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Investigation of the Heart

Investigating the Heart 
· Electrophysiological function .
· Cardiac morphology .

· Cardiac functions:

· Valves .

· Muscle .

· Arteries .

· Cardiac markers (LDH , CK , CKMB, Troponin, Myoglobin , f-fatty acid ).

Electrophysiological Assessment 
· ECG .

· Exercise test .

· 24 – 48hr Holter monitor .

· Loop recorder .
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What Is ECG ?
· The standard 12-lead electrocardiogram is a representation of the heart's electrical activity recorded from electrodes on the body surface. 
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Basic Interpretation 
· P wave: the sequential activation (depolarization) of the right and left atria.

· QRS complex: right and left ventricular depolarization (normally the ventricles are activated simultaneously).
· ST-T wave: ventricular repolarization.
· U wave: 
· Origin for this wave is not clear - but probably represents "afterdepolarizations" in the ventricles.
· PR interval:
· Time interval from onset of atrial depolarization (P wave) to onset of ventricular depolarization (QRS complex).
· QRS duration: duration of ventricular muscle depolarization.
· QT interval: 
· duration of ventricular depolarization and repolarization.
· RR interval:
· Duration of ventricular cardiac cycle (an indicator of ventricular rate).
· PP interval:
· duration of atrial cycle (an indicator or atrial rate).

Orientation of the 12 Lead ECG

· It is important to remember that the 12-lead ECG provides spatial information about the heart's electrical activity in 3 approximately orthogonal directions:

· Right.

· Left.

· Superior.

· Inferior.

· Anterior.

· Posterior.

· Each of the 12 leads represents a particular orientation in space, as indicated below :
· RA = right arm.

· LA = left arm.

· LF = left foot.

· Bipolar limb leads (frontal plane):
· lead I: RA (-) to LA (+) (right left, or lateral).
· lead II: RA (-) to LF (+) (superior inferior).

· lead III: LA (-) to LF (+) (superior inferior).

· Augmented Leads 
· Augmented unipolar limb leads (frontal plane):
· Lead aVR: RA (+) to [LA & LF] (-) (Rightward).
· Lead aVL: LA (+) to [RA & LF] (-) (Leftward).
· Lead aVF: LF (+) to [RA & LA] (-) (Inferior).
· Unipolar (+) chest leads (horizontal plane):
· Leads V1, V2, V3: (Posterior Anterior).
· Leads V4, V5, V6:(Right Left, or lateral).
Examples :
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Holter Monitor 
· 24- hour to 48 hour .

· Indications (common):

· Palpitation ( fast or slow ).

· Syncope.

· Suspected Ischemia .

Exercise Treadmill Test 

· Indications :

· Diagnosis of chest pain .

· Screening for CAD in a symptomatic patients.

· High risk for CAD .

· Pre-exercise program for patients > 35 yr.

· High risk professional.

· Assesses therapy ( medical, surgery , CHF ) .
· Premise :

· Dynamic (isotonic ) exercise increase myocardial O2 demand .

· With peak exercise CA flow increases 4-5 times .

· Coronary stenosis 50 % will not cause significant flow limitation .

· 70 % stenosis decreases blood flow by at least 50%  ----- angina.

· Method 
· Motorized treadmill with variable speed and grade.

· Doctor supervised .

· Resuscitation equipment.

· 12 leads ECG during and post exercise .

· Heart rate/ BP .

· Symptoms monitoring.

· Protocols: 

· Bruce /modified Bruce / Naughton /
	Stage
	1
	2
	3
	4
	5
	6

	Speed
	1.7mph
	2.5
	3.4
	4.2
	5.0
	5.5

	% grade
	10
	12
	14
	16
	18
	20

	O2 cons.
	5

METS
	7
	9
	13
	16
	20


· Naughton protocol 
( each stage is two minutes).
	Stage
	1
	2
	3
	4
	5
	6
	7
	8

	Speed
	2
	2
	2
	2
	2
	2
	3
	3

	Grade
	0
	3.5
	7
	10.5
	14
	17.5
	12.5
	15

	O2 cons.
	2
	3
	4
	5
	6
	7
	8
	9


· Exercise effects :
· ST – depression :

· Horizontal depression.

· Downsloping.

· Elevation.

· Upsloping.
· False positive ST- depression :

· LVH,  Hypokalemia ,WPW,BBB,digitalis, antidepressants,MVP.

· Blood pressure :

· Normal response is an increase of blood pressure not higher than 210 mmhg (systolic) , diastolic changes by 10 mmhg .
· Fall or flat BP response correlate with poor prognosis .

· Heart rate :

· Response usually 220- age at peak .

· Rate & pressure product :
· It reflect myocardial  oxygen consumption.

· Peak  systolic BP X HR / 1000 = normally 20-25.

· With significant CAD  < 25 .

· Maximum work capacity :

· Determined by the patient`s maximum oxygen consumption .

· It is the most important measurements .

· Independent indicator of survival in patients with CAD and CHF .
· Effort angina :

· Usually occurs with ST changes .

· True positive by.

· ECG alone = 64%.

· ECG + ST changes  85 % .

· Ventricular arrhythmias.

· Diagnostic testing :

· Ischemic ST – depression  > 2mm .

· Angina .

· Fatigue.

· Falling BP.

· Serious arrhythmia .

· 90% predicted maximum HR for age .

· Contraindications for exercise test : 

· Acute MI .

· Unstable ACS.

· Acute myocarditis .

· Know severe critical CAD ( life threatening) .

· Severe AS or HOCM.

· Severe CHF .

· Severe uncontrolled HTN.

· Serious preexistent arrhythmias .

· Orthopedic abnormalities .

Diagnostic Tests: 

· Golden standard : 
	
	Disease present
	Disease Absent

	Test Positive
	( A)

True positive
	(B)

False Positive

	Test Negative
	( C )

False negative
	( D )

True negative


· Pretest likelihood = ( prior probability ) = probability of disease in a patient to be tested .

· Pretest P = # of patients with disease in test population / total # of patients in test population 

Loop Recorder 
· For patients with infrequent attacks of syncope (unknown reason but arrhythmia is highly suspected ) .

· It record the event few minutes after the attack .
Cardiac Morphology 
· CXR : 

· It provide fairly accurate assessment of the cardiac size and chamber enlargement .

· PA and left lateral views .

· Chest deformities will decrease the accuracy of CXR .

· Major blood vessels size and contour .

· Echocardiography ;
· Using ultra –sound to detect the cardiac structure and reflect an image depending on the tissue characteristics and ability to  reflect the sound waves .
· This will be constructed into an image.

· There are multiple modalities :

· M-mode , 2D –mode , 3-D. 

· Stress echocardiography.

· Trans-esophageal echo .

· It provide very good assessment of :

· Cardiac muscle (thickness , size ,function ).

· Valves ( morphology , thickness , function , etc ).

· Cardiac anomalies .

· Major blood vessels (aorta , pulmonary artery , veins ).

· Provide reasonable assessment of Intracardiac pressure ).

· Cardiac CT /MRI
· Both are an evolving technology and becoming the golden standard for diagnosis of extra- cardiac diseases and cardiac anomalies .

· Each has its advantage and disadvantages.

Functional Imaging :
· Contrast and stress Echocardiography .

· Nuclear Scan 

· SPECT scan using Technetium or thallium .

· PET scan .

· MRI perfusion scan .

· CT-PET.
Nuclear Cardiology SPECT & PET :
Instrumentation
· Radioisotope (gamma rays)

· Scintillation device

· Absorbs gamma rays and generates photons that are converted to electrical signals

· Components:

· Collimator

· Important for localizing of radioactive event

· Gamma rays travel through collimator before reaches crystal

· Large sodium iodide crystal

· Camera converts gamma rays into light (scintillation)

· Hexagonal array of photomultiplier tubes

· Photomultiplier translate these scintillations into voltages which are measured as electrical signals

Single Photon Emission Computed Tomography  vs. Planar:
SPECT

· Most widely used

· Series of planar images obtained over 180-360-degree arc around patient

· Reconstructed into transaxial images

· Short axis/HLA/VLA
· Color coding

· Relative scale (maximum radioacitivity is assigned “NORMAL”

· Black and White

· French Color:

· Red – Normal

· Yellow – Mild (25-39% reduction in activity)

· Green – Moderate (40-49% reduction in activity)
· Blue – Severe (> 50% reduction in activity)
Gated SPECT

· Gated to ECG (8-16 frames per cardiac cycle)

Planar

· Similar Venticulogram at Cath

· Used for equilibrium gated blood pool imaging
Image Reorientation
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Gated SPECT
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Polar Map (SPECT)
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Radioisotopes
	
	Thallium-201

	Tc 99m


	Production
	Cyclotron produced

	Generator produced

	Biological Half-life
	Long (58 hours)
	Short (6 hours)

	Energy
	68 keV
	140 keV

	Dose
	Small (2-4 mCi)
	Large (30 mCi)

	Radiation Dose
	0.21rad/mCi
	0.02 rad/mCi

	Percentage to heart
	4%
	1.5%

	Visualization of:

· Blood flow

· Viability

· Redistribution

· LVEF

· ECG gating
	+

+ (delayed image)

+

-

+/-

	+

+

Minimal

+

+



        Tc-99m:





Thallium-201:
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Stress:
· Exercise Stress

· Useful information
· Duration of exercise
· Total workload
· Maximum HR
· Exercise induced symptoms
· ECG changes
· BP response

· Contraindication (in regards to perfusion imaging)

· LBBB/pacemaker

· Pharmacologic Stress

· Vasodilation

· Dipyridamole (persantine)/Adenosine

· Blocks cellular resorption of adenosine (endogenous vasodilator)

· Cause heterogeneity of blood flow

· Normal coronaries increase flow 3-5X
· Abnormal coronaries
· already vasodiatled distal to the stenosis (in order to maintain normal flow)

· Unable to further dilate with pharmacologic stress

· Rarely causes “Steal Phenomenon”

· Contraindications

· Bronchospasm

· Recent use or xanthine derivatives (aminophylline, caffeine)
Sensitivity/Specificity:
	SPECT
	Sensitivity
	Specificity

	Thallium
	90%
	72%

	Sestamibi
	91%
	71%

	Tetrofosmin
	95%
	77%


Predictors:
· Ischemia (reversible defect) vs. scar

· Size of defect

· Magnitude of reversibility

· Post stress EF

· LV dysfunction

High Risk Features

95% specific and 70% sensitive for 3VD
· Multiple reversible defects (> 2 coronary artery territories)

· Quantitatively large myocardial perfusion defects

· Increased pulmonary uptake post exercise (thallium) – sign of LV dysfunction

· Transient dilatation of LV immediately after exercise – sign of LV dysfunction

· Decreased LVEF (resting)

· Increased RV uptake on stress – maybe due to RV strain or RV/LV perfusion imbalance

ACC Guidelines
· Class I

· Risk stratification post MI

· Identification of ischemia in U/A

· Extent/severity of ischemia in symptomatic patients

· PTCA (identify significant lesions)

· Risk stratification before non-cardiac surgery

· Assessment of ischemia/re- stenosis post PTCA/CABG

Indications for radionuclide myocardial perfusion imaging
· Suspected false positive or negative exercise test

· LBBB, RBBB, LVH, digitalis, pre-excitation, pacemaker

· women with positive exercise test and low or intermediate risk of CAD

· inability to exercise
· prognosis of known CAD
· detection of post PTCA or CABG stenosis
· determination of myocardial viability
· risk evaluation of non-cardiac surgery
· assess functional significance of coronary stenosis

Radionuclide Angiography (rest and exercise)

· Non-invasive diagnosis of chronic ischemic heart disease (Grade A, class II evidence)

· Best non-invasive measurement of EF

· determines LVEF and RVEF

· determines regional wall motion

· normal > 5% increase EF with exercise

· falling EF with exercise poor prognosis

· RV dilatation with pulmonary hypertension

· Positron Emission Tomography
Non-invasive diagnosis of chronic ischemic heart disease (Grade A, class II evidence)

· Gold standard of noninvasive tests to detect metabolic consequences of myocardial ischemia and to discriminate between viability of myocardium and abnormalities of coronary flow

· detects viable myocardium with F-18-fluorodeoxyglucose

· uses rubidium-82 as flow tracer

· detects functional significance of coronary stenosis

· is expensive and of limited availability

· Indications for invasive testing (grade B, class III evidence)

· Angina inadequately controlled by medical therapy defined by exercise test criteria
· tress myocardial perfusion imaging reveals abnormal perfusion in multiple regions, large anteroseptal and apical defect, increased lung uptake (thallium-201) with perfusion defect and normal resting LV, cardiac enlargement with exercise
· exercise radionuclide angiogram or echo reveals >10% drop in EF 

What to do with Exercise test result : 

· markedly abnormal ( Cath

· mildly abnormal ( exercise imaging

· reversible ischemia (other than small area of ischemia contiguous to infarct zone) ( Cath

· no reversible ischemia ( medical management

· negative ( medical management
· if digoxin, LVH or LBBB ( exercise imaging

Prediction of Cardiac Events After MI with Tc-99m Sestamibi:
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Examples of Post MI Risk Stratification using Myocardial Perfusion Imaging

Case 1

· 72 year old man

· remote inferior MI

· exertional dyspnea

· metoprolol 50 mg bid

· inconclusive exercise ECG : Bruce protocol, 4 minutes, HR 120, no ST depression, no angina

What is your choice?

A)  Medical Therapy

B)  Exercise Perfusion Imaging

C)  Dipyridamole Perfusion Imaging

D)  Exercise Echo

E)  Coronary Angiogram

Answer:
C)  Dipyridamole Perfusion Imaging

· no ST depression, no angina

· Tc99m-Myoview (Tetrofosmin) GSPECT
Case 2
· 55 year old man

· NIDDM 

· non ST segment elevation MI 5 days before (CK 200, troponin 0.15)

· positive exercise ECG: Bruce protocol, 8 minutes, HR 150, 2 mm flat ST depression, no angina

What is your choice?

A)  Medical Therapy

B)  Exercise Perfusion Imaging

C)  Dipyridamole Perfusion Imaging

D)  Exercise Echo

E)  Coronary Angiogram

Answer:
B)  Exercise Perfusion Imaging

· repeat exercise test with Tc99m-Myoview (tetrafosmin) GSPECT

Cardiac Markers 

· TnT(T or I ) .

· CK ( CKMB).

· LDH.

· FFA.

· AST/ALT

Troponin I:
· Normal: 

· Values and units vary from lab to lab

· Abnormal:

· Blood levels of troponin I typically rise within 4 to 6 hours after a heart attack, reach peak concentrations within 10 to 24 hours, and fall to normal levels within 10 to 15 days. 
· Elevated troponin levels may indicate heart muscle injury.
Total CPK (Creatine Phosphokinase):
· Normal: 

· Men:55–170 international units per liter (IU/L)Women:30–135 IU/L

· Abnormal:

· CPK levels generally rise within 4 to 8 hours after a heart attack, peak within 12 to 24 hours, then return to normal within 3 to 4 days.
CPK-MB

· Normal:

· 0–7 IU/L (less than 4% to 6% of total CPK)

· Abnormal:

· CPK-MB is found in large amounts in the heart muscle. 

· Blood levels CPK-MB typically rise within 2 to 6 hours after a heart attack, reach peak concentrations within 12 to 24 hours, and fall to normal levels within 3 days.

· A CPK-MB greater than 6% of total CPK suggests a heart attack.
· A continued elevation of CPK-MB levels after 3 days may indicate that a heart attack is progressing and more heart muscle is being damaged.
Total LDH (Lactic Dehydrogenase

· Normal:

· 80–120 IU/L

· Abnormal:

· After a heart attack, blood levels of total LDH begin to rise within 24 to 72 hours, peak at 2 to 5 days, and remain elevated for as long as 14 days.
· Since LDH is found in organs other than the heart, an increased total LDH can be caused by conditions such as liver disease, certain types of anemia and leukemia, cancer, pulmonary embolism, or pneumonia.
LDH-1

· Normal:

· 17–27% of total LDH

· Abnormal:

· After a heart attack, blood levels of LDH-1 begin to rise within 24 to 72 hours, peak at 2 to 5 days, and remain elevated for as long as 14 days.
· Since LDH-1 is also found in red blood cells, an LDH-1 level can be caused by folic-acid anemia or megaloblastic anemia.
Keep in your mind these notes: 
· These enzymes are also present in other tissues besides the heart.
· Increased enzyme levels in the blood may indicate many other diseases.

· Some of these tests (total CPK, total LDH) are not considered diagnostic for a heart attack without confirming evidence from other tests, such as CPK-MB or electrocardiography (EKG). 
· Other heart conditions besides heart attack can raise cardiac enzyme test results. 

· Include myocarditis, some forms of cardiomyopathy, muscular dystrophy, certain autoimmune diseases.

· a reaction to cholesterol-lowering medications (statins), and, rarely, Reye's syndrome. 
· Many medications and alcohol may affect the test results.

· Injections into muscles (IM injections) may increase CPK levels. 

· Recent vigorous exercise may affect the total CPK results. 

· Kidney failure may affect the total CPK results. 
· People with large muscles may have higher-than-normal CPK levels. 

· Recent surgery or major trauma may affect total LDH and total CPK test results. 

· Pregnancy may affect the total LDH level. 

· A prosthetic heart valve implant may affect the total LDH level. 

· Rough handling, contamination, or inadequate refrigeration of the blood sample can cause inaccurate test results. 
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