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BACKGROUND: The association between mitral valve prolapse (MVP) and sudden death remains controversial. We aimed to
describe histopathological changes in individuals with autopsy-determined isolated MVP (iMVP) and sudden death and docu-
ment cardiac arrest rhythm.

METHODS AND RESULTS: The Australian National Coronial Information System database was used to identify cases of IMVP be-
tween 2000 and 2018. Histopathological changes in iIMVP and sudden death were compared with 2 control cohorts matched
for age, sex, height, and weight (1 group with noncardiac death and 1 group with cardiac death). Data linkage with ambu-
lance services provided cardiac arrest rhythm for iIMVP cases. From 77 221 cardiovascular deaths in the National Coronial
Information System database, there were 376 cases with MVP. Individual case review yielded 71 cases of IMVP. Mean age
was 49+18 years, and 51% were women. Individuals with iMVP had higher cardiac mass (447 g versus 355 g; P<0.001) com-
pared with noncardiac death, but similar cardiac mass (447 g versus 438 g; P=0.64) compared with cardiac death. Individuals
with iIMVP had larger mitral valve annulus compared with noncardiac death (121 versus 108 mm; P<0.001) and cardiac
death (121 versus 110 mm; P=0.002), and more left ventricular fibrosis (79% versus 38%; P<0.001) compared with noncardiac
death controls. In those with iIMVP and witnessed cardiac arrest, 94% had ventricular fibrillation.

CONCLUSIONS: Individuals with iIMVP and sudden death have increased cardiac mass, mitral annulus size, and left ventricular
fibrosis compared with a matched cohort, with cardiac arrest caused by ventricular fibrillation. The histopathological changes
in iIMVP may provide the substrate necessary for development of malignant ventricular arrhythmias.

Key Words: sudden death m valvular heart disease m ventricular arrhythmia

atrial displacement of the mitral valve leaflet(s)
during ventricular systole, with an estimated
prevalence of 2.4%." Reported complications of MVP
include severe mitral regurgitation (MR) requiring mitral
valve surgery, infective endocarditis, stroke, and sud-
den death.?3
The postulated mechanism of sudden death in indi-
viduals with MVP has been ventricular arrhythmias,*~"
although this association remains controversial."38

M itral valve prolapse (MVP) is characterized by the

Although studies have reported the presence of signif-
icant ventricular arrhythmias in patients with MVP,*"!
only 6 isolated case reports in the scientific literature
have documented cardiac rhythm at time of death in
patients with autopsy-determined isolated MVP (iMVP;
whereby other potential causes of death [CODs] are
excluded).”

Pathological characterization may provide clues
about the link between IMVP, sudden death, and
possible underlying mechanisms. Since Barlow’s
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CLINICAL PERSPECTIVE

What Is New?

e To our knowledge, this is the first study to
compare histopathological findings in individu-
als with isolated mitral valve prolapse (iIMVP;
whereby other potential causes of death are ex-
cluded) with matched control groups (for age,
sex, height, and weight) and to systematically
document cardiac arrest rhythm in those with
autopsy-confirmed iMVP.

e |Individuals with iIMVP have significantly in-
creased cardiac mass, mitral annulus size, and
left ventricular fibrosis located within the endo-
cardial-midmural aspect of the left ventricle.

e In individuals with IMVP and witnessed cardiac
arrest, 94% had ventricular fibrillation.

What Are the Clinical Implications?

* Increased cardiac mass, mitral annulus size,
and left ventricular fibrosis in patients with iIMVP
may provide the substrate necessary for the de-
velopment of malignant ventricular arrhythmias.

e Cardiac imaging studies focusing on these find-
ings may allow for the application of risk stratifi-
cation parameters for living patients with iIMVP.

Nonstandard Abbreviations and Acronyms

AMI acute myocardial infarction

coD cause of death

GERD gastro-esophageal reflux disease
ICD International Classification of Diseases
iMVP  isolated mitral valve prolapse

IQR inter-quartile range

LV left ventricle

MR mitral regurgitation

MVA motor vehicle accident

MVP mitral valve prolapse

NCIS National Coronial Information System

PM papillary muscle

PVC premature ventricular complex
RV right ventricle

TV tricuspid valve

VF ventricular fibrillation

original description of MVP at autopsy,’® studies
have identified various cardiac anatomical changes
in MVP, such as increased annulus size or cardiac
mass,>'™1* which may contribute to development of

J Am Heart Assoc. 2020;9:e015587. DOI: 10.1161/JAHA.119.015587

Mitral Valve Prolapse and Sudden Death

sudden death. However, these studies may not have
controlled for influencing factors, such as age, sex,
height, and weight."®

In this study, we examined our Australian coronial
database over a consecutive period of 17 years, with
the aim to:

1. Describe clinical characteristics of individuals with
iIMVP and sudden death;

2. Describe underlying histopathological changes in
individuals with iIMVP and sudden death compared
with matched control cohorts;

3. Describe underlying histopathological changes in
individuals with iIMVP and sudden death compared
with individuals with non-iMVP and sudden death;

4. Document cardiac arrest rhythm in individuals with
autopsy-determined iIMVP and sudden death.

METHODS

Source data used for this study were obtained from
the National Coronial Information System (NCIS) da-
tabase, administered by the Department of Justice
and Community Safety, Victoria, Australia. The data
that support the findings of this study are available
from the corresponding author upon reasonable re-
quest subject to approval from the Research and
Ethics Committees.

Data Source

Beginning July 2000 (and January 2001 for the state
of Queensland), all reportable deaths determined by
an Australian coroner are prospectively recorded in
the NCIS database. The database classifies ante-
cedent CODs using the International Classification of
Diseases, Tenth Revision (ICD-10) system; and where
available, contains individual autopsy reports and po-
lice reports on circumstances of death.

The NCIS database was used to identify cases of
iIMVP and sudden death. Once identified, data linkage
with Australian state-wide ambulance services was
performed to retrieve initial cardiac rhythm during at-
tempted resuscitation.

Inclusion Criteria

An NCIS database search was performed in May
2018, and 329 106 cases were available for analysis.
All individuals in whom MVP was coded (/CD-70 code
134.1) as a COD (either underlying or contributing) be-
tween July 2000 and May 2018 were screened and
autopsy records were examined. Inclusion criterion
was the presence of MVP on autopsy examination (evi-
dence of myxomatous leaflets on gross examination
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376 autopsy cases of
MVP identified

(224 cases with
» incomplete/unavailable
autopsy records

A

152 cases with complete
records

f81 cases had another
'L potential cause of death*

71 cases of MVP and no
other significant cardiac
or systemic findings

(582 MVA and 478 AMI
cases available for
matching

70 case-control matches

Figure 1. Case identification. *Other significant findings
include: ischemic heart disease (36), previous cardiac surgery (8),
histological myocarditis (4), significant left ventricular hypertrophy
(8), dilated cardiomyopathy (2), severe mitral regurgitation (1),
arrhythmogenic right ventricular cardiomyopathy (1), bicuspid
aortic valve with aortic coarctation (1), infection (7), respiratory
(6), drug overdose (3), cirrhosis (3), head injury (3), metastatic
carcinoma (1), hyponatremia (1), and suicide (1). AMI indicates
acute myocardial infarction; MVA, motor vehicle accident; and
MVP, mitral valve prolapse.

and/or histological examination). After individual case
review (including circumstances of death, demograph-
ics, clinical information, and detailed pathological
evaluation), the MVP cohort was then separated into 2
groups: an iIMVP group with presumed sudden cardiac
death caused by MVP; and a non-iMVP group with
death caused by a possible combination of MVP and
other cardiac or systemic illnesses (Figure 1). Patients
were adjudicated to have iIMVP on the basis of the
presence of MVP at autopsy without another possible
COD. Definition of sudden cardiac death included wit-
nessed cases in a previously stable individual and un-
witnessed cases where an individual was found dead
who at time of last withessed contact was in a usual
state of health.'®

For those with iIMVP, 2 control cohorts were ran-
domly extracted from the NCIS database. The first co-
hort (presumed noncardiac death) included individuals
who died because of a motor vehicle accident (MVA,
as categorized in the NCIS database) from 2013 to
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2014. The second cohort (presumed cardiac death)
included all individuals who died because of acute
myocardial infarction (AMI; using /CD-10 code 121) from
2013 to 2014 with an additional search for individuals
dying because of AMI aged between 18 and 35 years
from 2000 to 2018.

Exclusion Criteria
Exclusion criteria in both the iIMVP and MVA groups
were the presence of another significant cardiac finding
(clinical or autopsy), including ischemic heart disease
(>70% stenosis in any coronary artery, presence of cor-
onary stent, or documented previous history), known
cardiomyopathy, severe MR (who may have experi-
enced nonarrhythmic sudden death), previous cardiac
surgery, myocarditis (on histology), hypertrophic cardio-
myopathy (on histology), or left ventricular wall thickness
>25 mm. In addition, for the MVA control group, cases
were excluded where MVP was found on autopsy or if
individuals experienced burns because of the MVA.
Cases with incomplete autopsy records that did not
document age, sex, height, weight, or cardiac mass
were excluded from all groups.

Data Collection

Data collected for all groups included age, sex, height,
weight, and cardiac mass. Using these parameters,
a cardiac mass predictor tool was used to determine
whether the cardiac mass was >95% predicted.'® Internal
organ mass, left and right ventricular wall thickness, and
mitral and tricuspid annulus circumference were also re-
corded. For subjects with iIMVP and non-iIMVP, informa-
tion on leaflet involvement was also collected.

For Victorian cases of iIMVP with sudden death
(n=17), stored left ventricular histology slides were re-
viewed by an expert cardiac pathologist (S.P.) for qual-
itative assessment of fibrosis after hematoxylin and
eosin staining. Standardized sampling of the left ven-
tricle includes obtaining transmural biopsies from the
mid portion of the anterior, lateral, posterior, and septal
walls. Multi-segment fibrosis was noted if fibrosis was
present in >2 sections.

State and territory ambulance services from
Australian Capital Territory, New South Wales, Northern
Territory, Queensland, Tasmania, and Victoria were
contacted to provide initial cardiac rhythm and witness
status of cardiac arrest. Two remaining states, South
Australia and Western Australia (accounting for ~18%
of the Australian population), did not have autopsy re-
ports available on NCIS at the time of the study.

Ethical Approval

Access to the NCIS database and subsequent data
linkage were granted by the Justice Human Research
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and Ethics Committee (CF/16/4998), South Eastern
Sydney Local Health District Human Research Ethics
Committee (HREC/17/POWH/632), and the Victorian
Institute of Forensic Medicine Research Advisory
Committee and Ethics Committee (RAC 009-18).
Because of the nature of this study, individual informed
consent was waived as per the Ethics Committees
listed above.

Statistical Analysis

Continuous data are reported as means with SDs or
medians with interquartile range, and the Shapiro-
Wilk test was used to evaluate normality. To deter-
mine differences between the IMVP cohort and
matched controls, the paired t test or the Wilcoxon
signed ranks test was used to compare continuous
variables where appropriate. To determine differ-
ences between the IMVP cohort and unmatched non-
iIMVP group, the Student t test or the Mann-Whitney
U test was used to compare continuous variables
where appropriate. Categorical data are presented
as absolute figures with percentages and compared
using the McNemar’s test and Fisher’s exact test for
matched and unmatched groups, respectively. A 2-
sided P<0.05 was considered significant. Cases were
matched with control cohorts in a 1:1 ratio for pa-
rameters of age, sex, height, and weight using SPSS
Version 24 “Case Control Matching” command. All
data analyses were performed using SPSS Version
24 (IBM Corp, Armonk, NY).

RESULTS

Patient Population

Between July 2000 and May 2018, there were 77 221
deaths attributable to a cardiovascular cause (/ICD-70
codes 100-125 and 130-152), with 64 734 cases at-
tributable to ischemic heart disease (/ICD-10 codes
120-125). In total, there were 376 cases of MVP identi-
fied (Figure 1), with complete autopsy records avail-
able for 152 cases. There were 71 cases with sudden
cardiac death attributable to IMVP and 81 cases with
non-iMVP. For the 81 cases with non-iMVP, there
were 56 cases with suspected cardiac COD and 25
with suspected noncardiac COD. Suspected CODs
for those with non-iIMVP are presented in Figure 1
(footnote).

For cases of IMVP, a pool of 582 MVA cases and
478 AMI cases were obtained for the control samples.
After 1:1 matching, 70 cases in each group were used
for case-control analysis. A suitable match was un-
able to be obtained for one morbidly obese IMVP case
(weight, 220 kg).
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Table 1. Baseline Clinical Characteristics and
Circumstances of Death in Individuals With iMVP
Clinical Characteristics (n=71)
Age range, y 16-87 Medications 38
Female sex 36 (51) Cardiac 11 (29)
Medical history 58 Aspirin 2
Cardiac 25 (43) Warfarin 1
Obesity 12 B Blocker'™ 3
Hypertension 9 Digoxin 2
Dyslipidemia 9 Antihypertensive 7
Endocarditis 1 Lipid lowering 5
(healed)
Atrial fibrillation 2 Others$ 14 (37)
Possible 1 No medications 16 (42)
long-QT
syndrome*
PVC ablation' 1 Activity at time of death 66
Pericarditis 1 Normal daily activity!l 21(32)
Marfanoid* 1 Sitting/resting 15 (23)
Symptoms$ 6 Sleeping 12 (18)
Other 21 (36) Exertion (or soon after) 9 (14)
Chronic 4 Using toilet 6 (9)
respiratory
disease!
Cancer' 4 Physical pain 2(3)
Psychiatric* 8 Emotional stress 1)
Alcoholism 1 Approximate time of 53
death
Endocrine** 2 6 AM-2 PM 20 (38)
GERD 1 2 pPm-10 Pm 17 (32)
No other medical 14 (24) 10 PM-6 AM 16 (30)
history

Data are given as number or number (percentage), unless otherwise
indicated. GERD indicates gastroesophageal reflux disease; iIMVP, isolated
mitral valve prolapse; and PVC, premature ventricular complex.

*ECG unavailable.

For left ventricular origin, PVC possibly related to MVP.

*Normal aorta at autopsy.

Sincludes syncope (2), palpitations (3), and dizziness (1).

lincludes asthma (2), chronic obstructive pulmonary disease (1), and
obstructive sleep apnea (1).

fincludes nonmetastatic prostate cancer (3) and previously undiagnosed
non-Hodgkin lymphoma (1).

#Includes depression alone (2), anxiety alone (1), depression and anxiety
(3), and schizophrenia (2).

**Includes hypothyroidism (1) and hypopituitarism (1).

tincludes 1 patient taking sotalol.

Hncludes 2 patients taking loop diuretics.

$SIncludes inhaled bronchodilators (5), nonsteroidal anti-inflammatory
drugs (1), thyroxine (1), prednisolone (1), benzodiazepines (3), antidepressants
(5), olanzapine (1), antacid (3), and sulfasalazine (1).

llincludes cases where individuals were found at home, at work performing
routine (nonexertional) tasks, or walking.

Clinical Characteristics

Baseline clinical characteristics for all 71 cases of iIMVP
and sudden death are shown in Table 1.
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Of the 71 cases of IMVP and sudden death, 36
(51%) were women. Age ranged from 16 to 87 years,
with mean age of 49+18 years.

Additional cardiovascular history (including the
presence of hypertension, dyslipidemia, or obesity)
was present in 43% of individuals. In 23%, no other

Table 2. Histopathological Findings in 70 iMVP Cases Compared With Control Groups

Variable iMVP Cases MVA Cases P Value* AMI Cases P Value*
Baseline characteristics
Age, y 49+18 49418 0.28 50+17 0.55
Women 35 (50) 35 (50) 1 35 (50) 1
Weight, kg 7718 78+16 0.62 78+17 0.16
Height, cm 172+11 172+10 0.49 172+9 0.36
Internal organ masses, g
Cardiac 447107 355+78 <0.001 438117 0.48
Left lung 617+175 454167 <0.001 667+250 0.12
Right lung 728+214 522+170 <0.001 772271 0.21
Brain (n=64) 1414147 1390+149 0.27 1383+164 0.16
Liver (n=67) 1846+512 1599+386 <0.001 18941428 0.31
Kidneys (n=67) 326+110 274+60 <0.001 345+86 0.20
Spleen (n=67) 223111 140+58 <0.001 211107 0.46
Gross pathological changes
Cardiac mass
>95% Predicted'® 25 (36) 4 (6) <0.001 16 (23) 0.09
LV thickness, mm n=49 n=42 0.10 n=49 0.69
Median (IQR) 15 (13-19) 14 (12-15) 15 (12-20)
RV thickness, mm n=40 n=36 0.67 n=43 0.23
Median (IQR) 4 (3-5) 4 (3-5) 4 (3-5)
MV circumference, mm n=26 n=16 <0.001 n=13 0.002
Median (IQR) 121 (115-139) 108 (91-115) 110 (98-115)
TV circumference, mm n=21 n=15 0.18 n=12 0.91
Median (IQR) 130 (120-140) 120 (120-130) 125 (116-148)
Leaflet involvement
Reported’ 54
Bileaflet 47 (87)
Posterior leaflet 5(9)
Anterior leaflet 2(4)
Left ventricular histological changes
Abnormal 55 (79)* 25 (36)8 <0.001 61 (87)! 0.14
Fibrosis or scarring 52 20 37
Myocyte hypertrophy 5 3 5
Contraction band 3 6
PM fibrosis' 2
PM calcification 1
No abnormalities found 15 (21) 45 (64) 9 (13)

Data are given as mean+SD, number, or number (percentage), unless otherwise indicated. AMI indicates acute myocardial infarction; IMVP, isolated mitral valve
prolapse; IQR, interquartile range; LV, left ventricle; MV, mitral valve; MVA, motor vehicle accident; PM, papillary muscle; RV, right ventricle; and TV, tricuspid valve.

*Compared with IMVP cases.

TAll 70 cases reported abnormal valve morphological features with descriptors such as redundant, thickened, ballooned, hooded, prolapsed, floppy,
pendulous, voluminous, myxomatous, or billowing.

*More than one abnormality in some cases.

SOther descriptors (>1 in some cases) include interfiber edema (1), inflammatory cells (2), and hemorrhage (1).

IOther descriptors (>1 in some cases) include acute/subacute infarct (16), mural infarct (6), healed infarct (4), myocyte necrosis (7), coagulative necrosis (4),
myocardial rupture (2), inflammatory cells (4), interstitial hemorrhage (1), and amyloid (1).

TOne case had previous premature ventricular complex ablation.

J Am Heart Assoc. 2020;9:e015587. DOI: 10.1161/JAHA.119.015587 5
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Table 3. Histopathological Findings in 70 iMVP Cases Compared With 81 Non-iMVP Cases

Non-iMVP Cases
iMVP Cases Total Cardiac COD Other COD
Variable (n=70) (n=81) P Value* (n=56) P Value* (n=25) P Value*
Baseline characteristics
Age, y 49118 62117 <0.001 6117 <0.001 62119 0.002
Women 35 (50) 38 (47) 0.77 25 (45) 0.60 13 (52) 0.82
Weight, kg 7718 70+21 0.03 76+21 0.78 56+15 <0.001
Height, cm 17211 168+12 0.048 169+12 017 166+12 0.03
Internal organ masses, g
Cardiac 447107 440127 0.72 472+129 0.23 368+92 0.001
Left lung 617+175 589+194 0.37 598+200 0.58 570+183 0.26
Right lung 728+214 682198 0.18 696+207 0.40 6524174 0.11
Brain 1414147 1363+189 0.09 1359+186 0.09 1370+201 0.30
Liver 1846+512 1567+504 0.001 1676+545 0.09 1349+320 <0.001
Kidneys 326+110 279+75 0.003 291+72 0.053 255+78 0.004
Spleen 223+111 175+90 0.006 179+71 0.02 167+122 0.04
Gross pathological changes
Cardiac mass
>95% Predicted 25 (36) 19 (23) 0.10 14 (25) 0.20 5 (20) 015
LV thickness, mm 15 (13-19) 15 (12-20) 0.45 15 (12-20) 0.29 14 (13-17) 0.80
RV thickness, mm 4 (3-5) 4 (3-5) 0.47 4 (3-5) 0.54 4 (3-5) 0.56
MV circumference, mm 121 (115-139) 120 (105-139) 0.60 125 (110-140) 1.0 103 (100-130) 013
TV circumference, mm 130 (120-140) 130 (114-144) 0.73 133 (116-149) 0.41 120 (113-131) 0.30
Leaflet involvement
Reported 54 53 35 18
Bileaflet 47 (87) 42 (79) 0.41 29 (83) 0.37 13 (72) 0.28
Posterior leaflet 5(9) 10 (19) 6 (17) 4(22)
Anterior leaflet 24 1@ 0 1(6)
Left ventricular histological changes
Abnormal 55 (79) 67 (89) 0.08 46 (87) 0.24 21 (95) 0.07
Fibrosis or scarring 52 63 43 20
Myocyte hypertrophy 5 10 7 3
Contraction band 3 2 2 0
PM fibrosis 2 2 2 0
PM calcification 1 0 0 0
No abnormalities found 15 (21) 8 (11) 7(13) 1)

Data are given as mean+SD, number, number (percentage), or median (interquartile range). COD indicates cause of death; iIMVP, isolated mitral valve
prolapse; LV, left ventricle; MV, mitral valve; PM, papillary muscle; RV, right ventricle; and TV, tricuspid valve.

*Compared with IMVP cases.

medical history was noted. At least one cardiac medi-
cation was being taken by 29% of individuals, whereas
42% of individuals were not taking any prescribed
medications.

Of the 71 cases with autopsy-confirmed IMVP,
whether there was a premortem diagnosis of MVP was
able to be ascertained in 64 cases, and of these, 34
cases (53%) were previously undiagnosed. More im-
portant, in those with a premortem diagnosis of MVP,

J Am Heart Assoc. 2020;9:e015587. DOI: 10.1161/JAHA.119.015587

there were no cases with documented severe MR or
significant cardiomyopathy.

In total, 41% of deaths occurred in individuals who
were either resting (22%) or sleeping (17%), whereas
32% of deaths occurred during daily (nonexertional)
activity. Death during (or soon after) physical exertion
occurred in 14%, and death while using the toilet oc-
curred in 9%. Approximate time of death was evenly
distributed over a 24-hour period.



Han et al

Internal Organ Masses
Data about cardiac and other internal organ masses
are shown in Tables 2 and 3.

Compared with those dying from MVA, individuals with
iIMVP had significantly greater cardiac mass (447 g versus
355 g; P<0.001), but also significantly greater lung (P<0.001),
liver (P=0.002), kidney (P=0.002), and spleen (P<0.001)
masses. Brain mass was not significantly different.

Compared with those dying as a result of an AMI,
individuals with iIMVP had similar cardiac (447 g ver-
sus 438 g; P=0.64) and other internal organ masses,
although there was a trend toward higher combined
kidney mass in the AMI group (P=0.07).

Compared with those with non-iIMVP, individuals
with iIMVP had similar cardiac (447 g versus 440 g;
P=0.72), lung, and brain masses. Individuals with
iIMVP had significantly greater liver (P=0.001), kidney
(P=0.003), and spleen (P=0.006) masses.

Histopathological Findings

Histopathological data are shown in Tables 2 and 3.
Using a cardiac mass predictor tool,'® cardiac mass
was >95% predicted in 36% of IMVP cases, and this
was significantly greater than the MVA cohort (6%;
P<0.001) but not significantly different to the AMI
cohort (23%; P=0.09) and non-iIMVP cohort (23%;
P=0.10). Left and right ventricular thickness was not
significantly different between the iIMVP group, both
control groups, and the non-iIMVP group.

Median mitral valve circumference was 121 mm (in-
terquartile range, 115-139 mm), which was significantly
greater than both the MVA (P<0.001) and AMI (P=0.002)
control groups but similar to the non-iIMVP group
(P=0.60). There was no significant difference between
the groups with respect to tricuspid valve circumference.
Leaflet involvement in iIMVP was predominantly bileaflet
(87%), followed by posterior leaflet (9%) and then ante-
rior leaflet (4%), whereas 3 cases described concomitant
tricuspid valve prolapse. The proportion of cases with
bileaflet prolapse was similar between those with iIMVP
and those with non-IMVP (79%; P=0.41), including those
with suspected cardiac and noncardiac COD.

Abnormal left ventricular histological features were
present in 79% of IMVP cases, which was significantly
higher than the MVA group (P<0.001) but similar to the
AMI group (P=0.14) and non-iMVP group (P=0.08), in-
cluding those with suspected cardiac and noncardiac
COD. Reported patterns of fibrosis in those with iIMVP
were predominantly interstitial and/or perivascular. In 4
cases, histological abnormalities involving the papillary
muscles were specifically documented.

On the basis of individual histology review for 17
cases, fibrosis distribution patterns were multiseg-
ment (n=4; eg, fibrosis affecting >2 segments in the
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Witnessed (n=18)

Unwitnessed (n=22)

= VF = Asystole uVF = Asystole

Figure 2. Initial cardiac rhythm in cases of autopsy-
determined isolated mitral valve prolapse (iMVP).
VF indicates ventricular fibrillation.

subendocardial-midmural layer of the left ventricle),
focal (n=5; eg, interstitial fibrosis in 1 sampled section),
or a combination of both (n=4; eg, multisegment fibro-
sis in the subendocardial-midmural layer with one sec-
tion showing focal midmural fibrosis). No fibrosis was
detected in 4 cases. In addition, fibrosis involved the
subendocardial-midmural layer in 85% (11/13) of cases,
with isolated midmural myocardial fibrosis in the other 2
cases. Transmural fibrosis was present in 2 cases (15%).

Cardiac Arrest Rhythm
Resuscitation by emergency medical services was
documented in 40 iIMVP cases (Figure 2). Initial cardiac
arrest rhythm was ventricular fibrillation in 94% (17/18) of
witnessed cases and 32% (7/22) of unwitnessed cases.
The remaining cases had documented asystole, and no
cases had ventricular tachycardia or pulseless electrical
activity as the initial cardiac arrest rhythm.

Clinical data with cardiac arrest rhythm strip and
histological findings for 5 representative cases are
shown in Figure 3.

DISCUSSION

MVP is a common cardiac condition in clinical prac-
tice, yet its association with (and potential mechanism
of) sudden death has been difficult to elucidate. To our
knowledge, this 17-year nationwide study is the larg-
est case-control study to investigate histopathological
findings in IMVP and sudden death, and the first study
to systematically document cardiac arrest rhythm in
cases of autopsy-determined iIMVP. The key findings
are as follows:

1 In cases of IMVP and sudden death, the mean
age was 49 years, half (51%) were women, and
87% of cases had bileaflet prolapse;

2 Mitral valve annulus circumference was significantly
larger in cases of IMVP with sudden death com-
pared with matched control cohorts;
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Figure 3. Histological analysis with initial cardiac rhythm for representative cases of isolated
mitral valve prolapse (iMVP) and sudden cardiac death.

A, A 31-year-old woman with witnessed cardiac arrest while resting in bed and ventricular fibrillation (VF).
Histopathological examination showed myxomatous change in both mitral valve leaflets with focal left
ventricular fibrosis in a subendocardial-midmural distribution and papillary muscle fibrosis. B, A 45-year-
old woman found on the toilet with VF after an unwitnessed cardiac arrest. Histopathological examination
showed thickening and billowing of both mitral valve leaflets with multisegment left ventricular fibrosis
in a subendocardial-midmural distribution. C, A 34-year-old woman found collapsed in the bathroom
with asystole after an unwitnessed cardiac arrest. Histopathological examination showed myxomatous
change in both mitral valve leaflets with multisegment left ventricular fibrosis in a midmural distribution.
D, A 25-year-old woman with witnessed cardiac arrest while washing dishes and VF. Histopathological
examination showed myxomatous change in both mitral valve leaflets with multisegment left ventricular
fibrosis in a subendocardial-midmural distribution. E, A 47-year-old woman found collapsed in the
bathroom with VF after an unwitnessed cardiac arrest. Histopathological examination showed thickened
and floppy mitral valve leaflets with no evidence of left ventricular fibrosis.
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3 Individuals withiIMVP and sudden death had increased
cardiac mass compared to matched individuals with
noncardiac death; but similar cardiac mass com-
pared to matched individuals with cardiac death;

4 Left ventricular fibrosis in cases of IMVP and sudden
death predominantly (85%) involved the subendo-
cardial-midmural aspect of the ventricle;

5 Ventricular fibrillation was the predominant (94%,) car-
diac arrest rhythm in individuals with iIMVP and wit-
nessed cardiac arrest.

Clinical Characteristics

Mean age in our cohort was 49 years, which is
similar to previous autopsy series,'® but higher than
previous case series of MVP and sudden death,'”
possibly reflecting reporting bias in nonautopsy
studies.

Our study found an even distribution between men
and women. Previous autopsy studies have found
somewhat conflicting results with either equal distri-
bution' or female predominance,®'® although preva-
lence of redundant MVP appears equally distributed
in population screening studies.! Nonautopsy studies
have suggested that female sex may carry greater
risk of malignant MVP,*%819 glthough the reasons
for this are unexplained. Sex differences in seeking
medical attention for symptoms?® may account for
differences in premortem detection. Results from
this study indicate that male patients with iIMVP are
as susceptible to sudden death events as female
patients.

Our study found that 73% of sudden death epi-
sodes in iIMVP occurred during sleep, rest, or regular
daily activity, with an equal distribution of events over
a 24-hour period. Despite historical studies implicating
increased adrenergic drive in patients with MVP and
ventricular arrhythmias,?! our study indicates that sud-
den death in patients with iIMVP does not necessarily
require a short-term precipitating event, such as phys-
ical or emotional stress.

After application of prespecified exclusion criteria,
one case had possible long-QT syndrome, which may
have caused sudden death, although the reported as-
sociation between MVP and repolarization abnormali-
ties may confound matters.??

Cardiac and Other Organ Masses

Previous studies have noted increased cardiac mass
in individuals with MVP and sudden death.5'* In our
study, 36% of cases had cardiac mass >95% pre-
dicted. More important, in the groups where influ-
encing factors (age, sex, height, and weight) were
controlled for (iIMVP, MVA, and AMI), those with iIMVP
had similar cardiac mass compared with those with
AMI and significantly higher cardiac mass compared
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with those with MVA. Interestingly, those with iIMVP
and AMI related sudden death also had significantly
increased intrathoracic and intra-abdominal organ
mass when compared to those with noncardiac
death.

Although increased kidney and spleen mass has
been reported in patients with sudden cardiac death
compared with noncardiac death,?® the reasons for
this are unexplored. One possibility is that increased
intrathoracic and intra-abdominal organ mass may
reflect edema from acute biventricular failure in sud-
den cardiac death, hence implicating a common ter-
minal process (ie, cardiovascular cause of sudden
death) in those with iIMVP and AMI related sudden
death.

Histopathological Findings

In addition to increased cardiac mass, median left ven-
tricular thickness in cases of IMVP and sudden death
was 15 mm, which is considered the upper limit of nor-
mal in autopsy cases.?® In combination, these gross
pathological changes suggest that underlying struc-
tural abnormalities involving the left ventricle may be an
important factor in cases of IMVP and the development
of sudden cardiac death.

Most of our cohort with IMVP had bileaflet prolapse,
which is consistent with previous reports indicating a
predominantly bileaflet subset of malignant MVPA4
Furthermore, median mitral valve annulus circumfer-
ences in those with IMVP were greater than expected
on the basis of both our current control cohorts and
previous population control data.?® Previous studies
have reported interlinking associations between the
presence of bileaflet prolapse, abnormal mitral annular
physiological features, and ventricular arrhythmias.?6-28
These findings suggest that disorganized mitral an-
nular function may represent an anatomical cause of
electrical instability, and hence be as important as the
presence of myxomatous prolapse in the development
of sudden death in MVP.2°

In addition, 79% of IMVP cases had abnor-
mal histological features of the left ventricle. The
subendorcardial-midmural distribution of fibrosis is
consistent with other conditions that result in left
ventricular remodeling, such as hypertrophic cardio-
myopathy, dilated cardiomyopathy, and severe aortic
stenosis,®°=%? as well as a previous autopsy study of
MVP.5 On the basis of standardized sampling, fibro-
sis affecting the level of the midventricle, as opposed
to previously reported focal changes,® along with in-
creased overall cardiac mass indicate that a diffuse
remodeling process may occur in those with iIMVP
and sudden death. Recent studies involving cardiac
magnetic resonance imaging have linked the pres-
ence of fibrosis with ventricular arrhythmias,53334
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Taken together, the presence of cardiac fibrosis in
conjunction with left ventricular remodeling may pro-
vide further necessary substrate for malignant ven-
tricular arrhythmias in the pathogenesis of iIMVP and
sudden death.

Histopathological findings of increased cardiac
mass, mitral annular dilatation, and left ventricular fi-
brosis from our study suggest that patients with iIMVP
have antemortem changes in their cardiac and mitral
valve structure that predispose them to sudden death.
Future cardiac imaging studies focusing on these find-
ings may allow the application of risk stratification pa-
rameters for living patients with iIMVP.

Findings in Non-iMVP

Individuals with non-iMVP (including those with sus-
pected cardiac and noncardiac COD) differed signifi-
cantly from those with iIMVP with regard to age, height,
and weight. In conjunction with the documented ef-
fects of these parameters on various internal organ
masses,'®% the interpretation of internal organ mass
data between those with IMVP and non-iIMVP is
confounded.

Direct comparisons between the iIMVP group and
the non-iIMVP group did not yield any significant dif-
ferences in terms of proportion with bileaflet prolapse,
mitral annulus size, or proportion with left ventricu-
lar histological changes. More important, we imple-
mented strict selection criteria for the IMVP cohort to
select MVP cases in which there was a high likelihood
that sudden death was as a result of MVP. Within the
81 non-iIMVP cases, patients may still have had MVP
as a precipitating mechanism for their death, but it was
unclear whether this was the likely COD because of
existence of potential confounders. These patients did
not qualify as having iIMVP on the basis of our exclu-
sion criteria.

Consequently, the attributable role of MVP with re-
gard to sudden cardiac death in the setting of other
coexistent conditions requires refining.

Cardiac Arrest Rhythm

This study provides the largest collection of cases of
autopsy-determined IMVP and their corresponding
cardiac arrest rhythm. In those with witnessed cardiac
arrest, 94% had initial ventricular fibrillation (as docu-
mented by emergency medical services), indicating
that a malignant ventricular arrhythmia is the likely ini-
tiating event in patients with IMVP and sudden death.

Limitations

In this autopsy study, we are unable to report on certain
premortem characteristics in IMVP, such as the degree
of MR (although cases with known severe MR were
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excluded). More important, most of the cases with
iIMVP were previously undiagnosed. This study may
be subject to referral bias on coronial deaths; however,
unexpected deaths in Australia are mandated to be
reported to a state coroner. Pathological examination
confirmed redundant MVP in all cases. Hence, these
results are only applicable to cases of redundant leaf-
let MVP, although this appears to be the population
most at risk of sudden death events.? Findings from
histopathological analysis do not routinely include pap-
illary muscles or inferobasal wall, precluding our abil-
ity to comment on fibrosis in those specific regions.
However, the presence of fibrosis in the mid left ventri-
cle suggests a diffuse remodeling process in addition
to previously described focal changes. We are unable
to comment on the importance of MVP in the patho-
genesis of death for patients with non-iIMVP. Further
work investigating the attributable risk of MVP for sud-
den cardiac death in the setting of coexistent condi-
tions is warranted.

CONCLUSIONS

This nationwide autopsy study indicates that most
cases of IMVP and sudden death had bileaflet pro-
lapse, significantly enlarged mitral valve annulus, in-
creased cardiac mass, and histopathological findings
of cardiac fibrosis, with ventricular fibrillation being
the most common presenting rhythm in cases of wit-
nessed cardiac arrest. The histopathological changes
in iIMVP may provide the substrate necessary for de-
velopment of ventricular arrhythmias leading to sudden
cardiac death.
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