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Background and Needs Assessment

By the 1980's, some family physicians, general internists, emergency medicine physicians, and surgeons were being denied hospital privileges to interpret electrocardiograms.  Particularly in urban environments, most electrocardiograms were read by cardiologists.  Ironically, this interpretation may have occurred 24-48 hours after the actual delivery of clinical service. Erroneously, this model came to be viewed as the "standard of care".
In other words,physicians at the point-of-care would interpret electrocardiograms and manage the patient. The managing bedside physician woule receive a "formal interpretation" 24-72 hours later.  The bedside physician accepted the entire medical, legal and ethical risk while remote cardiologists billed for and collected the reimbursement.  One proactive strategy to remove part of this injustice was to develop competency-based objectives which identified those physicians who could independently provide high quality interpretations of electrocardiograms (ECGs).

A study was undertaken to develop a set of electrocardiograms which would reflect 98% of the ECG diagnoses that one physician would encounter in ten years of practice. Based on these diagnoses, a set of 28 electrocardiograms was identified.  Using a modified delphi method, three cardiologists and three family physicians achieved consensus regarding the "correct answers."  A multiple choice test was developed, retested, and then used as a teaching tool to ascertain competency among practicing physicians, family medicine residents, and medical students.  

Using the 10-Step System and Why the Sequence is Important

There are 10 steps to this system.  Step 8 in the system examines the most dramatic and potentially life-threatening of the possible diagnoses assisted by ECG; i.e., myocardial infarction.  As a mnemnonic, we suggest that steps 6, 7, 8, 9 be remembered as the four "I's." 

Respectfully, these "I's" stand for Intervals (measurement of), I(e)nlargement, Infarction, and Interpretation. The steps are: 

1.
Clinical Context

2. 
Validity

3.
Rate

4. 
Rhythm

5. Axis

6.
Intervals

7.
I(E)nlargement













The Four “I’s”

8.
Infarction (includes Ischemia and Injury)


9.
Interpretation

10.
Plan. 

 Actually, Step 8 represents what we call the "heart attack" family of ischemia, injury  and infarction.  At this point it is important for the physician to organize a systematic search for Q-waves, ST-T segment elevation, ST-T segment depression, T-wave inversion, poor R-wave progression, availability of old ECG's, and whatever would assist in detecting a myocardial infarction when one actually exists.  

Myocardial injury is best characterized by isolated ST-T segment elevation.  We use the example of a pericardiocentesis needle that goes too far through the pericardial effusion fluid.  At the point the needle hits the myocardium, an injury current is detected by the presence of ST-T segment elevation.  On the other hand, ischemia is frequently, but not always, characterized by ST-T segment depression and T-wave inversion.  Therefore, signs of injury and ischemia are consistent with a constellation of findings that lead to the presumptive ECG diagnosis of infarction.  Unlike infarction, ischemia, and injury represent ECG signs best characterized by ST segment and T-wave abnormalities. 

Since there is so much jargon in the day-to-day medical environment, it is frequently difficult for the seasoned clinician to explain exactly why he or she has reached a certain conclusion.  Most frequently this confusion arises from nearly but not exactly synonymous terms, overuse of jargon, and the shifting definitions which seem to plague all of ECG terminology.

For example, "what is a significant Q-wave and what are the exceptions?"  A significant Q-wave is at least 1mm wide and 1mm deep.  Another definition is a Q-wave which is one- fourth the height of the R-wave.  But, as we explained in the validity section, one might expect a Q-wave in the lead of AVR since it is "almost" a mirror image of Lead I.  Therefore, a Q-wave in AVR should be "ignored."  Similarly there is frequently T-wave inversion in AVR which is usually normal.  

Developing the clinical judgment to comfortably assign significance is the goal of this curriculum.   The section on jargon and acronyms should discuss and define the following items.

Acronyms, Synonyms, and Jargon
1.
Why is there so much confusion over boundary rules?


a.
Tachycardia vs. bradycardia


b.
How many milliseconds for bundle branch block?


c.
How many milliseconds for first degree AV block?


d.
When is it actually "poor R-wave progression?"

2.
Where does a computer fit in and when do we call the cardiologist?


a.
It should be noted that there is disagreement among experts on a variety of 
"boundary" rules.  Examples include, but are not necessarily limited to, the 
following:



1)
Is it bundle branch block at 110 msecs or 120 msecs?

2)
Is it first degree AV block at 200 msecs or 210 msecs?  Are these age-related issues?



3)
Others.



4)
What are the rules used by common computer-assisted systems?

3.
Identify jargon and clarify the meaning of the following:


a.
What is a QRS segment?

b.
Define right atrial abnormality (RAA) by ECG criteria and relate it to other acronyms (RAE, RAH, RAA, p-pulmonale, etc.).


c.
Define the following:



1)
R-wave progression.



2)
Insignificant Q.



3)
J point.



4)
Intrinsicoid deflection.



5)
Reciprocal changes.



6)
Septal R-wave.



7)
Terminal S-wave.



8)
P-mitrale/P-pulmonale.

9) Others.

d.
Why do some well-trained physicians continue to use obsolete terminology such as incomplete bundle branch block?

4.
Basic definitions and synonyms should be understood.  Examples include, but are not necessarily limited to:

a.
Right atrial enlargement (RAE), right atrial abnormality (RAA), right atrial hypertrophy (RAH).  These are ECG interpretation synonyms.  P-pulmonale is an ECG finding which relates to RAE, RAA, and RAH.

b.
Sensitivity plus false negatives equal 100%.  For example, if tests on a 100 diseased patients: 14 are false negative, the sensitivity equals 86%.  ECG sensitivity is imperfect, but not invalid.

c.
Specificity plus false positives equal 100%.  If, among 100 healthy nondiseased patients, there are 14 false positives, the specificity is 86%.  ECG specificity varies from condition to condition.


d.
Others.

5.
Clarify and prioritize the following.

a.
Left bundle branch block/right bundle branch block/IVCD/incomplete bundle branch block.


b.
ECG imitators such as digoxin effect/Wolf-Parkinson-White.


c.
Left axis deviation (LAD) versus left anterior hemiblock (LAHB). 


d.
From which leads should the intervals be measured?



1)
Plan A   --   Look at Lead II



2)
Plan B   --    Look at Lead I

3)
Plan C   --
Initiate a systematic search for the best "fit" lead where P-waves and T-waves are discernible.

Note that monitoring or rhythm leads use something that looks like Lead II because generally the P-wave is most positive in Lead II.

e.
Clarify wandering atrial pacemaker (WAP) versus multifocal atrial tachycardia (MAT).


f.
Clarify QT/QTc, and "R on T."

I.
Summary--Basic Background for an Approach to ECG Interpretation

 
What are the basic physiologic and interpretation principles that are helpful in creating a useful management plan for patients who have undergone electrocardiogram (ECG) examination?  How can we protect practicing physicians from restrictions of their ECG interpretation privileges given the fact that inter-observer and intra-observer variations ranges from 10% to 40% (or even higher)?  This system was originally designed to answer these questions and to help practicing physicians demonstrate ECG interpretation proficiency to their hospitals.  


This system describes the minimum database necessary to arrive at a reasonable diagnosis 98% of the time and to ask for consultation in those cases that are not clear.  Specifically, this strategy was designed to avoid failure to diagnose myocardial infarction.  However since ST-T wave abnormalities exist in many cases of non-myocardial infarction, the system must deal with ambiguity and/or false positives.  


The system has been tested for internal and external validity in a variety of settings and among a variety of learners (ranging from medical students to practicing physicians).  Along the way, a needs assessment tool (a test) has been designed and studied.  This is a multiple choice test.  Additionally, advanced learners are asked to perform a "complete interpretation" which is comparable to real life and actually simulates as essay test.  


Therefore, there are two phases of testing difficulty.  In the learning situation, tests are not graded.  The tests are simply used as teaching tools.  Learners are reminded that multiple choice tests falsely elevate scores by 10% to 15%.  Self-evaluation and an educational prescription is the ultimate goal.


In creating this system, many sources were reviewed. Textbooks of internal medicine, cardiology, and ECG interpretation have been reviewed.  The prevalence and epidemiology of various ECG abnormalities was studied in the medical literature.  Practice experiences were compared and a unique system of interpretation was developed.  
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