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Flames touching the heroic glory of the system
Being revealed by the inspired steps of wisdom…
Knowledge and skill in the field of electrocardiography are constantly changing
with the new researches and understanding.
With humble words I wish to say that everything of the concerned topic is not
covered within this eBook. Here I am putting only some of my articles related to
acquired heart disease. I may be excused for any error or omission.
With thanks and regards
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REVEALING ECG PATTERN IN A PATIENT OF
SYSTEMIC HYPERTENSION

DR. D.P. KHAITAN

MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP
HIGHLIGHT
 The combination of two voltage criteria for LVH on ECG yields better diagnostic and prognostic
stratification in a case of systemic hypertension (the Sokolow-Lyon plus Cornell voltage duration
product criteria).
 There is a strong relationship between the presence of both voltage and repolarization abnormalities (ST
and T changes) with CV morbidity and mortality.
 The increased QRS voltage manifestation and ST/T changes of left ventricular systolic overload respond
readily with the treatment of hypertension. On contrary left atrial abnormalities are very much resistant
to regress with antihypertensive treatment.
 Serial monitoring of changes on ECG are essential in accessing and monitoring antihypertensive
therapy.
SYNOPSIS
Introduction




Systemic hypertension is frequently encountered in clinical
practice
ECG : non-invasive, readily available tool to access changes with
hypertension
Basis : left ventricular systolic afterload associated with
hypertension
Electrical remodelling
left atrial remodelling
left
ventricular remodelling

Electrical-cumanatomical remodelling

Left Atrial remodelling
 Elevated left ventricular end-diastolic pressure
transmitted
to left atrium leading to continuous stretching and scar
formation
left atrial abnormality

Left Ventricular Remodelling



Left ventricular systolic afterload
Slowly progressive left ventricular hypertrophy
Creeping interstitial fibrosis
 Involving the left side of interventricular septum,
impinging over the left bundle branch
 Intramural compression of the microcirculation at the
level of pre-arterioles and capillaries (impaired
microvascular coronary reserve)
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ECG Changes in
Systemic Hypertension

 Subtle signs of LVH (left ventricular diastolic stiffness)
 An increase in the left ventricular activation time
(VAT) in left oriented leads, duration of more than
0.05 sec ( 50 ms).
 Evidence of left atrial abnormality
 T wave in lead V1 > T wave in lead V6
 The frontal plane QRS-T angle starts to widen and may
be > 450
 The U wave may become inverted in the left oriented
leads
 A long standing hypertension ( left ventricular systolic
afterload)
 LVH criteria (Sokolow-Lyon voltage, cornell voltage
criteria)
 Strain Patterns : ST depression and T wave inversion
 Left axis deviation ± left bundle branch block
 ± Premature ventricular complexes, ± atrial fibrillation
 QTc prolongation

LVH Voltage Criteria

Criteria

What is new in voltage
criteria ?

Pointers to the associated
presence of myocardial
ischemia

Cut-point for
LVH
Sokolow–Lyon
SV1+RV5
⩾3.5 mV
voltage
or max RV5/6
⩾2.6 mV
Cornell voltage
RaVL+SV3
⩾2.8 mV (men)
⩾2.0 mV(women)
Modified Cornell RaVL+SV3
⩾2.4 mV (men)
voltage
⩾2.0 mV(women)
Cornell Product – (RaVL+SV3) x QRS duration = 2436 (mm x ms)



The combination of two different ECG criteria for LVH can
improve its stratification compared with either criterion



An ECG diagnosis of LVH is more secured when these voltage
criteria are associated with ST/T changes rather than voltage
criteria alone

o Deep pointed Symmetrical T wave inversion in left oriented leads
o The presence of LBBB identifies the patient having an increased
risk of cardiovascular mortality, sudden cardiovascular death and
heart failure
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The prognostic value of
ECG in hypertension

 LVH detected by the Sokolow-Lyon voltage criterion is an
independent predictor of all cause CV death and heart failure.
 A strong relationship between the presence of both voltage and
repolarization abnormalities (ST/T changes) with CV mortality.
 Prolonged QTc prolongation and QRS duration are associated
with a two fold increase in risk of coronary events and CV death
 Associated atrial fibrillation is also a risk factor of cerebral stroke
 LVH with ST/T changes might readily respond with the treatment
of hypertension (electrocardiographic signs of left atrial
abnormalities are the most resistance to regression even after
antihypertensive treatment).
Serial recording of changes on ECG are essential in accessing
and monitoring the effects of antihypertensive therapy.

OUTLINE
Introduction
Electrical-cum-Anatomical Remodelling
ECG changes in systemic hypertension
 Earlier subtle signs (left ventricular diastolic stiffness)
 A long standing hypertension (left ventricular systolic
afterload) , including voltage criteria
Pointers to the associated presence of Myocardial ischemia
The prognostic value of ECG in Hypertension
Concluding Remark
References
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REVEALING ECG PATTERN IN A PATIENT OF
SYSTEMIC HYPERTENSION
A Narrative Review

 DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

O Heart , thou are the mega capacitance unit in propelling the blood to the whole system in
continuum and enriched with polynomial power series of functioning. Thy power has always
been undeniable , working with a logical basis of performance to overcome any obstruction
on the pathway. Systemic hypertension might compel thou to be adapted accordingly.
Being the master mathematician of the human system , thou sustain the life even by
remodelling thyself structurally and electrophysiologically , these changes might be reflected
on ECG.

Introduction
The Systemic hypertension is a very common clinical entity frequently encountered in ours
clinical practice. Its association with left ventricular hypertrophy and other subsets of
pathological findings makes ECG an important non-invasive tool to evaluate these changes.
ECG is a simple , cheap , readily available and interpretable tool to be used ubiquitously in
hypertensive group of patients. This may detect even the subtle changes in association and
may impart an earlier red signal to the concerned clinician to treat the patient accordingly.
But in the hypertensive population 12 lead ECG is proved to have limited sensitivity and
specificity in the detection of LVH.

Electrical-cum-anatomical remodelling
The heart is endowed with polynomial power series of functioning and it may adapt itself by
electrical-cum-anatomical remodelling whenever needed. Systemic hypertension might create
obstruction on its pathway by ‘afterload mechanism’. The analytic approach to the situation
demands a concept about the electrical-cum-anatomical remodelling pathway.
Theorem of Electrical remodelling
‘Electrical remodelling plays a key role and may precede detectable anatomical remodelling’.
(Basis : Left ventricular afterload associated with hypertension)

Electrical
remodelling

Fig. 1.1

Left
Atrial
remodelling

Left
Ventricular
remodelling

A model to show electrical-cum-anatomical remodelling in continuum

This model illustrates downing-effects of systemic hypertension on the functioning of heart as per
‘electrical-cum-anatomical remodelling’.
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To start with , this would be worthwhile to mention here in brief the impact of systemic
hypertension on the structural remodelling on left atrium and left ventricle.

LA

Left Atrial Remodelling

LV

 Left Ventricular diastolic stiffness
Elevated left ventricular end-diastolic
pressure
transmitted to left atrium
leading to continuous stretching and scar
formation
left atrial abnormality

Fig. 1.2
The electrocardiographic presentation of left atrial abnormality is a sensitive and frequent
manifestation encountered in systemic hypertension , it may be the earliest and only sign of
the disease. This is to be mentioned here that the electrocardiographic signs of left atrial
abnormality are more resistant to have regression with antihypertensive treatment.
In due course of time there are certain pathological changes leading to left ventricular
remodelling as well.

Left Ventricular Remodeling In Hypertension
 Left Ventricular systolic afterload →
Slowly progressive left ventricular hypertrophy
 Creeping interstitial fibrosis
 Involving the left side of interventricular
septum, + impinging over the left bundle branch
 Intramural compression of the microcirculation
at the level of pre-arterioles and capillaries
(impaired microvascular coronary reserve)

Fig. 1.3
Left ventricular diastolic stiffness may be the earliest sequence that may precede the left
ventricular hypertrophy. It would be well to mention here that left ventricular hypertrophy
is rather a combination of electrical and anatomical remodelling of the left ventricle. The
gradually progressive creeping interestial fibrosis might involve the left side of the
interventricular septum , at times impinging over the left bundle branch. Compressive
disturbances of microcirculation brought about at the level of pre-arterioles and capillaries
might create the clinical spectrum of coronary artery disease.
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ECG changes in systemic hypertension
Electrical remodelling plays a key role and may precede detectable anatomical remodelling.
The following table imparts electrocardiographic changes at a glance associated with
systemic hypertension :

ECG changes in hypertension
 Earlier subtle signs (left ventricular diastolic stiffness)
 An increase in the left ventricular activation time (VAT) in left oriented leads,
duration of more than 0.05 sec (50 ms).
 Evidence of left atrial abnormality
 T wave in lead V1 > T wave in lead V6
 The frontal plane QRS-T angle starts to widen and may be > 450
 The U wave may become inverted in left oriented leads
 A long standing hypertension (left ventricular systolic afterload)
o LVH criteria (Sokolow-Lyon voltage, Cornell voltage criteria)
o Strain Patterns : ST depression and T wave inversion
o Left axis duration ± left bundle branch block
o ± Premature ventricular complexes, ± atrial fibrillation
o QTc prolongation

 Earlier subtle signs (left ventricular diastolic stiffness)
Since hypertension is an asymptomatic and insidious disease entity , early ECG signs
attributed to left ventricular diastolic stiffness impart a very good information for disease
stratification.
 An increase in the left ventricular activation time (VAT) in left oriented
leads, duration of more than 0.05 sec (50 ms).
VAT and atrial parameters without LVH criteria may predict diastolic
dysfunction providing an earlier approach to diagnose this common disease
on ECG. It may precede the evolution of left ventricular hypertrophy. The
detection of diastolic dysfunction has been assuming a great significance even on
echocardiogram. Among the asymptomatic hypertensive patients , diastolic
dysfunction even on echocardiographically parameters have a significant
correlation with increase in systolic and diastolic blood pressure.
R
Ventricular activation time (VAT) is the earlier electrical marker in accessing
diastolic dysfunction , measured in milliseconds on the surface ECG from the
onset of the QRS complex to the peak of the R wave (QR interval). This VAT
predicts diastolic dysfunction and left ventricular stiffness representing as a new
marker. This is a more sensitive indicator with upto 90% sensitivity to indicate
the degree of left ventricular stiffness with diastolic dysfunction.
q
Fig. 1.4
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Evidence of left atrial abnormality
Left atrial abnormality on ECG is a sensitive and frequent manifestation of
systemic hypertension. It may appear as the earliest and only ECG pointer of the
disease. It also predicts diastolic dysfunction and may precede any increase in the
left ventricular mass. As already explained within the table , left atrial
abnormality basically reflects diastolic ventricular stiffness with the subsequent
sequences of elevated left ventricular end-diastolic pressure , being transmitted to
left atrium and so leading to a continuous stretching with scar formation. This P
wave marker is found to be associated with an increased risk of atrial fibrillation.
Here to mention that the electrocardiographic signs of left atrial
abnormalities are very much resistant to have regression with
antihypertensive treatment.

The diagnostic criteria of left atrial abnormality :
 The P terminal force in V1 is equal to or more than 1 mm in depth and
0.04 sec in duration.
 The P wave is notched with a duration of 0.12 sec or more (P mitrale).
II
 P-wave dispersion (PWD) is defined as the difference in milliseconds
Fig. 1.5
between the longest and shortest P wave duration on ECG. This is an
non-invasive marker forecasting the risk of atrial fibrillation in
hypertensive patients , possibly due to scar tissue genesis.
V1



T wave in lead V1> T wave in lead V6
The left ventricular stiffness causes the impaired flow of potassium ions from
intracellular to extracellular compartment during phase 3 of ventricular action
potential which results in smaller amplitude of T wave over lead V6 . With the
evolution of left ventricular stiffness , the T wave vector starts to be deviated
gradually away from the left ventricle toward the right , bringing T wave upright
to both leads V1 and V6 with reversal of the amplitude – T is taller in lead V1
than in lead V6. This is said to be earlier expression of widening of horizontal
QRS-T angle.

1 2
3

0
4

4

APD

T
P

QT Interval

Phase 1

Extracellular
Na+
Intracellular

QRS

Fig. 1.6

Phase 0

Phase 2

Phase 3

Phase 4
K+

Ca+
K+

K+

K+

Na+

The grey box indicates extracellular compartment and the red
space below indicates intracellular compartment.
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The frontal plane QRS-T angle starts to widen and may be > 450
This indicates ongoing journey of left ventricular diastolic stiffness (with the fully
developed stage of left ventricular hypertrophy , this angle may reach remarkably
a large magnitude).



The U wave may become inverted in left oriented leads
The U wave is a small , low-frequency diastolic deflection occurring at the onset
of ventricular relaxation and after the end of the T wave. The U wave runs in
close proximity to the preceding T wave , inscribed in the same direction as that of
T wave. With diastolic dysfunction the U wave might get inverted in left
precordial leads.

 A long standing hypertension (left ventricular systolic afterload)
A case of long standing hypertension may be reflected on surface ECG initially as an
electrical remodelling associated with depolarizing current inflow . Left ventricular
hypertrophy is measured by the amplitude of depolarizing current as expressed by QRS
voltage. More the ventricular mass as occurs in long standing cases , the more is the
amplitude of diastolic current which might indicate the severity of left ventricular
hypertrophy. But ECG is proved to have limited sensitivity and specificity for the
detection of LVH.

The diastolic depolarizing current inflow (phase 0
of left ventricular action potential) is inscribed as
QRS complex on ECG . Left ventricular
hypertrophy is rather a combination of electrical
and anatomical remodelling.
Fig. 1.7
 LVH criteria
The QRS voltage in long standing cases of hypertension reflects chiefly severity
and duration of the associated hypertension and therefore , it signifies ventricular
muscle hypertrophy without myocardial damage. Thus , the 12 lead ECG has its
implication in the detection of LVH.
There are different diagnostic criteria on ECG for the detection of LVH , as laid
down below to improve the diagnostic workup in hypertensive group of patients.
These criteria are having a low sensitivity but high specificity for detecting LVH.
Criteria

Cut-point for LVH

Sokolow–Lyon voltage

SV1+RV5⩾3.5 mV or max RV5/6 ⩾2.6 mV

Cornell voltage

RaVL+SV3

⩾2.8 mV (men)
⩾2.0 mV (women)

Modified Cornell voltage

RaVL+SV3

⩾2.4 mV (men)
⩾2.0 mV (women)
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In the European Society of Hypertension / European Society of Cardiology , the
Sokolow-Lyon voltage criterion was recommended as a part of all routine assessment of
patient with hypertension.
The Sokolow-Lyon voltage criterion was successfully used together with the Cornell
voltage duration product in detecting patient with LVH in the Lorsatan Intervention
for Endpoint Reduction in Hypertension (LIFE) study.
Cornell Product – (RaVL+SV3) x QRS duration = 2436 (mm x ms)
The next important LVH criterion is Romhilt-Estes Point scoring system. This scoring
system includes QRS voltage criteria + voltage independent signs (QRS duration , VAT in
V5 or V6 , left atrial enlargement , left axis deviation and left ventricular strain) and so this
criterion contributes all the possible parameters together for the assessment of LVH.

Romhilt–Estes point
score

(1) Any limb lead R or S ⩾2.0 mV or
SV1/2⩾3.0 mV or RV5/6⩾3.0 mV (3 points)
(2) Left ventricular strain pattern
with digitalis(1 point) / without digitalis (3 point) ⩾ 5 points–definite LVH
(3) Left atrial enlargement (3 points)
4 points–probable LVH
(4) Left axis deviation (2 points)
0-3 points–unlikely LVH
(5) QRS duration ⩾ 90 ms (1 point)
(6) Intrinsicoid QRS deflection of ⩾50 ms in
V5/6 (1 point)

Among all the ECG criteria , the Cornell voltage product is the most sensitive (50%) ,
followed by Sokolow-Lyon (29%) and Romhilt-Estes (22%). However , there is no
correlation between QRS duration and left ventricular mass index (LVMI).



What is New in Voltage criteria ?
 The combination of two different ECG criteria for left ventricular hypertrophy
can improve risk stratification compared with either criterion alone.
 The persistence or development of ECG left ventricular hypertrophy by both
Cornell product and Sokolow-Lyon voltage was associated with >3-fold
increased risks of myocardial infarction, stroke, cardiovascular mortality, the
composite end point of these three outcomes, and all‐cause mortality after
adjusting for other known or suspected predictors of risk.
 The predictive value of the voltage criteria is cumulative i.e the more
voltage criteria make the greater likelihood of LVH.
 An ECG diagnosis of LVH is also more secured when these associated with
ST/T wave changes rather than voltage criteria alone.
 The stain pattern is greatest in the lead with the tallest QRS complex

Fig. 1.8
o Strain Pattern : ST depression and T wave inversion
The followings are the main factors causing ST depression and T wave inversion :
 The ST depression is more often attributed to secondary disturbances of
repolarization process related with LVH development.
 Disturbance of microcirculation at the level of pre-artioles and capillaries.
As already mentioned that ECG diagnosis of LVH is more predictive if associated
with ST/T wave changes along with the voltage criteria.
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Left bundle branch block
The electrocardiographic pointers of left atrial abnormality in the presence of LBBB
is a very useful diagnostic clue to the presence of left ventricular hypertrophy related
with systemic hypertension. This indicates a long standing pathology with probable
development of myocardial fibrosis impinging and creeeping over the left bundle
branch from the left side of interventricular septum.
The small initial q wave may disappear in the left oriented leads , assumed to be an
expression of incomplete LBBB.
o ± Premature ventricular complexes, ± atrial fibrillation
LVH associated with fibrosis and ischemic changes is known to initiate premature
ventricular complexes.
P wave marker associated with left atrial abnormality may be is an ongoing process
which may have an increase risk of atrial fibrillation due to left atrial remodelling ,
as discussed earlier.
o QTc prolongation
QTc prolongation may be associated with long standing cases of systemic
hypertension (QTc is prolonged with > 440 ms in men or >460 ms in women). QTc
prolongation here usually indicates hypertrophic cardiomyopathy.

Pointers to the associated presence of myocardial ischemia
Microcirculation at the level of pre-arterioles and capillaries might be compressed due to the
progressive left ventricular hypertrophy. The other associated factors like atherosclerosis ,
left ventricular afterload , mismatched oxygen demand vs supply , etc might also be involved
in the pathogenesis of myocardial ischemia.
The following electrocardiographic signs point towards the presence of associated myocardial
ischemia :
o Deep pointed symmetrical T wave inversion in left oriented leads. Minor nonspecific left ventricular repolarization changes have been described as an
independent risk factor for coronary artery disease in patient with uncomplicated
hypertension.
o The presence of Left bundle branch block (LBBB) identifies the patient having an
increased risk of cardiovascular mortality , sudden cardiovascular death and heart
failure.

The prognostic value of ECG in hypertension
There are certain down-hilling prognostic pointers associated with ECG findings in a case of
systemic hypertension.
 As per the data from the Heart Outcome Prevention Evaluation (HOPE) study , LVH
detected by the Sokolow-Lyon voltage criterion is an independent predictor of all
cause CV death and heart failure. Every 5 mm increase in the evaluation of voltage
was associated with a significanct increase in both CV morbidity and mortality.
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 There is a good evidence pointing towards a strong relationship between the
presence of both voltage and repolarization abnormalities with CV mortality. In
Framingham evolution of left ventricular hypertrophy , the presence of a strain
pattern on ECG was found to be the most important predictor of future CV disease
across all age and sex (Framingham score - RI+SIII >2.5 mV,
SV1/2+RV5/6>3.5 mV, SV1/2/3>2.5 mV+RV4/5/6>2.5 mV plus left ventricular
strain pattern). ECG strain also identifies hypertensive group of patient who are at
increased risk of developing chronic heart failure and dying as a result of CHF (the
mechanism involved here is the development of myocardial fibrosis impairing
microvascular coronary reserve).
 Prolonged QTc and QRS duration also predict prognosis , associated with a two fold
increase in risk of coronary events and CV death.
 Associated atrial fibrillation is also a risk factor for cerebral stroke.
In the Losartan Intervention For Endpoint reduction in hypertension (LIFE) trial the
prognostic benefit of left ventricular hypertrophy regression with antihypertensive treatment
was well demonstrated. The increased QRS voltage manifestation and ST/T changes of left
ventricular systolic afterload might readily respond with the treatment of hypertension (here
to mention that the electrocardiographic signs of left atrial abnormalities are the most
resistant to regression even after antihypertensive treatment).
Therefore , serial monitoring by recording the changes on ECG are essential in
accessing and monitoring the effects of antihypertensive therapy.

Concluding remark
The electrocardiographic findings impart clues to the diagnostic approach of associated
pathological changes with systemic hypertension and also point towards prognostic
stratification. The diagnostic criteria for LVH are having a low sensitivity but high specificity
for detecting LVH. The greater the number of electrocardiographic abnormalities being
manifested , the greater is the sensitivity and specificity for the electrocardiographic
diagnosis of left ventricular hypertrophy. Among all ECG criteria , the Cornell voltage
product is the most sensitive (50%) , followed by Sokolow-Lyon (29%) and Romhilt (22%).
The use of Sokolow-Lyon voltage criterion supplemented with Cornell-product criterion can
help the clinicians in the diagnosis and risk stratification of patients with hypertension.
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LOCALIZATION OF THE CULPRIT ARTERY IN STEMI –
ELECTROCARDIOGRAPHIC CONSIDERATION
DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

SYNOPSIS
Introduction

 Since coronary arteries deliver blood to the cardiac muscle, its
narrowing can have a catastrophic effect by reducing the flow of
oxygen and nutrients to the heart.
 The localization of the culprit artery is generally well-correlated with
specific coronary vessels.

Coronary artery disease
and coronary circulation



Coronary blood flow may be diminished with increased oxygen
extraction and decreased venous oxygen content which may lead to
tissue hypoxia and angina or even death of a part of the muscle
(myocardial infarction) in severe cases.

Coronary Circulation
Physiology

A Concept of STEMI and
its reflection on ECG

 STEMI is the result of acute total occlusion of an epicardial coronary
artery , mostly due to atherosclerotic plaque rupture / erosion with
subsequent thrombus formation.
 Pathological changes are reflected on ECG in an evolutionary
stepwise progression :
1. Hyperacute phase (over minutes-hours) - Tall , symmetrical peaked
and widened T waves.
2. Evolving phase (over hours)
3. Chronic stable phase (over days-weeks)

Fully Evolved
Myocardial Ischemia
Q = Necrosis
ST = Current of Injury
Epicardium T = Myocardial Ischemia

Evolving phase (over hours)
 Mycordial injury : ↑ ST segment
 Myocardial necrosis : Q wave , pointing to the recording of the
electrical activity of distant healthy muscles sensing through
electrically dead window of narcotic zone
 Mycordial ischemia : Deep symmetric and pointed inversion of
T wave , due to the fact that myocardial ischemic zone being
away from the necrotic tissue
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Blood supply to the heart
( coronary circulation )



Localization of the culprit
artery in STEMI at a
glance on 12 surface ECG
I

aVR

V1

V4

II

aVL

V2

V5

III

aVF

V3

V6

If the posterior descending artery is supplied by the right coronary
artery (RCA), then the coronary circulation can be classified as
"right-dominant" ( In 70% of cases ). If the posterior descending
artery is supplied by the circumflex artery (LCX), then the coronary
circulation can be classified as "left-dominant." ( In 20% of
cases). Rarely by both ( 10% )
(A precise anatomic definition of dominance would be the
artery which gives off supply to the AV node)

Zonal orientation of lead system :
o Leads I , aVL + V5,V6 = Lateral zone → Left circumflex artery
o Leads II , III and aVF = Inferior Zone →
Right coronary artery (RCA) or the left circumflex artery (LCX)
o Leads V1-3 = Anteroseptal zone
V1-6 = Anterior zone
V1-6 + I-aVL = Extensive anterior zone
Anteroseptal or Anterior or Extensive anterior involvement is most
likely indicative of LAD coronary artery. If lead aVL (sometimes I)
is involved in addition indicates an anterior extensive infarct , the
culprit lesion is likely to be proximal to the diagonal branch.
o Inferior zone + Posterior zone (the Posterior zone is not directly
recorded over 12 lead ECG. Lead V1-3 oriented to the anterior wall
reflects the inverse – mirror image changes of the posterior wall) →
LCX or RCA
o Inferior infarction plus right ventricular infarction (ST elevation in
V1 with ST depression in V2 indicates RV infarction) → Proximal
RCA (right sided chest leads should be explored)
o Lateral zone + inferior + Posterior → LCX , as a dominant artery
LMCA occlusion : 2019 single - centre retrospective analysis
identified such patients presenting with STE-aVR with multilead ST
depression. This is consistent with left main coronary artery
subocclusion or complete occlusion with well-developed collateral
circulation
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Associated reciprocal ST
depression in patient with
acute STEMI

 Vertical and horizontal
planes are almost placed
at right angle to each
other.
 Lead aVL and inferior
leads (II , III aVF) are
placed at more than 900
to each other.

 Many patients with acute STEMI show with ‘reciprocal ST segment
depression’. Such ST segment depression is considered to represent
mirror image - a phenomenon of electrical reflection of the
transmural injury onto the opposite ventricular wall recorded by a
lead at a distance degree against the lead recording ST segment
elevation.
 Another possible mechanism for ST segment depression is regional
subendocardial ischemia or infarction at a distance through
collaterals diverting blood to the infarct region.

In patient with acute ST segment elevation with no otherwise
cause for this , ST segment depression has a specificity and
positive predictive value of 93% for the diagnosis of acute
myocardial infarction.





More than 85% of patients with ST segment depression in
lead aVF have a culprit lesion in Proximal LAD.
Inferior STEMI produces reciprocal ST segment depression
in aVL ( + lead I)
Lateral or anterolateral STEMI produces reciprocal ST
depression in inferior leads.
The significance of accompanying anterior ST segment
depression depends on the leads involved.
 Over V1-3 – mirror imaging often from LCX
occlusion.
 An ST segment depression deeper in V4-6 than in V13 is associated with anterolateral or septal
subendocardial injury from a severe lesion in the LAD
or in the left main coronary artery.
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OUTLINE
Introduction
Coronary Artery Disease and Coronary Circulation
A Concept of STEMI and Its Reflection on ECG
Blood Supply to the Heart (Coronary Circulation)
Localization of the Culprit Artery in STEMI at a Glance on 12-Lead
ECG
The Localization of the culprit artery in STEMI
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LOCALIZATION OF THE CULPRIT ARTERY IN STEMI –
ELECTROCARDIOGRAPHIC CONSIDERATION
A Narrative Review

 DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

‘O’ Heart , thou smile with a ruddy pile of strength when properly nourished through the
coronary circulation. Any obstruction in the flow of thy channel deprives a part which might
wither away with the loss of heroic glory of life.
The knowledge of clinicians stands always in front to thou safeguard ; missioned at
recognizing the blocked channel and thou regain the lost smile by their bounteous medical
help.

Introduction
Since coronary arteries deliver blood to the cardiac muscle , its narrowing can have a
catastrophic effect by reducing the flow of oxygen and nutrients to the heart. Atherosclerosis
( a built up of plaque over the inner lining of the coronary artery) is the most leading cause of
such situation.
Although there is a considerable heterogeneity among people , the regions of the heart are
usually supplied by a set of coronary arteries having more or less a fixed anatomical pattern.
This anatomic distribution is very important in recognizing and localizing cardiac ischemic or
infarct lesions by 12-lead ECG. Here to mention that the localization of the culprit artery is
generally well-correlated with specific coronary vessels ; however , because of vessel
heterogeneity , the accurate vessel involvement in ischemic cardiac conditions needs to be
verified by coronary angiogram or other imaging modalities.

Coronary artery disease and coronary circulation
It would be interesting here to review the impact of Coronary Artery Disease on
coronary circulation , as enumerated below :
 The heart normally extracts 70 to 75% of the available oxygen from the blood in
coronary circulation.
 Coronary blood flow may be diminished with increased oxygen extraction and decreased
venous oxygen content which may lead to tissue hypoxia and angina or even death of a
part of the muscle (myocardial infarction) in severe cases.
 Loss of autoregulation mechanism with coronary artery disease so that the cardiac
muscle does not meet with the adjustment of coronary blood flow as per demands.
 Further to say , with tachycardia there is relatively less time available for coronary flow
during diastole to occur – this is particularly significant with coronary artery disease
where coronary flow reserve (maximal flow capacity) is reduced.
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The whole scheme of ‘Coronary Circulation Physiology’ has been illustrated in brief with the
following sketch :
Systole

Aortic Pressure
(mmHg)

Diastole

120




80

Coronary Flow
(mL/min/100g)

200

0
0
Fig. 1.1

Time (sec)

Systolic extravascular compression on
subendocardial
blood
vessels
→
↓ coronary flow.
During diastole , the increased aortic
pressure above the aortic valve forces blood
into the coronary arteries and thence into
the cardiac musculature.
o And so , myocardial perfusion
occurs mostly during diastole
when
the
subendocardial
coronary vessels are open and
under lower pressure.

0.8

A concept of STEMI and its reflection on ECG
An acute ST-elevation myocardial infarction (STEMI) is an electrocardiographic
reflection of an incidence in which transmural myocaridal ischemia results in
myocardial injury or necrosis. STEMI is the result of acute total occlusion of an epicardial
coronary artery , mostly due to atherosclerotic plaque rupture / erosion with subsequent
thrombus formation.
Histologically , an infarct region consists of a central zone of nectrotic tissue , surrounded by
a rim of injured tissue which in turn surrounded by an umbrella of ischemic zone.
Due to the consideration that subendocardial tissue in this pathological event bear the most
burnt compared to the subepicaridal tissue , the affected zone assumes a ‘pyramid-shaped’
involvement , as illustrated by the following sketch :

Central Necrotic tissue
Zone of injured tissue
Zone of ischemic tissue

Endocardium

Epicardium

An infarct cardiac tissue
Fig. 1.2
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The impact of these pathological changes are reflected on ECG in an evolutionary stepwise
progression :
1. Hyperacute phase (over minutes-hours)
2. Evolving phase (over hours)
3. Chronic stable phase (over days-weeks)
Hyperacute phase
This phase points towards the ongoing injury to the myocardium having its ECG
manifestations quickly over minutes or delayed by hours , mainly detected by changes over T
wave (considered to be due to local hyperkalemia – leakage mechanism).
Tall , symmetrical peaked and widened T waves.
Evolving phase
As illustrated by the following sketch :







Fig. 1.3

Myocardial injury is manifested by an
elevated and coved /convexed elevated ST
segment (hence the name STEMI). Due to
the flow of the current of injury towards the
site of exploring lead placement, ST segment
is upright.
Myocardial necrosis creates a sort of dead
window of electrically silent zone and
thereby is being reflected on ECG by Q
wave , pointing the recording of the
electrical activity of distant healthy muscles
sensing through this window.
Myocardial ischemia still going on the
periphery is reflected as a deep , symmetric
and pointed inversion of T wave , due to the
fact that myocardial ischemic zone being
away from the necrotic zone.

Chronic phase
Following the incidence of fully evolved phase , there is a gradual journey towards resolution
of the abnormalites in days to weeks , due to the partial or complete restoration of the blood
flow in due course of time.
The above sketch is more or less in pyramidal shape with braod base towards endocardium
and narrower base towards epicardium. An exploring lead placed over the infarct area would
be the picking lead of such electrocardiographic changes , just underneath myocardium.
These such changes are reflection of myocardial infarction underneath the area of its
involvement and this become essential here to have a brief concept of coronary circulation to
localize such changes over the involved areas by 12-lead surface ECG.
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Blood supply to the heart ( coronary circulation )
Its concept is essential to localize the culprit artery in STEMI

Fig. 1.4





Right coronary artery arises from the right aortic sinus and the left coronary artery from
left aortic sinus , just above the aortic valve ring.
Left coronary artery supplies mainly the left atrium , left ventricle and anterior
interventricular septum. The right coronary artery mainly supplies right atrium , SA
node, AV node and right ventricle (and some portion of the left ventricle through
posterior interventricular artery ).
Right coronary artery distribution
Anterior
 Right atrium
 SA node
 Right marginal
artery → to the
inferior border
 Right
anterior
ventricular
branches

Posterior
 AV node
 Right posterior
ventricular
branches
 Posterior
interventricular
branch (with its
septal branches )

Left coronary artery distribution
LAD

LCX

 Left atrium
 Septal branches
→anteroseptal region  SA node (40% cases)
 Diagonal branches
 Left Marginal artery
→anterior/lateral wall
→ the left posterior
wall in the direction
 LAD distal
of apex
→ anteroapical
 Posterolateral
branches

 If the posterior descending artery is supplied by the right coronary artery (RCA), then the
coronary circulation can be classified as "right-dominant". ( In 70% of cases ).
If the posterior descending artery is supplied by the circumflex artery (LCX), then the
coronary circulation can be classified as "left-dominant." ( In 20% of cases ).
Rarely by both ( 10% )
(A precise anatomic definition of dominance would be the artery which gives off supply
to the AV node)
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Localization of the culprit artery in STEMI at a Glance on 12 surface
ECG
ECG Lead System : It would be easier if zonal orientation of MI is identified on 12 lead
ECG and for this purpose the corresponding leads are tick-marked accordingly to locate
the culprit artery.
I

aVR

V1

V4

II

aVL

V2

V5

III

aVF

V3

V6

Zonal orientation of lead system :
o Leads I , aVL + V5,V6 = Lateral zone → Left circumflex artery
o Leads II , III and aVF = Inferior Zone →
Right coronary artery (RCA) or the left circumflex artery (LCX)
o Leads V1-3 = Anteroseptal zone
V1-6 = Anterior zone
V1-6 + I-aVL = Extensive anterior zone
Anteroseptal or Anterior or Extensive anterior involvement is most likely indicative
of LAD coronary artery. If lead aVL (sometimes I) is involved in addition indicates an
anterior extensive infarct , the culprit lesion is likely to be proximal to the diagonal
branch.
o Inferior zone + Posterior zone (the Posterior zone is not directly recorded over 12 lead
ECG. Lead V1-3 oriented to the anterior wall reflects the inverse – mirror image
changes of the posterior wall) → RCA or LCX
o Inferior infarction plus right ventricular infarction (ST elevation in V1 with ST
depression in V2 indicates RV infarction) → Proximal RCA
o Lateral zone + inferior + Posterior → LCX , as a dominant artery
The localization of the culprit artery as per zonal involvement on 12 surface ECG
has been further detailed in the subsequent tables.
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The localization of the culprit artery in STEMI
Anterior wall STEMI (V1-6 + high lateral leads I and aVL)





ST elevation in V1-6 + aVL (I)
with reciprocal depression in
inferior leads
qRBBB complete and ST
elevation in aVR may be in
association
Extensive anterior wall MI (LAD
occlusion before septal and
diagonal branches)

Fig. 1.5




X = Different sites of lesion with LAD

ST elevation in V1-3
(ST elevation in lead V1>aVR)
Or qRBBB complete along with
ST elevation in lead V2-V4 and
reciprocal ST depression in
inferior leads.

 RBBB is an independent pointer of
poor prognosis in anterior MI. This is
because of the fact that substantial
myocardial damage has occurred , not
the conduction problem itself.

Antero-septal MI
(LAD occlusion proximal to septal
branch)

 Leads I and aVL though not supplied
by LAD , might reflect ST elevation
changes whenever lateral wall also
gets involved during extensive
anterior MI

ST elevation in I , aVL + V2-4

 LMCA occlusion : 2019 single - centre
retrospective analysis identified such
patients presenting with STE-aVR
with multilead ST depression. This is
consistent with left main coronary
artery subocclusion or complete
occlusion
with
well-developed
collateral circulation

Antero-lateral MI (Pre D1 occlusion –
involvement of high lateral LV wall)

ST elevation in V5-V6 in addition to
V2-V4 (in mid occlusion) with
reciprocal ST depression in aVL
Antero-apical MI
(Mid/Distal LAD occlusion after
septal and diagonal branches)
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STEMI in association with Inferior MI




Concentrate over V1

ST elevation in lead II >III
Involvement of anterolateral
leads :
I , aVL and V5-6
Proximal Left circumflex artery

Inferior wall

Posterior wall

Right bundle branch block
Proximal LAD with a wrap artery
lesion around the apex of the left
ventricle

R/S >1 with ST depression with
upright and usually up T ,
including V2-3
(The precordial leads V1-3 oriented
to the anterior wall , reflecting the
inverse - mirror image changes of
MI of the posterior wall
Posterior wall MI




Fig. 1.6


ST elevation in lead III > II
ST elevation in V1 with ST
depression in V2
Also record by right sided
chest leads (ST elevation in
V4R has a sensitivity of 88% ,
specificity of 78% and
diagnostic accuracy of 83% in
the diagnosis of RVMI
Proximal RCA occlusion

Inferior MI alone
Distal RCA dominant
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Associated reciprocal ST depression in patient with acute STEMI
 Many patients with acute STEMI show with ‘reciprocal ST segment depression’.
Such ST segment depression is considered to represent mirror image - a phenomenon
of electrical reflection of the transmural injury onto the opposite ventricular wall
recorded by a lead at a distance against the lead recording ST segment elevation.
 Another possible mechanism for ST segment depression is regional subendocardial
ischemia or infarction at a distance through collaterals diverting blood to the infarct
region.
 Reciprocal change is very important ECG finding , not only supporting the diagnosis
of STEMI but also indicating a high-risk patient.
 The concept of reciprocal change cannot be used in patients to have the following
patterns on ECG : left bundle branch block , right bundle branch block , left
ventricular or right ventricular hypertrophy.
In patient with acute ST segment elevation with no otherwise cause for
this , ST segment depression has a specificity and positive predictive
value of 93% for the diagnosis of acute myocardial infarction.





More than 85% of patients with ST segment depression in lead aVF have a
culprit lesion in Proximal LAD.
Inferior STEMI produces reciprocal ST segment depression in aVL
( + lead I).
Lateral or anterolateral STEMI produces reciprocal ST depression in
inferior leads.
The significance of accompanying anterior ST segment depression depends
on the leads involved.
 Over V1-3 – mirror imaging often from LCX occlusion.
 An ST segment depression deeper in V4-6 than in V1-3 is
associated with anterolateral or septal subendocardial injury from a
severe lesion in the LAD or in the left main coronary artery.

 Vertical and horizontal planes are almost
placed at right angle to each other.
 Lead aVL and inferior leads (II , III and
aVF) are placed at more than 900 to each
other.

Fig. 1.7
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ECGs illustrations
ECG 1 : De Winter T wave

Source : Prof . Dr. A.N. Rai , AIMS , Gaya

ECG of a middle aged man presenting as severe chest pain since 3 hours.
Comments :
 Tall , prominent , symmetrical T waves in the precordial leads
 Up sloping ST segment depression > 1mm at the J point leads , most marked in V2
 Absence of ST elevation in the precordial leads
 Reciprocal ST segment elevation (0.5mm) in aVR

De winter T wave
 First reported by De winter in 2008 – ECG pattern is an anterior STEMI equivalent
 Key diagnostic points = peaked T waves and sloping ST depression in precordial leads

Management : Thrombolysis
Post Thrombolysis ECG

Source : Prof . Dr. A.N. Rai , AIMS , Gaya
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ECG 2 : Wellens syndrome (suggestive severe proximal LAD stenosis and a warning
indication of impending anterior infarction)

Source : Prof . Dr. A.N. Rai , AIMS , Gaya

ECG of middle aged female presenting as recurrent chest pain since 1 day. No H/O DM or
Hypertension.
TropI-negative
ECG shows Nodal Rhythm with Wellen’s Syndrome type B due to critical lesion of
proximal LAD. (? Dual pathology primary SA node disease and LAD lesion )
ECG 3 : Proximal LAD occlusion with wrap artery around the apex of the left ventricle

Source : Prof . Dr. A.N. Rai , AIMS , Gaya

Middle aged man with severe chest pain since 2 hours .
ECG shows anterior myocardial infarction with RBBB pattern with acute inferior MI =
Proximal LAD before septal branch with wrap artery ( The distal LAD that looks across the
cardiac apex and supply both the anterior and inferior walls of the left ventricle) //
concomitant atrial flutter with 2:1 AV conduction as per Bix Rule.
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ECG 4 : Extensive anterior wall MI (LAD occlusion before septal and diagonal )

Source : Prof . Dr. A.N. Rai , AIMS , Gaya

Comments :
Acute anterior wall MI ( RBBB + QR over V1 – 3 with ST elevation over these leads and
also ST elevation over V4 – 5 ) with atrial flutter with 2:1 AV conduction with bifasicular
block (C RBBB + high LAFB) Culprit artery – Proximal LAD
Anterior wall STEMI with RBBB = Extensive anterior wall MI (LAD occlusion before
septal and diagonal )
ECG 5 : Proxmial left circumflex artery occlusion

Source : Prof . Dr. A.N. Rai , AIMS , Gaya

Patient presenting severe chest pain since 12 hours
Comments :
ST elevation pattern over anterolateral and inferior leads indicate occlusion of the LCX and
the ST depression over the rest indicate reciprocal changes due to this occlusion. Low voltage
might be due to low EF, the result of severe myonecrosis over the affected zone.
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ECG 6 : Dominant LCX occlusion

Source : Prof . Dr. A.N. Rai , AIMS , Gaya

Middle aged man presenting as sudden severe chest pain since 4 hours.
ECG shows Q waves with ST elevation in II , III , aVF (ST in II > III ) and also over V5-6.
These findings are suggestive of Left circumflex artery occlusion.
Further to say that Tall R wave in V1 with upward T with ST depression in V1-V3 suggests
Acute Posterior Infarction.
All these features suggest Dominant LCX lesion.
If the posterior descending artery is supplied by the circumflex artery (LCX), then the
coronary circulation can be classified as "left-dominant" (In 20% of cases).
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ECG 7 : Acute right ventricular infarction

Source : Prof . Dr. A.N. Rai , AIMS , Gaya

Middle aged lady presenting with severe chest pain and features of shock.
Comments :
Acute inferior ST elevation MI (ST elevation in II , III and aVF with ST vector > in lead III
, Q in lead III , Q started to appear in aVF/reciprocal ST changes over I , aVL + ST elevation
in V1 with ST depression in V2)/sinus bradycardia with 1st degree AV block (PR interval
0.23 Sec.) (right coronary artery supplies also SA node and AV node)
Acute inferior MI + ST elevation in V1 with ST depression in V2 = acute right ventricular
infraction due to proximal RCA occlusion , to be further confirmed by exploring through
right sided chest leads (V1 is the only standard ECG lead that looks directly at the right
ventricle)
By placing the precordial leads over the right chest

Source : Prof . Dr. A.N. Rai , AIMS , Gaya

Comments :
Acute inferior MI + presence of ST elevation in the right sided chest leads (V3R –V6R) =
further confirmation of acute right ventricular infarction
In the present context ST elevation in V4R has a sensitivity of 88% , specificity of 78% and
diagnostic accuracy of 83% in the diagnosis of RVMI
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Concluding remark
Myocardial infarction is one of the leading causes of death throughout the globe. Since
coronary arteries deliver blood to the cardiac muscle , its narrowing can have a catastrophic
effect to the heart , including myocardial infarction. Therefore , it become essential to
localize the culprit artery. 12-lead ECG localizes the culprit artery which is generally well
correlated and verified by coronary angiogram or other imaging modalities.
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ECG
ST DEPRESSION IN NON-TRANSMURAL CORONARY
ARTERY DISEASE – A BASIC CONCEPT
DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

SYNOPSIS
Introduction

 Coronary artery is the main distributor of oxygen and nutrients to the
heart , even its nontransmural occlusion can have serious
implications which may lead to injury to the heart ; the main burnt
being over the subendocardial zone due to the accentuated systolic
extravascular compression on endocardial blood vessels which
results in diminished coronary flow.
 Pathological changes
1. Acute ischemia without necrosis
2. Acute ischemia with subendocardial necrosis.

Concept of ST Segment
and Related Phenomena
on ECG

 ST segment (Systolic Phase) comprises of the two components :
(Phase 2)
 The inward Ca2+ flow and outward K+ flow currents are
approximately equal but with reverse polarity on either side.
 The exchange in between Ca2+ and K+ brings
‘excitation-contraction coupling’.
The ST segment is the flat , isoelectric line on the ECG between the end
of S wave (the J point) and the beginning of the T wave .
 Resumption of polarized isoelectric phase 4 : TP Segment (Diastolic
Phase)
Current of Injury :
Systolic and Diastolic

Current of injury will travel from the cells that are more
depolarized to the cells that are less depolarized.
 Systolic current of injury during phase 2 : due to the potential
difference in between the injured zone and healthy zone , less
negativity over the injured area compared to the healthy one with
downward shift of ST segment.
 Diastolic current of injury during phase 4 : Potential difference in
between injured negative zone and healthy positive zone with
upward shift of TP segment. (Due to the automatic shifting of the TP
segment to the baseline by the ECG machine one is not in a position
to observe any effects on the TP segment on ECG.)

ST Segment Depression
due to Subendocardial
Ischemia

Horizontal ST depression
with a sharp angle in between ST segment and T wave.
This is the earliest expression of ST segment in
myocardial ischemia.
Downsloping ST segment depression
The ST segment depressed below the isoelectric line at its
origin and then it slops further downwards
Morphology of ST depression
 ST depression can have the shape of either horizontal , downsloping
or upsloping.
 Horizontal or downsloping ST segment depression ≥ 0.5 mm at
the J-point ≥ 2 contiguous lead points towards myocardial
ischemia , usually of subendocardial origin.
 ST depression ≥ 1 mm is rather more specific having a worse
prognosis.
 ST depression ≥ 2 mm in ≥ 3 leads is usually associated with a
higher possibility of Non-ST elevation myocardial infarction. ST
depressions in NSTEMI are frequently accompanied by T inversions
or flat T waves , but the primary ECG finding is the ST segment
depression.
 Upsloping ST segment (non-specific) is rarely caused by ischemia. It
is usually physiological in nature , seen in normal persons usually
during physical exercise and resolves rapidly once the exercise is
stopped.
Morphology of ST depression
 ST depression due to subendocardial ischemia is having a
widespread representation on ECG deeply present in lead I , II , V4-6
including a variable number of additional leads. This does not
localize the site of occlusion.
Ischemic T wave inversion (Post-Ischemic T wave Inversion)
 ST segment depression is typical of myocardial ischemia and isolated
T wave inversions occur after the ischemia has resolved , indicating
that ischemia is not ongoing.
 T waves might be associated with negative U wave. Post ischemic T
wave inversions are symmetrical in nature (the normal T wave is
asymmetrical) and these T waves are rarely deeper than 10 mm.

Differential Diagnosis of
ST Segment Depression

 Normal physiological ST segment depressions : upsloping ST
segment depression usually during exercise which rapidly disappears
once the exercise is stopped.
 Hyperventilation : very similar to ST depression with
hyperventilation.
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 Secondary ST segment depressions associated with abnormal
depolarization (QRS complex) : e.g. Left or right ventricular
hypertrophy , left or right bundle branch block , preexcitation pattern
, artificial pacemakers , etc. The abnormal ventricular depolarization
results in abnormal repolarization , that’s why , these ST and T
changes are referred to as secondary changes.
 Heart failure : Heart failure itself may also cause ST segment
depressions particular over left sided leads (I, aVL and V5-6)
 Supraventricular tachycardia : Causes a transient dismatch in
between coronary supply and demand and so might be associated
with transient ST segment depressions, which resolve on the
cessation of tachycardia. There might be an association of mild ST
elevation over aVR.
 Sympathetic stimulation by any cause.
 Hypokalemia usually associated with prolonged QT interval due to
the merging of U wave with T wave.
 Digoxin : Downsloping ST depression with inverse checkmark sign

OUTLINE
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Concept of ST Segment and Related Phenomena on ECG
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ST Segment Depression due to Subendocardial Ischemia
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Concluding Remark
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ST DEPRESSION IN NON-TRANSMURAL CORONARY ARTERY
DISEASE – A BASIC CONCEPT
A Narrative Review
 DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP
The glorious is the protection to the heart through the coronary circulation by milching its
nutrition. O Heart , thou grow on forceful strength ; the richness sparks in its splendour
leading to the sweet journey of life.
Whenever the hero art of thy vascular circulation gets disturbed by the assault of occlusion ,
the city of Heart might suffer from its jolt , thou ray of down-graded luminosity might be
reflected on 12-lead ECG – a signal-warning to the clinicians.

Introduction
Coronary artery is the main distributor of oxygen and nutrients to the heart , even its nontransmural occlusion can have serious implications which may lead to injury to the heart ;
the main burnt being over the subendocardial zone due to the accentuated systolic
extravascular compression on endocardial blood vessels which results in diminished coronary
flow. This is a well known fact that even with a normal coronary circulation the
subendocardial blood vessels are somewhat compressed during the systole by the contractile
myocardial force. The narrower coronary circulation , the commonest cause atherosclerosis ,
may diminish the coronary flow, the situation is further aggravated by the systolic
compression on the already narrower coronary blood vessels. This makes the
subendocardium its victim by injuring this with or without subendocardial necrosis.
In nutshell , based on pathological changes this cardiac scenario can be broadly subdivided
into the following two categories:
1. Acute ischemia without necrosis
2. Acute ischemia with subendocardial necrosis.
These changes are reflected on 12-lead ECG by ST segment depression. Its proper
recognition opens the door to diagnose such clinical situations.

Concept of ST segment and related phenomena on ECG
It would be interesting and knowledgeable to have a concept of ST segment genesis in a
healthy population. The following points are to be noted for the purpose :





During the phase 2 of ventricular action potential an isoelectric line - so called ST
segment genesis takes place due to the transient increase in inner Ca2+
conductance and by outside increase in K+ conductance. During this phase
outward and inward currents are approximately equal but with reverse polarity on
either side , compared to the phase of depolarization. Thus, this isoelectric line of
ST segment comes into existence.
This exchange in between Ca2+ and K+ brings the ‘excitation-contraction
coupling’ resulting in harmonized myocardial contraction.
Due to enhanced systolic pressure , more over the subendocardial zone there is a
extravascular compression on subendocardial blood vessels leading to less
coronary flow during systole , compared with that of diastole but not upto the
extent of myocardial injury in a healthy person.

| 35
Thus , ST segment comprises of the two components :
 The inward Ca2+ flow and outward K+ flow currents are approximately equal
but with reverse polarity on either side.
 The exchange in between Ca2+ and K+ brings ‘excitation-contraction coupling’.
 During phase 3 of the ventricular action potential there is a further outward
movement of K+ ions with the closing of Ca++ channels. This phase is reflected on
ECG in the form of T wave.
The entire concept can be illustrated with the following sketch :
2

3

Phase 0

Phase 1

Phase 2

Phase 3

Phase 4

Systole

1

0

4

Fig. 1.2

R

T
P

Coronary
flow

Q
S

Fig. 1.1

The ST segment is the flat , isoelectric line on the ECG between the end of S wave (the J
point) and the beginning of the T wave .
Once the repolarization phase is completed the Phase 4 comes in action during which there is
again resumptions of polarized isoelectric phase having the original positivity over the outer
surface and negativity over the inner surface of the cardiac membrane (with the help of
Na+/K+ATPase pump). This phase on ECG is reflected as TP segment.

Current of injury : systolic and diastolic
In a healthy person there is an uniform distribution of the current whether in the
depolariziation or repolarization phase during each cardiac cycle. During the depolarization
phase the ionic flow of current from endocardium to the epicardium gradually assumes the
negativity over the outer surface of the cardiac membrane and positivity over the inner
surface till it is completely depolarized.

Depolarization is going on

Fig. 1.3
Completely depolarized state
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This isopotential state of completely repolarized myocardium continues onwards as the
period of plateau phase and due to the absence of potential difference across the membrane
there is no deviation of the straight line on either side i.e. the inscription of ST segment is
normally without any deviation. It is also known fact that after the completion of the
repolarization phase , the cardiac membrane again resumes its normal polarity (complete
positivity over outer side and completely negativity over the inner side). Therefore,
normally there is no potential difference either during the plateau phase (corresponding
to ST segment) or during the diastole phase (corresponding to TP segment).
Due to the partial / subtotal coronary occlusion during the myocardial ischemia there is a
disturbed polarity of balance during the plateau phase and diastole phase both and this
deviation is caused by the current of injury created over the subendocardial zone. The injured
area is defined as localized jeopardized myocardium having less negatively charged cardiac
membrane, compared to the healthy myocardium in vicinity. Therefore , the injury current
arises at the junction of jeopardized myocardium and healthy myocardium , creating a
potential difference at its junction which is responsible for the shift of the ST segment during
the plateau phase of repolarization. This is also a known fact that plateau phase , though is
having completely negativity over the outer surface but under so circumstances there is less
negative membrane potential over the injured area creating the potential difference. This is
known as systolic current of injury.
Normally diastolic phase – TP segment is isopotential but the injured myocardium is still
having the negative resting potential , creating a potential difference with the healthy
myocardium , referred to as diastolic current of injury.
This subendocardial systolic current of injury causes the ST segment depression downward
and diastolic current of injury a somewhat upshift of the TP segment.
The systolic current of injury associated with subendocardial myocardium , has been
illustrated as below :

Fig. 1.4

 The systolic current of injury is having potential gradient at the ‘electrical border’
in between the ischemic and normal myocardium with the flow of current from the
cells that are more depolarized to the cells that are less depolarized.
 Thus , the current of injury will travel from normal myocardium to ischemic
myocardium because normal myocardium is more depolarized compared to the
injured one.
 The zone of subendocardial injury is accompanied by ST segment depression.
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With the following sketch the current of injuries – systolic (Phase 2) with ST depression and
diastolic (Phase 4) with somewhat TP elevation have been well illustrated as below :
 Systolic current of injury during phase 2 : due to the potential difference in between
the injured zone and healthy zone , less negativity over the injured area compared to
the healthy one with downward shift of ST segment.
 Diastolic current of injury during phase 4 : Potential difference in between injured
negative zone and healthy positive zone with upward shift of TP segment. This
diastolic current of injury is not recordable over the 12-lead ECG , the reason
has been explained below.

Injured subendocardial zone

Fig. 1.5

(Automatic shifting of TP segment
to the baseline by the ECG machine)

The diastolic current of injury : The TP segment is considered as the baseline isoelectric
line. Due to the automatic shifting of the TP segment to the baseline by the ECG machine
one is not in a position to observe any effects on the TP segment on ECG. The only change
during the subendocardial ischemia is reflected over the ST segment. The shifting of the TP
segment to the baseline (adjusted by the ECG machine ) will give the impression that the
ST segment is depressed.

ST segment depression due to subendocardial ischemia
The resultant ST segment depressions caused by subendocardial ischemia are basically
characterized by a horizontal or downsloping ST segment. North American and European
guidelines concerned with the present context say that ST segment must be either
downsloping or horizontal ; otherwise ischemia is unlikely to be the cause of the ST segment
depression.
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Both the horizontal and downsloping ST segment depressions are well illustrated by the
following sketch :

Fig. 1.6

Fig. 1.7

Horizontal ST segment depression

Downsloping ST segment depression

Horizontal ST depression
with a sharp angle in between ST segment and T wave. This is the
earliest expression of ST segment in myocardial ischemia.

Downsloping ST segment depression
The ST segment depressed below the isoelectric line at its origin and
then it slops further downwards
Morphology of ST depression
The following points are important in this context :
 ST depression can have the shape of either horizontal , downsloping or upsloping.
 Horizontal or downsloping ST segment depression > 0.5 mm at the J-point > 2
contiguous lead points towards myocardial ischemia , usually of subendocardial
origin.
 ST depression > 1 mm is rather more specific having a worse prognosis.
 ST depression > 2 mm in > 3 leads is usually associated with a higher possibility of
Non-ST elevation myocardial infarction. ST depressions in NSTEMI are frequently
accompanied by T inversions or flat T waves , but the primary ECG finding is the ST
segment depression.
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 Upsloping ST segment (non-specific) is rarely caused by ischemia. It is usually
physiological in nature , seen in normal persons usually during physical exercise and
resolves rapidly once the exercise is stopped.
ST segment and its distribution
The subendocardial ischemia could not be localized on ECG , most possibly due to the fact
that the ST depression is related to demand and supply phenomena. In such circumstances the
ST segment depression should be diffuse , not localized.
ST depression due to subendocardial ischemia is having a widespread representation on ECG
– widely present in lead I , II , V4-6 , including a variable number of additional leads (it must
be cautioned that a pattern of widespread ST depression with ST elevation in aVR > 1 mm is
suggestive of left main coronary artery occlusion).
This should be of immense value to mention here that ST depression localized to a particular
territory e.g. inferior or high lateral leads only is more likely to point towards reciprocal
changes of STEMI , associated with its accompanied ST elevation.
Ischemic T wave inversions (Post-ischemic T wave inversions)
It is to be noted here that T wave inversions without accompanying ST segment depression is
never a sign of acute ischemia. ST segment depression is typical of myocardial ischemia and
isolated T wave inversions occur after the ischemia has resolved , indicating that ischemia is
not ongoing. Isolated T wave inversions with the symptoms of myocardial ischemia is
referred to as ‘Post-ischemic T wave inversions’ .To further clarify , it can be mentioned that
T wave inversions are Post ischemic in origin. Post ischemic T waves might be associated
with negative U wave. These T wave inversions are symmetrical in nature (the normal T
wave is asymmetrical) and these T waves are rarely deeper than 10 mm.

Differential diagnosis of ST segment depressions
It would be worthwhile here to mention some important causes of ST segment depressions
other than myocardial ischemia :







Normal physiological ST segment depressions :
upsloping ST segment depression usually during exercise and rapidly disappears once
the exercise is stopped.
Hyperventilation :
very similar to ST depression with hyperventilation.
Secondary ST segment depressions associated with abnormal depolarization
(QRS complex) :
e.g. Left or right ventricular hypertrophy , left or right bundle branch block ,
pre-excitation pattern , artificial pacemakers , etc.
The abnormal ventricular depolarization results in abnormal repolarization , that’s
why , these ST and T changes are referred to as secondary changes.
Heart failure :
Heart failure itself may also cause ST segment depressions particular over left sided
leads (I, aVL and V5-6)
Supraventricular tachycardia :
Causes a transient dismatch in between coronary supply and demand and so might be
associated with transient ST segment depressions, which resolve on the cessation of
tachycardia. There might be an association of mild ST elevation over aVR.
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Sympathetic stimulation by any cause.
Hypokalemia usually associated with prolonged QT interval due to the merging of U
wave with T wave.
Digoxin : Downsloping ST depression with inverse checkmark sign.

Concluding remark
In clinical practice it becomes essential to appreciate the pattern of ST segment depression in
a person with symptoms of coronary artery disease. Localized subendocardial ischemia
damages some of cardiac cells. Loss of coronary circulation to the Jeopardized area of
myocardium results in severe hypoxia which is responsible for diminished quantum of ATP
in the affected cells with disregulation of ionic transport systems in the cell membrane ,
resulting in ST depression. And it is also important to realize here that isolated T wave
inversion does not indicate the ongoing myocardial ischemia ; it is the ST segment depression
as described above is the indicative of ongoing myocardial ischemia.
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ECG
ELECTROCARDIOGRAPHIC MANIFESTATIONS IN
THE DIAGNOSIS OF ELECTROLYTES DISTURBANCES
DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

SYNOPSIS
Introduction



There is alteration in Cardiac ion current kinetics of ‘Action
Potential’ attributed to abnormal serum electrolyte level, being
reflected over 12-lead ECG as altered electrocardiograhic changes.



The key to understand the impact of electrolytes on the heart is to
grasp the understanding of Cardiac Action Potential and how it
relates to P-QRS-T complexes on ECG.

The events of Cardiac Action Potential and the genesis of ECG
waves are outlined as below in brief :

The standard model used to
demonstrate Cardiac Action
Potential is that of the
ventricular myocytes

Pathophysiological concept
of electrolyte disturbances
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Hypercalcaemia
Increases myocardial contractility during plateau phase 2 and thereby , it
shortens the ST segment resulting in the shortening of QT interval as
well.

Hypocalcaemia
On the contrary , low calcium concentration decreases the myocyte
contractility during plateau phase 2 and thereby , lengthens ST segment
duration resulting in the prolongation of QT interval as well.

If there is a QT abnormality on ECG , one should check the serum calcium.
Hyperkalemia
With the higher concentration of K+ ions in extracellular compartment
there is enhancement of K+ channel conductance
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Hypokalemia
 Prominent U wave (best seen in the precordial leads V2-V3)
Apparent long QT interval due to fusion of T and U waves (long QU
interval)
 Other ECG findings
Widened QRS without change in shape , caused by slower
intraventricular conduction ; increased P wave amplitude ;
prolongation of PR interval
Mechanism
Progressive prolongation in repolarization is seen on the ECG as a
decrease in T wave amplitude and increase in U wave amplitude. The
duration of the QT interval remains unchanged till T and U waves are
separated by a notch. With more degree of hypokalemia , T and U waves
are fused together giving the appearance of long QT interval (U wave
prominence is due to underline prolonged ventricular repolarization)

When the plasma K concentration is < 2.7mEq/L , the ECG changes
as mentioned above are compatible with hypokalemia in most of the
cases
Arrhythmogenicity

 Cardiac arrhythmias are uncommon in patients with hypercalcemia.
Hypercalcaemia decreases ventricular conduction velocity and
shortens the effective refractory period. Ventricular arrhythmias
ranging from VPCs to Frank Ventricular fibrillation can be
encountered in severe hypercalcaemia.
 In hypocalcemia arrhythmias are uncommon , although atrial
fibrillation has been reported.
Torsades de pointes may occur , but is much less common than
hypokalemia and hypomagnesaemia.
 Severe hyperkalemia can lead to heart block , asystole , pulseless
electrical activity and ventricular arrhythmias including ventricular
fibrillation.
 With hypokalemia


Frequent supraventricular ectopic may be caused by
myocardial hyperexcitability.



Supraventricular tachyarrhythmias : AF , atrial flutter, atrial
tachycardia.



Even moderate hypokalemia may inhibit the Na+-K+ ATP
pump in myocardial cells promoting spontaneous early
afterdepolarizations leading to ventricular tachycardia /
fibrillation.
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ELECTROCARDIOGRAPHIC MANIFESTATIONS IN THE DIAGNOSIS OF
ELECTROLYTES DISTURBANCES
A Narrative Review

 DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

O Electrolytes , thou steps are luminous wide and missioned towards evoking the disciplined
flame–forces of Heart – The Action Potenital. Being the master artist thou draw the lavishest
art of praise over the fleshy pages of Heart with a wavy brushing. This glory of art might be
cleaved to an unhappier disharmony , trembling the life in so many ways. The alteration in
thou current kinetics are being brushed over the heart by the far-sounding ill sketches of wavy
outlines.
Clinicians pay thoughts to catch them by their photographic eyes to save the life of sufferers ,
so by their minds of illuminative knowledge on 12-lead ECG.

Introduction
The genesis of Cardiac Action Potential is dependent on voltage-gated ion channels ,
permitting the flow of ion currents through these channels , being present over the cardiac cell
membrane. There is alteration in Cardiac ion current kinetics attributed to abnormal serum
electrolyte level. Accordingly , these changes are being reflected over 12-lead ECG as altered
waves. This is to be mentioned here that even the occurrence of arrhythmias may partake in
such a situation. Therefore , 12-lead ECG may impart a lot of informations about electrolyte
abnormalities so that emergency therapy of these conditions might be initiated , even before
laboratory results become available in hands. For proper understanding of the subject , its
become essential to revise the basic of Action Potential and its collaborative configuration on
12-lead ECG.

A basic concept of Action Potential
The Cardiac Action Potential is a series of brief changes in voltage across the cardiac cell
membrane, brought about by fluxes of ions through ion channels.
The standard model used to demonstrate Cardiac Action Potential in this context is that of the
ventricular myocytes. The sketch of ventricular action potential and its relationship with the
different waves on ECG has been illustrated by the following diagrams :

Phase 0

Phase 1

Extracellular

Phase 2

Phase 3

Phase 4
K+

Ca+

Na+

ATP
Intracellular

K+

Fig. 1.1

K+

K+

Na+
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Phase 0 : opening of the voltage-gated Na+ channels allowing the influx of Na+ inside
the membrane
Phase 1 : A short potassium efflux out of the cells through calcium-insensitive transient
outward current (Ito)
Phase 2 : Opening of L-type (“L stands for long lasting referring to the length of
activation) → Ca2+ channels for the exchange in between Ca2+ and K+ plateau phase.
Phase 3 : The closing of the L-Type Ca2+ channels with the opening of K+ channels …
Ikr, Iks, Iki in succession.
Phase 4 : Restoration to the previous polarized state by Na+ - K+ ATP pump and
Na+ - Ca2+ exchanger.








The key to understand the impact of electrolytes on the heart is to grasp the understanding
of Cardiac Action Potential and how it relates to P-QRS-T complexes on ECG.

The events of Cardiac Action Potential and the genesis of ECG waves are outlined as
below in brief :
Extracellular  The Rapid inward cellular current facilitated through Na+ conductance brings

positive charge inside the cell - this depolarizes the cardiac membrane of the
ventricles inscribing the QRS complex .
Intracellular
 During phase 1,there is some outward movement of K+ for a transient period

making the membrane potential slightly more negative. This is referred as a
'notch' over the action potential. The same is being reflected on ECG as a
notch known as j (junctional) point inscribing the end of the QRS complex.
Phase 2

 The plateau in phase 2 is due to the balance between inward movement of

Ca2+ and outward movement of K+. This phase actually corresponds to the
ventricular contraction and is being reflected on ECG as isoelectric ST
segment.

 Replolarization occurs during phase 3 due to the further outward movement

of K+ ions with the closing of Ca++ channels and this phase is reflected on
ECG in form of T wave.

 The phase 3 ends in phase 4 where the resting membrane potential is brought

to the original state mainly by the Na+ - K+ - ATPase pump , other being
Na+/Ca2+ exchanger current and inwardly rectifying K+ current. This resting
phase on ECG is being reflected by TP segment - an isoelectric line.
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The mechanism of Excitation Contraction Coupling of the cardiac muscle

Fig. 1.2
Steps in excitation contraction coupling are as follows:
 Action potential causes the impulse to travel along the Sarcolemma down to the
transverse tubule (T-tubule) system depolarizing the cell membrane.
 Voltage sensitive DHP (Dihydropyridine) receptors open the gate to allow more
calcium entry inside the cells during the Phase 2 of the action potential.
 During the plateau phase of the action potential Ca++ ions enter the inward of the cells
through L- type calcium channel and K+ ions flows outside the membrane.
 This entry of Ca++ triggers more Ca++ release from sarcoplasmic reticulum through
special channel – (ryanodine receptors) – RyR.
 With this further release of Ca++ ions there is increase in intracellular concentration of
Ca2+.
 Actin and myosin bind, the thick and thin filaments slide past each other with the help
of Ca2+ and the myocardial cell contracts.
 Ultimately the cardiac relaxation occurs when Ca++ is reaccumulated within the
Sarcoplasmic reticulum by an active Ca2+ ATPase pump (the extra calcium ions might
be pushed outside the cardiac myocytes through Na+-Ca2+ exchanger mechanism
whenever such ionic operation is needed).
Just to remember the charge of a cellular membrane depends mainly with the following
ions :
1. Sodium (Na+)
2. Calcium (Ca2+)
3. Potassium (K+)
Sodium and calcium predominantly exist in the extracellular space and potassium exist
mainly in the intracellular space.
By keeping all the facts in mind as illustrated above it would be easier to grasp the
electrocardiographic changes with electrolytes disharmony.
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Pathophysiological concept of electrolyte disturbances , being
reflected on ECG
Electrolyte disturbances affect mainly the repolarization stage of action potential – both the
plateau phase , an exchange door in between calcium and potassium ions and the remaining
part of the recovery phase. The phase of depolarization is minimally affected as a natural
safeguard or if affected it may lead to a disastrous effect.
Pathophysiological alteration can be classified into two subheads :
(1) Evolving changes on ECG as per nature of electrolyte disturbances
(2) Changes leading to arrhythmogenicity.
Evolving changes on ECG as per nature of electrolyte disturbances
The extracellular alteration in ionic concentration are mainly responsible for such
changes.
Hypercalcaemia

Fig. 1.3

Calcium ion is a positive ionotrope and its higher
concentration in extracellular compartment increases
myocardial contractility during plateau phase 2 and
thereby , it shortens the ST segment resulting in the
shortening of QT interval as well.
The surplus calcium concentration has also the
stabilizing effect on the cardiac membrane by
affecting the potassium transport outside to maintain
the isoelectric state during the plateau phase.
 Short QT interval is the most common
finding contributed mainly by the shortening
of ST segment which may be completely
absent and is replaced by T wave having
widened base to counteract the shorten QT
interval – a compensatory effect of
hypercalcaemia.
 The ability of increase Ca2+ to accentuate the
action potential notch over the ventricular
epicardium but not endocardium. This
transmural heterogeneity during the early
phase of action potential might be
responsible for the augmentation of the J
wave. The J wave or osborn’s wave can
also be observed in severe hypercalcaemia.
 Since the QT interval is shortened in
hypercalcaemia , initial upstroke of the T
wave immediately starts after the QRS
complex mimicking the hyper acute phase
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of myocardial infarction , especially when
the T waves are rapid and taller than usual.
Hypocalcaemia




Fig. 1.4

On the contrary , low calcium concentration
decreases the myocyte contractility during
plateau phase 2 and thereby , lengthens ST
segment
duration
resulting
in
the
prolongation of QT interval as well.
Hypocalcaemia causes decreased cardiac
contractility , which can lead even to angina.
ST and T changes may be observed specially
when there is persistent evidence of
myocardial injury in association.

QT interval alteration is the most common finding with disharmony with changes in
calcium concentration in the extracellular compartment. This QT interval is
inversely proportional to the serum calcium level. Normal serum levels are
between 8.8 mg/dL and 10.4 mg/dL.
If there is a QT abnormality on ECG , one should check the serum calcium as a
rule.
Hyperkalemia

Fig. 1.5

Action potential in hyperkalemia
+
 with increment in extracellular K to more
than 5.5 mEq/L the AP duration shortens
because of decrease phase 2 and the velocity
of repolarization increases  Shortening of
QTc interval and peaking of T wave on ECG
(This peaking of T wave is the earliest ECG
finding)
+
 A progressive increase in K concentration
produces a progressive decrease in resting
membrane potential , resulting in decreased
maximum velocity of depolarization. This is
subsequently responsible for intratrial and
intraventricular conduction time , resulting in
an increased duration of the P wave and the
QRS complex (the effect on atrial fiber is
somewhat earlier than the ventricular fiber)
A fewer Na+ channels availability to be
activated during depolarization are responsible
for this phenomenon.
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0

A regular rhythm in the absence of P wave
might be due to the persistence of the
conduction from the sinus node to the ventricle
through sinoventricular condution – there is
hyperkalemic resistence to the atrial internodal
tracts connecting the SA node to the AV node.

Fig. 1.6 0
Sinus node itself is less sensitive to
hyperkalemia because of its low negative
membrane potential during Phase 4

Hyperkalemic impact on the heart can be summarized as below :



Sinus node is less sensitive to hyperkalemia and it
continues to discharge its impulses to its surrounding.



Initially the P wave broadens but eventually it may
disappear completely but the conduction from the sinus
node to the ventricle may persist (sinoventricular
conduction).
The conduction through the atrioventricular node is often
impaired , may lead to different degrees of AV block.
Severe hyperkalemia (K>7mmol/L) can lead to heart
block and even asystole.
Compared with nodal tissue Purkinje system is normally
having higher K+ conductance but its secondary
pacemaker capability is suppressed by hyperkalemia :
infranodal escape pacemaker becomes unreliable after
heartblock develops , which together with propagation
failure can cause frank asystole.
Shortening of APD by increasing K+ channel
conductances. Initially decreases the effective refractive
period, but as hyperkalemia worsens, a preterminal
rhythm – sine-wave may appear (discussed over the next
page) with increased post-repolarisation effective
refractory period leading to ventricular fibrillation.







Fig. 1.7
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In a extreme cases of hyperkalemia the following changes on ECG occur simultaneously
leading to Sine-wave (a preterminal rhythm):
(i) with increasing degree of hyperkalemia there is inactivation of Na + channels
resulting in a fewer Na+ channels to be activated leading to bizarre shaped QRS
complex often with a left or right bundle branch block pattern with extreme width
(204 ms) with complete loss of visible atrial activity on the surface ECG.
(ii) There is a very early initiation of repolarization phase due to increasing basal K+
exchange across the membrane resulting in the earlier onset of T wave fusing with
the preceding QRS complex producing a sinusoidal wave form – known as
Sine-wave.
(iii) This sine wave pattern may lead to ventricular fibrillation or asystole. Therefore ,
this sine wave is known as pre-death signal, one can say this sinus wave pattern as
pre-death signal and the patient would die if left untreated.
 Prior to the onset of Sine-wave there may be an intermediate stage – widened non-bizarre
QRS complex with complete disappearance of preceding P wave followed by peaked T
wave – Slow Junctional Rhythm.
All the discussed points with hyperkalemia with ECG changes can be summarized as below :
(Normal Potassium level in an adult ranges from 3.5-5.5 mEq/L)
Potassium
level (mEq/L)
5.5 -6.5

Mechanism

6.5-7.0

Ongoing atrial
paralysis

7.0-9.0

Conducting pathways
abnormalities

>9.0

Fewer Na+ channels in
operation due to its
marked inactivation +
very early onset of
repolarization

ECG changes

Enhanced K+ channel Peaked and tall T waves
conductance
P wave broadening /flattening
PR prolongation
Eventually complete disappearance of P wave
Conduction
pathway
abnormalities
with
Bradyarrhytmias in association with
+ other
evidences of hyperkalemia , serum potassium level
should be estimated for the purpose
 Suppression of SA Node – Sinus Bradycardia
 Different degree of AV block of high grade
nature with slow junctional /ventricular
escape rhythm.
 Bundle branch block , hemiblocks
Sine-wave
Pulseless electrical activity with wide Bizarre shaped
QRS complex.
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Hypokalemia
 Prominent U wave (best seen in the precordial leads
V2-V3)
Apparent long QT interval due to fusion of T and U
waves (long QU interval)
 Other ECG findings
Widened QRS without change in shape , caused by
slower intraventricular conduction ; increased P wave
amplitude ; prolongation of PR interval
Fig. 1.8

Mechanism
Progressive prolongation in repolarization is seen on
the ECG as progressive depression of the ST segment
, a decrease in T wave amplitude and increase in U
wave amplitude. The duration of the QT interval
remains unchanged till T and U waves are separated
by a notch. With more degree of hypokalemia , T and
U waves are fused together giving the appearance of
long QT interval (U wave prominence is due to
underline prolonged ventricular repolarization)
When the plasma K concentration is < 2.7mEq/L ,
the ECG changes as mentioned above are
compatible with hypokalemia in most of the cases

Arrhythmogenicity

 Cardiac arrhythmias are uncommon in patients with
hypercalcemia. Hypercalcaemia decreases ventricular
conduction velocity and shortens the effective
refractory period. Ventricular arrhythmias ranging
from VPCs to Frank Ventricular fibrillation can be
encountered in severe hypercalcaemia.
 In hypocalcaemia arrhythmias are uncommon ,
although atrial fibrillation has been reported
Torsades de pointes may occur , but is much less
common than hypokalemia and hypomagnesaemia.
 Severe hyperkalemia can lead to heart block ,
asystole pulseless electrical activity and ventricular
arrhythmias including ventricular fibrillation.
 With hypokalemia
 Frequent supraventricular ectopic may be caused
by myocardial hyperexcitability.
 Supraventricular tachyarrhythmias : AF , atrial
flutter, atrial tachycardia
 Even moderate hypokalemia may inhibit the
sodium potassium pump in myocardial cells
promoting spontaneous early afterdepolarizations
that lead to ventricular tachycardia/fibrillation.
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ILLUSTRATION BY ECGs

cHYPERCALCAEMIA
ECG Changes

HYPOCALCAEMIA
ECG Changes

Elevation of the J point with shortened QT
interval , followed by T wave having widened
base (so counteracting the shortened QT interval
- a compensatory effect).

Prolongation of QT interval
Low calcium concentration decreases the
myocytes contractility during plateau phase 2
and thereby, lengthens ST segment resulting in
the prolongation of QT interval as well

HYPERKALEMIA
ECG Changes
Peaked T wave (usually the earliest sign of
hyperkalemia)
P wave widens and flattens or even disappears

Widened QRS complex with complete
disappearance of preceding P wave, followed by
peaked T wave

Wide bizarre QRS merging with very early
repolarization T wave – Sine wave ( a preterminal rhythm)
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HYPOKALEMIA
ECG Changes
Prolongation of QT interval due to merging of
U wave with T wave

Concluding remark
Electrolyte disturbances are frequently encountered in clinical practice. These if remaining
unrecognized may lead to fatal catastrophe. ECG is the simple non-invasive tool to visualize
the scenario of these electrolyte disturbances so that the life of the sufferer may be saved by
timely institution of appropriate therapy.
The key to understanding the impact of electrolytes over the heart is to understand the
physiology of ‘Cardiac Action Potential’ , and how it relates to the P-QRS-T complexes seen
on ECG. The pertinent changes over ECG may reveal the nature of electrolyte disturbances
and may direct the therapy towards the appropriate direction.
This would be worthwhile to mention here that hypokalemia is often associated with
hypomagnesaemia which enhances the risk of malignant ventricular arrhythmias. It is always
better to estimate both potassium and magnesium levels in any patient with an arrhythmia.
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SPODICK’S SIGN AND ACUTE PERICARDITIS
DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

SYNOPSIS
Dr. David H. Spodick
(1927-2019)

This Spodick’s sign in acute pericarditis was discovered by Dr. David
H. Spodick , the Professor of Medicine emeritus at the university of
Masschusetts Medical School. This sign is said to be present in about
80% of cases.

What is Spodick’s sign

This sign refers to concave JT-segment elevation followed by a slight
downsloping of the TP-segment , best seen in lead II and left lateral
precordial leads.

Pathophysiological
changes in acute
pericarditis leading to
Spodick’s sign

 Pericardial layers are inflamed in pericarditis with the flame of

inflammation extending to some extent over the underneath
myocardium of atria and ventricles. This creates potential difference
across the myocardium even during the TP segment. Now the TP
segment is not in a polarized state.
 During the phase 4 of the ventricular action potential , there is a

genesis of epicardial injury , as a result of which the vector is
directed from epicardium to endocardium resulting in slight
downgoing TP segment depression.
 The atrial repolarisation waves comes somewhat earlier resulting in

an apparent inverted PTa wave over the PR segment, manifested as
PR depression (normally very small PTa wave is not visible on ECG
due to its hiding under QRS complex).
 Since atrial and ventricular repolarization are in opposite direction,

with acute pericarditis the PR and ST segments point in opposite
direction mainly observed at the apex - leads II , V5 and V6 (PR
depression with concave ST segment elevation : discordant sign).
Due to the opposite positioning of aVR lead , PR being elevated by
more than 0.8 mm for so in lead aVR with the ST usually being
slightly depressed in that lead.
 When there is loss of TP segment length due to associated sinus

tachycardia in acute pericarditis , one cannot see the slight
downsloping of the TP segment.
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OUTLINE
What is Spodick’s sign ?
Pathophysiological changes in acute pericarditis leading to Spodick’s
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Illustration by ECG
Concluding remark
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SPODICK’S SIGN AND ACUTE PERICARDITIS
A Narrative Review

 DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

One should be the intellectually rational , Dr. David. H. Spodick (1927-2019) himself was a
worshipper of such an approach in his life. He was a clinician of great repute, researcher and
teacher in the world of cardiology. He had contributed so many research papers related to
pericardial diseases. This Spodick’s Sign in acute pericarditis is also his intellectual gift to the
medical science. It is present in about 80% of cases.
This legendary researcher Dr. David. H. Spodick died at age of 91 on May 19, 2019. He was a
fatherly figure to many generations of cardiologists across the world. He was the Professor of
Medicine Emeritus at the university of Massachusetts Medical School.

What is Spodick's sign ?
This sign refers to concave JT-segment elevation followed by a slight downsloping of the
TP-segment, best seen in lead II and left lateral precordial leads. This sign is highlighted by
the red arrow in lead II , as follows :

Source : CME Dated – 25.12.2020 , Spodick’s Sign with red
mark illustrated by Dr. Himalaya Jha

Fig. 1.1

In acute pericarditis, there is a potential difference across the transmyocaridum resulting in
disturbed polarity of the isoelectric TP segment. This aspect becomes essential to understand
the pathophysiological changes being operated in acute pericarditis. IGN
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Pathophysiological chages in acute pericarditis leading to Spodick's
sign
Step 1 : A concept of normal polarized state - TP segment.
After the completion of the phases of ventricular depolarization and repolarisation, there is a
segment having isoelectric line (TP segment) having no potential difference across the
cardiac membrane. During this phase , the inward and outward current are equal with the
resetting of the cardiac potential to the normal brought about by Na+-K+ adenosine
triphosphate pump. The TP segment is said to be in polarized state with no potential
difference. The entire event is illustrated by the following sketch :

Fig. 1.2

Step 2 : Acute Pericarditis
The pericardium is a fibrous sac surrounding the heart consisting of two layers : a thin
visceral layer attached to the myocardium and a thicker outer parietal layer. Acute
Pericarditis occurs when these layers are inflamed , with the flame of inflammation extending
to some extent over the underneath myocardium of atria and ventricles both. This creates
potential difference across the myocardium even during the TP segment. Now the TP
segment is not in a polarized state. The entire event is illustrated on the next page :
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Fig. 1.3

Step 3 : The basis of the Spodick's sign is the potential difference in between epicardium
and endocardium creating the epicardial injury (brought about by the pathological changes in
the acute pericarditis).
 During the phase 4 of the ventricular action potential , there is a genesis of epicardial
injury and as a result of which the vector is directed from epicardium to endocardium
resulting in a slight downgoing TP segment depression , as illustrated on the next
page :
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Fig. 1.4
 The atrial repolarisation wave comes somewhat earlier resulting in an apparent
inverted PTa wave over the PR segment , manifested as PR depression (normally very
small PTa wave is not visible on ECG due to its hiding under QRS complex).
 There is an apparent J point and ST segment elevation , being more evident due to the
downslowing TP segment .

Step 4 : Due to the vectorial direction , the corresponding changes of ST and TP segment
are best observed in lead II and left precordial leads, as illustrated below:
Since atrial and ventricular repolarization are in opposite direction mainly observed at the
apex – leads II, V5 and V6 with acute pericarditis the PR and ST segments point in opposite
direction (PR depression with concave ST segment elevation : discordant sign). Due to the
opposite positioning of aVR lead , PR being elevated by more than 0.8 mm for so in lead
aVR with the ST usually being slightly depressed in that lead.

V5
V6

Fig. 1.5

II
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Step 5 : Whenever there is loss of TP segment length due to associated sinus tachycardia in
acute pericarditis , one cannot see the slight downsloping of the TP segment.

Illustration by ECG
ECG 1

Source : CME INDIA on 25.12.2020 by Dr. Ashutosh , Renukut
History
16 years old boy with chest pain on 23rd November ; Trop T Positive and raised CKMB.
Findings
PR and ST segments typically points in opposite directions (PR-ST segment discordance
sign) in limb leads and chest leads V4-V6. The reverse discordance sign with elevated PR
and depressed ST segment is seen in aVR and V1. T is mainly positive. The frontal plane ST
segment axis is directed to +600 axis. Lead II shows a slightly TP segment downsloping –
Spodick’s sign being positive.
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ECG 2

Source : CME INDIA on 25.12.2020 by Dr. Satish Sir/BGH/Sail
“If associated Myocarditis Tachycardia might obscure Spodick’s Sign to appear…This is
probably what is happening to my patient today most likely having Viral Myocarditis
(Classical history and Echo findings)” – Dr. Satish BGH/Sail

Concluding remark
Spodick's sign is a helpful Electrocardiographic clue to the diagnosis of Acute Pericarditis.
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SYNOPSIS
Introduction




Diabetes mellitus has been considered as a well-known entity for
many years to be linked with poor cardiovascular prognosis.
ECG recording has become an important tool in cases of diabetes
mellitus.

Electrophysiological
based ECG changes in
diabetes

 Reduced glucose oxidation and increased free fatty acids

oxidation with mitochondrial dysfunctioning , resulting in reduced
ATP production impairing Na+-K+ ATP pump with its less efficient
functioning.
 Downregulation of potassium repolarising current (?Genetic)
resulting in QTc , QT dispersion , QRS-T angle > , Non-specific ST
and T changes etc.

Electrophysiologicalcum-pathological
changes in diabetes

1.

2.

3.
4.

5.

6.
7.

Subtle ECG alteration : Repolarization abnormalities QTc, QT
dispersion , QRS-T angle >, Non-specific ST and T changes
(duration of epicardial potential > endocardial potential)
Baroflex dysfunction : Persisitant Sinus tachycardia and changes in
the heart rate variability.
Atrioventricular conduction defects and others like RBBB, LAFB ,
(LBBB), Masquerading BBB (presence of hyperkalemia should be
simultaneously assessed.
Fibrotic changes specially over the basal left ventricular area +
significant reduction in the elastic property of the arota ↓ aortic
distensibility in type 2 diabetes AS
Reactive hypertrophy, usually left ventricular.
Coronary artery disease
 Premature atherosclerosis (macrovascular dysfunction)
 Structural and functional changes in the microcoronary
circulation (coronary microvascular dysfunction)
Increased accumulated pericardial fat attributes to the progression of
coronary atherosclerosis and is an independent risk factor for stenotic
coronary artery disease.
Diabetic cardiomyopahty
Heart failure.
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Repolarising
abnormalities associated
with central nervous
system dysfunction

o Henderson described the pattern in which T waves were deeply
inverted in the left precordial leads and the tall and peaked in the
right precordial leads.
o Several publications include examples of deeply inverted ,
symmetric T waves during treatment of diabetes acidosis at a time
when the potassium abnormalities were not present.

QT/QTc interval

1. Female sex with higher value of HbA1c, systolic blood pressure
and nephropathy associated with an increased risk of prolonged
QTc whereas physical activity and normal body mass index are
protective factors.
2. The QTc interval can be used to diagnose CAN with reasonable
sensitivity , specificity and positive predictive value.
3. There is a Correlation between QTc and the amount of coronary
artery calcium (CAC). A higher CAC score in diabetes points
towards all cause mortality.
4. From QT interval parameters : both the QT dispersion (the main
difference between the QT maximum and QT minimum interval in
all ECG leads) and the QT maximum may be determined.
(Reported values of QT dispersion widely , e.g. , normal
value from 10 to 71 ms)

ECG measures of
Cardiac Autonomic
Neuropathy
Baroreflex
The afferent fibers from baroreceptors via The glosoopharyngal (Nerve
IX) and the vagus nerve (Nerve X)  Nucleus tractus solitarius located
within the medulla  the afferent fibers via the parasympathetic and
sympathetic ANS  feedback mechanism to the heart and blood
vessels.

 Alteration in heart rate

ECG measures of

o High resting heart rate and low heart rate variability is
measured by poincare plot analysis.
o Reduced night time vagal modulation of the heart rate.
o Reduced heart rate response through deep breathing , valsalva
manoeuvre and postural changes.
 QTc interval can be used to diagnose CAN with reasonable
sensitivity , specificity and positive predictive value.
 The neuropad test is a modern indicator based on the measurement
of the sweat production after explosure to dermal footpad.
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Prognostic ECG
parameters in diabetes

Detection of silent
ischemia in diabetic
patient

 QT / QT dispersion

o With tachycardia (hazard ratio 1.3 fold increased risk per 10
beats/min)
o LVH is significantly associated with prolongation of QTc
o Cardiac autonomic neuropathy with prolonged variability in
QT/ QTc with high incidence of sudden death.
o Spatial > QRS-T angle : a marker of arrhythmia
vulnerability.
 Asymptomatic episodes of atrial fibrillation with silent arrhythmia
progression may be seen subsequently with higher risk of death.
The following test are documented to reveal silent ischemia in a diabetic
patient.
 Resting ECG (ambulatory ECG might also be suggested)
 Stress testing – Exercise testing ; thallium scintigraphy with

dipyridamole is performed if exercise testing is not possible or
inconclusive.
 Coronary angiogram should be performed in case of positive
stress test in consultation with a cardiologist.

OUTLINE

Introduction
Electrophysiological based ECG changes in diabetes
Classification : Electrophysiological-cum-pathological changes in the
heart with diabetes mellitus
Repolarisation abnormalities associated with central nervous system
dysfunction
QT/QTc interval
ECG measures of Cardiac Autonomic Neuropathy
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| 68

ELECTROCARDIOGRAPHIC CHANGES IN DIABETES MELLITUS
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O heart diabetes runs in the chariot with horses damaging thou in so many ways. Though thou
are strong to bear all , but the imprints of diabetes might go longway on its journey by
snatching thou luminous brilliance of working.
The clinicians even in the early course of diabetes might get ECG signals to catch the pastway
steps of the chariot and try to save thou soul by their sincere endeavours.

Introduction
Diabetes mellitus has been considered as a well-known entity for many years to be linked
with poor cardiovascular prognosis. Even in early course of diabetes mellitus subtle ECG
changes such as persistent sinus tachycardia , repolarization abnormalities (QTc , QT
dispersion, non-specific ST and T changes) , evidence of left ventricular hypertrophy , etc.
might be noticed. The imprint of coronary artery disease on ECG – coronary macrovascular /
microvascular dysfunction might also be encountered. Encroaching fibrotic changes leading
to diabetic cardiomyopathy with peculiar ECG alterations might be noticed by the clinicians.
12-leads resting ECG might be within normal limits even in the presence of an advanced
stage of coronary artery disease. Therefore , it becomes the clinical practice to complement
the resting ECG by exercise ECG in appropriate circumstances and one should try further to
have cardiac screening of diabetes individuals in detecting silent ischemia with its prognostic
stratification. ECG recording has become an important tool in cases of diabetes mellitus.

Electrophysiology based ECG changes in diabetes
ECG changes in diabetes are mainly attributed to electrophysiological repolarizing
abnormalities with downregulation of potassium channels , as stated below :

 Reduced glucose oxidation and increased free fatty acids oxidation with
mitochondrial dysfunctioning , resulting in reduced ATP production impairing
Na+-K+ ATP pump with its less efficient functioning.
 Downregulation of potassium repolarising current (? Genetic) resulting in QTc,
QT dispersion, QRS-T angle > , Non-specific ST and T changes etc. It is to be
mentioned here that duration of epicardial potential becomes more pronounced
compared to endocardial potential which is responsible for the above changes
(Normally Epicardial potential duration is less than Endocardial potential).
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Repolarizing changes

Fig. 1.1

1

Epicardial potential
>
2 Endocardial potential

Fig. 1.2

(under normal circumstances Epicardial potential is less than Endocardial
potential).

Classification : Electrophysiological-cum-Pathological changes in the
heart with Diabetes Mellitus
The following changes are attributed to ECG alterations in diabtes :
1. Subtle ECG alteration : Repolarization abnormalities QTc, QT dispersion , QRS-T angle
>, Non-specific ST and T changes
Baroflex dysfunction : Sinus tachycardia and changes in the heart rate variability.
Atrioventricular conduction defects and others like RBBB, LAFB, (LBBB),
Maquerading BBB (presence of hyperkalemia should be simultaneously assessed)
2. Fibrotic changes specially over the basal left ventricular area + significant reduction in the
elastic property of the arota ↓ aortic distensibility in type 2 diabetes AS
3. Reactive hypertrophy, usually left ventricular.
4. Coronary artery disease
 Premature atherosclerosis (macrovascular dysfunction)
 Structural and functional changes in the microcoronary circulation (coronary
microvascular dysfunction)
5. Increased accumulated pericardial fat attributes to the progression of coronary
atherosclerosis and is an independent risk factor for stenotic coronary artery disease.
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6. Diabetic cardiomyopahty
7. Heart failure.

Evaluation of Diabetic patient by 12- lead ECG
The following important changes might be observed on 12-lead ECG in a diabetic patient :
 Rhythm : Sinus tachycardia (persistent) , arrhythmia Rate : Atrial fibrillation
 Potasssium repolarisation current abnormalities : QTc , QRS-T angle , Non-specific ST

and T changes (duration of epicardial potential > endocardial potential)
 Presence of atrioventricular conduction defects and others like RBBB, LAFB, (LBBB),

Masquerading BBB(presence of hyperkalemia should be simultaneously accessed).
Chamber hypertrophy (left ventricular hypertrophy)
Coronary artery disease , diabetic cardiomyopathy , etc.
 Baroflex dysfunction

Sinus tachycardia and changes in the heart rate variability.

Repolarisation abnormalities associated with central nervous system
dysfunction
Abnormalities of central nervous system function may be responsible for some of the
repolarization abnormalities , some of which enumerated below :
o Henderson described the pattern in which T waves were deeply inverted in the left
precordial leads , the tall and peaked in the right precordial leads.
o Several publications include examples of deeply inverted , symmetric T waves during
treatment of diabetes acidosis at a time when the potassium abnormalities were not
present.
CHOU’S ELECTROCARDIOGRAPHY IN CLINICAL PRACTICE (Sixth Edition)
– Metabolic disturbances , Diabetes Mellitus , P 291-292
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QT/QTc Interval
The association of QT/QTc interval prolongation is noticed to be higher in people with
diabetes and its complication. Sudden death has been encountered specially in Type I diabetic
patient affected with autonomic neuropathy. QT prolongation predisposes the concerned
individuals to cardiac arrhythmias which may end the life suddenly.
In this context the following facts may be observed :
1. Female sex with higher value of HbA1c, systolic blood pressure and nephropathy are
associated with an increased risk of prolonged QTc whereas physical activity and normal
body mass index are protective factors.
2. The QTc interval can be used to diagnose CAN with reasonable
and positive predictive value.

sensitivity , specificity

3. There is a Correlation between QTc and the amount of coronary artery calcium (CAC). A
higher CAC score in diabetes points towards all cause mortality.
4. From QT interval parameters : both the QT dispersion (the main difference between the
QT maximum and QT minimum interval in all ECG leads) and the QT maximum may be
determined.
(Reported values of QT dispersion widely , e.g. , normal value from 10 to 71 ms)

ECG measures of Cardiac Autonomic Neuropathy
Diabetic individuals may have depressed baroreflex sensitivity , the exact mechanism
involved is unclear. Diabetes mellitus is a common cause of autonomic system dysfunction
and it is well known fact that impaired BRS points towards autonomic dysfunction , resulting
from damage to the autonomic nerve fibers innervating the heart and blood vessels. This is
further to say that arterial baroreceptors are stretch sensitive in nature , located in the
arterial walls , mainly in the carotid sinus of the carotid arteries and in the walls of the
aortic arch. The afferent fibers from these baroreceptors travel via the glossopharyngal
(Nerve IX) and the vagus nerve (Nerve X) into the nucleus tractus solitarius located within
the medulla of the brain stem. The efferent fibers make it roots through the parasympathetic
and sympathetic system of the autonomic nervous system to its destination to the heart and
blood vessels. The balance in between these two components of autonomic nervous system
(parasympathetic and sympathetic ) , which one is to be operated depends upon a negative
feedback mechanism being sensed the arterial blood pressure.
In diabetes individuals Baroreflex dysfunction is characterized by the diminished dominance
of parasympathetic system. Atherosclerosis also contributes to BRS dysfunction at the
baroreceptor level of the circuit. Diabetes is a well-known risks factors for atherosclerosis
and it is said that carotid atherosclerosis is linked to impaired baroreceptor function.
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Carotid Sinus
Receptors

Fig. 1.3

The afferent fibers from baroreceptors via The
glosoopharyngal (Nerve IX) and the vagus nerve (Nerve
X)  Nucleus tractus solitarius located within the
medulla  the afferent fibers via the parasympathetic and
sympathetic ANS  feedback mechanism to the heart
and blood vessels.

Aortic Arch
Receptors

Cardiac autonomic neuropathy associated with diabetes mellitus may be revealed clinically
by the followings :
 Alteration in heart rate

o High resting heart rate and low heart rate variability is measured by poincare
plot analysis (The Poincare plot analysis is a geometrical and non-linear
manoeuvre to detect the dynamics of heart rate variability with the aid of a
diagram wherein each R-R is plotted as a function of the previous R-R interval
indicating the values of each pair of successive R-R interval defining a point
in the plot).
o Reduced night time vagal modulation of the heart rate.
o Reduced heart rate response through deep breathing , valsalva manoeuvre and
postural changes.
 QTc interval can be used to diagnose CAN with reasonable sensitivity , specificity
and positive predictive value.
 The neuropad test is a modern indicator based on the measurement of the sweat
production after explosure to dermal footpad
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Prognostic ECG parameters in diabetes
ECG might reveal certain prognostic parameters in diabetes :
 QT / QT dispersion

o With tachycardia (hazard ratio 1.3 fold increased risk per 10 beats/min)
o LVH is significantly associated with prolongation of QTc
o Cardiac autonomic neuropathy with prolonged variability in QT/ QTc has high
incidence of sudden death.
o Spatial > QRS-T angle : a marker of arrhythmia vulnerability.
 Asymptomatic episodes of atrial fibrillation with silent arrhythmia progression may be

seen subsequently with higher risk of death.

Detection of silent ischemia in diabetic patient
Silent myocardial ischemia is noticed in diabetic population as one in five asymptomatic
patients. The cardiac risk factors are seen not to be associated with abnormal stress test.
Although cardiac autonomic neuropathy might be a strong predictor of ischemia.
Asymptomatic cases might be overlooked in clinical practice and it is detected frequently in
advanced state when it becomes clinically manifested. In symptomatic diabetes morbidity and
mortality both are significantly high signifying its worse nature compared to patient without
diabetes.
It is a well documented fact that the presence of residual silent ischemia documented during
daily life activities also constitutes an independent predictor of cardiac death in diabetic
patient.
ECG manifestations of silent ischemia usually gets reflected in the form of horizontal or
downsloping ST segment depression during the different maneuver adopted to record ECG
changes. Silent ST segment elevation might occur but having lower incidence. The detection
of silent ischemia on ECG leads to a more effective therapy and the decrease of
cardiovascicular morbidity and mortality. Current guidelines recommend screening for silent
myocardial ischemia in asymptomatic patient selected for high cardiovascicular risk (i.e. with
two or more other cardiovascicular risk factor, or peripheral or carotic arterial disease or the
presence of proteinuria).
The following test are documented to reveal silent ischemia in a diabetic patient.
 Resting ECG (ambulatory ECG might also be suggested)
 Stress testing – Exercise testing ; thallium scintigraphy with dipyridamole is

performed if exercise testing is not possible or inconclusive.
 Coronary angiogram should be performed in case of positive stress test in consultation
with a cardiologist.
The use of exercise related screening before an exercise training programme for patient with
asymptomatic type 2 diabetes mellitus might be justifiable but remains unproven.
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ECG changes in Diabetes : Some interesting Illustrations
ECG 1
A male aged 76 years with a long history of diabetes mellitus

Complete RBBB + left anterior fascicular block = Bifascicular block
There are a few non-randomized studies reporting increased prevalence of cardiac conduction
abnormalities such as RBBB , bifascicular block and high degree AV block but not left
bundle branch block.
ECG 2
38 year old, man know DM 4 yrs on OHA, Not a hypertensive , no other specific complaints,
Routine investigations today.

Sample A = White opaque.
milky, serum in gross elevation
of TGL. (serum triglycerides) =
1356 mg/dl

Source : Dr. R. Rajasekar
Kumbakonam
Global Heart Rhythm Forum ,
Dated – 17.05.2019

Sample B = Normal serum for
comparison
ECG : Bifasicular block (
complete RBBB + Left anterior
fasicular block)
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ECG 3

Baroflex dysfunction
• Persistent Sinus
tachycardia
• QTc >
• First degree AV

A long standing diabetic , aged 65 years
ECG : Sinus tachycardia persistant with intermittent atrial
extrasystoles QTc = 44.6
Trifascicular block = (1st degree AV block + complete RBBB + LAFB)
(Cardiac echo suggestive of cardiomyopathy)

block

ECG 4

Source : Prof. Dr. A.N. Rai , AIMS , Gaya

Elderly Diabetic presenting with fits
Standard Masquerading BBB and Border line(0.22) prolongation of PR interval
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ECG 5

Source : Prof. Dr. A.N. Rai , AIMS , Gaya

Elderly diabetic male presenting with severe chest pain since 8 hours
Acute inferior and old anterior MI , atrial flutter with 2:1 AV conduction

ECG 6
Elderly Diabetic male presenting with giddiness since 3 hours
1st ECG*
Rhythm Bigemini pattern
with Sinus beat having
inconspicuous P with
junctional ectopic with
following incomplete pause
( might be due transient
suppressive effect of
hyperkalemia on SA node).
Old Anterior MI
Serum K=5.5
2nd EGG*

Serum K=4.5

Source : Prof. Dr. A.N. Rai ,
AIMS , Gaya

Bigemini pattern is not
seen - normal Rhythm now
after the correction of
borderline high Serum
potassium* Old Anterior
MI

| 77
ECG 7

Source : Prof. Dr. A.N. Rai , AIMS , Gaya
One should suspect hyperkalemia in the presence of bradyarrhythmia
mimicking nodal rhythm associated with tall and peaked T wave

Diabetic middle aged male with chest pain since 3 hours
ECG showing ACS with hyperkalemia ( tall peaked T wave and absence of
P wave with wide QRS and bradycardia mimicking nodal rhythm). There is one capture P where seen
following 1st QRS complex in leads II and III
TropI positive, Serum K 6.5, Serum Creatinine 3.5mg

ECG 8

Source : Prof. Dr. A.N. Rai , AIMS , Gaya
One should suspect hyperkalemia in the presence of conduction pathway
abnormalities e.g. CHB associated with tall and peaked T wave

Middle aged Diabetic male with severe chest pain since 3 hours
Inferior Infarction with CHB. Tall T wave in precordial leads is due to Hyperkalemia. (It is unlikely de winter
pattern of Hyperacute MI, since AV Block is uncommon with Hyperacute MI).
Blood sugar 200mg, Serum K 5.7, Serum Creatinine , 1.5Trop I positive
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ECG 9
72 years male , DM with documented hypoglycemia 4 days back , felt better after glucose

Source : CME INDIA , 16.12.2020

Atrial fibrillation with high left anterior hemiblock with intermittent , ventricular extrasystole
/ ? with aberrant intraventricular conduction – poor r wave progression , directed with
clockwise rotation.

Concluding remark
Diabetes mellitus has been known to be associated with poor cardiovascular outcome
morbidity and mortality both. Due to the associated neuropathy the coronary artery disease in
diabetic population remains mostly asymptomatic. 12-lead rest ECG might within normal
limit even in the presence of coronary artery disease but the subtle changes in ECG as
described earlier might be detected even on rest ECG. The ECG monitoring in a diabetic
patient might reveal so many changes , alerting the physicians the implication of earlier
theurapatic approach to combat this.

References
5.
6.

7.

CHOU’S ELECTROCARDIOGRAPHY IN CLINICAL PRACTICE (Sixth Edition) –
Metabolic disturbances , Diabetes Mellitus, P 291-292
Electrocardiographic changes with the onset of diabetes and the impact of aerobic
exercise training in the Zucker Diabetic Fatty (ZDF) rat
Lisa VanaHoose et.al
https://cardiab.biomedcentral.com/articles/10.1186/1475-2840-9-56
The relation between QTc interval prolongation and diabetic complications. The
EURODIAB IDDM Complication Study Group
Author - M.Veglio et.al
https://pubmed.ncbi.nlm.nih.gov/10027581/

| 79
8. Clinical Implications of Baroreflex Sensitivity in Type 2 Diabetes
Author – Masaya sakamoto et.al
https://pubmed.ncbi.nlm.nih.gov/30799384/
9. Silent Myocardial Ischemia in Patients With Diabetes Mellitus
Massimo Chiariello and Ciro Indolfi
https://www.ahajournals.org/doi/full/10.1161/01.CIR.93.12.2089

