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Sometimes,

ECGs
LIE to us !




ECGs and USED CAR SALESMEN
often have MUCH in common !




The EKG in PERSPECTIVE

PROBLEMS WITH EKGs...
J SENSITIVITY

( FALSE NEGATIVES )

J SPECIFICITY

(FALSE POSITIVES )

AND. ..




PROBLEMS WITH SPECIFICITY . . .

S-T SEGMENT ELEVATION

- COMMON ETIOLOGIES:

J POINT

1<1mm [
ABOVE

PQ |

JUNCTION|

CONDITION:

* ACUTE INFARCTION

* HYPERKALEMIA

* BRUGADA SYNDROME
* PULMONARY EMBOLUS
* INTRACRANIAL BLEED
* MYOCARDITIS/

L. BUNDLE BRANCH BLOCK
* PACED RHYTHM

* EARLY REPOLARIZATION &
"MALE PATTERN" S-T ELEV.
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ST-Segment Elevation in Normal Circumstances and in Various Conditions

egment Elevation in Normal Circumstances and in Various

Condition Features

Normal (so-called male pattern) Seen in approximately 90 percent of healthy
young men; therefore, normal
Elevation of 1-3 mm
Most marked in V,
Concave

Early repolarization Most marked in V,, with notchingat | point
Tall, upright T waves
Reciprocal ST depression in aVR, not in
aVL, when limb leads are involved

ST elevation of normal variant ~ Seen in V; through V, with inverted T waves

Short QT, high QRS voltage

Left ventricular hypertrophy Concave
Other features of left ventricular
hypertrophy

Left bundle-branch block Concave
ST-segment deviation discordant from the

QRS

Acute pericarditis Diffuse ST-segment elevation
Reciprocal ST-segment depression in aVR,
notin aVL
Elevation seldom >5 mm
PR-segment depression

Hyperkalemia Other features of hyperkalemia present:
Widened QRS and tall, peaked, tented
T waves
Low-amplitude or absent P waves
ST segment usually downsloping

Brugada syndrome rSR'in V;and V,
ST-segment elevationin V, and V,, typically
downsloping

Pulmonary embolism Changes simulating myocardial infarction
seen often in both inferior and antero-
septal leads

Cardioversion Striking ST-segment elevation, often
>10 mm, butlasting only a minute or
two immediately after direct-current

shock

Prinzmetal’s angina Same as ST-segment elevation in
infarction, but transient

Acute myocardial infarction ST segment with a plateau or shoulder or

upsloping
Reciprocal behavior between aVL and Il

The NEW ENGLAND

Wang K et al. N Engl J Med 2003;349:2128-2135 JOURNAL of MEDICINE
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Rate 83 . SINUS REYTEM..........ccc0vvvcvvvcnssvsecsvnsssesss .NOCEAL P axis, V-zate 50~ 99
« 23 BUNDLE BRANCH BLOCK.........................QRS®>120, terminal axis(90,270)

PR 152 . ANTEROLATERAL INFARCT, ACUTE...........000vuunennnn....Q >35mS, ST >0.20mV, V2-V6

QRSD 122

QT 412

QTc 485

~=AXIS~~
P 59
QRS 14 - ABNORMAL ECG -
T 33 >> Acute MI <<
12 Lead; Standard Placement

1T TIITRY T T
H i asses s Fr IR T
1 vos snnas s 4asnl 1
%
! m
§
' 1 ' 11
323 I 0% b "
3 1: o .
T+ ‘os -t :- ‘o
2 seseessseee goe SRes2e
o4 18332 i 2212 SR
3 ses sessaee
' 4 44 o pa-s 4444 b4 redes ot 8 08 ' +4 b4 444 44 :N
+4 ® B -t - - -y & OB SO -4 e o >4
2558 2 1222 2 20 - 2538 te+ o vt 32 3
ot e N etk v betd 3 3 " b se: » 888 > 288 s e
sass 1] H
23333228 i
. ll |1I "
Htst 2 as
o  oees e I
Sasess 1t i
e ooatdils
23 331 :
sess 888 S b
28 . 11 H e e 3 s poans ss
1 2 ] 1333
' . A Epan - e ‘ 3 . i s feiesanisee
2 OB ® -~ 4+ ' - vewo reeed — rhe vord oo 2
o o
3
1 :
4
1 m ‘e e
o
.o e 3 hoe >
1t e as s 3
13352 3 '
44 '8 o *
%
= sees H 3 :
1 ess N H $ ' i 3
: 2 i
4 - v . ooy -4 —ooodd ch o
2 3 3] eeses =3es oo
*
!
H-
s
e
283 ‘el
*
288 -+ e . o
13 2 331 2338 — 1]
1 f 3 H ssase
15588 i - " : H 288
1t
TS TIT et snnet e e 992914188981 1
T 1t i vibeaatiiidl 1
T 332 sHEriitts Srrititi:
Janesaansteag 133t ees sesassns i a4 sa0ss be e sans o it




1/2/2015 9:44:46

le 7
iNorth (06)
- . Rate 83 SINUS REYTEM normal P axis, V-rate 50- 99
a Ien RIGHT BUNDLE BRANCH BLOCK QRSA>120, terminal axis(90,270)
L R 152 ANTEROLATERAL INFARCT, ACUTE Q >35m8, ST >0.20mV, V2-V6
QRSD 122
QT 412
Qre 85
AXIS
P 59
° QRS 14 ABNORMAL 2CG -
. T i3 >»>> Acute MI <<< Requested by
Sym p o m a I‘ 12 Lead; sStandard Placement Unconfirmed Diagnosis
S aVR Vi
T . I
avL

angiography =

“no obstructive .

CAD.” Ema————
* Discharge

diagnosis: |

EARLY REPOLARIZATION. This degree of ST Elevation in
early repolarization is VERY RARE: The only such ECG |
have seen in approximately 13,000 cardiac
catheterizations.



EKGs in PERSPECTIVE, con't:

One of the MOST MISLEADING
scenarios of all i1Is when the EKG
APPEARS PERFECTLY NORMAL

. . . but MASKS serious, LIFE -
THREATENING CONDITIONS.

that is why YOU must do a THOROUGH
PATIENT EVALUATION . . . and have a
HIGH INDEX OF SUSPICION ! !!



]

|

T

PATIENT STANDING,

- ASYMPTOMATIC.

PRE-TEST EKG.







GCNRY UAYS
the EK( derived

diagnosis will be
TOTALLY INCORR®E



Despite the ECG’s problematic
issues with
Lack of Sensitivity
&
Lack of Specificity,

The 12 Lead ECG remains
one of our QUICKEST, most cost-
efficient front-line Triage Tools
that we have today.



REMEMBER . . .. Keep the ECG Result in
PROPER PERSPECTIVE . . . .

HISTORY
& PHSYSICAL

HEART ﬁ
SOUNDS
SIGNS and
SYMPTOMS CARDIAC
REMEMBER . .. CATH
it's only
ONE PIECE
of the
DIAGNOSTIC

PUZZLE'!



So how do we know when the ECG is
telling us the truth ???




» We utilize ACS Risk The ECG. ..
Stratification to - -
compensate for the
ECG’s lack of
sensitivity and
specificity, to aid us
in clinical decision-
making and to
improve our
diagnostic
accuracy.




HEART ¥

HEART score for chest pain patients
History Highly suspicious 2
Moderately suspicious
Slightly suspicious
ECG Significant ST-deviation
Non specific repolarisation
disturbance / LBTB / PM
Normal
Age 2 65 years
> 45 and < 65 years
<45 years
Risk factors |2 3 risk factors or history of
atherosclerotic disease*

1 or 2 risk factors

No risk factors known
Troponin 2 3x normal limit

> 1 and < 3x normal limit
< 1x normal limit

NIO|—

= INJIO|= N JO|=|IN]|O]| -

o

Total

*Risk factors for atherosclerotic disease:

Hypercholesterolemia Cigarette smoking
Hypertension Positive family history
Diabetes Mellitus Obesity

38




C-Statistic scores achieved in this study:

HEART: 0.83
TME: 0.75
GRACE: 0.70

C-Statistic interpretation:

A score of “1.00” would mean the score predicts
outcome with 100% perfection. A score of 0.50
is the same as a “50/50 coin toss.” A score of
LESS THAN 0.50 means that the score predicts
the opposite outcome.



US HEART Score Validation

1,070 observation unit patients at
Wake Forest

&~ Out performed clinician gestalt !

Mabhler et. al, Crit Path Cardiol, 2011
Mabhler et. al, Int J Cardiol, 2013



App Store Preview

HEART Pathway (=
Chest pain. Risk-stratified.

Impathig
Designed for iPhone

4.5 « 13 Ratings

Frae

iPhone Screenshots

Ok P

Risk Fagtors

Baloct patesnil's wymploma Balact rink Lsoton:

Troponin el O and 3 howrs recomemmendied
Il megative, discharge without siress
sating of angiograpfry.  Thaa guidelins (&
N massnt 5o repilson chirical judgemont

Begin HEART Pathway

Review Previous Data
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Score

The HEART Score

Common Diagnosis:

Low Risk Chest Pain

Unstable Angina

NSTEMI
STEMI

Disposition:

Early Discharge
with referral

Tele Admission
ICU Admission
STAT Cath Lab

41



Heart Score Reliability

HEART score reliably predicts endpoints

@O D ~-~3 @ 0 =< o T

mopa=

80

7 8 g 10

I 4 I 5 I 6
HEART score




63 year old male complains of upper abdominal
and chest pressure descr.i




PRE-TEST EKG.
PATIENT STANDING,

- ASYMPTOMATIC.

i

:ﬁ c&bo%ai ?
_ a8 L

63 year old male complains of upper abdominal
chest pressure descr.i

and




PRE-TEST EKG.
PATIENT STANDING,
- ASYMPTOMATIC.

Send him home with a referral to see a
cardiologist??




HEART ¥

HEART score for chest pain patients
History Highly suspicious 2
Moderately suspicious
Slightly suspicious
ECG Significant ST-deviation
Non specific repolarisation
disturbance / LBTB / PM
Normal
Age 2 65 years
> 45 and < 65 years
<45 years
Risk factors |2 3 risk factors or history of
atherosclerotic disease*

1 or 2 risk factors

No risk factors known
Troponin 2 3x normal limit

> 1 and < 3x normal limit
< 1x normal limit

NIO|—

= INJIO|= N JO|=|IN]|O]| -

o

Total

*Risk factors for atherosclerotic disease:

Hypercholesterolemia Cigarette smoking
Hypertension Positive family history
Diabetes Mellitus Obesity

38




H = RHISTORY

A 2 PointsyY G { dza LIA OA 2 dza €
Symptoms

A 1 PointY Gaz2RSN)IUSteé& {c
ACS Symptoms

A 0 Points No Typical or Atypical Symptoms of
ACS




E=ECG

A 2 Points: ST Deviation (elevation or
depression at the J point of 0.5mv or more)

A 1 Point: Nonspecific ST wave
abnormalities/ Non

A 0 Points Normal ECG




A = Age

A 2 Points: Age 65 or more
A 1 Point: Age 46¢ 64
A0 Points Age 45 or less




R = Risk Factors for CAD

A 2 Points: 3 or more risk factors
A 1 Point: 1 or 2 risk factors
A0 Points No Risk Factors




RISK FAGTORS

for the development of

CORONARY ARTERY DISEASE:

& - HEREDITY

& T LDL and | HDL CHOLESTEROL PROFILES
& " SMOKING

& " DIABETES MELLITUS

OBESITY

PHYSICGAL INACTIVITY

HYPERTENSION

AGE - OVER 65

MALE

HIGH STRESS

per the AMERICAN HEART ASSOCIATION




RISK FACTORS: Family history of CAD,
elevated cholesterol, hypertension (3 Risk
factors)




T= Troponin

A 2 Points: 3 X Normal (> 0.056)
A 1 Point: >1 - <3 (0.01% 0.056)
A 0 Points up to normal limit (< 0.017)




R I TN YT T T

Hlstory

~ HEART score for chest pain patients
Highly suspicious 2

HEART ¥

Moderately suspicious

Slightly suspicious

ECG

Significant ST-deviation

NIO|—

disturbance

Non specific repolarisation

—_—

/LBTB /PM

Normal

Age 2 65 years

> 45 and < 65 years

< 45 years

Risk factors |2 3 risk factors or history of
atherosclerotic disease*

N O|l=IN|O

1 or 2 risk factors

No risk factors known

Troponin 2 3x normal

limit

> 1 and < 3x normal limit

= INNDIO| -

< 1x normal

limit 0

Total

*Risk factors for atherosclerotic disease:

Hypercholesterolemia
Hypertension
Diabetes Mellitus

Cigarette smoking
Positive family history
Obesity

H = chest pain

E= ECG normal

A= 63

R= 3 riskfctors

T= Trop. NL

HEART Score:

= 2

0

5



EEEEEEEEEEEE
TTTTTTTTTTTTTTTT

PROBLEMS WITH
SENSITIVITY . ..

JFMLLL JLVWR
NORMAL
ECG I Fase: ssens o

His HEART Score =5

What could that possibly mean?



HEART RISK ACS Proposed
Score Dx? Management
Discharge with
0-3 LOW Non-ACS follow-up / out-
patient stress
_ Admit to hospital,
Suspect._ACS, Serial ECGs /Troponins
Obstructive CAD, . : "
4 -6 |Intermed. Unstable Anaina | 299ressive diagnositic
NSTEMI g work-up (e.g. Cardiac
Cath, CT coronary angio
STEMI= STAT PCI or
7-10 | HIGH gigﬁ?ﬂ' thrombolytics. NSTEMI =

"urgent” Cardiac Cath



http://www.heartscore.nl/

Based on HEART SCORE:

At GASYGd K2aLMdlfAal SR
patient.
A Serial EKGs and Troponins were NEGATIVE.

A PATIENT FAILED STRESS TEST the next
morning.

A{SYyd F2NJ I {¢! ¢ /I NRA



SUB-TOTAL
OCCLUSION of

LEFT MAIN
CORONARY ARTERY







Heart Score 5.

Triple ISP e e R e e
Vessel I B il B e j e
Disease =

| | HE TR T e b | o3 E
| 0 1520 SRl } T I t i T i st
| | SN + ﬁj..;, H i __: ; t A
| | [EM3&EE i e '/ | H’V6 ; |
i = : e s=2s | :
1 | z £ £2) | | |

. ., : | Emergency
7 S "8 Triple Vessel

suB-TOTAL . St Coron ary

A | B Artery

" Bypass

Surgery



63 y/0o male patient:

A The HEART Score guided physicians to admit
the patient to Observation and do a cardiac
Work-up.

A{ UNB&aa ¢Sad Ay GKS ! g
Af 20Ff AAOKSYALIl o¢

A Patient taken to Cath Lab where critical Triple
Vessel Disease was discovered

A Patient taken to STAT Open Heart Surgery.



stable angina

1. SYMPTOMS START
DURING PHYSICAL
EXERTION.

2. SYMPTOMS ARE
"PREDICTABLE"

unstable angina

. SYMPTOMS MAY START

AT ANY TIME, EVEN
DURING REST

. SYMPTOMS ARE NEW,

DIFFERENT, or WORSE
THAN PREVIOUS EPISODES

BEWARE of the patient with

Nl NTERMI

TTENT

CHE SW




Modified HEART Score for EMS

Aaz2zald 9a{ dzyAla R2y Qi

GCNRLRYAY o0f22R G4Saud?l
ACKS al 9! wé {conhdsBhe 0 G | ¢
Troponin) has been validated by recent a

recent study conducted by Cambridge
University.

A View Cambridge University Journal article
about HEAR Score



https://www.cambridge.org/core/journals/prehospital-and-disaster-medicine/article/prehospital-modified-heart-score-predictive-of-30day-adverse-cardiac-events/D834ACC88D7BDD6A44795D94A38BC3DA

Integrated ECG:

AHEMODYNAMIC STATUS
I ABCs
I Shock

ASYMPTOMS

I Chest Pain / Pressure
I Other ACS Symptoms

AECG
I 12 Lead
i{AYy3IfS [SIR aNKeluKY adudl




Evaluating the ECG for ACS:
A TWOSTEP process:.



Evaluating the ECG for ACS:
A TWOSTEP process:.

STEP 1Evaluate QRS Width




Evaluating the ECG for ACS:
A TWOSTEP process:.

STEP 1Evaluate QRS Width

STEP 2Evaluate J Points, ST
Segment and T waves
In EVERY Lead




STEP t evaluate QRS width:

AQRS is ABNORMALLY WIDE (80

I Indicates DEPOLARIZATION ABNORMALIT
60S®IDd aodzyRfES -0NI yOF
ParkinsonWhite Syndrome gtc).



STEP t evaluate QRS width:

AQRS is ABNORMALLY WIDE (80

I Indicates DEPOLARIZATION ABNORMALIT
O0SPIDP adaodzyRft S -0NJ) yOF
ParkinsorWhite Syndrome getc).

I DEPOLARIZATION ABNORMALITIES in tul
cause REPOLARIZATION ABNORMALITIE
which alters the: J Points, SHegments
and/or T Waves.




CONDITIONS THAT INCREASE QRS DURATION RESULT IN
SECONDARY REPOLARIZATION ABNORMALITIES:

RIGHT LEFT
BUNDLE BUNDLE
BRANCH BRANCH
BLOCK BLOCK

77 O Q A \1) EfEE o—— SAME PATIENT
W-P-W BYPASS 4 | | AS ON LEFT-
TRACT, LEFT !‘, } || IMMEDIATELY
LATERAL WALL I I ] | AFTER RF
49ylo MALE A _rJ L e L TE ;_AA‘J"._/\;__’ L ABLATION OF

PRE-ABLATION -—bposr—ABlAnon BYPASS TRACT

TRACT, RIGHT AR ONEEFT-
ANTERIOR/ %“QER'ART'ELY
LATERAL WALL A 1
15yio WALE | ___PRE-ABLATION —— 9 POST-ABLATION | BYPASS TRACT

v1
PACEMAKER - PACEMAKER
RIGHT TURNED
VENTRICULAR MW OFF
APEX HERE
RIGHT LEFT
VENTRICULAR VENTRICULAR
HYPERTROPHY HYPERTROPHY
( Strain Pattern ) ( Strain Pattern )
VENTRICULAR |2 | R e VENTRICULAR
TACHYCARDA | |y f"\ TR TACHYCARDIA-
Focus: LEFT | 1| [} f| . FOCUS: RIGHT
FASICULAR, |/ , 1 /f“ L/ VENTRICULAR
ayeremale | \/ \/ \/ \U APEX




Wide QRS present:
QRS> 120ms

ADetermine RIGHT vs. LEFT Bundle
Branch Block Pattern



Vi

L "QRS points UP = RIGHT BUNDLE BRANCH BLOCK™

To make a LEFT TURN \\ |/
i you push the tum signal lever DOWN .. .. .
// \ \ &
THINK:

[AYLIX S & ¢ dzNy

USE LEAD V1 for this technique

To make a RIGHT TURN
you push the tum signal lever UP. .. ..

THINK:

"ORS points DOWN = LEFT BUNDLE BRANCH BLOCK"

{ A




Evaluating the ECG for ACS:

STEP 1

- EVALUATE WIDTH OF QRS:

NORMAL ( <120 ms)

WIDE (> 120 ms)

ORIGIN --

(&= OF SUPRAVENTRICULAR

DETERMINE QRS MORPHOLOGY:

+

RIGHT BUNDLE BRANCH
BLOCK PATTERN

]

LEFT BUNDLE BRANCH
BLOCK PATTERN

I

L

I

w w
EVALUATE FOR EVALUATE FOR DO NOT RELY ON USE CAUTION --
ST DEPRESSION || ST ELEVATION || ST DEPRESSION ST ELEVATION
IN USUAL MANNER IN USUAL MANNER AS A MARKER OF ACS. - IS ROUTINELY SEEN IN
WIDE QRS COMPLEX WIDE QRS COMPLEX
RHYTHMS ( both L and R RHYTHMS WITH LBBB
BBB PATTERNS ) OFTEN PATTERN. FOLLOW AHA

CAUSE: DEPRESSION of
JPOINTS, ST SEGMENTS,
& INVERSION OF T WAVES.

CRITERIA (page 109) FOR
DIAGNOSIS OF STEMI IN
PRESENCE OF LBBB.




Wide QRS present:
(QRSdA> 120ms)

AWhen RIGHT Bundle Branch Block
pattern Is present:

I Precordial Leads typically demonstrate ST
Depression and T wave Inversion



RUPPERT, WAYNE
:74years R

"Male ‘ Cancas‘ia'n"

""?'ﬂﬁf@}ﬁtﬁ i

ID: 099999999

~Vent.rate | 72bpm
' PR interval @ 186 ms

QRS duration 166 ms
QT/QTe  436/477 ms

. P-RTaxes 57 -32 32

- Technician: WR

Normal sinus rhyﬂiﬁ—'_ R R

4-Mar-2001

Right bundle brhnch block
Inferior infarct, age undetermined | 1

Abnorma] ECG |

‘ Ref'en"ied by:

100 mm/mV [T

|
|

| Leads (V1-V4).

i

RBBB causes ST Depression,
T Wave Inversion, ANTERIOR

| Dneonfimed

L stmasn




Wide QRS present:
(QRSdA> 120ms)

AWhen RIGHT Bundle Branch Block
pattern Is present:

I Precordial Leads typically demonstrate ST
Depression and T wave Inversion

I DOES NOT MASK STEMhen ST
Elevation is noted, CONSIDER STEMI ! |






