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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.
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A 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
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A Correct location of each ECG Lead
A 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
doeseach 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
liguid 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
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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 = —

:
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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:

A ISCHEMIA
Adt | NaIAIE GKAO]lYSaaéE al
A STEMI (in the opposite side of the heart)

A 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

ViR m AVF V3 V6
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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 . . .

A Standard Tele / ECG hookup:
i LEAD II
i LEAD V2



LEAD PLACEMENT

V2

V1
® O - 3‘ V5 [ vé
// V4

\ -

5 WIRE TELEMETRY UNIT



Lead VZDh h 5

| K2 A C

J

4 y5

" qus

|

V1 V2
V3 V
Good P waves | | Good P waves Great ST Elev
RvslL BBB RvsL BBB Great QTc
RvsL Ectopy | |Rvs L Ectopy
Poor ST Elev Good ST Elev
2QTc ? Good QTc
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Why notV1?26 2 FUSYy 62y Ql

r%yﬁgvxmJr“aﬁkzanxf”“jhf“”ﬁ“;MJVA~~fTA‘"“{ﬁxwﬁf\““ﬁ(\_

Ll A A a

aVL V2

5mm! 6 mm
3 J7mm i 4 mm

o Pal Vd Pay - Vd
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Ineffectiveness of LEAD V1 for early
detection ofAnterioseptalSTEMI

REAI ™ MALICOT NAIA ..

A LINti

g g 07 r /\#- —_—
_vi | y

S: NEGATIVE

e

|

rw;,T—Aq I/LA//“”’/\_” B B

|
] <1 mm A \
B \ | | ) \
| v MV?“/\' e _Z‘C,'\A Vs k\’ji ‘—M‘Jm/\
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Why not V1 ?(may not detect criticalQTg




The Patient Arrives . . .

A Standard Tele / ECG hookup:
i LEAD II
i LEAD V2

A Evaluate patient: any symptoms of ACS ?



CHIEF COMPLAINT

KEY WORDS:

a/ 1 9{¢cy t!'Lb k 19! %
C!bb, C99[ LbD LbZ¢ S

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 ExamClues of M.

A Skin may be PALE, CLAMMY

A SWEATING (Diaphoresis)

A Clutching /Rubbing chest

A BP can be high, normal or low

Al vyEASGE k af221 2F A



The Patient Arrives . . .

A Standard Tele / ECG hookup:
i LEAD II
i LEAD V2

A Evaluate patient: any symptoms of ACS ?

A Review 12 Lead ECG. Look for:
I Signs of iIschemia
I QT prolongation



Evaluating the ECG for ACS:
A TWOSTEP process:.



Evaluating the ECG for ACS:
A TWQOSTEP process:

STEP 1Evaluate QRS Width




Evaluating the ECG for ACS:
A TWQOSTEP process:

STEP 1Evaluate QRS Width

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




STEP t evaluate QRS width:

AQRS is ABNORMALLY WIDE (€0

I iIndicates DEPOLARIZATION ABNORMALI'
60S®IDd qodzyRfES -0NI yOF
ParkinsonrWhite Syndromegtc).



STEP t evaluate QRS width:

AQRS is ABNORMALLY WIDE (€0

I Indicates DEPOLARIZATION ABNORMALIT
60SPIPD daodzyRft S -0NJ) yOF
ParkinsorWhite Syndrome getc).

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




CONDITIONS THAT INCREASE QRS DURATION RESULT IN
SECONDARY REPOLARIZATION ABNORMALITIES:
RIGHT LEFT
BUNDLE BUNDLE
BRANCH BRANCH
BLOCK BLOCK
______ — 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:
QRS> 120ms

ADetermine 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: &

[AYLIX S ac¢dz2Ny { A

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: ARapid I nterpretBidbindMdD of ECGso0O by



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:
(QRSdA> 120ms)

AWhen RIGHT Bundle Branch Block
pattern Is present:

I 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:
(QRSdA> 120ms)

AWhen RIGHT Bundle Branch Block
pattern Is present:

I Precordial Leads typically demonstrate ST
Depression and T wave Inversion

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



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:
(QRS& 120ms)

AWhen LBBB QRS pattern is present:



Wide QRS present:
(QRS& 120ms)

AWhen LBBB QRS pattern is present:

I SFSegment Elevation is typically noted In
Precordial Leads



Wide QRS present:
(QRS& 120ms)

AWhen LBBB QRS pattern is present:

I SFSegment Elevation is typically noted In
Precordial Leads

I Can cause up to 5mm of J Point Elevation |
normally calibrated ECG (1mm=10mv)



Wide QRS present:
(QRS& 120ms)

AWhen LBBB QRS pattern is present:

I SFSegment Elevation is typically noted In
Precordial Leads

I Can cause up to 5mm of J Point Elevation |
normally calibrated ECG (1mm=10mv)

I Does NOT typically cause ST elevation In
INFERIOR Leads (ll, lll and AVF).



Diagnosis of STEMI with LBBB patterr

2013 ACC/AHA Guideline for Management of STEMI

AST Elevation of 0.1mv (Lmm) or more in leads
with Positive Deflection QRS complexes


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

Diagnosis of STEMI with LBBB patterr

2013 ACC/AHA Guideline for Management of STEMI

AST Elevation of 0.1mv (Lmm) or more in leads
with Positive Deflection QRS complexes

AST 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 patterr

2013 ACC/AHA Guideline for Management of STEMI

AST Elevation of 0.1mv (Lmm) or more in leads
with Positive Deflection QRS complexes

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

AST Segment Changes as compared with those
of older ECGs with LBBB


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

Diagnosis of STEMI with LBBB patterr

2013 ACC/AHA Guideline for Management of STEMI

AST Elevation of 0.1mv (Lmm) or more in leads
with Positive Deflection QRS complexes

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

AST Segment Changes as compared with those
of older ECGs with LBBB

AConvex 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



G9f SOOUNROI NRA23INJ LIKAO 5A
Myocardial Infarction in the Presence of Left

Bundle. NJ VOK . f 201 ¢ EnglxMedf o
1996: 334:481487
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Be advised that in patients with

Left Bundle Branch Block
Combined with

Ventricular Hypertrophy,

he J Point elevation can exceed 0.5 mv
(5mm) above thaso-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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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
(QRSc& 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

® ® PUKS aFtlFad Ay
when there Is no detectable electrical
activity . . .



The Isoelectridine -
AUQa yvz2u I|tgagl e
THE ISOELECTRIC LINE

EKG from 13 y/o girl in ACCELERATED JUNCTIONAL RHYTHM.

note: upsloping T-P interval, and P buried in T waves.
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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




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 ti
example of NORMAL as your

st '] 2 3 | She' 61 71 R 9 10 1] 2

TR U SR T TR TR (PR LI - T N TN TR

B

J POINT ISOELECTRIC
ST SEGMENT: "MILD POSITIVE INCLINATION "e==
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

A NSR (rate 6A00, regular rhythm)

A P Waves upright all leads exceMR

A P Waves inverted leaaVR possibly V1

A QRS upright Leads I, Il,aN/L, aVF V5, V6
A QRS inverted Leadd/R V1, V2

A QRS biphasic: Leads V3, V4

A P wave size: up to 2mm tall, 2.5mm long
A QRS height Limb Leads1i5mm tall

A QRS height V Leads-18mm tall

A QRS width: not to exceed 3mm (12Q)

A Overall QRS Amplitude: not greater than 30mm




The Normal 12 Lead EKG

A T waves; Upright all Leads excepi/R
A T wavec Inverted in LeaéVR
A (everything is inverted in leaaVvR

A T wave MAY be inverted (as a normal variant) in
Leads Il andVL

A Overall QRS Amplitude: not greater than 30mm



QUESTION:

If we Jjust defined

NORMAL,
/QRS /,S-T SEGMENT
what

ABNORMAL? ?



ANSWER:

EVERYTHING ELSE.
LT A0 AayQi
IS
ABNORMAL !



Simply stated, If the

- J Points
- SESegments
- T Waves

areNOT NORMAL
they areABNORMAL.. .



. . . And whenever the

- J Points
- SFSegments
- T Waves

are ABNORMALL can be
an INDICATION of
ACUTE CORONARY SYNDROL



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

-—




EvaluateQTc

Adv!L/Y t99Y¢ aSiK2R
A QTcc vsc QT Interval



Lead Selection: QT Interval

A Targeted QT measurement using 12 Lead ECt

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



F ChestLeads
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:

~

T SO0 QNTEQTORR
Fredericia QTE=QT/(RR)1/3
Framingham QT&QT+0.154(RR)
Rautaharju QTpE=656/(1+HR/100)




Methods to obtainQTc

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



Determining the QT / QTc
Method 1¢ 12 Lead ECG Repbort

Standard 12 Lead ECG
printout. ..

Heart Rate = 83
QT Interval = 357

\

QTc =420

Rate

PR
QRSD
QT
QTc

83

183

88
357
420

--AXIS--

P

QRS
-

12 Lead; Standard Pla

70
41
=1

. Sinus rh
. Borderlil

+- - I‘Y §ul4 - -
- D 4 “ .
11




Methods to obtainQTc

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

A Call Monitor Teclg they can give immediate
value



Methods to obtainQTc

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

A Call Monitor Teclg they can give immediate
value

A Calculate it yourself using smartphone App



Corrected QT Interval (QTc) 7

Daniel Juergens

$0.99

¢ KS N.

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

A iPhone

I https://itunes.apple.com/us/app/correctedt-
Intervakgtc/id1146177765?mt=8

A Android

I 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
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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

fh! w/ 9Y ! / / k' 1!kl wf{ wSO2YYSVRI{GA2Yya T2
t I NI L=+Y ¢KS {¢ {S3AYSvis ¢ YR ' 2| @S3a



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

Prolonged QT Interval

A QTc500¢ 520may be due to oral
antiarrnythmics(sotalol amiodaronegtc)

A QTcabove 500NOT ADVISABLE to administer
any QT prolonging meds
I Check electrolytes (especially K, Mg) Ca

A QTc550and above: advise immediate
discontinuance of all QT prolonging meds

AQ

c600+ AN

ICIPA

[larsadege Pointes (TdP)



Dysrhythmia Associated with Mortality,
Triggered by LOQTSEorsades de Pointe
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Torsades de Pointes (TAPHEMODYNAMICS:
ADecreased; to ¢ NO Cardiac Output
AOften patient PULSELESS during episode
APatients often report SYNCOPE when TdP-s=thinates.
AMay DETERIORATE into VENTRICULAR
CL.wL[[!¢Lhb YR /! w5L!/



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
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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

A Congenital (14 subtypes)



CONGENITAIONG 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%)




Chief Compl atMatl: Sef @r
é . With NO postictal phase!

WHEN THE AQUI CK PEEKO METHOD for QT | NT
APPLIED TO THE ABOVE ECG, WHAT IS THE RESULT?



