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Your patient complains of
CHEST PAIN

The instant you see the patient, you assess for:

— Cardiac Arrest
— Shock




SHOCK ASSESSMENT

SHOCK =

INADEQUTE TISSUE
PERFUSION

SECONDS

-STARTS THE INSTANT YOU SEE
PATIENT

- ENDS WHEN YOU REACH THE
PATIENT'S SIDE



ANXIOUS AWAKE
RESTLESS ALERT &
LETHARGIC ORIENTED
UNCONSCIOUS

PALE / ASHEN NORMAL HUE
CYANOTIC WARM
COOL DRY
DIAPHORETIC

TACHYPNEA NORMAL
WEAK / THREADY STRONG
TOO FAST or SLOW

. Y= A




RAPIDLY FIND AND TREAT
THE ROOT CAUSE...



PHASE 1:

PHASE 2:

RULE OUT LIFE-THREATENING CONDITIONS

* ABCs

¢ SHOCK ASSESSMENT

+

UNCONSCIOUS

—

RESUSCITATE
PATIENT as per
ACLS, or
INSTITUTIONAL
PROTOCOLS

CONSCIOUS, WITH
SIGNS OF SHOCK

v

CONSCIOUS, NO
SIGNS OF SHOCK

v

RULE OUT
CAUSES OF
SHOCK:

-INSULIN

- CARDIOGENIC

- HYPOVOLEMIC

- METABOLIC

- NEUROGENIC

- SEPTIC

- RESPIRATORY

- PULMONARY
EMBOLUS

- DRUGS / MEDS

¢ ASSESS VITAL
SIGNS & 02 SAT

¢ ECG MONITOR

* TREAT
SYMPTOMATIC
DYSRHYTHMIAS
as per ACLS, or
INSTITUTIONAL
PROTOCOLS

¢ START IV &
DRAW LABS

PROVIDE
APPROPRIATE TX

RULE OUT ACUTE CORONARY SYNDROME




[ 1 PRESENTING SYMPTOMS
[ 1 RISK FAGTOR PROFILE
[]

ECG ABNORMALITIES
[ 1 CARDIAG MARKERS

A POSITIVE finding in TWO or MORE of the
above categories indicates it is EXTREMELY
LIKELY that ACS is present.... steps must
be AGGRESSIVELY TAKEN to definitively
RULE OUT the PRESENCE of ACS!




=7 PRESENTING SYMPTOMS
1 RISK FACTOR PROFILE

[ 1 EGCG ABNORMALITIES

[ 1 CARDIAG MARKERS

A POSITIVE finding in TWO or MORE of the
above categories indicates it is EXTREMELY
LIKELY that ACS is present.... steps must
be AGGRESSIVELY TAKEN to definitively
RULE OUT the PRESENCE of ACS!




CHIEF COMPLAINT

KEY WORDS:

“CHEST: PAIN / HEAVINESS / PRESSURE/
FUNNY FEELING IN,” etc.

SHORTNESS BREATH
DIZZINESS / LIGHTHEADEDNESS

ETC. ETC. ETC.



TYPIGAL SYPTOMS of
ACUTE CORNARY SYNDROME:

v~ CHEST PAIN - DESCRIBED AS...

- "HEAVINESS, PRESSURE, DULL PAIN, TIGHTNESS"™
- CENTERED IN CHEST, SUBSTERNAL

- MAY RADIATE TO SHOULDERS, JAW, NECK, LEFT or
RIGHT ARM

- NOT EFFECTED by:
= MOVEMENT
= POSITION
" DEEP INSPIRATION

v~ SHORTNESS OF BREATH
- MAY or MAY NOT BE PRESENT

v~ NAUSEA / VOMITING
- MAY or MAY NOT BE PRESENT



INFRRGTION

- - = Classic Symptoms™ - - -

(&= QUICK ASSESSMENT "SHORT FORM"

vl SUBSTERNAL CHEST PAIN
(HAVE PATIENT POINT TO WORST PAIN )

vl DESCRIBED AS "DULL PAIN,"
"PRESSURE,” or "HEAVINESS"

vl DOES NOT CHANGE WITH
DEEP BREATH




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
“INTERMITTENT CHEST PAIN”....




ATYPICAL SYMPTOMS of ACS



Acute MI patients who present * The information listed in the table to

without chest pain* are SHREWD: the immediate left resulted from a study
conducted by John G. Canto, MD, MSPH,

Stroke (previous history of) et. al., of the University of Alabama. The
. T JP : , study consisted of 434,877 patients
LS BT gpl evious history of) diagnosed with AMI betwegn 1994 and
Race (non-white) 1998 in 1,674 US hospitals. Study
Elderly (age 75+) results were published in the Journal of
Women the American Medical Association (JAMA)
Diabetes mellitus on June 28, 2000, Vol. 283, No. 24, pages

3223-3229

Common atypical complaints associated with

AMI without chest pain include:

Malaise (weakness) Fatigue

I ndigestion Abdominal pain
Nausea Cold sweats
Dizziness Elevated heart rate
S yncope Dsypnea

BOOK PAGE:




Effect of Having Multiple Risk Factors for AMI Without Chest Pain

% of
PATIENTS with
ACUTE MI
PRESENTING
TO THE
EMERGENCY
DEPARTMENT
WITHOUT
CHEST PAIN

NUMBER OF RISK FACTORS PRESENT
RISK FACTORS INCLUDE: Stroke (previous), Heart failure (previous), Race (non-white), Elderly (age 75+), VW omen, Diabtetes
DATA SOURCE: J. CANTO, MD, MSPH, et al, JAMA 2000:; 283 : 3223 - 3229




UNUSUAL FATIGUE
SLEEP DISTURBANCE SHORTNESS OF BREATH

SOB WEAKNESS
INDIGESTION UNUSUAL FATIGUE

ANXIETY % COLD SWEAT
DIZZINESS




Physical Exam — Clues of MlI:

Skin may be PALE, CLAMMY
SWEATING ! (Diaphoresis)
Clutching /Rubbing chest

BP can be high, normal or low
Anxiety / “look of impending doom.”




7 PRESENTING SYMPTOMS
2~ RISK FACTOR PROFILE

[ 1 EGCG ABNORMALITIES

[ 1 CARDIAG MARKERS

A POSITIVE finding in TWO or MORE of the
above categories indicates it is EXTREMELY
LIKELY that ACS is present.... steps must
be AGGRESSIVELY TAKEN to definitively
RULE OUT the PRESENCE of ACS!




3 or more major RISK FACTORS gets you a “checkmark” in the RISK FACTOR box!

A7 PRESENTING SYMPTOMS
% RISK FACTOR PROFILE

[ 1 EGG ABNORMALITIES

[ 1 CARDIAC MARKERS

A POSITIVE finding in TWO or MORE of the
above categories indicates it is EXTREMELY
LIKELY that ACS is present.... steps must
be AGGRESSIVELY TAKEN to definitively
RULE OUT the PRESENCE of ACS!




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




The 12 Lead ECG to Rule out ACS:

e Acute Coronary Syndrome (ACS) is made up
of the following cardiac conditions:

— Unstable Angina

— Non-ST Segment Elevation Myocardial Infarction
(NSTEMI)

— ST Segment Elevation Myocardial Infarction
(STEMI)

* Low Risk Chest Pain




Unstable Angina

1.

2. SYMPTOMS ARE
"PREDICTABLE"

SYMPTOMS START

DURING PHYSICAL “s

EXERTION.

. SYMPTOMS MAY START

AT ANY TIME, EVEN
DURING REST

. SYMPTOMS ARE NEW,

DIFFERENT, or WORSE
THAN PREVIOUS EPISODES




Non-STEMI (NSTEMI)

Non-ST Segment Elevation Myocardial Infarction.
“sub-endocardial MI” ... “partial wall thickness”

T wave points away from
zone of Infarction. Often
there is ST Depression.




Non-STEMI (NSTEMI)

Non-ST Segment Elevation Myocardial Infarction.
“sub-endocardial MI” ... “partial wall thickness”

The 12 Lead ECG may show:

- ST Depression

- Other ST Segment changes
- Inverted T wave

- THE ECG MAY BE TOTALLY NORMAL.

TROPONIN is ABNORMALLY ELEVATED !




Non-STEMI (NSTEMI)

Non-ST Segment Elevation Myocardial Infarction.
“sub-endocardial MI” ... “partial wall thickness”

This is a “Partial Wall Thickness” M, heart
cells are dying, and the Troponin becomes
detectable in the patient’s bloodstream.

Usually “less severe” than a STEMI, patient

needs blood thinners and to get to the cath
lab in 24-48 hours.




STEMI

e ST Segment Elevation Myocardial Infarction.

ST Segment Elevation is
noted over zone of
infarction.




STEMI

ST Segment Elevation Myocardial Infarction.

(“full-wall thickness,” Transmural event)

This is a life-threatening emergency. Part of
the patient’s heart is dying. Blood flow must
be restored within 90 minutes or less in order
to preserve heart muscle. Based on the
region of the heart affected, critical and often
lethal complications rapidly develop.




Ischemia and Infarction = Acute
Coronary Syndrome

The conditions associated with Acute Coronary
Syndrome (ACS) include:

* Unstable Angina (ischemia)

* Non-ST Segment Elevation Myocardial
Infarction (NSTEMI) (infarction)

e ST Segment Elevation Myocardial Infarction
(STEMI) (Infarction)




Q: To evaluate the patient for ischemia
or infarction, what part of the ECG do we
look at?




Q: To evaluate the patient for ischemia
or infarction, what part of the ECG do we
look at?

A: We evaluate the
 JPoints

e ST Segments &

* T Waves

............................. in each lead !




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

Ll

I

I

h 4
EVALUATE FOR
ST DEPRESSION
IN USUAL MANNER

EVALUATE FOR
ST ELEVATION
IN USUAL MANNER

DO NOT RELY ON
ST DEPRESSION
AS A MARKER OF ACS. -
WIDE QRS COMPLEX
RHYTHMS (both L and R
BBB PATTERNS ) OFTEN
CAUSE: DEPRESSION of
JPOINTS, ST SEGMENTS,
& INVERSION OF T WAVES.

USE CAUTION -

ST ELEVATION
IS ROUTINELY SEEN IN
WIDE QRS COMPLEX
RHYTHMS WITH LBBB
PATTERN. FOLLOW AHA
CRITERIA (page 109) FOR
DIAGNOSIS OF STEMI IN
PRESENCE OF LBBB.




Evaluating the ECG for ACS:

Patients with Normal Width QRS
(QRSd < 120ms)

STEP 2 - EVALUATE the EKG for ACS

THE EKG MARKERS USED FOR DETERMINING THE PRESENCE OF ACUTE CORONARY SYNDROME
INCLUDE:

- JPOINTS
- ST SEGMENTS
- T WAVES

CAREFULLY SCRUTINIZE THESE MARKERS IN EVERY LEAD OF THE 12 LEAD EKG, TO DETERMINE
IF THEY ARE NORMAL or ABNORMAL.




Q: Why is QRS width an issue
when we look at J Points, ST
Segments and T Waves??




Q: Why is QRS width an issue
when we look at J Points, ST
Segments and T Waves??

A: When the QRS is abnormally
wide (> 120ms), it ALTERS the J
Points, ST Segments and T Waves.




THE J POINT SHOULD BE..

WITHIN
1T mm
ABOVE

OR
BELOW
the

ISOELECTRIC
LINE




THE ISOELECTRIC LINE

sl e

IS MEASURED BETWEEN
T and P WAVE, or

U and P WAVE

.. .the “flat line” between ECG complexes,
when there is no detectable electrical
activity . ..
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The Isoelectric Line -
it’s not always isoelectric

ACLSMedicalTraining.com @ACLSMedTraining
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THE P-Q JUNCTION

. . . IS the POINT
where the P-R
SEGMENT ends
and the QRS
COMPLEX BEGINS.

Used for POINT

OF REFERENCE
for measurement of
the J-POINT and
the S-T SEGMENT -

— as per the A.H.A.,, A.C.C., and WANG, ASINGER, and
MARRIOTT, N.E.J.M. vol. 349:2128-2135 Nov. 27, 2003




Use the P-Q junction as a reference
point for measuring the J Point and
ST-Segment when “iso-electric line is

THE P-Q JUNCTION not iso-

. . is the POINT electric !”

where the P-R

SEGMENT ends
and the QRS
COMPLEX BEGINS.
Used for POINT

OF REFERENCE
for measurement of
the J-POINT and
the S-T SEGMENT -

— as per the A.H.A., A.C.C., and WANG, ASINGER, and
MARRIOTT, N.E.J.M. vol. 349:2128-2135 Nov. 27, 2003




Defining NORMAL:
THE J POINT SHOULD BE..

WITHIN
1 mm
ABOVE

BELOW
THE

P-Q
JUNCTION




ECG Indicators of
ABNORMAL PERFUSION
(possible ischemia / infarction)
in Patients with
Normal Width QRS Complexes
(QRS duration < 120 ms)




PATTERNS of ACS & I1scHEMIA

- J POINT, ST SEGMENT, and T WAVE ABNORMALITIES -

FLAT or CONVEX
J-T APEX
SEGMENT

HYPER-ACUTE
T WAVE

S-T SEGMENT
ELEVATION at
J POINT

DEPRESSED J pt.

DOWNSLOPING ST
and INVERTED T

ACUTE mi
EARLY PHASE

ACUTE mi
EARLY PHASE

ACUTE mi

- ACUTE (NON-Q WAVE) MI
- ACUTE MI - (RECIPROCAL CHANGES )




- MYOCARDITIS
INVERTED - ELECTROLYTE IMBAL.

T WAVE

SHARP S-T - ACUTE MI (NOT COMMON)
T ANGLE |

BI-PHASIC - SUB-TOTAL LAD LESION

T WAVE - VASOSPASM
(WELLEN'S) HYPERTROPHY

DEPRESSED J
POINT with
UPSLOPING ST

DOWNSLOPING
S-T SEGMENT




Some less common, less reliable
possible indicators of ACS:

FLAT S-T
SEGMENT
> 120 ms

LOW VOLTAGE
T WAVE WITH
NORMAL QRS

U WAVE POLARITY
OPPOSITE THAT
OF T WAVE




PAITERNS of ACS s 1SCHEMIA

- J POINT, ST SEGMENT, and T WAVE ABNORMALITIES -

FLAT or CONVEX ACUTE M/

J-T APEX
SEGMENT EARLY PHASE

HYPER-ACUTE ACUTE M/
T WAVE ' EARLY PHASE

S-T SEGMENT
ELEVATION at ACUTE mI

J POINT

- ACUTE (NON-Q WAVE) MI

DEPRESSED J pt. W~
DOWNSLOPING ST ﬁC.UTE MI - ( RECIPROCAL CHANGES )

and INVERTED T




J-T Apex Segment

/1]

ST-Segment T wave: origin to apex




THE S-T SEGMENT

ABNORMAL

SHOULD BE
"CONCAVE" IN
SHAPE . ..

AS OPPOSED TO
"CONVEX"




J-T APEX SEGMENT VARIATIONS

|ABNORMAL - CONVEX |

L5
7

| ABNORMAL - FLAT

NORMAL - CONCAVE |

PATTERNS of EARLY INFARCTION
-- FLAT and CONVEX J-T APEX SEGMENTS




"J POINT plus 40 ms™
—— shows ST ELEVATION > 1mm
INFARCTION -

EARLY PHASE
PATTERN

RICA ART A OCIATIO
005 R 0
During NORMAL STATES of PERFUSION, the J During a 20 second BALLOON OCCLUSION of the
POINT is ISOELECTRIC and the ET EEGI‘u’IENT has a patlent'a LAD -::Iurlng routine PTCA, the ST segment
CONCAVE appearance. i : "oyt | assumes a CONVEX shape.

| When measured 40 ms
. .| beyond the J POINT, the ST
! segment is elevated > 1 mm.
~-"'| This phenonemon is seen
routinely in the cath lab
prior to the occurance of ST
ELEVATION at the J POINT
during PTCA and STENTING.

When measured 40 ms
beyond the J POINT (noted
by the RED DOT), the ST
SEGMENT elevation is less
than 1mm.

Both figures were recorded

from a 54 year old male while
resting (figure A), and during
PTCA of the Left Anterior Descending artery (figure B) ,

 figh




J POINT
END of ST SEGMENT

T WAVE APEX

LEAD II 41 ylo FEMALE

in ER C/O CHEST PAIN

x 30 minutes.

= FLAT J-T APEX SEGMENT
= NO ST ELEVATION at

J POINT !
STEMI - INFERIOR WALL

11 MINUTES LATER, 5-T
ELEVATION at the J POINT

EJl«"'-._.ﬂw.x .
R V™ ISNOTED.
iHbnsdi = CATHLAB FINDINGS:
1850 hrs TOTAL OCCLUSION of the
RIGHT CORONARY ARTERY




ABNORMAL J-T APEX SEGMENT

J POINT
END of ST SEGMENT

T WAVE APEX

CONVEX J-T APEX SEGMENT

&= CONSIDER EARLY
PHASE of ACUTE MI!

93 ylo MALE

1yr. PRIOR TO MI
NORMAL EKG
CONCAVE J-T APEX SEGMENT

STEMI LATERAL WALL
= CONVEX J-T APEX SEGMENT
= MINIMAL ST ELEVATION

at J POINT
0732 hrs

15 MINUTES LATER, S-T
ELEVATION atthe J POINT
M IS NOTED.

= CATH LAB FINDINGS:
TOTAL OCCLUSION OF

0747 hrs CIRCUMFLEX ARTERY
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CHIEF COMPLAINT and SIGNIFICANT HISTORY:

56 y/o MALE presents to ED with complaint of “INTERMITTENT

SUBSTERNAL & SUB-EPIGASTRIC PRESSURE" x 3 HOURS. PMHx
of ESOPHAGEAL REFLUX. NO other significant past medical history.

RISK FACTOR PROFILE:

&~ FAMILY HISTORY - father died of Ml at age 62
v] PREVIOUS CIGARETTE SMOKER - quit 15 years ago.

v] CHOLESTEROL - DOES NOT KNOW; "never had it checked."
v] OBESITY

oA Mo\ N H Patient supine on exam table, mildly anxious,

currently complaining of "mild indigestion,” skin is warm, pale, dry,;
REST OF EXAM is UNREMARKABLE.

ap\asiel /g BP 142/94, P 80, R20, SAO2 98%

F\-H JUST OBTAINED, RESULTS NOT AVAILABLE YET.




30 yr . ) Vent., rote 80 BPM =#HUNEDITED COPY — REPORT IS COMPUTER GENERATED ONLY, WITHOUT
Male Caucasian PR interval 154 ms PHYSICIAN INTERPRETATION

QRS duration T8 s Normal zinns rhyit -
Room:AQ THOTe ROM43R i I=|. [T :l:l]‘ll? r 1}'[ 111
Loc:3  Option:23 PoROT axes st —24 38  |Normal ECG

No previous ECGs available

Technician: W Ruppert

Referred by: Confirmed By
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ECG COMPUTER DOES NOT NOTICE THE CONVEX J-T APEX SEGMENTS !










CASE STUDY: 56 y/o male with INTERMITTENT
"CHEST HEAVINESS" . . ..

TREATMENT PLAN: EMERGENCY CORONARY ARTERY
BYPASS SURGERY (4 VESSEL )



ECG Patterns associated with
“EARLY PHASE MiI:”

 J-T Apex abnormalities
* Dynamic ST-T Wave
Changes on Serial ECGs




Seven [ rs Raglona
Dept: 2 =

Room er

SINUS RHTTHM A e . . normal P axis, V-rate 50- B9
COHSIDER ANTEROSEPTAL INFARCT . . . g >»30m8, V1 V2
BORDERLINE REFOLARIEATION ABMOFRMALITY. . i ata i .87 dep & abnormal T
BASELINE WANDER IN LEAD(S) V1, v2

RIVERT i3 _.._'._I s
RIVERS REG '|_hI MED CTR

Unoconfirmed Diagnosis

Limks | 10 v Chest | F BO= O.158-100 ‘B2




3. Dynmamic ST-T Wave Changes in
Serial ECGs. Recorded at SRRMC

1StECG 2" ECG 1StECG 2" ECG
5 1F 'L | .







PATTERNS of ACS & I1scHEMIA

- J POINT, ST SEGMENT, and T WAVE ABNORMALITIES -

FLAT or CONVEX
J-T APEX
SEGMENT

HYPER-ACUTE
T WAVE

S-T SEGMENT
ELEVATION at
J POINT

DEPRESSED J pt.

DOWNSLOPING ST
and INVERTED T

ACUTE mi
EARLY PHASE

ACUTE mi
EARLY PHASE

ACUTE mi

- ACUTE (NON-Q WAVE) MI
- ACUTE MI - (RECIPROCAL CHANGES )




T waves should not be HYPERACUTE




HYPERACUTE T Waves may indicate:

* Early phase Acute Ml

 Transmural ischemia
(usually seen in one
region of the ECG)

* Hyperkalemia (seen
globally across ECG)

* Hypertrophy




NORMAL

ECG waveforms obtained just before (hyperacute) and just after
(normal) the critical blockage was stented in this patient’s
Proximal Left Anterior Descending (LAD) artery.



Helpful Clue: Hyper-Acute T Waves

e GLOBAL Hyper-acute T Waves (in leads
viewing multiple myocardial regions / arterial
distributions) favors HYPERKALEMIA




1: 23-Nov- REGIONAL MEDICAL CENTER

Hbyears Vent. rate 57 bpm Sinog bradyc

Female  yaucasion PR interval 150 ms Poggible Lelt atrnal enlargement
QGRS duration 102 ma Borderline ECG

Raam: QT/QTe 47274389 ms
"R-Taxes 76 70 38 K+ = 6.7

Techmician:
Test ind:

Uneonlirmed

a:.“ln.] JLE:_l:l. T EHETE =
TR 21k i FE R

R I
+ bR A
...l....:"

i
-|u|I' I




Helpful Clue: Hyper-Acute T Waves

e GLOBAL Hyper-acute T Waves (in leads

viewing multiple myocardial regions / arterial
distributions) favors HYPERKALEMIA

 Hyper-acute T Wave noted in ONE ARTERIAL
DISTRIBUTION ( Anterior / Lateral / Inferior )
favors TRANSMURAL ISCHEMIA / Early Phase
Acute M|
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CHIEF COMPLAINT and SIGNIFICANT HISTORY:

30 y/o male presents to ER via EMS, c/o sudden onset of dull chest pain x 40 min.

Pain level varies, not effected by position, movement or deep inspiration. No
associated symptoms.

N ea o g (o] ][RR NONE. CHOLESTEROL UNKNOWN.

A CI IV Patient is supine on exam table, CAO x 4, anxious, restless,

skin pale, cool, dry. Patient c/o chest pressure, "7" on 1 - 10 scale, uneffected by

position, movement, deep inspiration. Lungs clear. HS: NL 81, $2, no rubs,
murmurs, gallops

VA \ARi(el (ol BP 136/88 P90 R20 SAO2 98%

pjilelioln) (ogmy o] (cl 1st TROPONIN | - ultra: <0.07




Vent. rate
PR interval
QRS duration

QT/QTc
P-R-T axes

BPM

|64 ms
90 ms
ms

Normal sinus rhythm
Normal ECG
No previous ECGs available

<—— NOTE COMPUTER INTERPRETATION




CORONARY ARTERIAL DISTRIBUTIONS:

| aVR u

30 yr Vent. rate 88 BPM MNormal sinus rhythm
Male Black PR interval 164 ms Normal ECG V1 - V4 = LEFT ANTERIOR DESCENDING {LAD)
Room: ER 3.?.}‘2;['.';*‘”"" — _J'E’ i No previous ECGs available I, AVL = DIAGONAL (DIAG) off the LAD or
- o )
L Optiin: PoRT axes 6l 62 53 HIGHLIGHTED AREAS = OBTUSE MARGINAL (OM) off CIRCUMFLEX (CX)
HYPERACUTE T WAVES V5, V6 = CIRCUMFLEX
i, i, AVF = RIGHT CORONARY ARTERY or CX
_ LATERAL - ANTERIOR WALL ANTERIOR - SEPTAL WALL ANTERIOR WALL
| l
| P _«\_J' ] g -'I."'-"-"\. K_,,L.r’ f/\_ b 1 |
- 241 At a : :
I

F‘t ”"1(\“ ““'KL iR

INFERIOR WALL LATERAL - ANTERIOR WALL

:?W,AAJ\JL&«,}LJ

e tee e A U

aVL

ANTERIOR - SEPTAL WALL

/’F‘Lﬂ/\ Lw/ﬂ
LI | |

S

2

LATERAL WALL

‘uhf e |IL/L’MI

V5

1f/n\-_._ﬂ1|L

INFERIOR WALL

e

aV

INFERIOR WALL

TI—-'JL'”—"JF’J\“JF’F“ JJILf

11

ANTERIOR WALL

MLJJ/ ﬂ'"u_\ﬂ/Lﬂ,

LATERAL WALL
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Cath Lab findings:




Dynamic ST-T Wave Changes:

 Other than HEART RATE related variations
(which affect intervals), J Points, ST-
Segments and T Waves SHOULD NOT
CHANGE.




Dynamic ST-T Wave Changes:

 Other than HEART RATE related variations
(which affect intervals), J Points, ST-
Segments and T Waves SHOULD NOT
CHANGE.

* When changes to J Points, ST-Segments
and/or T waves are NOTED, consider
EVOLVING MYOCARDIAL ISCHEMIA and/or
EARLY PHASE M, until proven otherwise.




46 year old male

* Exertional dyspnea X “several weeks”

* |Intermittent chest pressure X last 3 hours.
Currently pain free.

Hrame: ECG #1 12-Lead?2 HR 62 bpm | * Abnormal ECG ““Unconfirmed™ | early transitionor posterior infarct
I Hit 28 Aug 67 01:53: 25 | * Bormal 5inus rhythm
atient 1D 7:39 am PRE. 1445 G5 @, 108s | * Minimal voltage criteria for LV, may
ncident ar/le 0. 4843/8. 4183 | be normal variant
ger ™ Sex: M | P-ORS-T Axes 42”287 -11° | * Increased K/S ratio in V1, consider
i ly
| l]

LI | avF K




46 year old male: ECG 1

* Chest pressure has returned, “5” on 1-10
scale. 2"9 ECG obtained due to “change in
symptoms”:

Name: ECG #2
1]
Patient 1D 8:08 am
|ncident
e 6

| i

(1.8  B5-48Hz 25mim/sec

12-Lead 1 HR 66 bpm | * Abnormal ECG “Unconfirmed™ | early transition or posterior infarc
|28 Aug 87 B8:83:33| * Hormal sinus rhythm
|PRE. 144s UAS 8, B96s | * Minimal vol tage criteria for LYH, may
| QT/0Tc 8.398s/0. 4175 | be normal variant
Sex- M| P-ORS-T Aes 58" -22° -317 | # Increased B/S ratio in\, consider
| VR 4} L
| vl V2 V5
| aVf 13 V6

HCER RESCUE




sements
have

in Lead
]

ECG# 12-Lead2

; o g7 B1:58:25 |+ ormal sinus rythen
7:59 am ARG, Ty 065 5. 108s | » Mimimal voltage it ia for LW, may
il F1 {8 0. 4045/ 4189 | be normal variant
s M| P-ORS-T Axes -
m

e S e —— i

L f |

,q,__.-J..___.-.q.-r"‘___,__,__h

Name:

Patient 1D:

Incident:
i

HR62 bpm |* Abnormal ECG ““Unconfirmed™® | early transition or pasterior infarct

|
%('_"“*-"w-—-""'-._—ar-‘*-"""HL

ECG#2 ' 1A 66 bpm | * Abnormal ECS “Unconfirmed™ | early transition or poster ior infart
8 88: 33| * Normal 1nus rhy th

8:08 am , (RS 8. 8985 | *Minimal voltage criteria for LVH, may

§.308s/0.417¢ | benornal var jant

52" - privresa S Tt T e

I

Ll

-

T waves

have gained
amplitude in
Leads V1-V5

/




759&m 8:08 am

L s e T R T L™ LRLEE RS S S BT e e ]

V1
——— ﬁ2.5mm

;
!

ﬁ&ﬂmm

4.0 mm




ST-Segment Depression

7:59 am 8:08 am




Cath Lab Angiography:

[ Proximal sub-
totally occluded
Left Anterior
Descending
Artery (LAD)




PATTERNS of ACS & I1scHEMIA

- J POINT, ST SEGMENT, and T WAVE ABNORMALITIES -

FLAT or CONVEX
J-T APEX
SEGMENT

HYPER-ACUTE
T WAVE

S-T SEGMENT
ELEVATION at
J POINT

DEPRESSED J pt.

DOWNSLOPING ST
and INVERTED T

ACUTE mi
EARLY PHASE

ACUTE mi
EARLY PHASE

ACUTE mi

- ACUTE (NON-Q WAVE) MI
- ACUTE MI - (RECIPROCAL CHANGES )




ECG CRITERIA for DIAGNOSIS of STEMI:
(ST ELEVATION @ J POINT)

*LEADS V2 and V3:

MALES AGE 40 and up ------ 2.0 mm
(MALES LESS THAN 40------- 2.5 mm)
FEMALES --------------cmeeeev 1.5 mm

ALL OTHER LEADS: 1.0 mm or more,

in TWO or more
CONTIGUQOUS LEADS

* P. Rautaharju et al, “Standardization and Interpretation
of the ECG,” JACC 2009;(53)N0.11:982-991




S-T SEGMENTS ELEVATE WITHIN SECONDS OF CORONARY
ARTERY OCCLUSION:

: .n
G LI Ux_mr\./*;__, ‘Jwﬂw

IN THIS CASE, a normal response to balloon occlusion of the
RIGHT CORONARY ARTERY during PTCA in the CARDIAC CATH LAB

3 COMMON PATTERNS of
ST SEGMENT ELEVATION
From ACUTE MI:

DOWNSLOPING FLAT UPSLOPING
S-T SEGMENT S-T SEGMENT S-T SEGMENT




STSEGMENT ELEVATION in ACUTE Mi:
- of total arterial ocelusion in

The following samples are from patients with ACUTE MI, as confirmed by discovery
the Cardiac Cath Lah:

"TOOMBSTONE" | "FIREMAN'S HAT"
PATFERN PATTERN

V5. ANTERIOR | V4.ANTERIOR aVL-ANTERIOR | V2-ANTERIOR| V3. ANTERIOR
LATERAL MI LATERAL MI LATERAL MI LATERAL MI LATERAL MI
"FIREMAN'S HAT"

|, | PATTERN

-

V4- ANTERIOR Va- ANTERIOR V5-ANTERIOR II - INFERIOR aVF- INFERIOR
POSTERIOR MI | POSTERIOR MI

LATERAL MI LATERAL MI LATERAL MI

f
i il 1—‘\"‘--“..;

III-INFERIOR III-INFERIOR II- INFERIOR
MI POSTERIOR MI

III-INFERIOR IIT-INFERIOR
MI POSTERIOR MI MI




Reciprocal S-T Segment Depression may or
may not be present during AMI.

The presence of S-T Depression on an EKG
which exhibits significant S-T elevation is a
fairly reliable indicator that AMlI is the
diagnosis.

However the lack of Reciprocal S-T
Depression DOES NOT rule out AMI.



PHASE 1: RULE OUT LIFE-THREATENING CONDITIONS
3 |
PHASE 2: RULE OUT ACUTE CORONARY SYNDROME

PERFORM RAPID, TARGETED ASSESSMENT.
AUSCULTATE LUNG and HEART SOUNDS.
DOES PATIENT COMPLAIN OF:

* TYPICAL ACS SYMPFTOMS 7

* ATYPICAL ACS SYMPTOMS 7

OBTAIN and EVALUATE
42 LEAD ECG

5T
Depression
andor T
WAVE
inversion:
OBTAIN 18
LEAD ECG -

IMPLEMENT
INSTITUTIOMNAL
ACUTE Mil
PROTOCOLS

PERFORM CARDIAC CATHETERIZATION.
PROVIDE REVASCULARIZATION { PTCA /
STENT / CABG ) AS NEEDED.

PHASE 3: RULE OUT OTHER LETHAL CARDIAC and
NON-CARDIAC CONDITIONS.



ACUTE MI

COMPLICATIONS TO ANTICIPATE
FOR ALL MI PATIENTS:

é° LETHAL DYSRHYTHMIAS

CARDIAC ARREST

%
i FAILURE OF STRUCTURE(S)
SERVED BY THE BLOCKED ARTERY



INTERPRET THE EKG, THEN:

IDENTIFY THE AREA OF THE
HEART WITH A PROBLEM...

RECALL THE ARTERY WHICH
SERVES THAT REGION. ..

RECALL OTHER STRUCTURES
SERVED BY THAT ARTERY...

ANTICIPATE FAILURE OF
THOSE STRUCTURES. ..




L. ars
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XICO, 1994

“NOWHERE”, NEW ME



STEMI CASE
STUDIES




STEMI Case Studies,
excerpts from “12 Lead
ECG Interpretation in ACS
with Case Studies from
the Cardiac Cath Lab.”



https://www.amazon.com/Interpretation-Coronary-Syndrome-Studies-Catheterization/dp/098291721X
https://www.amazon.com/Interpretation-Coronary-Syndrome-Studies-Catheterization/dp/098291721X
https://www.amazon.com/Interpretation-Coronary-Syndrome-Studies-Catheterization/dp/098291721X
https://www.amazon.com/Interpretation-Coronary-Syndrome-Studies-Catheterization/dp/098291721X

CHIEF COMPLAINT and SIGNIFICANT HISTORY:

72 ylo male, c/o CHEST "HEAVINESS," started 20 minutes before calling 911. Pain is "8" on 1-10
scale, also c/o mild shortness of breath. Has had same pain "intermittently” x 2 weeks.

RISK FACTOR PROFILE:

FAMILY HISTORY - father died of Ml at age 77

FORMER CIGARETTE SMOKER - smoked for 30 year - quit 27 years ago
DIABETES - oral meds and diet controlled

HIGH CHOLESTEROL - controlled with STATIN meds

AGE: OVER 65

V€S (o9 A S O\ BB Patient calm, alert, oriented X 4, skin cool, dry, pale.
No JVD, Lungs clear bilaterally. Heart sounds normal S1,S2. No peripheral edema.

VAL el BP: 100/64, P: 75, R: 20, SAO2: 94%
(WN-EH FIRST TROPONIN: 6.4

%

b {ALN { S {4 > 4
TR T r [ T




T2yr Venl. rate 75 BPM @ EVALUATE EKG for indicators of ACS:

- a gs'ﬂll.l;liﬂn ]g E - 5T SEGMENT ELEVATION / DEPRESSION
QT/QTe 182/426 ms - HYPERACUTE T WAVES
Loe:3 Option:23 P-R-T axes 72 13 83 - CONVEX ST SEGMENTS

- OTHER ST SEGMENT / T WAVE ABNORMALITIES




T2 yr Venl. rate 75 BPM MNormal sinus rhythm

Male Caucasian PR interval 162 ms Anteroseptal infarct , possibly acute
QRS duration 98 ms EEE EE tE*ths ﬁCUTPEMI E* % k% 5 ST SEGMENT ELEVATION
QT/QTe 382426 ms




Note: There is NO Reciprocal ST
Depression on this STEMI ECG !




T2 yr Vent. rate

Male Caucasian PR interval
QRS duration
QTIQTe

Loe: Option:2 P-R-T axes

L - ANTERIO

Normal sinus rhythm

Anteroseptal infarct , possibly acute

£xk k% 25 k% % ."\CUI‘E MI ** #% % +%
Abnormal ECG

ANTERIOR - SEPTAL

ANTERIOR - SEPTAL
LaD

Vi-V4 VIEW THE ANTERIOR-SEPTAL WALL

of the LEFT VENTRICLE

ANTERIOR
CHEST V1iV2 V3 v4

WALL

VI, V2 - ANTERIOR / SEPTAL
V3, V4 - ANTERIOR

RUPPERT, WAYNE 1D: 7445683659 05-0CT-2906 JOHNS-HOPHK

38Yrs Vent. Rate: 68 NORMAL 9INUS RHYTHM
MALE P-RInt: 160 ms Normal ENG
QRS: 100 ms Very Healfthy Athletic EKG !

[ST SEGMENT ELEVATION |




T2 yr Vent. rate 5 Normal sinus rhythm

Male Caucasian PR interval ; Anteroseptal infarct , possibly acute
8??@{3[&!}]“00 3 2% £ %% ¥% % ACTITE M[ ** #+ #+ #»
Loc: Option:2 P-R—T axes G 4 Abnormal ECG

LATERAL - ANTERIOR ANTERIOR - SEPTAL

DIAG. (LAD) or OM (CIRC).

LATERAL - ANTERIOR

INFERIOR

Vi-V4 VIEW THE ANTERIOR-SEPTAL WALL

of the LEFT VENTRICLE

VI, V2 - ANTERIOR / SEPTAL
V3, V4 - ANTERIOR

RUPPERT, WAYNE 1D: 7445683659 05-0CT-2906 JOHNS-HOPH
Vent. Rate: 68 NORMAL SINUS RHYTHM
P-RInt:  160ms  NormalEKG
QRS: 100ms  Very Healfhy Athletic EKG !

ANTERIOR
CHEST V1iV2 V3 v4

WALL

[ST SEGMENT ELEVATION |

ANTERIOR

OCCLUSION of MID - LEFT ANTERIOR DESCENDING ARTERY

LEFT MAIN CORONARY ARTERY

CIRUMFLEX
ARTERY

LEFT
ANTERIOR
DESCENDING
ARTERY

AREA OF INFARCT
ANTERIOR VIEW




OCCLUSION of MID - LEFT ANTERIOR DESCENDING ARTERY

LEFT MAIN CORONARY ARTERY

AV NODE \ cn ——
. = ._____._.-~—- — ) 3 e £ C|RUHFLEx
-~ ' 9 ARTERY

LEFT
ANTERIOR
DESCENDING

ARTERY

AREA OF INFARCT
ANTERIOR VIEW




A
BLOCKAGE
OF THE

LAD -

CAN RESULT IN .
LV PUMP FAILURE .. ®° CARDIOGENIC SHOCK £

& PULMONARY EDEMA £







LEFT ANTERIOR DESCENDING
ARTERY ( LAD)

- ANTERIOR WALL OF LEFT
VENTRICLE

- SEPTUM, ANTERIOR 2/3

- ANTERIOR-MEDIAL PAPILLARY
MUSCLE



ANTICIPATED COMPLICATIONS of ANTERIOR-SEPTAL WALL STEMI

& POSSIBLE INDICATED INTERVENTIONS:

- CARDIAC ARREST

BCLS / ACLS

- CARDIAC DYSRHYTHMIAS (VT / VF)

ACLS (antiarrhythmics)

- PUMP FAILURE with
CARDIOGENIC SHOCK

INOTROPE THERAPY:
-DOPAMINE / DOBUTAMINE /
LEVOPHED

- INTRA-AORTIC BALLOON PUMP
(use caution with fluid challenges
due to PULMONARY EDEMA)

- PULMONARY EDEMA

- CPAP

- ET INTUBATION

(use caution with dieuretics due to
pump failure and hypotension)

- 3rd DEGREE HEART BLOCK - NOT
RESPONSIVE TO ATROPINE

TRANSCUTANEOUS or
TRANSVENOUS PACING




POST PTCA/STENT TO MID LAD

MID - LAD 100%
OCCLUDED

RAO CRANIAL VIEW

ANTERIOR
WALL
AKINESIS

Ofa Aes=SAAT.T mnt? Sy Ama= 0148 mmd Ejwet Frag = 42°
Qia Veduma = 37 4 o Sys Valume = TB1.7 ge ___,_.a-r-“’ Straks Vedime= 134 8 2o




V CASE STUDY 2:

46 y/o Female walks into ED TRIAGE, with chief complaint of EPIGASTRIC PAIN, NAUSEA
and WEAKNESS. Symptoms have been intermittent for last two days. She was awakened early

this morning with the above symptoms, which are now PERSISTENT.

RISK FACTOR PROFILE:

&* FAMILY HISTORY - father died of CAD, older brother had CABG, age 39
" DIABETES - diet controlled
&" HYPERTENSION

b gsior A ¢\ ' Pt. CAOx4, anxious, SKIN cold, clammy, diaphoretic. No JVD.
Lungs: clear, bilaterally. Heart Sounds: Normal $1, S2.

Ayl b BP: 168/98, P: 110, R: 24, SAO2: 97% on 02 4 LPM via nasal canula

(W.3=EH  TROPONIN uitra = 2.8




46 wr
Female

Room:ER

109
132
82

BPFM
s
ms

s
~17

Venl. rule

PR imterval
QRS duration
QTIQTe 3460465
P=R=T axes G 11

o EVALUATE EKG for indicators of ACS

- ST SEGMENT ELEVATIONM / DEPRESSION
HYPERACUTE T WAVES

- CONVEX ST SEGMENTS
OTHER ST SEGMENT / T WAVE ABNORMALITIES

e
\/\Jl-/“x |L_,ﬂ\_ ||j’a\_ﬂ||kfh_1 o)

= |
| ;r" ‘ ‘

|A Bl o

| 'L_,ru ﬂ” A

o M;uf\,'wm [ L s
I [ aVL

|
L)
BRI

"\,’w-"lj"'\f—\-.f]ﬁ A= m.-

L

i i
A\, -,! -ﬂa,q i
| [ H |

|J

STUDY QUESTIONS:
ELEVATION:

CASE
NOTE LEADS WITH ST

Ve

I JLJ

ﬂ 1]

|

|

|

T

1

|NOTE LEADS WITH ST DEPRESSION:

WHAT IS THE SUSPECTED DIAGNOSIS ?

WHAT IS THE "CULPRIT ARTERY" -- if applicable ?

LIST ANY CRITICAL STRUCTURES COMPROMISED:

LIST ANY POTENTIAL COMPLICATIONS:




46 yr Vent. rale 109 BPM Sinus tachycardia
Female glftgn:ﬂ;";:n 1;; s Left ventricular hypertrophy with repolarization abnormality

) ation 2 ms someider1atral Talaey o s
Room:ER QT/OTe 246/465 s 5T elevation consider lateral injury or acute infarct

T dodoh #v2 5% +2 4%+ ACUTE MI *% ¥ #% w ST SEGMENT DEPRESSION

ST SEGMENT ELEVATION

LATERAL - ANTERIOR ' ANTERIOR - SEPTAL lH'I'EH!ﬂl

B I i-’x.,-*«:r‘l i)
FETT

LATERAL - ANTERIOR ANTERIOR - SEPTAL




LEADS | and aVL view the ANTERIOR-LATERAL JUNCTION




OCCLUSION of DIAGONAL ARTERY

LEFT MAIN CORONARY ARTERY

AV E

i IL'[;\\

ANTERIOR VIEW

OCCLUSION of RAMUS ARTERY

LEFT MAIN CORONARY ARTERY

CIRUMFLEX
ARTERY

ARTERY

AREA OF EKG VIEWED BY
LEADS | and aVL

LEFT ANTERIOR
DESCENDING
ARTERY

ANTERIOR VIEW

' \ ARTERY

- CIRUMFLEX
ARTERY

DIAGONAL

AREA OF EKG VIEWED BY
LEADS | and aVL

LEFT ANTERIOR
DESCENDING
ARTERY

OCCLUSION of OBTUSE MARGINAL ARTERY

LEFT MAIN CORONARY ARTERY

CIRUMFLEX
ARTERY

1st OBTUSE
MARGIMNAL
ARTERY

AREA OF EKG VIEWED BY
LEADS | and aVL

LEFT ANTERIOR
DESCENDING
ARTERY

ANTERIOR VIEW



CASE PROGRESSION: As the patient was being prepared for transport to
the Cardiac Cath Lab, she experienced an episode of Ventricular Fibrillation.

= I \

POST PTCA-
STENTING of
1st DIAGNONAL
ARTERY




ST EL ST DEPRESSION:

I, 1ll, aVF, V3 - V5

SUSPECTED DIAGNOSIS: ACUTE LATERAL WALL M.L

SUSPECTED "CULPRIT ARTERY" (if applicable):
USUALLY ONE OF THE SMALLER SIDE-BRANCH ARTERIES:

1. DIAGONAL ARTERY. (This i1s a side-branch artery off of the LEFT ANTERIOR DESCENDING (LAD) artery.
2. OBTUSE MARGINAL ARTERY. (This is a side-branch artery off of the CIRCUMFLEX artery)
3. RAMUS ARTERY

IMMEDIATE CONCERNS FOR ALL STEMI PATIENTS:

® BE PREPARED TO MANAGE SUDDEN CARDIAC ARREST (PRIMARY V-FIB/V-TACH, BRADYCARDIAS | HEART BLOCKS )
® STAT REPERFUSION THERAPY: THROMBOLYTICS wvs. CARDIAC CATHETERIZATION and PCI
® CONSIDER MEEDS FOR ANTI-PLATELET and ANTI-COAGULATION THERAPY

CRITICAL STRUCTURES COMPROMISED: POTENTIAL COMPLICATIONS: POSSIBLE CRITICAL INTERVENTIONS:

é*“ 1530% of the LV P> POSSIBLE MODERATE  =——=tp INOTROPIC AGENTS
MUSCLE MASS LV PUMP FAILURE ET INTUBATION
|LA.B.P. INSERTION




- L

CHIEF COMPLAINT and SIGNIFICANT HISTORY:

29 ylo male presents to the ER c/o "HEAVY CHEST PRESSURE" x 30 minutes. The patient states
he was playing football with friends after eating a large meal. Pt. also c/o nausea. Denies DIB.

RISK FACTOR PROFILE:

é* FAMILY HISTORY - father died of M age 46
& CURRENT CIGARETTE SMOKER

&~ "MILD" HYPERTENSION - untreated

[ CHOLESTEROL - unknown - "never had it checked."

£l (er Vg D OV HY Patient alert, oriented X 4, skin cool, dry, pale. Patient restless.
No JVD, Lungs clear bilaterally. Heart sounds normal S1, S2. No peripheral edema.

VA \epsel o BP: 104/78, P: 76, R: 20, SAO02: 96%
w41 H INITIAL CARDIAC MARKERS - NEGATIVE




29 yr Vent. rate 75 BPM &= EVALUATE the EKG for signs of ACS:
Male ‘Caucasian PR interval 176 ms - ST SEGMENT ELEVATION / DEPRESSION
QRS duration 90 ms - HYPERACUTE T WAVES
QT/QTc 362/404  ms - CONVEX / FLAT ST SEGMENTS

Loc:3 Gphan?.ﬁ P-R-T axes 70 50 -11 14:07 Hours - OTHER ST - T WAVE ABHORMALITIES




28 wr
Muile

W

~ DOMINANT RCA or CIRC.

e s e s gl

Venl. rute

Caucasian PR interval 176 s
QRS duration L s
OTIOTe 620 ms
P=R=T axes T 50 =|1
Ll
] L)
b~y
aVR
L] L]

73 BFM Mormal sinus rhythm

Sepral infarct , possibly acule
Anterolateral injury pattern

EEF BEF EE EE h["IJIE MI EE EX XE X%
Abnormal ECG

aVL
0
INANT RCA o i
'-FI.-'J-::}-—-"-'.'-N-*!—-*:--L '.In.v.’-:-':'t‘.—\l"l:‘\-r'-ll:hﬂ‘.-.'\-p:-'ﬂ\' y

aVF

IST SEGMENT ELEVATION

ST SEGMENT DEPRESSION

V4




Vi-V4 VIEW THE ANTERIOR-SEPTAL WALL Leads | & AVL view the ANTERIOR-LATERAL JUNCTION

of the LEFT VENTRICLE
S
VI, V2 - ANTERIOR / SEPTAL
V3, V4 - ANTERIOR . .

L BE S
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| | | | | IV "‘V{dl_ﬂ_nlhlifqr_«i“— L

WALL

QRS: 100ms  Very Healthy Athletic EKG 1

{ST SEGMENT ELEVATION |

5T SEGMENT DEPRESSION

| ; A i | i\
1 { = =2 T |
1 {l I |va ; i
| |
'.I'. ! i j i
- [ X | ) {'=
1 | "l' vs
| |
| |
i | i |
il 1 L. k l
I A {l Vb




Leads | & AVL view the ANTERIOR-LATERAL JUNCTION

b=

L]
FIFFIAT, WATEE Ex TASEEIREY DT SO PRI, LY.
T Venk. Baie S SORMAL SIS EHYTHR
HALY Pl Bt I S [
S LT Wiy Heralling Anbleti PR
Ll AR Vi Lo ‘
L] i

%

VI- V4 VIEW THE ANTERIOR-SEPTAL WALL

of the LEFT VENTRICLE

VI, V2 - ANTERIOR / SEPTAL
V3, V4 - ANTERIOR

RUPPERT, WAYNE 1D: 7445683659 05-0CT-2906 JOHNS-HOPRINS UNIV.
38Yrs Vent. Rate: 68 NORMAL SINUS RHYTHM
MALE P-RInt: 160 ms Normal Et

QRS: 100 ms Very Healthy Athletic EKG !

ANTERIOR
CHEST V1V2 V3 V4

L | | |

{EE

) L) 0 LA L

LEFT MAIN COROMARY ARTERY

AV NODE

CIRUMFLEX
ARTERY

“ |1st DIAGNONAL ARTERY
SUPPLYING AREA
VIEWED BY LEADS

| and aVL ORIGINATES
FROM LEFT

ANTERIOR DESCEMNDING
ARTERY

AREA OF EKG VIEWED BY
LEADS | and aVL

LEFT ANTERIOR
DESCENDING
ANTERIOR VIEW ARTERY
» | D L JiR LU L =~
LEFT MAIN CORONARY ARTERY

AV NCDE

LEFT
ANTERIOR
DESCENDING
ARTERY

AREA OF INFARCT
ANTERIOR VIEW



OCCLUSION of DIAGONAL ARTERY

LEFT MAIN CORONARY ARTERY

ANTERIOR VIEW

CIRUMFLEX
ARTERY

15t DIAGNONAL ARTERY
SUPPLYING AREA
VIEWED BY LEADS

| and aVL ORIGINATES

| FROM LEFT

ANTERIOR DESCENDING

|ARTERY

AREA OF EKG VIEWED BY
LEADS | and aVL

LEFT ANTERICOR
DESCENDING
ARTERY

OCCLUSION of MID - LEFT ANTERIOR DESCENDING ARTERY

LEFT MAIN CORONARY ARTERY

CIRUMFLEX
ARTERY

LEFT
ANTERIOR
DESCENDING
ARTERY

AREA OF INFARCT
ANTERIOR VIEW

OCCLUSION of PROXIMAL LEFT ANTERIOR DESCENDING ARTERY

LEFT MAIN CORONARY ARTERY

A

CIRUMFLEX
ARTERY

LEFT
ANTERIOR
DESCENDING
ARTERY

AREA OF INFARCT
ANTERIOR VIEW




T2yr
Male

&
s S

Caucasian

Option:2

A i —"'\ II_._.-\_J

Veni. rase
PR srersal
RS diesinm
TEIT:
PoH-T anes
FIEET © o T H
sWVH
_"I‘ & VSN £t )
VL

Abnormal ECG

P-R-T axes 72 13 83

SN s
aV'F
Vent. rate 75 BPM Normal sinus rhythm
PR interval 162 ms Anteroseptal infarct , possibly acute
QRS duration 98 ms w5k £% %3 %5 % ACUTE M ** *+ %+ *»
QT/QTe 382426 ms

aVL

aVE
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IST SEGMENT ELEVATI

V6

¥4

ON of PRO ANTERIOR D DING AR
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OCCLUSION of PROXIMAL LEFT ANTERIOR DESCENDING ARTERY

LEFT MAIN CORONARY ARTERY

AV NODE

CIRUMFLEX
ARTERY

LEFT
ANTERIOR
DESCENDING
ARTERY

AREA OF INFARCT
ANTERIOR VIEW




ANTICIPATED COMPLICATIONS of ANTERIOR-SEPTAL WALL STEMI
& POSSIBLE INDICATED INTERVENTIONS:

- CARDIAC ARREST BCLS / ACLS
- CARDIAC DYSRHYTHMIAS (VT / VF) ACLS (antiarrhythmics)
- PUMP FAILURE with INOTROPE THERAPY:
CARDIOGENIC SHOCK -DOPAMINE / DOBUTAMINE /
LEVOPHED
- INTRA-AORTIC BALLOON PUMP
(use caution with fluid challenges
due to PULMONARY EDEMA)
- PULMONARY EDEMA - CPAP
- ET INTUBATION
(use caution with dieuretics due to
pump failure and hypotension)
- 3rd DEGREE HEART BLOCK - NOT TRANSCUTANEOUS or
RESPONSIVE TO ATROPINE TRANSVENOUS PACING




) A @

29 yr ) : Vent. rate 70 BPM Undetermined rhythm 14:48
Male  Caucasian PR interval * oms Mon-specific intra—ventricular conduction block
el ?lﬁb duration ,ngg ms Acute Myocardial infarction EVOLVING ANTERIOR
QOIS0 = ? QT 2477 ms Lateral infarct , age undetermined
Loc:3  Option:23 P-R-T axes * =134 3 iy e ;
Inferior infarct , age undetermined

Abnormal ECG
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F cASE STUDY 4:

As per current AHA recommendations, your hospital's policy is to send every STEMI patient to the
Cardiac Catheterization Lab for emergency PCI.

You are the ranking medical officer on duty in the ED when two acute STEMI patients arrive, ten

minutes apart. The Cath Lab has one lab open, and can take ONE patient immediately.
Both patients duration of symptoms and state of hemodynamic stability are similar.
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44 ylo MALE, CHEST PAIN x 1 HOUR,

: : BP: 78/46, P: 70, R: 28. CARDIAC MARKERS: NEGATIVE
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PATIENT A: PATIENT B:

OCCLUSION of PROXIMAL LEFT ANTERIOR DESCENDING ARTERY OCCLUSION of the LEFT MAIN COROMNARY ARTERY

LEFT MAIN CORONARY ARTERY LEFT MAIN CORONARY ARTERY

CIRUMFLEX »
ARTERY - CIRCUMFLEX
: ARTERY

LEFT LEFT

ANTERIOR ' ANTERIOR

DESCENDING - ; DESCENDING
ARTERY p— ARTERY

AREA OF INFARCT AREA OF INFARCT

ANTERIOR VIEW

The LEFT ANTERIOR DESCENDING ARTERY The LEFT MAIN CORONARY ARTERY
SUPPLIES 40-50% OF THE LEFT VENTRICULAR MUSCLE MASS SUPPLIES 75-100% of the LEFT VENTRICUIAR MUSCLE MASS

CIRCUMFLEX CIRCUMFLEX

POSTERIOR
WALL

SEPTAL SEPTAL LATERAL
WALL WALL WALL

ANTERIOR ANTERIOR
WALL

WALL

POSTERIOR

RIGHT RIGHT
CORONARY LEFT
ANTERIOR

CORONARY
ARTERY LEFT ANTERIOR DESCEDING ARTERY = ARTERY LEFT MAIN CORONARY ARTERY DESCENDING
SUPPLIES LAD and CIRCUMFLEX ARTERIES ARTERY

APPROXIMATELY 45 % LV MUSCLE MASS




p ECG cl_ues for IDENTIFYING STEMI CAUSED BY
LI ]

LEFT MAIN CORONARY ARTERY occlusion:

ST ELEVATION in ANTERIOR LEADS (V1-V4) and LATERAL LEADS (V5 & V&)
ST DEPRESSION or ISOELCTRIC | POINTS may be seen in ¥V LEADS. ... mainly VZ and/or V3
caused by COMPETING FORCES of ANTERIOR vs. POSTERIOR WALL ML*™
= MOVTE: it is very unusual to see ST DEPRESSION in V 1 A8 |
ANTERIOR WALL MI when caused by occluded LAD
ST ELE VAIIUN in AVR is GREATER THAN ST ELEVATION in V17¥7
ST ELEVATION in AVR GREATER THAN 0.5 mm
5T ELEVATION in LEAD I and AVL [ caused by NO FLOW to DIAGONAL / OBTUSE MARGINAL
BRANCHES ) *
ST DEPRESSION in LEADS II, IIl, and AVE. (in cases of LMCA occlusion of DOMINANT
CIRCUMFLEX, leads II, 11I, and AVF may show ST ELEVATION or ISOELECTRIC | POINTS )**

NEW /PRESUMAELY NEW REBB, and/or LEFT ANTERIOR FASICULAR BLOCK™™

¥ Kurisu et al, HEART 2004, SEPTEMBER: 90 19} 1059-1060
- Yamaji et al, JACC vol. 38, No. 5, 2001, November 1, 2001:1348-54

{51 SEGMENT ELEVATION |

ST SEGMENT DEPRESSION




Wy - 123 BPM Simus lach with sharl PR | - -
,f:f_.:: Caiicasian FR | M Left ver perrophy with (RS widening ACUTE STEMI caused
3 130 = Cannot nale out Septal infarct , age undetenmined LEFT MAIN COROMHARY

’
Room:C- OTAgTE 0443 mm e .
Lae:3 PR anrs e TR Lt b e R ARTERY OCCLUSION

BFAT M o

8T ELEVATIHON

B 1 BF Al Batpom rapud venir S PHIMSE [
Vent. male IE] B Arrsal fibrilkation with raped vemricular response ACUTE STEMI caused by

P | % with premature vendricular or abermmily conducied complexées

Lelt axis devintion LEFT MAIN COROMARY
5T elevation consider anterolateral injury or acute infarct ARTERY OCCLUSION

o ww wh www A CTTE B ® %% 0d #e da

ECG CLUES of ACUTE
STEMI caused by
LEFT MAIN COROMNARY

EPRESSION

PATTERM «




48 ya

Male Cauncasian

|':||.| 10T

Wenl rale
PR interval
RS duration
QTH)Te

P=R-T uxes

155 BPFM
ma
ma
ms
14

110
HNV4E2

53

ACUTE STEMI caused by
LEFT MAIN CORONARY
ARTERY OCCLUSION

ECG CLUES of ACUTE
STEMI caused by

LEFT MAIN CORONARY %
i d

ARTERY OCCLUSION:

Hame:;

10

Fatient 1D

g Adent

LV
il

L1

v18 f5-4r Psec

ECG CLUES of ACUTE
STEMI caused by

LEFT MAIN COROMNARY
ARTERY OCCLUSION: Q&

[¥] ST ELEVAT

ON in LEADS |, aVL, W1 - V2, Vd-VE v
[COMPETING FORCES of ANTERIOR ws. POSTERIOR M.L)
RIGHT BUNDLE BRANCH BLO
LEFT ANT

CK PATT

ERIOR FASCICULAR BLOCK PATTERN

(12-Lead 4
B6 Ot 67
FRE. Tds

g

(P8RS -T Akes

| R

HR 107 bpem | * *** ACUTE M| SUSPECTED ™

RS 8. 1625 |+ Simes tachycardia
B, s, 43 | Left anterior Taseicuar block
B 647 | » Cannot rule out Akerasental infarct,
171

T ELEVATION in LEADS |, aVL, W1
LEVATION in aVR GREATER THAN 0.5 mm
5T ELEVATION in aVR GREATER THAN LEAD W1

LEFT ANTERIOR FASCICULAR BLOCK PATTERM

. V6

12:4.13 |+ Abnormal ECG “Unconfirmed™

fo

th ST DEPRESSION in V3

I.ﬁl.l:'.t..l‘FE STEMI caused by
LEFT MAIN CORONARY
ARTERY OCCLUSION

|y4




Despite the dismal mortality rate
associated with STEMI from total
LMCA occlusion, this patient
survived and was later
discharged. His EF is estimated
at approximately 30%. He
received an ICD, and is currently
stable.




F cASE STUDY 4:

CONCLUSIONS:

QUESTION 1:

ANSWER:

WHICH PATIENT SHOULD BE TAKEN FIRST FOR IMMEDIATE CARDIAC
CATHETERIZATION for EMERGENCY PCI ?

PATIENT B was taken emergently to the Cardiac Cath Lab - both the ED physician

and the Interventional Cardiologist correctly identified the EKG patterns
of LMCA occlusion.

QUESTION 2:

ANSWER:

WHAT COURSE OF ACTION SHOULD BE TAKEN WITH THE PATIENT NOT CHOSEN
TO BE SENT TO THE CATH LAB FIRST?

PATIENT A received thrombolytic therapy in the ED. It was determined that

THROMBOLYTIC THERAPY would achieve the FASTEST ROUTE to REPERFUSION --
-- by at least 60 minutes.



- U

CHIEF COMPLAINT and SIGNIFICANT HISTORY:

46 yr. old MALE arrives in ER, C/O SUDDEN ONSET OF CHEST PRESSURE 45 MINUTES AGO. PAIN IS CONSTANT,
PRESSURE-LIKE, AND NOT EFFECTED BY POSITION, MOVEMENT or DEEP INSPIRATION. ALSO C/O D..B.

RISK FACTOR PROFILE:

é“ CURRENT CIGARTTE SMOKER x 18 YEARS
&  HYPERTENSION

&~ HIGH LDL CHOLESTEROL

b g1 ev I ) .1\ Patient is alert & oriented x 4, skin warm, dry, color normal. Non-anxious
Lungs clear, normal $1, S2. No JVD, No ankle edema.

Ay \mmsiel/io BP: 136/88 P: 88 R: 20 SAO2: 100% on 4 LPM 02
W\-EH TROPONIN: <.04




@ EVALUATE EKG for indicators of ACS:

- 5T SEGMENT ELEVATION / DEPRESSION

- HYPERACUTE T WAVES

- CONVEX ST SEGMENTS

- OTHER ST SEGMENT / T WAVE ABNORMALITIES




46 yr Venl. rate 82 BPM Normal sinus rhythm ST SEGMENT ELEVATION I

Male Caucasian PR interval 168 ms ST elevation consider inferior injury or acute infarct
QRS duration 4 ms s24 £2 28 #% % ACOUTE M ** % b %
OT/QTe IR ms el FOG ST SEGMENT DEPRESSION
P-R-T axes 76 Bl ]
A a FIOYE = S = = 5 & IR = é L)
] [ ) ' L E . ) 1
I aVR Y1 V4
ERIOC RIOR - IO .
_RCA or cire. DU D) or @ ' : ________CIRC. or LAD

Vo




46 yr Venl. rate

Male Caucasian PR interval
QRS duration
QT/QTe
P=R-T axes

LATERAL - ANTERIOR

Normal sinus rhythm

ST elevation consider inferior injury or acute infarct

FEE EX k2 £ ¥ J‘.‘t'[]TE 'I\ii kEk kk kk ko
Abnormal ECG

LATERAL - ANTERIOR

ST SEGMENT ELEVATION

ST SEGMENT DEPRESSION

ANTERIOR

|

LEADS II, 11, and aVF VIEW
INFERIOR WALL of the LEFT VENTRICLE

RUPPERT, WAYNE 1ID: 7445683659 05-0CT-2006 JOHNS-HOPKINS UNIV.

38Yrs Vent. Rate: 68 NORMAL SINUS RHYTHM
MALE P-R Int.: 160 ms Normal EKG
QRS: 100 ms Very Healthy Athletic EKG !

— )

o AVL v2

s i .
gt =L L

FED by the RCA (75-80 % pop)
or the CIRCUMFLEX (10-15 %)




RIGHT DOMINANT

POSTERIOR
VIEW

75 - 80 %
POPULATION




LEFT DOMINANT

10 -15 %
POPULATION

POSTERIOR
VIEW




R —p mEPrUL HINT... MEMORIE THIS | €— R —
RIGHT CORONARY ARTERY (RCA ) RiGHT DouNaNT

SYSTEMS

» RIGHT ATRIUM
» SINUS NODE (35% of the population )

P RIGHT VENTRICLE - 100 % of muscle mass

P LEFT VENTRICLE: 15-25% of muscle mass
-INFERIOR WALL
- approx. 1/2 of POSTERIOR WALL

» AV NODE




ANTICIPATED COMPLICATIONS of INFERIOR WALL STEMI secondary to
RCA Occlusion & POSSIBLE INDICATED INTERVENTIONS:

- CARDIAC ARREST BCLS / ACLS
- CARDIAC DYSRHYTHMIAS (VT / VF) ACLS (antiarrhythmics)
- SINUS BRADYCARDIA ATROPINE 0.5mg, REPEAT as needed UP TO 3mg.

(follow ACLS and/or UNIT protocols)

- HEART BLOCKS (1st, 2nd & 3rd Degree HB)

ATROPINE 0.5mg, REPEAT as needed UP TO 3mg,
Transcutaneous Pacing, (follow ACLS and/or UNIT

protocols)
- RIGHT VENTRICULAR MYOCARDIAL - The standard 12 Lead ECG does NOT view
INFARCTION the Right Ventricle.
- You must do a RIGHT-SIDED ECG to see if RV
Ml is present.

- Do NOT give any Inferior Wall STEMI patient
NITRATES or DIURETICS until RV Ml has
been RULED OUT.

- POSTERIOR WALL INFARCTION

- POSTERIOR WALL MI presents on the 12
Lead ECG as ST DEPRESSION in Leads V1 -
V3

- POSTERIOR WALL Ml is NOT PRESENT
ON THIS FCG







A standard

12 LEAD EKG
Does NOT show the

RIGHT VENTRICLE



To see the
RIGHT VENTRICLE ...

...such as In cases of

INFERIOR WALL M.I.

& You must do a

RIGHT - SIDED EKG!!



VAR -VOR VIEW THE RIGHT VENTRICLE

ANTERIOR
CHEST
WALL

RUPPERT, WAYNE

38 Yrs
MALE

ID: 7445683659

Vent. Rate: [:]
P-R Int.: 160 ms

QRS: 100 ms

AVR

|-

05-0CT-2006 JOHNS-HOPKI NS UNTV.
HORMAL SINUS RHYTHM
Normal EKG

Very Healthy Athletic EKG !

vi V4R

V2

V6

L




RV MI STEMI Criteria:

e ST Elevation of 0.5mm (0.5mv) or more in
Leads V3R, V4R, V5R or V6R




RV MI STEMI Criteria:

e ST Elevation of __mm (0.5mv) or more in
Leads V3R, V4R, V5R or V6R




1D:

46 Y e Vent. rate 87 bpm : Normal sinus rhythm
Male Caneasian PR interval 176 ms 3 e
- QRS duration 94 ms 1 Inferior injury paitern i I
Room: | QT/QTe | 330/397 ms HOH e e At MIERE AR e
Opt: | P-RTaxes 7981102 = ' Abnorma VECG .
S i B SRR e s 1 {Right Ventricular Infarct | |

| Referred by: 1

when ST Segment Elevation of 0.5mv is
present.




IN EVERY CASE of

INFERIOR WALL STEMI

You must first RULE OUT

RIGHT VENTRICULAR Mi
BEFORE giving any:

- NITROGLYCERIN
- Diuretics




Nitroglycerin & Diuretics
are
CLASS lll CONTRINDICATED
In
RIGHT VENTRICULAR MI ! I*

They precipitate SEVERE
HYPOTENSION

* A.H.A. ACLS 2010 /2015




INFERIOR - RIGHT VENTRICULAR MI
DOMINANT RCA 75-80 % of POPULATION

BLOCKAGE




ANTICIPATED COMPLICATIONS of INFERIOR - RIGHT VENRICULAR WALL STEMI
secondary to PROXIMAL RCA Occlusion
& POSSIBLE INDICATED INTERVENTIONS:

- CARDIAC ARREST BCLS / ACLS

- CARDIAC DYSRHYTHMIAS (VT / VF) ACLS (antiarrhythmics)

- SINUS BRADYCARDIA ATROPINE 0.5mg, REPEAT as needed UP TO 3mg.
(follow ACLS and/or UNIT protocols)

- HEART BLOCKS (1st, 2nd & 3rd Degree HB) ATROPINE 0.5mg, REPEAT as needed UP TO 3mg,
Transcutaneous Pacing, (follow ACLS and/or UNIT
protocols)

- RIGHT VENTRICULAR MYOCARDIAL - NITRATES and DIURETICS are CONTRA-

INFARCTION INDICATED.

- TREAT HYPOTENSION WITH FLUIDS. (Itis
Not uncommon to give 500-2000ml of
NORMAL SALINE to stabilize BP.

- POSTERIOR WALL INFARCTION - POSTERIOR WALL MI presents on the 12
Lead ECG as ST DEPRESSION in Leads V1 -
V3.

- POSTERIOR WALL Ml is NOT PRESENT
ON THIS ECG.




If this patient becomes
HYPOTENSIVE . .. ..



MI with HYPOTENSION ? ?

WET LUNG

SOUNDS ? ?

NO —

‘RIGHT VENTRICULAR MI ? \

YES

POSTERIOR / LATERAL
INVOLVEMENT ?

NO

NO —T YES
| .

YES

IV
FLUIDS !

= FLUID CHALLENGE
" INOTROPES
= CONSIDER LLA.B.P

- INOTROPES

- CONSIDER ET
INTUBATION

- CONSIDER
LA.B.P.




POST PTCA/STENT DEPLOYMENT TO PROXIMAL RCA




V CASE STUDY9 -

CHIEF COMPLAINT and SIGNIFICANT HISTORY:

42 ylo MALE arrived via EMS, c/o "HEAVY CHEST PRESSURE," SHORTNESS of BREATH X 40 min.
He has experienced V-FIB and been DEFIBRILLATED muitiple times

RISK FACTOR PROFILE:

&% CIGARETTE SMOKER
& HYPERTENSION
&% HIGH LDL CHOLESTEROL

e file 1 €1 ) Patient is alert & oriented x 4, ANXIOUS, with COOL, PALE, DIAPHORETIC
SKIN. C/O NAUSEA, and is VOMITING. LUNG SOUNDS: COARSE CRACKLES, BASES, bilaterally

VUL Se=iel e BP: 80/140 P: 70 R: 32 SAO2: 92% on 15 LPM 02

[PEH TROPONIN: <.04

AWAKE
ALERT &
ORIENTED

NORMAL HUE
WARM
DRY

ST TACHYPNEA | NorRmAL

PULSE: I/ EADY | STRONG

STATUS: | | NoRmAL




42 yr Vent. rate 69 BPM & EVALUATE EKG for indicators of ACS:

Male Caucasian T ignen-.:l_ 196 ms
QRSdumson . 98 m -ST SEGMENT ELEVATION / DEPRESSION
Loed Option:23 P-R-T axes 14 28 gl -HYPERACUTE T WAVES

-CONVEX ST SEGMENTS
-OTHER 3T SEGMENT/ T WAVE ABNORMALITIES

R .
:Mhur" w-—-"‘-—-f"l._.,-“"‘--.m—r”“ r a‘cl; IIW Iw FH“ j.r—""““-' .-\),r_'“—"‘mfﬁ llv“‘“—’%'}[/\**‘quﬂ’
L Bogs
wLyﬁ$ﬁMWurwwMMW%&
aVL J AE

N S

|
L_ /\—H, fk—r-m,__ful' "u_____»__ll,-"/ﬁ\,‘“__ﬂlr‘/lﬁl_______‘l.ll ’f\,ﬂ__ﬂ_}! *-um'l| r/\\,\__ é‘;ﬂ“\_’yﬂ‘/‘ L._JFVA'&H_,

Il aVF

i i |

B ® &
NOTE LEADS WITH ST ELEVATION: NOTE LEADS WITH ST DEPRESSION:

WHAT IS THE SUSPECTED DIAGNOSIS ?

WHAT IS THE "CULPRIT ARTERY" - if applicable ?

LIST ANY CRITICAL STRUCTURES COMPROMISED: LIST ANY POTENTIAL COMPLICATIONS:




42 yr VenL rale 69 BPM k*k houte MI *x#
Male Caucasian PR interval 196 ms TrFars o Paabess Gr T akaral Tasisr Dats i
(RS duration 08 s et aile s e St S S R I ST SEGMENT ELE‘IFATIDHI

QT/QTe 388/415 ms
Q 887415 1 ST SEGMENT DEPRESSION

L3 Option:23 P=R-T axes 14 28 Bl




V5-V6 VIEW THE LATERAL WALL

of the LEFT VENTRICLE

1. 8T DEPRESSION IN THE VALEADS =¥ ﬁp_‘:}_T_Egl_l_:gg__'-?_nll__ij

( PREDOMIMANTLY V1-V1) [l
R SIDED ECG = : -~
é I B-T ELEVATION N LEADS v3, W0, =& LATERAL WALL
was obtained, NO LEAD | and AVL i

-'l'n- ek, Halr
FHW 180 s

1T Mmh.mur.

ST ELEVATION was 5.7 ELEVATION T LEADE Vir-Vor =% . VENTRICULAR
noted in RV Leads | RIGHT-SIDED EKG ) Mi = .

(g | ~ T o
| L e
Ly

LEADS II, lll, and aVF VIEW LEADS V1 -V3 view the
INFERIOR WALL of the LEFT VENTRICLE TBRCTERYAB AT

DT 2060 e PRI LT % 5 00T e WREHE. FOPETYS STV
o c WORMAL BINLE BRIYTHH

HLETRT, WAL I el
oA mmmlm i L - =
i) ' iy AR lntic FRG "

FED by the RCA (75 -80 % pop ) via RECIPROCAL CHANGES.
or the CIRCUMFLEX ( 10 - 15 % )




LEFT DOMINANT

10 -15 %
POPULATION

POSTERIOR
VIEW




LEFT DOMINANT ( CIRCUMFLEX )
10-15% of POPULATION

PLV PLV
BRANCHES BRANMCHES

POSTERIOR
WALL

LATERAL
VWALL ’
ANTERIOR
N . WALL
= CIRC

The DOMINANT CIRCUMFLEX ARTERY...

SUPPLIES 35-55% OF THE LEFT VENTRICULAR MUSCLE MASS
|cIRcUMFLEX |

POSTERIOR
WALL

SEPTAL LATERAL
WALL WALL

RIGHT
CORONARY
ARTERY

LEFT ANTERIOR DESCENDING ARTERY

"EXTREME RIGHT DOMINANT" RCA
3 -6 % of POPULATION

PLY PLY
BRANCHES BRANCHES

POSTERIOR
WALL

SEPTAL LATERAL
WALL WALL
A ANTERIOR
: WALL
- \ CIRC

The NON - DOMINANT CIRCUMFLEX ARTERY

SUPFLIES 25-30 % OF THE LEFT VENTRICULAR MUSCLE MASS
| cIRcUMFLEX |

POSTERIOR
WALL

SEPTAL LATERAL
WALL WALL

RIGHT
CORONARY
ARTERY

LEFT ANTERIOR DESCENDING ARTERY




CIRCUMFLEX ARTERY OCCLUDED
with significant THROMBUS.

PTCA of CIRCUMFLEX ARTERY.

DOMINANT CIRCUMFLEX ARTERY OPEN
POST THROMBECTOMY with STENT
DEPLOYMENT.

Dim Aren = 1180 ow Bys Arwn = T om® Epect Frps = L39%
Dim Viadime = 37.T mi Bys Vokma= 158 mi Brake Vakime = 190 mi




ST ELEVATION: 11, n, avF, v5, ve ST DEPRESSION: 'v1.v3,  POSSIBLY |and avL

SUSPECTED DIAGNOSIS: AeUTE INFERIOR - POSTERIOR - LATERAL MI
SUSPECTED "CULPRIT ARTERY" (if applicable):

OCCLUSION of DOMINANT CIRCUMFLEX ARTERY

IMMEDIATE CONCERNS FOR ALL STEMI PATIENTS:

= BE PREPARED TO MANAGE SUDDEN CARDIAC ARREST (PRIMARY V-FIB/V-TACH, BRADYCARDIAS  HEART BLOCKS )
B STAT REPERFUSION THERAPY: THROMBOLYTICS wvs. CARDIAC CATHETERIZATION and PCI
B CONSIDER NEEDS FOR ANTI-PLATELET and ANTI-COAGULATION THERAPY

CRITICAL STRUCTURES COMPROMISED: POTENTIAL COMPLICATIONS: POSSIBLE CRITICAL INTERVENTIONS:

& 30-55% of LV P> POSSIBLE SEVERE LV ==——t§b INOTROPIC AGENTS
MUSCLE MASS PUMP FAILURE ET INTUBATION
ILA.B.P. INSERTION

SINUS BRADYCARDIA / SINUS s ATROPINE

SA NODE
ARREST TRANSCUTANEOUS PACING

AV NODE P HEART BLOCKS ATROPINE
TRANSCUTANEOUS PACING

SIGNIFICANT AMOUNT of -’ ACUTE PAPILLARY MUSCLE = INOTROPIC AGENTS
PAPILLARY MUSCLE TEAR and MITRAL VALVE DIEURETICS
INSERTION to BASE of LV REGURGITATION ( 7 - 10 DAYS ) EMERGENCY SURGERY




Case Study- January 2019

* 79 y/o female complaining of “L arm pain, and
minimal chest pain”

e EMS 12 Lead ECGs show ST Depression in
Anterior Leads V1-V4. There is NO ST
Elevation......




Two EMS 12 Lead ECGs: none show ST Elevation, but both show significant ST depression in Anterior Leads V1-V3.

: - .
@8:48:09 87 JAN 19 HR= 76 DEVICE ID:NCEMS910908 PATIENT NAME :

PATIENT 1

avR

i

25mm/sec lﬂmmfrn\ E 05-40 Mz |

3%09918—6153393-:6(:73

09:99:83 87 JAN 19 HR= 153 DEVICE ID:NCEHSQI':)BSB PATIENT NAME [

ma) | aVRr

00009910-0753000-COCTE | 25mm/sec 18mm/mv €.05-40 Hz

Mdb U A
- U L

V5 |
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Initial Exam in ED

 Upon arrival in ED, 12 Lead ECG confirmed
EMS findings: ST Depression in Leads V1-V4.




pat 10 | -

01/07/2019 09:19:35

Bayfront Health Seven Rivers ED

T9yrs Caucasian Female Dept ED
RX Account Room EDO1
DX Tech ap
Rate 153 Atrial fibrillatien with rapid V-rate Req Provider:
PR Nonspecific intraventricular conduction delay
QRSd 117 NO PREVIOUS ECG AVAILABRLE FOR COMPARISON
QT 260
T ST Depression Leads V1 - V4 Minimal ST Elevation in Lead V6.
PRS - (Does not meet STEMI Criteria) \
T 78
- Abnormal ECG - e, Linconficmed Diagnosis
| |2V A
SESES i Es S s S i i S i Al SIS
i i v | i I i H
I ) o ravL M2 | Js KL i ]
NN A \GEll i fd WGEE EEEEE R R dlial
e L v A SR el I"""_‘\.-' | = - j=a =S IR S SESRH N SRNARERN L TAN]
; AERE |
{
L
I LavE, /3 Ligwe |, i ]
AN AN N N A AP g EpRsis | e B, 1 N LN
| ] Y |
|
i R G BT A A Ea g R R S o
N DO UNOL U A5G VS8 7\ O AV S S 1 G 0 o
Philips PageWriter TC 25 mmisec 10.00 mm/mVv F 60~ 0.15- 100 Hz




Causes of ST Depression V1-V4

e Anterior Wall ischemia

e Anterior Wall NSTEMI (partial wall thickness
myocardial infarction)

e Posterior Wall STEMI




Posterior Wall STEMI....

 Does not show ST elevation on standard 12
lead ECG because NONE of the 12 leads view
the Posterior Wall directly....

CHEST LEADS V1- V6
WHAT EACH LEAD "SEES'...

POSTERIOR WALL

V6| LATERALWALL
|5/ LATERALWALL
V4 ANTERICR WALL
V3 ANTERIOR WALL




Posterior Wall STEMI....

e Often shows NO ST Elevation on the standard
12 Lead ECG.

* Will show up on standard 12 Lead ECG as “ST
Depression” (Reciprocal) in Leads V1-V3
(sometimes V4-V6, too).




V1-V3 see the Posterior Wall ONLY through
RECIPROCAL changes (ST Depression)

LEADS V1 -V3 view the

POSTERIOR WALL

RUPPERT, WAYNE 1ID: 7445683659 05-0CT- JOHNS-HOPKINS UNIV.
38 Yrs Vent. Rate: 68 NORMAL US RHYTHM
V6 MALE P-R Int.: 160 ms MNormal E
QRS: 100 ms Very Athletic EKG !
I AVR Vi V4
¥5R S v w W
o AVL V2 V5
m AVF V3 \ Ve ‘ |

via RECIPROCAL CHANGES.




HOW EKG VIEWS RECIPROCAL CHANGES
EXAMPLE:
AREA OF ACUTE INFARCTION - POSTERIOR WALL

_~ PATIENT'S BACK

EKG sees S-T DEPRESSION

ECG LEAD V2

PATIENT'S CHEST




Posterior Wall STEMI....

* To see ST Elevation from a Posterior Wall
STEMI, you must place ECG leads on the
patient’s back...




If we put ECG leads on the BACK

of a PATIENT who is having an
ACUTE POSTERIOR WALL MI.....

PATIENT'S BACK

EKG sees S-T ELEVATION

ECG LEADS: V7,V8 or V9

PATIENT'S CHEST




Continued Exam in the ED....

* Upon noting ST Depression in Anterior Leads
V1-V4, ED Paramedic Gary Polizzi place three
leads on the patient’s back. Gary used the
lead wires for V4, V5 and V6, W|th placement
as shown here: =

* The “Posterior Lead |

ECG” is seen on the
next slide




Posterior STEMI Criteria:

e ST Elevation of 0.5mm (0.5mv) or more in
Leads V7, V8 and/or V9




Posterior STEMI Criteria:

e ST Elevation of __mm (0.5mv) or more in
Leads V7, V8 and/or V9




rat 10 01/07/2019 09:23:29 Bayfront Health Seven Rivers ED
79 yrs Caucasian Female Dept EDHD
RX — Account { N Room EDH
DX Tech ap
Rate 133 Atrial fibrillatiom Req Provider: ONIER VILLARREAL
PR Arterelateralinfarct,—acute—
QRS5d 114 Prolonged QT interval . . ,
aQr 337  COMPARED TO ECG 01/07/201% 09:21:04 Chest leads V4-V6 repositioned to patient’s back
QTc 502 PROLONGED QT INTERVAL NOW PRESENT ( Posterior Leads V? VB and Vg ] reveal ST
—Axl: .
i = ** Posterior Infarct - Acute ** Gl : _ ;
QRS 77 Segement Elevation. Patient diagnosis changes
T 121

ACUTE POSTERIOR WALL STEMI

from "possible NSTEMI" to "Acute STEMIL."

Unconfirmed Diagnosis

Philips PageWrter G~

F60~015-100 Hz |




STEMI Alert |

Upon seeing “Significant ST Elevation in TWO or

more CONTIGUOUS LEADS, the ED physician
diagnosed “Posterior Wall STEMI,” a STEMI Alert

was issued, and the patient was taken
immediately to the cardiac cath lab, where the

following images were obtained.......




Sub-totally
occluded

Circumflex
Artery

t

Blood flow stops here, in the Posterior Lateral branch ....




PCl balloon inflated 1}
here.....
-




After PCI (stent deployment), Posterior Lateral branch now OPEN !



SUMMARY

Whenever ST Depression is noted in Anterior
Leads (V1-V4), it could indicate that Acute
Posterior Wall STEMI is present.

To rule-out Posterior Wall STEMI, a “posterior
lead ECG” (V7 —V9) must be obtained.

In THIS CASE, Posterior Wall STEMI was
diagnosed via Posterior Lead ECG.

STEMI Alert was issued, with a Door-to-PCI
time of 53 minutes !




Venl. rate 64 BPM Normal sinus thythm
PR interval 130 ms Normal ECG
QRS duration 9% ms n vinne BEe availakle
OTIOTC 196408 ms No previous ECGs available
P-R-T axes 40 11 bl

Refemed by:
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RCA (75 - 80 % pop.)
CIRC. (10 - 15 % pop.)

V3 | L/

LEFT ANTERIOR

DESCENDING (LAD)

CIRC. - PROXIMAL or |LAD - PROXIMAL or LEFT ANTERIOR LEFT ANTERIOR
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!a___ﬂ =S SN = I | |} S S AP ., S S5y e, S ..A,[/a-ﬁ;__.ﬂ;r/ el ﬁ__ﬂql\_/k |l_.,r"‘u_“_,,.wt

Vo

" CIRCUMFLEX




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

Ll

I

I

h 4
EVALUATE FOR
ST DEPRESSION
IN USUAL MANNER

EVALUATE FOR
ST ELEVATION
IN USUAL MANNER

DO NOT RELY ON
ST DEPRESSION
AS A MARKER OF ACS. -
WIDE QRS COMPLEX
RHYTHMS (both L and R
BBB PATTERNS ) OFTEN
CAUSE: DEPRESSION of
JPOINTS, ST SEGMENTS,
& INVERSION OF T WAVES.

USE CAUTION -

ST ELEVATION
IS ROUTINELY SEEN IN
WIDE QRS COMPLEX
RHYTHMS WITH LBBB
PATTERN. FOLLOW AHA
CRITERIA (page 109) FOR
DIAGNOSIS OF STEMI IN
PRESENCE OF LBBB.




Wide QRS present:
QRSd > 120ms

e Determine RIGHT vs. LEFT Bundle
Branch Block Pattern




Simple “Turn Signal Method” . ..

Vi USE LEAD V1 for this technique

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

THINK:
L "ORS points UP = RIGHT BUNDLE BRANCH BLOCK"

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

"ORS points DOWN = LEFT BUNDLE BRANCH BLOCK"




“Terminal Phase of QRS Method”. ..

DIAGNOSING BUNDLE BRANCH BLOCK

L-B-B-||3- USING LEAD V1
N ﬁ - QRS WIDER THAN 120 ms
l = BEAT IS SUPRAVENTRICULAR
\ ,{3\‘ IN ORIGIN
V1 \J . = TERMINAL PHASE OF QRS
COMPLEX (LAST DEFLECTION)
R.B.B.B.

NEGATIVE = LEFT BUNDLE
BRANCH BLOCK

RIGHT BUNDLE
BRANCH BLOCK

— :I , |—PiI}'SITI"..v”E

c




DIAGNOSING LBBB IN LEAD V1:

* QRS GREATER THAN

120 ms (.12)

« EVIDENCE THAT

THIS IS NOT

VENTRICULAR BEAT

 TERMINAL PHASE

AL EE IR G (LAST PART) OF

e
\ ‘ L QRS COMPLEX IS

] N NEGATIVE

I~ DEFLECTION

I S-T SEGMENTS ARE

NORMALLY

ALWAYS ELEVATED !




DIAGNOSING RBBB IN LEAD Vi1:

+ WIDER THAN

120 ms (.12)

‘ (or 3 little boxes)

L \  TERMINAL PHASE

| (LAST PART) OF

QRS COMPLEX

IS POSITIVE

DEFLECTION




I EF 9 = ) O REA

USING LEADS V1, V2, and V5, V6:

LOCATING RsR' or RR'" COMPLEXES:

VA1 V2 V5 V6
RIGHT BUNDLE LEFT BUNDLE
BRANCH BLOCK BRANCH BLOCK

From: “Rapid Interpretation of ECGs” by Dale Dubin, MD




RUPPERT, WAY NE 1D: 099935399 4-Mar-2001

?4}*9.&1‘3 il i [Ventirate! |'|/|72/bpm Normal sinns rhythm | i EEE
Mﬂle Gaucﬂman " PRinterval | 186 ms Left axis deviation| | | |1

Ll - - QRS duration 166 ms Right bundle branch block

: mh:-.__..__ QT/QTe 435!"47? ms | Inferior infarct, age undetermined | !
Loet 0 [ (}pt il P-R-T axes 57 -32| 32 Abnormal EGG | | _

L ;-----gTechmmamWR T | g oo | 5 ! ERERy |

R-efmlﬂd h}r:l l MRS | ._......:.._......i... 1| Uﬂmnflmgd

ﬁﬂ:&- :B'rhythm Tds




TERMINAL PHASE OF QRS IS

RIGHT BUNDLE
BRANCH BLOCK




T4 yr Vent. rate 64 BPM

Female  Caucasian PR interval LB ms
QRS duration 132 ms
QT/QTe 472/486  ms

Loe:7 Option:35 P-R-T axes T8 3 104
EKG #WR03029959

Techmceian: WwW

09:16:40

Normal sinus rhythm
Left bundle branch block
Abnormal ECG

When compared with ECG of 28-MAY-2003 (6:36,

Referred by:

Confirmed By:

TR

2ommfs  10mm/mV  40H: 0Q05C 12SL 2290  (ID: 0

EID:5 EDT:




TERMINAL PHASE OF QRS IS
NEGATIVE

= LEFT BUNDLE
BRANCH BLOCK



Wide QRS present:
(QRSd > 120ms)

* When RIGHT Bundle Branch Block
pattern is present:

— Precordial Leads typically demonstrate ST
Depression and T wave Inversion




RUPPERT, W.H.YNE 1D: 099999999 4-Mar-2001
Tdyears | T [ Venkrate 72 bpm Normal sinus rhythm 7|

Male | Cauedsian  PRinterval 186 ms Lertacsdovintion | RBBB causes ST Depression,
It eepatt —— QRS duration 166 ms Right bundle branch block

Bk aces ‘57 152 52 osormal BGC | “““““““‘““‘, T Wave Inversion, ANTERIOR
 Leads (V1-V4)

TR . A v

i u:yas“hhmp? 71 0 Macvunuac 125Ltmvzso'_




Wide QRS present:
(QRSd > 120ms)

* When RIGHT Bundle Branch Block
pattern is present:

— Precordial Leads typically demonstrate ST
Depression and T wave Inversion

—DOES NOT MASK STEMI; when ST
Elevation is noted, CONSIDER STEMI ! !




RBBB with CHEST PAIN - CASE 1. ST ELEVATION IN LEADS V1 - V4

48 yr _ Vent. rate 102 BPM inus tachycardia with Premature supraventricular complexes and Fusion complexes
Male  Caucasian PR interval 130 ms Right bundle branch block

RS duration 168 ms : : T .
Room:ATL ST}'QTC 400521  ms ST elevation consider anterior injury or acute infarct

LOC.’B OpLU:IRE:i P—R-T axes m 114 —Ig dek ok ok Rk R ACL[T‘E M] & ok kE ok k%
Abnormal ECG ...

Technician: W Ruppert

Referred by: MD Confirmed Bv:

A /\'\W‘W'\N it b

_]

DIAGNOSIS: STEMI, ANTERIOR - SEPTAL WALL

CATH LAB FINDINGS: TOTAL OCCLUSION of
mid - LEFT ANTERIOR DESCENDING ARTERY.




RBBB with CHEST PAIN - CASE 2: ST ELEVATION LEADS II, lil, aVF - WITH RECIPROCAL ST
DEPRESSION in LEADS

23 yr _ Vent. rate Sinus rhythm with Ist degree A-V block JERTARER'[:
Male  Caucasian PR interval | Right bundle branch block |

Q¥S duration ST elevation consider mferior injury or acute infarct
o QTIQTe % %% ¥k £% ¥ ACUTE M] * % ¥ % #%

Option:23 =
piioa o A Abnormal ECG

Referred by: MD ed By: UNED]

DIAGNOSIS: STEMI - INFERIOR-POSTERIOR WALL

CATH LAB FINDINGS: TOTAL OCCLUSION of
DOMINANT RIGHT CORONARY ARTERY




_Sinus tachycardia

Right bundle branch block

ai=]== = £ 1
15 yr Vent. rate 110 BPM
Male Caucasian PR interval 170 ms
QRS duration 148 ms
Room:CS-19 QTQTe 366/495 ms
Loc:6 Option:41 P-R-T axes 571 19 69 :
Anterior

Lateral infarct , possibly acute
Inferior infarct , possibly acute

injury pattern

Abnormal ECG

1%“‘ij

T A L

aV

A A A,

AAA

MAUh

Il aVL V5
%W mﬁ“’wﬁ“ A e A TS
I aVF V3 Vo




Wide QRS present:
(QRSd > 120ms)

* When LBBB QRS pattern is present:




Wide QRS present:
(QRSd > 120ms)

* When LBBB QRS pattern is present:

—ST-Segment Elevation is typically noted in
Precordial Leads




Wide QRS present:
(QRSd > 120ms)

* When LBBB QRS pattern is present:

—ST-Segment Elevation is typically noted in
Precordial Leads

— Can cause up to 5mm of J Point Elevation in
normally calibrated ECG (1Imm=10mv)




Wide QRS present:
(QRSd > 120ms)

* When LBBB QRS pattern is present:

—ST-Segment Elevation is typically noted in
Precordial Leads

— Can cause up to 5mm of J Point Elevation in
normally calibrated ECG (1Imm=10mv)

—Does NOT typically cause ST elevation in
INFERIOR Leads (li, 1ll and AVF).




Diagnosis of STEMI with LBBB pattern:

2013 ACC/AHA Guideline for Management of STEMI

* ST Elevation of 0.1mv (1mm) or more in leads
with Positive Deflection QRS complexes



http://circ.ahajournals.org/content/127/4/e362

Diagnosis of STEMI with LBBB pattern:

2013 ACC/AHA Guideline for Management of STEMI

e ST Elevation of 0.1mv (1mm) or more in leads
with Positive Deflection QRS complexes

e ST Elevation of 0.5mv (5mm) or more in leads
with Negative Deflection QRS complexes



http://circ.ahajournals.org/content/127/4/e362

Diagnosis of STEMI with LBBB pattern:

2013 ACC/AHA Guideline for Management of STEMI

e ST Elevation of 0.1mv (1mm) or more in leads
with Positive Deflection QRS complexes

e ST Elevation of 0.5mv (5mm) or more in leads
with Negative Deflection QRS complexes

* ST Segment Changes as compared with those
of older ECGs with LBBB



http://circ.ahajournals.org/content/127/4/e362

Diagnosis of STEMI with LBBB pattern:

2013 ACC/AHA Guideline for Management of STEMI

e ST Elevation of 0.1mv (1mm) or more in leads
with Positive Deflection QRS complexes

e ST Elevation of 0.5mv (5mm) or more in leads
with Negative Deflection QRS complexes

e ST Segment Changes as compared with those
of older ECGs with LBBB

* Convex ST Segment



http://circ.ahajournals.org/content/127/4/e362

A.H.A. ACLS GUIDELINES

If patient has a CONFIRMED HISTORY of LBBB,
rely on:

2. |If patient has:




8 yr Vent, rate 94 BPM Normal sinus rhythm with occasional Premature ventricular
Female  Black i b complexes

RoomICUS o w—m [Leabmdebmabiode ] - Normal arteries
Loc:6 Option:19 P-R-T axes o1 -23 87 Abnormal ECG =
- Normal LV Function
Technician: EKG CLASS #WR03602718 - No hyper[rophy

Refaredby: : e

! EID:18 EDT:

25mm’s 10mm/mV  40Hz  005C  125L 4 CID: 11

St S Pl e

— ) -

e




@

- ST ELEVATION > 5 mm

- COMPARE J POINT, ST SEGMENTS
and T WAVES of previous ECG with
LBBB to NEW ECG.

- CONVEX ST SEGMENT = poss. Mi
CONCAVE ST SEGMENT = normal

- CONCORDANT ST changes (1 mm or
> ST DEPRESSION V1-V3 or ST
ELEVATION LEADS Il Ill, AVF)

- ST ELEVATION in LEADS Il, lll, and/or AVF



“Electrocardiographic Diagnosis of Evolving Acute
Myocardial Infarction in the Presence of Left
Bundle-Branch Block” Birnbaum et al, N Engl J Med
1996; 334:481-487



http://www.nejm.org/doi/full/10.1056/nejm199602223340801#t=article
http://www.nejm.org/doi/full/10.1056/nejm199602223340801#t=article
http://www.nejm.org/doi/full/10.1056/nejm199602223340801#t=article
http://www.nejm.org/doi/full/10.1056/nejm199602223340801#t=article
http://www.nejm.org/doi/full/10.1056/nejm199602223340801#t=article
http://www.nejm.org/doi/full/10.1056/nejm199602223340801#t=article
http://www.nejm.org/doi/full/10.1056/nejm199602223340801#t=article
http://www.nejm.org/doi/full/10.1056/nejm199602223340801#t=article
http://www.nejm.org/doi/full/10.1056/nejm199602223340801#t=article
http://www.nejm.org/doi/full/10.1056/nejm199602223340801#t=article
http://www.nejm.org/doi/full/10.1056/nejm199602223340801#t=article

In patients with

Left Bundle Branch Block
Combined with

Ventricular Hypertrophy,

The J Point elevation can exceed 0.5 mv
(5mm) above the iso-electric line in patients
without ACS.




PRESENTING EKG

; . Venlt. rate 7B Normal sinus rhythm
Hispanic gl;{amicr'v;d. 28 L Left bundle branch block
duration 5 : Abnormal ECG
OT/QTc

P=R=T axcs

Opnon:23

AN L

/\ j\ \f VR TV G
e el e LS J\ J\K /___J\_\/

lVl

e

DIAGNOSIS: STEMI - INFERIOR-
POSTERIOR WALL

CATH LAB FINDINGS: TOTAL
OCCLUSION DISTAL RCA (PDA/PLV)




.eft bundle branch bloc
Abnormal ECG

J\ J\ J\w vﬂvw " T
lr.’ﬁ‘“#m—-#’“—* ‘J\\/ J\\fj\\/ J\ /\ W
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LBBB with CHEST PAIN CASE 2: NEW ONSET of LBBB

46 yr _ Vent. rate 77 BPM Normal sinus rhythm

Male Cauvcasian ::]iél;li:j:mll 172 ms Left bundie branch block
5 duration 142 ms | al ECG

Room:ER QTIOT A46/504 Abnormal ECG

Loc:3 Option:23 P=R-=T axes IR 0

A A A

j ]
ST S | M ) | N NI W

DIAGNOSIS: STEMI - ANTERIOR-SEPTAL
WALL

CATH LAB FINDINGS: TOTAL OCCLUSION
of PROXIMAL LEFT ANTERIOR DESCENDING




Practice ECGs . ..




Let’s review. ...

Hame: 12-Lead 4 HR 107 bpm
1D: 86 Oct 87 12:44:13
Patient ID: PRE. 154s URS 8. 1825
Inc ident: 01/0lc B, 332578, 4435
Age. 37 Sex: | P-ORS-T Aves Al
| | | iy ] | ki
ll.[- . ) ! il \ 1¥2 .‘ P ) |5 '. V4
o g i N A R S 4 A i e G A et RS e SR L
. f i
[T e R e R T R T
ey J =l T Sl =i _.__1 s EiPaY i ‘ I 1M HHH i | { | {4 L v __f' l'.
: I i A £E BiEEn e R | e s S
vi B 6-407 25mm/sec

1. ECG abnormality(ies)?
2. Possible diagnosis?
3. Action / Intervention?




Name: 12-Lead 4 HR 187 bpm
I0: 86 Oct B7 12:44:13
Fatient ID: PR . 1ods RS 8. 1825
Incident: ar/Qie 8. 33%2s/0. 4435
Age |3? Set: | P-ORS-T Axes BY" 627 44"

| R

Iy
%

. A " Fn.\
%\ o . -
g -‘\.—o—"i h‘. —— -\\u.—"'_”_' \\."_. 1 b
v | i
\ j=irk

yi B B6-4pH7 25mm/sec

1. ECG abnormallty(les)? ST Elevatlon Leads |, AVR AVL, V1,
V2,V3,V4,V5 & V6. ST Depression I, lll and AVF

2. Possible diagnosis? Acute Anterolateral Wall STEMI
secondary to Left Main Coronary Artery occlusion (widow-
maker Ml).

3. Action / Intervention? STAT CATH LAB vs STAT
Thrombolytics. Prepare for Cardiac Arrest




63 yr Vent. rate 88 BPM

a‘vl{l

1[ Vi ll

aVL ¥2

1. ECG abnormality(ies)?
2. Possible diagnosis?
3. Action / Intervention?

'l'

I [
z’"\—__dﬂ H\‘?[ N

Male Hispanic PR interval 200 ms
. RS duration 94  ms
Room:VAM QT/QTc 352/425 ms
Loc:3 Option:23 P-R-T axes 63 2 118
RES SR e Ef R BEERBER R SEH o) 25
P 3 B A el ik EX R
|

| .




G3 yr _ . Vent rate 88 BPM
Male Hispanic PR interval 200  ms

afrion Bl
Room:VAM . QT/QTe 352/425  ms
Loc:3 Option:23 P-R-T axes 63 2 118

W;;maq'muﬂ L_,FJ LWJL rw'VxJ| f/@ YJ’\JM{MLWJ '

Wmﬁf"wmww WHFL SR iBEh ER

1. ECG abnormality(ies)? ST Depression V1-V4
2. Possible diagnosis? Anterior ischemia vs. Posterior wall

STEMI
3. Action / Intervention? Posterior ECG (V7-V9)




46 yr
Malc Caucasian
Loc:3 Cyption:23

Venl. rate 8 BPM
PR interval | 84 ms
QRS duration 9 ins
OTHOTe IR4M448 s
P=E=T axes 76 8l 2

@ EVALUATE EKG for indicators of ACS:
- 5T SEGMENT ELEVATION / DEPRESSION

- HYPERACUTE T WAVES
- CONVEX 5T SEGMENTS

- OTHER ST SEGMENT / T WAVE ABNORMALITIES
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1. ECG abnormality(ies)?
2. Possible diagnosis?
3. Action / Intervention?




46 yr WYent. rate 52 BPM

Male  Caucasian PR interval 168 ms ST-Segment Elevation in Leads Il, lll and AVF
foedlug e Consistent with: INFERIOR STEMI
Loc:3 Oplion: 23 P-R-T axes FLi L]
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1. ECG abnormality(ies)? ST Elevation, Leads IlI,lll & AVF
2. Possible diagnosis? Inferior Wall STEMI

3. Action / Intervention? 1. Do R-sided ECG, prepare for
Atropine administration, external pacing, cardiac arrest,
STAT cath lab visit !




What leads show signs of possible ACS?
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12 Lead ECG
shows ISCHEMIC CHANGES Lateral Wall:
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67 ¥ Vent. rate 67 BPM
Female Hispanic PR interval 1B ms

QRS duration 106 ms

Room:S7 QTIOTC 458/483 ms
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1. ECG abnormality(ies)?
2. Possible diagnosis?
3. Action / Intervention?
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67 yr Vent. rate 67 BPM
Female Hispanic PR interval I88 ms

QRS duration 106 ms
Room:S7 QTIQTe 4580483 ms
Loc:3  Option:23 P-R-T axes 27 =3 =11l
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1. ECG abnormality(ies)? ST Elevation Lead AVR, Global ST
Depression (I, II, lll, AVL, AVF, V2, V3, V4, V5, V6)

2. Possible diagnosis? possible LMCA or 3x vessel disease.
3. Action / Intervention? Troponins, Continuous ST
monitoring, cath lab visit STAT or ASAP (based on sympt.)




5 yr Weant. r 58 BFM
Female Caucasian PR interva | 148 ms
QRS duration 80 m

OTIOTe 448440 ms

Loc:1 Orption: 1 P-R-T axes 57 4% 105

Referred by, = Confirmed By:
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1. ECG abnormality(ies)?

2. Possible diagnosis?

3. Action / Intervention?




¥

Female Caucasian PR interval 148 ms
Qe

Loc:1 Option: 1 P-R-T axes 57 48 105

Referred by: . Confirmed By:
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1. ECG abnormallty(les)? Inferior (I, 1ll, AVF) ST Depr
(ischemia?), | & AVL T wave inversion, V5 ST Depr

2. Possible diagnosis? Inferior / Lateral ischemia

3. Action / Intervention? Serial ECGs / Troponins,
additional diagnostic testing, cath lab




- MYOCARDITIS
INVERTED - ELECTROLYTE IMBAL.

T WAVE

SHARP S-T - ACUTE MI (NOT COMMON)
T ANGLE |

BI-PHASIC - SUB-TOTAL LAD LESION

T WAVE - VASOSPASM
(WELLEN'S) HYPERTROPHY

DEPRESSED J
POINT with
UPSLOPING ST

DOWNSLOPING
S-T SEGMENT




J POINT DEPRESSION
(1 mm)

INVERTED T WAVES
\V

J POINT DEPRESSION
* INVERTED T WAVES -/




ISCHEMIA N

BI-PHASIC T WAVE

- SUB-TOTAL OCCLUSION of LEFT ANTERIOR
DESCENDING ARTERY (when noted in V1-V4 )

- LEFT VENTRICULAR HYPERTROPHY
- COCAINE INDUCED VASOSPASM
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98 ylo MALE WITH SUB-TOTAL
OCCLUSIONS OF THE LEFT
ANTERIOR DESCENDING ARTERY




58 y/o MALE WITH "WELLEN'S
WARNING." PT HAS SUB-TOTALLY
OCCLUDED LAD X2




Classic “Wellen’s Syndrome:”

Characteristic T wave changes

— Biphasic T waves
— Inverted T waves

History of anginal chest pain

Normal or minimally elevated cardiac
markers

ECG without Q waves, without significant
ST-segment elevation, and with normal
precordial R-wave progression




Wellen’s Syndrome ETIOLOGY:

e Critical Lesion, Proximal LAD

* Coronary Artery Vasospasm

* Cocaine use (vasospasm)

* Increased myocardial oxygen demand

* Generalized Hypoxia / anemia / low
H&H




Wellen’s Syndrome EPIDEMIOLOGY &
PROGNOSIS:

* Present in 14-18% of patients admitted with
unstable angina

* 75% patients not treated developed
extensive Anterior Ml within 3 weeks.

 Median Average time from presentation to
Acute Myocardial Infarction — 8 days

Sources: H Wellens et. A, Am Heart ) 1982;
v103(4) 730-736



http://www.ahjonline.com/article/0002-8703(82)90480-X/abstract
http://www.ahjonline.com/article/0002-8703(82)90480-X/abstract
http://www.ahjonline.com/article/0002-8703(82)90480-X/abstract
http://www.ahjonline.com/article/0002-8703(82)90480-X/abstract
http://www.ahjonline.com/article/0002-8703(82)90480-X/abstract
http://www.ahjonline.com/article/0002-8703(82)90480-X/abstract
http://www.ahjonline.com/article/0002-8703(82)90480-X/abstract

Wellen’s Syndrome Case Study

* 33 y/o male

* Chief complaint “sharp, pleuritic quality chest
pain, intermittent, recent history lower
respiratory infection with productive cough.”

* ED physician attributed the ST elevation in
precordial leads to “early repolarization,” due
to patient age, gender, race (African American)
and concave nature of ST-segments.




Wellen’s Syndrome Case Study

21 A i [ ] # # B [ A
33 yr Vent. rate 89 BPM Normal sinus rhythm
Male Black 5’:{;‘3‘-‘“'-‘! E:']a ms Possible Left atrial enlargement
uration ms Borderline ECG
QTIQTe 360/445 ms 5 colie T e nuntlnkla
Loc-3 Option:23 P-R~T axes 60 -5 65 No previous ECGs available
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Wellen’s Syndrome Case Study

=1¥: f [ s 0 Y4 UDUR
3y Vent. rale 67 BPM "SEUNEDITED COPY: REPORT IS COMPUTER GENERATED ONLY, WITHOUT PHYS
Male Black PR interval 160 s INTERPRETATION".
QRS duration B2 ms ' L g
Room:A13 QT/QTe 512541 ms ,r\!”r_f“j{' sinusrhythm A
Loc:3 Option:23 P-R=T axes 4 0 54 I' wave abnormality, consider anterolateral ischemia

Prolonged QT
Abnormal ECG
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DYNAMIC ST-T Wave Changes
ARE PRESENT !!

NOW

is the time for the

STAT CALL

to the
CARDIOLOGIST !111




Wellen’s Syndrome Case Study

A 4 [ . Cl DUR
33 yr Vent. rate 64 BPM Normal sinus rhythm
Male Black PR interval 160 ms Marked T wave abnormality, consider anterolateral 1schemia
QRS duration 34 s Prolonged QT .
QTIQTe 514/530 Ims Ab i | ECG
Loc:7 Crption:35 P-R-T axes 45 3 a1 Abnormal 2L

When compared with ECG of 05=-NOV=2008 05:12.
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Wellen’s Syndrome Case Study

=2F i [ ] " » L ~
3w Vent, rale 71 BPM Normal sinus rhythm
Male Black 51:{:;“1'-'“3” i‘_ﬁ ms Marked T wave abnormality, consider anterolateral ischemia
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Wellen’s Syndrome Case Study

. ‘-'ﬁ'...
i\ 8
SUB-TOTAL /

OCCLUSION OF

BIIEE;L gzgllzhllaéon STENT DEPLOYMENT,

ARTERV LEFT ANTERIOR
DESCENDING ARTERY,
33 ylo male




Wellen’s Syndrome Case Study

SUB-TOTAL £
OCCLUSION O
LEFT ANTERIOR POST PCI -
DESCENDING LAD
ARTERY




Additional Resources:

e Wellen’s Syndrome, NEJM case study



http://www.nejm.org/doi/full/10.1056/NEJMicm1400946#t=article

S-T SEGMENT DEPRESSION - COMMON ETIOLOGIES:

CONDITION:

3 POINT » RECIPROCAL CHANGES of
~1mm ACUTE MI

DEPRESSED * NON-Q WAVE M.I. ( NON-

BELOW P-Q STEMI )
JUNCTION

* OLD MI ( NECROSIS vs. ISCHEMIA )
* DIGITALIS
* R. BUNDLE BRANCH BLOCK




T WAVE INVERSION - COMMON ETIOLOGIES:

CONDITION:

* MYOCARDITIS
* ELECTROLYTE IMBALANCE

* HYPERVENTILATION

+ CARDIOACTIVE DRUGS

* OLD MI ( NECROSIS vs. ISCHEMIA )
* DIGITALIS

« R. BUNDLE BRANCH BLOCK

* NO OBVIOUS CAUSE




Some less common, less reliable
possible indicators of ACS:

FLAT S-T
SEGMENT
> 120 ms

LOW VOLTAGE
T WAVE WITH
NORMAL QRS

U WAVE POLARITY
OPPOSITE THAT
OF T WAVE
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STEMI Assistant — Information Video



http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/STEMIassistant.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/STEMIassistant.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/STEMIassistant.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/STEMIassistant.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/STEMIassistant.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/STEMIassistant.pdf
https://www.youtube.com/watch?v=aUlQh7lNSBs
https://www.youtube.com/watch?v=aUlQh7lNSBs
https://www.youtube.com/watch?v=aUlQh7lNSBs
https://www.youtube.com/watch?v=aUlQh7lNSBs

Helpful STEMI ECG Resources

[l “Use of the Electrocardiogram in Acute Myocardial
Infarction,” Zimetbaum, et al, NEJM 348:933-940

Abnormal ST Elevation Criteria: ACC/AHA 2009
“Standardization and Interpretation of the ECG, Part VI
Acute Ischemia and Infarction,” Galen Wagner, et al

ECG in STEMI — excellent powerpoint — quick
reference, in-depth material



http://www.nejm.org/doi/full/10.1056/NEJMra022700
http://www.nejm.org/doi/full/10.1056/NEJMra022700
http://www.nejm.org/doi/full/10.1056/NEJMra022700
http://www.nejm.org/doi/full/10.1056/NEJMra022700
http://www.nejm.org/doi/full/10.1056/NEJMra022700
http://www.nejm.org/doi/full/10.1056/NEJMra022700
https://www.heart.org/idc/groups/heart-public/@wcm/@mwa/documents/downloadable/ucm_467056.pdf
https://www.heart.org/idc/groups/heart-public/@wcm/@mwa/documents/downloadable/ucm_467056.pdf
https://www.heart.org/idc/groups/heart-public/@wcm/@mwa/documents/downloadable/ucm_467056.pdf
https://www.heart.org/idc/groups/heart-public/@wcm/@mwa/documents/downloadable/ucm_467056.pdf
https://www.heart.org/idc/groups/heart-public/@wcm/@mwa/documents/downloadable/ucm_467056.pdf
https://www.heart.org/idc/groups/heart-public/@wcm/@mwa/documents/downloadable/ucm_467056.pdf
https://www.heart.org/idc/groups/heart-public/@wcm/@mwa/documents/downloadable/ucm_467056.pdf
https://www.heart.org/idc/groups/heart-public/@wcm/@mwa/documents/downloadable/ucm_467056.pdf
https://www.heart.org/idc/groups/heart-public/@wcm/@mwa/documents/downloadable/ucm_467056.pdf
https://www.heart.org/idc/groups/heart-public/@wcm/@mwa/documents/downloadable/ucm_467056.pdf
https://www.heart.org/idc/groups/heart-public/@wcm/@mwa/documents/downloadable/ucm_467056.pdf
https://www.heart.org/idc/groups/heart-public/@wcm/@mwa/documents/downloadable/ucm_467056.pdf

Helpful STEMI ECG Resources

Download Non-ED STEMI Protocol - example

Download STEMI Alert ED Physicians Order Set



http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/ProtocolSTEMInonEDpt.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/ProtocolSTEMInonEDpt.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/ProtocolSTEMInonEDpt.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/ProtocolSTEMInonEDpt.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/ProtocolSTEMInonEDpt.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/ProtocolSTEMInonEDpt.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/STEMIalertEDphysiciansORDERS.pdf

Correlation of Leads with ST Elevation and Cardiac Structures at Risk,
based on STEMI in patients with Common Coronary Arterial Anatomy

ECG Leads: Associated Region:  Coronary Artery: Structures at Risk:
£ V1-V4 Anterior and Septal  Left Anterior -35-45% of LV muscle mass
: walls of LV Descending (LAD) - Bundle of HIS
= Atery - Bundle Branches

V5-V6 Lateral wall LV, approx. Circumflex (Cx) -20 - 30% LV muscle mass
g 50% Posteriorwall  ( non-dominant) - Sinus Node (rare)
£ | |
§ ILIIL,AVF  Inferior Wall, approx.  Right Coronary Artery - SA Node
£ 50% Posteriorwall  (RCA) - Right Ventricle

- AV Node

E V5-V6+  Lateral wall of LV Circumflex -45-55% LV muscle mass
€ I, 1l AVF Posterior Wall (all) (Dominant) - SA Node (rare)
E Inferior Wall - AV Node







Evolving M| & “Old MI”




*Q WAVES -

Normal caused by depolarization of
Q Waves the intraventricular septum

Abnormal caused by:

Q Waves - « necrosis ( old infarction )
« hyperirophy
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THE QRS COMPLEX

GENERAL RULES FOR
NORMAL Q WAVES -WIDTH

7 N

A

\

N\

LESS THAN .40
(1 mm) WIDE




THE QRS COMPLEX

GENERAL RULES FOR
NORMAL Q WAVES - HEIGHT

Em N\

(INEEEE

&= LESS THAN 1/3 THE
HEIGHT OF THE R WAVE




THE QRS COMPLEX

NORMAL Q WAVES
EXCEPTIONS TO THE RULES

=—d | p—— 1"\-—\..\ e
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AVR

LEAD AVR LEAD III

& THE Q WAVE CAN BE ANY SIZE




THE QRS COMPLEX

NORMAL Q@ WAVES
EXCEPTIONS TO THE RULES

&~ THERE

SHOULD BE NO Q
WAVES PRESENT
IN LEADS: V1

V2
V3




THE QRS COMPLEX

Q WAVE RULES - SUMMARY:

- Q WAVES SHOULD BE LESS THAN
A0 WIDE (1 mm )

Q WAVES SHOULD BE LESS THAN
1/3 THE HEIGHT OF THE R WAVE

Q WAVES CAN BE ANY SIZE IN
LEADS Il and AVR

THERE SHOULD BE NO Q WAVES
IN LEADS V1, V2, or V3




The NORMAL ECG
ASSESSING AXIS ROTATION

R RS

R wave amplitude (size) gradually
increases from V1 through V6.. ..




The NORMAL ECG

SHOULD OCCUR IN LEAD V3 or V4

In V3 or V4 the QRS complex becomes




“Poor R Wave Progression” ....
- LATE TRANSITION - COMMON CAUSES

RIGHT | NORMAL | LEFT
Vi V2 (V3 V4 V5 V6

IR Lk

- LEFT BUNDLE BRANCH BLOCK

- OLD ANTERIOR WALL M.I.

- LEFT VENTRICULAR HYPERTROPHY

- WOLFF-PARKINSON-WHITE SYNDROME

Anterior Wall necrosis (“old MI”) is a
common cause of “Poor R Wave Progression”




EVOLVING STEMI:
-ST SEGMENTS DROP
-Q WAVES FORM

-R WAVE PROGRESSION CHANGES
W eel:{p]V:\I @ WAVE RULES - SUMMARY:

- Q WAVES SHOULD BE LESS THAN
LEADS. 40 WIDE (1 mm)

- Q WAVES SHOULD BE LESS THAN
13 THE HEIGHT OF THE R WAVE

- Q WAVES CAN BE ANY SIZE IN
LEADS Il and AVR

- THERE SHOULD BE NO Q WAVES
IN LEADS V1, V2, or V3




EVOLVING STEMI:

-ST SEGMENTS DROP

-Q WAVES FORM

-R WAVE PROGRESSION CHANGES
IN PRECORDIAL
LEADS.




9] yr Vent. rate 87 BPM L i L
Female Cuaucasian PR interval 156 ﬂh}l[‘assiblc Anterior infarct |

QRS duraton * 80 ms ; T
Room:3 QLT 332/399  ms Hondinl koG
Loc:1 Option:1 P-R-T axes 45 4 96

Technician ID: EKG CLASS # WR03110848

Zammfs  10mmfmY  100Hz 003C  I12S8L4 CID: 3




49 yr
Male

Loc:3

Caucasian

Option:23

Vent. rate 91 BPM
PR interval 172 ms
QRS duration 86 ms
QT/QTe 350/430 ms
P-R-T axes 41 17 -15

NOTE: 1. NOQWAVES IN V1-V4

Normal sinus rhythm
Lett atrial enlargement

Cannot rule out Inferior infarct . new

DUY | 4 '

Anterior injury pattern

% ok 4wk & ACUTE MI * % % #% %

EKG TAKEN UPON ARRIVAL IN
EMERGENCY DEPARTMENT.

- CHEST PAIN x 40 MINUTES

- ST ELEVATION V1-V4




49 yr Vent. rate 86 BPM Normal sinus rhythm
Male  Caucasian PR interval 174 ms Anterior infarct , possibly acute
QRS duration 78 ms Lateral injury pattern
Room:CS1 QT/QTe 360/430 ms $¥ k¥ k¥ £X % ACTTTE MT ¥ %% %k 5% %+
Loc:S Optmrn'ZE P-R-T axes I'-._:ﬂﬁ ;. 'T", A V :S IN EA E'S =,'f.'-_‘: : ..'s’lfl
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50yr Vent. rate 57 BPM  Sinus bradycardia with 1st degree A-V block
Male  Caucasian PR interval 216 ms Anterolateral infarct
QRS duration 9 ms T wave abnormality, consider inferior ischemia

Room: QT/QTc 392381 ms ormal
Lo Option: P_R-T axes 35 ) B B

LI ATE i
NOTE: |
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&8 TRANSITION V5- V6
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Your thoughts, ideas, comments
and feedback are welcome . . .
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