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Protective Effect of Left Ventricular Hypertrophy in Right
Coronary Artery Occlusions
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Objective - To test the hypothesis that left ventricular
hypertrophy (LVH) reduces the electrocardiographic and
functional effects of right coronary artery occlusion.

Methods - We analysed 215 patients (166 males and
49 women,age of 58.9+10.6 years), with occlusion of the
right coronary artery without other associated lesions.
There was no significant difference (p>0.05) in age and
gender distribution between the 78 patients with LVH (left
ventricular mass >100g/m?) (Group A) when compared
with the 137 patients without LVH (left ventricular mass
<100g/m?) (Group B).

Results - The electrocardiographic finding of transmural
necrosis was more often found in group B patients than in
group A patients (56.9% and 30.8%, respectively; p<0.05).
Theleftventricular function parameters of group A were better
than those of group B: the ratio end-diastolic pressure/systolic
pressure (EDP/SP) (A: 0.108+0.036; B: 0.121£0.050; p<0.05);
the end-diastolic volume index (A: 75.9+31.3ml/m’; B:
88.0+£31.0ml/m?; p<0.01); the end-systolic volume index (A:
16.0x10.0mi/m?; B: 27.0£20.0ml/m?; p<0.001); the ejection

fraction (A 78.6£10.8%; B 67.7£17.9%, p<0.001), the
anteroinferior shortening (A: 43.9+10.3%, B: 35.1+12.8%;
p<0.001). A higher degree of coronary tortuosity was
observed in group A than in group B (78.2% and 24.1%;
p<0.001) and also a more frequent absent or minimal dia-
phragmatic hypokinetic area (A: 80.8%, B: 54.0%, p<0.05).

Conclusion - LVH reduces the effects of myocardial
sequela and protects LV function when right coronary
occlusion develops.

Keywords: left ventricular hypertrophy, acute myocar-
dial infarction, ischemic cardiopathy

Instituto de Cardiologia do Rio Grande do Sul/Fundagdo Universitaria de
Cardiologia — Porto Alegre

Mailing address; Marne de Freitas Gomes - Instituto de Cardiologia do RS — Av.
Princesa Isabel, 395 - 90620-001 - Porto Alegre, RS - Brazil

L eft ventricular hypertrophy (LVH) isoneof themost
frequent findingsin adult patients with heart disease. Its
main cause is high blood pressure (HBP) 3. Considering
that arteria hypertensionisoneof themajor risk factorsfor
acute myocardia infarction (AMI)“*andthat theidentifica
tion of LVH ontheelectrocardiogram (ECG) isalso consi-
dered arisk factor®, it is easy to understand the frequent
occurrenceof AMI in patientswith LVH.

In 1949, Harrison and Wood ¢ demonstrated that coro-
nary artery caliber varied directly with heart weight. Howe-
ver, several studies™® suggest that theincreasein the de-
mand for myocardia oxygen duetoLVH canexceedtheca
pacity of thecoronary arteriesto provideoxygen. Coronary
arteries become tortuous °, even without obstruction, and
thisleadstoischemia, lesion, infarction, and heart failure .
Ontheother hand, eventhoughin LV H secondary to HBP
thecoronary flow increases, thereisadoubl eincreaseof the
coronary arterial resistance™ and decreaseintheextraction
of lactate. In patientswith aortic stenosis, during tachycar-
diadueto atrial stimulation” lactate production can occur
suggesting poor myocardia perfusion. However, despite
the evidence already documented of the relation between
hypertrophy and ischemia, several studies 2" have sug-
gested a certain protective effect of myocardial hypertro-
phy, restricting theexpansion of theinfarcted area, whenan
acute coronary artery occlusion develops.

Studies analyzing separately the hypertensive state
and hypertrophy in patients who developed AM| Y7
demonstrated that theinfarct areaexpansion and thehigher
mortality arerelated to the hypertension and not to the
hypertrophy. Piroloet al 2, studying 204 autopsi ed patients,
established that the degree of expansion of the AMI was
proportional to its size and itstransmural characteristic.
They d sofoundthat theheart weight and thedegreeof LVH
presented anegativecorrelation with infarction expansion.
Boden et a 3, studying 544 patients, observed that those
with LVH and non-Qwave AMI had asmaller enzymeleak
thanthosewithout LVH and non-QwaveAMI. Behar et a %,
Ginztonet a 5 and Gomes' reported that after monthsthe
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patientswith hypertrophy of the non-infarcted myocardium
showed improvement of the rest and exercise gjection
fraction (EF), but thisdid not happen to thosewho did not
develop LVH. Therefore, the post-infarction LVH repre-
sented abeneficial myocardial adaptation. The group of
Ginzton *, studying AMI dueto proximal occlusion of the
anterior descending coronary artery in dogs, reported that
after three and a half months the recovery of the post-
infarction EF depends on a correlated increase of the left
ventricular mass.

The objective of our study wasto clarify possiblecli-
nical, el ectrocardiographic, hemodynamic, and cineangio-
cardiographic differencesbetween patientswithisolated
occlusion of the right coronary artery, with or without
LVH.

Methods

Thisisaretrospective cohort study on 215 patients
(166 malesand 49 femal es, mean age 58.9+10.6 years) with
proximal occlusion of theright coronary artery. These
patients underwent afirst coronary angiocardiographic
study inthecatheterization and | nterventional Cardiology
Laboratory in 1992 and 1993. This cohort study is part of
broader research on the prognosis of ischemic heart
disease, whichisbeing devel oped. Patientswith surgical or
percutaneousmyocardial revascul arization, with obstruc-
tivelesions>50% in theleft coronary tree, and those with
associated valvular lesionswereexcluded fromtheanaysis.
All patients underwent aleft heart catheterization and
coronary angiography more than one month after AMI,
usually for risk stratification or dueto post-infarction angi-
na. The patients were divided into two groups asfollows:
group A —patientswith LVH (left ventricular mass>100g/
m?); group B —patientswithout LV H (left ventricular mass
<100g/m?). Theleft ventricular masswas measured using
theventriculogram.

TheECGsof dl patientswereanaysed andthefollo-
wing findings were considered evidence of LVH: R wave
>26mminV5or V6; Rwave>20mminDI or DII; Rwave
>12mminaVL; RwaveinV5orV6+SwaveinV1>35mm.
The necrosiswas arbitrarily classified into three degrees,
according to the possible transmural characteristic of the
infarction estimated through Q waveamplitudeinaV Flead,
asfollows: degree 1- Qwave£ 0.03 s, amplitude>20%of R
wave; degreell —Qwave>0.03s, amplitude<50%of Rwave;
degreelll —Qwave>0.03s, amplitude3 50% of Rwave.

The measurements of the ventricular pressures and
theleft ventricul ogram were performed at the beginning of
the examination, prior to coronary angiography, using
conventional techniques, and a Besi recorder and the
Philips Polydiagnostic DCI for coronary angiography. For
thecal culation of ventricular volumes, 40mL of ionic con-
trast medium (Meglumine) wasinjectedintotheLV inright
anterior obliqueview at 35°. Thefollowing parametersof LV
weredeterminedinall patients: systolic pressure (SP) and

Gomes & Gottschall
Protection by left ventricular hypertrophy

end-diastolic pressure (EDP) inmmHg; end-diastolic and
end-systolicvolumes(EDV and ESV, respectively) inmL;

EF of LV and anteroinferior shortening (A1S) in %; left
ventricular massin g/m?. The measurement of the ventri-

cular volumeswasperformed throughthedelimitation of the
silhouette of theLV by planimetry and applyingtheformula
of Dodge corrected by Kennedy *8. For determining thel eft
ventricular mass, the method of Rackley * wasused, and a
perfect visualization of the cardiac silhouettewasconside-
red essential. Nineteen out of the234 original patientswere
excluded fromtheanaysisbecausetheir delimitationsof the
cardiac silhouettewerenot considered precise. Inaddition
to the usual coronary angiographic analysis, coronary
tortuosity was eval uated through the tortuosity index (TI)
using curvimetry °® and was classified into two degrees, as
follows: degreel —TI£1.1; degreell —TI >1.1. Therepercus-
sionintheLV of theright coronary artery occlusonwaseva
luated through the areaof contractile abnormality obtained
by planimetry after remodding or normaizetion of thesystolic
silhouette’. Accordingtothisarea, theabnormalitieswere
classified asfollows: absence of or minimum hypokinesia
(asynergicareaf 1.5cm?, or 5% of thediastolicares); moderate
or severe hypokinesia (asynergic area> 1.5cm?), with or
without akinesia, dyskinesia, or aneurysm.

Inregard to the statistical analysis, the database was
formed using blind data, and the analysiswas performed
through the Statgraphics 5.0 program. The quantitative
variables were summarized through their means and
standard deviation, and the Student’ s¢ test was used for
comparison of the meansin two independent series. The
analysisof thequalitative data, expressed by their frequen-
ciesand percentages, was performed by comparison of the
proportionsin the two groups of patientsthrough the chi-
square test or, when convenient, through the Z test for
comparison of percentages. The probabilistic values <5%
(p<0.05) wereconsidered significant.

Results

The values of left ventricular mass, which wasthe
criterium for placement of patientsin groupsA or B, are
shownontablel.

Thedistributions of age and gender of the patientsin
groupsA and B werenot statistically different (p>0.05), nor
wasthe prior diagnosis of AMI. In group A, the body
surfaceand theincidence of SAH weresignificantly higher
(tablell).

Thecharacterization of LVH by meansof ECG, accor-
dingtothecriteriaproposed, occurredin 26 patients(33.3%)

Table I — Values of left ventricular mass index (LVMI)
in the patients studied

Patients Group A Group B

LVMI (g/n?) 102 to 331; 148.7+49.2 45 to 98; 76.7+16.6

Results in: range of variation; mean + sd.
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significance of the differences

Table II — Clinical data of the patients studied and statistical

Characteristics Patients Group A Group B p
Gender Malesn (%) 58 (74.4%) 108 (78.8%) NS
Femaesn(%) 20 (25.6%) 29 (21.2%) NS
Age (years) M +DP 58,6+12.9 59.1#9.3 NS
BS(m?) M £ DP 1,89+0.20 1.83+0.17 <0.05
SAH n (%) 54 (69.2%) 64 (46.7%) <0.05
AMI n (%) 42 (53.8%) 91 (66.4%) NS

BS- body surface; SAH- systemic arterid hypertension; AMI- acute myo-
cardid infarction; M- mean; sd- standard deviation; NS- not significant.

in the patients studied

Table III — Degrees of necrosis on the electrocardiogram

Degrees I* 1l 1= Tota

n % n % n % n %
Group A 38 56.0 16 235 14 205 68 100
GroupB 26  40.0 15 23.0 24 370 65 100
Totd 64 31 38 133

*p<0.05; degree |- Q wave in aVF £ 0.03s, amplitude >20% of the R wave;
degree I1- Q wave in avVF >0.03s, amplitude <50% of the R wave; degreeI11- Q
wave in aVF >0.03s, amplitude 3 50% of the R wave.

Table IV — Hemodynamic data and statistical significance of the differences

Measures Group A Group B p
SP(mmHg) 151.0+35.0 143.0+28.0 NS
EDP (mmHg) 15.945.3 17.0+6.8 NS
EDP/SP (%) 10.8+3.6 12.1+5.0 <0.05
EDVI (ml/m?) 75.9£31.3 88.0£31.0 <0.01
ESVI (ml/m?) 16.0+10.0 27.0+£20.0 < 0.001
EF (%) 78.6£10.8 67.7+17.9 <0.001
AlIS(%) 43.9+10.3 35.1+12.8 <0.001

Results expressed in mean + sd; SP- systolic pressure; EDP- end-diastolic
pressure; EDVI- end-diastolic volume index; ESVI- end-systalic volume in-
dex; EF- gection fraction; AlS- anteroinferior shortening; NS- not significant.

Table V — Coronary tortuosity degrees

Degrees I* In* Totd

n % n % n %
Group A 17 21.8 61 78.2 78 100
Group B 104 75.9 33 24.1 137 100
Tota 121 94 215

*p<0.001; |- coronary tortuosity by curvimetry up to 1.1; II- coronary
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ingroup A, andinnoneof thepatientsin group B. Findings
of necrosisthroughtherelation Q/RinaV F occurredin 133
patients(61.8% of thetotal) andwasmoresevereinthosein
group B (p<0.05), where the occurrences of absence of
necrosi sor minimum necrosis(degreel) and severenecro-
sis (degreel11) (p<0.05) were compared. The moderate
necrosis(degreell) had asimilar incidencein both groups
(p>0.05) (tablelll).

TablelV showsthat ventricular SPand EDPwerenot
statistically different (p>0.05) in groups A and B. The
different values (p<0.05t0<0.001) werethefollowing: the
relation EDP/SP, theindexes of end-diastolic volumeand
end-systolic volume, the EF and the anteroinferior shorte-
ning of theLV.

Ingroup A, the percentage of patientswith normal or
decreased coronary tortuosity (degreel) wassignificantly
smaller than the percentage of patientswith moderateto se-
veretortuosity (degreell), butingroup B it wastheopposite
(p<0.001) (tableV). Therewasnosignificant differenceinthe
presence of collateral flow fromtheleft coronary treeto the
right one(88.4%ingroup A and83.2%ingroup B; p>0.05).

Table VI showsthat group A had ahigher proportion
of absenceof hypokineticareaor minimumhypokineticarea
than group B (p<0.05). Theoppositeoccurred with moderate
or severehypokinesiaand dyskinesia(p<0.05).

Figures1and 2 present therel ations between | eft ven-
tricular mass, necrosis, asynergy intheinfarcted area, and
behavior of |eft ventricular function.

Discussion

Thepresenceof LVH in patientswith coronary occlu-
sionor AMI isafrequent possibility, not alwaysremembe-
red, because onecanlead to the other and SAH canbecom-
mon to both. The criterium of division into groups accor-
dingtoventricular mass(>or <100g/m?) allowedthesepara-
tion of two populations with normal distribution and
aleatory degreesof left ventricular mass(tablel).

Gender distribution and mean age of the patients
(table 11) were similar (p>0.05) in the groups with and
without LV H. Other studiesreport older agein patientswith
LVH 3. Diagnosis of SAH occurred in 69.2% of patients
with LVH andin46.7% of patientswithout LV H, confirming
that SAH isprevaent (p<0.05) in both pathophysiological

tortuosity by curvimetry >1.1. situations(LVH andAM |).
Table VI — Degrees of the left ventricle asynergy
Degrees Hypokinesia Hypokinesia Dyskinesia Totd
Abs/Min* Mod/Sev* n % n %
N % n %
Group A 63 80.8 14 17.9 1 1.3 78 100
Group B 74 54.0 58 42.4 5 3.6 137 100
Total 137 72 6 215

*p<0.05; Abs/Min- absent or minimum; Mod/Sev- moderate or severe.
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Fig. 1-Inthe patientswith |l eft ventricular hypertrophy (group A), the greatest | eft
ventricular massindex (149+49g/n¥) is associated with ahigh increase in coronary
tortuosity (TORT), half of the transmural necrosisin ECG (NECR) and smaller
significant asynergic area (ASS) than in the patients without left ventricular
hypertrophy (group B) with smaller left ventricular mass (77+17g/n¥).
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Fig. 2 - Inthe patientswith | eft ventricular hypertrophy (group A), the greatest | eft
ventricular massindex (149+49g/m?) is associated with a higher gjection fraction
(FE), ahigher anteroinferior shortening (EAI) and asmaller end-systolic volume
index (1V SF) of theleft ventricle (VE). All parametersindicate a better contractile
function than in the patientswithout LV hypertrophy (group B), with asmaller left
ventricular mass (77+17g/m?).

LVH identifiedthrough ECG inpatientswith AMI has
alow prevaence **, lessthan 25%, but this hasbeen re-
vealed to be around twice thisvalue in pathologica %, in
ventriculographis®® and in echocardiographis®studies. In
our study, 36.2% of the patients had LVH diagnosed by
cineventriculography (group A), but ECGidentified only 24
patients (30.7% of thepatientswith LVH or 11.1% of theto-
tal number of patients). Inthe chronic stage, non-Qinfarc-
tionsare characterized by agreater contractile capacity of
theaffected areainrelationto Q infarctions?. TheQ-wave
size has been used to characterize the significance of the
transmural quality 2 and its relation with R-wave to
characterize the size of the infarction 2. Awan et al 2
showed astrong correl ation between the number of patho-
logical Q-wavesandtheextension of theasynergy (r=0.84)
through ventricul ography. The most frequent finding of
absence of necrosis or minimal necrosis in patients with
LVH (group A) can be an indication of the “ protection”
promoted by LV H to the myocardium if an infarction
happens. Asthe time gap between the infarction and the
angiography was distributed at random between the two
groups, itiscorrect to supposethat theventricul ar remode-
ling of infarcted and non-infarcted areaswasnot influenced

by time.
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Although LV SPand EDPwerenot significantly diffe-
rent (p>0.05) in the two groups, the EDP/SP ratio, which
better expressesLV functionality than doesisolated EDP?Z,
wassignificantly smaller (p<0.05) ingroup A, indicating
onceagainabetter functional capacity. Thesmaller valuesof
diastolic volume and mainly of end-systolic volume? in
group A thaningroup B (p<0.001) also confirmthis. This
behavior isresponsible for anincreased EF in group A
(p<0.001). Itisstill amatter of speculation astowhat degree
this functional behavior can influence a prognosis and
clinical behavior.

Onecan admit that thelarger caliber and tortuosity of
the coronary arteries represent an expansion of thetreeto
better nourish the increased ventricular mass®°*, In our
series of patients, thisfact is confirmed because coronary
tortuosity was significantly more frequent (p<0.001) in
group A than in group B. The smaller regional motion
abnormality we observed dueto right coronary occlusionin
patientswith LVH isnot emphasizedintheliterature. The
only referencewasthat hypertrophy isproportional tothe
degree of necrosis caused by the obstruction®. It isworth
supposing that the better function in these cases can
represent afavorable short- and long-term prognosis.

Several authors®>'” postulatethat thejustificationfor
the beneficial role of LVH could rest in the larger muscle
mass adjacent to the necroti ¢ process, capable of confining
the necrosisto the subendocardium and median myocar-
dium. Thesmallest sizeof theinfarctionisdemonstrated by
thefollowing: smaller rate of enzymatic elevationin patients
with AMI and LV H, in comparison to those with AMI
without LVH *3; greater percentage of patientswith LVH
among thosewith non-Qwaveinfarctionthaninthegenera
infarcted population .

Theexplanation for atissular structure, which hasin-
creased oxygen consumption and decreased coronary reser-
ve, todevelopasmaller infarcted areawhen after acoronary
occlusion has been attributed to the development of an
effectiveintra- andintercoronary collateral flow, accordingto
studiescarried out in animals®2 and humans®32, Sincein
our groups the majority of the cases presented collateral
flow, thiswas not a differentiating factor. However, the
significant difference can rest not only in the presence but
inthe degree®, in the microvasculature®*°, and/or in the
moment when the AMI occurs®-#, and not morethan one
month thereafter. It is specul ated that the harmful effects
attributed to hypertrophy are not directly dependent onits
presence, but on the disorders causing the circulatory
stress established by variegated stimuli such as neuronal,
humoral and metabolic stimuli. These effects can also
contribute to facilitating phenomena of cardiac events,
amongwhich LVH would beameremarker ®. A confirmed
mechanism of overload and risk for coronary eventsisthe
increasein heart rate, which frequently ispart of the same
disorder of adrenergic hyperactivity. Thishyperactivity is
present inthemajority of thehypertensive patientsand has
also been recognized as afactor that might facilitate the
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occurrence of coronary events . On the other hand,
pronounced degrees of LV H can determine significant
changesin ventricular compliance and contribute to the
development of heart failureand arrhythmias®.

To conclude, wecan say: 1) the absence of aprevious
clinical diagnosisof AMI isacommon finding in right
coronary artery occlusion, anditismorefreguent in patients
with LV H; 2) thelocalized sequel aissignificantly smallerin
patientswith LV H than in those without LV H; 3) patients
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with LV H show a superior left ventricular functional
performancethanthosewithout LV H after thedevel opment
of right coronary occlusion. Therefore, thedisorder dueto
thepresenceof LV H should bedissociated from theconse-
guenceof itsdetermining pathophysiol ogical processes. In
the therapeutic control of such situations, LVH might be
seen as amarker of continuing circulatory stress, with
positiveor negative consequences, depending onindividu-
al characteristics.
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