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Introduction:-

The vast majority of naturally occurring sudden deaths are caused by cardiac disorders. As per WHO census
statistics, mortality due to cardiac cause has overtaken mortality due to all cancer put together. 4280 out of every 1
lakh people die every year from sudden cardiac death in India alone. Sudden cardiac death accounts for 3,00,000 to
4,00,000 death annually in US.*

80% of sudden cardiac deaths in individuals >35yrs is due to ischemic heart disease, followed by hypertrophic
cardiomyopathy (5%), valvular heart disease (5%), mitral valve prolapse (5%), unexplained (5%) whereas in
individuals <35years of age hypertrophic cardiomyopathy accounts for 48% of sudden cardiac death.?

Cardiomyopathies represent second largest group of patients who experience sudden cardiac death.® The incidence
of hypertrophic cardiomyopathy in United states is low and accounts 0.02 to 0.2 percent of the population and is
found to be in 0.5% of un-selected patients referred for an echocardiographic examination.* In Japan the prevalence
per 100,000 population is 17.3 which is same as in the Western population. ®> The condition is being increasingly
recognised in India and yet, there is little data available regarding the incidence and the rates of mortality.®

The conventional method of heart dissection is inflow outflow method. The disadvantage of this method is, it will
not expose completely the left ventricular wall, right ventricular wall and the interventricular septum. Thus fails to
demonstrate satisfactory clinicopathological correlation in cases of sudden cardiac death. The reason being isolated
interventricular septal thickening in cases of Cardiomyopathies and myocardial infarction due to obstruction of right
coronaries. Arrythmogenic right ventricular dysplasias are also emerging as important cause of sudden cardiac death
which also needs exposure of right ventricle.

To overcome above deficiencies we used short axis method. By doing short axis method we exposed the entire
circumference and the thickness of left ventricle, right ventricle and interventricular septum. This is the best
technique for inspecting the myocardium for infarcts. "*9%1°

Thus a study to evaluate diagnostic utility of short axis method of heart dissection over inflow outflow method.

Triphenyl tetrazolium chloride helps us to pick up ischemic change as early as 2-6hrs.* Masson trichrome stain
helps us to demonstrate the interstitial fibrosis in cases of cardiomyopathies and chronic ischemic heart disease.*
Morphometry of myocardial fibre will aid in assessing the hypertrophy of individual fibres. This is an attempt to
utilize the above parameters to increase satisfactory clinicopathological correlation in sudden death.

Materials and methods:-
The present study emphasises the diagnostic utility of short axis method of heart dissection over inflow outflow
method.

Ours was a prospective study conducted on specimen of heart of sudden death cases suspected of cardiac origin
submitted to the department of Pathology from forensic medicine Unit of Victoria Hospital and Bowring and Lady
Curzon hospital, Bangalore Medical College & Research Institute, Bangalore,. The study was commenced after
obtaining required approvals and clearances from the institution ethical committee. 60 cases of sudden death
suspected of cardiac origin was studied during the period of October 2013 to May 2015.

Cases were included only after having met the inclusion and exclusion criteria mentioned for this study. On arrival
to the department, the specimens were adequately fixed in 10% formalin following which the specimens were
grossed.

The first 30 hearts were dissected by inflow-outflow method in our department. For each side of the heart, the atrium
is opened first, and then the ventricle is opened along its inflow and outflow tracts, following the direction of blood
flow. And next 30 hearts were dissected by short axis method with transverse slicing of hearts 1-1.5cm from apex to
base of heart. The coronary arteries were cut in cross sections at 3-5 mm intervals and examined grossly for
presence of any atherosclerosis, thrombus and narrowing.
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Sections were taken from coronaries, right coronary artery, left coronary artery, left circumflex and left anterior
descending artery. Right and left ventricle wall thickness was measured and sections taken. Sections were also taken
from major vessels, aorta and pulmonary artery. Section from interventricular septum was taken in case of short axis
method and then subjected to routine processing for paraffin embedding, stained with Haematoxylin and Eosin (H &
E) method according to standard procedures.

Masson trichrome staining was done in case of HCM and chronic IHD. This helps us to demonstrate the interstitial
fibrosis.

Triphenyl tetrazolium chloride staining was done on 25 fresh hearts of sudden death cases suspected of cardiac
origin after meeting the inclusion and exclusion criteria.

Inclusion criteria:
All cases of sudden death suspected of cardiac origin occurring in the study period.

Exclusion criteria:
Decomposed bodies where autopsy was not possible within 24hrs or without proper cold storage.

Results:-

A total number of 60 cases of sudden death suspected of cardiac origin were studied prospectively from November
2013 to May 2015 in the Department of Pathology and Department of forensic medicine Bangalore Medical College
and Research Institute, Bangalore

The observations of this study are as follows-
Age distribution:
Among 60 sudden cardiac death cases youngest was 17years and oldest being 58year.

Figure 1:-Graph representing Age-wise Distribution of cases (n=60)

Age Distribution

M <20
H21-30
k431-40
M 41-50
i 51-60
Table 1:-Showing distribution of various cardiac diseases
Sl. No Cardiac disease No. of cases Percentage (%)
1. Ischemic heart disease/coronary artery disease 30 65.6
2. Hypertrophic cardiomyopathy 05 10.8
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3. Mitral stenosis 03 6.5
4, Myxomatous degeneration of mitral valve 01 2.1
5. Arrythmogenic right ventricular dysplasia 01 2.1
6. Coronary artery dissection 01 2.1
7. Others 05 10.8
Total 46 100

65% of sudden cardiac death was due to ischemic heart disease and hypertrophic cardiomyopathy accounted for
10% of cases.

Table 2:-Showing comparison of short axis method of heart dissection with inflow outflow method:

SI. No | Cardiac disease No. of cases Total
Inflow outflow Short axis

1. Ischemic heart disease/coronary artery disease 17 13 30

2. Hypertrophic cardiomyopathy 02 05 05

3. Mitral stenosis 01 02 03

4. Myxomatous degeneration of mitral valve 01 00 01

5. Arrythmogenic right ventricular dysplasia 00 01 01

6. Coronary artery dissection 00 01 01

7. Others 00 05 05
Total 21 25 46

Out of 30 IHD grossly infarct was seen in 13 cases. Short axis method of heart dissection was better in identifying
infarct grossly compared to inflow outflow method.

Distribution of cardiomyopathies
There were no much differences in the two methods in finding out cardiomyopathies. Out of 5 HCM, 3cases were
identified by short axis method. May be occurring of the disease was just by chance.

The 5 cases of HCM accounted for 8.3% of the cases of sudden cardiac death. HCM was seen in younger
individuals (20-30years). out of which 4 were male and 1 female.

Table 3:-Showing cardiac weight, left ventricular thickness and average myocyte .

Case no | Cardiac weightin kg | Left ventricle wall thickness in cms Average myocyte in microns
1. 540 3.0 935

2. 500 2.5 72.5

3. 450 2.2 105.1

4. 350 2.0 98.2

5. 325 1.6 94.3

Above table shows that increase in cardiac weight is associated with increase in left ventricular wall thickness.
Increase in cardiac weight is also associated with increase in myocyte length. Interstitial fibrosis is associated with
reduced myocyte length.

Triphenyl tetrazolium chloride staining of heart:

Triphenyl tetrazolium chloride staining was done on 25 fresh hearts at autopsy. Out of which 17 were positive and 8
negative. Among 16 positive cases 13 showed features of infarction histologically. 3cases did not show features of
infarction histologically.
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Figure 2:-Graph representing result of TTC and H&E stain of myocardium slice
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Out of 17 TTC positive cases, grossly infarct was seen in 9cases which was confirmed by TTC staining. 8 cases
showed infarct only after staining with TTC, this shows that TTC staining is better in picking up infarcts.

Table 4:-Showing comparision of gross, microscopy and ttc staining

Sl.no Age in years No. of cases Gross Positive TTC Microscopy
1. 20-30 10 03 08 07

2. 31-40 02 00 02 01

3. 41-50 09 04 03 03

4, 51-60 01 01 01 01

5. 61-70 03 01 02 01

Total 25 09 16 13

Discussion:-

Sudden cardiac death is commonly defined as an unexpected natural death due to cardiac cause within a short time
period (usually within one hour) with or without onset of symptoms and without any prior conditions that would
appear fatal.®

Cardiac pathology is responsible for 80% of sudden deaths and therefore presently, largest numbers of
histopathological studies are being carried out on whole heart'. Heart disease at autopsy necessitates the careful
preservation and examination of the heart and the vessels. Techniques preserving these and using a reproducible and
systematic approach are preferred.”.

The commonly performed autopsy of the heart often fails to demonstrate a satisfactory clinicopathological
correlation in cases of death due to ischemic heart disease.”

Since most of causes of death arecardiacit is essential that all pathologists are familiar with the
approach to dissection of the heart.™®

According to Horn et al, The Rokitansky method of organ block dissection, in combination with a system of heart
examination termed sequential segmental analysis provides a systematic approach in careful preservation and
examination of the heart. He also says sequential method of examining the heart enables documentation of even the
most complex cardiovascular anomalies.*

Our study was to compare short axis method of heart dissection with inflow outflow method. Very limited studies
are available comparing heart dissection methods.

In our present study we found that short axis method of heart dissection was better in identifying infarcts grossly.
But overall we found more cases of ischemic heart disease by inflow outflow method. Short axis method was better
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in finding out cardiomyopathies (HCM and ARVD), myocarditis and ventricular hypertrophies as it exposes
maximum surface area of ventricular myocardium.

According to Vittorio Fineschi et al, histology may offer structural details of the cardiac wall and coronary
intraluminal changes, particularly when serial section studies are performed.*’

As stated by Alexandre de et al, the macroscopic diagnosis of Acute MI was considered mainly during the
examination of transverse ventricular sections.'® Transverse slicing of myocardium permits best identification of
infarction as well as easy location and documentation of grossly discernible myocardial infarcts.™

The present study was carried out on 60 autopsy cases that included 56 males and 04 females. The age group in this
study ranged from 17 to 60 years. In present study, the percentage of cardiac cases below 40 years was 72% which is
closer to study conducted by M Ahmad et al (71%). *°

Overall, the commonest cause of sudden cardiac death in our study was ischaemic heart disease, non-ischaemic
sudden cardiac deaths occurred in hypertrophic obstructive cardiomyopathy, arrythmogenic right ventricular
dysplasia, mitral valve prolapse, mitral stenosis, coronary artery dissection and myocarditis. In our study, coronary
artery disease accounted for 64%.

In a clizr}Jicopathological study of sudden death by Kasthuri et al,76.9% individuals died of coronary artery
diseases.

When sudden death (SD) occurs in adults and elderly persons, coronary atherosclerosis is the usual cause.?* On the

contrary, a large spectrum of cardiovascular diseases, both congenital and acquired, may account for SD in the
21

young

In our study coronary atherosclerosis was leading cause of death in elderly persons. 72% of our cases were
<40years. In them also the most common cause of death was coronary artery disease which accounted to 45%. In
Drory et al. study coronary artery disease accounted to 58% in young individuals (<40years) which is similar to our
study.”

In a study done by Basso et al **, the most common cause of sudden death in young included premature coronary
atherosclerosis (21%), ARVC (14%), mitral valve prolapse (12%), non-atherosclerotic coronary artery, disease
(11%), myocarditis (10%), conduction system disease (9%) and HCM (7%).

In the present study five young individuals (21-30years) revealed gross and microscopic features of hypertrophic
cardiomypathy which is similar study done by M Ahmad et al. which is also similar to two other studies done by
Mckenna“® and Nocod®*

Table 5:-Showing age distribution of HCM in various studies

Sl. no Study Year Age distribution No. of cases HCM(%)
1. Drory et al 1985 9-39 118 13

2. Kramer et al 1986 17-30 24 25

3. Basso et al 1999 1-35 273 7

4. Ahmad et,al, 1995 21-30 245 6.1

5. Present study 2015 21-30 60 8.3

In present study hypertrophic cardiomyopathy accounted for 8.3% of sudden cardiac deaths which was in close
relation to study done by mumtaz et al (8%)™ and kasthuri et al (7.6%)%

In a Spanish study®, hypertrophic cardiomyopathy was seen in 6.5%.% In another study by ahmad et al, ,
hypertrophic cardiomyopathy accounted for 6.1%.

Table 6:-Showing frequency of HCM in various studies.

| SI. No | Study | No of cases | frequency
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1. present study 60 8.3
2. mumtaz et,al, 1995 66 8.1
3. Ahmad et,al, 1995 245 6.1
4, kasthuri et al,2002 130 7.6
5. Basso et al, 1999 273 7

In the present study, HCM occurred in young individuals <30years of age, which correlated to study done by
lugman et al.** According to study done by Mckenna and Nicod et al, sudden death due to HCM also occured in
young individuals.??

It is said to occur more often in young patients, especially those with a family history. % More recently,
hypertrophic cardiomyopathy is inherited as an autosomal dominant trait; roughly half of patients have another
family member with HCM. Younger age at diagnosis, marked wall thickness and a family history of HCM increase
the frequency that a patient will be gene positive.**

As far as sex distribution is concerned male to female ratio was 2.3:1 in a Japanese Study?’, in our study 4 were
male and 1 female. In M. Ahmad et al study all were male.

Undetermined cases of sudden cardiac death accounted for 4% in M. Ahmad et al study which is in contrary to two
previous studies where it was 11.8% to 16.3%.. In present study undetermined cases were 23%. Such cases may be
because of myocardial ischaemia caused by coronary spasm secondary to overdriven adrenergic activity.

The absence of gross as well as microscopic changes before appearance of neutrophil at the scene of infarct, which
is estimated to take minimum of 6-8 hours in term of post-infarction survival time, has been a major hurdle in
establishing the cause of death in cases of early death due to myocardial infarction.

The detection of enzyme specific to the myocardial cell, in increased quantities in the peripheral blood indicates
irreversible myocardial cell death. Even at this stage the morphology of these dead cells remains normal to routine
light microscopy. However, the decreased activity of the enzyme in the cell can be demonstrated by histochemical
method. Absence of dehydrogenase enzyme activity leads to non deposition of formazan pigment over the infarct
area.

Table 7:-Studies on triphenyltetrazolium chloride:

Sl. no Study with year Total TTZ H&E
1. Present study, 2015 25 16 13

2. Banshidhar et al 100 68 25

3. Doran et al 25 24 16

4. Adegobyega et al 638 174 140
5. Jishenbein et al 54 54 54

6. Alpesh B Bambhaniya et al 130 26 17

Present study showed infarcts in 68% cases which closely correlates with Agdal® study where he found fresh infarct
in 75% of cases. Banshidhar et al*! study revealed infarcts in 82.37% autopsy cases using TTC stain. There were no
false positive cases noted in our study. Similar finding was noted in study by johan et al. Therefore according to our
study Triphenyl tetrazolium chloride staining is highly specific.

In present study there were 17 TTC positive test, amongst them 8 specimen of heart did not show infarction on
macroscopic examination. After application of TTC, infracted areas were well visualized. In 9 hearts in which
macroscopically infracted area were seen, after application of TTC these areas were better delineated. Finding of the
present study is in accordance with Neural et al®®, Nachals and Shnikta®, Ramkissoon®, Brody et al** and Mc Vie®
This study shows that the maximum number of early myocardial infarction can be detected by TTC method. The
technique of this procedure is quite simple and easy to perform. The reagents required are not out of the reach
(economically) for medium sized laboratories. As regards interpretation of results, the TTC macro-method did not
pose any problems.
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One of the major objective of medico legal autopsy is to find the cause of death. As TTC staining method is simple
and easy to perform, it can be done at autopsy. The unnecessary wastage of effort and resources on investigations
can be saved by just doing this simple test at autopsy. An attempt should be made to establish TTC macro method at
all the hospitals including primary centers where the postmortems are conducted.

Fig 3:-Figure showing dissection of heart
a)short axis method b)inflow outflow method.

Figure 4a:- infarct at apex
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Figure 4c:-Arrythmogenic Right Atrial Dysplasia

Figure 5a:-TTZ staining control Figure 5b:-TTZ staining showing infarct

QRS

A\

Figure 5c:-Myocardial infarction Figure 5d:-ARVD
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