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Preface
The fact that Diabetes Mellitus became an agenda item in the UN General
assembly and the fact that they have called on all civil societies round the world
to observe 14th of November as Diabetes day and fill it with awareness activities
relating to the disease, is in itself a strong message. This multisystem disease is
crippling the world and robbing it of its resources.
Consider the following facts:
• India has the dubious distinction of being the diabetic capital of
the world. (Home to 41 million diabetics)
• While there has been an increase in diabetes worldwide, India has
registered the steepest increase.
• Diabetes is increasing both in the urban and rural areas.
• Indians are becoming diabetics earlier than in other countries and
developing complications also earlier than the others.
In view of all this, we in the distance education department decided to launch
a 1 year distance fellowship course in Diabetes Mellitus in partnership with
the department of Endocrinology. The objective of this course is to develop
capacity of the physician dealing with diabetes so that the diabetic patients need
for visits to tertiary care institutions can be curtailed and health expenditure
reduced. I am very grateful to Dr. Nihal Thomas, Professor of Endocrinology,
Dr. Kanagamani Jeyaraman and Dr. Sudeep all able endocrinologists, who have
provided academic support and peer reviewed, all of what we have written.The
bulk of the writing was done by Dr. Vijila Isac and Dr. Jachin Timothy; Dr. Bina
Timothy and I edited and helped convert it into the distance education format.
I also want to thank Mr. Timothy Velavan who helped in more ways than one in
bringing out this publication.

Dr. Vinod Shah
M.S (Gen. Surgery), Mch.(Pediatric Surgery)
Christian Medical College, Vellore.
6th April 2010
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Foreward
Dear friends,
I would like to welcome and congratulate you as you begin the Fellowship in
Diabetes Medicine.
I welcome you to the student body of Christian Medical College (CMC),
Vellore. As a student of CMC you will have access to the entire teaching
resources of CMC. I would encourage you to make maximum use of the
expertise of the faculty as you undergo the various aspects of the course over the
coming year. I also congratulate you on your decision to join this course. This
means that you have the motivation to commit the time and effort required
to complete the course requirements. Organise yourself so that you can spend
the time required to obtain maximum benefit from this course. Being a student
of CMC also carries certain responsibilities, of being true to the motto of the
institution, “not to be ministered unto but to minister” or simply means, “not
to be served but to serve others”.
CMC was started by Dr. Ida Sophia Scudder, an American missionary in 1900
in response to the need for women doctors to take care of maternity problems.
One of the traditions of CMC has been to respond to pressing problems of
health care. It is therefore appropriate that more than a century later, CMC
should be starting a course towards training manpower to address a modern
health problem. The objective of the distance education department is that
you will acquire the knowledge and skills in management of Diabetes so that
you can directly apply the learning into your practice situation. The course is
being conceived as public health intervention, so that through each of you the
students of the course, every diabetic can have access to high quality diabetic
care. You too will be joining hands with the tradition that Dr. Ida Scudder
started a century before. At the end of the course, you will be a multi-competent
sub-specialist in diabetes care. The majority of diabetics do not require an
endocrinologist, a nephrologist, a cardiologist, an ophthalmologist or a dietitian
to look after them. They require a doctor who can combine all these skills in
one, who understands them as individuals within their family, who can provide
continuity of care at the minimum cost and refer only when necessary.
vii

This course aims to train you to be one of a new breed of multi-competent
practitioners who can provide comprehensive diabetes management.
Your faculty have spent more than a year in designing, developing and pilot
testing the course so that it is quality assured and can meet the requirements
of your situations. On behalf of Christian Medical College, I would like to
congratulate the Distance Education Department and all the authors and course
faculty for the painstaking effort that has led to this new course.
I wish you well as you begin your journey of learning through this year towards
becoming effective diabetic practitioners. Good luck and happy learning!
With regards,

Dr. Anand Zachariah

Professor of Medicine,
Vice-Principal,
Christian Medical College, Vellore, Tamil Nadu, India.
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Tips from the tutor
The 25 odd modules are designed so that they can be covered in a little less than
a year. Each Volume will have 6 modules. There are 4 volumes in all. There will
be a supplementary module for Project work. A volume should be completed
in less than 3 months or each module roughly in 15 days time. There are some
modules that can be completed in a week for e.g. “Secondary diabetes” but
there are some that may take more than 10 days time for e.g.”Cardiovascular
complications”. We believe that 6 - 7 hours of work a week is required to be
able to do justice to these booklets.
These booklets are written in a very simple interactive and self - learning format
and so it is fun-learning. But keeping aside dedicated study time daily is
absolutely essential. Our aim is not to just give you a degree but to help you
get a real solid base in Diabetes management and to help you apply it to your
practice. The disease burden of Diabetes is rising to epidemic proportions in
our country and diabetes has become the most mis -managed disease. You as
a general practitioner can make significant health transformation if you could
manage diabetes in the way it should be managed.
Trigger Questions - What is it?
Many modules will have trigger questions at the beginning of the module. There
is evidence that reading, after having a problem in mind, enhances learning.
Therefore an attempt is being made to trigger questions in the readers mind
before he reads the module. This is why we have the case studies / questions at
the beginning of the module.
Take a Break! - What is it?
This allows you to stop and review your learning. Remember that learning is in
the review and reflection and not in the reading itself. Do not succumb to the
temptation of looking at the answers without writing down the answers first.
You will be doing yourself an injustice!
For discussion with your colleagues- What is it?
Learning is enriched by reinforcement. You can revise what you have learnt by
discussing the questions given in this section with your colleagues regularly,
informally during coffee breaks or formally in clinical meetings or CMEs. This
will benefit them too.
ix

Assignments- what is it?
You will be sent separate assignment booklets. These assignments will
correspond to the respective modules and will have to be completed. Each
assginment is given 2 weeks for completion and you need to send the completed
assignment by post or by email.
Contact program
There are certain things in the modules which will need hands - on training
which will be taught during the contact program. 100% attendence in the
contact program is mandatory. Accommodation, food and travel will be the
responsibility of the candidates. The contact program will be held in batches of
20 each at CMC, Vellore and you will be intimated of your scheduled dates.
Evaluations
Three things contribute to the evaluation criteria for the award of
the Distance Fellowship:
• Assignments: (explained earlier)
• Exams and tests: They will be tests conducted during the contact

programs which will be marked and are given separate weightage. Also
there will be a final examination at the end of the course. The dates and
the venue of the examination will be intimated to you in due course.

• Project work: You will be sent Project guidelines and a supplementary

module. Project work has its own weightage in the final marks and there
are separate prizes and certificates of distinction for project work.

Staggering
It is possible to drop out for 6 months at a time but not for lesser periods. This
1year course can be stretched to up to 2 years. That means that there is a limit
to the number of times you can stagger and the amount of “take off” time.
Condidate Support
Contact for adminstrative and academic questions: dedu@cmcvellore.ac.in		
I wish you a very fruitful and pleasant learning experience!

Dr. Jachin Velavan

October 2010, Christian Medical College, Vellore.
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CARDIOVASCULAR DISEASE
IN DIABETES–PART 1
By Dr.Vijila Isac

Learning Objectives
• Enumerate risk factors for CVD in

diabetic patients.

• Explain the pathogenesis of CVD in

diabetes.

• Screen diabetic patients appropriately

for Cardiovascular disease.

• Explain to patients about exercise

testing & coronary angiography.

• Recognise typical and atypical

presentations of angina in diabetic
patients.

Cardiovascular Disease in Diabetes–Part 1

• Educate patients with

chroic stable angina and unstable
angina appropriately.

• Follow-up drug treatment of diabetic

patients with stable angina.

• Stratify the risk of Acute

Coronary Syndrome.

• Give immediate care to patients with

ACS and refer appropriately when
indicated.

1

2
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Introduction:
The increasingly high prevalence of Acute coronary syndrome (ACS = heart
attack) implies that many general practitioners who are not cardiologists will
see more such patients either in the course of the treatment of other diseases as
outpatients or in an emergency settingi. GPs need to be familiar with the proper
evaluation and management of patients with an acute onset of symptoms
suggestive of these conditions.
What is the link between diabetes and CVD?
Diabetes accounts for ~ 6% of total global mortality, with > 70-80% of diabetes-associated deaths being attributed to cardiovascular disease (CVD). Yet the
majority of patients with diabetes are unaware of their increased risk.

CVD affects diabetic patients
More commonly - Incidence of myocardial infarction is twice that in
non-diabeticsii. CVD risk and fatal CVD are dramatically greater in
women with diabetesiii, regardless of their menopausal status - 4-6 fold
increase compared to non-diabetics.
More severely
Greater mortality; sudden death is higher by 50% in males and
100% in females. There is a loss of premenopausal
protection in females.
• Triple vessel disease, multiple lesions per patients and more
distal involvement of coronary arteries.
• LV dysfunction is more common.
• Outcome is worsened by coexisting diabetic cardiomyopathy and
autonomic neuropathy.
•

CVD in diabetes is different in that it affects people at a younger age and that it
occurs more atypically – thereby delaying recognition and
diagnosis. It is more likely to occur with increasing duration of diabetesiv. It
has a less favourable outcome after surgery: Re-stenosis is more common after
revascularization procedures. The underlying problem in most diabetic patients
with CVD is atherosclerosis leading to narrowing of the blood vessels supplying
the heart and thereby to ischaemia and infarction. Diabetes is the most common
CAD risk equivalent.
Cardiovascular Disease in Diabetes–Part 1
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What is needed to “break the link” between diabetes and CVD v?
People with diabetes can be educated to take some steps to lower their risk of
heart disease and stroke. Start by teaching them the diabetes “ABCs.”
Table 1: Targets in CAD
What to control?
Targets
A = A1C or HbA1c test Target A1C< 7%

How frequently?
at least twice a year

B = Blood pressure

Target BP < 130/80 mmHg

at every doctor’s visit

C = Cholesterol

Target LDL < 100 mg/dL

at least once a year

1. List 3 common features of anginal pain
____________________________________________________
____________________________________________________
____________________________________________________
2. Name any 3 indications for cardiac testing in diabetes
____________________________________________________
____________________________________________________
____________________________________________________
3. Match the following:

4

1. Glibenclamide

A. Glycaemic control during acute MI

2. Clopidogrel

B. Cardiac remodelling

3. Low molecular weight heparin

C. Thrombolytic in acute MI

4. ACE Inhibitors

D. Anti-platelet drugs

5. Atorvastatin

E. Interference with ischaemic
pre-conditioning

6. Glucose Insulin Potassium therapy

F. Lipid lowering drug
Distance Fellowship in Diabetes Management

Glossary
Cardiovascular Disease (CVD): Vascular disorders including retinopathy and
nephropathy, peripheral vascular disease (PVD), stroke, and coronary artery
disease (CAD).
ROS or “free radical”: = Reactive Oxygen Species = highly reactive molecules
containing unpaired electrons, which form bonds with other compounds,
leading to significant damage to cell components. This cumulates into a
situation known as oxidative stress.
Ejection fraction (Ef): Fraction of blood pumped out of a ventricle with each
heart beat. Without a qualifier, it refers specifically to that of the left
ventricle. Normal Ef in healthy individuals is 50-65%. It is one of the most
important predictors of prognosis in CAD.
Systolic heart failure: Cardiac failure arising from a compromise in the
contractility of the heart; defined as Ef < 45%. Diastolic dysfunction:
Reduced ability of the heart to relax and fill with blood.
Diabetic cardiomyopathy: Myocardial disease in patients with diabetes
that cannot be attributed to any other known CVD, such as hypertension
or CAD.
CAD Risk Equivalent: A condition in which the risk of a myocardial
infarction even when there is no evidence of coronary artery disease
matches that of patients who have had a previous myocardial infarction;
atherosclerosis in other vascular beds (carotid disease, peripheral artery
disease), diabetes mellitus, chronic kidney disease, or 10-year risk greater
than 20% as calculated by Framingham equations, or abdominal
aortic aneurysm.
The Framingham Heart Studyvi: Cardiovascular study based in Framingham,
Massachusetts that was begun in 1948 with 5,209 adult subjects from
Framingham, and is now on its third generation of participants; has formed
the basis for much of the knowledge concerning heart disease, such as the
effects of diet, exercise, and common medications such as aspirin.
Acute myocardial ischemia: Chest pain due to insufficient blood supply (and
hence oxygen) to the heart muscle that results from coronary
artery disease.
Acute coronary syndrome: Umbrella term used to cover any group of clinical
symptoms compatible with acute myocardial ischemia due to coronary
artery disease; this includes Unstable Angina and Myocardial Infarction with
or without ST-segment elevation.
Cardiovascular Disease in Diabetes–Part 1
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Angina: Severe chest pain due to ischemia of the heart muscle,
generally due to obstruction or spasm of the coronary arteries.
Stable angina: Chest discomfort and associated symptoms precipitated by some
activity with minimal or non-existent symptoms at rest.
Unstable angina: Angina pectoris that changes or worsens,
occurring unpredictably at rest or with minimal exertion, lasting > 10
minutes, severe and of new onset (< 4-6 weeks) or having a crescendo
pattern. It may be a serious indicator of an impending heart attack.
Crescendo pattern: Distinctly more severe, prolonged, or frequent than
previously.
Prinzmetal’s angina: Variant form of angina occurring in patients with normal
coronary arteries or insignificant atherosclerosis; due to coronary artery
spasm; occurs without provocation, usually at rest.
Xanthoma: Deposition of yellowish cholesterol-rich material in tendons and
other body parts in various disease states; can be associated with lipid
metabolism disorders.
Xanthelasma: Sharply demarcated yellowish collection of cholesterol
underneath the skin, usually on or around the eyelids. Not harmful or
painful; where there is no family history, they usually indicate high
cholesterol and may correlate with a risk of atheromatous disease.
Chronotropic incompetence: Inability of the sinus node to react
adequately to exercise or other metabolic stress whereby the heart rate does
not increase > 100/min even under extreme exercise conditions.
MET (Metabolic equivalent): Measure of the workload or energy
expenditure during any activity; reflects oxygen consumption; expressed as
METs; 1 MET = 3.5 ml oxygen/kg/min at rest; at least 5 METs is
required to carry out the activities of daily living; in exercise testing, it
enables the prediction of adverse cardiac events.
Bruce protocol: 7-stage protocol widely used during Exercise testing
J-point: Point at which the QRS complex meets the ST segment
“Syndrome X”: Term used to describe patients with
angina or angina-like discomfort with exercise,
ST-segment depression on treadmill testing, and
normal or non-obstructed coronary arteries
on arteriography.
ADA: American Diabetes Association
AHA: American Heart Association
ACC: American College of Cardiology
6
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Pathogenesis
The pathogenesis of cardiac disease is multi-factorial as shown in the diagram
below. Despite the long list of traditional and conventional risk factorsvii, about
50% of CAD still remains unexplained. Newer risk factors that lead to
atherosclerosis and thrombosis are implicated. These are markers of
inflammation like the C-reactive protein, Lipoprotein (a), and
Homocysteine etc.
Exercise
Cigarette
smoking &
alcohol intake

Male Sex & Age
Male > 45
Female > 55

HDL
Cholesterol

H/O premature
CVD in 10
relative (F < 65
& M < 55)

Modifiable Risk factors

Risk Factor Risk for CAD/
CAD events
1 or none

Extremely low

Overweight /
Obesity + lack of
physical activity
Diabetes

CVD

Dyslipidaemia
Low HDL
(< 40 mg/dL) &
high LDL

Micro
albuminuria

Hypertension
↑ Diastolic &/
or systolic BP

Non-modifiable Risk factors

Stress ↓
Protective factors

Table 2
Intervention
No need to assess further
Start primary prevention
Do not wait for more risk factors to develop

>2

High

Assess in detail with Framingham risk score- 10
year % estimate of CAD-risk--in diabetes the risk
is generally in generally > 20%; start treatment for
CAD

Cardiovascular Disease in Diabetes–Part 1
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Pathway Of Accelerated Atherosclerosis In Diabetes:

The increase in cardiovascular morbidity and mortality in diabetes is complex
and multi-factorial and is usually related to a combination of both macro vascular and microvascular dysfunction.

• Macrovasculature:

Dyslipidaemia is common in patients with diabetes (97%)viii. Triglycerides are
increased and HDL Cholesterol is decreased. Oxidation and glycation of LDL
make it pro-atherogenic. However, glycation of HDL shortens its half-life and
renders it less protective against atherosclerosis.
Endothelial dysfunction in diabetes accelerates the process of atherosclerosis.
The normal protective mechanisms that make the endothelium vasodilatory,
anti-atherogenic, and anti-inflammatory are lost.

Carotid

Stroke

Coronary
Arteries

Heart Attack,
Angina

Peripheral

Intermittent
Claudication

Fig. 3 Sites where atherosclrosis occurs
• Microvasculature:

In addition to the retinopathy, nephropathy, and neuropathy that we normally
associate the term “microvascular disease” with, small vessels throughout the
body are affected by diabetes, including those in the brain, heart, and peripheral

8
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Diabetes leads to defects in the autonomic nervous system, the
endothelium, and local metabolism in the endothelial cells, all of which can
result in microvascular disease. Diabetic autonomic neuropathy (DAN)
contributes to impaired auto-regulation of blood flow to the heart, skin and
other vascular beds. Patients with DAN have increased rates of
Nitric oxide (NO) is a potent vasodilator. Diabetes decreases nitric oxide NO
bioavailability resulting in a state of vasoconstriction.
Normal Capillary
Diabetic Capillary
Capillary basement membrane thickening
associated with prolonged hyperglycaemia
is a structural hallmark of diabetic microvascular disease. This results in increased
microvascular permeability which allows the
transcapillary leak of large molecules. In the
Normal
Thick
kidney, this is what causes microalbumiuria.
Fig 4: Cross-section of glomerular capillary in

normal and diabetic kidney
Therefore, a positive test for urine
microalbumin indicates that the patient not only has nephropathy, but also
widespread microvascular disease.

•

Inflammation:
Although inflammation is beneficial, when it is chronically activated as in diabetes, it has detrimental effects.

Cardiovascular Disease in Diabetes–Part 1
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• Oxidative Stress:

Pro-inflammatory cytokines can enhance the production of ROS or "free
radicals". Oxidative stress occurs when the cellular production of ROS exceeds
the capacity of anti-oxidant defenses within cells. Studies have shown chronic
oxidative stress in diabetes, supposedly related to hyperglycaemia,
hyperlipidaemia and mitochondrial dysfunction.
Chronic
hyperglycemia

Mitochondrial
ROS
production

Activation of the polyol pathway

Fig 6: Oxidative stress

Increased formation of advanced
glycosylation end products

Cardiovascular
& other
complications
in diabetes

Activation of protein kinase C
Activation of the hexosamine
pathway

• Activated Leukocytes:

Activated Leukocytes contribute to both the over-activated inflammatory
response and to the oxidative stress associated with diabetes. They also generate
ROS, like the mitochondria. In a situation of acute stress e.g. myocardial
infarction, the accumulation of activated leukocytes adds on to the existing
excess chronic oxidative stress produced in the hyperglycaemic state by the
mitochondria. This helps us to understand why there is an excessive morbidity
and mortality in patients with diabetes after heart attacks when compared to patients
without diabetes.

• Hypercoagulability:

Diabetes also results in to a hyper-coagulable state. The majority of MI and stroke
events are caused by the rupture of atherosclerotic plaque and the resulting occlusion
of a major artery by a blood clot (thrombus).
In diabetes, the mechanisms of the normal
vascular endothelium that protect against
a thrombotic event are defective. This is
caused by an enhanced activation of platelets
and clotting factors in the blood. Moreover
the anticoagulant mechanisms are relatively
inhibited.
10

Fig. 7 Vascular occlusion by thrombus

Plaque with
fibrous cap

Cap
ruptures

Blood clot forms
around the
rupture locking
the artery

Distance Fellowship in Diabetes Management

As clinicians, we attempt to reverse this hyper-coagulable state with
aspirin therapy, widely recommended for use as primary prevention against
thrombotic events in patients with diabetes.
•

Illustration of DM + Chronic cardiac failure: CCF is a complex
clinical syndrome that results from any structural or functional cardiac disorder
that impairs the ability of the ventricle to fill with or eject blood.
Microvascular disease
Marker: Urinary micro albumin

Increased fatty acid utilization

Impaired coronary flow
reserve

Oxidative stress:
↑ Production of ROS

Fig 8:
CCF in
diabetes

Increased
atherogenecity in
diabetes:
�
�

�

Endothelial
dysfunction
Oxidation and
glycation of
atherogenic lipids
Hypercoagulabilit
y of the blood

Diabetic cardiomyopathy:
Structural and functional
changes - myocardial injury,
fibrosis, and hypertrophy

LV Diastolic dysfunction
Ischemic,
thrombotic
event

�
�

�

↓ NO levels
Worsened endothelial function
Induction of myocardial injury

↓ Cardiac efficiency

Congestive Cardiac Failure in patient with diabetes

Hyperglycaemia + Central
obesity
(1% ↑ in HbA1C à 12% ↑ in CCF)

Chronic low-grade inflammation
Markers: fibrinogen and C-reactive
protein

Screening for CAD in Patients with Diabetes:
It is reasonable and necessary to assess cardiovascular risk factors in diabetic
patients annually in order to identify patients at highest risk (within a population that has a high prevalence and risk of CAD). Though the caveat in this
is that assessment of traditional risk factors alone fails to detect a significant
percentage of patients with ischemia, especially silent ischemia , it is not cost-effective to screen every patient with diabetes for CAD with diagnostic tests.
The ADA consensus statement on CAD recommends screening in the
following cases:
• Typical or atypical chest pain
• Abnormal resting ECG suggestive of ischemia or infarction
(Q waves, T wave inversion, or left bundle branch block)
• Peripheral or carotid arterial occlusive disease
• > 35 years with sedentary lifestyle in a patient who plans a vigorous
exercise program
Cardiovascular Disease in Diabetes–Part 1
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• ≥ 2 risk factors in addition to diabetes: such as Dyslipidemia,
hypertension (BP> 140/90 mm Hg), tobacco use, family history for
premature CAD, or micro- or macroalbuminuria, sedentary lifestyle,
abdominal obesity
• Known history of autonomic neuropathy, retinopathy,
hyperglycaemia
• Advanced age
Careful questioning about exertional symptoms is important in every patient.
It may be difficult to elicit anginal symptoms in some patients. Any patient
who complains of generalized fatigue, shortness of breath, chest pain, nausea, or
light-headedness, should be screened for CAD and ischemia.

Tests used for diagnosing and predicting prognosis of CAD
ECG
• Resting ECG: low sensitivity àeven if it is normal, further evaluation
is warranted if the patient has symptoms or risk factors
• Stress ECG: With exercise or drugs; excludes triple vessel disease
but not single or double vessel disease
Imaging
• Single-photon emission computed tomography - SPECT is a
reliable method to assess myocardial ischemia and LV function
(which is the most important predictor of long-term survival). This
enables us to assess both anatomical and functional abnormalities
in a single sitting and to determine risk based on extent and severity
of the size of the perfusion defect and reversibility signifying
underlying obstructive CAD. However, it is not available in all
centres.
• Echocardiography - Stress ECHO is valuable, reliable and
cost-effective but does not give information on the nature of the
lesion.
• Coronary Artery calcification (CAC) scoring is based on the fact
that calcification occurs early in atherosclerosis but it is not seen in
normal arteries.
• Coronary computed tomography angiogram (CCTA) - non
-invasive imaging test to evaluate fatty or calcium deposits in the
coronary arteries. A functional study is recommended if the study
reveals a > 50% lesion or a CAC score > 1,000.
12
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• Cardiac catheterization - considered the gold standard for
identifying obstructive lesions, but never used as an initial screening
Whatever the test, it has the greatest value in patients with a pre-test
intermediate risk for CAD.
Exercise Treadmill Test (TMT)
Uses: To assess the hemodynamic response to increased
activity - does exercise induce ischemia and symptoms?
This gives us information about the exercise capacity
and functional status of the patient. This is a strong and
independent predictor of all-cause mortality.
Exercise testing has a sensitivity of 78% and a
specificity of 70% for detecting CAD. It cannot
therefore be used to rule in or rule out ischemic heart
disease unless the probability of coronary artery
disease is taken into accountx. For example, in a low risk population, such as
men < 30 years and women aged < 40, a positive test result is more likely to be
a false positive than true, and negative results add little new information. In a
high risk population, such as those aged > 50 with typical angina symptoms, a
negative result cannot rule out ischaemic heart disease, though the results may
be of some prognostic value.
Exercise testing is therefore of greatest diagnostic value in patients with an intermediate risk of coronary artery disease.

Indications in diabetes
Diagnostic:
• To diagnose the cause of chest pain in a patients with intermediate
probability for CAD. Therefore in patients with diabetes, all those who
have normal ECG or doubtful findings – need to have a TMT. Those
who have definite ECG changes could go straight for
coronary angiogram.
Prognostic:
• Risk stratification after MI
• Evaluation of revascularization or drug treatment in a patient with
stable angina
• Evaluation of exercise tolerance and cardiac function in patients with stable
angina, which helps us to decide the level of exercise that they can do.
Cardiovascular Disease in Diabetes–Part 1
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Limitations:
• ETT is a measure of central ischemia. Therefore, if a patient is unable to
complete the test by exercising adequately to provoke ischemia, because of
peripheral fatigue, the test becomes indeterminateneed to be evaluated
with pharmacological stress imaging.
14
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• There are many causes of ST segment changes apart from coronary artery
disease, which confound the result of exercise testing. If the resting ECG is
abnormal, the usefulness of an exercise test is reduced or may
even be precluded.
Advantages: It is well established, inexpensive, and easily available.
Prognostic values that signal poor outcomes derived from an
adequately performed ETT:
ECG changes:
• Horizontal ST segment depression of > 1-2 mm
(< 1 mm or up-sloping are not significant)
• Down-sloping ST segment depression
• Early positive response within 6 minutes
• Persistence of ST depression for >6 minutes
into recovery.
• ST segment depression in ≥ 5 leads
• Chronotropic incompetence – i.e. failure to á
heart rate > 100/min even with maximum exercise
• Ventricular arrhythmias, especially during the recovery phase.
Physiologic response to exercise:
• Low HRR (heart rate recovery) at 1–2
minutes after exercise; it is the failure
to decrease the heart rate by a certain
amount, 1 minute after peak exercise.
It may be seen in patients with auto
nomic dysfunction, which is common
in patients with diabetes.
• Exertional hypotension
• Poor exercise capacity <5 METS;
Exercise induced angina
Good prognostic signs:
a) Attainment of 85% of maximum predicted heart rate
b) Rise in systolic BP during exercise (Up to 225 mm Hg is normal in adults)
1Maximum predicted heart rate = 220 – age (for men); 210 – age (for
women)
Cardiovascular Disease in Diabetes–Part 1
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Outcome:

What to do if the exercise test is positive?
• Advise to undergo coronary angiography and revascularization
procedure
• Advise to avoid strenuous exercises but they can exercise up to
their effort tolerance.
• The lifestyle modification and the pharmacological therapy should
be maximized.
What to do if the exercise test is negative?
If the history is not suggestive of angina, then negative test rules out coronary artery disease as a cause of chest pain. If the history is suggestive of
angina, the negative test suggests that the patient is at low risk for further
cardiac events. So he/she may not need angiography, but lifestyle modification and medical therapy should be continued lifelong.
CORONARY ANGIOGRAM (Cardiac catheterization):
A coronary catheterization is a minimally invasive procedure to access the
coronary circulation and blood filled chambers of the heart using a catheter.
History: Coronary catheterization was introduced in 1929 when the
German physician Dr.Werner Forssmann
inserted a plastic tube in his cubital vein
and guided it to the right chamber of the
heart. Since the late 1970s, it has been
extended to therapeutic uses.
Catheter

Indications: It is not an initial screening
test. It is performed for both diagnostic
and interventional purposes (angioplasty).
Uses: It is a visually interpreted test
performed to recognize:
• Occlusion, stenosis, re-stenosis,
thrombosis or aneurysmal
enlargement of the coronary artery lumens
• Heart chamber size
• Heart muscle contraction performance
16

Fig 13: Injection of dye into the
coronary arteries
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• Important internal heart and lung blood pressures (not measurable
from outside the body)
• Atheroma activity within the wall of the
coronary arteries.
How it is done?
• Performed in cardiac catheterization
lab, usually located within
a hospital.
• Patient must lay flat on a narrow
radiolucent table.
• A radio-dense catheter is introduced
through the femoral artery and
guided into the coronary arteries.
• Radio-contrast dye is injected for
each image to make the blood
flow visible for about 3-5 seconds
during which time diagnostic
views are recorded and saved.

Fig 14: Invasive coronary angiogram
shows high-grade stenosis of the
proximal LAD coronary artery (arrows)
http://www.ajronline.org/content/vol179/is
sue4/images/large/10_AC0244_04B.jpeg

Results: In patients with UA/NSTEMI – the following profile is typicalxi:
Multi-vessel stenosis			40-50%
Single-vessel stenosis			30-35%
No severe epicardial stenosis		
10-20%
Significant Left main stenosis		
5-10%
Patient information: Explain in simple non-medical terms about why he may
need a coronary angiogram before referring him to a cardiologist. Refer to the
AHA websitexii.
How does ECHO / stress ECHO help? Is it routinely indicated?
It gives us information about the functional status of the heart, but not about
the aetiology. So there may be cardiac dysfunction due to some other cause or
the patient may have normal function even when CAD is present. ECHO is
NOT routinely indicated. Do it only when appropriate. Refer to Appropriateness Criteria for Stress ECHO in
http://www.medscape.com/viewarticle/571142
Cardiovascular Disease in Diabetes–Part 1
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Fig: 15 ALGORITHM FOR EVALUATION OF CAD
Asymptomatic patient in a non-emergency setting
Resting ECG, Fasting & post-prandial blood sugars, Lipid profile, BP
Detailed history of exertional symptoms
Fundus examination, tests for peripheral neuropathy

Low risk for CAD: single factor
� No diabetes
� Cigarette smoking
� Obesity
� Hypertension
� Dyslipidaemia
� Male sex
� Age – Male > 45;
Female > 55
0
� H/O premature CVD in 1
relative (M < 55; F<65)

Further testing only if
symptomatic or resting
ECG is abnormal

Moderate risk of CAD: 2-3 factors
� No diabetes
� H/O Definite angina – M<60; F<70
� H/O Probable angina – M>60; F>70
� H/O chest pain (unlikely to be
angina) + 2-3 risk factors (other
than diabetes)
� Extra-cardiac atherosclerosis
� Minimal ST depression or T wave
inversions in dominant R wave
leads

High risk of CAD:
� H/O CAD / Diabetes / Extra�

�
�
�
�

cardiac atherosclerosis
H/O Definite angina – M>60; F>70

Transient hemodynamic or ECG
changes during pain
Variant angina
ST segment deviation >1 mm
Marked T wave inversion in
multiple precordial leads

Exercise treadmill test (TMT)

If resting ECG is
definitely abnormal

Patient unable to do due to CCF
or peripheral problem

Adequately completed

Positive à Triple vessel disease

Normal
resting ECG

Negative

High degree of suspicion of
single or double vessel disease

Low degree of suspicion:
No further testing

Stress ECHO
– with drugs
if available

Coronary angiogram – gives clear picture of distribution of blocks / lesions

Clinical Manifestations:

Obstructive atherosclerotic disease of the coronary arteries
(CAD) may remain asymptomatic in patients with diabetes. You have an important role to play in screening this
group and picking up the patients with CAD and treating
them appropriately. You need to have a high index of
suspicion especially in patients with diabetes.
Or they may present to you as an acute emergency. Your
role is to triage patients needing intensive care and to
provide immediate care.
18
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The Framingham Study was the first to show that as many as half of all MIs may
be clinically silent and unrecognized by the patient. Studies have shown that there
is a long delay in patients seeking medical care after onset of symptoms,
especially if they are atypical.
Reasons for delay in seeking medical care:
1. “wait-and-see” attitude: Expectation that a heart attack would present
dramatically and typically with severe, crushing chest pain. When the
actual experience is a gradual onset of discomfort and other
symptoms with increasing intensity, the patient and his family are
uncertain about the origin of symptoms. This is more likely in a patient
with diabetes who may have silent ischaemia or mild symptoms.
2. Belief that symptoms are self-limiting and not serious; that they would
go away without treatment.
3. Attribution of symptoms to other pre-existing chronic conditions,
especially among older adults with multiple chronic conditions
(e.g., arthritis), or sometimes to a common illness such as influenza.
4. Fear of being embarrassed if symptoms turned out to be a “false alarm”
5. Reluctance to trouble others, especially at odd times unless they were
“really sick”
6. Stereotypes: False understanding of who is at risk for a heart attack.
Often women do not perceive themselves to be at risk. Try finding a
picture of a heart attack in a woman on the net! You see most of us
associate heart attacks with men!
7. Lack of awareness of the importance of rapid action and reperfusion
treatment
An extensive MI could be silent, especially in diabetics,
while severe angina might be associated with
minimal damage!
Unstable Angina
-Rupture of plaque
-partial occlusion of
lumen
Stable Angina
Myocardial Infarction
- Rupture of plaque
- completel occlusion of lumen

Cardiovascular Disease in Diabetes–Part 1
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