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SEGMENTAL ANALYSIS OF 51 CASES OF DEXTROCARDIA 

INTRODUCTION 

Dextrocardia has been defined as right sided 

heart. Van Praagh & Vlad (9) used the term to describe the 

situation where on plain chest x-ray the heart is 

predominantly in the right hemithorax. While Lev et al (3) 

and Squarcia et al (7) used it to describe the situation 

where the apex or major axis of the heart point to the 

right. 

Aristotle (384 322 B C) had observed situs 

inversus in animals. The first case of dextrocardia in man 

was reported by Fabricus in 1606. Severinus reported one 

more case in 1643. Initially dextrocardia was diagnosed 

only at autopsy, however during the early 1800s it began to 

be recognized during life because of the improvement of 

percussion and auscultation. 

A right sided position of the heart has no 

implication for the internal anatomy. Van Praagh et al (9) 

and Squarcia et al (7) have shown that segmental analysis 

is necessary for 
/ 

the complete description of such hearts. 
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The segment approach to diagnosis is independent of cardiac 

position, because it rests on basic developmental and 

anatomic principles. In this paper we describe an analysis 

of cases from the Sree Chitra Tirunal Institute for Medical 

science and technology fulfilling these definitions of 

dextrocardia. 

I 

I 
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MATERIALS & METHODS 

This is a retrospective study of all cases of 

dextrocardia catheterised in our institute between 1986 and 

1994. All the patients had detailed echocardiography done 

prior to the catheterisation. In some patients during 

follow up repeat echocardiography and recatheterisation had 

resulted in modification of the diagnosis. During this 

period a total of 51 case·s of dextrocardia were 

catheterized. 

The initial step involved identification of the 

visceroatrial situs. The visceroatrial situs was defined as 

either solitus, inversus or ambiguous. The visceral situs 

was determined with the help of a plain chest x-ray and by 

echocardiography prior to catheterization. Since the 

visceral situs almost always reflects the atrial situs, the 

atrial situs was assumed to correspond to the visceral 

situs which was determined depending on the side of the 

liver shadow and stomach bubble. · In doubtful cases the 
I 

morphology of the main bronchus was determined to establish 

the bronchial situs(6,13). In 95% of cases, the 

radiographic length of the morphological left main bronchus 
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is at least twice that of the right main bronchus, where 

the ratio of bronchial length is less than 2 and 

particularly if it is less than 1.5 then thoracic isomerism 

is likely to be present. With angiography the atrial situs 

was localised by the following methods. (A) IVC-RA 

concordance - IVC almost always returns to the RA. (B) 

When IVC is absent - when suprarenal to subhepatic segment 

of the IVC is absent and is associated with an azygous 

continuation to the SVC Leachman and associates (4) have 

stated that the side of the azygous extension corresponds 

to the location of the IVC thereby indicating the type of 

atrial situs. In addition the hepatic IVC visualised by 

reflux of the contrast following venous or selective right 

atrial angiocardiography can be utilised in atrial 

localisation. Angiographic shape of the atrial appendage 

also is usually distinct and different. The right atrial 

appendage is large broad and pyramidal and the left atrial 

appendage is small narrow and tubular. 

The second step in the segmental analysis involved 

ascertaining the A.V. connexions. This was determined with 
I 

echocardiography. When the morphological right atrium 

connects with the morphological right v~ntricle and uhe 

morphological left atrium connects with the morphological 
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left ventricle, the atrioventricular connexion was 

described as concordant. When the RA opens into the LV and 

the LA opens into the RV the AV connexion was described ,as 

discordant. When one of the valve was atretic it was called 

tricuspid or mitral atresia depending on the ventricular 

loop. When both the AV valves opened entirely or 

predominantly into one ventricle the A-V connexion was 

described as double inlet ventricle. Double inlet RV or LV 

depending on the morphology of the ventricle. Angiographic 

criteria(6) for identifying the RV were(A) presence of 

coarse trabeculations especially during diastole (B) 

presence of an infundibulum with consequent discontinuity 

of AV & semilunar valves (C) triangular shape of the 

ventricle in the AP Projection. Criteria(6) for identifying 

the morphological LV \vere (A) a smooth outline of the 

ventricle during diastole (B) absence of an infundibulum. A 

solitus ventricle was also labelled as a d-loop .ventricle 

and an inversus ventricular loop was labelled as a L

loop(l2). When the ventricular situs was indeterminate it 

was labelled as an x-loop ventricle. In this context the 

term solitus, invetted are used in a situs independent way. 

In case of single ventricle the ventricular loop was 

determined depending upon the presence and location of the 

rudimentary chamber. 
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The next step involved deciding the ventricular 

arterial connections and the great arterial relation. The 

three basic patterns were normal connection, transposition 

and double outlet ventricles. The relation of the great 

arteries were termed as solitus normally related when the 

aortic valve was to the right and posterior in a situs 

solitus situation and inverted normally related when the 

aortic - valve was to the left and posterior in_ a situs 

inversus situation. Abnormally related great arteries were 

termed d-position, L-position or A-position depending on 

wether the abnormally related aortic valve is to the right, 

left or anterior relative to the pulmonary valve. 

Finally all the associated anomalies were grouped 

into (i) anomalies of venous return (ii) anomalies of 

atrial anatomy (iii) anomalies of AV junction (iv) 

anomalies of ventricular anatomy (v) anomalies of conal 

anatomy and of the aortic arch and its derivative. 

-----------~--- --- -----~------------~--~ - -----------------
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RESULTS 

Of the total 51 cases of dextrocardia, 27 were 

male and 24 were female. The age of the patients at the 

time of catheterisation varied from a minimum of 11 months 

to a maximum of 43 years. 

Of the 51 cases 16 (31.4%) were acyanotic 

congenital heart diseases while the remaining 35 (68.6%) 

cases were cyanotic congenital heart diseases. Among the 35 

cases with cyanotic congenital heart disease 4 (ie 7.8% of 

all the cases and 11.4% of the cyanotics) presented with 

clinical features of increased pulmonary blood flow and the 

remaining 31 (ie 60.7% of all the case and 88.6% of the 

cyanotics) presented with clinical features of decreased 

pulmonary blood flow. 

The mean age of the patient presenting with 

features of an increased pulmonary blood flow was 1.2 ± 

0.89 years as compared to 
\ 

5.4 ± 6.3 years for patients 

presenting with features of decreased pulmonary blood flow 

and 14.9 ± 11.6 years for the patients wit~ an acyanotic 

congenital heart disease. 
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28 of the 51 patients had a visceroatrial situs 

inversus, 22 had situs solitus and one had situs ambiguous. 

Table I summarizes the various types of dextrocardia in our 

series. 

SITUS INVERSUS (TABLE II) 

In situs inversus, 24 of the 28 had a left sided 

IVC while 4 of the patients had a left IVC interruption 

with azygous continuation into the left svc. All of than 

had a left SVC and 5 of them had an additional right SVC. 

One of the patients had a total anomalous pulmonary venous 

connection with all pulmonary ~eins connecting individually 

into the left sided systemic venous atrium. 22 patients had 

an L-loop ventricle, and 6 had a d-loop ventricle. 

The ventriculoarterial relationship , in patients 

with situs inversus were as follows. 13 had inverted 

normally related great arteries, 6 had DORV with L-

malposition of great arteries, 
/ 

4 had d-transposition of 

great arteries,3 had L transposition of great arteries, 

~r ftad ~-transposition~ great a£teries rhad a single 

ventricle (d-loop) with L-malposition of great arteries and 
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one patient had DORV with d-malposition of the great 

arteries. 

Dextrocardia in situs inversus could be grouped 

into six different types. 

Dextrocardia with {I,L,I,} 

There were a total of 13 cases of mitror image 

dextrocardia. All of them had visceroatrial situs inversus, 

L-loop ventricle (A-V concordance) and normally related 

great arteries of the inverted type. One of these patients 

had normal heart and was investigated for coronary artery 

disease. All the other patients had associated cardiac 

anomalies. 

Two patients had bilateral SVC and in both of 

these cases the Right SVC drained into the coronary sinus. 

One of the 
, I 

pat1.ent s with bilateral SVC also had 

interruption of the Left side IVC with azygous continuation 

into the Left SVC. One patient had TAPVC with all the 

pulmonary veins draining lindividually into the systemic 

venous atrium, this patient in addition also had a Left 

side IVC interruption. There were 2 patients with TOF and 
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one of whom had a coronary anomaly with the LAD arising 

from the RCA, one case of secundum ASD and ~1VP with mild 

MR, 4 cases of VSD one of them had mild PS, one case of PDA 

and one patient had a tight infundibular stenosis with a 

secundum ASD. 

DORV {I,L,L,} 

There were totally 6 cases of situs inversus, 

dextrocardia with an L-loop ventricle and, a double outlet 

right ventricle with the aorta to the left of the pulmonary 

artery. 2 patients had bilateral SVC. All the 6 had VSD one 

of which was a large inflow VSD and all patients had 

pulmonary stenosis, 1 patient had ASD, 1 patient had single 

atrium, 2 patients had-a common atrioventricular valves and 

1 patient had moderate to severe aortic regurgitation. 

TGA {I,L,L,} 

There were 3 case of situs inversus, dextrocardia 

with concordant L-loop ventricle and ventriculoarterial 

discordance with 
/ .. L-transposJ.tJ.on of great arteries 

\ 

resulting in. physiologically uncorrected transposition of 

great arteries. One of them had an associated VSD with PS 
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(valvar & supravalvar), the second patient had a ASD, VSD 

and PS. The 3rd patient had left A-V valve atresia and no 

PS. 

TGA {I,D,D,} 

There were 4 case of situs invers us dextrocardia 

with atrioventricular and ventriculoarterial discordance 

resulting in physiologically corrected transposition of 

great arteries. One of them had a bilateral SVC. This 

patient had an associated VSD and PS. The other 3 patients 

had an associated ASD, two of them also had PS. 

DORV {I,D,D,} 

One patient with situs inversus dextrocardia had a 

D - loop ventricle (A-V discordance) with a double out let 

Right Ventricle. This patient had pulmonary atresia with a 
) 

large PDA supplying the pulmonary arteries. 

Single Ventricle {I,D,L,} 

' . 

One patient had situs inversuE;, dextrocardia and 

single ventricle. The patient had a d-loop ventricle which 
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was of LV morphology. There was IVC interruption with 

azygous continuation in to left SVC. The patient had a 

single atrium, right A-V valve atresia and pulmonary 

stenosis. 

SITUS SOLITUS (TABLE II) 

Of the 22 cases with situs solitus all had a right 

IVC. Of the 22 only 20 had a right SVC. Of these 5 had an 

additional left SVC. 2 patients had only a left SVC. One of 

the patients had scimitar syndrome with all right sided 

pulmonary veins draining through a common channel in to the 

IVC below the diaphragm. 14 patients had a d-loop 

ventricle, 7 had a 1-loop ventricle and 1 had an 

indeterminant ventricular loop. 

The ventriculoarterial relationship in patient 

with situs solitus were as follows. Of the 6 patients with 

single ventricles all had a 1-malposed great artery 5 had 
I 

normally related great arteries, 5 had 1-transposition of 

great arteries. One each of DOLV with 1-malposed great 
./ 

arteries, Pulmonary atresia with 1-malposed aorta, DORV 

with 1-malposition of great arteries and VSD PS with 

1-malposed aorta. 
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Dextrocardia in situs solitus could be grouped 

into five different types. 

{S,D,S,} 

Of the total of 22 cases with dextrocardia situs 

solitus, 5 patients had an associated d-loop ventricle with 

normally related great arteries. One patient had a normal 

intracardiac anatomy but was accompanied by a post 

subclavian coarctation of the aorta. 3 had secundum ASD, 

one patient had a bilateral SVC. 

{S,D,L,}. 

4 patients had situs solitus dextrocardia with d-

loop ventricle and !-malposed aorta. Of these 1 patient had 

an associated VSD with PS, another had VSD wfth pulmonary 

atresia. The third patient had 2 muscular VSD's and DORV, 

fourth patient had associated ASD, tricuspid atresia, 

subaortic VSD, DOLV and mild PS. 
/ 

........ 
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TGA {S,D,D,} 

2 patients had situs solitus, dextrocardia d-loop 

ventricle and d-TGA resulting in physiologically complete 

transposition of great arteries. One patient had ASD, VSD 

and PS. The other patient had a muscular VSD, right AV 

valve atresia, right sided systemic venous ventricle 

hypoplasia and overriding of right A-V valve. 

Dextrocardia with {S,L,L,} 

There were 5 cases of situs solitus dextrocardia 

with atrioventricular discordance, 1-loop ventricle and a 

ventriculoarterial discordance 1-malposed aorta, resulting 
1 

in physiologically corrected transposition of the great 

arteries. All were associated with VSD and PS. Two of the 

patients had bilateral SVC and one of them had a coronary 

anomaly in the form of LAD arising from the morphological 

RCA. 

Dextrocardia with single Ventriclif 

6 patients with situs solitus and dextrocardia had 
\ 

single ventricles. All 6 had a single ventricle of LV 
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morphology. Out of the 6, 3 had a d-loop ventricle and two 

had 1-loop ventricle. In one patient the ventricular loop 

was indeterminant. 3 cases had an ASD, two patients had 

double inlet left ventricle and four had an absent right AV 

valve. 2 of then had pulmonary atresia and the remaining 4 

had pulmonary stenosis. All 6 patients had an !-malposed 

aorta. 

SITUS AMBIGUOUS {A,X,L) 

The patient with situs ambiguous had both the IVC 

and abdominal aorta to the right of the spine with the IVC 

lateral to the aorta. He had bilateral SVC with the left 

SVC 'draining into a single atrium and the right SVC 

draining into the atrium through a coronary sinus. The 

~atient had a single ventricle of indeterminant loop. A 

common AV valve connected the single atrium t.o the single 

ventricle. The single ventricle gave rise to both the great 

arteries with the aorta to the left and anterior to the 

pulmonary artery. The patient had pulmonary stenosis and a 

right aortic arch. 

-
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DISCUSSION 

The commonest type of visceroatrial situs was 

situs inversus seen in 28 (55%) cases, second in frequency 

was situs solitus seen in 22 cases (43%) and situs 

ambiguous was the least common seen in only one case. This 

increased incidence of situs inversus as compared to that 

of situs solitus is in contrast to the series of Van Praagh 

et al (9), Squarcia et al (4) Lev et al (3) and Calcaterra 

et al (1). 

Squarcia et al had a total of 60 cases of which 44 

(73.3%) had situs solitus, 11 (19.3%) had situs inversus 

and 5 (8.3%) had situs ambiguous. Lev et al had a high 

incidence of asplenia and polysplenia syndrome. Of a total 

of 41 cases, 20 (48.7%) had either an asplenia or a 

polysplenia syndro~e. 15 (36.5%) had situs solitus and only 

6 (14.6%) had situs inversus. Calcaterra et al had a total 

of 33 cases of dextrocardia of which 1~ (48%) had situs 

solitus, 11 (33.3%) had situs inversus had 6 (18.2%) had 

situs ambiguous. 
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Overall there were 29 (57%) L-loop ventricles 20 

(39%) d-loop ventricles and 2 ventricles of indeterminant 

loop. In situs inversus the incidence of L-loop ventricle 

is 3.6 times more common than the d-loop which concurs with 

that of Vanpraagh's series (9) where 1-loop was 4.3 times 

as common as D-loop, while Lev's series (3) had no case of 

a d-loop ventricle among his cases of situs inversus. 

In the present study the incidence of D-loop 

ventricle in situs solitus was twice as common as 1-loop 

ventricle. In Van praagh's series (9) it is 1.6 times as 

common, while in Lev's series in situs solitus also L-loop 

was more common being 1.5 times as common as d-loop. A 

comparison of the ventricular loop is given in Table IV. 

The commonest type of dextrocardia encountered by 

us was situs inversus, A-V concordance with inverted 

normally r~lated great arteries, the second most common was 

situs inversus DORV and L-malposed great arteries. Next 

there was an equal incidence of situs solitus, AV 

concordance normally related great arteries and situs 
'\ 

solitus dextrocardia with corrected transposition of great 

arteries. 
' 
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This study is concurrent with other studies of 

dextrocardia (Van praagh et al 1964, Squarcia et al 1973, 

Lev et al 1964, Calcaterra et al 1979) that a variety of 

chamber combination can be found in hearts situated in the 

right chest. Thus the term dextrocardia gives no 

information regarding chamber organisation and internal 

anatomy of the heart but should be only used for 

description of this cardiac position. We have followed the 

system outlined mainly by Van Praagh et al (12) and found 

it to be applicable in all our cases. 

TOF and truncus arteriosus were considered to be 

very uncommon in dextrocardia. TOF was reported by de la 

Cruz in 19 62 ( 2), Lev and associates ( 3) and Horgan and 

associates (5). In the present study we had 3 case of TOF, 

all 3 were in patients with situs inversus and there were 

none in patients with situs solitus. Truncus arteriosus is 

also considered rare in dextrocardia. In Van Praagh and Van 

Praagh's (10) series of truncus arteriosus there was no 

case of dextrocardia. We too did not come across any case 

in our series. However Calcaterra et al1 (1) in his report 

of 33 cases reported two cases with single outlet trunk one 

in a patient with situs solitus and one in a patient with 

situs ambiguous. 
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In conclusion it is clear that the terms 

dextrocardia only implies that the heart is in the right 

hemithornx. The identification and categorisation of the 

extremely varied chamber arrangement with in thes0. hearts 

was greatly facilitated by use of segment by segment and 

morphologic approach. 
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TABLE I 

VENTRICULO ARTERIAL RELATIONSHIP 

GREAT ARTERIES 

VISCERA, ATRIA, VENTRICLES NORMALLY DEXTRO LEVO 
RELATED POSED POSED 

I SITUS SOLITUS (N=22) 
A. A-V CONCORDANCE 5 2 4 
B. A-V DISCORDANCE 5 
C. SINGLE VENTRICLE 6 

II SITUS INVERSUS INVERTED DEXTRO LEVO 
NORHALLY POSED POSED 
RELATED 

A. A-V CONCORDANCE 13 9 
B. A-V DISCORDANCE 5 
C. SINGLE VENTRICLE 1 

III SITUS AMBIGUOUS 

A. COMr10N VENTRICLE 1 

' 

-~----~ ·---------·-- --~--·----------··--·-----~---- -------~-----

' 
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Table II 

No.! Pul. outflow 110DE OF 
AIJ CONNEK ION 

Aortic 
Arch 

~---------------------------~-----------------!------------:------------------------:---------:--------------: 
VENTRICLES AND 
GREAT ARTERIES PS Atresia N IJS!) 

I 'I 
I l. 

OORIJ : A-V 
Absent 
Rt. A-IJ 

!Valves Valva 

Absent 
Lt. A-V 
valva 

R L ASO POA 

----------------------------:-----------------:------------!------------------------:------------------------: 

L - 11alposed 

II. SITUS INVERSUS 

A-V CONCORDAilCE 

inverted normally 
related 
l. - transposed 

A-V DISCORDANCE 

- !) Malposed 

SINGLE VENTRICLE 

L - 11al posed 

Ill. SITUS AMBIGOIJS 

l. - Malposed 

6 

122l: 

13 
9 

{5l: 

5 

( ll: 

. 
L 

4 

5 
8 

3 

1 

1 

2 

8 85 
9 

2 

6 

4 

13 
6 

2 

(common AV valve-2l 

5 

\Single A 'l 
vahal 

1 

1 

1 4 3 
1 1 

3 

13 
4 

3 

5 

3 

5 

2 

3 
2 

3 

2 

1 

I 'I 
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TABLE III 

ASSOCIATED MALFORMATIONS IN DEXTROCARDIA 

----~---------------------------------------------------
SITUS SOLITUS SITUS INVERSUS 

Rt. svc only - 15 IVC interruption 4 

Lt. svc only 2 Lt. svc only - 23 

Bi1. svc 5 Bil. svc 5 

HAPVC 1 TAPVC 1 

Overriding Rt. 1 ASD 8 
A-V Value 

Pul. Stenosis - 13 PDA 2 

Pul atresia 3 Single atrium 2 

ASD 7 Pul. stenosis - 13 

VSD - 11 Pul. atresia 1 

PDA 3 MVP mild MR 1 

Single coronary 1 Mod-sev AR 1 

LAD from RCA 1 HCM 1 

TOF 3 

. ~--·~----··-~----~~·---

' 
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Table IV 

COMPARISON OF THE VENTRICULAR LOOP 

·---------------------------------------------------------
PRESENT · Van Praagh 
STUDY et al (10) 

Lev et al 
( 3 ) 

SITUS SOLITUS n=22 n=26 n=l5 

A. L-loop Ventr. 7 9 9 

B. D-loop ventr. 14 15 6 

c. Inderminate loop 1 

SITUS INVERSUS n=28 n=l6 n=6 

A. L-loop Ventr. 22 13 6 
B. D-loop ventr. 6 3 
c. Indeterminant loop 

SITUS AMBIGUOUS 1 9 20 

-~·----------------··---

' 
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THE EFFECT OF ANTIOXIDANT VITAMIN E ON 
LIPID PEROXIDATION AND FREE RADICAL SCAVENGING ENZYMES 

IN PATIENTS WITH CHRONIC STABLE ANGINA 

INTRODUCTION 

A free radical is simply defined as any species 

capable of independent existence that contains one or more 

unpaired electrons. Free radicals are continuously produced 

invivo. The term reactive oxygen species (ROS) is a 

collective one that includes not only oxygen centered 

radicals such as superoxide and hydroxyl but also some 

nonradical derivatives of oxygen such as hydrogen peroxide 

(H 2o2 ), singlet oxygen and hypochlorous oxide. 

Antioxidant defense mechanisms include enzymes 

like superoxide dismutase, catalases and glutathione 

peroxidases. Many actual and putative physiologic 

antioxidants act by scavenging radicals, eg. tocopherols 

delay lipid peroxidation by scavenging intermediate 

radicals such as lipid peroxy radicles. The tocopherol 

transfers a hydrogen atom (with its single electron) thus 

removing the peroxyl free radical, faster than these 

radicals can react with membrane proteins or with adjacent 

fatty acid side chain. Vitamin E is an essential fat 
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soluble vitamin. d-alpha tocopherol has the highest 

biological activity and 

of vitamin E in the 

is the most widely available form 

food. The commercially available 

are comprised of approximately 

stereoisomeric forms of alpha-

synthetic form of vitamin E 

an equal mixture of eight 

tocopherol. Vitamin E is 

principally by low density 

density lipoprotein (HDL). 

transported in 

lipoprotein (LDL) 

the 

and 

blood 

high 

Oxidative modification of low density lipoprotein 

may be important in the development of atherosclerosis. LDL 

carries within it a number of natural antioxidants that can 

trap free radicals, and can prevent the chain reaction from 

starting or limit its extent. These include vitamin E, beta 

carotene, lycopene, ubcquinol and probably a number of 

other minor components as well. When LDL is subject to pro

oxidative conditions these antioxidants are themselves 

oxidized before any extensive oxidation of the 

polyunsaturated fatty acids or sterol can occur, This "lag 

phase" (the number of minutes before the polyunsaturated 

fatty acids begin to be oxidized at a maximum rate as 

measured by diene conjugation or related methods) can serve 

as a measure of the extent to which LDL is "protected" 

against oxidative damage. 
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Oxidized LDL is potentially more atherogenic than 

native LDL in many different ways, including its 

recognition and rapid uptake via specific macrophage 

receptors, giving rise to foam cells, cytotoxicity, 

chemotactic properties of monocytes, inhibition of the 

motility of tissue macrophages, ability to stimulate the 

release of monocyte chemoattractant protein -1 from 

endothelial cells, ability to stimulate the release of 

macrophage colony stimulating factor from endothelial 

cells, ability to stimulate the release of interleukin - 1 

and other cytokines from macrophages, ability to induce the 

formation of autoantibodies, and ability to inhibit the 

relaxation of arteries in response to agents working 

through endothelium dependent relaxation factor. 

Experiments in animal models support the concept 

that oxidative modification of LDL plays a role in 

atherogenesis and also there is evidence that antioxidant 
-

supplementation will inhibit the progression of 

atherosclerosis in animal models (1,2,3). Most of the 

antioxidants tested in animals are chemical compounds -

probucol, butylated hydroxytoluene (BHT) and diphenyl 

phenylenediamine ( DPPD). Dietary micronutrients with 

antioxidant properties - ascorbate, alpha-tocopherol and 
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beta carotene may provide an alternate approach to 

protection of LDL against oxidative modification and hence 

prevention of atherosclerosis. Previous investigations 

(4,5) have shown that these antioxidant macronutrients can 

inhibit LDL oxidation when added 

of the diet with alpha tocopherol 

invitro. Supplementation 

or ascorbate has been 

reported to decrease susceptibility of LDL to oxidation 

(6,7,8). 

Several prospective studies suggest an inver.se 

association between dietary intake or plasma concentration 

of antioxidants and cardiovascular disease. The cross 

cultural study of 16 European populations (9) found a 

geographical correlation between low plasma vitamin E, and 

to a lesser extent vitamin C and carotenoids, and high 

rates of cardiovascular diseases. The strongest inverse 

correlation in this study was observed between ischemic 

heart disease and plasma vitamin E concentration. However 

two earlier studies in Finland (10) and the Netherlands 

(11) did not find an association between serum vitamin E 

and subsequent cardiovascular disease. In men a borderline 

significant association was found for dietary intake of 

vitamin E alone, but it was much stronger for vitamin E 

supplement users consuming above 100 Iu vitamin E daily for 
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atleast 2 years. In the Edinburgh case control study on 

previously undiagnosed angina pectoris (12) middle aged men 

from a population with plasma antioxidant levels between 

sufficient/fair to poor, very high IHD morbidity were 

screened for cases with previously undiagnosed angina 

pectoris and compared ·with apparently healthy matched 

controls. Low plasma levels of vitamin E, of vitamin C and 

of carotene were associated with an upto 2.6 fold higher 

risk of this early stage of IHD as compared to high 

antioxidant levels. 

Thus there seems to be consistent evidence for 

association of a poor plasma status of essential 

antioxidants and an increased risk of IHD·· · Jialal et al { 7) 

has reported that alpha~tocopherol decreases the 

susceptibility of LDL to oxidation when given as 

supplements to humans. Reaven et al {13) and Jialal et al 

{14) using high dose ·of combined · antioxidant 
-

supplementation failed to show an added benefit on LDL 

oxidation of combined ascorbate, beta carotene arid vitamin 

E to high dose of vitamin E alone. 

The present study was done to assess the effect of 

supplementation with d alpha-tocopherol on lipid 

peroxidation and antioxidant enzymes. 
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MATERIAL AND METHODS 

30 patients with a diagnosis of chronic stable 

angina formed the study group. These patients were selected 

on the basis of symptoms of angina and either definite ECG 

markers of previous myocardial infarction or definite 

exercise treadmill test evidence of inducible ischaemia or 

by demonstration of coronary artery stenosis by coronary 

angiogram. From all patients 10 ml of fasting blood was 

drawn and sent for estimation of basal lipid profile, lipid 

peroxide, superoxide dismutase and glutathione peroxidase 

levels. Following this all patients were put on d-alpha 

tocopherol 400 Iu daily, for a period of 3 months. At the 

end of 3 months 10 ml of fasting blood was again drawn and 

the lipid profile and levels of lipid peroxide, superoxide 

dismutase and glutathione peroxidase estimated. 

Serum cholesterol and triglycerides were estimated 

by the routine laboratory procedure using enzyme assay kits 

from Boehringer Mannheim. High density lipoprotein 

cholesterol (HDL-C) was isolated after precipitating LDL 

and VLDL by polyethylene glycol (PEG) 6000 and the 
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cholesterol content of HDL supernatant was quantitated 

using the same enzymatic method used for estimating total 

cholesterol (15). Lipid peroxide in serum was estimated by 

thiobarbituric acid method (16). Malondialdehyde (MDA) 

formed from the breakdown of polyunsaturated fatty acids 

served as an index for the determination of the extent of 

the peroxidation reaction. MDA has been identified as the 

product of lipid peroxidation that reacts with 

thiobarbituric acid to give a red coloured complex species 

absorbing at 535 nm in spectrophotometer. 

Assay of free radical scavenging enzymes in serum 

Fasting blood samples were taken. The assay of 

superoxide dismutase {SOD) in serum was carried out by the 

method of Eistner et al {17). An aliquot of serum was 

incubated with xanthine, xanthine oxidase and 

hydroxylammonium chloride and the formation of nitrite was 

determined by adding alpha-naphthylamine. The glutathione 

peroxidase activity was quantitated in serum using 

glutathione and hydrogen peroxide as described by Hopkins 

et al { 18). 

---~-- , _____ ------- ----------·--~----
' 
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Statistical analysis 

All values are expressed in mean ±SD. Significant 

difference between the mean values of each variable at 

baseline and 3 months was defined at the 5% level using the 

paired t-test. The Pearson correlation coefficient was used 

to correlate two variables. 
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RESULTS 

Of the total 30 patients one patient was lost to 

follow up and all the analyses included the remaining 29 

only. There were 27 males and 2 females. The mean age of 

the patients was 51.1 ± 8.83 years (range 32-71 yrs). 11 

patients had history of hypertension, 2 patients had 

diabetes mellitus. 20 patients gave past history of 

myocardial infarction. 16 patients were smokers. 20 of the 

29 patients underwent a coronary angiogram. 4 patients had 

evidence of triple vessel disease, 8 patients had evidence 

of two vessel disease and the remaining 8 had single vessel 

disease. 

The mean values of all the variables measured at 

baseline and at 3 months are given in Table I and II. There 

was no significant difference observed in the mean values 

at baseline and 3 months of serum cholesterol, HDL

cholesterol, LDL-cholesterol, Triglyceride and the ratio of 

total cholesterol to HDL-cholesterol. 
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There is a significant decrease in the lipid 

peroxide level at 3 months as compared to baseline 

(2.45±0.31 to 2.2 + 0.41 p=O.OOl) indicating that there is 

a decrease in the amount of lipid peroxidation. A 

significant increase was noted in the level of antioxidant 

enzymes superoxide dismutase (10.31±1.77 to 11.30 ± 1.55 P 

0.000) and glutathione peroxidase (18.16±2.92 to 2.54 + 

2.57 p = 0.000). 

There was no significant correlation between 

changes in the lipid profile parameters and levels of lipid 

peroxide, superoxide dismutase and glutathione peroxidase. 
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DISCUSSION 

Oxidative modification of polyunsaturated fatty 

acids of the membrane phospholipids is thought to be 

proatherogenic. It has been shown that antioxidants prevent 

atherosclerosis in animal models (1,2). Antioxidants such 

as DPPD and BHT prevented atherosclerosis in animals. The 

side effects of these agents prevent their use in human 

subjects. Antioxidant vitamin alpha-tocopherol has been 

shown to be free of side effects when given in large doses 

(14) and thus their plasma levels can be manipulated by 

dietary measures and oral supplementation. 

Previous studies have documented increase in 

levels of lipid peroxides and conjugated dienes in coronary 

artery disease patients (19,20,21)). The increased lipid 

peroxidation seen in these patients may be because the 

natural scavenging mechanisms are suppressed and the free 

radical generation processes are enhanced. Vitamin E is 

able to prevent membrane lipid peroxidation by its ability 

to incorporate into membranes. Vitamin E is the most 

effective chain breaking lipid soluble antioxidant in the 

biological membrane, where it contributes to membrane 
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stability. It protects critical cellular structures against 

damage from oxygen free radicals and reactive products of 

lipid peroxidation. 

It has been shown that the resistance of LDL to 

oxidative attack and accumulation in foam cells is 

determined at least partly by vitamin E. Probably for these 

reasons plasma concentration of vitamin E and other 

antioxidants were significantly inversely related to the 

risk of angina and mortality from IHD. One mechanisms of 

the beneficial effect of vitamin E may be that it protects 

endothelium dependent vasodilatation. By increasing the 

lipoprotein resistance to oxidation, vitamin E can prevent 

the toxicity of oxidized LDL against endothelial dependent 

relaxation factor (22). Altered vascular tone can increase 

the risk of platelet activation and thrombosis. Therefore a 

reversal of endothelial dysfunction by vitamin E could 

reduce the risk of coronary disease (23,24). 

At endothelial level vitamin E could quench the 

superoxide anion which would inactivate the free radical 

nitric oxide. Vitamin E may prevent the nitric oxide 

inactivation by oxidlzed products and reduce the formati.on 

of cytotoxic peroxy nitrile (25). However· at vascular 
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endothelial cells alpha 

the membranes where 
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may play additional roles. In the 

- tocopherol is mainly located in 

the vitamin probably exerts 

antiperoxidative effect and may stimulate prostacyclin 

release (26). Therefore alpha-tocopherol may play several 

roles in vascular homeostasis preventing development of 

atherosclerosis and enhancing an antioxidant action in 

vascular endothelial cells. Since the vascular system is 

the primary target of an oxidative stress following a 

reperfusion injury vitamin E may act early protecting the 

myocardium against an oxidative damage by quenching ROS and 

in addition by preventing CAD. 

In the present study we gave vitamin E (d-alpha

tocopherol) supplementation to patients with chronic stable 

angina. There was no significant difference noticed in the 

lipid profile of these patients at 3 months. There was 

significant reduction in the level of lipid peroxide and 

significant increase in the level of superoxide dismutase 

and glutathione peroxidase both being antioxidant enzymes. 

Thus it appears that vitamin E in addition to reducing 

lipid peroxidation has also been capable of increasing the 

patients antioxidant capabilities which is implied by an 

increase in the level of antioxidant enzymes. 
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The antioxidants may limit the spread of 

degenerative illness like cancer, premature aging and heart 

disease. Research has shown that oxidation makes the 

cholesterol harmful to coronary arteries and there is 

growing evidence that antioxidants can help block the 

phenomenon. Free radical induced oxidation of LDL can 

clearly provoke unregulated lipid accumulation in monocyte 

derived macrophages and thus presumably initiate 

atherogenesis by the formation of foam cells and fatty 

streaks. Several data support the hypothesis that in humans 

a suboptimal status of essential antioxidants is involved 

in both carcinogenesis and atherogenesis. 

Lipid peroxidation, induced by reactive oxygen 

species is a chain reaction. The antioxidants trap the 

radicals directly thereby reducing the chain length of the 

oxidation reaction and thus limiting the amplification of 

peroxidative damage. Dietary administration of vitamin E 

enhances its level in the circulation as well as the 

activity of SOD and glutathione peroxidase. The decreased 

rate of lipid peroxidation observed is thought to result 

from the combined ability of these antioxidants to quench 

the excess free radicals produced during CAD. The 
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proxidant/antioxidant balance in our body can be disturbed 

either by the overproduction of free radicals or by the 

inadequate intake of micronutrients that contribute to the 

defense system. This study suggests the necessity for the 

optimal intake of all the micronutrient vitamins, because 

even a small deficiency in any one can result in a 

subsequent decrease in the ability of other antioxidants. 

Although vitamin E represents one of the several 

antioxidants, it is clear from this study that it plays an 

important role in maintaining efficient inhibition of lipid 

peroxidation by its interaction with other antioxidants 

such as SOD and GSH Px. 

In conclusions we have shown biochemical evidence 

in support of the antioxidant properties of vitamin E. 

Whether these biochemical gains would translate into 

clinical gains in the form of reduction in cardiovascular 

events and mortality in human subjects can only be answered 

by long term clinical prevention trials. 
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TABLE - I 

EFFECT OF VITAMIN E ON LIPID PROFILE 

-------------------------------------------------------
Basal e month p value 

---------------- -------------- ------------- --------
1. S.Cholesterol 236.76±49.78 242.03±.42.97 0.409 

(mg %) (NS) 

2. HDL chol. 33.46±8.9 33.64±8.65 0.848 
(mg %} (NS) 

3. LDL Chol. 174.84±44.48 173.86±.39.98 0.862 
(mg %) (NS) 

4. TG (mg %) 150.32±.56.24 172.62±84.46 0.063 
(NS) 

5. TC/HDLC 7.42±2.15 7.48±1.58 0.860 
(NS) 

------------------------------------------------------
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TABLE - II 

EFFECT OF VITAMIN E ON LIPID PEROXIDE AND ANTIOXIDANT 

ENZYMES 

Basal e month p value 
---------------- ------------ ------------- ----------
1. Lipid 2.45±0.31 2.20±0.41 0.001 

peroxide 
(nmol/ml 

serum) 

2. SOD 10.31±1.77 11.30+1.55 0.000 
(units/ml 

serum) 

3. Glu. per. 18 • 16±.2 . 9 2 20.54+2.57 0.000 
(pm NAOPH/d1 
serum) . 

------------------------------------------------------
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