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Update to Practice Standards for
Electrocardiographic Monitoring in
Hospital Settings

A Scientific Statement From the American Heart Association

Endorsed by the American College of Cardiology, American Association of Critical-Care Nurses, and Pediatric and
Congenital Electrophysiology Society

The comprehensive document is grouped into 5 sections:
(1) Overview of Arrhythmia, Ischemia, and QTc Monitoring; (2)
Recommendations for Indication and Duration of Electrocardiographic

Monitoring presented by patient population; (3) Organizational Aspects:
Alarm Management, Education of Staff, and Documentation; (4)

Implementation of Practice Standards; and (5) Call for Research.


https://www.ahajournals.org/doi/full/10.1161/cir.0000000000000527

he goals of electrocardiographic monitoring
Thave expanded from simple heart rate and basic

rhythm determination to the diagnosis of com-
plex arrhythmias, the detection of acute and often
silent myocardial ischemia, and the identification of
drug-induced prolonged QT interval. The first American
Heart Association (AHA) scientific statement on prac-
tice standards for electrocardiographic monitoring in
hospital settings was published in 2004 and provided
an interprofessional, comprehensive review of evidence
and recommendations for continuous electrocardio-
graphic monitoring of hospitalized patients.




Understanding “multiple leads”...

e Correct location of each ECG Lead



Obtaining the 12 Lead ECG

STANDARD LEAD PLACEMENT ---
12 LEAD ECG

4 th INTERCOSTAL SPACE

V4 is at 5th INTERCOSTAL
SPACE. V5 & V6 are on the
SAME HORIZONTAL PLANE.

- PATIENT SHOULD LAY
AS FLAT AS POSSILVE

- LIMB LEADS SHOULD BE
PLACED AS DISTALLY
AS POSSIBLE




Understanding “multiple leads”...

e Correct location of each ECG Lead
* Region of the Heart viewed by each Lead



THE ECG MACHINE

STANDARD 12 LEADS - USES 10 WIRES
(6 CHEST and 4 LIMB)

- LEADS I I, lll, and V1, V2, V3, V4, V5, V6

1 POSITIVE ELECTRODE —
1 NEGATIVE ELECTRODE o

1 GROUND ELECTRODE \e

- LEADS AVR, AVL, and AVF

1 POSITIVE ELECTRODE F\//o__@
2 NEGATIVE ELECTRODES )
1 GROUND ELECTRODE ——_ @




THE POSITIVE ELECTRODE

IS THE "EXE=" . . .



CURRENT MOVING
TOWARD THE EYE

(POSITIVE ELECTRODE)

RECORDS AN

| "UPWARD"
/ \ DEFLECTION




CURRENT MOVING
AWAY FROM

THE EYE
( POSITIVE ELECTRODE )

LEAD

_l/ AVR

RECORDS A

| "DOWNWARD"
/ \ DEFLECTION




What part of the HEART
does each lead SEE ?

THE POSITIVE ELECTRODE

<>

IS: THE: "EYE" . . .



Imagine a body made of clear
glass, with only a HEART
inside. We dip this body in
liquid chocolate, and then
scratch holes in each spot
where we normally place the
ECGleads. . ...



AREAS VIEWED THE POSITIVE ELECTRODE
by 12 LEAD ECG WU,

AVR

1S THE VEYE™ “n:e

AVL, |

V1, V2

V3, V4

Vs, V6

E
I, i, AVF

Il Ill, AVF



Lead AVR Views the BASILAR SEPTUM (region of the Bundle of His).

RUPPERT, WAYNE ID: 744568359 05-0CT-2006 JOHNS-HOPKINS UNIV.
3B Yrs Vent. Rate: 68 NORMAL SINUS RHYTHM
MALE P-R Int.: 160 ms Normal EKG

QRS: 100 ms Very Healthy Athletic EKG !

V1 v4

AVL V2 V3

AVF V3 Vo l I

[

Lo
SR

L




LEFT CORONARY ARTERY SYSTEM

AVR views

CIRCUMFLEX
with OBTUSE
MARGINAL
BRANCHES
(LATERAL)

ANTERIOR VIEW



LEADS | and aVL VIEW the LATERAL - ANTERIOR WALL

R RT, WAYIE  ID: 7445683649 05-0CT-2006 JOHNS-HOPKINS UNIV.
Vent. Rate: 68 NORMAL SINUS RHYTHM
P-R Int.: 160 ms Normal EXKG
} QRS: 100 ms Very Healthy Athletic EXG !
= o = —

:
11
g




Vi-V4 VIEW THE ANTERIOR-SEPTAL WALL

of the LEFT VENTRICLE

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

/

ANTERIOR
CHEST ViV2 V3 V4

WALL

ORS:

RUPPERT, WAYNE ID: 7445683659 05-0CT- JOHNS-HOPRINS UNIV.
38 Yrs Vent. Rate: 68 NORMAL SINUS RHYTHM
MALE P-R Int.: 160 ms Normal E

100 ms Very Healthy Athletic EKG!

AVR

jiupe




LEADS V1 -V3 view the

POSTERIOR WALL

via RECIPROCAL CHANGES.

20



HOW EKG VIEWS INDICATIVE CHANGES

EXAMPLE: |

AREA OF ACUTE INFARCTION - ANTERIOR/SEPTAL

_~ PATIENT'S BACK

EKG sees S-T ELEVATION

ECG LEAD V2

PATIENT'S CHEST U u

21



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 M

22



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 M




ST Depression
can indicate:

* ISCHEMIA
e “Partial-wall thickness” Ml (NSTEMI)
 STEMI (in the opposite side of the heart)

e Other things (like RBBB, certain medications,
etc).



Vo-V6 VIEW THE LATERAL WALL

of the LEFT VENTRICLE

'RUPPERT, WAYNE  ID: 7445683659 05-0CT-2006  JOHNS-HOPLINS UNIV.
= 38 Yrs Vent. Rate: 68 NORMAL SINUS RHYTHM
3 ~#=\/6 MALE P-RInt:  160ms  Normal EKG
QRS: 100ms  Very Healthy Athletic EXG !

ANTERIOR
CHEST Viv2

WALL




LEADS II, 1ll, and aVF VIEW
INFERIOR WALL of the LEFT VENTRICLE

RUPPERT, WAYNE ID: 7445683659 05-0CT-2006 JOHNS-HOPKINS UNIV.
38Yrs Vent. Rate: 68  NORMAL SINUS RHYTHM
MALE P-RInt: 160ms  Normal EKG
QRS: 100 ms Very Healthy Athletic EKG !
¢ @ I | AVR 1 V4 H a
o AVL 'v2 ' Vs

Vs m AVF V3 V6
z ¥ i 'J.(] : JL»\'\/—\_r\'\r\. Mv‘/\—»\"
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E
I, i, AVF

AREAS VIEWED
by 12 LEAD ECG

AVR ' BASILAR SEPTAL

AVL,| LATERAL
ANTERIOR

VI,VZ' ANTERIOR

SEPTAL

POSTERIOR (recip.)

V3, V4 ANTERIOR

W V8 ATERAL

g AVE INFERIOR



l\f'ﬁn_t. ruu:I l% BPM Normal sinus rhythm
R Interval s S Normal ECG
8,[;/50",’1?2“““’” 06} 4())2 ::: No previous ECGs available
P-R-T axes 40 11 6l
e Referred by:
" PROXIMAL LATERAL | BASILAR SEPTUM | ANTERIOR / SEPTAL ANTERIOR
_or PROXIMAL ANTERIOR (Bundle of His region). '
ll\_,_ _,\n\,_/\_m_,\,ﬁ\_,w ] (_,\/ﬁ__\/ﬂ‘lr\/—w_\ﬂl ',a\/._ -'-«JV""\—MW{MV’_' \:—-_AA/-/\»-—-/\J'.A_J
aVR i V1 t | |V4
INFERIOR PROXIMAL LATERAL | ANTERIOR / SEPTAL LATERAL
L= or PROXIMIAL ANTERIOR : S |
‘\___,\J'U\KJJLA._,_L_ A o | /\._\4 Wi ;_M,’l,/\q-,\llp/\‘vj
I : aVL | 7 (B b | vs
INFERIOR INTERIOR ANTERIOR LATERAL
| ‘ =
B MR e e s i o ey v e ey //LW‘ e (e
wvﬁ' aVF V3 ’\' )I ‘./:d(.xﬂJ




The Patient Arrives . . .

» Standard Tele / ECG hookup:
— LEAD Il
— LEAD V2



LEAD PLACEMENT

V2

V1
® O - 3‘ V5 [ vé
// V4

\ -

5 WIRE TELEMETRY UNIT



Vi
L 3
Good P waves | | Good P waves | |Great ST Elev
RvslL BBB RvsL BEB Great QTc
RvsL Ectopy | |Rvs L Ectopy
Poor ST Elev Good ST Elev
2QTc ? Good QTc




Why not V1 ? (we’ve used V1 for years!)




Why not V1 ? (often won’t see STEMI !)

]
T A
I laVR\' ! \a! (L /TP \Z ;
MH—W 0.5mm 7 mm
= | AM - ) . :
wwﬂw I RPN iz K 1] /\\f EEE I
5mm! 6 mm
W/V\J ﬂ |‘ A l 72 ] ﬁ '»
;lll ‘M’J’““\LM;;\MMLVL‘*U” ; L—A;L._JEL«JVL
7 mm 4 mm

If you were only monitoring Leads Il and V1, you
would NOT detect this patient’s STEMI ! !



Ineffectiveness of LEAD V1 for early
detection of Anterioseptal STEMI

4 welw RARALI I NALICOT NAIA .. A4 LIMNIN
- ‘&NHMﬁE‘
B 1B A
d ALl T ~ d
. i A f‘“ww_q —M (
o Hﬂ\f T V/Lb l.'f V4 k‘-ﬂ’;w\” 1
.\ | [ 'I — 7 mm .
‘ I :
[_‘l\ < 1 mm l\ /\ \\
| W)‘r’ o k 15 \‘\‘ﬁ‘ —— \_
VL V2 \’\‘ ~ i i
| 5 mm 6 mm
] . A
’ | | | ) | / ' \ |
m 1 I \ i e 'i
| ] A=A AR AL T 74%\_ . A
L iR aVF WJ’ va W g 73 k—kgﬂ L
7 mm 3 mm




Why not V1 ? (may not detect critical QTc)




The Patient Arrives . . .

» Standard Tele / ECG hookup:
— LEAD I
— LEAD V2

e Evaluate patient: any symptoms 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




ATYPICAL SYMPTOMS of ACS

227



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.”



The Patient Arrives . . .

» Standard Tele / ECG hookup:
— LEAD I
— LEAD V2

* Evaluate patient: any symptoms of ACS ?
 Review 12 Lead ECG. Look for:

— Signs of ischemia

— QT prolongation



Evaluating the ECG for ACS:
A TWO-STEP process:



Evaluating the ECG for ACS:
A TWO-STEP process:

STEP 1: Evaluate QRS Width




Evaluating the ECG for ACS:
A TWO-STEP process:

STEP 1: Evaluate QRS Width

STEP 2: Evaluate J Points, ST-
Segment and T waves
in EVERY Lead




STEP 1 — evaluate QRS width:

* QRS is ABNORMALLY WIDE (>120 ms),

—indicates DEPOLARIZATION ABNORMALITY
(e.g. “bundle branch block, Wolff-
Parkinson-White Syndrome, etc).



STEP 1 — evaluate QRS width:

* QRS is ABNORMALLY WIDE (>120 ms),

—indicates DEPOLARIZATION ABNORMALITY
(e.g. “bundle branch block, Wolff-
Parkinson-White Syndrome, etc).

—DEPOLARIZATION ABNORMALITIES in turn
cause REPOLARIZATION ABNORMALITIES,

which alters the: J Points, ST-Segments
and/or T Waves.



CONDITIONS THAT INCREASE QRS DURATION RESULT IN
SECONDARY REPOLARIZATION ABNORMALITIES:
RIGHT LEFT
BUNDLE BUNDLE
BRANCH BRANCH
BLOCK BLOCK
______ — SAME PATIENT
W-P-W BYPASS | AS ON LEFT-
TRACT, LEFT WL T T MMEDIATELY
LATERAL WALL “ I I AFTER RF
49ylo MALE JOAT_JE W ABLATION OF
PRE-ABLATION —)posr ABLATION BYPASS TRACT
I o—— SAME PATIENT
%}:WT B,;';?{S’Ts AS ON LEFT-
ARTERIOR! IMMEDIATELY
LATERAL WALL AFTER RF
14 ylo MALE ABLATION OF
| PREABLATION —— P POST-ABLATION | BYPASS TRACT
v1
PACEMAKER - PACEMAKER
RIGHT TURNED
VENTRICULAR 2 OFF
APEX HERE
RIGHT | | | LEFT
VENTRICULAR | | ’ | VENTRICULAR
HYPERTROPHY \ | | HYPERTROPHY
( Strain Pattern ) o | ( Strain Pattern )
VENTRICULAR |/2 ! |- ¥ VENTRICULAR
TACHYCARDIA | ) "\ TR TACHYCARDIA-
Focus: LEFT | /| TR e FOCUS: RIGHT
FASICULAR, |/ ol O o it VENTRICULAR
17yloFEMALE ||\ / U Neifis APEX




Wide QRS present:
QRSd > 120ms

e Determine RIGHT vs. LEFT Bundle
Branch Block Pattern



Vi

a5 "ORS points UP = RIGHT BUNDLE BRANCH BLOCK"

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

Simple “Turn Signal Method” . ..

USE LEAD V1 for this technique

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

THINK:

"ORS points DOWN = LEFT BUNDLE BRANCH BLOCK"




DIAGNOSING BUNDLE BRANCH BLOCK

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



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)

* When RIGHT Bundle Branch Block
pattern is present:

— Precordial Leads typically demonstrate ST
Depression and T wave Inversion



RUPPERT, WAYNE ID: 099999999 4-Mar-2001

M cuedsitn | PR | teme  Levssaewom | RBBB causes ST Depression,

QRS duration 166 ms Right bundle branch block

L IR+ S Komrmal B0 "“""“‘“‘"“; T Wave Inversion, ANTERIOR
| | | ~ Leads (V1-V4).

- r;Teéhnx.iéian: WR
L |

TReferredby:| | T  Unconfirmed

t § i | 3 3333828 i i { i fisst $ovd b4 171! 3 : | 3 i H ! 1
434 1233 12391 SERRE FRESY 1IR3Y £2I22 2033 13N 12341 i EEE] I3E31 2388 3R L1 Wi } 3 fiisid [SE53 CIINT SETTY FUTTS Fut] LEEES SEedd ITERE EINN.
Hooimmtm VT R ;, 1s | 11 1] MACVUo03C | | 12SLtmiyva2s0




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

Room:ATL Q%S c_irurauon 1 §8 = ST elevation consider anterior injury or acute infarct
: : QT/QTe 4005521 ms *% %% 2k %% % ACUTE M] * ** %% *x %%
Loc:3 Option:23 P-R-T axes 60 114 -19
Abnormal ECG ...
Technician: W Ruppert
Referred by: MD Confirmed By:

_ = 'ﬁ _ _ j , : 1 . ; :
AL\fl /\,\/l /v/‘ \/\/\A \/\J’\,M/\,\A /\/\/\,/\N ;;\_1/\4 ”\,V;AT’%‘/\\/J j\ﬂ \/JU 1 ,']L}/\ﬂ}!’b}/\

TNM\/«\/ M /u A A \,’“&/K‘"'w‘ lU,/\

bl

-

qu\W\J\ﬁ,)\kﬁj\\/\ \“V\?»\}"wh\/wr\f’\}:F’fmﬂ\w"ﬂp\jﬂb/w \‘ y /\J\ J/\

'\,\/\ﬂ\/\ﬂh\/\» "\Aﬂf\ﬁﬂw\/\,,\m{jwﬁ\/«/ ‘\/\A&\/\N/L\/\1 / \\ANA\/

l .__l' e e il s ol
-f\f ' VJ\/ \,\/\/w \J\/v\/\/‘ \,\/4\," X\,\/~f\/ ’ﬂ S f ‘\M&MA\WAWJ \n\/‘-’\’h\.’\/ﬂ,\wi \,\//\'[ ‘V
- . : L SR

DIAGNOSIS: STEMI, ANTERIOR - SEPTAL WALL

CATH LAB FINDINGS: TOTAL OCCLUSION of l«d\
mid - LEFT ANTERIOR DESCENDING ARTERY. U \-'w\,'l

B
A

ALV N o I\




RBBB with CHEST PAIN - CASE 2: ST ELEVATION LEADS I, lll, aVF - WITH RECIPROCAL ST

DEPRESSION in LEADS

25 yr . Vent. rate Sinus rhythm with 1st degree A-V block R RER'[5
Male  Caucasian PR interval 5 | Right bundle branch block |

QRS duration 136 ms ST elevation consider mferior injury or acute infarct
: QT/QTe 398/420 ms % k% kk £% ¥ ACUTE MJ * ** %% %% %%
Loc:3  Option:23 P-R-T axes 4 94 82 )
Abnormal ECG

Referred by: MD Confirnjed By: UNEDITED DR.

DIAGNOSIS: STEMI - INFERIOR-POSTERIOR WALL

CATH LAB FINDINGS: TOTAL OCCLUSION of
DOMINANT RIGHT CORONARY ARTERY



RBBB with CHEST PAIN

T5yr Vent. rate
Male Caucasian PR interval
QRS duration
Room:CS-19 QT/QTc
Loc:6 Option:41 P-R-T axes

CASE 3:
110 BPM

170 ms

148 ms
366/495 ms
57 19 69

ST ELEVATION V3-Ve, I, Ill, avVF

_Sinus tachycardia Bl ACUTE LATERAL - INFERIOR - ANTERIOR AMI

Right bundle branch block CATH LAB FINDINGS: OCCLUDED VEIN GRAFT

Lateral infarct , possibly acute
Inferior infarct , possibly acute RQIATHE CIRCUMN LS DISTRIBUTION

Anterior injury pattern
Abnormal ECG

(DOMINANT CIRCUMFLEX)

TSN AN T RA ”MM it e i ol

I aVL V2 Vs
= —ao RS | | - S e A S A S ]

W aVF V3 V6




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

78 yr Vent. rate 94 BPM
Female Black i 202
RS duration 160 ms

Room:ICUS ;i
Loc:6  Option:19 P-R-T axes 91 -23 &7

Technician: EKG CLASS #WR03602718

Normal sinus rhythm with occasional Premature ventricular
complexes

[Leabundebranchbock 1 - Normal arteries

Abnormal ECG

- Normal LV Function
- No hypertrophy

Referred by:

S e el et o | A R R I R AR O T e e e ] o s e e
25mm/s  10mmmV  40Hz  005C EID:18 EDT:




@

- 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
http://www.nejm.org/doi/full/10.1056/nejm199602223340801
http://www.nejm.org/doi/full/10.1056/nejm199602223340801
http://www.nejm.org/doi/full/10.1056/nejm199602223340801
http://www.nejm.org/doi/full/10.1056/nejm199602223340801
http://www.nejm.org/doi/full/10.1056/nejm199602223340801
http://www.nejm.org/doi/full/10.1056/nejm199602223340801
http://www.nejm.org/doi/full/10.1056/nejm199602223340801
http://www.nejm.org/doi/full/10.1056/nejm199602223340801
http://www.nejm.org/doi/full/10.1056/nejm199602223340801
http://www.nejm.org/doi/full/10.1056/nejm199602223340801

Be advised that 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.



LBBB with CHEST PAIN - CASE 1: PRESENTING EKG

58 yr Vent. rate 77 BPM Normal sinus rhythm

Female Hispanic PR interval 128 ms Left bundle branch block
QRS duration 158 ms Abnormal ECG

R (III ER QT/QTc 454/513 ms

ttttt Option:23 P=R~T axes 43 11 150

e R V
f | B, MBI, S f\ J\\ /j\\/ﬁ ! \ k\f\\

lVl

e

DIAGNOSIS: STEMI - INFERIOR-
POSTERIOR WALL

CATH LAB FINDINGS: TOTAL
OCCLUSION DISTAL RCA (PDA/PLV)
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158 ms
454/513 ms
43 1 150

Normal sinus rhythm
Left bundle branch block
Abnormal ECG
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LBBB with CHEST PAIN - CASE 2: NEW ONSET of LBBB

46 yr Vent. rate 77 BPM Normal sinus rhythm
0 ‘an 2 MeTrVe " ¥ ? ]
Male Caucasian :)'}((:'\[Juml 172 ms Left bundle branch block
S duration 142 ms / al ECG
R oo ER OT/IOTe Al i Abnormal ECG
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DIAGNOSIS: STEMI - ANTERIOR-SEPTAL
WALL

CATH LAB FINDINGS: TOTAL OCCLUSION

of PROXIMAL LEFT ANTERIOR DESCENDING




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.



Defining NORMAL:

S-T SEGMENT

|



THE J POINT SHOULD BE..

WITHIN
1 mm
ABOVE

7T
hn e

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 . ..



The Isoelectric Line -
it’s not always isoelectric !
THE ISOELECTRIC LINE

EKG from 13 y/o girl in ACCELERATED JUNCTIONAL RHYTHM.
note: upsloping T-P interval, and P buried in T waves.




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




THE S-T SEGMENT

/

SHOULD HAVE
A "SLIGHT POSITIVE"™
INCLINATION



THE S-T SEGMENT

SHOULD BE
"CONCAVE" IN
SHAPE . ..



THE S-T SEGMENT

AS OPPOSED TO

"CONVEX" IN
( SHAPE

SHOULD BE
"CONCAVE" IN
SHAPE . ..



THE T WAVE

AMPLITUDE
N\ GUIDELINES:

- IN THE LIMB LEADS, SHOULD BE
LESS THAN 1.0mv (10 mm)

- IN THE PRECORDIAL LEADS, SHOULD
BE LESS THAN 0.5 mv (5 mm)

* SHOULD NOT BE TALLER THAN R
WAVE IN 2 OR MORE LEADS.



When QRS width is normal (<120ms), use this
example of NORMAL as your

| 2 4 I sl el - R I 9 () 1]

e 38 14,1, 18 .1

ECG MARKERS of NORMAL PERFUSION

]

'b
J POINT ISOELECTRIC J
ST SEGMENT: "MILD POSITIVE INCLINATION "=

T WAVE: SAME POLARITY AS QRS




When QRS duration is NORMAL (<120 ms):

NORMAL ST T WAVES

" IS NORMAL (<120 ms) [REEEEEY IEREESEERTERRS ;; i'; ! '.-?: BE

ASSESS:

- J POINT: ISOELECTRIC (or<1 mmdev.)
- ST SEG: SLIGHT, POSITIVE INCLINATION
- T WAVE: UPRIGHT, POSITIVE

@= In EVERY LEAD EXCEPT aVR !!
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The Normal 12 Lead EKG
NSR (rate 60-100, regular rhythm)
P Waves upright all leads except aVR
P Waves inverted lead aVR, possibly V1
QRS upright Leads |, I, lll, aVL, aVF, V5, V6
QRS inverted Leads aVR, V1, V2
QRS biphasic: Leads V3, V4
P wave size: up to 2mm tall, 2.5mm long
QRS height Limb Leads: 5-15mm tall
QRS height V Leads 10-15mm tall
QRS width: not to exceed 3mm (120 ms)
Overall QRS Amplitude: not greater than 30mm



The Normal 12 Lead EKG

T waves — Upright all Leads except aVR
T wave — Inverted in Lead aVR
(everything is inverted in lead aVR)

T wave MAY be inverted (as a normal variant) in
Leads Ill and aVL.

Overall QRS Amplitude: not greater than 30mm



QUESTION:

If we just defined

NORMAL, —
/ 'S-T SEGMENT
what -
is - A

ABNORMAL ? ?



ANSWER:

EVERYTHING ELSE.
If it isn’t NORMAL

IS
ABNORMAL !!



Simply stated, if the

- J Points
- ST-Segments
- T Waves

are NOT NORMAL,

they are ABNORMAL. . ..



... And whenever the

- J Points
- ST-Segments
- T Waves

are ABNORMAL, it can be
an INDICATION of
ACUTE CORONARY SYNDROME !



NORMAL
PERFUSION

S

- J POINT ISOELECTRIC
- ST SEGMENT: slight POSITIVE inclination

- ST-T JUNCTION is CONCAVE

- T WAVE smaller than R wave, SMOOTH, ROUNDED (NOT HYPER-
ACUTE). T Wave INVERTED in lead AVR, upright in all other leads.

T
E
M
I

- JPOINT EVEVATED 1mm or more in 2 or more contiguous leads
(exception: V2 & V3: men can have up to 2mm, women 1.5mm of normal J Point Elevation )

- ST SEGMENT usually CONVEX, may be UPSLOPING, FLAT, or DOWNSLOPING
as seen in the examples above.

JPOINT to APEX of T WAVE:
- FLAT  (example to far left)
or

- CONVEX (examplet to immediate left)

HYPERACUTE T WAVES
- J POINT ISOELECTRIC or ELEVATED

- PEAK of T Wave POINTED, may exceed amplitude of R Wave
- Consider Acute MI / Pending MI

- Can ALSO indicate: Transmural Ischemia, Hyperkalemia

ACUTE MI
or

ISCHEMIA

DYNAMIC CHANGES to a patient's J POINT, ST SEGMENT and/or T WAVE during
SERIAL ECGs is a strong indicator of UNSTABLE ISCHEMIA or EARLY INFARCTION

J POINT DEPRESSION, Downsloping ST SEGMENT, inverted T Wave
- Consider NSTEMI: check cardiac markers
- If ST Depression noted in Leads V1 - V4, consider Posterior

Wall STEMI: obtain Posterior Lead ECG ( see page 7 for details ).
- If Acute MI not present, rule out MYOCARDIAL ISCHEMIA




17 ECG PATTERNS of ACS & 1SCHEMIA

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

S-T SEGMENT
ELEVATION at
J POINT

- ACUTE MI
- ACUTE PERICARDITIS /
MYOCARDITIS

- EARLY REPOLARIZATION

FLAT or CONVEX - ACUTE MI
J-T APEX - ISCHEMIA
SEGMENT

- HYPERKALEMIA
HYPER-ACUTE - TRANSMURAL ISCHEMIA
T WAVE - ACUTE MI

- HYPERTROPHY

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

- ISCHEMIA

DEPRESSED J pt.
DOWNSLOPING ST
and INVERTED T




- 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

U WAVE POLARITY
OPPOSITE THAT
OF T WAVE

-—




Evaluate QTc

e “QUICK PEEK” Method
e QTc—-vs— QT Interval



Lead Selection: QT Interval

* Targeted QT measurement using 12 Lead ECG:

Appropriate Lead Selection
The AHA/ACC Foundation/Heart Rhythm Society rec-
ommendations for the standardization and interpreta-
tion of the ECG (2009) recommend selecting the elec-
trocardiographic lead with the longest T wave when
monitoring the QT interval



& Chest Leads
V2 & V3

often display
LONGEST QT Intervals.



THE Q-T INTERVAL

- BEGINNING OF
QRS COMPLEX
TO THE END OF
THE T WAVE

* NORMAL VALUES VARY
BASED ON HEART RATE

- SEVERAL WAYS T0O
DETERMINE NORMAL LIMITS



DETERMINING Q-T INTERVAL LIMITS

YA A VAl
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&= Relatlvely accurate method to quickly identify
patients with abnormal QT Intervals.
- Applies to patients with normal heart rates
(60-100) and narrow QRS ( QRSd <120ms )
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The Q - T Interval
should be LESS THAN 1/2 the

R - R Interval

0] TOO LONG
GOOD
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The Q - T Interval
should be LESS THAN 1/2 the

R - R Interval

0] 4 TOO LONG
DANGER!
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THE *QTc INTERVAL

*QTc = Q-T interval,

corrected for heart rate

HEART
RATE MALE FEMALE
150 0.25 0.28
125 0.26 0.29
100 0.31 0.34
93 0.32 0.35
83 0.34 0.37
71 0.37 0.40
60 0.40 0.44
50 0.44 0.48
43 0.47 0.51

Annals of Internal Medicine, 1988 109:905.



Determining the QTc

QT CORRECTION FORMULAS:

Bazett’s QTc=QT/V RR
Fredericia QTc=QT/(RR)1/3
Framingham QTc=QT+0.154(1-RR)
Rautaharju QTp=656/(1+HR/100)




Methods to obtain QTc:

* Look at 12 Lead ECG printout (at top of page)



Determining the QT / QTc
Method 1 —12 Lead ECG Report.:

Standard 12 Lead ECG
printout. ..

Heart Rate = 83 /
QT Interval = 357 /

QTc =420

Rate 83 . Sinus rh
. Borderlil

PR 183

QRSD 88

QT 357

QTc 420

--AXIS--

P 70

QRS 41

T o !

12 Lead; Standard Pla

11 | ] i § ] & l
- R i | P e T SR -4 +-+ L 4 4-4-4-4-4-4
.. : : HEekan: .




Methods to obtain QTc:

* Look at 12 Lead ECG printout (at top of page)

e Call Monitor Tech — they can give immediate
value



Methods to obtain QTc:

* Look at 12 Lead ECG printout (at top of page)

e Call Monitor Tech — they can give immediate
value
e Calculate it yourself using smartphone App



Corrected QT Interval (QTc) 7

Daniel Juergens

$0.99

“There’s

a n A P P iPhone Screenshots
Carrier ¥ 12:52 AM - Catrier ¥ 12:52 AM ra— Catrier ¥ 12:52 AM

Like the R-R interval, the QT interval is
e sl 100 A dependent on the heart rate and may be
adjusted to improve the detection of
patients at increased risk of ventricular

QT Interval: 405 msec arrhythmia. The standard clinical correction ) '
is the Bazett’s formula, which is used in this The information contained within
= app. For risk of sudden cardiac death, this ication is for informational
o Borderine QTc* in males e 431-450 ms, 0ohc
and i o " purposes only and does not
in females 451-470 ms. An "abnormal 2 % .
o QTc in males is a QTc above 450 ms, and in constitute medical or health advice.
m (m‘g, @ 523 milliseconds females, above 470 ms. You should not rely on the
: information portrayed in this
application as an alternative to
Abnormal QTc

medical advice from your doctor or
any other professional healthcare
provider.

Refecences: hMips /fen.mwikipedia org/wikl/
QT _interval (20.08.2016)




Determining the QTc

 iPhone

— https://itunes.apple.com/us/app/corrected-qgt-
interval-qtc/id1146177765?mt=8

e Android

— https://play.google.com/store/apps/details?id=co
m.medsam.qgtccalculator&hl=en



https://itunes.apple.com/us/app/corrected-qt-interval-qtc/id1146177765?mt=8
https://itunes.apple.com/us/app/corrected-qt-interval-qtc/id1146177765?mt=8
https://itunes.apple.com/us/app/corrected-qt-interval-qtc/id1146177765?mt=8
https://itunes.apple.com/us/app/corrected-qt-interval-qtc/id1146177765?mt=8
https://itunes.apple.com/us/app/corrected-qt-interval-qtc/id1146177765?mt=8
https://itunes.apple.com/us/app/corrected-qt-interval-qtc/id1146177765?mt=8
https://itunes.apple.com/us/app/corrected-qt-interval-qtc/id1146177765?mt=8
https://play.google.com/store/apps/details?id=com.medsam.qtccalculator&hl=en
https://play.google.com/store/apps/details?id=com.medsam.qtccalculator&hl=en

Web-based (mdcalc.com):

& mdcalc.com/corrected-qt-interval-gtc

@ Login NCOR 8. MAP 4 »% BHBBHSH Webpage |- Account Manager |... - BEHEB-SH Cardicserver - EHSR Cardioserver 2y Bllaunch pad @# Kronos

ented time. It is the dedication of healthcare workers that will lead us through this crisis. Thank you for everything you do.

(®8 Search “QT interval” or “QT” or “EKG”

Corrected QT Interval (QTc)

Corrects the QT interval for heart rate extremes (choose from Bazett, Fridericia, Framingham, or
Hodges formulas).

IMPORTANT

We launched a COVID-19 Resource Center, including a critical review of recommended calcs.

When to Use ~ Why Use ~

Fridericia

Framingham

Hodges
Heart rate/pulse 53 beats/min
paper Spe'Edj mm/sec — 20
aT interval
Toggle unit to use msec or small boxes; 1 small 680 msec &

639 msec

Corrected QT Interval (QTc)

Copy Results B Next Steps »»



https://www.mdcalc.com/corrected-qt-interval-qtc
https://www.mdcalc.com/corrected-qt-interval-qtc
https://www.mdcalc.com/corrected-qt-interval-qtc

QTc Values:

Too Short: < 390 ms

Normal
-Males: 390 - 450 ms
-Females: 390 - 460 ms

Borderline High
-Males: 450 - 500 ms
-Females: 460 - 500 ms

High (All Genders): 500 - 600 ms

SOURCE: “ACC/AHA/HRS Recommendations for Standardization and Interpretation of the ECG,
Part IV: The ST Segment, T and U Waves, and the QT Interval” Rautaharju et al 2009



http://circ.ahajournals.org/content/119/10/e241
http://circ.ahajournals.org/content/119/10/e241

Prolonged QT Interval

QTc 500 — 520 may be due to oral
antiarrhythmics (sotalol, amiodarone, etc)

QTc above 500: NOT ADVISABLE to administer
any QT prolonging meds
— Check electrolytes (especially K, Mg, Ca)

QTc 550 and above: advise immediate
discontinuance of all QT prolonging meds

QTc 600+ ANTICIPATE Torsades de Pointes (TdP)



Dysrhythmia Associated with Mortality,
Triggered by LQTS: Torsades de Pointes

R e B e
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b
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T RV Vg Y

Torsades de Pointes (TdP) - HEMODYNAMICS:
* Decreased — to — NO Cardiac Output
e Often patient PULSELESS during episode
* Patients often report SYNCOPE when TdP self-terminates.
 May DETERIORATE into VENTRICULAR

FIBRILLATION and CARDIAC ARREST. (“Sudden Death”)




ECG Characteristics of TdP: The QRS
Pattern of Torsades de Pointes
resembles.....

a piece of Twisted Ribbon !
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WIDE COMPLEX TACHYCARDIA
TORSADES de POINTES (QRS >120ms)

g

Wil

3 Soard

ABCs
PULSE - UNSTABLE PULSE - STABLE

GO TO = IMMEDIATE = 02/ IV | EKG
V-FIB DEFIBRILLATION = MAGNESIUM
ALGORITHM ! INFUSION

START IV 1-2gm OVER

CONSIDER 5-60 min,

SEDATION

D0 NOT give PROCAINAMIDE AMIOBARONE or SOTALOL
fo patients with TORSADES or POLYMORPHIC VT 117

OTHER CONSIDERATIONS:

- EVALUATE BASELINE ECG RHYTHM FOR PRONGED Q-T INVERVAL.
- EVALUATE PATIENT'S MEDS FOR Q-T PROLONGING DRUGS
... if PATIENT HAS BEEN RECEIVING ANY Q-T PROLONGING DRUGS, IMMEDIATELY
DISCONTINUE AND CONTACT PHYSICIAN STAT.
- EVALUATE PATIENT HISTORY FOR PREVIOUS EVENTS OF "SYNCOPE OF UNKOWN ETIOLOGY"
- EVALUATE PATIENT FOR FAMILY HISTORY FOR SUDDEN CARDIAC DEATH

REPORT ANY ABNORMAL FINDINGS TO PHYSICIAN.




Rate 58 Sinus rhythm Req Provider: Rafael Santiago-Aponte

PR 185 IVCD, consider atypical RBEB
QRSd 126 Baseline wander in lead(s) V2,V3,V4,Vé
Qr 668 COMPARED TO ECG 07/22/2020 16:56:59
QTc 657 SINUS RHYTHM NOW PRESENT
—Axis—
P 107
QRS 61
T 45
- Abnormal ECG - Unconfirmed Diagnosis
1 | avVR Vi | Vv4
i z LE 5 I | 1 /\, |
b~ e e LA A
' ] T i )
1 | | av V2 RV PN
P i S e - 7 T
~ oy & /) ~ \“‘ﬁll‘-‘/ \-\'
I I I
1l ; VF !nVG 5%
! ]




Rate 156 Atrial fibrillation Req Provider: Rafael Santiago-Aponte

PR Ventricular tachycardia, unsustained

QRSd 138 RBBB and LPFB

QT 456 Repol abnrm suggests ischemia, diffuse leads

QTe 735 Baseline wander in lead(s) II,III,aVR,aVF,Vl1,V2,V3,V4
—~Axis— COMPARED TO ECG 07/22/2020 15:32:52

P ATRIAL FIBRILLATION NOW PRESENT

QRS 102 VENTRICULAR TACHYCARDIA NOW PRESENT

J 1 185 LEFT POSTERIOR FASCICULAR BLOCK NOW PRESENT

RIGHT BUNDLE-BRANCH BLOCK NOW PRESENT
POSSIBLE ISCHEMIA NOW PRESENT
PROLONGED QT INTERVAL NO LONGER PRESENT

- Abnormal ECG - - Unconfirmed Diagnosis
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Prolonged QT Interval

e Congenital (14 subtypes)



CONGENITAL LONG QT SYNDROMES:
ECG PATTERNS of 3 MOST COMMON VARIATIONS:

Functional Frequency : Triggers Lethal "
Type Current Effect Aig%g ECG'213 Cardiac Event® Penetrance
E Exercli%e' oy 4%)
motional Stress
LTS K l 30%-35% W\ Sleep, Repose (9% )° 62%
Others (19%)
Exercise ( 29%3
LOTS2 K 25%-30% Emotional Stress (49%) 75%
Sleep, Repose (22%)
Emollonat Stsss| 122
motional Stress (12%
LaTS3 Na T 5%-10% _/J_/\ Repose (64%) 90%

Others (20%)




PEDIATRIC CARDIOLOGY ASSOCIATES

22 y’o FEMALE Vent. rale 53 bpm

PR interval 110 ms
QRS duration 84 ms

phate ovex e Chief Complaint: “Grand-Mal Seizures”
.... With NO postictal phase!

Doctor: J MCCORMACK Pt Status: EST CHCT
| | ! y 7
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WHEN THE “QUICK PEEK” METHOD for QT INTERAL EVALUATION IS
APPLIED TO THE ABOVE ECG, WHAT IS THE RESULT?



Long QT Syndromes and Torsade de
Pointes

Gan-Xin Yan

OIOIOIOION0

I. Long QT syndrome: What every
physician needs to know.

Long QT syndrome (LQTS) is an inherited disorder of

delayed ventricular repolarization characterized by a

prolonged QT interval on electrocardiography (ECG) and a

propensity to torsades de pointes (TdP). TdP by definition is: (1) a polymorphic ventricular tachycardia that occurs
specifically under conditions of QT prolongation; and (2) it is almost always initiated by R-on-T ectopic beats. Clinical
manifestations of TdP include syncope (fainting), seizure (epilepsy), or sudden cardiac death. As shown in Figure 1, an
episode of sustained TdP was recorded in a patient aged 13 years with LQTS type 2. The episode during which the boy
had “seizures” was triggered by the alarm clock in the early morning.

Figure 1:

Torsade de pointes in along QT syndrome type 2 patient.




01/16/ 14:53:42 Baseline Intervals 25mm/sec 0.5 mV/cm |

I aVR Vi

V4

. JqT=500msf [
e Lo (QTc =447ms)| |

|(QTc =672ms!)

v

This ECG illustrates the degree of variation that can be noted
between different leads on the 12 Lead ECG. ALWAY measure
the QT Interval in the lead with the GREATEST value.



Prolonged QT Interval

* Congenital
* Acquired
— MEDICATION INDUCED — MAJOR CAUSE of IN-
HOSPITAL MORTALITY

— Electrolyte Imbalances (hypomagnesemia,
hypokalemia, hypercalcemia)

— Increased intracranial pressure
— HYPOTHERMIA (accidental and Induced TTM)



PATIENT 1: NORMAL

PATIENT 2: Genetic susceptibility; sensitivity to QT prolonging drugs:

KANNANKERIL ET AL.

Patient 1 Patient 2

l Same QT-prolonging drug 1

e T S



http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2993258/pdf/zpg760.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2993258/pdf/zpg760.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2993258/pdf/zpg760.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2993258/pdf/zpg760.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2993258/pdf/zpg760.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2993258/pdf/zpg760.pdf

QT Prolongation -- STAT Intervention:

&~ Avoidance of Meds that are known to prolong the QT
Interval. Click here to search medications at
CREDIBLEMEDS.ORG

Commonly used QT prolonging meds include:

-Amiodarone -Ritalin
-Procainamide -Pseudonhedrine
-Levaquin -Haloperidol
-Erythromycin -Thorazine
-Norpace -Propulicid
-Tequin -Lofran

-Benadryl -libutilide and MANY more!


https://www.crediblemeds.org/drugsearch
https://www.crediblemeds.org/drugsearch
https://www.crediblemeds.org/drugsearch
https://www.crediblemeds.org/drugsearch
https://www.crediblemeds.org/drugsearch
https://www.crediblemeds.org/drugsearch
https://www.crediblemeds.org/drugsearch
https://www.crediblemeds.org/drugsearch
https://www.crediblemeds.org/drugsearch

Medication induced LQTS with TdP and Cardiac Arrest - Case Study: 56 year old male

Hbyears
Male

Roam;

fo Lo 31

Caucasian |

Opt: 23

Tochoaeiun: 1!

Yeat, rate 64 bpm
PR fintierval 152 ms |

QRS duration 104 'ms
QIQTc 662682 mw

P-RT ames 51 64 212

“Syncope of Unknown Etiology"

30 days prior to this visit, patient started taking Ritalin. Since
then he has reported multiple syncopal episodes. Notice the

~ prominent U waves in Leads V1, V2 and V3.




Medication induced LQTS with TdP and Cardiac Arrest - Case Study: 56 year old male
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Study: Coronary*Diagnosti...

Run of Torsades de Pointes occurred during Cardiac Catheterization. ..




Medlca ion mduced LQTS W|th TdP and Cardlac Arrest - Case Study: 56 year oId mal o
i
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AO 200 mmHg B

Study: Coronary”Diagnosti...

Torsades de Pointes self-terminates just before aborted Defibrillation




Medication induced LQTS with TdP and Cardiac Arrest - Case Study: 56 year old male

b years Yent, rate 64 bpm o s - , . :

Male = Caucasian PR intirval | 152 o Ritalin was immediately discontinued.

i s i B s Within 48 hours, U waves were gone
am: QTQTe 662682 ms/ A e
o 3 Opt: 23 P-R:T o 51164 212 No more incidents of syncope reported.
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www.crediblemeds.org

e Smartphone Apps

e List of clinical factors associated with
prolonged QTc and/or Torsades de Pointes

(TdP)

Q

A Trusted Partner Providing
Reliable Information On Medicines

/
/ 4

Assessing risk of drugs that prolong
the QT interval and cause arrhythmias.

FOR EVERYONE FOR HEALTHCARE PROVIDERS

eds > News > Smartphone Apps for CredibleMeds Now Available [El Print « Share §{ RSS tb Donate


http://www.crediblemeds.org/
https://crediblemeds.org/blog/smartphone-apps-crediblemeds-now-available
https://www.crediblemeds.org/ndfa_list
https://www.crediblemeds.org/ndfa_list
https://www.crediblemeds.org/ndfa_list
https://www.crediblemeds.org/ndfa_list
https://www.crediblemeds.org/ndfa_list
https://www.crediblemeds.org/ndfa_list
https://www.crediblemeds.org/ndfa_list
https://www.crediblemeds.org/ndfa_list
https://www.crediblemeds.org/ndfa_list

Other QT issues

* A-fib: challenging to calculate QTc due to
varying R-R intervals. The next slide show the
forumulas for a more accurate calculation . ..



@ e JAMA Network

From: What Clinicians Should Know About the QT Interval
JAMA. 2003;289(16):2120-2127. doi:10.1001/jama.289.16.2120

Normal Sinus Rhythm Atrial Fibrillation

' ' «QT, > . |«QT. >
QT | ‘
— e U
; QT | : i S e =: ; QTc,= - ‘
QTc /AR, AR
F\‘R | [ S——— [.__ : ] y"—"_iifaif'qv;v'
"/
Bazett Formula e ey
: " QTc, +QTe,
QTec

I 2

Figure Legend:

QTc indicates corrected QT interval; RR, R-R interval. A, Normalsinus rhythm; the Bazett formula is used to correct the QT interval
for theheart rate. B, Atrial fibrillation; QT interval is calculated by taking theaverage of QT intervals with shortest and longest
preceding R-R intervals.

Copyright © 2016 American Medical

pate ofdownload: 10/3/2016 Association. All rights reserved.



Other QT issues

* A-fib: challenging to calculate QTc due to
varying R-R intervals.

* Wide QRS (QRSd >120ms): The delay in
depolarization (widening of QRS) will also
delay repolarization. Therefore a QT interval
that appears “elongated” may be due to
nothing more than a Bundle Branch Block.




Determining QT Interval when Bundle Branch Block is Present:
Science Direct (Elsevier October, 2020) click here to download
article

FIRST DESCRIBED FORMULA FOR LBBB: QT,,=QT zz5—48.5%* QRS 535

SIMPLIFIED FORMULA FORBBB:  QT,,=QTggs- 50%*QRSgas

Qr,, = estimated QT interval after application of the Formula
QT,gsg = measured QT interval in presence of LBBB
QRS;gsg = measured QRS interval in presence of LBBB

QT ges = measured QT interval in presence of any BBB

QRSggs = measured QRS interval in presence of any BBB



https://www.sciencedirect.com/science/article/pii/S2352906720303341
https://www.sciencedirect.com/science/article/pii/S2352906720303341
https://www.sciencedirect.com/science/article/pii/S2352906720303341
https://www.sciencedirect.com/science/article/pii/S2352906720303341

The Patient Arrives . . .

Standard Tele / ECG hookup:
— LEAD I
— LEAD V2

Evaluate patient: any symptoms of ACS ?
Review 12 Lead ECG. Look for:

— Signs of ischemia

— QT prolongation

REPOSITION ECG Leads (if indicated)



Tele Lead Selection:
ABNORMAL 12 Lead ECG (ischemia)

* Review patient’s 12 Lead EKG

* Select Lead displaying “worst” signs of
ischemia (ST segment, T wave abnormalities)
to be the lead used for continuous monitoring

Set the “automated ST Segment Alarm” for
this lead.




What leads show signs of possible ACS?
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12 Lead ECG
shows ISCHEMIC CHANGES Lateral Wall:

unconnrmea

] |
| ?\’“'JL”“J“’“W\“’W‘”‘“"V‘@”"WM‘%F“JF“’“ r

f_j

| | |
= v ﬁtf\’“”\WN‘JL %ﬁ,ﬂ'ﬁf iﬁ—JN—wa-Jl—-

i RS

' “ 1 . o -
b



Lead Selection: 12 Lead ABNORMAL

* Limb Lead| - ﬂ\r@dw—lw-—hrwwm

e V2 (if QTcis 500 or more and/or patient
receiving QT prolonging medication)

V5 (if QTc <500ms and patient is NOT
receiving QT prolonging meds).



What’s the rationale behind
monitoring the ECG lead viewing
the region of known/suspected
ischemia?



The “common sense” rationale:

If your friend says, “pick me up in front of my house in 15
minutes.”



. .. You wouldn’t
drive around to the
back of the house
and watch for your
friend at the back
door.




If you were only monitoring Lead Il on
this patient with suspected Anterior
Wall ischemia . . ...
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Notice the ECG COmputer missed this
OBVIOUS massive STEMI !

AND you may have noted the subtle ECG changes LONG BEFORE
the patient’s Ml evolved into this massive ANTERIOR LATERAL

STEMI.




CONTINUOUS MONITORING

* ST Segments
* QT Intervals



Critical Baseline Settings:

* Heart Rate (upper / lower)
— Keeps you informed of patient condition changes

— Aids you in medication rate management (I1V
infusions, e.g.: Cardizem)

e ST-Segment (ACS)

e QT Interval (all patients, patients receiving QT
prolonging medications)



Clinical Alarm Management Resources

e American Journal of Critical Care — Monitoring
Clinical Alarms.

 To download a sample CLINICAL ALARMS
MONITORING POLICY and a CLINCIAL ALARMS
PARAMETERS example, CLICK HERE. This will
take you to my “PDF Downloads” page on my

website.



http://ajcc.aacnjournals.org/content/17/1/44.full
http://ajcc.aacnjournals.org/content/17/1/44.full
http://ajcc.aacnjournals.org/content/17/1/44.full
http://ajcc.aacnjournals.org/content/17/1/44.full
http://ajcc.aacnjournals.org/content/17/1/44.full
http://www.ecgtraining.org/id25.html
http://www.ecgtraining.org/id25.html
http://www.ecgtraining.org/id25.html
http://www.ecgtraining.org/id25.html
http://www.ecgtraining.org/id25.html

Sample ECG Alerts:

“ECG Alert Values:" When any of the following ECG disturbances are noted, a nurse should immediately assess the patient for
hemodynamic compromise and determine need to activate Rapid Response. A STAT 12 Lead ECG should be obtained (unless
Code Blue status), and the Physician should be notified.

~o o0 oW

Acute change in heart rate <40 or greater than >130

New QT Interval prolongation

27 or 3" Degree Heart Block

Sinus Arrest with periods of Asystole (“Pause”)

New Onset Atrial Fibrillation or Atrial Flutter

Premature Ventricular Contractions that are Multifocal, 2 or more coupled together, R on T, or greater than 6 per
minute

Ventricular Tachycardia or Wide QRS Tachycardia of unknown origin
Torsades de Pointes*

Ventricular Fibrillation or Asystole

Pacemaker spikes without QRS (Failure to Capture)

Changes in QRS width (new onset Bundle Branch Block)

Changes to the J Point, ST Segment and/or T waves




Alarm Fatigue. It’s REAL....

Excerpt from Circulation 2017:
S I=5eyIrmiernit didiins (o4 /) 1eindineua ryril dria rieeueu
further follow-up interventions.*’ In 5 ICUs in a single
hospital during a period of 31 days, Drew et al*° re-
ported that 91% of the 6196 alarms for ST-segment
changes were considered nonactionable. Unfortunate-
ly, until this unacceptable rate of false and nonaction-
able alarms can be addressed, we can no longer give a
COR | recommendation because false and nonaction-
able alarm signals distract the nurse, bother the patient,
and desensitize clinicians to respond to alarms.47:49.20.3

CTocanmont mnnitnarinn cafharara in ite riirrent ctato



If the ST-Segment alarm activates,
what should you do ??



If the ST-Segment alarm activates,
what should you do ??

* Go assess the patient!
— Are there any symptoms now present?
—Changes in prior symptoms?

e GetaSTAT 12 Lead ECG! ... And



If the ST-Segment alarm activates,
what should you do ??

* Go assess the patient!
— Are there any symptoms now present?
—Changes in prior symptoms?

* GetaSTAT 12 Lead ECG! ... And
 Compare it to the last ECG(s)!



A CRITICAL INDICATOR
of
worsening ischemia
and/or
EARLY INFARCTION
1S
DYNAMIC CHANGES
to the patient’s
J Points, ST-Segments and T Waves.



J ST T should never change



Dynamic ST-T wave changes . . .

18:25

CElois e G

J Point Isoelectric

T 18:37

5 e i Wi e

J Point 1mm Depressed



Potential Issues ?

1. Progressive
Inferior
ischemia

2. NSTEMI

3. Reciprocal
ST Changes
from
Anterior
STEMI

J Point Isoelectric

T 18:37
\

! :
“”“‘J\\\/—‘“J\\/ T —\‘v""”"‘*—%/‘

J Point 1mm Depressed




46 year old male

* Exertional dyspnea X “several weeks”

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

Name: ECG #1 12-Lead 2 HR 62 bpm | * Abnormal ECG ““Unconfirmed™ | early transition or posterior infarct
) ' 28 Aug 87 67:53:25 | * Hormal simus rhythm
atient 1D 7:39 am PRE. 144s QS 8. 108s | * Minimal voltage criteria for LVH, may
ncident i/ATe 0.404s/8.418s | be normal variant
e ™ Sex: M| P-QRS-T Axes 427 -28" -11" | * Increased R/S ratio in V1, consider
Jxllq ;‘l‘1 T.H
l Wl ! Y V)

LI | Vi % V6



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 12-Lead | HR 66 bpm | * Abnormal ECG “*Unconfirmed™ | early transition or posterior infarc
1D | 28 Aug 87 88:88:33| * Normal sinus rhythm
Patient |p:  9:08 am |PRB. 144s ORS 6. 8965 | * Minimal vol tage criteria for LYH, may
Incident {Q1/QTc 8.39s/8.417s| be normal variant
Age: 46 Sex: M| P-0RS-T Axes 58° -22° -31° | * Increased R/S ratio inV1, consider
[ | VR IV V4
] IJ'I'I V? V5
i | abF ¥ V6

1.0 _B5-48Hz 25mny/sec HCFR RESCUE



7:59 am 8:08 am
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ST-Segment Depression

7:59 am 8:08 am




Cath Lab Angiography:

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




Dynamic ST-T Wave Changes

SERIAL EKG CASE STUDY 1 - EKG #1 @ 06:22 HOURS

33 yr Vent. rate 89 BPM Normal sinus rhythm

Male Black PR interval 158  ms Possible Left atrial enlargement
QRS duration 80 ms Borderline ECG
QT/QT¢ 366/445 ms $ ot B avatlakla
Loc-3 Option:23 P—R~T axes 60 -5 65 No previous ECGs available

WP‘J‘/\‘JD\”AA e B R IR R ! f}““’i/u/\“/ I\
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Dynamic ST-T Wave Changes

SERIAL EKG CASE STUDY 1 - EKG #2 @ 09:42 HOURS

33 yr Vent, rate 67 BPM "S*UNEDITED COPY: REPORT IS COMPUTER GENERATED ONLY, WITHOUT PHYS
Male Black PR interval 160 ms INTERPRETATION".
QRS duration 82 ms Normal sinus rhythm
‘Al 1 . S17/% “ Y J
SOONEAT. QAT JEnel. - e T wave abnormality, consider anterolateral ischemia

Loc:3 Option:23 P-R-T axe 4 0 54 5
" e Prolonged QT

Abnormal ECG

Lo

aVR \% V4 |



DYNAMIC ST-T Wave Changes
ARE PRESENT !!

NOW

is the time for the

STAT CALL

to the
CARDIOLOGIST !111



Dynamic ST-T Wave Changes

SERIAL EKG CASE STUDY 1 - EKG #3 @ 12:12 HOURS

33 yr Vent. rate 64 BPM Normal sinus rhythm

Male Black PR interval 160 ms Marked T wave abnormality, consider anterolateral ischemia
QRS duration 84 i Prolonged QT ’
. 5 QT/QTe 514/530 ms Abn "_;'T | ECG
Loc:7 Option:35 P-R-T axes 45 3 9] AVROTIIA LN

When compared with ECG of 05-NOV=2008 05:12.
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Dynamic ST-T Wave Changes

SERIAL EKG CASE STUDY 1 - EKG # 4 @ 15:37 HOURS

By Vent. rate 71 BPM Normal sinus rhythm

Male Black g‘;;ﬂl;‘“\ﬂ "7‘:: ms Marked T wave abnormality, consider anterolateral ischemia
S duration ms g ~

Room:405A QT/QTe 600/652 1S l;rl:)hmgt'tli :‘?)(-!(‘

Loc:5 Option:39 P-R~T axes 20 | 160 Abnormal ECG

| |
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Dynamic ST-T Wave Changes

SUB-TOTAL /

OCCLUSION OF
16%:;2 Q:IT)IIE':QCI;OR STENT DEPLOYMENT,
ARTERY LEFT ANTERIOR

DESCENDING ARTERY,
33 y/o male



Dynamic ST-T Wave Changes

SUB-TOTAL £
OCCLUSION OF
LEFT ANTERIOR
DESCENDING
ARTERY




NORMAL
PERFUSION

S

- J POINT ISOELECTRIC
- ST SEGMENT: slight POSITIVE inclination

- ST-T JUNCTION is CONCAVE

- T WAVE smaller than R wave, SMOOTH, ROUNDED (NOT HYPER-
ACUTE). T Wave INVERTED in lead AVR, upright in all other leads.

T
E
M
I

- JPOINT EVEVATED 1mm or more in 2 or more contiguous leads
(exception: V2 & V3: men can have up to 2mm, women 1.5mm of normal J Point Elevation )

- ST SEGMENT usually CONVEX, may be UPSLOPING, FLAT, or DOWNSLOPING
as seen in the examples above.

JPOINT to APEX of T WAVE:
- FLAT  (example to far left)
or

- CONVEX (examplet to immediate left)

HYPERACUTE T WAVES
- J POINT ISOELECTRIC or ELEVATED

- PEAK of T Wave POINTED, may exceed amplitude of R Wave
- Consider Acute MI / Pending MI

- Can ALSO indicate: Transmural Ischemia, Hyperkalemia

ACUTE MI
or

ISCHEMIA

DYNAMIC CHANGES to a patient's J POINT, ST SEGMENT and/or T WAVE during
SERIAL ECGs is a strong indicator of UNSTABLE ISCHEMIA or EARLY INFARCTION

J POINT DEPRESSION, Downsloping ST SEGMENT, inverted T Wave
- Consider NSTEMI: check cardiac markers
- If ST Depression noted in Leads V1 - V4, consider Posterior

Wall STEMI: obtain Posterior Lead ECG ( see page 7 for details ).
- If Acute MI not present, rule out MYOCARDIAL ISCHEMIA




ENG PATTERNS of ACS s iscuemin

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

FLAT or CONVEX - Typical Cath Lab Finding:
J-T APEX i Coronary Artery Thrombus
SEGMENT (TIMI Grade 1-2 blood flow)
[ ]  —
Multiple patterns of HYPER ACUTE i T
T WAVE - ACUTE MI

HYPERTROPHY

S-T SEGMENT ; :gglg g‘émcnnoms '
ELEVATION at MYOCARDITIS

J POINT EARLY REPOLARIZATION
ACUTE (NON-Q WAVE) M

DEPRESSED J pt. |‘AcmrE oricoseigs B P
DOWNSLOPING ST ,/\_k\ ; M1 - ( RECIPROCAL CHANGES )
and INVERTED T /]

- MYOCARDITIS
INVERTED - ELECTROLYTE IMBAL.

T WAVE

| ACUTE M! (NOT COMMON)

configurations sHARp ST

BI-PHASIC - SUB-TOTAL LAD LESION
T WAVE ‘,.J(/\ - VASOSPASM

(WELLEN'S) HYPERTROPHY

DEPRESSED J
Remember, “IF IT’S NOT o |~
NORMAL, it’s ST |~
), SEQMENT ‘N&_f\
> 120 ms

LOW VOLTAGE
T WAVE WITH
NORMAL QRS

U WAVE POLARITY
OPPOSITE THAT
OF T WAVE




ENG PATTERNS of ACS sischemin

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

FLAT or CONVEX - Typical Cath Lab Finding:
J-T APEX Coronary Artery Thrombus
SEGMENT (TIMI Grade 1-2 blood flow)

- HYPERKALEMIA
HYPER-ACUTE - TRANSMURAL ISCHEMIA
T WAVE - ACUTE MI

- HYPERTROPHY

S-T SEGMENT | [- AcuTE mi
ELEVATION at - ACUTE PERICARDITIS /

MYOCARDITIS
J POINT _ | - EARLY REPOLARIZATION

DEPRESSED J pt. - | - ACUTE (NON-Q WAVE) M

DOWNSLOPING ST
and INVERTED T

- ACUTE MI - ( RECIPROCAL CHANGES )



ECG Patterns associated with
“EARLY PHASE MI:”

 J-T Apex abnormalities

* Hyper-Acute T Waves

* Dynamic ST-T Wave
Changes



J-T Apex Segment

/1]

ST-Segment T wave: origin to apex




J-T APEX SEGMENT VARIATIONS

|ABNORMAL - CONVEX |

L5
7

| ABNORMAL - FLAT

NORMAL - CONCAVE |

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




Il " JPOINT plus 40 ms"
—— shows ST ELEVATION > 1mm
WHEN EVALUATING o= o o
for b
ST SEGMENT , A
ELEVATION .. ..\t .4 \

From:
AMERICAN HEART ASSOCIATION
ACLS 2005 REVISIONS

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 I 41 ylo FEMALE

InER C/O CHEST PAIN
x 30 minutes.
= FLAT J-T APEX SEGMENT
= NO ST ELEVATION at
J POINT!

STEMI - INFERIOR WALL

11 MINUTES LATER, S-T
ELEVATION at the J POINT
IS NOTED.
SR . = 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! ... .1 1yr. PRIOR TO MI

‘/\J\,/\‘ NORMAL EKG
o CONCAVE J-T APEX SEGMENT

LEAD | 53 ylo MALE

—

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

IS NOTED.

= CATH LAB FINDINGS:
S 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.




56 yr Vent. rate 80 BPM **UNEDITED COPY — REPORT IS COMPUTER GENERATED ONLY, WITHOUT

Maile Caucasian PR interval 154 ms PHYSICIAN INTERPRETATION
QRS duration 78 ms # o B Yo ' -

Room:A9 QT/OTe I80/438  ms l\~0r.mfll sinus rhythm

Loe:3 Option:23 P-R-T axes 51 -24 38 Normal ECG

No previous ECGs available

Technician: W Ruppert

Referred by Confirmed By:
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25mm/s [Omm/mV  40Hz 005C 12SL.235 CID:3 EID:10 EDT

ECG COMPUTER DOES NOT NOTICE THE CONVEX J-T APEX SEGMENTS !




380/438 ms LNYULIIAL OSIIITUS TILy Uiy
51 —24 38 Normal ECG

No previous ECGs available

Referred by: » Con_ﬁrmed By:




!

y Artery Thrombus

1 9 hinad flaar)
1-Z D100 TIOW)

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



FLAT or CONVEX
oy ACUTE M
SEGMENT EARLY PHASE
HYPER-ACUTE ACUTE M/

T WAVE EARLY PHASE

S.T SEGMENT

ELEVATION at ACUTE mi

J POINT

DEPRESSED th - ACUTE (NON-Q WAVE) MmI

DOWNSLOPING ST
and INVERTED T

- ACUTE MI - (RECIPROCAL CHANGES )




T waves should not be HYPERACUTE




HYPERACUTE T Waves may indicate:

* Early phase Acute MI

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

* Hyperkalemia (seen
globally across ECG)

* Hypertrophy




‘\ HYPER-ACUTE T WAVES - COMMON ETIOLOGIES: ‘\

CONDITION. SEE PAGE(S):

" & HYPERKALEMIA - xt-x
- & ACUTE MI - X

¢ TRANS-MURAL
ISCHEMIA - XX+ XX

XX - XX

NORMAL




Helpful Clue: Hyper-Acute T Waves

e GLOBAL Hyper-acute T Waves (in leads

viewing multiple myocardial regions / arterial
distributions) favors HYPERKALEMIA



Right and left arm electrode reversal, interpretation assumes no reversal Req Provider: ONIER VILLARRE/
Sinus bradycardia

Atrial premature complexes

LVH with IVCD and secondary repol abnrm

Anterior ST elevation, probably due to LVH + =

COMPARED TO ECG 02/24/2020 21:46:48 et »

SINUS BRADYCARDIA NOW PRESENT

INTRAVENTRICULAR CONDUCTION DELAY NOW PRESENT

ST (T WAVE) DEVIATION NOW PRESENT
PROLONGED QT INTERVAL NO LONGER PRESENT

—_
1
-~
-h! ——
—b' —_—

1 1 ] 1

I i f \ g7 |

L o T VA b I—/ \
| 1
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i 7 |
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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.

HEL a0 g (o] ][RR NONE. CHOLESTEROL UNKNOWN.

A CI N IENH 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




available | € NOTE COMPUTER INTERPRETATION

Normal sinus rhythm

Normal ECG
No previous ECGs

88 BPM
164 ms
90 ms
3700447

61 62 53

. rate
interval
QRS duration
QT/QTe
P-R-T axes

S W

.
.

YV TPV IWORASS: SV S S



30 yr

Male Black
Room: ER

Loc: Option:

Venl. rate 88 BPM Normal sinus rhythm

PR igmcr\'al 164 ms Normal ECG

QRS duration 90 ms : s
QT/OTe 70487 ms No previous ECGs available
P-R-T axes 61 62 53 HIGHLIGHTED AREAS =

HYPERACUTE T WAVES

CORONARY ARTERIAL DISTRIBUTIONS:

V1-V4 = LEFT ANTERIOR DESCENDING (LAD)

I, AVL = DIAGONAL (DIAG) off the LAD or

OBTUSE MARGINAL (OM) off CIRCUMFLEX (CX)

V5, V6 = CIRCUMFLEX

I, I, AVF = RIGHT CORONARY ARTERY or CX

LATERAL - ANTERIOR WALL

JEYPSH VSV

aVR

ANTERIOR - SEPTAL WALL ANTERIOR WALL

INFERIOR WALL

e
T'VL

LAT_ERAL - ANTERIOR WALL ANTERIOR - SEPTAL WALL LATERAL WALL

INFERIOR WALL

INFERIOR WALL ANTERIOR WALL

LATERAL WALL




Lab findings:

TOTAL
CCLUSION of
ANTERIOR
NDING
ERY



FLAT or CONVEX
oy ACUTE M
SEGMENT EARLY PHASE
HYPER-ACUTE ACUTE M/

T WAVE EARLY PHASE

S.T SEGMENT

ELEVATION at ACUTE mi

J POINT

DEPRESSED th - ACUTE (NON-Q WAVE) MmI

DOWNSLOPING ST
and INVERTED T

- ACUTE MI - (RECIPROCAL CHANGES )




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

*LEADS V2 and V3:
MALES AGE 40 and up
(MALES LESS THAN 40
FEMALES

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




STEMI Criteria for 18 Lead ECGs:

Right-Sided Chest Leads
(V3R - V6R): 0.5 mm

Posterior Chest Leads
(V7 -V9): 0.5 mm

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




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

Recommendations
I. For men 40 years of age and older, the threshold value for
abnormal J-point elevation should be 0.2 mV (2 mm) in
leads V, and V; and 0.1 mV (1 mm) in all other leads.

. For men less than 40 years of age. the threshold values for
abnormal J-point elevation in leads V, and V; should be
0.25 mV (2.5 mm).

. For women, the threshold value for abnormal J-point eleva-
tion should be 0.15 mV (1.5 mm) in leads V, and V5 and
greater than 0.1 mV (1 mm) in all other leads.

4. For men and women, the threshold for abnormal J-point
elevation in V3R and V4R should be 0.05 mV (0.5 mm).
except for males less than 30 years of age, for whom 0.1
mV (I mm) is more appropriate.

. For men and women, the threshold value for abnormal J-
point elevation in V; through V4 should be 0.05 mV
(0.5 mm).

6. For men and women of all ages, the threshold value for
abnormal J-point depression should be —0.05 mV
(—0.5 mm) in leads V, and V; and —0.1 mV (—1 mm) in
all other leads.

12

('Y}

N



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

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:

The following samples are from patients with ACUTE MI., as confirmed by discovery of total arterial occlusion in

the Cardiac Cath Lab:

V5 - ANTERIOR

aVL - ANTERIOR

"TOOMBSTONE"
PATTERN

V2 . ANTERIOR

"FIREMAN'S HAT"
PATTERN

V3- ANTERIOR

[ |
R4 ki
|
|
Joe

III-INFERIOR
MI

ITI-INFERIOR
POSTERIOR MI

III-INFERIOR
MI

III-INFERIOR
MI

V4 - ANTERIOR
LATERAL MI LATERAL MI LATERAL MI LATERAL MI LATERAL MI
"TOOMBSTONE" I "FIREMAN'S HAT"
PﬁﬂERN A ' ‘\; {11 PATTERN
FHHH AL ;
H J. H |l l :
;;»'xi s (T
IR SN
AR LT
A'ﬁ { T
' 1] : i H :
V4- ANTERIOR V5- ANTERIOR V5-ANTERIOR II - INFERIOR aVF- INFERIOR
LATERAL MI LATERAL MI LATERAL MI POSTERIOR MI | POSTERIOR MI
ER
| i (;
| .( %
o ‘-\_‘4_ II L// .\

II- INFERIOR
POSTERIOR MI




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



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

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

diagnosis.



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

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

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



ACUTE MI

COMPLICATIONS TO ANTICIPATE
FOR ALL MI PATIENTS:

é° LETHAL DYSRHYTHMIAS

CARDIAC ARREST

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



STEMI

e Correlation of ECG Leads with Coronary
Arterial Anatomy and the STRUCTURES
SERVED by the OCCLUDED ARTERY....




STEMI

* Correlation of ECG Leads with Coronary
Arterial Anatomy and the STRUCTURES
SERVED by the OCCLUDED ARTERY....

..... Will serve as a “crystal ball,” allowing
you to ANTICIPATE complications of STEMI . . ..




STEMI

* Correlation of ECG Leads with Coronary
Arterial Anatomy and the STRUCTURES
SERVED by the OCCLUDED ARTERY ....

..... Will serve as a “crystal ball,” allowing
you to ANTICIPATE complications of STEMI . . ..
...... BEFORE they occur !!




"Having knowledge of
common coronary artery
anatomy is the ....

to understanding the PHYSIOLOGICAL
CHANGES fthat occur during ACUTE MI."

“an INVALUABLE ASSET for ALL MEDICAL
PROFESSIONALS who

provide direct care to STEMI patients !”



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. ..



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



http://www.ecgtraining.org/id1.html
http://www.ecgtraining.org/id1.html
http://www.ecgtraining.org/id1.html
http://www.ecgtraining.org/id1.html

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 MI 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

VS [\ D O\ Patient calm, alert, oriented X 4, skin cool, dry, pale.
No JVD, Lungs clear bilaterally. Heart sounds normal S1, S2. No peripheral edema.

VAL \SRiel [ BP: 100/64, P: 75, R: 20, SAO02: 94%
W:\-1H FIRST TROPONIN: 6.4




@ EVALUATE EKG for indicators of ACS:

- ST SEGMENT ELEVATION / DEPRESSION

- HYPERACUTE T WAVES

- CONVEX ST SEGMENTS

- OTHER ST SEGMENT / T WAVE ABNORMALITIES




T2yr
Male

Loc:

l :

| | ¥ La
] \ TR
D o etat ek dondn crimdi A )y e

Vent. rate
Caucasian PR interval

QRS duration

QT/QTc
Option:2 P-R-T axes

LATERAL - ANTERIOR
DIAG. (LAD) or OM (CIRC).

INFERIOR
TOMINANT | ‘or CIRC
et “)-gfn:‘:e‘ W—r |

75 BPM Normal sinus rhythm

162 ms Anteroseptal infarct , possibly acute

98 ms w6k €% 3% %% % ACUTE M ** #% *+ *»
- Abnormal ECG

ST

SEGMENT ELEVATION

BASILAR SEPTUM

avR U !

LATERAL - ANTERIOR
DIAG. (LAD) or OM (CIRC).

ERIOR

 RCA or CIRC H
it liol ey et B S Aot T Y

_ INFERIOR

h .|'

.
T
pecst T Sy in el gy

aVF

ANTERIOR - SEPTAL
LAD

ANTERIOR - SEPTAL
LAD

ANTERIOR
LAD

ANTERIOR
LAD

Ve




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



T2 yr Vent. rate

Male Caucasian PR interval
QRS duration
QT/QTc

Loc: Option:2 P-R-T axes

7 L_ATEVRAL - ANTERIOR_
DIAG. (LAD) or OM (CIRC).

75

162

98
382/426
72 13

BPM Normal sinus rhythm
ms Anteroseptal infarct , possibly acute
ms FEk k% 2% k% ¥ l\(U”: MI] ** #% %% %=
rg; Abnormal ECG

ANTERIOR - SEPTAL
LAD

ST SEGMENT ELEVATION

ANTERIOR
)

I

ANTERIOR - SEPTAL

L - ANTERIOR

“or OM (CIRC).

aVF

INFERIOR

V4

V6




Vi-V4 VIEV; THE ANTERIOR-SEPTAL WALL

of the LEFT VENTRICLE

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

RUPPERT, WAYNE ID: 7445683659 05-0CT-2906 JOHNS-HOPRINS UNIV.
38Yrs Vent. Rate: 68 NORMAL SINUS RHYTHM
MALE P-RInt: 160 ms Normal E
QRS: 100 ms Very Healthy Athletic EKG!

I AVR Vi 4

ANTERIOR n AVL V2 Vs

CHEST ViV2 V3 V4 H H

WALL | | | |

' ' m AVF V6 l I




OCCLUSION of MID - LEFT ANTERIOR DESCENDING ARTERY

LEFT MAIN CORONARY ARTERY
AV NODE\
g0 CIRUMFLEX
= b ARTERY
| R
RBB 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

Ola Area =3037.1 mn Sy Arna= 4018 4 mtd Ejoct Frac =425
0la Veluma = 347 4 cc Sy Volume s 1R27¢¢ Straks Vetume = 134 8 26




CASE STUDY 2:

CHIEF COMPLAINT and SIGNIFICANT HISTORY:

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:

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

gl (ev N ¢\ 'l Pt. CAOx4, anxious, SKIN cold, clammy, diaphoretic. No JVD.
Lungs: clear, bilaterally. Heart Sounds: Normal $1, S2.

AR AEmy (el S BP: 168/98, P: 110, R: 24, SAO02: 97% on 02 4 LPM via nasal canula

W.1-EH  TROPONIN ultra = 2.8




46 yr Vent. rate 109 BPM =
Female PR interval 132 ms ST SEGMENT ELEVATION / DEPRESSION
QRS duration 82 ms - HYPERACUTE T WAVES
Room:ER QT/QTc 346/465 ms CONVEX ST SEGMENTS
P-R-T axes 60 11 -32 - OTHER ST SEGMENT / T WAVE ABNORMALITIES

EVALUATE EKG for indi

cators of ACS
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46 yr Vent. rate 109 BPM Sinus tachycardia ST SEGMENT ELEVATION

Female {_’)f:{;n‘tjcr\“-:!1 I22 ms Left ventricular hypertrophy with repolarization abnormality
- £ Y CLITARION 82 ms ST elevation consider lateral injury or acute infarct ’
Room:ER Ql/()jlc 346/465 ms 4k =% % % ¥ ACUTE MI -u-Jwi Wk ok ST SEGMENT DEPRESSION
P-R-T axes 60 11 =32 o
LATERAL - ANTERIOR BASILAR SEPTUM | ANTERIOR - SEPTAy —1 ANTERIOR
AG. (LAD) or OM (CIRC). LAD | LAD

B Lo
INFERIOR LATERAL ANTERIOR ANTERIOR - SBPTAL

L b /\M

INFERIOR INFERIOR ANTERIOR
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‘ a\ \ 3

M W T T TR e

Yy

/%N/L T T e

lvs




LATERAL - ANTERIOR

BTSN e R

!|ll

Samt

| ST SEGMENT ELEVATION |

T SEGMENT DEPRESSION

RUPPERT, WA 1ID: 7445683649 05-0CT-2006 JOHNS-HOPKINS UNIV.
38 Yrs Vent. Rate: 68 NORMAL SINUS RHYTHM
P-R Ink.: 160 ms Normal EKG
QRS: 100 ms Very Healthy Athletic EKG 1
AVR Vi V4
AVL v2 Vs

= : =L



OCCLUSION of DIAGONAL ARTERY

LEFT MAIN CORONARY ARTERY

. CIRUMFLEX
ARTERY

DIAGONAL
ARTERY

AREA OF EKG VIEWED BY
LEADS | and aVL

ke LEFT ANTERIOR
% DESCENDING
ANTERIOR VIEW i

OCCLUSION of RAMUS ARTERY OCCLUSION of OBTUSE MARGINAL ARTERY

LEFT MAIN CORONARY ARTERY LEFT MAIN CORONARY ARTERY

CIRUMFLEX CIRUMFLEX
o | BB ARTERY ARTERY
\.E\\\\ :
RBB=" Y L 1st OBTUSE
1 " q S o
RAMUS MARGINAL
\ ARTERY ARTERY
_' AREA OF EKG VIEWED BY AREA OF EKG VIEWED BY

LEADS | and aVL LEADS | and aVL

LEFT ANTERIOR
DESCENDING
Dk oL ANTERIOR VIEW

LEFT ANTERIOR
DESCENDING

ANTERIOR VIEW ARTERY



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

omcous 7 «

POST PTCA-
STENTING of
1st DIAGNONAL
ARTERY

Aren s 824 LUTES .- ! ; na
D Vokame = 2748 mi [ 9ya Vaame = 120 i | Btroke eWarm



3111111
Born 1/

Rate 69

FR 180
QRSD 94
QT 436
QTc 467

--AXIS--

P 56
QRS -51
T -7

12 Lead; Standard Placement

& S22

1941 77 Years

. SINUS RHIYT.
. LEFT ATRIAL ABNORMALITY
. LEFT ANTERIOR FASCICULAR BLOCK. .. ...:ctvteuunennnnn axis(240,-40), init forces inf

COVIDIEN

{25 mm/sec | Timbi 10 mm/my

——
Acct I 1R/ I
ONIER VILLARREAL
Adm: EEE2018 DOB: I
SEVEN RIVERS RMC

|

- ABNORMAL ECG -

i avL v2

]

......... normal P axis, V-rate 50- 99

P,P'>60mS, <-0.15mV V1

Unconfirmed Diagnosis

Phys
Date
Time

STEMI

s

!, |

Room:

—

1321

ician

REF|30768678

)
AL
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CASE STUDY 3:

CHIEF COMPLAINT and SIGNIFICANT HISTORY:

29 y/o 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:

&* FAMILY HISTORY - father died of Ml age 46

&~ CURRENT CIGARETTE SMOKER

&~ "MILD" HYPERTENSION - untreated

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

b £ e\ VW) Patient alert, oriented X 4, skin cool, dry, pale. Patient restless.
No JVD, Lungs clear bilaterally. Heart sounds normal S1, S2. No peripheral edema.

VAR BP: 104/78, P: 76, R: 20, SAO02: 96%
W.1-5H INITIAL CARDIAC MARKERS - NEGATIVE




@@= EVALUATE the EKG for signs of ACS:

29 yr Vent. rate 75 BPM

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

P-R-T axes 14:07 Hours - OTHER ST - TWAVE Al

T RIS  FFER T 3 T A R e P B R s
= .] t RS PO s 14 s ety SETT - T P - i | {ii=:]




29 yr Venl. rate 75 BPM Normal sinus rhythm
Male Caucasian PR i.nh:rwu! 176 ms Septal infarct , p)ns.'\‘lhly acute ST SEGMENT ELEVATION
Q,'F? ‘,’I'"‘"""‘ z ,“‘;‘4' ms Anterolateral injury pattern
: 62/4( & 4 e
PoROT axes A M8 wawweanax 2 ACUTE MI *# *# #2 %» ST SEGMENT DEPRESSION

Abnormal ECG

LATERAL - ANTERIOR BASILAR SEPTUM ANTERIOR - SEPTAL ANTERIOR
DIAG. (LAD) or OM (CIRC). - LAD LAD

LATERAL - ANTERIOR ANTERIOR - SEPTAL
DIAG. (LAD) or OM (CIRC). LAD

_INFERIOR ANTERIOR
ANT RCA or CIRC. LAD




- Reciprocal ST Depression is

NOW PRESENT
- Additional ST Elevation is
present in Leads I, AVL



V] - V4 Vle 'I'HE ANTER'OR_ SEP'I' AL w ALL OCCLUSION of MID - LEFT ANTERIOR DESCENDING ARTERY

of the LEFT VENTRICLE

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

LEFT MAIN CORONARY ARTERY

CIRUMFLEX
ARTERY

RUPPERT, WAYNE 1D: 7445683659

38Yrs Vent. Rate: 68
MALE P-RInt: 160 ms
QRS: 100 ms

LEFT
ANTERIOR
DESCENDING

ANTERIOR ARTERY

CHEST V1 V2 V3 V4
WAL

AREA OF INFARCT

ANTERIOR VIEW




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-HOPNINS UNIV.
38Yrs Vent. Rate: 1] NORMAL SINUS RHYTHM
MALE P-RInt: 160 ms Normal
QRS: 100 ms Very Healthy Athletic EKG !
I AVR Vi I
l"TERmR o AVL V2 V5
CHEST V1 V2 V3 V4 H H A
WALL |

Leads | & AVL view the ANTERIOR-LATERAL JUNCTION

—
R
\ RUPPERT, WATSE Ex 7445550650 05-0CT-3006 00 OPYING NIV,
‘ 35 ¥ Vert. Rate - NORMAL SINLIS RIFYTHIM
AL PNt 140 s Mool ENE

RS 300 e Very Sealtiy Ambletic (85
1 AVR vi v ' I
| A v v

U J B o 4 RIOR U b AR A

LEFT MAIN CORONARY ARTERY

AV NODE\

CIRUMFLEX
ARTERY

LEFT
ANTERIOR
DESCENDING
ARTERY

AREA OF INFARCT
ANTERIOR VIEW

LEFT MAIN CORONARY ARTERY

AV NODE
.

CIRUMFLEX
ARTERY

9 11st DIAGNONAL ARTERY
SUPPLYING AREA
VIEWED BY LEADS
land aVL ORIGINATES
FROM LEFT

ANTERIOR DESCENDING
ARTERY

AREA OF EKG VIEWED BY
LEADS | and aVL

LEFT ANTERIOR
DESCENDING




i ST SEGMENT ELEVATION

ST SEGMENT DEPRESSION

LATERAL - ANT
_DIAG. (LAD) or Of

CIRUMFLEX
ARTERY

LEFT
ANTERIOR
DESCENDING
ARTERY

AREA OF INFARCT

ANTERIOR VIEW




OCCLUSION of PROXIMAL LEFT ANTERIOR DESCENDING ARTERY

LEFT MAIN CORONARY ARTERY

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




WHILE AWAITING THE CATH LAB TEAM, THE
PATIENT BEGAN VOMITING. SKIN BECAME ASHEN &
DIAPHORETIC. REPEAT BP = 50/30.



-WHAT THERAPEUTIC INTERVENTIONS SHOULD BE
IMPLMENTED AT THIS POINT ?

29 yr Vent. rate 70 BPM Undetermined rhythm 14:48
Male  Caucasian PR interval *oms Non-specific intra-ventricular conduction block
¢ E)!l{z)dlu““"“ 442/;:;0 ms Acute Myocardial infarction EVOLVING ANTERIOR
Room:S6 JT/QTe 42477 ms Lateral infarct , age undetermined
Loc:3  Option:23 P-R~T axes e 134 3 e AR LR 7

Inferior infarct , age undetermined
Abnormal ECG

aVR vi
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CASESTUDY 7 -

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. ALSOC/O D.IB.

RISK FACTOR PROFILE:

&% CURRENT CIGARTTE SMOKER x 18 YEARS
&* HYPERTENSION

é* HIGH LDL CHOLESTEROL

o M g5 (o VI D) ¢V | Patient is alert & oriented x 4, skin warm, dry, color normal. Non-anxious
Lungs clear, normal $1, S2. No JVD, No ankle edema.

VAL SR-iel (Y BP: 136/88 P: 88 R: 20 SAO2: 100% on 4 LPM 02
WA-EH TROPONIN: <.04




QRS duration

EVALUATE EKG for indicators of ACS:

- ST SEGMENT ELEVATION / DEPRESSION

- HYPERACUTE T WAVES

- CONVEX ST SEGMENTS

- OTHER ST SEGMENT / T WAVE ABNORMALITIES




46 yr Vent. rate

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

LATERAL - ANTERIOR
DIAG. (LAD) or OM (CIRC).

82

168

96
384/448
76 8l

ST elevation consider inferior injury or acute infarct

EXE EX X £ ¥ ACUTE MI Hok kR ok koK

ST SEGMENT ELEVATION

BPM Normal sinus rhythm
ms
ms
';; Abnormal ECG

BASILAR SEPTUM

ANTERIOR - SEPTAL
LAD

ST SEGMENT DEPRESSION

ANTERIOR
LAD

_INFERIOR

DC ANT RCA or |
. NUWIINANGT KOA O

INFERIOR
’ INANT B ~ A

L A :":l".; A

SO o de it gy bty

DIAG. (LAD) or OM (CIRC).

LATERAL - ANTERIOR

ANTERIOR - SEPTAL
LAD

ANTERIOR
LAD




[ST SEGMENT ELEVATION |

be o8 06 60 8 ACYITE Ml 80 58 o6 64
boormal ECG ST SEGMENT DEPRESSION
LATERAL - ANTERIOR BASILAR SEPTUM ANTERIOR - SEPTAL ANTERIOR
__ DIAG. (LAD) or OM (CIRC). o Y s
| | | ‘ 4.
/ . " | A A A '8 | 11
1 VR Vi ! Vi |
INFERIOR LATERAL - ANTERIOR ~ ANTERIOR - SEFTAL
 DIAG. (LAD) or OM (CINC). _ LAD
| | | J . | | | | ‘
1 v, ! a vt vs !
| | |
INFERIOR INFERIOR ANTERIOR
ro—
I l |
} L | | L | ’ | ’ ®
m VE v} l '

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

@ |
RUPPERT, WAYNE ID: 7445683659 05-0CT-2006 JOHNS-HOPKINS UNIV.
38 Yrs Vent. Rate: 68 NORMAL SINUS RHYTHM
MALE P-R Int: 160 ms Normal EKG
QRS: 100 ms Very Healthy Athletic EKG !
. ® I

I P
k FED by the RCA (75-80 % pop)
f : /_\ *{— or the CIRCUMFLEX (10 - 15 % )




RIGHT DOMINANT

POSTERIOR
VIEW

75 - 80 %
POPULATION



— R —p HEpruL HINT. . MEMORIZE THIS | €— R —
RIGHT CORONARY ARTERY (RCA )  RiGHT DowawT

SYSTEMS

» RIGHT ATRIUM
» SINUS NODE (395% 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




RIGHT DOMINANT

POSTERIOR
VIEW

75 - 80 %
POPULATION



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




LEAD PLACEMENT
V4R, V5R, V6R




ID:

46 Yo Venl. rate 87 bpm Normal sinus rhythm
Male Caucasian Pﬁindlcrval l’;;i ms o ¢ : ! DS
S i ior inj i ;
foom. STaT w21 IR e N LER
pt: P-R-T axes 79 81 102 Abnormal ECG =
Right Ventricular Infarct QZ S
Technictan:
Referred by: Unconfirmed
Jm : | Fp
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gt INDICATOR COMPLICATION
f i |
i i 5 1. S-T DEPRESSION IN THE V-LEADS =% POSTERIOR WALL 7\ 1\ I
i Pon F 1y . ¥ ¥
A S ( PREDOMINANTLY V1-V3) M i
i 2. S-T ELEVATION IN LEADS V5,v6, =—» LATERAL WALL
_' ! LEAD I, and AVL Mi
: /\“—-'*ﬁ,"u-} 3. S-T ELEVATION in LEADS V3r-V6r =% R. VENTRICULAR \:d\—"'“t/\
Var (RIGHT-SIDED EKG) MI
40 Hz 25.0 mm/s  10.0 mm/mV 4 by 2.5 + 3 rhythm Ids 125L40 y250

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

BLOCKAGE




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




If this patient becomes
HYPOTENSIVE . .. ..



MI with HYPOTENSION ? ?
|

WET LUNG
SOUNDS ? ?
NO — YES
IRIGHT VENTRICULAR MI ? |
YES | NO
|

POSTERIOR / LATERAL
INVOLVEMENT ?

NO = YES - INOTROPES

| | - CONSIDER ET
IV = FLUID CHALLENGE INTUBATION
" INOTROPES - CONSIDER

FLUIDS ! | | = CONSIDER 1LAB.P IABP.




POST PTCA/STENT DEPLOYMENT TO PROXIMAL RCA




IN EVERY CASE of

INFERIOR WALL STEMI

You must first RULE OUT

RIGHT VENTRICULAR Ml
BEFORE giving any:

- NITROGLYCERIN
- Diuretics



Nitroglycerin & Diuretics
are
CLASS Il CONTRINDICATED
N
RIGHT VENTRICULAR M| ! I*

They precipitate SEVERE
HYPOTENSION

* A.HA. ACLS 2010/ 2015



sriﬂllssis’aﬂt an Emergency Crash

Cart Interactive Reference Manual - free Download

STEMI Assistant

by Wayne Ruppert

---See PAGEONE- - -

UNIVERSAL ACS PATIENT MANAGEMENT ALGORITHM

s

Select LEAD SET with HIGHEST ST ELEVATION and open to associated page . ..

any J POINT / ST Segment ELEVATION In Lead AVR see this tab

PROXMAL LATERAL | | BASLAR SEPTUM ANTERIOR | SEPTAL ANTERIOR
or PROXIMAL  ANTERIOR (Bundle of Has region)
AVR Vi V4
s L o mrenoel | AwTerion / septac LATERAL
Il AVL V2 V5
INFERIOR INTERIOR ANTERIR LATERAL
i . AVF V3 V6
24 22

v

Y3jeaH juosyfeg N

Ay apeq

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

PATTERNS of ACS s 1sCHEMIA

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

FLAT or CONVEX ACUTE MI

J-T APEX
SEGMENT EARLY PHASE

ACUTE mI
EARLY PHASE

HYPER-ACUTE
T WAVE

S-T SEGMENT
ELEVATION at
J POINT

DEPRESSED J pt.
DOWNSLOPING ST
and INVERTED T

ACUTE MI

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

AN ANIRI™IIAT .




S-T SEGMENT DEPRESSION - COMMON ETIOLOGIES:

J POINT
>1mm
—~ DEPRESSED

BELOW P-Q
JUNCTION

CONDITION:

* RECIPROCAL CHANGES of
ACUTE MI

* NON-Q WAVE M.I. ( NON-
STEMI )

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




pat 10 [N 01/07/2019 09:19:35 ] Bayfront Health Seven Rivers ED

T9yrs Caucasian Female Dept ED

RX account | Gz Room EDO1
DX Tech ap
Rate 153 Atrial fibrillatieon with rapid V-rate Req Provider:
PR Nonspecific intraventricular conduction delay
QRsd 17 NO PREVIOUS ECG AVAILABLE FOR COMPARISON
QT 260
QTc 415 . .. . .

—Axis-- ST Depression Leads V1 - V4 Minimal ST Elevation in Lead V6.
RS - (Does not meet STEMI Criteria)
T 78
- Abnormal ECG - e, Linconficmed Diagnosis
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ST Depression in
Leads V1 - V4:

e Direct view of ISCHEMIA (anterior wall)



ST Depression in
Leads V1 - V4:

* Direct view of ISCHEMIA (anterior wall)
* Direct view of NSTEMI (anterior wall)



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.




STEMI

e ST Segment Elevation Myocardial Infarction.

ST Segment Elevation is
noted over zone of
infarction.




ST Depression in
Leads V1 - V4:

* Direct view of ISCHEMIA (anterior wall)
* Direct view of NSTEMI (anterior wall)

e Reciprocal view of STEMI (opposite side of
heart - posterior wall)



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 M

306



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




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 M




Whenever you see

ST DEPRESSION in Leads v1-v4

&= Yyoumustdoa

POSTERIOR LEAD ECG
(V7-V9)

to see if you Patient is having a

POSTERIOR WALL STEMI



Whenever your patient’'s ECG exhibits
ST DEPRESSION in any of the
ANTERIOR LEADS (V1-V4),
CONSIDER the possibility of
POSTERIOR WALL STEMI !

. To DIGANOSE
Posterior Wall
STEMI, we should
see LEADS
V7 -Voll
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Posterior Wall

SA NODE

AV NODE

75 - 80 %\_
POPULATION

POSTERIOR
VIEW




POSTERIOR WALL BLOOD SUPPLY

DOMINANT RCA 75-80% of POPULATION

PLV
BRANCHES

PLV
BRANCHES

PDA

!;/7 //
In MOST PEOPLE (75-80 % pop. )
the POSTERIOR WALL is fed by

TWO different arteries: the RCA
and the CIRCUMFLEX . . . .

POSTERIOR
WALL




Congrats!|

YOU SURVIVED !!!!
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