating the effects of novel therapies. 
Imaging end points are increasingly adopted for this purpose, 
and those with greater reproducibility and sensitivity to detect 
small changes in progression are likely to minimise cost and 
sample sizes required (SALTIRE 2 NCT02132026). Indeed, our 
data suggest that >10- fold fewer patients would be required to 
detect 10%, 20% and 30% treatment effects using CT- AVC (165, 
43 and 20 patients, respectively) compared with peak velocity 
(3142, 787 and 351 patients, respectively). While this suggests 
a considerable advantage in using CT- AVC, consideration 
should be placed on the frequency of non- diagnostic scans and 
clinical characteristics for which CT- AVC may not be suitable. 
Indeed, the proportion of non- interpretable CT scans must be 
taken into account when considering sample sizes and measure-
ment repeatability. It is also important to consider that CT- AVC 

Figure 1 Scan- rescan reproducibility of CT quantification of aortic 
valve calcification (CT- AVC) and echocardiographic assessment of 
aortic stenosis severity. Bland- Altman plots displaying the scan- rescan 
reproducibility of aortic stenosis severity measurements on serial CT- AVC 
(3.9±3.3 weeks) and echocardiography (1±0 days). VTI, velocity time 
integral.
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does not account for the effects of therapy on non- calcific valve 
thickening (ie, fibrosis) and echocardiography remains the first- 
line imaging technique to assess aortic stenosis. Furthermore, 
another important consideration is the radiation dose associ-
ated with CT, although standard imaging techniques enable CT 
calcium scoring to be performed with low levels of radiation 
exposure (1–3 mSV).22

Our study has several limitations. We acknowledge that our 
study numbers are small and in the reproducibility cohort, 
different patients underwent repeat CT- AVC to those under-
going repeat echocardiography. While the characteristics of both 
patient groups were similar, we cannot rule out the possibility of 
confounding variables and recognise this as a limitation of our 
study. Our study findings should therefore be confirmed in larger 
studies with direct comparisons of reproducibility and disease 
progression for echo and CT- AVC within the same population. 
Furthermore, we assessed annualised changes in disease severity 
in all patients who underwent follow- up beyond 1 year. This 
assumes linear disease progression and therefore does not take 
into account a more rapid rise in disease progression as severity 
increases, although this is consistent with other studies investi-
gating disease progression in aortic stenosis.23 24

CONCLUSION
CT- AVC is a robust and reproducible imaging technique that 
holds major promise as a method for tracking disease progres-
sion in aortic stenosis.
Twitter Michelle Claire Williams @imagingmedsci and Marc R Dweck @MarcDweck
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Table 3 Disease progression on echocardiography and CT- AVC in patients with aortic stenosis

Variable All patients Mild aortic stenosis Moderate aortic stenosis Severe aortic stenosis

Baseline echocardiography

  No. of patients 81 25 33 23

  Peak aortic jet velocity, (m/s) 3.4 (2.8–4.1) 2.5 (2.4–2.7) 3.4 (3.2–3.7) 4.5 (4.1–5.1)

  Mean gradient
  (mm Hg)

25 (16–36) 13 (11–16) 25 (22–29) 43 (38–58)

  Aortic valve area (cm2) 1.1 (0.9–1.4) 1.4 (1.2–1.7) 1.1 (1.0–1.3) 0.8 (0.6–0.9)

  Dimensionless index 0.32 (0.25–0.39) 0.42 (0.38–0.49) 0.31 (0.28–0.33) 0.21 (0.20–0.25)

Follow- up echocardiography

  No. of patients 71 24 30 17

  Δ aortic jet velocity (m/s/year) 0.1(0.0–0.3) 0.1 (0.0–0.2) 0.2 (0.1–0.3) 0.1 (−0.1–0.2)

  Δ aortic jet velocity (%m/s/year) 3.5 (0.0–7.8) 3.2 (−0.7–6.3) 5.0 (2.3–10.2) 3.2 (−1.1–5.2)

  Cohen’s d- statistic 0.71 0.71 1.43 0.71

  Δ mean gradient
  (mm Hg/year)

2 (0–4) 1 (0–2) 3 (1–5) 3 (0–5)

  Δ mean gradient
  (%mm Hg/year)

9.5 (−0.5–17.0) 7.5 (−2.4–14.9) 11.6 (2.4–29.5) 7.0 (−1.7–13.7)

  Cohen’s d- statistic 0.66 0.33 1.0 1.0

  Δ aortic valve area (cm2/year) −0.1 (−0.2 to 0.0) −0.1 (−0.2 to −0.0) −0.1 (−0.1 to −0.0) 0.0 (−0.1 to −0.0)

  Δ aortic valve area (%cm2/year) −8.7 (−14.4 to −2.9) −5.2 (−13.3 to −0.6) −9.9 (−15.6 to −4.8) −7.7 (−15.0 to 0)

  Cohen’s d- statistic 0.59 0.59 0.59 0.0

  Δ Dimensionless index −0.02 (−0.04 to −0.01) −0.02 (−0.04 to 0.00) −0.02 (−0.04 to −0.01) −0.01 (−0.02 to 0.00)

  Δ Dimensionless index
  (%/year)

−5.7 (−11 to −2.0) −4.4 (10.0 to −0.3) −6.7 (−13.6 to −2.9) −5.7 (−10.3 to 2.3)

  Cohen’s d- statistic 1.41 1.41 1.41 0.71

Baseline CT

  No. of patients 72 23 30 19

  AV calcium score (AU) 1339 (553–2422) 489 (281–693) 1427 (777–2215) 3386 (1770–6211)

Follow- up CT

  No. of patients 51 21 24 6

  Δ AV calcium score (AU/year) 152 (65–375) 64 (48–134) 289 (106–443) 342 (163–583)

  Δ AV calcium score (%AU/year) 20.0 (13.0–24.5) 20.3 (17.5–31.1) 20.0 (10.8–24.5) 16.9 (10.9–24.4)

  Cohen’s d- statistic 3.12 1.30 5.90 6.98

AU, Agatson Units; AV, aortic valve; CT- AVC, CT quantification of aortic valve calcification.
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Figure 2 Aortic stenosis disease progression measured using CT 
quantification of aortic valve calcification (CT- AVC) and echocardiography. 
Annualised disease progression across each cohort using CT calcium 
scoring (A), peak aortic jet velocity (B), mean gradient (C) and aortic valve 
area (D). Relatively large annualised changes in the CT calcium score 
are observed compared with smaller changes and wide overlap in the 
measurements obtained by echocardiography. Dashed lines demonstrate 
the expected measurement repeatability from scan- rescan measurements.

Figure 3 CT calcium scoring and echocardiography to monitor disease 
progression in aortic stenosis. CT calcium scoring of the aortic valve (AV) 
and echocardiography in a patient at baseline (A–C) and 1 year (D–F). 
Baseline CT calcium scoring demonstrates CT quantification of aortic valve 
calcification (CT- AVC) of 2372 AU (A), transthoracic echocardiography of 
the AV shows calcified leaflets with a calcium score of 4 (B) and Doppler 
echocardiography demonstrates a peak velocity of 3.77 m/s (C) at baseline. 
At 1 year, CT- AVC has increased to 2773 (D), the AV calcium score on 
echocardiography is graded as 4 (E) and the peak jet velocity has increased 
to 3.95 m/s (F). AVA, aortic valve area; VTI, velocity time integral.

What is already known on this subject?
 ► Aortic stenosis remains an important cause of morbidity 
and mortality worldwide and its burden is set to increase.

 ► Two- dimensional echocardiography is currently the gold 
standard imaging modality to define and track changes in 
disease severity over time.

 ► CT has recently emerged as a useful modality to quantify 
valvular calcification burden in aortic stenosis and provides 
prognostic information.

What might this study add?
 ► In this study, we have highlighted that measurement of aortic 
valve calcification by CT is reproducible and may be valuable 
in detecting small changes in disease severity over time, 
potentially highlighting patients with more rapid progression 
of aortic stenosis.

How might this impact on clinical practice?
 ► By providing a sensitive measure of disease progression, 
the measurement of aortic valve calcification by CT 
may be useful in both highlighting patients with rapidly 
progressive aortic stenosis and as an end point in 
clinical trials of novel therapies designed to slow disease 
progression.

Key messages

Figure 4 Sample sizes needed for studies of novel therapies in aortic 
stenosis using CT quantification of aortic valve calcification (CT- AVC) to 
assess their effect on disease progression. The number of participants 
required in a study to detect a given treatment effect size at different levels 
of power are plotted. For each modality an upper bound at 90% power and 
lower bound at 70% are plotted with α=0.05 for all. Nominal treatment 
effects up to 50% of the measured annualised progression for each modality 
are considered. Group size calculations should also consider the proportion 
of non- interpretable scans that may be encountered. AVA, aortic valve area.
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Avaliação imagiológica multimodalidade da disjunção do 
anel mitral no prolapso da válvula mitral
Valentina Mantegazza, Valentina Volpato, Paola Gripari, Sarah Ghulam Ali, Laura Fusini, Gianpiero 
Italiano, Manuela Muratori, Gianluca Pontone, Gloria Tamborini, Mauro Pepi

between MAD and malignant ventricular 
arrhythmias (VAs) has been suggested.3 4 9–11 
MAD has been previously evaluated by different 
imaging techniques, either transthoracic echo-
cardiography (TTE),3 6 8 two- dimensional (2D) 
or three- dimensional transoesophageal echo-
cardiography (TOE)2 5 or cardiac magnetic reso-
nance (CMR).4 10 Although some papers have 
raised concerns about the wide range of MAD 
length values obtained by different metho- 
dologies12 or questioned TTE diagnostic accu-
racy for the detection of MAD,10 11 a systematic 
comparison between different imaging modali-
ties in detecting and measuring MAD has never 
been accomplished.

The aim of our study was to evaluate MAD 
via different imaging methods and assess the 
agreement among them on MAD localisation 
and measurement in a cohort of patients with 
MVP and significant mitral regurgitation (MR) 
requiring surgery. Moreover, we aimed to deter-
mine TTE and TOE diagnostic accuracy as 
compared with CMR.

METHODS
We reviewed our database of patients referred 
at our Institute from 2016 to 2019 for MVP 
secondary to Barlow’s disease (BD) or fibro-
elastic deficiency (FED) with moderate- to- severe 
or severe MR, considered eligible for surgery 
according to the European Guidelines.13 We 
retrospectively identified consecutive patients 
undergoing both TTE and CMR before surgery, 
within 6 months of each other. For a subgroup 
of patients, TOE was also available in our digital 
archive.

Imaging
TTE was performed using either a GE echocar-
diographic system (Vivid E9 or Vivid E95—GE 
Vingmed, Horten, Norway) or a Philips ultra-
sound machine (iE33 or Epiq—Philips Medical 
Systems, Andover, Massachusetts). Complete 
standard 2D TTE protocol was performed 
according to clinical laboratory practice. Left 
chambers volumes and LV ejection fraction were 
computed from four- chamber and two- chamber 
views using the biplane Simpson’s method. MVP 
was defined as a systolic displacement ≥2 mm of 
one or both MV leaflets above the MVA plane 
as observed in a long- axis view. MR grade was 
established integrating qualitative and quanti-
tative criteria.14 Pulmonary artery systolic pres-
sure was calculated from the peak tricuspid 
regurgitant velocity.15 TOE was performed using 
Philips machines, equipped with X7- 2t or X8- 2t 
probe, either to assess the MV anatomy in case 
of inadequate or inconclusive TTE images and/
or to guide the surgical procedure. Since MAD 

RESUMO
Objetivo A disjunção do anel mitral (DAM) é uma 
anomalia ligada ao prolapso da válvula mitral (PVM), 
possivelmente associada a arritmias ventriculares 
malignas. Avaliámos a concordância entre diferentes 
técnicas imagiológicas para a identificação e a medi-
ção da DAM. 
Métodos Foram incluídos retrospetivamente 131 
doentes com PVM e regurgitação mitral significativa 
submetidos a ecocardiografia transtorácica (ETT) e 
ressonância magnética cardíaca (RMC). Foi disponi-
bilizada ecocardiografia transoesofágica (TOE) para 
106 doentes. A DAM foi avaliada em vias padrão de 
eixo longitudinais (quatro câmaras, duas câmaras, 
três câmaras) por cada técnica.
Resultados Considerando a DAM em qualquer 
comprimento, a prevalência de DAM foi de 17,3%, 
25,5%, 42,0% por ETT, TOE e RMC, respetivamente 
(p<0,05). A concordância sobre a identificação da 
DAM foi moderada entre ETT e RMC (=0,54, 95% IC 
0,49 a 0,59) e boa entre TOE e RMC (=0,79, 95% IC 
0,74 a 0,84). Assumindo a RMC como referência e de 
acordo com diferentes valores de cut-off para DAM 
(≥2 mm, ≥4 mm, ≥6 mm), a especificidade (95% 
IC) da ETT e TOE foi 99,6% (99,0 a 100,0) e 98,7% 
(97,4 a 100,0); 99,3% (98,4 a 100,0) e 97,6% (95,8 
a 99,4); 97.8% (96,2 a 99,3) e 93,2% (90,3 a 96,1), 
respetivamente; a sensibilidade (95% IC) foi de 
43,1% (37,8 a 48,4) e 74,5% (69,4 a 79,5); 54,0% 
(48,7 a 59,3) e 88,9% (85,2 a 92,5); 88,0% (84,5 
a 91,5) e 100,0% (100,0 a 100,0), respetivamente. 
O comprimento da DAM foi de 8,0 (7,0-10,0), 7,0 
(5,0-8,0), 5,0 (4,0- 7,0) mm, respetivamente por ETT, 
TOE e RMC. O acordo sobre a medição da DAM foi 
moderado entre ETT e RMC (=0,73) e forte entre TOE 
e RCM (=0,86).
Conclusões Poderá ser necessária uma abordagem 
imagiológica integrada para uma avaliação abran-
gente dos doentes com PVM e sintomas sugestivos 
de arritmias. Se a ecocardiografia for fundamental 
para a caracterização anatómica e hemodinâmica da 
doença de VM, a RMC poderá identificar melhor a 
DAM de pequeno comprimento, assim como a fibrose 
miocárdica.

INTRODUCTION
Mitral annular disjunction (MAD) is an 
anatomic feature closely linked to mitral valve 
prolapse (MVP).1–6 It is defined as a detachment 
of the left atrial (LA) wall- mitral valve annulus 
(MVA) junction from the left ventricular (LV) 
myocardium1 7 and its significance has been 
investigated in different clinical and histological 
series.

MAD seems to contribute to MVA distor-
tion5 8 and systolic dysfunction2 3 5 as well as to 
accelerated progression of the underlying mitral 
valve (MV) disease, leading to more complex 
MV lesions.2 5 8 9 Additionally, an association 
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can discontinuously involve any segment along the left atrio-
ventricular junction, apart from the mitro- aortic curtain,5 7 
TTE and TOE clips were reviewed frame- by- frame for off- line 
assessment of MAD in standard long- axis views (four- chamber, 
two- chamber and three- chamber) by an experienced observer. 
Specifically, we defined and measured MAD as any distance 
detected between the LA wall- posterior MVA junction and the 
LV wall at end- systole. Curling motion of the basolateral LV 
wall was also visually assessed by TTE,4 10 as an outward move-
ment of the MVA during systole.

CMR studies were performed using a 1.5 T scanner 
(Discovery MR450—GE Healthcare, Waukesha, Wisconsin, 
USA) with a 32- channel phased array receiver coil. After 
acquiring localiser images of the heart, breath- hold steady- 
state free precession cine imaging was performed applying 
the following parameters: temporal resolution=30 frames per 
cardiac cycle; repetition time=3.8 ms, echo time=1.7 ms, flip 
angle=85°, slice thickness=8 mm, field of view=300×300–360 
mm2; matrix=512×512. The same observer assessed MAD on 
CMR cine images in a randomised and blinded order from 
four- chamber, two- chamber and three- chamber LV long- axis 
views and measured its length from the LA wall- posterior MV 
leaflet junction to the top of the LV wall during end- systole, as 
previously described.4

For each view, feasibility of MAD assessment by TTE, TOE 
and CMR was noted and those views in which MVA could not 
be adequately evaluated were excluded from per- view analyses. 
Patients with inadequate images from all long- axis views obtained 
by a single technique were excluded in per- patient analyses.

To assess reproducibility of MAD evaluation, intraobserver 
variability was performed by the same reader repeating MAD 
assessment after  ≥1 month; interobserver variability was 
performed by a second experienced reader, blinded to the 
previous results.

All patients provided written informed consent and the insti-
tutional review board approved the study protocol.

Statistical analysis
Continuous data are presented as mean±SD or median (IQR), 
after testing for normal distribution with the Shapiro- Wilk 
test and categorical variables as frequencies and percentages. 
Continuous variables were compared using the unpaired 
Student’s t test or Mann- Whitney U test, as appropriate. The 
χ2 test or Fisher’s exact test (if the expected cell count was <5) 
were used for categorical variables. General characteristics 
of the population were compared based on the presence or 
absence of MAD at CMR (MAD+ versus MAD–, respectively). 
Cohen’s Kappa statistic was run to determine the strength of 
agreement between pairs of imaging techniques for the identi-
fication of MAD in the same view per single patient. Conside-
ring those views in which an agreement was observed, the 
correlation between MAD measurements was evaluated with 
the Spearman correlation coefficient (ρ) and the agreement 
was tested applying the Bland- Altman analysis. Because of 
its higher spatial resolution and better tissue characterisa-
tion, CMR was then assumed as reference, and TTE and TOE 
diagnostic accuracy for the correct identification of MAD was 
determined as compared with CMR, using 2×2 contingency 
tables and according to three different cut- off values for MAD 
length detected by CMR (≥2 mm, ≥4 mm and ≥6 mm).

Intraobserver and interobserver agreement for the identifica-
tion of MAD in the same view for each patient was expressed by 
kappa coefficient (κ) and disagreement proportion. Considering 
those views in which an agreement was found, intraobserver and 
interobserver variability in MAD measurements was expressed as 
intraclass correlation coefficient and coefficient of variation. Bland- 
Altman analysis was used to express bias and limits of agreement. 

All results were considered significant with p<0.05. Statistics were 
performed with SPSS 26 (SPSS, Chicago, Illinois, USA).

Patient and public involvement statement
The patients and public were not involved in the creation of the 
study design, recruitment or statistical analysis. Patients were 
not consulted to develop patient relevant outcomes or inter-
pret the results. Patients were not invited to contribute to the 
writing or editing of this document for readability or accuracy.

RESULTS
Patient population
One- hundred and thirty- one patients with available TTE and 
CMR were enrolled in the study, while TOE was available in 
106 patients, corresponding to a total of 393 views from TTE 
and CMR, and 318 views from TOE, respectively. Four patients 
were not included in per- patient analyses when examining 
TTE images, as MAD assessment was unfeasible from all long- 
axis views.

General characteristics and echocardiographic parameters of 
our study population are shown in table 1. Higher prevalence 
of BD compared with FED was observed. Dividing our popu-
lation into two groups based on the presence of any- length 
MAD at CMR, there was a significantly higher representation 
of myxomatous MVP in MAD+ versus MAD–.

MAD assessment
MAD evaluation was feasible in 350/393 views (89.1%) by TTE, 
295/318 views (92.8%) by TOE and 380/393 views (96.7%) by 
CMR, respectively (figure 1).

MAD prevalence is reported in table  2. Minimum and 
maximum values of MAD distance were 2–12, 4–12 and 
4–13 mm, respectively, by CMR, TOE and TTE. Median MAD 
measurements and IQRs were 5.0 (4.0-7.0) mm by CMR, 7.0 
(5.0-8.0) by TOE and 8.0 (7.0-10.0) by TTE. MAD preva-
lence was significantly higher in two- chamber than four- 
chamber and three- chamber views, regardless of the technique 
employed, whereas median MAD measurement was not signifi- 
cantly different among views (table 3).

MAD could also be visualised in diastole in 5/22 patients by 
TTE, 10/27 patients by TOE and 22/55 patients by CMR, corre-
sponding to a systolic MAD length of 10.0 (10.0-11.0), 8.5 (7.0-
9.0) and 8.0 (6.0-9.8) mm, respectively (online supplementary 
figure 1).

Table 1 General characteristics and echocardiographic parameters 
of the study population classifying patients based on the presence of 
any- length MAD by CMR

All (n=131) MAD+ (n=55) MAD– (n=76) P value

Men, n (%) 96 (73.3%) 40 (72.7%) 56 (73.7%) 0.903

Age, years 57±14 56±14 59±14 0.292

BMI, kg/m2 23.9±3.1 23.8±2.9 24.1±3.2 0.546

Barlow’s disease, n (%) 87 (66.4%) 43 (78.2%) 44 (57.9 %) 0.015

Curling, n (%) 51 (38.9%) 31 (56.4%) 20 (26.3%) <0.001

LVEDVi, mL/m2 80.9±17.7 82.0±17.3 80.2±18.0 0.549

LVESVi, mL/m2 29.7±9.2 29.8±8.3 29.6±9.9 0.897

LVEF, % 63.7±5.9 63.8±5.8 63.6±6.1 0.884

LAVi, mL/m2 55.2±19.3 51.9±16.3 57.6±20.9 0.095

MR grade, n (%)       0.488

Grade 3 16 (12.2%) 8 (14.5%) 8 (10.5%)

Grade 4 115 (87.8%) 47 (85.5%) 68 (89.5%)

PASP, mm Hg 35±9 35±9 34±9 0.395

BMI, body mass index; CMR, cardiac magnetic resonance; LAVi, left atrial volume index; 
LVEDVi, left ventricular end- diastolic volume index; LVEF, left ventricular ejection fraction; 
LVESVi, left ventricular end- systolic volume index; MAD, mitral annular disjunction; MR, 
mitral regurgitation; PASP, pulmonary artery systolic pressure.
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Agreement among different imaging techniques on 
MAD identification and measurement
To assess the agreement between imaging modalities, we 
performed per- view analyses considering views where MVA 
could be adequately assessed by both the techniques being 
compared with each other: TTE and TOE were compared in 268 
views, TTE and CMR in 337, TOE and CMR in 285. A signifi-
cant intertechnique agreement was found for the identification 
of MAD in the same view for each subject (TTE vs TOE: κ=0.73, 

95% CI 0.68 to 0.78, p<0.05; TTE vs CMR: κ=0.54, 95% CI 0.49 
to 0.59, p<0.05; TOE vs CMR: κ=0.79, 95% CI 0.74 to 0.84, 
p<0.05) (figure 2). Considering MAD ≥2 mm detected by CMR 
as reference, TTE and TOE accuracy were 88.7% (95% CI 85.3 to 
92.1)% and 94.7% (95% CI 92.1 to 97.3)%, respectively (online 
supplementary table 1; figures 1 and 3). TTE and TOE accuracy 
improved to 97.0% (95% CI 95.2, 98.8)% and 96.5% (95% CI 
94.4, 98.6)%, assuming a cut- off value for MAD length by CMR 
≥6 mm and ≥4 mm, respectively (online supplementary table 1).

Figure 1 Feasibility of MAD assessment by TTE and TOE and study flowchart for the evaluation of TTE and TOE diagnostic accuracy as 
compared with CMR. TTE was compared with CMR in a total of 337 views; TOE was compared with CMR in a total of 285 views. CMR, cardiac 
magnetic resonance; MAD, mitral annular disjunction; MVA, mitral valve annulus; TOE, transoesophageal echocardiography; TTE, transthoracic 
echocardiography.
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to different mechanisms, such as inadequate acoustic window, 
shadowing or reverberations caused by posterior MVA calci-
fication and a lower spatial resolution compared with CMR. 
Assuming CMR as reference in per- view analysis, diagnostic 
accuracy of echocardiographic imaging was mainly affected 
by underdiagnoses, especially by TTE. As a unique definition 
of MAD is not available in the literature, per- patient and per- 
view analyses were performed first considering as reference 
any MVA detachment detected by CMR (≥2 mm) and then 
considering as reference a MAD length ≥4 mm and ≥6 mm. 
The highest diagnostic accuracy of TTE and TOE was shown 
selecting a MAD cut- off value by CMR ≥6 mm and ≥4 mm, 
respectively.

With respect to MAD length, no significant difference was 
determined among the three methods. The correlation between 
measurements was moderate for TTE versus CMR and strong 
for TOE versus CMR. Although the presence of positive bias at 
Bland- Altman analysis highlights a tendency to slightly over-
estimate this distance by TTE, and to a lesser degree by TOE, 
compared with CMR, it is reasonable to believe that such diffe-
rence may not have clinically significant impact.

The intrinsic limitations in MAD measurement are reflected 
also by intraobserver and interobserver variability, showing 
quite high coefficients of variation, still in the absence of clini-
cally significant bias. However, the highest correlation between 
measurements was documented by CMR, for both intra- 
observer and interobserver variability. As regards concordance 
on MAD presence in the same view, the strongest intraobserver 
and interobserver agreement was shown by CMR; however, the 
disagreement proportion, which is less affected by MAD preva-
lence, was similar among all techniques. As a whole, these find-
ings may suggest that a standardisation of MAD definition and 
measurement is strongly needed in clinical practice.

Although maximal MAD distance has been reported to be 
most frequently located at P2 scallop5 and although MAD has 
been frequently assessed exclusively from three- chamber3 4 6 11 
and sometimes from four- chamber view,2 4 we found that MAD 
distance was not significantly different among views, although it 
was most frequently observed in two- chamber view at P3 level. 
Our data are in line with Dejgaard and colleagues, who showed 
higher prevalence of MAD along the LV inferior wall compared 
with the posterolateral wall in a heterogeneous population of 
patients with MAD+.10 Although two- chamber view has rarely 
been analysed for MAD evaluation, it seems plausible that 
MAD can be clinically identified by cardiac imaging along the 
LV inferior wall similarly as the lateral wall, since pathological 
studies described MAD at any point around the MVA.7 These 
observations further support the importance of a routine eva- 
luation of MAD spanning the entire MVA circumference.5 10

The results of the present study confirm that different diag-
nostic methods are not interchangeable for all MAD values.12 

As concerns MAD measurements, the agreement was 
assessed considering those views in which MAD was detected 
by both the techniques being compared with each other. A total 
of 18 views were examined when comparing TTE with TOE, 
28 when TTE was compared with CMR and 35 when TOE was 
compared with CMR. The correlation and the level of agree-
ment between measurements are graphically represented by 
Spearman’s and Bland- Altman plots, respectively (figure 4).

Intraobserver and interobserver variability for MAD pre- 
sence and measurement was performed on views where MAD 
evaluation was feasible and is reported in table 4.

DISCUSSION
Growing evidence on the role of MAD in the clinical course 
and prognosis of patients with MVP has emerged in the last few 
decades. MAD is associated with more severe MV lesions,2 5 9 
and paradoxical systolic expansion of the MVA.2 3 5 Moreover, 
clinical series have demonstrated that MAD is potentially 
responsible for sustained ventricular tachycardia and sudden 
cardiac death (SCD).3 4 10 11 Therefore, the recognition of MAD 
in patients with MVP appears of utmost importance, espe-
cially in those reporting symptoms suggestive of arrhythmias. 
Imaging methods that have been applied so far for the evalu- 
ation of MAD were TTE, TOE and CMR but a reference 
standard imaging technique has not been established yet.

These three imaging modalities were compared with each 
other in our study population of MVP patients with severe MR. 
A significant difference in MAD prevalence emerged between 
echocardiographic imaging and CMR. When considering any- 
length separation between the LV myocardium and the LA wall- 
posterior MVA junction, we detected MAD in 42.0% patients 
by CMR, which was slightly higher than reported in a recent 
paper describing MAD in 35% patients with MVP (including 
both BD and FED) evaluated by CMR.11 Such difference may 
be due to the higher prevalence of BD in our population (66.4% 
vs 44.9%). Although several studies indicated that MAD is 
not associated exclusively with BD,6–8 10 11 higher prevalence 
of myxomatous MVP than FED was shown in patients with 
MAD+, which is in agreement with recent papers.8 11 The lower 
detection rate of MAD by echocardiography could be ascribed 

Table 2 Overall MAD prevalence in the study population detected by 
TTE, TOE and CMR

MAD distance by CMR ≥2 mm ≥4 mm ≥6 mm

TTE (127 patients) 22 (17.3%)*‡ 22 (17.3%)*‡ 18 (14.2%)*‡

TOE (106 patients) 27 (25.5%)* 26 (24.5%)* 16 (15.1%)*

CMR (131 patients) 55 (42.0%) 46 (35.1%) 26 (19.8%)

*P<0.05 vs CMR.
‡P<0.05 vs TOE.
CMR, cardiac magnetic resonance; MAD, mitral annular disjunction; TOE, 
transoesophageal echocardiography; TTE, transthoracic echocardiography.

Table 3 MAD prevalence and measurement (median and IQR, minimum and maximum values) obtained by TTE, TOE and CMR per single long- axis 
view, considering for each technique those patients whose posterior mitral valve annulus was assessable in all long- axis views

TTE
(104 patients)

TOE
(88 patients)

CMR
(120 patients)

Four- 
chamber Two- chamber

Three- 
chamber

Four- 
chamber Two- chamber

Three- 
chamber Four- chamber Two- chamber

Three- 
chamber

Prevalence of any- length MAD 6 (5.8%)* 11 (10.6%)† 4 (3.8%) 9 (10.2%)* 11 (12.5%)† 6 (6.8%)‡ 17 (14.2%)* 38 (31.7%)† 23 (19.2%)‡

Median MAD distance (mm) 8.0
(6.5–9.3)

9.0
(7.0–9.0)

8.0
(5.8–11.8)

7.0
(5.0–8.0)

7.0
(6.0–9.0)

6.5
(4.0–7.3)

5.0
(3.5–6.5)

5.0
(3.8–8.0)

5.0
(4.0–7.0)

Minimum MAD distance (mm) 5.0 4.0 5.0 4.0 5.0 4.0 3.0 2.0 3.0

Maximum MAD distance (mm) 10.0 11.0 13.0 8.0 9.0 8.0 8.0 11.0 12.0

*P<0.05: four- chamber vs two- chamber.
†P<0.05: two- chamber vs three- chamber.
‡P<0.05: three- chamber vs four- chamber.
CMR, cardiac magnetic resonance; MAD, mitral annular disjunction; TOE, transoesophageal echocardiography; TTE, transthoracic echocardiography.
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Figure 2 MAD evaluation by multimodality imaging. Shown are two example of Barlow’s disease, where the LA- posterior mitral valve annulus junction 
was assessed by transthoracic echocardiography (A), transoesophageal echocardiography (B) and cardiac magnetic resonance (C). The three techniques are 
concordant on presence (upper panels) and absence (lower panels) of MAD in two- chamber long- axis view, at P3 level. In the upper panels, MAD is identified 
(yellow line) and measured at end- systole. LA, left atrium; LV, left ventricle; MAD, mitral annular disjunction.

Although several studies have suggested that the greater the 
extent of MAD, the higher is the arrhythmic risk, there is no 
consensus on whether there is a specific MAD length associ-
ated with malignant VAs.3 4 10 11 Further studies are desirable 
to deeply investigate the clinical significance of MAD and 
possibly to establish the cut- off value discriminating patients at 
high arrhythmic risk, thus guiding the clinicians in the choice 
of the most appropriate imaging test for MAD diagnosis.

The ability to visualise the posterior MVA varies among 
different imaging techniques.16 CMR has a unique capacity 
to distinguish adjacent structures and to characterise the 
myocardial tissue. If on one side, it allows the detection of a 2 
mm- separation of the posterior MVA from the LV wall, on the 
other hand, it accurately identifies myocardial fibrosis in the 
posterior papillary muscle and in the LV inferobasal segment 
by late gadolinium enhancement.17 18

However, echocardiography remains an essential diagnostic 
tool for the evaluation of MVP because of its widespread availa- 
bility and low costs and for its excellent capacity to evaluate 
the haemodynamic consequences of MR and to assess MV 
morphology.19 20 In clinical practice, TOE is mainly advocated in 

patients with inconclusive or technically difficult TTE to better 
define the MV anatomy before MV surgery, and this study also 
shows a strong agreement between TOE and CMR for MAD 
measurement and MAD identification for values ≥4 mm. Still, it 
is not routinely performed because of its semi- invasive nature.21

Implications
MVP is a complex disease, which primarily involves the MV 
apparatus morphology and secondly affects cardiac haemody-
namics, heart chambers dimensions and ventricular function. 
VAs have also been reported with an estimated incidence of 
SCD ranging from 0.2%/year to 0.4%/year18. The risk factors 
for VAs include extravalvular features, LV tissue characte- 
ristics, MVP- related functional and morphological factors, 
including MAD12 possibly via myocardial stretch of the LV 
inferobasal wall and papillary muscles, with relative hyper-
trophy and mechanically- induced fibrosis.4 10 Therefore, MAD 
should be routinely evaluated in patients with MVP10 22 and 
those with an incidental finding of MAD should be first inves-
tigated for symptoms suggestive of arrhythmias and undergo 
a non- invasive clinical evaluation with baseline ECG and 
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Holter monitoring. A recent review reported that the majority 
of patients with MVP with SCD were symptomatic before the 
index event or had abnormal electrocardiographic or Holter 
findings,9 so it seems reasonable that patients without MAD by 
TTE showing these characteristics should be evaluated by TOE 
or CMR. Specifically, if MAD<4 mm (which is most frequently 

Figure 3 Disagreement on MAD presence between echocardiographic imaging and cardiac magnetic resonance. Shown is the example of a 
patient with fibroelastic deficiency and P2 flail with a few- millimetres detachment of the mitral valve annulus from the LV wall. MAD (yellow line) is 
identified and measured at end- systole in two- chamber long- axis view by cardiac magnetic resonance (C). Transthoracic echocardiography (A) and 
transoesophageal echocardiography (B) show no clear signs of mitral valve annulus detachment from the LV myocardium. LA, left atrium; LV, left 
ventricle; MAD, mitral annular disjunction.

Figure 4 Correlations and agreement on MAD measurement among imaging techniques. Results of Spearman’s correlation (upper panels) and Bland- 
Altman analysis (lower panels) to evaluate the agreement among different imaging techniques on MAD measurement obtained in concordant views. The 
blue dashed lines represent bias and the red solid lines represent ±1.96 SD. CMR, cardiac magnetic resonance; LOA, limits of agreement; MAD, mitral 
annular disjunction; TOE, transoesophageal echocardiography; TTE, transthoracic echocardiography.

underdiagnosed by echocardiographic imaging) will be demon-
strated to increase the arrhythmic risk, CMR may constitute a 
complementary technique for the evaluation of the MVA and 
a valuable method to better identify MAD in symptomatic 
patients. In this context, a multimodality imaging approach in 
MVP would add value to individual diagnostic tests. However, 
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since suggested mechanisms responsible for VAs are still specu- 
lative, the relationship between MVP and VAs remains to 
be clarified and requires a great effort yet. Large multicentre 
prospective trials reporting clinical variables, genetic testing 
results, longitudinal data on cardiac imaging, recorded data on 
VAs and long- term outcomes are needed.

Study limitations
Some limitations have to be acknowledged in this work. It was 
a single- centre study conducted in a selected population of rela-
tively small size. We focused on patients with MVP with surgical 
indication, so our results may not hold true for patients with mild 
or moderate MR or in other clinical settings. Furthermore, limi-
tation of CMR in terms of temporal resolution may have influ-
enced the identification of the precise end- systolic time- point. 
Finally, the present study had a retrospective nature and all the 
examinations were executed for clinical reasons; therefore, the 
evaluation of MAD was performed in standard long- axis views. 
Echocardiographic off- axis views or dedicated CMR long- axis 
cine images could allow a complete visualisation of the posterior 
MVA and thus increase MAD detection rate.

CONCLUSION
A widely accepted definition of MAD and its clinical impli-
cations still remain to be clarified in the clinical scenario. An 

integrated imaging approach could be necessary for a compre-
hensive assessment of MVP. Echocardiographic imaging is 
fundamental for the anatomic and haemodynamic characteri-
sation of the MV disease, though CMR may better define MAD 
of minor degree and myocardial fibrosis, helping the physician 
in identifying patients with an arrhythmogenic substrate.
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What is already known on this subject?
 ► Mitral annular disjunction (MAD) is suggested to be a 
structural abnormality in mitral valve prolapse (MVP) 
associated with malignant arrhythmias. Despite different 
imaging techniques are employed for the assessment of MAD, 
there is a paucity of data evaluating their agreement on MAD 
presence and measurement.

What might this study add?
 ► The agreement between transthoracic (TTE) or 
transoesophageal echocardiography (TOE) and cardiac 
magnetic resonance (CMR) for the detection of MAD varies 
considering different cut- off values for MAD length. Assuming 
CMR as reference, TTE and TOE demonstrate the highest 
diagnostic accuracy for values of MAD distance by CMR 
≥6 mm and ≥4 mm, respectively.

 ► The agreement on MAD measurement is moderate between 
TTE and CMR and strong between TOE and CMR.

How might this impact on clinical practice?
 ► Patients without MAD by TTE reporting symptoms suggestive 
for arrhythmias or showing abnormal ECG or Holter findings 
should be evaluated by TEE or CMR. Specifically, if large- 
scale studies will demonstrate MAD of small length (<4 mm) 
being responsible for malignant ventricular events, CMR may 
be desirable to better identify patients with MVP with high 
arrhythmogenic risk.

Key messages

Table 4 Intraobserver and interobserver agreement on MAD presence and MAD measurement in the same view per single patient by TTE, TOE and 
CMR

Intraobserver variability Interobserver variability

κ (95% CI) DP (%) CV (%) ICC Bias LOA κ (95% CI) DP (%) CV (%) ICC Bias LOA

TTE 0.70 (0.65 to 0.75) 4.9 10.4 0.703 −0.3 2.7 0.61 (0.56 to 0.66) 6.3 15.5 0.555 −0.8 3.4

TOE 0.81 (0.77 to 0.86) 4.1 11.5 0.677 −0.3 2.6 0.69 (0.64 to 0.74) 6.1 14.0 0.588 −0.3 3.1

CMR 0.89 (0.86 to 0.92) 3.7 15.3 0.848 0.1 2.7 0.81 (0.77 to 0.85) 6.3 17.9 0.747 −0.4 3.6

κ, Kappa coefficient; CMR, cardiac magnetic resonance; CV, coefficient of variation; DP, disagreement proportion; ICC, intraclass correlation coefficient; LOA, limits of agreement; 
MAD, mitral annular disjunction; TOE, transoesophageal echocardiography; TTE, transthoracic echocardiography.
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de acidose láctica. Caso se verifique a ocorrência de qualquer das formas de acidose, Jentadueto deve ser imediatamente suspenso e iniciadas outras medidas corretivas apropriadas. Pancreatite aguda: 
Foi observada pancreatite aguda em doentes a tomar linaglitpina. Se houver suspeita de pancreatite, Jentadueto deve ser interrompido; se houver confirmação de pancreatite aguda, o tratamento com 
Jentadueto não deve ser reiniciado. Deve haver precaução em doentes com história de pancreatite. Penfigoide bolhoso: Foi observado penfigoide bolhoso em doentes a tomar linaglitina. Caso se suspeite 
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Resumo
A endocardite infecciosa (EI) é pouco comum e, no 
passado, tem sido mais frequentemente causada por 
estreptococos do grupo viridans (EGV). Devido à natureza 
indolente destes organismos, a frase "endocardite 
bacteriana subaguda", a chamada "EBS", era utilizada 
rotineiramente, uma vez que caracterizava o curso clínico 
da maioria dos doentes que se prolongasse durante 
semanas a meses. Contudo, em anos mais recentes, 
verificou-se uma mudança significativa na microbiologia 
da EI com o aparecimento dos estafilococos enquanto 
patogénios mais frequentes e, para a EI causada por 
Staphylococcus aureus, o curso clínico é agudo e pode 
ser associado a sepsis. Adicionalmente, observaram- 
-se aumentos de EI devido a enterococos e que se 
caracterizaram por complicações relacionadas com o 
tratamento e agravamento prognóstico. Estas alterações 
na distribuição de agentes patogénicos foram atribuídas 
a uma diversificação na população alvo em risco de 
EI. Embora a endocardite da válvula protéstica e os 
antecedentes de EI mantenham o maior risco de EI, o 
aumento da prevalência do uso de fármacos injetáveis, 
implantações de dispositivos intracardíacos e outras 
exposições a cuidados de saúde têm contribuído 
fortemente para o atual grupo de doentes em risco. Esta 
revisão centra-se nos agentes patogénicos comuns da EI 
e no seu impacto no perfil clínico da EI.

INTRODUCTION
There has been a significant shift in the epide-
miology and management of infective endo-
carditis (IE) that is partially driven by the 
changing microbiology of IE. For many years, 
viridans group streptococci (VGS) were the 
most common pathogens, followed by Staphy- 
lococcus aureus and enterococci (online 
supplementary table 1). However, over the past 
two decades, the incidence of S. aureus IE has 
markedly increased and is now the predomi-
nant pathogen causing IE throughout the 
world. Injection drug use complicating the 
opioid epidemic has contributed to the rise 
in incidence of S. aureus IE in the USA and 
several other countries1 2 and has impacted the 
profile of IE in both rural and urban settings.3 
In addition, the expansion of indications for 
cardiovascular implantable electronic device 
(CIED) placement and increasing valve 
replacement surgeries have also contributed to 
the increasing number of patients with cardio- 
vascular device infections, which, in the case 
of CIED- related IE, have been predominantly 
due to staphylococci.4

A contemporary analysis of the pathogens that 
cause IE with the resultant changes in the profile 
of IE is warranted. Because three genera of Gram- 
positive cocci (staphylococci, streptococci and 
enterococci) account for the bulk of cases, this 

review predominately focuses on them. Never-
theless, there is a vast array of other organisms, 
included fungi and other bacteria, which can cause 
IE, and some have been included in this review.

EPIDEMIOLOGY
Marked changes in the epidemiology of IE based 
on pathogen designation have occurred recently. 
Over last several decades, we have witnessed 
a significant transformation of the IE patient 
profile in the USA. This has been due, in part, to 
the opioid epidemic, which has been complicated 
by injection drug use. IE is one of several infec-
tion syndromes described in persons who inject 
drugs (PWID). S. aureus has accounted for the 
majority of IE cases in PWID. Nevertheless, other 
pathogens, including Candida sp and an array of 
Gram- negative bacteria, can cause IE in PWID in 
a minority of patients. In addition, polymicrobial 
IE is also seen. For some areas in the USA, IE has 
been characterised by younger, predominantly 
Caucasian, unemployed and medically uninsured 
PWID who have residence in impoverished rural 
communities (figure 1).3 Moreover, IE has histori-
cally been seen predominately in men; however, it 
is now becoming more common in women.3 5

Recognising that much of the IE in PWID is due 
to S. aureus, it is not surprising that this patient 
population is also likely to have longer hospital 
stays, have a higher rate of IE recurrence, incur 
greater healthcare costs and require surgery more 
often, therefore adding to the burden on health-
care.6 7 Since the population affected is younger, 
PWID with IE, in general, are less likely to have 
significant comorbidities. However, multiple 
studies have reported rising rates of coinfection 
with HIV and hepatitis C in this population.8

Another factor in the overall predominance 
of IE due to S. aureus is an escalating number 
of healthcare- related infections. For example, 
a population- based cohort in Spain reported a 
significant increase in cardiac device- related IE 
from 11.4% to 27.4% between 1997 and 2004.9 An 
ever- expanding variety of cardiovascular devices, 
coupled with increased indications for these 
devices, has also fuelled the predominance of S. 
aureus as a cause of IE. In many of these infec-
tions, multidrug- resistant S. aureus (methicillin- 
resistant, MRSA) has been the pathogen and has 
led to limited antibiotic treatment options.10 11

IE due to VGS has been declining worldwide. 
In resource- limited countries, VGS continues to 
be a leading cause of IE where a few more recent 
studies have reported rates of VGS as high as 39.4% 
in native valve endocarditis (NVE).12 However, the 
proportion of VGS has declined in Europe and 
North America. Patients with VGS IE are often 
older with predisposing cardiac conditions, which 
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e renal. No caso dos doentes com insuficiência cardíaca aguda e instável, Jentadueto está contraindicado. Cirurgia: A utilização de metformina deve ser interrompida no momento da cirurgia com 
anestesia geral, espinal ou epidural. A terapêutica só se pode reiniciar pelo menos 48 horas após a cirurgia ou retoma da alimentação por via oral e desde que a função renal tenha sido reavaliada e 
considerada estável. Idosos: Recomenda-se precaução ao tratar doentes com 80 anos de idade ou mais. Alteração do estado clínico dos doentes com diabetes tipo 2 previamente controlada: um doente 
com diabetes tipo 2 previamente bem controlada com Jentadueto que desenvolva anomalias laboratoriais ou doença clínica deve ser imediatamente avaliado relativamente a indícios de cetoacidose ou 
de acidose láctica. Caso se verifique a ocorrência de qualquer das formas de acidose, Jentadueto deve ser imediatamente suspenso e iniciadas outras medidas corretivas apropriadas. Pancreatite aguda: 
Foi observada pancreatite aguda em doentes a tomar linaglitpina. Se houver suspeita de pancreatite, Jentadueto deve ser interrompido; se houver confirmação de pancreatite aguda, o tratamento com 
Jentadueto não deve ser reiniciado. Deve haver precaução em doentes com história de pancreatite. Penfigoide bolhoso: Foi observado penfigoide bolhoso em doentes a tomar linaglitina. Caso se suspeite 
de penfigoide bolhoso, Jentadueto deve ser descontinuado. Interações: Efeitos de outros medicamentos sobre a linagliptina: a eficácia total da linagliptina pode não ser atingida, quando em associação 
com indutores fortes da glicoproteína-P, particularmente se estes forem administrados durante longos períodos de tempo; Associações que requerem precauções de utilização: Glucocorticoides 
(administrados pelas vias sistémica e local), agonistas beta-2 e os diuréticos possuem uma atividade hiperglicémica intrínseca. Se necessário, deve ajustar-se a dose do medicamento hipoglicemiante 
durante a terapêutica com o outro medicamento e após a sua interrupção. Alguns medicamentos podem afetar negativamente a função renal, o que pode aumentar o risco de acidose láctica (ex.: AINEs, 
incluindo inibidores seletivos da COX 2, inibidores da ECA, inibidores do recetor da angiotensina II e diuréticos, sobretudo diuréticos da ansa). Quando se iniciam ou utilizam estes medicamentos em 
associação com metformina, é necessária uma monitorização atenta da função renal. Transportadores de catiões orgânicos (OCT): A coadministração da metformina com: a) Inibidores do OCT1 (como 
o verapamilo) pode reduzir a eficácia da metformina. b) Indutores do OCT1 (como a rifampicina) pode aumentar a absorção gastrointestinal e a eficácia da metformina. c) Inibidores do OCT2 (como a 
cimetidina, dolutegravir, ranolazina, trimetoprim, vandetanib, isavuconazol) pode diminuir a eliminação renal da metformina e, consequentemente, levar a um aumento da concentração plasmática da 
metformina. d) Inibidores do OCT1 e OCT2 (como o crizotinib, olaparib) pode alterar a eficácia e a eliminação renal da metformina. Aconselha-se precaução, especialmente em doentes com compromisso 
renal, quando estes medicamentos são coadministrados com a metformina, dado que a concentração plasmática da metformina pode aumentar. Se necessário, pode ter-se em consideração o ajuste da 
dose de metformina dado que os inibidores/indutores dos OCT podem alterar a eficácia da metformina. Utilização concomitante não recomendada: Álcool: A intoxicação alcoólica está associada a um 
risco acrescido de acidose láctica, particularmente em casos de jejum, má nutrição ou compromisso hepático. Agentes de contraste iodados:  Jentadueto tem de ser interrompido antes ou no momento 
do procedimento imagiológico e só ser retomado pelo menos 48 horas depois, desde que a função renal tenha sido reavaliada e considerada estável. Gravidez e aleitamento: Gravidez: Jentadueto não 
deve ser utilizado durante a gravidez. Se a doente planear engravidar, ou se ocorrer gravidez, o tratamento com Jentadueto deve ser interrompido e substituído por insulinoterapia, logo que possível, de 
modo a diminuir o risco de malformações fetais associadas a níveis anormais de glucose no sangue; Amamentação: a metformina é excretada no leite humano em pequenas quantidades. Desconhece-se 
se a linagliptina é excretada no leite humano. Tem que ser tomada uma decisão sobre a descontinuação da amamentação ou a descontinuação/abstenção da terapêutica com Jentadueto tendo em conta 
o benefício da amamentação para a criança e o benefício da terapêutica para a mulher. Fertilidade: não foi estudado o efeito do Jentadueto na fertilidade humana. Efeitos indesejáveis: muito frequente: 
hipoglicemia: frequente: diarreia, náuseas; aumento da lipase; pouco frequente: nasofaringite; hipersensibilidade, tosse; diminuição do apetite; vómitos; obstipação; alterações da função hepática; 
erupção cutânea; prurido; amilase aumentada; raro: pancreatite; penfigoide bolhoso; angioedema; urticária. Reações adversas comunicadas em doentes que receberam Metformina em monoterapia: 
muito frequente: dor abdominal; frequente: alterações do paladar; muito raro: acidose láctica; défice de vitamina B12, hepatite, eritema. Data revisão texto: outubro 2019. Medicamento Sujeito a Receita 
Médica. Regime de Comparticipação: escalão A (90%). Para mais informações deverá contactar o representante do Titular da Autorização de Introdução no Mercado: Boehringer Ingelheim Portugal, 
Lda., Av. de Pádua, nº 11, 1800-294 Lisboa, contribuinte nº 500 293 023.

Trajenta 5 mg comprimidos revestidos por película. Cada comprimido contém 5 mg de linagliptina.
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proporcionam um controlo adequado da glicemia. Posologia e modo de administração: 5 mg/ 1 x dia. Quando associado à metformina, a dose de metformina deve ser mantida, sendo a linagliptina 
administrada concomitantemente. Quando utilizado em combinação com uma sulfonilureia ou com insulina, pode considerar-se uma dose menor da sulfonilureia ou da insulina para diminuir o risco de 
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mesmo dia. Contraindicações: Hipersensibilidade à substância ativa ou a qualquer um dos excipientes. Advertências e precauções especiais: Não usar em doentes com diabetes mellitus tipo 1 ou para 
o tratamento da cetoacidose diabética. Hipoglicemia: sabe-se que as sulfonilureias e insulina causam hipoglicemia; recomenda-se precaução na utilização da linagliptina em combinação com uma 
sulfonilureia e/ou insulina. A linagliptina, em monoterapia, ou em terapêutica combinada com metformina, apresentou uma incidência de hipoglicemia comparável à do placebo. Pancreatite: Foi observada 
pancreatite aguda em doentes a tomar linagliptina.  Os doentes devem ser informados sobre o sintoma característico da pancreatite aguda. Se houver suspeita de pancreatite, Trajenta deve ser 
interrompido, se houver confirmação, Trajenta não deve ser reiniciado. Penfigoide bolhoso: Foi observado penfigoide bolhoso em doentes a tomar linagliptina.  Caso se suspeite de penfigoide bolhoso, 
Trajenta deve ser descontinuado. Interações: Com base nos estudos de interações in vivo, considera-se pouco provável que a linagliptina cause interações com outros substratos da glicoproteína-P. 
Efeitos de outros medicamentos sobre a linagliptina: o risco de interações clinicamente significativas com os seguintes medicamentos administrados concomitantemente é baixo: metformina, 
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varfarina, da digoxina ou dos contracetivos orais, fornecendo evidência in vivo de uma reduzida tendência para causar interações medicamentosas com substratos da CYP3A4, CYP2C9, CYP2C8, da 
glicoproteína-P e do transportador catiónico orgânico (OCT). Gravidez e aleitamento: Gravidez - por precaução, é preferível evitar o uso de linagliptina durante a gravidez. Amamentação - o risco para os 
lactentes não pode ser excluído. A decisão de suspender a amamentação ou de descontinuar/ não iniciar a terapêutica com linagliptina, deve ser tomada tendo em consideração o benefício da 
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and molecular testing methods over the years have resulted in a 
marked reduction (~5%) in BCNE among patients without recent 
antibiotic exposure.19 In the past, HACEK group of organisms 
(Haemophilus sp, Aggregatibacter sp, Cardiobacterium hominis, 
Eikenella corrodens and Kingella sp), which usually have a predis-
position for young- middle aged adults,20 were considered an 
important cause of BCNE. However, with advanced diagnostic 
capabilities and improved culture formulations, HACEK is no 
longer a cause of BCNE.

Fungal IE makes up 1%–6% of all cases of IE21 and Candida 
sp being predominant in this group. The incidence of Candida 
endocarditis has risen due to an increase in bloodstream infec-
tions (~10%)22 and implantation of prosthetic valves. PWID and 
patients undergoing chronic haemodialysis typically have higher 
rates of fungal endocarditis compared with the general popula-
tion.23 In a recent publication, there was a greater prevalence of 
strains of Candida spp that were less susceptible to antifungal 
agents in an elderly population, which might be partially respon-
sible for the associated high mortality of Candida endocarditis.24 
Aspergillus spp are an extremely rare cause of nosocomial endo-
carditis and most commonly occur in in postcardiac surgery 
patients.25 Unlike IE due to Candida sp, that due to Aspergillus sp 
is characterised by negative blood cultures, which can result in a 
delay in diagnosis, sometimes only at postmortem examination.26

RISK FACTORS
Native cardiovascular conditions, in addition to prosthetic 
valves, are pivotal in IE predisposition. There are several conge-
nital and acquired valvular conditions that serve as risk factors 
for the development of IE and recent work has quantified IE 
risk in these settings.27 Pathogen predilection for IE, based on 
type of valvulopathy, has been a focus of renewed interest. For 
MVP, both past and current investigations have demonstrated 
an association between VGS and MVP in IE cases. A literature 
review conducted in 1986 included 267 cases and almost one- 
half of them with identified pathogens had VGS.28

More recently, a population- based study in Olmsted 
County, Minnesota, revealed a strong statistical association 
between MVP and IE due to VGS in a multivariable model.29 
In contrast, no such association was demonstrated for IE due 
to VGS and other native valve conditions (rheumatic carditis, 
bicuspid aortic valve (BAV), congenital heart disease, previous 
IE). A separate population- based investigation of the Olmsted 
County cohort that examined the incidence and predictors of 
IE reported a higher than previously consi-dered incidence of 
IE in patients with MVP (87 per 100 000 people) with a risk 
eight times higher than that of the general population.30 More-
over, VGS (50%) was the most common pathogen identified. 
Of note, presence of moderate or greater mitral regurgitation 
or a flail leaflet greatly increased the IE risk.31 A Spanish inves-
tigation also showed that VGS was the most common pathogen 
among IE cases with MVP.32 Moreover, BAV was also associ-
ated with IE due to VGS, which was not demonstrated in the 
Olmsted County publication.29 There are potential causes for 
the difference in findings relative to BAV and IE due to VGS 
for the two investigations; this includes differences in cohort 
size and type of study. Due to the association of IE due to odon-
togenic origin in patients with BAV and MVP, the authors 
expressed concern about the lack of antibiotic prophylaxis for 
invasive dental procedures that is outlined in the European 
Society of Cardiology (ESC) guidelines.33

DIAGNOSIS
Sustained bacteraemia is a hallmark of IE. Current automated 
culture systems support the growth of staphylococci, strepto-
cocci, enterococci, as well as previously difficult to grow orga-
nisms such as HACEK organisms will be detected within the 

include rheumatic heart disease in resource- limited countries and 
valvulopathies (eg, calcific aortic stenosis, mitral valve prolapse 
(MVP)) in resource- rich countries. A systematic review spanning 
over five decades reported a significant decrease in overall VGS- 
associated IE from 27.4% in the 1960s to 17.6% in the 2000s.13 In 
Europe, there has been a steady increase in IE reported over the past 
two decades, after National Institute for Health and Care Excel-
lence resorted to a less aggressive prophylaxis approach in 2008; 
however, the proportion of VGS has not changed significantly.14

Enterococcus faecalis has classically been a community- acquired 
pathogen and a cause of IE in older male patients with under-
lying gastrointestinal (GI) or genitourinary tract abnormalities. 
Increasingly, it has become a cause of healthcare- associated IE. 
One example of this is in patients who have undergone transca- 
theter aortic valve replacement (TAVR). Initially, TAVR was used 
in patients too sick to undergo open cardiac surgery. More recently, 
TAVR has been used in patients with low risk of open valve surgery 
intervention, thus resulting in an expanded pool of patients who 
are candidates for TAVR. In studies reported to date, enterococci 
have predominated and the transfemoral approach that is used in 
the bulk of patients who undergo TAVR is thought to contribute to 
the enterococcal prevalence.15 This has prompted concern for the 
current selection of cefazolin as surgical site infection at the time of 
TAVR and some have espoused a preference for amoxicillin/clavu-
lanate as a better option to cephalosporin, which have no activity 
against enterococci, in an attempt to prevent early (onset within 60 
days from day of procedure) prosthetic valve endocarditis due to 
these organisms.16

Enterococcal bacteraemia has also emerged as a possible marker 
of covert colorectal disease, with or without IE. A recent multi-
centre study in Spain, for example, reported that 78 of 103 patients 
with enterococcal IE underwent colonoscopy and 47 (60%) had 
colon abnormalities that could have caused enterococcal bactera- 
emia; 39 (83%) of the latter group had colorectal neoplasia.17 In 
addition, a population- based cohort suggested that the presence 
of GI or urological malignancy with enterococcal IE served as a 
predictor of 1 year mortality.18 Based on these observations, some 
have advocated for colonoscopy in all patients with enterococcal 
bacteraemia, with or without IE.

BLOOD CULTURE-NEGATIVE AND FUNGAL ENDOCARDITIS
The proportion of blood culture- negative endocarditis (BCNE) 
varies greatly depending on geographical locations, possibly due, 
in part, to variations in availability of testing capabilities and anti-
biotics without prescriptions. The latter factor accounts for the 
bulk of BCNE. In patients without recent antibiotic treatment 
before blood cultures are obtained, improvements in serological 

Figure 1 Prevalence of intravenous drug users and young adults
among patients hospitalised with infective endocarditis. Figure adapted 
from Alkhouli et al.51
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standard 5- day incubation period. There is evidence to suggest 
that longer incubation periods do not increase the diagnostic 
yield to detect HACEK organisms34; as an exception, Cutibac-
terium sp may require up to 14 days of culture to be detected.35 
There are various diagnostic modalities and algorithms that 
have been developed to detect pathogens in patients with BCNE 
(online supplementary table 2) (figure 2). A recent prospective 
multicentre study reported that the addition of real- time PCR 
(RT- PCR) assays to standardised blood and valve cultures, 
serology and broad- range PCR improved the diagnostic yield 
of BCNE by as much as 24.3%.36 Their approach was focused 
on RT- PCR assays that were specifically designed to detect 
the most prevalent and fastidious organisms known to cause 
BCNE in the study region.

MANAGEMENT
Prolonged intravenous antibiotics are the mainstay of IE manage-
ment. The combination and duration of antimicrobials are tailored 
based on several factors including the causative pathogen, type of 
valve involved and minimum inhibitory concentration specifically 
for VGS, as outlined in online supplementary tables 3 and 4. In 
up to half of cases, antibiotics are combined with cardiac valve 
surgery. In recent years, we have seen several studies challenging 
this paradigm. The Partial Oral Treatment of Endocarditis (POET) 
trial provided patients with at least 10 days of intravenous antibi-
otics followed by oral antibiotics to complete 4–6 weeks’ course of 
therapy compared with only intravenous therapy in patients with 
left- sided IE.37 There was non- inferiority between the two treat-
ment arms at 6 and 42 months of follow- up.38

The POET trial has several implications as intravenous therapy 
is expensive, is associated with central line- related complications 
and may impact hospital discharge. In PWID, partial oral antibi-
otic therapy would be desirable to reduce the need and duration 
of central lines, reduce financial healthcare burden and increase 
treatment compliance. However, there were only five PWID of 400 
in the study. Moreover, there were no cases of MRSA in either study 
arm. Finally, there were certain antibiotics used that are not availa- 
ble in the USA.

What was not addressed in the trial, but deserves comment is 
that the duration of therapy is an important tenet in attempted 
cure of IE. This concept was observed early in the ‘antibiotic era’ 
when injectable penicillin became available in the 1940s and 
rapidly adopted for treatment of IE.39 Therapy for ~20 days and 
longer was required for higher cure rates of IE due to VGS. This 
finding is somewhat counterintuitive since bactericidal drugs (eg, 
beta- lactams) are used as treatment and should be able to ‘sterilize’ 

vegetations within a few days. This observation has been hypothe-
sised to be due to a reduction in cell wall turnover in organisms 
with lowered metabolism.

Sentinel investigations from both Spain and Denmark have 
demonstrated treatment regimens for E. faecalis IE that either 
limit or omit gentamicin in ampicillin containing regimens have 
similar cure rates as those reported in prior investigations that 
have included 4–6 weeks of gentamicin.40–42 Because E. faecalis 
accounts for at least 90% of enterococcal IE cases, the prevalence 
of high- level resistance to aminoglycosides among enterococci has 
increased, and the incidence of enterococcal IE has risen, novel 
treatment regimens have been entertained. This includes the 
combination of ampicillin plus high- dose ceftriaxone adminis- 
tered for 6 weeks, which has been recommended for treatment 
of penicillin- susceptible E. faecalis IE by current American Heart 
Association (AHA) and ESC guidelines.33 43 44 This regimen is not 
recommended for non- faecalis species, however (online supple-
mentary table 4).

Daptomycin has emerged as an equally effective alternative to 
standard antibiotic regimen for both methicillin- susceptible S. 
aureus (MSSA) and MRSA bacteraemia and right- sided NVE; 
there were too few cases of left- sided IE to evaluate statistically. In 
a randomised controlled trial by Fowler et al, the rates of treatment 
failure with both the standard treatment regimen (broad- spectrum 
penicillin/vancomycin and gentamicin) and daptomycin were 
similar, with significantly less renal adverse events documented in 
the daptomycin arm.45 The study raised questions regarding regular 
use of low- dose gentamicin in standard therapy which caused 
major renal dysfunction in patients in the standard treatment 
arm, and were addressed in a subsequent publication.46 Although 
labelled as ‘low- dose’ gentamicin use, we favour the designation 
of ‘short duration’ since the median daily dose of gentamicin was 
2.9 mg/kg. Patients who received gentamicin for ≤2 days before 
study enrolment versus those who did not receive this drug were 
more likely (p=0.005) to experience decreased creatinine clearan- 
ces. In response to these findings, AHA changed its recommen-
dations43 from ‘optional’ initial (3–5 days) gentamicin use for left- 
sided NVE due to MSSA in the 2005 iteration of the guidelines to 
a class III recommendation to avoid its use in the 2015 version.44

There is a renewed interest in defining the optimal therapy 
of left- sided MRSA IE and is based on both in vitro and in vivo 
findings that suggest the addition of a beta- lactam to either 
vancomycin or daptomycin can enhance killing of MRSA and 
potentially improve outcomes.47–49 Results of a randomised 
trial that examined combination therapy in patients with S. 
aureus bacteraemia (a minority with IE), however, raised safety 
concerns, which prompted early trial termination.50 Increased 
acute kidney injury was seen among patients who were adminis- 
tered vancomycin or daptomycin plus an anti- staphylococcal beta- 
lactam (flucloxacillin, cloxacillin or cefazolin). Thus, an individu-
alised approach to combination therapy in cases of MRSA IE can 
be considered and should be based on expert opinion.

Surgical intervention is critical in IE management; the prevalence 
of surgery has increased with up to 50% of patients undergoing 
surgery in some series44 for a variety of IE complications, including 
severe valvular regurgitation, heart failure, perivalvular extension 
of infection, IE not responsive to antimicrobial therapy or difficult 
to treat infection and prevention of embolism. Timing of surgery, 
other than emergent for severe heart failure, is a more complex deci-
sion that should be addressed by an endocarditis team.33

CONCLUSIONS
There has been a marked evolution in the paradigm of epide-
miology and risk factors for IE, with a growing component of 
PWID and healthcare- associated infections, that has driven the 
change in IE microbiology over the past few decades. There have 
been simultaneous advancements in diagnostic procedures and 
management options for IE which have also highlighted the 

Figure 2  Diagnostic approach to blood culture- negative endocarditis 
(BCNE).
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importance of the availability of multidisciplinary resources 
and an endocarditis team. However, the outcome of IE in recent 
years is less than optimum, largely owing to increased preva- 
lence of S. aureus and Enterococcus sp as pathogens, signal-
ling a dire need to re- evaluate our management approach and 
prevention strategies.

Correction notice This article has been corrected since it was published Online First. The author 
name ’M Rizwan Sohail’ was incorrectly spelt as ’Sohail M Rizwan’ and the supplementary tables 
file was replaced in line with the guideline recommendations referenced.
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RESUMO
Objetivo Monitorizar a atividade hospitalar para 
apresentação, diagnóstico e tratamento de doenças 
cardiovasculares durante a pandemia da COVID-19 a 
fim de informar sobre os seus efeitos indiretos.
Métodos Estudo de série retrospetivo transversal em 
nove hospitais do Reino Unido utilizando dados da 
atividade hospitalar de 28 de outubro de 2019 (pré-
-COVID-19) a 10 de maio de 2020 (pré-arranque do 
confinamento) e para as mesmas semanas durante 
2018-2019. Analisámos dados agregados para doen-
ças cardiovasculares selecionadas, antes e durante a 
epidemia. Produzimos uma ferramenta de visualiza-
ção online para permitir um acompanhamento em 
tempo quase real das tendências.
Resultados Em nove hospitais, o total de admissões 
e atendimentos de urgência diminuiu após o confi-
namento (23 de março de 2020) em 57,9% (57,1%-
58,6%) e 52,9% (52,2%-53,5%), respetivamente, 
em comparação com o ano anterior. A atividade para 
doenças cardíacas, cerebrovasculares e outras con-
dições vasculares começou a diminuir 1-2 semanas 
antes do confinamento e caiu 31%-88% após o 
confinamento, com as maiores reduções observadas 
em cirurgias de bypass da artéria coronária, endarte-
rectomia carotídea, reparação de aneurisma da aorta 
e procedimentos de doenças arteriais periféricas. 
Em comparação com o período anterior à primeira 
fase da COVID-19 no Reino Unido (31 de janeiro de 
2020), a atividade diminuiu entre doenças e espe-
cialidades entre o primeiro caso e o confinamento 
(redução relativa (RR) de total de atendimentos de 
urgência 0,94, 0,93-0,95; RR de total de admissões 
hospitalares 0,96, 0,95-0,97) e após o confinamento 
(RR de atendimentos 0,63, 0,62-0,64; RR de admis-
sões 0,59, 0,57-0,60). Verificou-se uma recuperação 
limitada, para os níveis habituais, de algumas ativida-
des a partir de meados de abril de 2020.
Conclusões Reduções substanciais nas atividades a 
nível global e cardiovascular são suscetíveis de con-
tribuir para uma carga elevada dos efeitos indiretos 
da pandemia, pelo que se sugere a sua monitorização 
e mitigação urgente.

INTRODUCTION
Beyond direct effects of the COVID-19 on 
populations in every country, the pandemic 
had and will continue to have indirect effects 

on morbidity and mortality, through changes 
in patient and clinician behaviour, and health 
system reorganisation.1 In order to plan and 
adapt responses to this and future public health 
threats, therefore, there is a need to understand 
the indirect effects of the pandemic on non- 
communicable diseases for both disease burden 
and health service provision.2

Cardiovascular diseases (CVDs) are the 
largest cause of morbidity and mortality in 
the UK and globally.3 4 Moreover, prior CVD 
is a major risk factor for complications and 
mortality associated with COVID-19.5 6 Govern-
ment guidance has advised individuals with 
CVD to pay particular attention to physical 
isolation measures.7 Concerns have been raised 
about provision of care during the pandemic for 
these diseases, from prevention to treatment, 
and are supported by data from multiple coun-
tries showing reduced service activity.8 9 In the 
UK, studies have reported reductions in activity 
across CVDs.10 11 Moreover, official national 
statistics show an excess of non- COVID-19 and 
CVD deaths,12 13 as well as a reduction in emer-
gency department (ED) attendances for cardiac 
presentations.14

There are multiple disease- specific national 
audits for CVD, in addition to routine primary 
and secondary care data. However, these sources 
often lag several weeks or even months behind 
real time, may not include the UK’s devolved 
nations and are not currently accessible for 
analyses.15 For audit, quality improvement, 
surveillance and to inform policy responses, 
it is necessary to determine changes in service 
delivery that occurred during the pandemic. 
Transparent, public- facing, near real- time infor-
mation has been shown to be of value to patients, 
the public, researchers, clinicians and policy-
makers alike during the pandemic.1 16

For presentation, diagnosis and treatment of 
CVD, we aimed to: (1) develop a protocol for 
national surveillance of CVD hospital services 
during the COVID-19 pandemic; (2) present 
pilot data from a preliminary cohort of hospi-
tals; and (3) design and implement a simple tool 
for monitoring and visualising trends in CVD 
hospital services in the UK.
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estimating associated 95% CIs using the Poisson exact method.19 
We calculated means of hospital statistics and their 95% CIs in 
the combined analyses. In addition, we calculated percentage 
change from the corresponding week in the previous year 
(2018–2019), together with 95% CIs using the Wilson score 
interval, in the three phases described above. We also calculated 
the percentage reduction in total hospital admissions and ED 
attendances around Christmas and New Year in 2019–2020 by 
comparing the period 16 December 2019–12 January 2020 to 
the immediately preceding period 18 November–15 December 
2019, using the same approach with equivalent weeks to calcu-
late the percentage reduction around Christmas and New Year 
in 2018–2019. We calculated 4- week rolling means, that is, the 
means of hospital activities over each 4- week period, starting 3 
weeks prior to the week of interest. Such rolling means enable 
clearer visualisation of trends for data items with low numbers 
and high variability. Where data providers suppressed values 
less than 5, we converted these to the value of 2.5 for analytic 
purposes. To demonstrate relative change of hospital activities 
between phases, we also calculated relative reduction (RR) in 
weekly counts compared with the first phase (before the first 
UK case of COVID-19). We performed all statistical proce-
dures in R (V.4.0.0). Relevant code is available at https:// github. 
com/ HDRUK/ 4C- Initiative.

Interactive data visualisation tool and patient and public 
involvement
As understanding trends and patterns in hospital activity 
should inform policymakers and other stakeholders in the 
planning of services as the UK eases out of lockdown, we deve-
loped an interactive online tool to enable dynamic visualisation 
of the data. It will enable periodic (eg, monthly) updates of data 
from contributing hospitals to monitor trends over time and 
facilitate incorporation of data from other UK hospitals and 
comparisons between hospitals (http://www. hospitalactivity. 
com). There was no formal patient and public involvement.

RESULTS
Overall hospital activity
Of 21 hospitals (or groups of regionally connected hospitals) 
contacted, 17 agreed to participate. Of these, nine hospitals 
distributed across England and Scotland, providing cardiovas-
cular services to an estimated population of up to 10 million 
people, contributed data in time for the analyses reported here. 
There were 513 703 hospital admissions from eight hospitals 
and 435 653 ED attendances from five hospitals during the 
period 28 October 2019–10 May 2020 compared with 599 372 
and 506 516, respectively, in 2018–2019. There were 676 and 
5182 COVID-19 related admissions from eight hospitals for the 
second and third phases (after the first UK case of COVID-19 
until lockdown commenced and from the start of lockdown 
onwards), respectively.

Across all hospitals, total admissions before the first case of 
COVID-19 were very similar to the corresponding period in 
2018–2019, including the expected dip in admissions of around 
12% during the Christmas period in December 2018 and 2019 
(online supplemental table 2). After lockdown, admissions 
decreased by 57.9% (95% CI 57.1% to 58.6%) compared with 
the previous year (table 1 and figure 1).

Overall ED attendances showed a similar pattern, with a 
small 3.4% (3.2%–3.5%) increase compared with the previous 
year before the first case, a more modest winter reduction of 
around 8% (online supplemental table 2), a marked 52.9% 
(52.2%–53.5%) reduction after lockdown and evidence of 
some recovery back towards pre- COVID-19 levels of activity 
from mid- April 2020. The reduction in hospital admissions 
was substantially larger than the number of admissions for 

METHODS
Study design and data sources
We conducted a retrospective hospital- based analysis of pre- 
sentations, diagnoses and treatments or procedures for selected 
CVDs in hospitals across the UK before and during the 
COVID-19 epidemic. The protocol was developed by a group 
of seven cardiovascular clinicians with relevant clinical, epide-
miological and health data science expertise and agreed with 
members of the CVD- COVID- UK collaboration, supported by 
the British Heart Foundation (BHF) Data Science Centre.17

Data collection
We sent email invitations to contribute data to the chief clinical 
information officers or other relevant contacts in 21 hospitals 
(or groups of regionally connected hospitals) across the UK. 
We requested aggregate data, with no individual level or linked 
data, including inpatient admissions and ED visits, both overall 
and for specified cardiovascular diagnoses and procedures or 
treatments, and we provided guidance on which International 
Classification of Diseases, 10th Revision (ICD-10), Office of 
Population Censuses and Surveys Classification of Interven-
tions and Procedures version 4 (OPCS-4) or equivalent codes 
to use. We selected six disease areas to gain an overview of 
CVD service provision in a short timescale:

 ► Acute coronary syndrome (ACS).
 ► Heart failure.
 ► Stroke and transient ischaemic attack.
 ► Venous thromboembolism.
 ► Peripheral arterial disease (PAD).
 ► Aortic aneurysm.
Online supplemental table 1 shows the data request sent to 

hospitals for weekly counts of relevant ED categories, hospital 
admission diagnoses and hospital treatments/procedures 
covering the period 28 October 2019–10 May 2020, designed 
to show activity in three phases: pre- COVID-19 pandemic to 
the first UK confirmed case of COVID-19 (31 January 2020), 
between the first COVID-19 case but prelockdown on 23 
March 2020 and postlockdown. All participating hospitals had 
local information governance approval.

Since our principal aim was to capture change in activity over 
time within each hospital rather than to make direct compari-
sons between hospitals, we incorporated a degree of flexibility in 
the way each data item was defined. For example, one hospital, 
which did not have timely access to ICD codes for ACS, was able 
to provide counts using a data capture tool embedded into the 
patient record that identifies all patients with ACS at the point 
of cardiac troponin testing.18 Where available, as measures of 
total acute activity, we requested counts of all ED attendances, 
all hospital admissions and all COVID-19 hospital admissions.

In addition, given known seasonal fluctuations in hospital 
services, we requested data on the same items from the same 
calendar weeks (or months) in the previous year (2018–2019) 
for comparison. We recognised that not all disease areas or 
treatments and procedures would be relevant to or available 
from every participating hospital, and so invited hospitals to 
contribute whichever data items they were able to.

Data analysis
The study period was divided into three phases based on 
complete weeks (Monday–Sunday) of data: (1) before the first 
case of SARS- CoV2 in the UK (28 October 2019–2 February 
2020 (14 weeks)); (2) between the first case and start of lock-
down in the UK (3 February 2020–22 March 2020 (7 weeks)); 
and (3) during lockdown (23 March 2020–10 May 2020 (7 
weeks)).

We used the aggregate data to compare the weekly counts 
within each hospital and across all hospitals combined, 



Prestação de cuidados de saúde, economia e cuidados de saúde globais

36 Ball S, et al. Heart 2020;0:1890–1897. doi:10.1136/heartjnl-2020-317870

COVID-19 (figure  1). Overall hospital admission and ED 
attendance patterns were generally consistent across indi-
vidual hospitals. However, while there was some recovery 
in ED attendances from mid- April 2020 in all hospitals that 
provided data, hospital admissions had only started to return 
towards usual levels in some, but not all, hospitals by early May 
(figure 2).

Cardiac, cerebrovascular and other vascular conditions
Compared with the previous year, hospital statistics on cardiac, 
cerebrovascular and other vascular conditions dropped by 
between 31% and 88% after lockdown (table 1). Most started 
to decline 1–2 weeks before the lockdown. Some recovery from 
mid- April 2020 was evident in ED attendances for these condi-
tions and for cardiac procedures (primarily driven by PCI) 
(figure 2, figure 3 and www. hospitalactivity. com). The greatest 
proportional reductions (65% or more) were in coronary artery 
bypass graft surgery, carotid endarterectomy, aortic aneurysm 
repair and procedures for PAD (table 1).

Comparison with the pre-COVID-19 period
Compared with the period before the first COVID-19 case, 
activity declined across diseases and specialties between the 
first case and lockdown (total ED attendances RR 0.94, 0.93–
0.95; total hospital admissions RR 0.96, 0.95–0.97) and, more 
markedly, after lockdown (total ED attendances RR 0.63, 0.62–
0.64; total hospital admissions RR 0.59, 0.57–0.60). Reductions 
in coronary artery bypass grafts, carotid endarterectomy, peri-
pheral arterial procedures and aortic aneurysm repairs were the 
most prominent (RRs 0.23– 0.49) (figure 4). All hospitals had 

reduced activities after lockdown but with variation between 
hospitals in the extent of reduction for different diseases and 
treatments (online supplemental figure 1).

DISCUSSION
Summary of findings
Three main findings have emerged from this rapid assimilation 
of UK hospital routine health data. First, the current data have 
shown in detail the pattern of sharp reductions in activity across 
CVDs, across services and across hospitals, during the initial 
wave of the pandemic. Second, the results have demonstrated 
that changes in hospital services started to occur prior to lock-
down, with some—but not all—moving towards pre- COVID-19 
activity levels by early May 2020. Third, the visualisation tool 
developed for this analysis has illustrated how aggregate data 
can be collected from hospitals and presented rapidly.

Our results indicate the reduction in overall admissions was 
substantially larger than the increase in COVID-19 related 
admissions across all hospitals that provided information on 
both. Adapting hospital services to address the pandemic has 
been more complex than simply accommodating an increase 
in hospital admissions. Hospitals had to create additional criti- 
cal care capacity by repurposing operating theatres and staff, 
therefore, cancelling elective surgical procedures. Hospital- 
wide measures have also been required to minimise spread of 
infection. These adaptations necessitated reductions in overall 
activity. Primary care in the UK shifted to a total triage system 
and remote consultation, wherever possible, with unknown 
consequences, including impact on hospital referral. These 
service adaptations were justifiable, but the marked reduction 

Table  1  Hospital statistics as percentage change from corresponding dates in 2018–2019

No. of hospitals

Percentage change from 2018 to 2019

Before first case Between first case and lockdown After lockdown

% 95% CI % 95% CI % 95% CI

Overall

  Total ED attendances 5 3.4 3.2 to 3.6 −8.8 −8.4 to −9.1 −52.8 −52.2 to −53.5

  Total hospital admissions 8 1.1 1.0 to 1.2 −6.3 −6.0 to −6.7 −58.2 −57.5 to −58.9

Cardiac

  ED attendance with cardiac conditions 4 5.7 4.3 to 7.6 −9.6 −7.2 to −12.8 −40.2 −35.6 to −45.0

  Admission with ACS 9 −1.7 −1.1 to −2.6 −15.7 −13.0 to −18.9 −39.4 −35.3 to −43.5

  Admission with heart failure 7 6.1 5.1 to 7.3 −3.2 −2.2 to −4.5 −49.0 −45.7 to −52.2

  PCI performed 7 −6.9 −5.0 to −9.4 −8.2 −5.4 to −12.2 −39.6 −33.7 to −45.8

  Cardiac pacemaker and resynchronisation 8 2.3 1.0 to 4.9 0.0 0.0 to 2.8 −47.2 −38.8 to −55.9

  CABG performed 6 −9.4 −5.0 to −16.9 −9.8 −4.3 to −21.0 −69.6 −55.2 to −80.9

Cerebrovascular

  ED attendance with cerebrovascular 
conditions

4 −1.9 −1.0 to −3.5 −6.5 −4.0 to −10.2 −31.8 −26.2 to −38.0

  Admission with acute stroke/TIA 6 −7.5 −5.8 to −9.8 −11.9 −8.8 to −15.8 −49.2 −43.7 to −54.7

  Stroke thrombolysis and thrombectomy 5 −5.6 −1.0 to −25.8 0.0 0.0 to 25.9 −45.5 −21.3 to −72.0

  Carotid endarterectomy/stenting 4 30.8 12.7 to 57.6 25.0 7.1 to 59.1 −66.7 −30.0 to −90.3

  Cerebral aneurysm coiling 5 −9.6 −5.7 to −15.7 −35.8 −26.9 to −45.8 −59.4 −47.1 to −70.5

Other vascular

  ED attendance with vascular conditions 3 0.6 0.1 to 3.2 −16.0 −9.9 to −24.7 −40.6 −31.5 to −50.3

  Admission with aortic aneurysms 7 13.7 10.1 to 18.2 9.4 5.5 to 15.3 −53.0 −44.5 to −61.3

  Admission with peripheral arterial disease 6 14.4 12.4 to 16.8 2.8 1.7 to 4.7 −49.2 −44.8 to −53.6

  Admission with DVT or PE 6 11.5 8.6 to 15.0 −12.9 −8.9 to −18.2 −37.2 −30.6 to −44.2

  Limb revascularisation, bypass or amputation 6 −1.2 −0.4 to −3.3 −3.7 −1.6 to −8.3 −68.2 −59.8 to −75.5

  Aortic aneurysm repair 6 −18.8 −10.2 to −31.9 −20.8 −9.2 to −40.5 −88.2 −65.7 to −96.7

  Peripheral angioplasty 6 15.0 10.1 to 21.6 9.1 4.5 to 17.6 −65.5 −54.8 to −74.8

After lockdown=23 March 2020–10 May 2020.
Before first case=28 October 2019–2 February 2020.
Between first case and lockdown=3 February 2020–22 March 2020.
ACS, acute coronary syndrome; CABG, coronary artery bypass graft; DVT, deep vein thrombosis; ED, emergency department; PCI, percutaneous coronary intervention; PE, 
pulmonary embolism; TIA, transient ischaemic attack.
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in overall hospital admissions compared with the numbers due 
to COVID-19 raises the possibility of overall health service 
overcompensation. The observed reduction in hospital activity 
will undoubtedly lead to adverse, indirect, long- term impacts 
on care and incidence of non- COVID-19 diseases. Under-
standing patient and professional behaviours and service 
organisational factors contributing to the observed response 
across different parts of the health service should help in plan-
ning appropriate service adaptation for potential further surge 
of COVID-19 or future emergencies.

The present data showed a dramatic and consistent decline in 
overall admissions and ED attendances from ~2 weeks before 

lockdown. This may reflect changes in behaviour of clinicians, 
hospital management and the public, which occurred prior to 
lockdown. It is possible that disease incidence of both cardio-
vascular and non- cardiovascular conditions decreased, which 
needs to be investigated. There was evidence of recovery in ED 
attendances and in admissions in some hospitals from around 
mid- April 2020, although, as of 10 May 2020, activity gene- 
rally remained below that of the previous year. We also observed 
marked reductions in CVD- specific ED attendances, admis-
sions and hospital procedures and treatments, although with 
some recovery in ED attendances and percutaneous coronary 
interventions (PCI) from mid- April 2020.

Figure 1 Overall hospital activity (admissions, ED attendances and COVID-19 admissions) between 31 October 2019 and 10 May 2020 compared 
with the same weeks from 2018 to 2019. Lines describe the mean hospital activities in 2019–2020 (solid) and 2018–2019 (dotted). Shading 
represents 95% CI of the respective hospital activity. The first case of COVID-19 was on 31 January 2020 and lockdown started on 23 March 2020. ED, 
emergency department.

Figure 2 Percentage change compared with the previous year in ED attendances and hospital admissions for individual hospitals. Eight hospitals 
provided data on hospital admissions and five hospitals (A, B, C, D and H) also provided data on ED attendances. Hospital G did not provide these 
hospital statistics and is not shown. ED, emergency department.
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We assessed relative change in activity both through 
percentage change compared with the previous year and 
through relative reduction compared with before the first UK 
COVID-19 case. These two approaches yielded consistent 
results, suggesting that the observed reductions related mainly 
to the COVID-19 pandemic rather than to expected variations 
(eg, the known declining rates in carotid endarterectomy20 or 
seasonal fluctuations). Reductions in procedures for CVDs and 
PAD were particularly dramatic, with no evidence of recovery 
by early May. The number of coronary artery bypass surgery 
(CABG) was more than halved during the pandemic with a 
less marked reduction in PCI (figure 4 and table 1). While we 
did not collect data to explore the reasons for this disparity 
between modes of coronary revascularisation, several factors 
may be relevant. The repurposing of cardiac surgical and 
anaesthetic resources during the pandemic will underpin the 
reduction in cardiac surgical procedures. Furthermore, some 
patients who had been referred or accepted for CABG were 
redirected in some hospitals to be treated instead by PCI, 
which does not require anaesthetic support. Guidelines from 
the UK’s Vascular Society early in the pandemic suggested 
increasing the size threshold for elective surgical intervention 

for abdominal aortic aneurysms and the avoidance of carotid 
endarterectomy.21 This advice will have contributed to the 
dramatic decline in aortic aneurysm repairs and carotid 
endarterectomies. These disease- specific and service- specific 
data enable monitoring of service activity as well as estimates 
to inform on the indirect effects of the pandemic on morbidity, 
mortality and health economic measures.1 10

We demonstrated that hospitals across the UK were willing 
and able to rapidly provide aggregate data to monitor trends 
in overall and CVD- specific activity in close to real time. 
Furthermore, we have developed an online tool to facili-
tate the inclusion of additional hospitals and incorporate 
data updates for ongoing monitoring of trends in hospital 
activity as lockdown restrictions ease across the UK in the 
coming weeks and months. These data and our tool provide 
surveillance of overall and cardiovascular hospital activities 
and could inform which services for which diseases require 
particular attention at system level and at hospital level. This 
framework could be used in other non- COVID-19 diseases, 
for example, cancer and respiratory disease, where national 
efforts are already underway (eg, those led by the Health 
Data Research UK cancer and respiratory research hubs, 

Figure  3 % change compared with the previous year in ED attendance, hospital admissions and procedures/treatments for cardiac, cerebrovascular 
and other vascular conditions. Cardiac ED attendances are those with an ED diagnosis code for cardiac conditions; cardiac admissions include 
those with acute coronary syndrome or heart failure; cardiac procedures/treatments include percutaneous coronary intervention, cardiac pacemaker 
or resynchronisation and coronary artery bypass graft; cerebrovascular ED attendances are those with an ED diagnosis code for cerebrovascular 
conditions; cerebrovascular admissions include those with acute stroke (ischaemic, intracerebral haemorrhage or subarachnoid haemorrhage) or 
transient ischaemic attack; cerebrovascular procedures/treatments include stroke thrombolysis, thrombectomy, carotid endarterectomy/stenting 
or cerebral aneurysm coiling; other vascular ED attendances are those with an ED diagnosis code for other vascular conditions; other vascular 
admissions include those with aortic aneurysms, DVT, PE or peripheral arterial disease; other vascular procedures include aortic aneurysm repair, limb 
revascularisation, bypass or amputation and peripheral angioplasty. Horizontal brown line indicates 0%; vertical green dotted line indicates first 
confirmed COVID-19 case on 31 January 2020; vertical purple dotted line indicates lockdown date on 23 March 2020. Shading represents 95% CIs of 
% change. DVT, deep vein thrombosis; ED, emergency department; PE, pulmonary embolism.
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DATACAN and BREATHE, respectively).22 23 These types of 
data need to be integrated across disease- specific domains in 
order to tackle the complex nature of the indirect effects of 
the pandemic as well as the prominent role of multimorbidity 
in the risk of COVID-19 severity and mortality. Such data are 
not currently part of routine pandemic or emergency prepa- 
redness,24 but the scale of the indirect effects across the UK 
and worldwide suggests that this situation needs to change.

Comparison with other data
National mortality data from the UK and other countries also 
demonstrate the direct and indirect impacts of the pandemic, 
showing peaks in COVID-19 deaths, non- COVID-19 deaths 
and CVD deaths.25 26 Other studies have also reported similar 
reductions in hospital activity overall, for CVDs and for other 
conditions (eg, cancer) during the COVID-19 pandemic, 
both in the UK and many other countries.9 27–29 Our results 
on procedures and treatments for CVDs are consistent with 
the estimated cancellation rate of over 70% for elective opera-
tions based on projections from the initial response to the 
pandemic.29 Where reported, recovery of activity has generally 
been slow; for example, in hospitals in China, CVD activity 
remained below pre- COVID-19 levels for 2–3 months, even 
after easing lockdown.10 To our knowledge, the present report 
is the first UK study to have recorded overall and cardiovas-
cular hospital activity over a long enough period since lock-
down to show the beginning of recovery in some measures and 
is the only study we are aware of to provide analyses of these via 
an online tool designed to include data from additional hospi-
tals and regular updates over the months ahead.

Strengths and limitations
The simple, aggregate nature of our data request enabled a 
large proportion of the hospitals contacted to provide data in a 
short timeframe. This has made possible the notion of a regu-
larly updated online tool that can incorporate and display near 
real- time data from an increasing number of hospitals across 
the UK. However, the aggregate nature of the data means that 
the influence of individual- level factors such as age, socioeco-
nomic status, ethnicity and comorbidities cannot be explored. 
Furthermore, our current data request combines data on the 
primary and other (secondary) reasons for hospital admission 
and does not subdivide admissions or procedures according to 
elective (planned) and emergency (unplanned) activity. Future 
modifications of our data collection procedures could enable 
separate analysis of elective and emergency procedures. Finally, 
we used data from the previous calendar year as a comparator 
to calculate percentage change in activity. While data averaged 
across the previous 5 years may provide a more stable compa- 
rator and has been used to assess excess mortality from national 
mortality data, such data would mask longer term trends in 
some activities (eg, reductions in carotid endarterectomies and 
aortic aneurysm repairs and increasing numbers of procedures 
for PAD),30 hospitals may have found it more challenging to 
provide these data, and changes in hospital catchment areas and 
service arrangements would be more likely to have occurred 
over a longer period.

CONCLUSION
In conclusion, we have shown the value of simple aggregate data 
for monitoring changes in general and disease- specific hospital 

Figure  4 Relative reductions in hospital activities during the COVID-19 pandemic. Relative reduction (RR) comparing phase 2 (between first case 
and lockdown) and phase 3 (after lockdown) to phase 1 (before first case). ACS, acute coronary syndrome; CABG, coronary artery bypass graft; DVT, 
deep vein thrombosis; ED, emergency department; PCI, percutaneous coronary interventions; PE, pulmonary embolus; TIA, transient ischaemic attack.
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activity during the course of the COVID-19 pandemic in the UK 
and the potential for further development of an online tool to 
enable ongoing monitoring. This will enable individual hospitals 
to compare activity in their hospital with others and could provide 
real- time data to inform the planning and prioritisation of service 
responses to the current and future public health emergencies.
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What is already known on this subject?
 ► There were excess non- COVID-19 and cardiovascular disease 
(CVD) deaths during the COVID-19 pandemic.

 ► Disease burden and health service provision for CVD is 
unclear.

What might this study add?
 ► Activity for cardiac, cerebrovascular and other vascular 
conditions fell by 31%–88% after lockdown with the greatest 
reductions observed in coronary artery bypass grafts, carotid 
endarterectomy, aortic aneurysm repair and peripheral arterial 
disease procedures.

How might this impact on clinical practice?
 ► Health service providers should monitor hospital activities and 
develop strategies to mitigate indirect effects of the COVID-19 
pandemic resulted from reduced total and cardiovascular 
activities.

Key messages
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RESUMO
Objetivo Descrever o local e as causas de morte car-
diovascular aguda durante a pandemia de COVID-19.
Métodos Coorte retrospetiva de mortes cardiovas-
culares agudas (n=5 87 225) de adultos (idade ≥18 
anos) em Inglaterra e no País de Gales, entre 1 de 
janeiro de 2014 e 30 de junho de 2020. A exposi-
ção foi a pandemia de COVID-19 (desde o início da 
primeira morte por COVID-19 em Inglaterra, a 2 de 
março de 2020). O principal resultado foi eventos car-
diovasculares agudos que contribuíram diretamente 
para a morte.
Resultados Após 2 de março de 2020, ocorreram 
28 969 mortes cardiovasculares agudas, das quais 
5,1% estavam relacionadas com a COVID-19, e 
um excesso de mortalidade cardiovascular aguda 
de 2085 (+8%). As mortes na comunidade foram 
responsáveis por quase metade de todas as mortes 
durante este período. A morte em casa teve o maior 
excesso de mortes cardiovasculares agudas (2279, 
+35%), seguida pelas mortes em lares e hospícios 
(1095, +32%) e em hospital (50, +0%). A causa mais 
frequente de morte cardiovascular aguda durante 
este período foi acidente vascular cerebral (10 318, 
35,6%), seguida de síndrome coronária aguda 
(SCA) (7 098, 24,5%), insuficiência cardíaca (6 770, 
23,4%), embolia pulmonar (2 689, 9,3%) e paragem 
cardíaca (1 328, 4,6%). A maior causa de excesso de 
morte cardiovascular em lares e hospícios foi acidente 
vascular cerebral (715, +39%), em comparação com 
SCA (768, +41%) em casa e choque cardiogénico 
(55, +15%) em hospital.
Conclusões e relevância A pandemia de COVID-
19 resultou numa inflação das mortes cardiovascula-
res agudas, sendo que quase metade delas ocorreram 
na comunidade e a maioria não esteve relacionada 
com a infeção por COVID-19, o que sugere que 
se verificaram atrasos na procura de ajuda ou que 
foram, provavelmente, o resultado de COVID-19 não 
diagnosticado.

INTRODUCTION
Cardiovascular disease (CVD) is one of the most 
prevalent underlying condition associated with 
increased mortality from COVID-19 infec-
tion.1–5 Yet, we and others have shown a substan-
tial reduction in presentations to hospitals with 
acute cardiovascular (CV) conditions including 
acute coronary syndrome, heart failure, cardiac 
arrhythmia and stroke during the pandemic.6–11 
This would be expected to result in a much higher 
number of deaths, unless there has been an actual 
decrease in the incidence of these acute conditions. 
The detailed impact on mortality from acute CVD 
has, however, not been studied at national level.

We now report, with high temporal resolu-
tion, CV- specific mortality during COVID-19 

in England and Wales. In particular, we have 
evaluated the location of CV deaths (eg, hospi-
tals, home or care homes), their relation to 
COVID-19 infection and the specific CV fatal 
events that contributed directly to death. This 
information is vital for the understanding of 
healthcare policy during the pandemic and to 
assist governments around the world reorganise 
healthcare services.

METHODS
Data and deaths
The analytical cohort included all certified and 
registered deaths in England and Wales ≥18 years 
of age, between 1 January 2014 and 30 June 2020 
recorded in the Civil Registration Deaths Data 
of the Office for National Statistics (ONS) of 
England and Wales.12

Acute CV death
The primary analysis was based on any of the 10th 
revision of the International Statistical Classifi-
cation of Diseases and Related Health Problems 
(ICD-10) codes corresponding to the immediate 
cause of death and contributed causes registered, 
as stated on the medical certificate of cause of 
death (MCCD). The MCCD is completed by the 
doctor who attended the deceased during their 
last illness within 5 days unless there is to be a 
coroner’s postmortem or an inquest. CV events 
directly leading to death (herein called acute 
CV deaths) were categorised as acute coronary 
syndrome (ST- elevation myocardial infarc-
tion (STEMI), non- STEMI, type 2 myocardial 
infarction, reinfarction) abbreviated as acute 
coronary syndrome, heart failure, cardiac arrest, 
ventricular tachycardia (VT) and/or ventricular 
fibrillation (VF), stroke (acute ischaemic stroke, 
acute haemorrhagic stroke, other non- cerebral 
strokes, unspecified stroke), cardiogenic shock, 
pulmonary embolism, deep venous thrombosis, 
aortic disease (aortic aneurysm rupture and 
aortic dissection) and infective endocarditis 
(online supplemental table 1). ICD-10 codes 
‘U071’ (confirmed) and ‘U072’ (suspected) were 
used to identify whether a death was related to 
COVID-19 infection on any part of the MCCD. 
The place of death as recorded on the MCCD 
was classified as home, care home and hospice, 
and hospital.

Statistical analyses
Baseline characteristics were described using 
numbers and percentages for categorical data. 
Data were stratified by COVID-19 status 
(suspected or confirmed, not infected), age band 
(<50, 50–59, 60–69, 70–79, 80+ years)), sex and 
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place of death (home, hospital, care home or hospice). The 
number of daily deaths was presented using a 7- day simple 
moving average (the mean number of daily deaths for that 
day and the preceding 6 days) from 1 February 2020 up to and 
including 30 June 2020, adjusted for seasonality.

The expected daily deaths from 1 February 2020 up to and 
including 30 June 2020 were estimated using Farrington surveil-
lance algorithm for daily historical data between 2014 and 
2020.13 The algorithm used overdispersed Poisson generalised 
linear models with spline terms to model trends in counts of 
daily death, accounting for seasonality. The number of non- 
COVID-19 CV deaths each day from 1 February 2020 were 
subtracted from the estimated expected daily deaths in the same 
time period to create a zero historical baseline. Deaths above 
this baseline maybe interpreted as excess mortality, which 
were calculated as the difference between the observed daily 
deaths and the expected daily deaths. Negative values, where 
the observed deaths fell below the expected deaths, were set to 
zero. The rate of excess deaths was derived from dividing excess 
mortality by the sum of the expected deaths between 2 March 
2020 and 30 June 2020.

For the categories of acute CV death, the ICD-10 code on the 
MCCD was counted only once per deceased. Thus, the overall 
rate of acute CV death represents the number of people with 
a direct CV cause of death. Given that, people may have more 
than one of the predefined CV events leading to death, analyses 
for each of the predefined CV categories represent the number 
of events (not people) per category. For the purposes of this 
investigation, CVD that contributed, but did not directly lead 
to death were excluded from the analyses. All tests were two 
sided and statistical significance considered as p<0.05. Statis-
tical analyses were performed in R V.4.0.0, and the Farrington 
surveillance algorithm was fitted using R package ‘surveillance’.

RESULTS
Between 1 January 2014 and 30 June 2020, there were 
3 450 381 deaths from all causes among adults. The propor-
tion of deaths increased with increasing age band and there 
were 1 752 908 (50.8%) in women (table 1). People dying from 
any of the directly contributing CV categories accounted for 
587 225 (17.0%) of all deaths, of which 6.0% had at least two 
of the predefined CV categories that directly contributed to 

Table  1  Acute CV deaths before and after 2 March 2020, by COVID-19 status

Acute CV deaths before 2 
March 2020

Non- COVID-19 acute CV 
deaths after 2 March 2020

COVID-19 acute CV 
deaths after 2 March 
2020

Acute CV deaths after 2 
March 2020

Total n=5 58 256 n=27 489 n=1480 n=28 969

Sex

  Men 288 834 (51.7) 14 602 (53.1) 855 (57.8) 15 457 (53.4)

  Women 269 422 (48.3) 12 887 (46.9) 625 (42.2) 13 512 (46.6)

Age category (years)

  18–49 20 213 (3.6) 1096 (4.0) 57 (3.9) 1153 (4.0)

  50–59 32 671 (5.9) 1863 (6.8) 124 (8.4) 1987 (6.9)

  60–69 64 763 (11.6) 3415 (12.4) 212 (14.3) 3627 (12.5)

  70–79 128 862 (23.1) 6718 (24.4) 379 (25.6) 7097 (24.5)

  80+ 311 747 (55.8) 14 397 (52.4) 708 (47.8) 15 105 (52.1)

Region

  North East 24 119 (5.1) 1354 (4.9) 61 (4.1) 1415 (4.9)

  North West 65 446 (13.7) 3671 (13.4) 198 (13.4) 3869 (13.4)

  Yorkshire and the Humber 48 031 (10.1) 2700 (9.8) 136 (9.2) 2836 (9.8)

  East Midlands 36 544 (7.7) 2172 (7.9) 91 (6.1) 2263 (7.8)

  West Midlands 51 891 (10.9) 3022 (11.0) 193 (13.0) 3215 (11.1)

  East of England 49 032 (10.3) 2819 (10.3) 136 (9.2) 2955 (10.2)

  London 50 846 (10.7) 2903 (10.6) 268 (18.1) 3171 (10.9)

  South East 71 515 (15.0) 4169 (15.2) 239 (16.1) 4408 (15.2)

  South West 49 524 (10.4) 3027 (11.0) 78 (5.3) 3105 (10.7)

  Wales 29 311 (6.2) 1651 (6.0) 80 (5.4) 1731 (6.0)

Place of death*

  Home 128 407 (23.5) 8654 (32.2) 105 (7.1) 8759 (30.9)

  Care home and hospice 73 971 (13.5) 4271 (15.9) 174 (11.8) 4445 (15.7)

  Hospital 345 087 (63.0) 13 929 (51.9) 1196 (81.1) 15 125 (53.4)

Underlying acute CV cause of deaths†

  Stroke 199 730 (35.8) 7789 (36.2) 501 (38.3) 8290 (36.3)

  Acute coronary syndrome 140 316 (25.1) 5256 (24.4) 276 (21.1) 5532 (24.2)

  Heart failure 122 138 (21.9) 5048 (23.5) 232 (17.8) 5280 (23.1)

  Pulmonary embolism 50 744 (9.1) 1844 (8.6) 223 (17.1) 2067 (9.1)

  Cardiac arrest 29 255 (5.2) 954 (4.4) 83 (6.4) 1037 (4.5)

  Aortic diseases 28 446 (5.1) 888 (4.1) 4 (0.3) 892 (3.9)

  Infective endocarditis 13 499 (2.4) 648 (3.0) 28 (2.1) 676 (3.0)

  Cardiogenic shock 6596 (1.2) 205 (1.0) 13 (1.0) 218 (1.0)

  VT and VF 2356 (0.4) 73 (0.3) 3 (0.2) 76 (0.3)

  Deep vein thrombosis 480 (0.1) 74 (0.3) 2 (0.2) 76 (0.3)

*The numbers do not add up to the total deaths due to missingness (1.9%).
†Listed CV- related conditions may not add up to 100% because some deaths may have multiple CV- related conditions.
CV, cardiovascular; VF, ventricular fibrillation; VT, ventricular tachycardia.
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death. Most deaths occurred in hospital (63.0%) followed by 
home (23.5%) and at care home (13.5%).

Acute CV deaths after 2 March 2020
Following the first UK death from COVID-19 on 2 March 2020, 
there were 28 969 acute CV deaths of which 5.1% related to 
COVID-19 (7.9% suspected; 92.1% confirmed), and an excess 
acute CV mortality of 2085 (a proportional increase of 8%) 
compared with the expected historical average in the same time 
period of the year. COVID-19 deaths accounted for 1307 (71.0%) 
of all excess deaths after this date (figure 1, table 2). Qualitatively, 
excess acute CV mortality began in late March 2020 and peaked 
in early April 2020. While hospital remained the most frequent 
place of acute CV death, there were proportionally fewer deaths 
in hospital (53.4% vs 63.0%) and more at home (30.9% vs 23.5%) 
and in care homes (15.7% vs 13.5%) (table 1). Moreover, deaths 
at home saw the greatest increase in excess acute CV deaths (a 
proportional increase of 35%), followed by deaths at care homes 
(a proportional increase of 32%) and there was no excess acute 
CV deaths in hospital (table 2). The number of excess acute CV 
deaths were higher more among men than women (1182 vs 948; 
a proportional increase of 8% vs 7%) and were highest in the 
age category 18–49 years (176, a proportional increase of 17%) 
(table 2). The most frequent cause of acute CV death during the 
COVID-19 pandemic was stroke (35.6%), followed by acute coro-
nary syndrome (24.5%), heart failure (23.4%), pulmonary embo-
lism (9.3%) and cardiac arrest (4.6%) (table  1). Moreover, deep 
vein thrombosis demonstrated the greatest increase in excess acute 
CV death (20, a proportional increase of 23%), followed by pulmo-
nary embolism (437, a proportional increase of 19%) and cardio-
genic shock (54, a proportional increase of 14%) (figure 2, table 2).

COVID-19-related acute CV deaths
Compared with deaths prior to 2 March 2020, COVID-19 
related acute CV deaths were more likely to occur in hospital 

(81.1% vs 63.0%), much less at home (7.1% vs 23.5%) and 
remained of similar proportions to non- COVID-19- related 
acute CV deaths in care homes (13.5% vs 11.8%). The rate of 
COVID-19- related excess CV deaths was higher in hospitals 
than care homes (a proportional increase of 7% vs +5%) and 
less at home (a proportional increase of 2%). Excess COVID-
19- related acute CV deaths occurred in similar proportions for 
men and women (a proportional increase of 6% vs 5%), and the 
rate of excess COVID-19- related acute CV deaths was compa-
rable across the age bands (table 2). The greatest proportional 
increase of excess COVID-19- related acute CV death was 
due to pulmonary embolism (251, a proportional increase of 
11%) followed by stroke (562, a proportional increase of 6%), 
acute coronary syndrome (318, a proportional increase of 5%), 
cardiac arrest (93, a proportional increase of 6%) and heart 
failure (273, a proportional increase of 4%) (figure 2, table 2).

Place and cause of death after 2 March 2020
The most frequent causes of excess acute CV death in care homes 
and hospices were stroke (715, a proportional increase of 39%) 
and heart failure (227, a proportional increase of 25%), which 
compared with acute coronary syndrome (768, a proportional 
increase of 41%) and heart failure (734, a proportional increase 
of 33%) at home, and pulmonary embolism (155, a proportional 
increase of 13%) and cardiogenic shock (55, a proportional increase 
of 15%) in hospital (figure 3, table 3). For stroke, acute coronary 
syndrome, heart failure and cardiac arrest, the numbers of deaths 
in hospital were lower than the historical baseline (figure 3).

An additional very important issue supporting the use of 
genetic testing is that the finding of a pathogenic mutation makes 
it much easier to screen and diagnose FH in the rest of the family.

DISCUSSION
We show for the first time, in a nationwide complete analy- 
sis of all adult deaths, the extent, site and underlying causes 

Figure 1 Time series of acute cardiovascular (CV) deaths, by place of death. The number of daily CV deaths is presented using a 7- day simple 
moving average (indicating the mean number of daily CV deaths for that day and the preceding 6 days) from 1 February 2020 up to and including 
30 June 2020, adjusted for seasonality. The number of non- COVID-19 excess CV deaths each day from 1 February 2020 were subtracted from the 
expected daily death estimated using Farrington surveillance algorithm in the same time period. The green line is a zero historical baseline. The red 
line represents daily COVID-19 CV death from 2 March to 30 June 2020; the purple line represents excess daily non- COVID-19 CV death from 2 March 
to 30 June 2020 and the blue line represents the total excess daily CV death from 1 February to 30 June 2020.
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of the increased acute CV mortality during the COVID-19 
pandemic compared with previous years. This shows that 
the pandemic has resulted in an abrupt inflation in acute CV 
deaths above that expected for the time of year. Nearly half of 
the deaths occurred outside of the hospital setting, either at 
home or in care homes, with people’s homes witnessing the 
greatest proportional increase in excess acute CV deaths. The 
most frequent cause of acute CV death during the COVID-19 
pandemic in England and Wales was stroke followed by acute 
coronary syndrome and heart failure. This is key information 
to optimise messaging to the public, as well as for allocation of 
health resources and planning.

Numerous international studies have reported the decline 
in hospital presentations for a range of CV emergencies.6–11 To 
the best of our knowledge, this is the first study to show that 
this is associated with an adverse overall CV impact. While 
stroke and acute coronary syndrome accounted for the vast 
majority of acute CV deaths, the number of deaths in hospital 
due to these conditions fell below that expected for the time 

of year and it increased in the community, and particularly in 
people’s homes. This ‘displacement of death’, most likely, signi-
fies that the public either did not seek help or were not referred 
to hospital during the pandemic—a finding supported by the 
fact that the majority of acute CV deaths were not recorded 
as related to infection with COVID-19. Given the times series 
plots show that the excess in acute CV mortality began in late 
March 2020 and peaked in early April 2020, government direc-
tives at the time including the onset of the UK lockdown on 
23 March 2020 could have accentuated a maladaptive public 
response.

The major causes of acute CV death were different between 
hospital and community settings. This ‘differential of cause of 
death by place’ provides an understanding of how the infec-
tion and public response to the pandemic played out. The most 
frequent cause of excess acute CV death in people’s homes was 
acute coronary syndrome, in care homes and hospices it was 
stroke and in hospital it was pulmonary embolism. Assuming 
that the public did not seek help for medical emergencies for 
fear of contagion in hospital or to prevent hospitals being over-
whelmed, then it is not surprising that there were deaths from 
acute coronary syndrome at home. Complications of untreated 
acute myocardial infarction include cardiac arrest, arrhythmia 
and acute heart failure. We found that in people’s homes there 
were increases in excess acute CV deaths from cardiac arrest (in 
line with others’ findings14) and heart failure, and in hospitals 
there were increases in excess deaths from cardiogenic shock and 
VT and VF—all of which are complications of late presentation 
myocardial infarction. In hospital, we also found an inflation 
of deaths from infective endocarditis and aortic dissection and 
rupture, indicating perhaps a more advanced (and for some, irre-
versible) stage of disease presentation during the pandemic, akin 
to the situation with acute myocardial infarction.

Care homes and hospices witnessed a substantial increase 
in excess acute CV deaths. Herein, stroke, heart failure, acute 
coronary syndrome and pulmonary embolism were the the 
most common causes of acute CV death. This finding high-
lights the susceptibility of the elderly and comorbid to the wider 
implications of COVID-19 crisis. That is, not only were care 
home residents prone to the respiratory effects of COVID-19 
infection but they will also have been exposed to the acute 
CV complications of COVID-19 and decisions not to go to 
hospital for fear of becoming infected. This situation will have 
been exacerbated by several factors, including the discharge of 
unknowingly infected patients from hospitals to care homes 
early in the course of the pandemic (where the virus could 
easily spread15 and actions to reduce the spread of the virus 
in social care were too late and insufficient16), a lack of syste-
matic antibody testing for the SARS- CoV-2 virus, the efficient 
person- to- person transmission of the virus, and its propensity 
to death in the vulnerable.1 17

While previous reports have described an elevated risk of 
death among the elderly and people with CV disease during 
the COVID-19 pandemic, none have characterised the CV 
events directly leading to death and few quantified the excess 
in acute CV mortality.1 3 18 To date, insights have been derived 
from small series of cases, regional or national death records 
data—each reporting elevated mortality rates, but none by 
the type and place of CV death together.1 2 18–22 The unique 
strengths of this investigation include full population coverage 
of all adult deaths across places of death. Most previous reports 
have been confined to hospitals deaths and have not captured 
the full extent of the impact of the pandemic, including deaths 
outside of hospitals in people who may not have been tested 
for the disease.

Nonetheless, our study has limitations. During the 
COVID-19 pandemic, emergency guidance enabled any 
doctor in the UK (not just the attending) to complete the 

Table  2 COVID-19 related and total excess acute CV deaths

Excess acute CV deaths

COVID-19 related Total*

Total 1480 (+5%) 2085 (+8%)

Sex

  Men 855 (+6%) 1182 (+8%)

  Women 625 (+5%) 948 (+7%)

Age category (years)   

  18–49 57 (+5%) 176 (+17%)

  50–59 124 (+7%) 248 (+14%)

  60–69 212 (+7%) 468 (+15%)

  70–79 379 (+6%) 688 (+11%)

  80+ 708 (+5%) 734 (+5%)

Region

  North East 61 (+4%) 70 (+5%)

  North West 198 (+5%) 159 (+4%)

  Yorkshire and the Humber 136 (+5%) 161 (+6%)

  East Midlands 91 (+4%) 117 (+5%)

  West Midlands 193 (+6%) 309 (+10%)

  East of England 136 (+5%) 153 (+5%)

  London 268 (+9%) 323 (+11%)

  South East 239 (+5%) 187 (+4%)

  South West 78 (+3%) 189 (+6%)

  Wales 80 (+4%) 55 (+3%)

Place of death†

  Home 105 (+2%) 2279 (+35%)

  Care home and hospice 174 (+5%) 1095 (+32%)

  Hospital 1196 (+7%) 50 (+0%)

Underlying acute CV cause of deaths   

  Stroke 562 (+6%) 825 (+8%)

  Acute coronary syndrome 318 (+5%) 603 (+9%)

  Heart failure 273 (+4%) 552 (+9%)

  Pulmonary embolism 251 (+11%) 437 (+19%)

  Cardiac arrest 93 (+6%) 28 (+2%)

  Aortic diseases 4 (+0%) 25 (+2%)

  Infective endocarditis 32 (+4%) 92 (+11%)

  Cardiogenic shock 14 (+4%) 54 (+14%)

  VT and VF 4 (+2%) 23 (+12%)

  Deep vein thrombosis 2 (+2%) 20 (+23%)

*The excess death in subcategories may not add up to the total excess deaths 
due to estimation and rounding error when comparing to the respective historical 
average.
†The excess death in place of death do not add up to the total excess deaths due 
to setting those daily deaths below the expected historical average to zeros in the 
respective subgroup.
CV, cardiovascular; VF, ventricular fibrillation; VT, ventricular tachycardia.
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MCCD, the duration of time over which the deceased was 
not seen before referral to the coroner was extended from 
14 to 28 days, and causes of death could be ‘to the best of 
their knowledge and belief ’ without diagnostic proof, if 
appropriate and to avoid delay.23 This may have resulted in 
misclassification bias, with under- reporting of the deaths 
directly due to CV disease in preference to COVID-19 infec-
tion (which is a notifiable disease under the Health Protec-
tion (Notification) Regulations 2010) or respiratory disease. 
In fact, we found that MCCDs with COVID-19 certification 
less frequently contained details of acute CV events directly 
leading to death. Although the MCCD allows the detailing 
of the sequence of events directly leading to death, we found 
that after 2 March 2020 few (5.7%) had multiple acute CV 
events recorded, and therefore the categorisation of the acute 
CV events effectively represents per- patient events. The lower 

proportion of deaths with COVID-19 at home and in care 
homes may represent the lack of access to community- based 
COVID-19 testing. Equally, because there was no systematic 
testing of the UK populace for the presence the COVID-19, 
deaths associated with the infection may have been underes-
timated.24 This analysis will have excluded a small proportion 
of deaths under review by the coroner, though typically these 
will have been unnatural in aetiology. In addition, we did not 
include the spatial information in the Farrington surveillance 
algorithm, which may affect the accuracy of the estimates for 
the expected death.

CONCLUSION
To date, there is no whole- population, high temporal resolu-
tion information about acute CV- specific mortality during the 
COVID-19 pandemic. Through the systematic classification of all 

Figure 2 Time series of acute cardiovascular (CV) deaths by COVID-19, by cause of death. The number of daily CV deaths is presented using a 7- 
day simple moving average (indicating the mean number of daily CV deaths for that day and the preceding 6 days) from 1 February 2020 up to and 
including 30 June 2020, adjusted for seasonality. The number of non- COVID-19 excess CV deaths each day from 1 February 2020 were subtracted 
from the expected daily death estimated using Farrington surveillance algorithm in the same time period. The green line is a zero historical baseline. 
The red line represents daily COVID-19 CV death from 2 March to 30 June 2020; the purple line represents excess daily non- COVID-19 CV death from 
2 March to 30 June 2020 and the blue line represents the total excess daily CV death from 1 February to 30 June 2020. VF, ventricular fibrillation; VT, 
ventricular tachycardia.

Figure 3 Time series of acute cardiovascular (CV) deaths by cause of death and place of death. The number of daily CV deaths is presented using 
a 7- day simple moving average (indicating the mean number of daily CV deaths for that day and the preceding 6 days) from 1 February 2020 up to 
and including 30 June 2020, adjusted for seasonality. The number of non- COVID-19 excess CV deaths each day from 1 February 2020 were subtracted 
from the expected daily death estimated using Farrington surveillance algorithm in the same time period. The green line is a zero historical baseline. 
The red line represents excess daily death at hospital; the purple line represents excess daily CV death at care home and hospice and the blue line 
represents excess daily CV death at home. VF, ventricular fibrillation; VT, ventricular tachycardia.
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adult deaths in England and Wales, it has been possible to show 
that there has been an excess in acute CV mortality during the 
COVID-19 pandemic, seen greatest in the community and which 
corresponds with the onset of public messaging and the substan-
tial decline in admissions to hospital with acute CV emergencies.
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Table  3 Excess acute CV deaths by cause and place of death

Home Care home and hospice Hospital

COVID-19 related Total COVID-19 related Total COVID-19 related Total*

Stroke 22 (+2%) 453 (+47%) 91 (+5%) 715 (+39%) 448 (+7%) 12 (+0%)

Acute coronary syndrome 22 (+1%) 768 (+41%) 25 (+7%) 145 (+41%) 269 (+7%) 44 (+1%)

Heart failure 32 (+1%) 734 (+33%) 42 (+5%) 227 (+25%) 198 (+6%) 36 (+1%)

Pulmonary embolism 18 (+2%) 251 (+30%) 14 (+6%) 49 (+22%) 219 (+19%) 155 (+13%)

Cardiac arrest 14 (+8%) 92 (+53%) 5 (+250%) 11 (+565%) 73 (+6%) 16 (+1%)

Aortic diseases 0 (0%) 35 (+7%) 0 (0%) 0 (+19%) 4 (+1%) 23 (+3%)

Infective endocarditis 1 (+1%) 86 (+45%) 2 (+15%) 12 (+96%) 29 (+5%) 42 (+8%)

Cardiogenic shock 0 (0%) 0 (0%) 0 (0%) 0 (0%) 14 (+4%) 55 (+15%)

VT and VF 0 (0%) 1 (+3%) 0 (0%) 0 (0%) 4 (+2%) 17 (+9%)

Deep vein thrombosis 0 (0%) 2 (+7%) 0 (0%) 0 (0%) 2 (+3%) 5 (+7%)

*The positive excess rate in hospital was due to setting those daily deaths below the expected historical average to zeros.
CV, cardiovascular; VF, ventricular fibrillation; VT, ventricular tachycardia.

What is already known on this subject?
 ► Cardiovascular disease is one of the most prevalent 
underlying conditions associated with increased mortality 
from COVID-19 infection, along with dementia and 
Alzheimer’s disease.

 ► At the same time, there has been a substantial reduction in 
presentations to hospitals with acute cardiovascular (CV) 
conditions.

What might this study add?
 ► Our study of all adult deaths in England and Wales between 
1 January 2014 and 30 June 2020 has quantified the CV 
mortality impact of the COVID-19 pandemic, be this related to 
contagion and/or the public response.

 ► It shows that during the pandemic there has been an inflation 
in acute CV deaths above that expected for the time of year.

 ► Home death had the greatest increase in excess acute CV 
death, and the most frequent cause of acute CV death during 
this period was stroke, followed by acute coronary syndrome.

How might this impact on clinical practice?
 ► These contemporary nationwide cause and place of mortality 
data provide key information to optimise messaging to the 
public, as well as for allocation of health resources and 
planning.

Key messages
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