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Abstract
Background
Accuracy of routinely collected information concerning cause of death is
essential for public health and health systems planning. Since clinical
examination has relatively low sensitivity for detection of valvular heart
disease (VHD), mortality data based on clinical information alone might
routinely underestimate the number of deaths due to VHD.

Methods
We compared autopsy findings against pre-mortem clinical information for
8,198 consecutive adult post-mortems (mean age 69.1 years, 61.3% men),
performed in a single UK tertiary referral centre with on-site cardiac surgical
facilities over a ten-year period (2004-2013) during which 21% of the adult
population underwent post-mortem examination.

Results
Following post-mortem, VHD was the principal cause of death in 165
individuals (2.0%), a principal or contributory cause (“any cause”) of death in
326 (4.0%) and an incidental (i.e. non-causal) finding in a further 346 (4.2%).
Clinical documentation of VHD before death was highly specific but relatively
insensitive for post-mortem identification of VHD as the principal (specificity
96.8%; 95% CI: 96.4-97.2; sensitivity 69.7%, 95% CI: 62.1-76.6) or any
(specificity 98.1%; 95% CI: 97.8-98.4; sensitivity 68.4%, 95% CI 63.1-73.4%)
cause of death. VHD (principally aortic stenosis, endocarditis and rheumatic
heart disease) was newly noted at post mortem and listed as a cause of death
in 142 individuals (1.7%).
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Conclusions
Clinical information recorded pre-mortem is highly specific but relatively
insensitive for the cause of death established at autopsy. Population-based
mortality statistics that depend upon pre-mortem clinical information are likely
to routinely underestimate the mortality burden of VHD.
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Key Questions

What is already known about this subject?
Data describing the accuracy of death certification for valvular heart disease
(VHD) are limited.

What does this study add?
Clinical information recorded prior to death has high specificity and high
positive and negative predictive values, but relatively low sensitivity, for
determining VHD as a cause of death. Undiagnosed VHD contributed to death
in 1.7% of the total population; aortic stenosis, infective endocarditis and
rheumatic heart disease were the most common causes.

How might this impact on clinical practice?
Clinicians can be reassured that clinical information recorded pre-mortem
accurately determines VHD as a cause of death in individual subjects.
However, mortality statistics are likely to significantly underestimate the
population prevalence and impact of VHD.
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INTRODUCTION
Population estimates of the mortality and morbidity burden of specific
diseases are acquired from routinely collected information resources,
including hospital admission and death certification data. Accurate information
concerning cause of death is therefore essential to drive improvements in
public health and a key tool in health systems planning. However, these data
have well described limitations,[1] and validation of their accuracy in specific
situations is essential.[2]
Valvular heart disease (VHD) accounts for significant mortality and morbidity
and its prevalence is projected to rise steeply in coming decades as a
consequence of the ageing population.[3–5] While early studies found little
benefit of screening for VHD in asymptomatic populations, some current
guidelines advocate identification of patients at risk of VHD and regular
surveillance of asymptomatic subjects in the setting of specialist valve
clinics.[6] Early surgery is frequently recommended in asymptomatic severe
mitral regurgitation and there is a growing argument for a similar approach in
asymptomatic aortic stenosis.[6,7] Estimating the degree of undiagnosed VHD
leading to death affords the opportunity for re-evaluation of the role of
population-based screening.
Since physical examination has modest sensitivity for the detection of VHD,[8]
we hypothesised that cause of death data based solely on clinical information
recorded pre-mortem would routinely underestimate the number of deaths
related to VHD. Previous studies assessing the correlation between clinical
diagnosis of VHD and post-mortem findings have been small and
inconclusive.[9,10] We therefore compared pre-mortem clinical information
with autopsy findings using the large post-mortem database of a single tertiary
referral centre with on-site cardiac surgical facilities over a 10 year period.

5

METHODS
Source of data
We examined an electronic database containing the reports of consecutive
post-mortems performed on adults (≥18 years of age) within the Department
of Pathology at the John Radcliffe Hospital (Oxford University Hospitals
National Health Service [NHS] Foundation Trust) between 1st January 2004
and 31st December 2013. The Trust provides tertiary cardiology and cardiac
surgery services to a population of 2.2 million (750 cardiac surgical
procedures per annum - 35% valve surgery, 1.4% active endocarditis) and
secondary hospital services (including pathology) to a local population of
800,000. Over the time period of this study, 21% of the deaths in England and
Wales were referred for coroner’s post-mortem.[11] Registered pathologists
who are fellows of the UK Royal College of Pathologists perform all postmortems. Database reports for individual patients were searched
electronically for mention of VHD and all reports suggesting its presence
reviewed by hand. The study was approved by the Oxford University
Hospitals NHS Foundation Trust Audit Committee.

Data extraction
Each post-mortem report contained basic demographic data and clinical
information (recorded in free-text) concerning pre-mortem diagnoses derived
from a variety of sources including medical records, Coroner’s office reports,
and discussion with the treating clinician. We identified VHD as a principal or
contributory cause of death and, since most autopsies were performed to
resolve uncertainty concerning the cause of death, any other mention of VHD.
Local guidance for death certification follows coding recommendations of the
World Health Organisation (WHO) using the International Statistical
Classification of Diseases and Related Health Problems (Tenth Revision,
ICD10).[12] Relevant information is divided into two sections: Part I conditions directly leading to death, and Part II - conditions contributing to (but
not directly causing) death. Although there are a number of exceptions, the
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condition appearing on the lowest line of Part I is generally recorded as the
principal cause of death.

In the present study, we recorded the cause of death following ICD10
guidelines and defined associations with VHD as follows: (1) VHD as the
principal cause of death; (2) VHD as a primary or contributory cause of death
(i.e. listed anywhere within Part I or Part II, referred to as “any cause”, “any
mention”, or “multiple-cause-coded” mortality”); and (3) VHD as an incidental
finding (noted at autopsy but not recorded on the death certificate).

Statistical analysis
Our primary analyses measured the sensitivity and specificity of pre-mortem
diagnosis for VHD as a principal or contributory cause of death. We present
descriptive statistics for prevalence of pre- and post-mortem findings
according to age, performance of a medical procedure within 30 days of
death, and previously undiagnosed VHD. All statistical analyses were
performed using Stata/SE v12.1 (StataCorp, College Station, USA).

RESULTS
8,198 consecutive post-mortems were performed on adults within the Oxford
University Hospitals NHS Foundation Trust between 1st January 2004 and
31st December 2013. Complete data regarding age, gender and reported VHD
were available for 7,879 individuals (Table 1).

The overall prevalence of VHD as an identified cause of death increased with
age (Figure 1). VHD had been diagnosed in 372 (4.5%) individuals premortem, but was found (as a causal or an incidental finding) in 672 (8.2%) of
the total population at autopsy, and in 567 (10.1%) of those aged 65 years
and older. VHD was listed as the principal cause of death in 165 individuals
(2.0% of the total population), and as a principal or contributory cause of
7

death in 326 (4.0%) (Table 2). Coronary artery disease was the most common
principal cause of death when VHD was listed as a contributory cause
(Supplementary Table 1).

VHD was listed as a cause of death in 142 individuals (1.7% of the total
population) for whom it had not been documented pre-mortem. The most
frequent diagnoses were aortic stenosis (n=75, 0.9% of the total population),
endocarditis (n=16, 0.2%), rheumatic heart disease (n=15, 0.2%), mitral valve
disease (n=9, 0.1%), and bicuspid aortic valve (n=8, 0.1%). The prevalence of
newly noted VHD increased with age (Figure 2).

Sensitivity and specificity
Pre-mortem clinical information predicted VHD as the principal cause of death
with a sensitivity of 69.7% (95% CI: 62.1 - 76.6) and specificity of 96.8% (95%
CI: 96.4 - 97.2), with no significant difference according to gender
(Supplementary Table 2). We observed similar findings for VHD as any cause
of death (sensitivity 68.4%, 95% CI 63.1-73.4; specificity 98.1%; 95% CI:
97.8-98.4) implying that VHD deaths are likely to be underestimated (low
sensitivity of pre-mortem information) and unlikely to be overestimated (high
specificity of pre-mortem information) at population level.

Excluding valve repair or replacement (both of which are readily determined
from the clinical history), analysis according to valve lesion demonstrated a
similar pattern of low sensitivity and high specificity in predicting VHD as a
principal or contributory cause of death (Supplementary Table 3). Moreover,
with the exception of valvular regurgitation, positive and negative predictive
values for the pre-mortem diagnosis of specific valve lesions were high
(Supplementary Table 3), implying high accuracy of clinical information at
individual patient level.

Incidental and negative findings at post mortem
VHD was an incidental finding in 443 (5.4%) of all post mortem examinations
(Table 2). Excluding those with VHD as any cause of death, 346 (4.4%) had
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purely incidental VHD (Supplementary Table 4). The most common finding
was aortic sclerosis although other more significant valve pathologies,
including bicuspid aortic valve (BAV), were noted. A pre-mortem diagnosis of
VHD (predominantly regurgitant lesions) was unconfirmed at post-mortem in a
small number of individuals (n=22, 0.3%, Table 2).

Deaths related to valve procedures
A minority of deaths (n=95, 1.2% of all post-mortems and 14% of those with
any causal or incidental finding of VHD on post-mortem) related to a surgical
or interventional valve procedure in the preceding 30 days (Table 3). The
most frequent were coronary artery bypass grafting with aortic valve
replacement (AVR) and isolated AVR (n=35 and 22, 5.2% and 3.3% of the
total VHD population, respectively).

DISCUSSION
Herein we present the largest reported study examining the clinical correlation
between pre- and post-mortem detection of VHD. Whilst our data are derived
from the selected cohort of individuals who undergo post mortem, they
convincingly demonstrate that pre-mortem clinical information has lowmoderate sensitivity and high specificity for the detection of VHD as a certified
cause of death. Since the majority of death certificates are based solely on
pre-mortem clinical information, these findings suggest that the mortality
burden of VHD is likely to be underestimated at population level. Conversely
(and reassuringly from a clinical perspective), the high positive and negative
predictive value of pre-mortem clinical information imply high accuracy of
death certification at individual patient level.

Our finding of a total VHD prevalence of 8.2% (326 with VHD as a principal or
contributing cause of death and a further 346 as an incidental finding), rising
to 10.1% in those aged 65 years and older, correlates well with previous
imaging-based population studies and emphasizes the growing burden of
VHD, particularly in the rapidly expanding elderly populations of high income
9

countries.[3,13] Although the very high burden of mild VHD observed in a
recent echocardiographic study of a related UK-based population [3] was not
seen in the present study, detection of mild regurgitant lesions would not be
expected at post-mortem examination. The present findings suggest that
approximately half of those with VHD detectable at post-mortem die as a
direct consequence, whilst the remainder die with, but not as a consequence
of, VHD.

Our study also suggests that VHD causing or contributing to death is not
identified during life in a small but significant proportion of individuals (n=142,
1.7% of population studied). We found that previously undiagnosed VHD
(particularly aortic stenosis) was more common with older age, although
undiagnosed infective endocarditis was also common among younger
individuals. Aortic stenosis has a long latent asymptomatic phase and was an
undiagnosed cause of death in just under 1% of individuals in our cohort.
Aortic valve replacement is safer prior to the development of myocardial
fibrosis and heart failure secondary to pressure-overload [14] and earlier
diagnosis is likely to improve outcomes. Greater awareness of VHD as a
cause of cardiac symptoms in the elderly, combined with a low threshold for
echocardiography in individuals with a murmur or higher clinical likelihood of
VHD (eg. those in atrial fibrillation), may be appropriate. Infective endocarditis
is relatively rare with a prevalence of 3-10 cases per 100,000 person-year,
and missed or delayed diagnosis is frequently associated with adverse
outcome.[15] Although population-based screening for infective endocarditis
would clearly be inappropriate, a low threshold of suspicion for the diagnosis
remains vital to improve outcomes.[15]

Previous cohort studies have demonstrated that subjects diagnosed with a
bicuspid aortic valve (BAV) in their early 30s have cardiovascular and aortic
valve related death rates of 1.5-3% over 9-15 years follow-up.[14,15]
Extrapolating these outcomes to older BAV subjects is problematic, since
accelerated calcification is often observed in the fifth and sixth decades.
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However, in the present study, we demonstrate that there remain a small
number of septuagenarians and octogenarians with a BAV who do not
undergo valve replacement and die of other causes. These findings would be
consistent with an older autopsy study, which demonstrated a BAV which did
not contribute to the cause of death in 0.8% of men and 0.2% of women aged
65 years and older.[17] Improved understanding of BAV pathophysiology and
identification of individuals who appear to be safeguarded from rapid disease
progression may facilitate investigation of mechanisms that protect against
valve calcification [18] and stimulate efforts to generate disease-modifying
therapies for aortic stenosis.

Our study has a number of limitations. The most important is the selected
nature of the population who undergo post-mortem examination. While we did
not exclude those undergoing consented post-mortems, most autopsies are
requested by the Coroner to investigate sudden and unexplained deaths
which may increase the proportion with undiagnosed VHD as a cause. A
perhaps more representative national population analysis (albeit from a
different era) is provided from Iceland, where 30% of individuals underwent
post-mortem examination from 1966-1974 (one third for medicolegal reasons)
[17] demonstrating non-rheumatic calcification of a trileaflet aortic valve in
2.5% (almost identical to the 2.6% in our study). Moreover, autopsy findings
may not necessarily be an appropriate gold standard given that the
pathophysiological importance of VHD may be difficult (or impossible) to
discern on anatomical examination alone. Valvular regurgitation, for example,
usually has a physiological basis and is therefore less likely to be identified at
autopsy; individuals with a pre-mortem diagnosis of VHD that was not
confirmed at autopsy are likely to fall into this category. Finally, there may be
significant inter-individual variation amongst pathologists in the reporting of
autopsy findings and their interpretation as a cause of death. This is further
complicated by the linear and binary format of the death certificate, which has
limited ability to reflect the complexity of interacting, multisystem disease,
prevalent in the older populations that bear the highest burden of VHD.
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CONCLUSIONS
These data demonstrate that clinical information available prior to death is a
highly specific (but relatively insensitive) predictor of the cause of death
established at autopsy. Although high positive and negative predictive values
confirm that death certification is likely to be highly accurate for individual
patients, low sensitivity implies that VHD is likely to be an underestimated
cause of death at population level.
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Tables
Table 1: Demographics of the study population
Women

Men

n= 3050

n=4829

2722 (89.2%)

4485 (92.9%)

No VHD at post-mortem
Deaths, n (%)
Age at death, mean (SD)

72.4 (16.6)

66.1 (17.4)

Deaths, n (%)

328 (10.8%)

344 (7.1%)

Age at death, mean (SD)

77.7 (12.0)

73.9 (13.4)

Deaths, n (%)

86 (2.8%)

79 (1.6%)

Age at death, mean (SD)

75.8 (13.2)

69.9 (16.0)

Deaths, n (%)

162 (5.3%)

164 (3.4%)

Age at death, mean (SD)

76.1 (13.3)

72.4 (14.2)

Deaths, n (%)

166 (5.4%)

180 (3.7%)

Age at death, mean (SD)

79.2 (10.4)

75.3 (12.5)

Any VHD at post-mortem

VHD as principal cause of death

VHD as principal or contributory
cause of death

VHD as incidental finding

Only those with complete demographic data were included (n=7879). Percentages refer to the
relevant gender-specific group.
Abbreviations: PM, post-mortem; VHD, valvular heart disease.
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Table 2. Pre- and post-mortem findings.

Diagnosed
premortem

Postmortem:
listed as any
cause of
death

Postmortem:
Incidental
finding

Missed premortem
(false
negatives)

Diagnosed
premortem, but
not
confirmed
at autopsy

Any VHD

372 (4.5%)

326 (4.0%)

443 (5.3%)

142 (1.7%)

22 (0.3%)

Aortic stenosis

89 (1.1%)

119 (1.5%)

91 (1.1%)

75 (0.9%)

4 (0.0%)

Aortic regurgitation

17 (0.2%)

2 (0.0%)

4 (0.1%)

1 (0.0%)

2 (0.0%)

Endocarditis

13 (0.2%)

27 (0.3%)

9 (0.1%)

16 (0.2%)

0 (0.0%)

Mitral valve
disease

63 (0.8%)

17 (0.2%)

87 (1.1%)

9 (0.1%)

13 (0.2%)

Tricuspid
regurgitation

16 (0.2%)

3 (0.0%)

23 (0.3%)

2 (0.0%)

4 (0.0%)

Rheumatic heart
disease

12 (0.2%)

20 (0.2%)

37 (0.5%)

15 (0.2%)

0 (0.0%)

Valve
repair/replacement

184 (2.2%)

117 (1.4%)

67 (0.8%)

0 (0%)

0 (0.0%)

Miscellaneous

9 (0.1%)

26 (0.3%)

24 (0.3%)

21 (0.3%)

0 (0.0%)

Mitral annular
calcification

1 (0.0%)

5 (0.1%)

90 (1.1%)

5 (0.1%)

0 (0.0%)

Aortic sclerosis

5 (0.1%)

3 (0.0%)

108 (1.3%)

3 (0.0%)

1 (0.0%)

Bicuspid aortic
valve

8 (0.1%)

12 (0.2%)

24 (0.3%)

8 (0.1%)

1 (0.0%)

Those without complete demographic data were included (n=8198 for all percentages). “Missed premortem” indicates where VHD had not been diagnosed pre-mortem but was listed as a cause of death
following autopsy. Individuals could have more than one form of VHD. Incidental findings include
individuals with other forms of VHD as any cause of death. Abbreviation: VHD, valvular heart disease.
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Table 3: Medical procedures performed within 30 days of death in
individuals with valvular heart disease at post-mortem

Procedure

n (%)

Aortic valve replacement and CABG

35 (36.8%)

Aortic valve replacement

22 (23.2%)

Other non-cardiac surgery

8 (8.4%)

Other cardiac surgery

6 (6.3%)

CABG

4 (4.2%)

CABG and mitral valve repair

4 (4.2%)

CABG and mitral valve replacement

4 (4.2%)

Transcatheter aortic valve implantation

4 (4.2%)

Aortic valve replacement and mitral valve
repair/replacement

3 (3.2%)

Mitral valve repair

2 (2.1%)

Mitral valve replacement

2 (2.1%)

Tricuspid valve repair

1 (1.1%)

Total

95 (100%)

Abbreviations: CABG, coronary artery bypass grafting
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FIGURES
Figure 1: Prevalence of valvular heart disease as a cause of death (stratified
by age at death)

Error bars represent 95% confidence intervals
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Figure 2. Prevalence of conditions newly diagnosed at post-mortem and
listed as a principal or contributory cause of death (stratified according to
age at death): (A) valvular heart disease (B) aortic stenosis (C) endocarditis

Error bars represent 95% confidence intervals.
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