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Acromegalic Syndrome



Diagnostic Tools in Cardiology

1. ECG

2. Stress test

3. Holter ECG or BP

4. Tilt test

5. Chest X-ray

6. Echocardiography

7. Myocardial scintigraphy

8. Coronary CT scan

9. Cardiac magnetic resonance

10. Coronary angiography & Catheterization



The first ECG

1897
A French electrical engineer, Clement Ader, developed an amplification system called a galvanometer 
for underwater telegraph lines. 

1901
Einthoven modifies this recorder to produce ECGs with a 300 kg device

Willem Einthoven
Nobel Prize of Medicine 1924



There have been tremendous progress



Genesis of the ECG



Einthoven’s Triangle



Differential Ionic Currents

Cardiomyocytes Sinoatrial node: PM



The Cardiac Pacemaker: SA Node

Sinus node made up of non-contractile cells: few unorganised myofibrils within 
collagen-rich connective tissue and vessels with numerous nerve fibres in the 
periphery which modulate activity.



Cardiac Wave Front



Normal QRS - T

• QRS < DEPOLARISATION

• Myocardium depolarises from the 
endocardium to the epicardium

• T < REPOLARISATION

• Myocardium redepolarises from the 
epicardium to the endocardium



Placement of electrodes 

V6
Lateral

V3
Anterior

aVF
Inferior

III
Inferior

V5
Lateral

V2
Anteroseptal

aVL
SuperoLateral

II
Inferior

V4
Anterior

V1
Anteroseptal

aVRI
SuperoLateral



• Speed of ECG “paper” = 25 mm/s

• Amplitude of a large square (5 mm) = 0.5 mV

• Duration of a large square (5 mm) = 200 ms

• Amplitude of a small square (1 mm) = 0.1 mV

• Duration of a small square (1 mm) = 40 ms

• Calibration signal = 10 mm or 1 mV

Amplitudes & timing of ECG



High Amplitudes:
Left/Right Ventricular HYpertrophy

  LVH    RVH



Heart Rate

• Heart rate (HR) beats/min.

        1 min = 60 x 1000 ms = 60 000 ms

       soit : HR (bpm) =         60 000

                                         RR interval (in ms)



Example



65 y-old, sub acute coronary syndrome





• PR: [120 ms à 200 ms] 

                from the beginning of P up to start of QRS

                  QRS = Q of R

• QRS: < 100 ms

                 from the beginning of QRS up to the end of QRS

• QT: < 440 ms avec une fréq. de 60/min.

           from the beginning of QRS up to the end of T

• RR: interval between 2 QRS

Normal intervals of ECG



• Average direction and sense of electrical forces during 

ventricular depolarization

• Normal axis between - 30°and + 120°

• LAD (left axial deviation) between - 30°and - 90°

• RAD (right axial deviation) between 120° and + 180

• DAE (extreme axial deviation) between -90°and ± 180°.

QRS axis



Quadrant method : 

determines the polarity (pos. or neg.) of the QRS complex in deriv. I & aVF

e.g. the axis is normal (bottom right of the quadrant) if the QRS complex is positive in deriv. I & aVF leads

2. Perpendicular method: looks for an equiphasic complex

the electrical axis is perpendicular to the lead, with the sum of the positive and negative deflections 

approximately zero

3. Highest R or lowest S method:

the axis runs parallel to the positive side of the lead with the highest QRS complex

Le complexe QRS : axe



•  ~86.400 heart beats / day 

 ~31.536.000 x / 1 year

 1 billion in ~32 years 

• Stroke volume: 80 ml

• 60 times / minute → 4800 ml ~ 5 liters

 x60 x24  → 1440 x 5 kg ~ 7 tons /day

Needs ~6 kg of ATP and weight only 300 gr

 → metabolic challenge



Cardiac contraction requires a lot of ATP, produced by mitochondrial oxidative 
metabolism using fatty acids (60%), lactates (18%), glucose (16%) and certain 
amino acids and ketone bodies (6%).Oxygen consumption is high.



ISCHEMIA = reduction / interruption of oxygen supply

→ mitochondria stop producing ATP

ATP production only by anaerobic glycolysis
→ significantly lower yield (1/18)
→ accumulation of lactate and ↓ ATP and ↑ AMP

Myocardial necrosis→ release of troponin, CK-MB,...



0.014” FlowireTM

Consequences of ischemia

Ischemia = lack of oxygen et energetic substrates

- ↓oxidative metabolism and aerobic ATP production 
with blocking of the Krebs cycle

- anaerobic glycolysis with lactate production
- acidification of the intracellular environment and ↓ 

ATP synthesis with ↑ membrane permeability
- cytoplasmatic leakage of LDH (lactate 

dehydrogenase), CK (creatine kinase), troponin
- ELECTRIC PERTURBATIONS with ↑ extracellular K, ↑ 

lactate, ↑ CO2 and H+
- → PERMANENT DEPOLARISATION
- → electrical current between the injured area 

(subendocardial) and the normal area 
(subepicardial)



Ischemia and lesion

Subendocardial regions are more sensitive to ischaemia than subepicardial 
regions

Coronary artery (epicardial)

sub-endocardial region

sub-epicardial region

LV



Subendocardial regions are more sensitive to ischaemia than subepicardial 
regions

Coronary artery (epicardial)

sub-endocardial region

sub-epicardial region

LV

+
+
+

ischemia

Ischemia and lesion



Subendocardial regions are more sensitive to ischaemia than subepicardial 
regions

Coronary artery (epicardial)

sub-endocardial region

sub-epicardial region

LV

+
+
+

ischemia

Ischemia and lesion

Electrical fiel / current
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Courant de lesion et anomalies de l’onde T

Ischemia-lesion and ST segment 
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Courant de lesion et anomalies de l’onde T

Ischemia-lesion and ST segment 
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Ischemia-lesion and ST segment 



Diagnostic Tools in Cardiology

1. ECG

2. Stress test

3. Holter ECG or BP

4. Tilt test

5. Chest X-ray

6. Echocardiography

7. Myocardial scintigraphy

8. Coronary CT scan

9. Cardiac magnetic resonance

10. Coronary angiography & Catheterization



Exercise test



Exercise test

✓ Modality

• On treadmill or cycle ergometer

• ECG and BP at rest

• Increasing effort by increasing speed and gradient in stages 
every 3 minutes (BRUCE protocol)

• Continuous monitoring of clinical data: chest pain, dyspnea, 
fatigue, etc.

• BP measurement at each level

• ECG monitoring: ST changes, rhythm disorders



Exercise test



Exercise test

✓ Criteria:

• Electrical criteria for positivity:
Horizontal or descending ST offset > 1mm and > 0.08 s



Exercise test

• The maximum frequency reached as a % of the theoretical 
maximum frequency for the age (FMT=220-age)

• The maximum load and duration of the test

• Clinical signs: angina, fatigue, dyspnea

• Blood pressure profile during exercise

• Presence or absence of rhythmic or conductive disorders.



J point

Located at the end of the QRS complex

(i.e. at the end of S or R)

Normally located on the isoelectric line

Starting point of the ST segment

ST segment

From point J to the start of the T wave

Normally isoelectric

J point & ST segment 



• The T wave has the same axis as the QRS because 

repolarisation begins in the epicardium and progresses 

towards the endocardium

→ same electrical vector

Normal T wave



• L’onde T : correspond à la repolarisation des ventricules

• Est une déflexion pos., nég. ou biphasique

• A généralement une polarité identique à celle du complexe QRS, sauf dans 

les dériv. V1-V2 & III

• Est asymétrique et présente une portion ascendante lente et une portion 

descendante rapide

• Amplitude : max. 5 mm dans les dériv. périphériques

• Amplitude : max. 10 mm dans les dériv. précordiales

Abnormal T waves



• Variant of normal (young people, women)

• During or after BB, WPW, pacing, ectopic rhythm (escape, tachycardia,...)

• Left ventricular hypertrophy (especially if apical hypertrophy)

• Subendocardial ischaemia (during pain)

• Wellens syndrome type" ischaemia (critical stenosis of the proximal LAD)

• After subepicardial ischaemia

• Aspecific repolarisation disorders (sequelae of infarction)

• Acute pulmonary embolism

• Arrhythmogenic right ventricular cardiomyopathy (ARVC)

• Increased intracranial pressure

Negative T waves



Biphasic T waves in V2 V3 V4 V5

Anterior Ischemia < critical proximal stenosis

 = Wellens Syndrome 

Ischemic T waves
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Wellens Syndrome

Type II (25%): biphasic T, - at the end



Exercise test

✓ Indications

The main indications are:

screening for or monitoring coronary pathology

monitoring the functional capacity of chronic heart failure

Patients investigation of rhythmic disorders during exercise

Assessment of severe asymptomatic valvular heart disease

Assessment before and after cardiovascular rehabilitation



Exercise test

✓ Contra-indications

• Acute phase of myocardial infarction

• Unstable angina

• Severe uncontrolled rhythm disorders

• Symptomatic aortic stenosis

• Uncontrolled heart failure

• Pulmonary embolism

• Ongoing phlebitis

• Ongoing pericarditis, myocarditis, endocarditis

• Aortic dissection

• Patient refusal



ERGOSPIROMETRY

VCO² et VO² measured during exercise



ERGOSPIROMETRY

Training effect



ERGOSPIROMETRY
anaerobic threshold

normal:
47-64% VO² max
> 60% sportman



Diagnostic Tools in Cardiology

1. ECG

2. Stress test

3. Holter ECG or BP

4. Tilt test

5. Chest X-ray

6. Echocardiography

7. Myocardial scintigraphy

8. Coronary CT scan

9. Cardiac magnetic resonance

10. Coronary angiography & Catheterization



Holter: 24 hour recordings



Holter: Counting and Detecting Arrythmias



Alternative tools



Implantable Holters



Abnormal P waves

SVES: Supra Ventricular ExtraSystole



Sinus arrhytmia



Heart Rate Variability Assessment

Spectral Components :
High frequencies (HF) between 0,15 and 0,4 
Hz. Reflecting parasympathetic activity.

Low frequencies (LF) between 0,04 and 0,15 
Hz. Reflecting orthosympathetic activity, e.g. 
baroreflex.

Very low frequencies (VLF) <0,04 Hz. Long 
term regulation such as thermoregulation, 
renin-angiotensin system,…



• First-degree atrioventricular block : PR > 200 ms

AV blocks

• Second-degree atrioventricular block : number of QRS < number of P

Mobitz I:

↑ PR then 1 QRS is missing

Mobitz II:

• number P > number R

• No ↑ in PR

• (3:2, 4:3, 5:4, variable)



• Third degree atrioventricular block (complete):

• PP interval is constant and RR interval is constant

• Complete dissociation of P waves and QRS complexes: RR interval is not 
a multiple of PP interval → variable PR

High grade AV block

3rd degree AV block
with ventricular escape rhythm



• Suppress bradycardia drugs (beta-blockers, digoxin)

• Pacemaker

Treatments : PM



• QRS: > 120 ms

Bundle branch block

Left Bundle 

Branch Block

Right Bundle 

Branch Block



• The QT interval must be corrected for heart rate

• QTc > 480-500 ms: risk of torsade de pointes

• Many drugs lengthen the QT

www.torsades.org

QT
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