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IDENTIFY and MANAGE
ACUTE CORONARY SYNDROMES:

NON-STEMI

UNSTABLE
ANGINA

CP-LOW RISK




PROBLEM: Each year in the United States, it is e

. - - - A - L = —~ b T o NN F=1:T=1 - A -J'
people with ACS are misdiagnosed and discharged from our nation’s emergency I._it:'f_lnﬂl'tﬂ"lﬂrltb_,
resulting in needless morbidity and mortality. The emotional loss to grieving fa rnil‘-,-' members

s incalculable.  The negative financial impact to families wh

providers, as well as losses incurred by health care providers in IEg | e



PRESENTING SYMPTOMS
RISK FACTOR PROFILE

ECG ABNORMALITIES

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




PATIENT EVALUATION

INITIAL APPROACH (SHOCK SURVEY)
ABCs
CHIEF COMPLAINT

SECONDARY EVALUATION
— RAPID, FOCUSED ASSESSMENT
— PAIN / PRESSURE / BREATHING / SYMPTOMS ?



SHOCK ASSESSMENT

SHOCK =

INADEQUTE TISSUE
PERFUSION

SECONDS

-STARTS THE INSTANT YOU SEE
PATIENT

- ENDS WHEN YOU REACH THE
PATIENT'S SIDE



SHOCK ASSESSMENT

LOC: AWAKE
ALERT &
ORIENTED

SKIN: NORMAL HUE
WARM
DRY

BREATHING: NORMAL

NORMAL
STATUS: \ NORMAL




RAPIDLY FIND AND TREAT
THE ROOT CAUSE...



PHASE 1:

PHASE 2:

RULE OUT LIFE-THREATENING CONDITIONS

* ABCs

¢ SHOCK ASSESSMENT

+

UNCONSCIOUS

—

RESUSCITATE
PATIENT as per
ACLS, or
INSTITUTIONAL
PROTOCOLS

CONSCIOUS, WITH
SIGNS OF SHOCK

v

CONSCIOUS, NO
SIGNS OF SHOCK

v

RULE OUT
CAUSES OF
SHOCK:

-INSULIN

- CARDIOGENIC

- HYPOVOLEMIC

- METABOLIC

- NEUROGENIC

- SEPTIC

- RESPIRATORY

- PULMONARY
EMBOLUS

- DRUGS / MEDS

¢ ASSESS VITAL
SIGNS & 02 SAT

¢ ECG MONITOR

* TREAT
SYMPTOMATIC
DYSRHYTHMIAS
as per ACLS, or
INSTITUTIONAL
PROTOCOLS

¢ START IV &
DRAW LABS

PROVIDE
APPROPRIATE TX

RULE OUT ACUTE CORONARY SYNDROME




PHASE 1: RULE OUT LIFE-THREATENING CONDITIONS

PHASE 2: RULE OUT ACUTE CORONARY SYNDROME

PASS E D S H O C K S U RV EY: PERFORM RAPID, TARGETED ASSESSMENT. DOES

PATIENT COMPLAIN OF:

* TYPICAL ACS SYMPTOMS ?B

¢ ATYPICAL ACS SYMPTOMS ? n

¢ AUSCULTATE LUNG and HEART SOUNDS E

..... Move on to

o V4 n
RULING OUT ACS L
11]

By conducting the . ..

7 sT B st _ EE non-
ELEVATION :::;fgars?nn NORMAL :E):a:NOSTIC
TEi;;T‘:: ﬁe:;'iinn: gkgEll'-ﬂliABKBI;R

INITIAL EVAI_UATION NEW or OBTAIN 18 e ,
presumably

1. ASSESSMENT NEW LBEB

2. RISK STRATIFICATION

3. ECG

4. CARDIAC MARKERS

ELEVATED
CARDIAC m OBTAIN

MARKERS ? and
EVALUATE

SERIAL EKGs

ON-GOING E.D. EVALUATION carbiac L

"REPEAT EKGs T L por iAo
-REPEAT CARDIAC MARKERS PROTOCOLS PROTOCOLS

DETERMINE RISK m
STRATIFICATION SCORE
CONSIDER ADDITIONAL DIAGNOSTIC

TESTING, eg STRESS TESTING, |1
ECHO. CARDIAC CATHETERIZATION

PHASE 3: RULE OUT OTHER LETHAL CARDIAC CONDITIONS



KA PRESENTING SYMPTOMS
[1 RISK FACTOR PROFILE

[ 1 EGG ABNORMALITIES

[ 1 CARDIAC MARKERS

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




CHIEF COMPLAINT

KEY WORDS:

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

SHORTNESS BREATH
DIZZINESS / LIGHTHEADEDNESS

ETC. ETC. ETC.



TYPIGAL SYPTOMS of
ACUTE CORNARY SYNDROME:

v~ CHEST PAIN - DESCRIBED AS...

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

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

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

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

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



INFRRGTION

- - = Classic Symptoms™ - - -

(&= QUICK ASSESSMENT "SHORT FORM"

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

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

vl DOES NOT CHANGE WITH
DEEP BREATH




stable angina

1. SYMPTOMS START
DURING PHYSICAL
EXERTION.

2. SYMPTOMS ARE
"PREDICTABLE"

unstable angina

. SYMPTOMS MAY START

AT ANY TIME, EVEN
DURING REST

. SYMPTOMS ARE NEW,

DIFFERENT, or WORSE
THAN PREVIOUS EPISODES

BEWARE of the patient with
“INTERMITTENT CHEST PAIN”. ...




ATYPICAL SYMPTOMS of ACS



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

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

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

3223-3229

Common atypical complaints associated with

AMI without chest pain include:

Malaise (weakness) Fatigue

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

BOOK PAGE:




Effect of Having Multiple Risk Factors for AMI Without Chest Pain

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

NUMBER OF RISK FACTORS PRESENT
RISK FACTORS INCLUDE: Stroke (previous), Heart failure (previous), Race (non-white), EIderly (age 75+), Women, 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




KA PRESENTING SYMPTOMS
[1 RISK FACTOR PROFILE

[ 1 EGG ABNORMALITIES

[ 1 CARDIAC MARKERS

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




KA PRESENTING SYMPTOMS
EA RISK FACTOR PROFILE

[ 1 EGG ABNORMALITIES

[ 1 CARDIAC MARKERS

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




RISK FAGTORS

for the development of

CORONARY ARTERY DISEASE:

& - HEREDITY

& T LDL and | HDL CHOLESTEROL PROFILES
& " SMOKING

& " DIABETES MELLITUS

OBESITY

PHYSICGAL INACTIVITY

HYPERTENSION

AGE - OVER 65

MALE

HIGH STRESS

per the AMERICAN HEART ASSOCIATION




f' CASE STUDY: IMPORTANCE of RISK FACTORS

62 y/o MALE presents to cardiologist's office with intermittent ACS symptoms
(chest heaviness, dyspnea). - Pt. DOES NOT correlate symptoms with exertion.

RISK FACTOR PROFILE:

&~ FAMILY HISTORY - both parents + CAD before age 65
‘"“ PREVIOUS CIGARETTE SMOKER - 20+ yrs., quit 15 years ago
& HIGH CHOLESTEROL - Dx 5 yrs ago, taking STATIN med since.

&~ DIABETES - Controlled with diet and oral meds.

gl [\ VAN H Patient supine on exam table, skin warm, dry, color NL
Patient is asymptomatic, all systems WNL

VAL Sg-lel i BP 153/88, P 80, R16, SAO2 99%
pllclilolp)lommion) (el EKG NORMAL, EXERCISE STRESS TEST PASSED.



CASE STUDY: IMPORTANCE of RISK FACTORS

CHIEF COMPLAINT and SIGNIFICANT HISTORY:

62 y/o MALE presents to cardiologist's office with intermittent ACS symptoms
(chest heaviness, dyspnea). - Pt. DOES NOT correlate symptoms with exertion.

RISK FACTOR PROFILE:

& FAMILY HISTORY - both parents + CAD before age 65

é* PREVIOUS CIGARETTE SMOKER - 20+ yrs., quit 15 years ago
6\“ HIGH CHOLESTEROL - Dx 5 yrs ago, taking STATIN med since.
&~ DIABETES - Controlled with diet and oral meds.

gl [\ VAN H Patient supine on exam table, skin warm, dry, color NL
Patient is asymptomatic, all systems WNL

VAL Sg-lel i BP 153/88, P 80, R16, SAO2 99%

EKG NORMAL, EXERCISE STRESS TEST PASSED. TROPONIN IS NEGATIVE.

¥enl. rte TR BPW f
Cwucasiarn PR siiterval N2 n Mol sinus rhythm
QRS durmtion B2 T Marmal EOG
e CORA QT BT e
Ot P-R-T axes 5110 i
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CASE STUDY: IMPORTANCE of RISK FACTORS

CHIEF COMPLAINT and SIGNIFICANT HISTORY:

62 y/o MALE presents to cardiologist's office with intermittent ACS symptoms
(chest heaviness, dyspnea). - Pt. DOES NOT correlate symptoms with exertion.

RISK FACTOR PROFILE:

& FAMILY HISTORY - both parents + CAD before age 65

é* PREVIOUS CIGARETTE SMOKER - 20+ yrs., quit 15 years ago
6\“ HIGH CHOLESTEROL - Dx 5yrs ago, taking STATIN med since.
&~ DIABETES - Controlled with diet and oral meds.

gl [\ VAN H Patient supine on exam table, skin warm, dry, color NL
Patient is asymptomatic, all systems WNL

VAL Sg-lel i BP 153/88, P 80, R16, SAO2 99%
pllclilolp)lommion) (el EKG NORMAL, EXERCISE STRESS TEST PASSED.

¥enl. rte TR BPW

& PRESENTING SYMPTOMS
&1 RISK FACTOR PROFILE
(] ECG ABNORMALITIES

[ CARDIAC MARKERS

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

PR sittéival w1 i Mormal sinus rlythm
QRS durmtion B2 i Marmal EOG
QT 3BT i L
P-R-T axcs g 11
I |
i = ey r. o i | [F) Fi
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KA PRESENTING SYMPTOMS
EA RISK FACTOR PROFILE

[ 1 EGG ABNORMALITIES

[ 1 CARDIAC MARKERS

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




KA PRESENTING SYMPTOMS
EA RISK FACTOR PROFILE

M ECG ABNORMALITIES

[ 1 CARDIAC MARKERS

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




ECG EVALUATION for ACS:

STEP 1: EVALUATE WIDTH of QRS



IF THE QRS
IS TOO WIDE.......

( GREATER THAN 120 ms )

. . . . IS the QRS morphology:

LEFT BUNDLE BRANCH BLOCK

- OR -

RIGHT BUNDLE BRANCH BLOCK



CONDITIONS WHICH ALTER THE ECG MARKERS
of ACUTE CORONARY SYNDROME

RIGHT
BUNDLE
BRANCH
BLOCK

W-P-W BYPASS
TRACT, LEFT
LATERAL WALL
49 ylo MALE

LEFT
BUNDLE
BRANCH

BLOCK

+— SAME PATIENT

——d e,

| 1 M
| | PRE-ABLATION ———— P POST-ABLIATION | |

W-P-W BYPASS
TRACT, RIGHT
ANTERIOR/
LATERAL WALL
14 yio MALE

PACEMAKER -
RIGHT
VENTRICULAR
APEX

[l

_,/ A b

! '._l"“‘l"ll LR

AS ON LEFT-
IMMEDIATELY
AFTER RF
ABLATION OF
BYPASS TRACT

— SAME PATIENT
AS ON LEFT-
IMMEDIATELY
AFTER RF
ABLATION OF
BYPASS TRACT

PACEMAKER
TURNED
OFF

RIGHT

VENTRICULAR
HYPERTROPHY
( Strain Pattern )

IMMAJ"\ - ﬂ_ﬂ: -

HERE

LEFT

VENTRICULAR
HYPERTROPHY
( Strain Pattern )

VENTRICULAR
TACHYCARDIA
FOCUS: LEFT
FASICULAR,

17 ylo FEMALE

VENTRICULAR
TACHYCARDIA-
FOCUS: RIGHT
VENTRICULAR
APEX




STEP 1

- EVALUATE WIDTH OF QRS:

NORMAL (<120 ms)

WIDE (> 120 ms)

ORIGIN --

&= OF SUPRAVENTRICULAR

DETERMINE QRS MORPHOLOGY:

.

RIGHT BUNDLE BRANCH
BLOCK PATTERN

I

LEFT BUNDLE BRANCH
BLOCK PATTERN

.

.

h 4 h 4 h 4 h 4
EVALUATE FOR EVALUATE FOR DO NOT RELY ON USE CAUTION --
ST DEPRESSION | | ST ELEVATION || ST DEPRESSION | |ST ELEVATION
IN USUAL MANNER IN USUAL MANNER AS A MARKER OF ACS. - IS ROUTINELY SEEN IN
WIDE QRS COMPLEX WIDE QRS COMPLEX
RHYTHMS (both L and R RHYTHMS WITH LBBB

BBB PATTERNS ) OFTEN
CAUSE: DEPRESSION of

J POINTS, ST SEGMENTS,
& INVERSION OF T WAVES.

PATTERN. FOLLOW AHA
CRITERIA (page _ ) FOR
DIAGNOSIS OF STEMI IN
PRESENCE OF LBBB.




INFRRGTION

PATIENTS with RIGHT BUNDLE
BRANCH BLOCK --

@ use J-POINTS
and S-T SEGMENTS in the usual
manner to screen for ACUTE MI



}wwwm e g

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

48 yr ) Vent. rate 102 BFM Sinus tachycardia with Premature supraventricular complexes and Fusion complexes
Male  Caucasian PR interval 130 ms Right bundle branch block

Room:ATL gﬁf‘ﬁf;ﬁm“ -10[}!;3? e ST elevation consider anterior injury or acute infarct
Lle.'B OPUGH23 P—R—'T axXes 60 114 —19 Sk ook ek etk ok ACUTE MI s ook ok ook
Abnormal ECG ...
Technician: W Ruppert
Referred by: MD Confirmed By:
EREERr e T r\fm“\,m B "JFL\,VJ_J‘YU e AR N
e '\/L\’\’“ ot M N M LA
=iy |.dr i e VR i e e S e t V4 v ';'IJ ! ;

l|v1 s i e e
LAy e (s
Bl oE \'ﬁw MU\“};—P\JL\/—H\/J\/"\’ _M_\w}__f_ lf\é’lr/ﬁl‘ﬁ’:'
_l

o '\mf A “‘MQLJ’ EEsag q\w\wﬂxﬂﬁmr\mf s R

_1-"‘~u' 'a_g‘"‘* \'-.w"“""flll V—-JJ r\/\i 'L.v"”‘“""j lwf ]'..v*’\} 'uv’“mﬂ'»"v”“'"” m/\"'\} MAW"“”“‘ TLr\/_"“'f ‘u'v’_ﬂ\ Mltmf'“mf L‘/

B

DIAGNOSIS: STEMI, ANTERIOR - SEPTAL WALL

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




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

23 yr _ Vent. rate 67 BPM Sinus rhythm with Ist degree A-V block JERTARER'[:
Male  Caucasian PR interval 258 ms  [Right bundle branch block |
QRS duration 136 ms ST elevation consider inferior injury or acute infarct
' _ QT/QTe 398/420 ms % %% ¥k £% ¥ ACUTE M] * % ¥ % #%
Loc:3  Option:23 P-R-T axes 4 94 82 ’
Abnormal ECG

Referred by: MD Confirmed By: UNED]

DIAGNOSIS: STEMI - INFERIOR-POSTERIOR WALL

CATH LAB FINDINGS: TOTAL OCCLUSION of
DOMINANT RIGHT CORONARY ARTERY



RBBB with CHEST PAIN

CASE 3: ST ELEVATION V3 -V,

Il, Ill, avVF

ACUTE LATERAL - INFERIOR - ANTERIOR AMI

CATH LAB FINDINGS: OCCLUDED VEIN GRAFT
THE CIRCUMFLEX DISTRIBUTION

15 yr _ Vent. rate 110 BPM _Sinus tachycardia
Male Caucasian PE. interval 170 ms Right bundle branch block
RS dusaion 199w Cateral imfarct , possibly acute
E{E-?:Cs_gpiinn: 41 EE?‘FERS 32?"'4{]3; rg; Inferior infarc[..%(:]ssihi}r acute Tg OMINANT CIRCUMELEX
' Anterior injury pattern ( )

Abnormal ECG

=
1%“‘ij

L

A A A,

aVL

MAUh

V5

1

aVF L&

V6




A.H.AA. ACLS GUIDELINES

= CARDIAC MARKERS

« SYMPTOMS

= RISK FACTOR PROFILE

* HIGH INDEX OF SUSPICION

for diagnosis of STEMI

a) previously NORMAL ECGs (no LBBB)
- OF ==
b) no old ECGs available for comparison

consider diagnosis as STEMI until proven
otherwise.



Vent, rate 94 BPM
A e ie)

RS duration 160 ms

T8 yr
Female Black

Room:ICUS y
Loc:6 Option:19 P-R-T axes a1 -23 87

Technician: EKG CLASS #WR03602718

Normal sinus rhythm with occasional Premature ventricular

| - Normal arteries
- Normal LV Function
- No hypertrophy

| Left bundle branch block
Abnormal ECG

.......... i vl |Z:.. R
s i 1 1

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

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



LI

If
|

Lefi bumdie branch Block

ared with BOG of 22-1AN-2005 11:15

I v

=v* AGE AND GENDER SPECIFIC PCG ANALYS[S **=

.r-‘

OLD ECG

NEW ECG

A

2mm |
ST elev.

1.5 mm
[ ST depr.

o s 2 +1.5=

3.5mm
CHANGE




LBBB with CHEST PAIN - CASE 2: NEW ONSET of LBBB

46 yr _ Vent. rate 77 BPM Normal sinus rhythm
Male Caucasian ::]FEZL;H:JL'IHH 172 ms Left bundie branch block
S duratnon 142 ms A nal FECG
Room:ER QT J46/504 115 Abnormal ECG
Loc:3 Option:23 P=R-T axcs 8 0 92
] |
|IﬂI | ‘II || | T A ,_F-/\' = - ~ .
{ _\_.f-"-u-—ﬂ—\_-l l\ o Sl | _,J"'M-\__a-"‘\_,l | S '_-“-f_\"'--ﬁl |r“ e ||l e 3 IK i -H_.Il lll F _-hl - —'rll — S "—‘I 1 IU..- b S Ill‘| - S
S —r - e 1 \ | [ | L J
7 A o’ \ |
| aVR v v v Vi || | || V4
\f | |
| y A
= il A A [ f1 A F, ¥ )
_ 4 A f\ . . /1 f \ A P | o | "
IR N | D SR | S NI L S SN O S W S |,_M_J__ e | I'I -\\-__ﬁ_-\l { *--_,-_EI I-"’ T b I, S e T Y " W S
1| aVL vz || |f \{ Vs
| || \
||| |||
| | /_." 4 1'.. __.-'“-.. ..
- o - I - #
f\‘\_ A | -\L\_'_\_ﬂll |I.- \"—"—-_-_ﬁll 'I--F-' N AN n'. o "',I;_ e ] f” "_-_, = B8 —nf] ] II‘— s _|I A e e 'r‘- - ™
| | = ) | L | :
I V V | aVF V3 || I || \U
v ! )

DIAGNOSIS: STEMI - ANTERIOR-SEPTAL
WALL

CATH LAB FINDINGS: TOTAL OCCLUSION

of PROXIMAL LEFT ANTERIOR DESCENDING




IF THE QRS COMPLEXES ON THE EKG
ARE OF NORMAL WIDTH (<120 ms) :

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.




NORMAL ST T WAVES

IS NORMAL (<120 ms) [REIEEE) ENRRERRRE I ;; :;;,'-‘ f,-;; 55_',

ASSESS:

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

@ In EVERY LEAD EXCEPT aVR !!




ALL KINDS of
WEIRD

ST SEGMENT and
T WAVE
VARIATIONS ....
ALL CAN SPELL

“IFIT’S NOT
NORMAL, it’s

ENG PATTERNS of ACS siscuemn

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

S-T SEGMENT — ACUTE M1 :

| ELEVATION at |~ 4; | AT R OCARDITIS

L]
J POINT | EARLY REPOLARIZATION
FLAT ar CONVEX ) _ - ACUTE MI
SEGMENT

- HYFERMALEMIA
' HYPER-ACUTE fl\ | - TRANSMURAL ISCHEMIA
! — - ACUTE MI

T WAYE | HYPERTROPHY

|-AGI.ITE (NON-Q WAVE) MI

DEPRESSED J pt. | BECIBROCAL CHANGES
' DOWNSLOPING ST Aﬂ . - ACUTE MI - | RECIPROCAL CHANGES

Wl and INVERTED T

- MYOCARDITIS
INVERTED - ELECTROLYTE IMBAL.
T WAVE t\__,’_l

SHARP 5-T | - ACUTE Ml (NOT COMMON])
T ANGLE |

BI-PHASIC - SUB-TOTAL LAD LESION
T WAVE A" VASOSPASM
{ WELLEN'S ) | HYPERTROPHY

DEPRESSED J
POINT with o~
UPSLOPING ST ;

DOWNSLOPING
S.T SEGMENT ""4ﬂ

FLAT ST

? SEGMENT r\k_/'\.
> 120 ms
LOW VOLTAGE

¥l T wave witH

il NORMAL QRS

U WAVE POLARITY
? OPPOSITE THAT
ol OF T WAVE




PATTERNS of ACS & I1scHEMIA

- 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 )




FLAT or CONVEX - ACUTE M
JT APEX _,\_4\(\_ ISCHEMIA
SEGMENT

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

- HYPERTROPHY

S-T SEGMENT :iggE r::mcnnnmsf
ELEVATION at _A_Ar\_ MYOCARDITIS

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

DEPRESSED J pt. -1
HONNBLOTING 51 J\.L/. - ACUTE Mi - (RECIPROCAL CHANGES
and INVERTED T SCHEMIA




PATTERNS of ACS & I1scHEMIA

- 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 )




J-T Apex Segment

/1]

ST-Segment T wave: origin to apex




THE S-T SEGMENT

ABNORMAL

SHOULD BE
"CONCAVE" IN
SHAPE . ..

AS OPPOSED TO
"CONVEX"



Il " JPOINT plus 40 ms"
—— shows ST ELEVATION > 1mm
WHEN EVALUATING o= o o
for b
ST SEGMENT , A
ELEVATION ...\t 1.4 \

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 II 41 ylo FEMALE

in ER C/O CHEST PAIN

x 30 minutes.

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

J POINT !
STEMI - INFERIOR WALL

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

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




ABNORMAL J-T APEX SEGMENT

J POINT
END of ST SEGMENT

T WAVE APEX

CONVEX J-T APEX SEGMENT

&= CONSIDER EARLY
PHASE of ACUTE MI!

93 ylo MALE

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

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

at J POINT
0732 hrs

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

= CATH LAB FINDINGS:
TOTAL OCCLUSION OF

0747 hrs CIRCUMFLEX ARTERY
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CHIEF COMPLAINT and SIGNIFICANT HISTORY:

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

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

RISK FACTOR PROFILE:

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

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

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

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

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

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




53 yr Venl. rate 80 BPM =UNEDITED COPY — REPORT IS COMPUTER GENERATED ONLY, WITHOUT

Male Caucagian FR interval 154 ms PHYSICIAN INTERPRETATION
QRS duration TR s N {1 [T T E
Room:AQ TN T s b ormal sinus rhythm
ey QT 380/438  ms Mormal ECG

Loc:3 Ciption:23 P-R-T axes 51 =24 38

No previous ECGs available

Technician: W Ruppert

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










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

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



ECG Patterns associated with
“EARLY PHASE MiI:”

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



Seven [ rs Reglona
Dept: 2 =

Room er
SINUS RHTTHM A e o . normal P axis, V-rate 50- B9
COHSIDER ANTEROSEPTAL INFARCT . . .

g >»30m8, V1 V2
BORDERLINE REFOLARIEATION ABMOFRMALITY

. ; T i 85T dep & abnormal T
BASELINE WANDER IN LEAD(S) V1, V2

Unoconfirmed Diagnosis

o, Sed Limb; 10 mm/Ev F BO0= O.15-1D0 Ba



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

1StECG 2" ECG 1StECG 2" ECG
— vd -







PATTERNS of ACS & I1scHEMIA

- 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 )




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

CONDITION: SEE PAGE(S).

" & HYPERKALEMIA - xx-xx
- ¢ ACUTE MI—— m-xx

¢ TRANS-MURAL
ISCHEMIA -




Helpful Clue: Hyper-Acute T Waves

e GLOBAL Hyper-acute T Waves (in leads

viewing multiple myocardial regions / arterial
distributions) favors HYPERKALEMIA



1: 23-Nov- REGIONAL MEDICAL CENTER

AHbyears Vent. rate 57 bpm Sinos bradye
Female  Uauweasion PR interval 150 ms. Possible Lefl atrial enlargement
= Q,%S duration 102 ms Borderline ECG
m; QT/QTe 4727459 ms
P-RT axes 76 70 58 Eﬂjrrm K+= 6.7
Ne ING REViEW 6.
Technician:
Test ind:
Relerred by: Uneonfirmed

..:..‘r.:!".‘:t"‘ I

ma e
(4 fes

R A RR AN Ann AR ARD A




Helpful Clue: Hyper-Acute T Waves

e GLOBAL Hyper-acute T Waves (in leads

viewing multiple myocardial regions / arterial
distributions) favors HYPERKALEMIA

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

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

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

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

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

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

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

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

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







30 vr Yenl. rale

Male Black PR interval
QRS duration

Room: ER QOT/iQTe

Loc Option: P-E-T axes

88 BPM MNormal sinus rhythm
|f;; ms Normal ECG Vi-vd =
ms J T o T o L &
N s No previous ECGs available L AVL =
61 62 53 HIGHLIGHTED AREAS =

HYPERACUTE T WAVES

V5 VB =

CORONARY ARTERIAL DISTRIBUTIONS:

LEFT ANTERIOR DESCENDING [ LAD)

DIAGONAL (DIAG) off the LAD or
OBTUSE MARGINAL (OM) off CIRCUMFLEX (CX)

CIRCUMFLEX
i, i, AVF = RIGHT CORONARY ARTERY or CX

LATERAL - ANTERIOR WALL

[
ettt o ik MNAMN i

| aVR u

IR i i’mﬁ
' |I

ANTERIOR - SEPTAL WALL

‘Ff‘ﬂuf“ﬂﬂ F

ANTERIOR WALL

\?JM\_-JA}/A\-JMLJFL

INFERIOR WALL

- |
lﬂmﬂm«}umwﬁwﬁm

aVL

LATERAL - ANTERIOR WALL

ANTERIOR - SEPTAL WALL

| /ﬂw/\ Lw/ﬂ
LI | |

S

2

LATERAL WALL

| |
mh._/\h_, 'L/LMRAHJL

V5

INFERIOR WALL

11

INFERIOR WALL

jIﬂJLMJFerA JJILFEJL/»«"/WL\

ANTERIOR WALL

MLJJ/ ﬂ'"u_\ﬂ/Lﬂ,

LATERAL WALL

| l
Hmh_ﬂ,ﬂlﬁ | ﬂ
1
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Cath Lab findings:




PATTERNS of ACS & I1scHEMIA

- 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 )




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




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

: .n
G LI Ux_mr\./*;__, ‘Jwﬂw

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

3 COMMON PATTERNS of
ST SEGMENT ELEVATION
From ACUTE MI:

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




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

STSEGMENT ELEVATION in ACUTE MI:

of total arterial ceclusion in

V5 . ANTERIOR

V4 - ANTERIOR

aVL - ANTERIOR

"TOOMBSTONE"
PATFERN

V2 . ANTERIOR

"FIREMAN'S HAT"
PATTERN

V3- ANTERIOR

V4- ANTERIOR

Va- ANTERIOR

V5-ANTERIOR

II - INFERIOR

LATERAL MI LATERATL MI LATERAT MI LATERAL MI LATERATL MI
"TOOMBSTONE" YRR "HHIREMAN'S HAT"
PIQT{ERN‘ B "L;;'-ji PATTERN
o ([2RREER 37353
| éei’%‘..‘“i | ’%
U LTI
]. i‘i"" | |
S T

|“I R | =i iiiemiaiiis | kbR | e

aVF- INFERIOR

III-INFERIOR
MI

III- INFERIOR
POSTERIOR MI

III-INFERIOR
MI

III-INFERIOR
MI

LATERAL MI LATERAL MI LATERAL MI POSTERIOR MI | POSTERIOR MI
¥ | -\
JRRE 1—‘\,___“&__ | L el
—re L% :H

II- INFERIOR
POSTERIOR MI




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

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

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



ACUTE MI

COMPLICATIONS TO ANTICIPATE
FOR ALL MI PATIENTS:

é° LETHAL DYSRHYTHMIAS

CARDIAC ARREST

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



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

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

* TYPICAL ACS SYMPFTOMS 7

* ATYPICAL ACS SYMPTOMS 7

OBTAIN and EVALUATE
42 LEAD ECG

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

IMPLEMENT
INSTITUTIOMNAL
ACUTE Mil
PROTOCOLS

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

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



CASE STUDY 1 -

CHIEF COMPLAINT and SIGNIFICANT HISTORY:

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

RISK FACTOR PROFILE:

&~ FAMILY HISTORY - father died of Ml at age 77

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

& HIGH CHOLESTEROL - controlled with STATIN meds

& AGE: OVER 65

M1 (o0 VI D | Patient calm, alert, oriented X 4, skin cool, dry, pale.
No JVD, Lungs clear bilaterally. Heart sounds normal S1,S2. No peripheral edema.

VAL AR el [ BP: 100/64, P: 75, R: 20, SAO02: 94%
(WN-EH FIRST TROPONIN: 6.4

f
-




72 ¥ ent. rate 75 BPM g EVALUATE EKG for indicators of ACS
Male Caucasian PR interval 162 ms
I i T E T 10N | DEPRESSIO
QRS duration 04 e ST SEGMENT ELEVATION | DEPRESSION
HYPERACUTE T WAVES

QTIQT: IR ms
Loc:3 Orptiom: 23 P=R=T anes et &3 CONVEX 5T SEGMENTS
- OTHER ST SEGMENT | T WAVE ABNORMALITIES

rl‘wl'\dhmu—wﬂ r‘“-f—"“f‘lr—v—ﬂ ~"1.f , ““—v]r\——d f/\ “‘_*1 ll'/ \ﬂ—ﬁh'/\“‘-“’l/\—fhw]'.r,
HEEE SHE

CASE STUDY QUESTIONS:
NOTE LEADS WITH ST ELEVATION: NOTE LEADS WITH ST DEPRESSION:

WHAT IS THE SUSPECTED DIAGNOSIS ?

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

LIST ANY CRITICAL STRUCTURES COMPROMISED: LIST ANY POTENTIAL COMPLICATIONS:




72 yr Vent. rate 75 BPM Normal sinus thythm

Male Caucasian PR interval 162 ms Anteroseptal infarct , possibly acute
QRS duration a8 ms P -.-En-l* J\CLFFPEM[I 3:1: % % k& ST SEGMENT ELEVATION
QT/QTe 182/426 ms Ab | ECG

Lﬂf- {."]1[!‘“11:2 P-R-T axes 72 13 83 MOTTna A

LATERAL - ANTERIOR ANTERIOR - SEPTAL
DING (ER DY A CAISINGES el

fornbbolhiond

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

ANTERIOR
LAD

Il aVF V3




T2 yr Vent. rate 75 BPM Normal sinus rhythm

Male Caucasian PR interval 162 5 i i
ESamion, %6 m | Feaeebess ACUIE N L ot e ST SEGMENT ELEVATION |
TIQTe 382426 s CG )
Loc: Option:2 g—ﬂ‘g:‘l‘ axes 72 13 ?’; Abnormal ECG
LATERAL - ANTERIOR _ BASILAR SEPTUM ANTERIOR - SEPTAL |
|
I avR Ve h e
I
INFERIOR LATERAL - ANTERIOR L Y

1y
[
m e e =y

_DIAG. (LAD) or OM (CIRC).

J—"._—l-ﬂ

N

1 aVL V2 W Vs

INFERIOR INFERIOR ANTERIOR

Lyl

e A

111 aVF V3

Vi-V4 VIEW THE ANTERIOR-SEPTAL WALL

of the LEFT VENTRICLE

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

RUPPERT, WAYNE 1D: 7445683659 05-0CT-2906 JOHNS-HOPRINS UNIV.
38Yrs Vent. Rate: 68 NORMAL 9INUS RHYTHM
MALE P-RInt: 160 ms Normal ENG

QRS: 100 ms Very Healfthy Athletic EKG !

ANTERIOR
CHEST V1iV2 V3 v4

WALL




T2yr
Male

Liac

Vent. rate
Caucasian PR interval

QRS duration

QTIQTe
Option:2 P-R-T axes

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

Vi-V4 VIEW THE ANTERIOR-SEPTAL WALL

75 BPM Normal sinus rhythm
162 ms Anteroseptal infarct , possibly acute
93 ms EE¥ B k¥ ¥¥ ¥ f\Cm‘E Ml % BE ¥E ¥E
s . Abnormal ECG

BASILAR SEPTUM

avVR Vi

R

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

aVL

of the LEFT VENTRICLE
VI, V2 - ANTERIOR / SEPTAL

ANTERIOR
CHEST
WALL

V1iVv2 V3 v4

V3, V4 - ANTERIOR

Vi

SIIERION < 3

LAD

|

LAD

quf‘kﬁ““ﬂ

RUPPERT, WAYNE 1D: 7445683659 05-0CT-2
38Yrs Vent. Rate: 68 NORMAL 9
MALE P-RInt: 160 ms Normal EX

QRS: 100 ms Very Heal

06 JOHNS-HOPRINS UNIV.
INUS RHYTHM
G
hy Athletic EKG !

ANTERIOR - SEPTAL

[ST SEGMENT ELEVATION |

ANTERIOR

LAD

| [y4

OCCLUSION of MID - LEFT ANTERIOR DESCENDING ARTERY

LEFT MAIN CORONARY ARTERY

CIRUMFLEX
ARTERY

LEFT
ANTERIOR
DESCENDING
ARTERY

OF INFARCT
ANTERIOR VIEW




OCCLUSION of MID - LEFT ANTERIOR DESCENDING ARTERY BLOOD SUPPLY TO VENTRICLES:
COMMON ARTERIAL DISTRIBUTIONS

LEFT MAIN CORONARY ARTERY

CIRUMFLEX

LEFT
ANTERIOR
DESCENDING
ARTERY

ANTERIOR
WALL

RIGHT
CORONARY
ARTERY

AREA OF INFARCT

LEFT ANTERIOR DESCEDING ARTERY =
APPROXIMATELY 45% LV MUSCLE MASS

ANTERIOR VIEW

MNOTE ™ O

INOTE LEADS WITH ST DEPRESSION:
Vi - V5 |

ACUTE ANTERIOR - SEPTAL STEMI
SUSPECTED "CULPRIT ARTERY" (i applicablek M) LEFT ANTERIOR DESCENDING ARTERY (LAD)

w LA

NONE

SUSPECTED DIAGMNOSIS:

IMMEDIATE CONCERNS FOR ALL STEMI PATIENTS:

® BE FREFARED TD MANAGE SUDDEN CARDMAC ARREST | PRIMARY V-FiE/ V- TAGH, BRADYCARDIAS | HEART BLOGKS )
® STAT REFERFUSION THERAFY THROMBOLYTICS vs. CARINAC CATHETERIZATION and FCI

" CONSIDER NEEDS FOR ANTHFLATELET and ANTRCOAGULATION THERAPY

CRITICAL STRUCTURES GCOMPROMISED: FOTENTIAL COMPLICATIONS: POSSIBLE CRITICAL INTERVENTIONS:
§" 4050% of the |V et |V PUMP FAILURE e INOTROPIC AGENTS
MUSCLE MASS leading to ET INTUBATION
CARDIOGENIC SHOCK I.ABP. INSERTION

- PULMOMNARY EDEMA

VENTRICULAR DYSRHYTHMIAS —+ DEFIBRILLATION /
[NT SVF ) ANTIARRHYTHMIC AGENTS

#° Poltential compromise —-.v HIGH-GRADE HEART BLOCMHS —-+ TRANSCUTANEOUS or
of BLOOD SUPPLY to (2nd - 3rd degree) TRANSVENOUS PACING
Bundle of His
- Proximal Bundle Branches BUNDLE BRANCH BLOCHS




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



POST PTCA/STENT TO MID LAD

MID - LAD 100%
OCCLUDED

RAO CRANIAL VIEW

ANTERIOR
WALL
AKINESIS

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




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:

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

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

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

(W.3=EH  TROPONIN uitra = 2.8




o EVALUATE EKG for indicators of ACS

46 vr Venl. rte 109 BPM
Female PR imterval 132 ms - ST SEGMENT ELEVATIOM / DEPRESSION
QRS duration 82 s HYPERACUTE T WAVES
Room:ER QTiQTe 3460465 s - CONVEX ST SEGMENTS
P=R=T axes G0 11 =32 OTHER ST SEGMENT / T WAVE ABNORMALITIES I
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CASE STUDY QUESTIONS:
NOTE LEADS WITH ST ELEVATION:

-_,_,J'LWLJL,JL

va | | f \!' V6

|NOTE LEADS WITH ST DEPRESSION:

WHAT 1S THE SUSPECTED DIAGNOSIS ?

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

LIST ANY CRITICAL STRUCTURES COMPROMISED:

LIST ANY POTENTIAL COMPLICATIONS:




A6 yr Vent. rate 10
Female PR interval 132
QRS duration 82
Room:ER QT/QTc d6/465
P-R-T axes a0 11

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

LA

Left ventricular hypertrophy with repolarization abnormality
5T elevation consider lateral injury or acute infarct

BPM Sinus tachycardia
ms
ms
_f;'; 4% £ %% #% % ACUTE M % #F #% #

[T ™ ‘\-l'"l f"xfxq '”'\._-' 'u'l e 17 W U
AVR | u | I
i EEE

LATERAL - ANTERIOR
DIAG. m or w m

Lhimkﬁl

d"ﬂ;

ANTERIOR - SEFTAL

ANTERIOR - SEPTAL

Jﬂﬁﬁﬁﬂﬂ

AWTERIOR

ATy
AD

| |/w/\ AR

|

ST SEGMENT

ELEVATION

ST SEGMENT DEPRESSION

e s |
6

|
i s M

8

ANTERIOR

B BN S




i 109 RPM Sinus tachyeardia | ST SEGMENT ELEVATION |

46y Ve, 1
Female FR interyval 132 ms Left ventricular hypertrophy with repolarization abnormality
GRS dieratiom B2 A ST elevation consider Lateral imjury or acute infare o
Room: ER gquoTe o swess  ms e o ISl pr) i e St ST SEGMENT DEPRESSION
E} L] 4 el i
| | e e 1l
i N e ey IR SERE (S T | ~ | (o e | ol S | l 1l |
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LEADS | and aVL view the ANTERIOR-LATERAL JUNCTION

RUPPERT, WAYTE ID: 7445683649 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 1
I AVR vi va 1 1

o AVL v2 V5
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OCCLUSION of DIAGONAL ARTERY

LEFT MAIN CORONARY ARTERY

AV E

i IL'[;\\

- CIRUMFLEX
ARTERY

DIAGONAL

' \ ARTERY

AREA OF EKG VIEWED BY
LEADS | and aVL

g LEFT ANTERIOR
DESCENDING
ANTERIOR VIEW ARTERY

OCCLUSION of RAMUS ARTERY

LEFT MAIN CORONARY ARTERY

OCCLUSION of OBTUSE MARGINAL ARTERY

LEFT MAIN CORONARY ARTERY

CIRUMFLEX

CIRUMFLEX
ARTERY

ARTERY

RAMUS 1st OBTUSE
ARTERY

MARGIMNAL

o ARTERY
AREA OF EKG VIEWED BY “{*:;:\ AREA OF EKG VIEWED BY
LEADS | and aVL N LEADS | and aVL
Memmng,
ey,
LEFT ANTERIOR

ANTERIOR VIEW DESCENDING

LEFT ANTERIOR
PESGEN ANTERIOR VIEW

DESCENDING
ARTERY



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

= I \

POST PTCA-
STENTING of
1st DIAGNONAL
ARTERY




ST EL ST DEPRESSION:

I, 1ll, aVF, V3 - V5

SUSPECTED DIAGNOSIS: ACUTE LATERAL WALL M.L

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

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

IMMEDIATE CONCERNS FOR ALL STEMI PATIENTS:

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

CRITICAL STRUCTURES COMPROMISED: POTENTIAL COMPLICATIONS: POSSIBLE CRITICAL INTERVENTIONS:

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




J' CASE STUDY 3: A\

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

SIS O M Patient alert, oriented X 4, skin cool, dry, pale. Patient restless.
No JVD, Lungs clear bilaterally. Heart sounds normal $1, 82. No peripheral edema.

BP: 104/78, P: 76, R: 20, SAO2: 96%
INITIAL CARDIAC MARKERS - NEGATIVE




29 yr Veni. raie 75 BPFM tB= EVALUATE the EKG for signs of ACS:

o PR interval 176 ms - ST SEGMENT ELEVATION / DEPRESSION
QRS duration 90 ms - HYPERACUTE T WAVES
, QT/QTe 362/404 ms _ - CONVEX [ FLAT ST SEGMENTS
Loc:3 Option:20 P=-R=T axes 70 50 -11 14:07 Hours

- OTHER ST - T WAVE ABNORMALITIES

DOS::




T T
5T SEGMENT ELE'I.I'ATIIJN

ST SEGMENT DEPRESSION




i Vird rals 75 BPM Morminl inus mhyibi

Ma i PR interval 6w Seoca Titfurct . Dosaibily et 5T SEGMENT ELEVATION

x : 2 P TLE = Tk iI'I:III:- .'.'ull'l'll'
PR mie o 1 vn ve ® ACITE M| #* ve vs a0 ST SEGMENT DEPRESSION
Abmormal ECG

ANTERIOR -

S T
1

SEPTAL
T A T

| :
2 o B | r— [ o = CIRUSFLEX
o NG i i i 3 =3
| avVR [v1 f i ve | g i
I ] :
- ANTERIOR i i
‘or OM (CIRC). —% LEFT
ANTERIOR
¥ \ i DESCENMDING
. Ao AL e | s P fill ' | A ARTERY
n VL [vz [f [ |¥s

AREA OF INFARCT
ANTERIOR WVEW

""" - : - OCCLUSION of MID - LEFT ANTERIOR DESCENDING ARTERY

LEFT MAIN CORONARY ARTERY

| CIRUMFLEX
| ' - . : ARTERY

LEFT
ANTERIOR
DESCENDING
ARTERY

AREA OF INFARCT
ANTERIOR VIEW

& THERE ARE TWO IMPORTANT CLUES that the patient’'s BLOCKAGE is in the PROXIMAL LEFT ANTERIOR DESCENDING ARTERY:

1. When ST elevation is noted in leads I and aVL in cases of ANTERIOR WALL STEML, it is a good indicator that the FIRST DIAGONAL
BRANCH is included in the zone of infarction.

* RECIPROCAL ST DEPRESSION in the INFERIOR LEADS (11, III, and/or aVF) is an indication that the LAD is blocked proximal to the FIRST
DIAGONAL BRANCH.!

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



-WHAT THERAPEUTIC INTERVENTIONS SHOULD BE
IMPLMENTED AT THIS POINT ?

] : Vent. rate 70 BPFM Undetermined rhythm 14:48
Caucasian PR 1_nt::1-vrrl *ooms Non-specific intra—-ventricular conduction block
%ﬂ‘?‘qﬁ‘f”""’" i ;‘;E ms Acute Myocardial infarction EVOLVING ANTERIOR
c 21477 ms e x . i,
Option:23 PoRoT axes o154 3 Lateral infarct , age undetermined

Inferior infarct , age undetermined
Abnormal ECG







ST ELEVATION:

V1-V5, I, aVL

ST DEPRESSION:
i,

aVF

SUSPECTED DIAGNOSIS:

ACUTE ANTERIOR - SEPTAL STEMI

SUSPECTED "CULPRIT ARTERY"™ (if applicable):

PROXIMAL LEFT ANTERIOR DESCENDING ARTERY (LAD)

IMMEDIATE CONMCERNS FOR ALL STEMI PATIENTS:

® BE FREFARED TO MANAGE SUDDEN CARDIAC ARREST (FRIMARY V-FIB/V-TACH, BRADYCARDIAS / HEART BLOCKS )

® STAT REPERFUSION THERAPY: THROMBOLYTICS wvs., CARDIAC CATHETERIZATION and PCI

& CONSIDER NEEDS FOR ANTI-PLATELET and ANTICOAGULATION THERAPY

CRITICAL STRUCTURES COMPROMISED: POTENTIAL COMPLICATIONS: POSSIBLE CRITICAL INTERVENTIONS:

P LV PUMP FAILURE

b 40-50% of the LV
MUSCLE MASS

& Potential compromise
of BLOOD SUPPLY to
Bundie of His

Proximal Bundle Branches

leading to
CARDIOGENIC SHOCK
PULMONARY EDEMA

VENTRICULAR DYSRHYTHMIAS ==

(VT /VF)

+ HIGH-GRADE HEART BLOCKS =
(2nd - 3rd defgree)

BUNDLE BRANCH BLOCKS

-’ INOTROPIC AGENTS
ET INTUBATION
LLALB.P. INSERTION

+ DEFIBRILLATION /
ANTIARRHYTHMIC AGENTS

> TRANSCUTANEOUS or
TRANSVENOUS PACING




F cASE STUDY 4:

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

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

minutes apart. The Cath Lab has one lab open, and can take ONE patient immediately.
Both patients duration of symptoms and state of hemodynamic stability are similar.



44 ylo MALE, CHEST PAIN x 1 HOUR,
BP: 78/46, P: 70, R: 28. CARDIAC MARKERS: NEGATIVE
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3 36 y/lo MALE, CHEST PAIN x 1 HOUR,
PAT.ENT B: BP: 80/48, P: 120, R: 28 CARDIAC MARKERS: NEGATIVE VVH AT WOULD
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44 ylo MALE, CHEST PAIN x 1 HOUR,

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

P: 120, R:

36 ylo MALE, CHEST PAIN x 1 HOUR,

28 TOTAL OCCLUSION of

CARDIAC MARKERS: NEGATIVE

BP: 80/48,

LEFT MAIN CORONARY
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PATIENT A: PATIENT B:

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

LEFT MAIN CORONARY ARTERY LEFT MAIN CORONARY ARTERY

CIRUMFLEX »
ARTERY - CIRCUMFLEX
: ARTERY

LEFT LEFT

ANTERIOR ' ANTERIOR

DESCENDING - ; DESCENDING
ARTERY p— ARTERY

AREA OF INFARCT AREA OF INFARCT

ANTERIOR VIEW

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

CIRCUMFLEX CIRCUMFLEX

POSTERIOR
WALL

SEPTAL SEPTAL LATERAL
WALL WALL WALL

ANTERIOR ANTERIOR
WALL

WALL

POSTERIOR

RIGHT RIGHT
CORONARY LEFT
ANTERIOR

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

APPROXIMATELY 45 % LV MUSCLE MASS




p ECG cl_ues for IDENTIFYING STEMI CAUSED BY
LI ]

LEFT MAIN CORONARY ARTERY occlusion:

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

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

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

{51 SEGMENT ELEVATION |

ST SEGMENT DEPRESSION




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

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

BFAT M o

8T ELEVATIHON

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

P | % with premature vendricular or abermmily conducied complexées

Lelt axis devintion LEFT MAIN COROMARY
5T elevation consider anterolateral injury or acute infarct ARTERY OCCLUSION
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Despite the dismal mortality rate
associated with STEMI from total
LMCA occlusion, this patient
survived and was later
discharged. His EF is estimated
at approximately 30%. He
received an ICD, and is currently
stable.




F cASE STUDY 4:

CONCLUSIONS:

QUESTION 1:

ANSWER:

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

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

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

QUESTION 2:

ANSWER:

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

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

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



J' CASESTUDY7 - -
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.LB.

RISK FACTOR PROFILE:

&* CURRENT CIGARTTE SMOKER x 18 YEARS
& HYPERTENSION
& HIGH LDL CHOLESTEROL

(o A= o0V S 4V | B Patient is alert & oriented x 4, skin warm, dry, color normal. Non-anxious
Lungs clear, normal §1, S2. No JVD, No ankle edema.

R7YBETSTH BF: 136/88 P: 88 R: 20 SAO2: 100% on 4 LPM 02
TROPONIN: <.04




A6y Venl. rale 82 BPM @ EVALUATE EKG for indicators of ACS:
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Oiption=23 xes 76 Rl B3 -
KRR MRS et : OTHER ST SEGMENT / T WAVE ABNORMALTITIES
' : e | |-
‘ = -._III — ] o m (] — P L S, 11{-2""-.. z’f_f -{F\- _J | | I - | a
e - . = ||. e -,_.~—||| e T - |f“--h_‘_‘f—‘1 \_'“--F-.H_-“ ﬂhr,- | S r’_,-o-"\\. e ]
( ! ; | - T f—t
I aVR Vi I i V4 '
N\ IJI II h.x"‘ A AT | I =D wew " ool becbond ] | o
| ‘x_,-"\_,lll"/-\"\_. _A_JF/‘“\"-“__ Ll 'r’"“-'/— - V“-—/ l,'--’/ r-”'ﬂ i F'/ Ir__f If__, iy __.-.__.l rﬁ‘““—q—llf e ___,_\_J lll_,,*-\_
1 avL Vv ‘l | Il vs

MEN SN]SR R ]
r""ﬂ““'-'—"h—'|||r-" H-—FxJ,I.-*""H_ _»x_.'llr-f" g J-\_Jl'.--f" x_dx.lkf/“u_.lerz’“‘x__

}/\k_ - _x-\.w_lll.;-‘\‘x_,-ﬂ _J’w\- - /\._,']L/\_ .-/'\___Illm\_ _,m,,lrln/—\\_ - _.|

=)

11 aVF v | | | Ve




fie it [ fared ST SEGMENT ELEVATION
IEFI0r WRLFY OF SCuile inlan

3T SEGMENT DEPRESSION

0| B




Ity yr Vient rale RX BIFM Mormal sings rhythm ST SEGMENT ELE"."J-'I-T|DH]

Nlake Caucasian 'K :_||I-.':=.'.I IhE ms ‘11 l.|l. :|II I l.|'|"'\.| er inferior injury o 4||I IHLET =
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INFERIOR I.ATEMI.. l"“mﬂﬂ “TERIUR *_IEFT!I. LATERAL
DIAG. (LAD) of OM (CIRC). LAD :

.ll \-'-n.‘.
LEADS II, 1ll, and aVF VIEW
INFERIOR WALL of the LEFT VENTRICLE

*
RUPPERT, WAYNE 1ID: 7445683659 05-0CT-2006 JOHNS-HOPKINS UNIV.
38Yrs Vent. Rate: 68 NORMAL SINUS RHYTHM
MALE P-R Int.: 160 ms Normal EKG
QRS: 100 ms Very Healthy Athletic EKG !
» L ] I AVR vi V4 1 1

o AVL v2 V5

s i .
gt =L L

]l FED by the RCA (75-80 % pop)
. [\ * \ or the CIRCUMFLEX ( 10-15 %)




RIGHT DOMINANT

POSTERIOR
VIEW

75 - 80 %
POPULATION



TEST QUESTION # 27

RIGHT DOMINANT

- 0 POSTERIOR
75 - 80 % FEET
POPULATION



The MANY FACES of INFERIOR MI ...

The MANY FACES of INFERIOR MI ...

© & «—272—> 8 FEEE

INFERIOR WALL Mis can range
from being "MILD" (many are)
to being MORE DEADLY than

a "typical® ANTERIOR WALL Mi...

. ... THIS IS BECAUSE THE
UNDERLYING VASCULATURE THAT
SERVES THE INFERIOR WALL CAN
VARY GREATLY . .. ..

The MANY FACES of INFERIOR MI ...

"FREQUENCY OF OCCURRENCE

e & INFERIOR
- POSTERIOR
5;?;: éé é ( INFERIOR - LATERAL
- POSTERIOR
® $"6"6"6* INFERIOR - LATERAL

- POSTERIOR - RV

. and more !

INFERIOR
INFERIOR-RV

|RARE INFERIOR - LATERAL
- POSTERIOR

W INFERIOR - LATERAL

- POSTERIOR - RV

* BASED ON AUTHOR'S PERSONAL OBSERVATIONS



RIGHT DOMINANT

POSTERIOR
VIEW

75 - 80 %
POPULATION



LEFT DOMINANT

10 -15 %
POPULATION

POSTERIOR
VIEW



EXTREME RIGHT
DOMINANT

APPROX.
3-5 9%
POPULATION

POSTERIOR
VIEW




A SPLIT - DOMINANT
SYSTEM

5

\\\Rm

S

o By B S o

'F"H,

APPROX.
5% of the POSTERIOR

VIEW
POPULATION




A TRUE CO-DOMINANT
SYSTEM

PDAs 17 POSTERIOR
VIEW
APPROX.
1% OF THE

!
POPULATION VERY RARE"



The MANY FACES of INFERIOR MI ...

INSTEAD OF PERFORMING THE

3 STEPS wemon

YOU CAN OBTAIN AN

18 LEAD EKG.

IT WILL PROVIDE YOU WITH MORE
DATA, AND HAS BETTER
SPECIFICITY . . . .




The MANY FACES of INFERIOR MI ...

(&= WHEN YOU OBSERVE AN INFERIOR WALL
MI ( S-T ELVATION LEADS II, lll, and AVF ) . ..
ALWAYS LOOK FOR THE FOLLOWING
INDICATORS TO ASSESS THE EXTENT OF

THE MI:

INDICATOR COMPLICATION

1. S-T DEPRESSION IN THE V-LEADS =—» POSTERIOR WALL
( PREDOMINANTLY V1-V3) MI

2. S-T ELEVATION IN LEADS V5,V6, =% LATERAL WALL
LEAD |, and AVL Mi

3. S-T ELEVATION in LEADS V3r-V6r =% R. VENTRICULAR
(RIGHT-SIDED EKG) Mi



AGHE H6 — SR INDICATOR COMPLICATION
Male Cavensia PR interval 168 ms 4 -
il S e B . S-T DEPRESSION IN THE V-LEADS =% POSTERIOR WALL
Room: QT/QTe  384/448 ms ( PREDOMINANTLY V1-V3) M
Opt: *R-Taxes 76 Bl BS
2. S-T ELEVATION IN LEADS V5,v6, =% LATERAL WALL
i LEAD I, and AVL Mi
Technician:
3. 8-T ELEVATION in LEADS V3r-Vér =% R, VENTRICULAR
( RIGHT-SIDED EKG) Mi
| | |
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To do a VAR - V6R VIEW THE RIGHT VENTRICLE

RIGHT - SIDED EKG..

MOVE leads
V4, V5, and V6

to the corresponding
placement on the
RIGHT SIDE of patient's ANTERIOR

CHEST
chest. . . WL
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46 ye Venl. rate a7 bpm Normal sinus rhythm
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it INDICATOR COMPLICATION
f i = e !
[~ LA f~ 1 ST DEPRESSION IN THE V-LEADS =% POSTERIOR WALL 7\ [ A\ | -
bt e ( PREDOMINANTLY VA -V3) MI '
i 2. S-T ELEVATION IN LEADS V5,V6, =» LATERAL WALL
LEAD I, and AVL Mi
TN TN T 3. S-T ELEVATION in LEADS V3r-V6r =% R. VENTRICULAR TN
Var (RIGHT-SIDED EKG) Mi
40 He 2h0immis 100 mm/mV 4 by 2.58 + 3 rhythm Ida MACVU 003C 12810 w250
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46 yo Vini rate 7 b Normal sitius rhythim
Male " Caveasisn PRinterval 176 ms i erberarfaretprnihh
QRS duration 94 ms Inferior injury pattern-
Room: QT/QTe | 430/397 ma TRl (PSRRI
Opt | | P-RTaxes 79 81 102 Abnarmal RCG
i) {Right Ventricular Infarct |
L Technictan:

aEEE VR iww.rwf\{'n“ﬂ‘h‘“m—“ﬁ/\ﬁ_“r”\__\

i L, ir Ly i i SR i ! ,._._;. i e ) HE
f é | L I
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:: i ! } ! | B RNERE. .. SEASE Loy SIS o HRIE 18 el S oo, SIS e SRR
fif et R e e i il gt 1 i
[} : il
— i e e -'*:’".‘i-’v‘g!""i" { Vot e
R /'_/—"“" B B i
E INDICATOR COMPLICATION
HEEEE i 1. §-T DEPRESSION IN THE V-LEADS =% POSTERIOR WALL 1\
: I“I’\_'_,}-:‘f\—"-'& ( PREDOMINANTLY V1-V3) M

Vor

40 Hz 0 mm/s 10,0 mm/mV
wenoaLt

Referred by: Unconfirmed

| I

2. S-T ELEVATION IN LEADS V5, V6,
LEAD |, and AVL

"L‘__j""\._._“: 3. 8-T ELEVATION in LEADS V3r-V6r =% R. VENTRICULAR
( RIGHT-SIDED EKG) MI

=% LATERAL WALL
MI

128LAM v250

4 by 255 + 3 rhythm 1da MACVU 003C

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

INFERIOR - RIGHT
VENTRICULAR MI

<.

NODE

i

o :_x_:'.*.- 3
"RBB e e
- i, e s i

AV
NODE

el
gt -

POSTERIOR
FASCICLE

OF LEFT
BUNDLE
BRAMNCH

POSTERIOR
VIEW

WET LUNG
SOUNDS 7 7

NO

RIGHT VENTRICULAR MI ?
YES

POSTERIOR /| LATERAL
INVOLVEMENT ?

\[e]
Vv

|
FLUIDS !

- INOTROPES

- CONSIDER ET
INTUBATION

- CONSIDER
LA.B.P.

YES

= FLUID CHALLENGE
* INOTROPES
= CONSIDER LAB.P



POST PTCA/STENT DEPLOYMENT TO PROXIMAL RCA




ST ELEVATION: 1'., "I, EVF : U4R 8 VBR ST DEPRESSION: I, aVL
SUSPECTED DIAGNOSIS:  ACUTE INFERIOR- RIGHT VENTRICULAR WALL MI
SUSPECTED "CULPRIT ARTERY™ (if applicable):

RIGHT CORONARY ARTERY - DOMINANT

IMMEDIATE CONCERNS FOR ALL STEMI PATIENTS:

= BE PREPARED TO MANAGE SUDDEN CARDIAC ARREST (PRIMARY V-FIB/V-TACH, BRADYCARDIAS
® STAT REPERFUSION THERAPY: THROMBOLYTICS vs. CARDIAC CATHETERIZATION and PCI

® CONSIDER NEEDS FOR ANTI-PLATELET and ANTI-COAGULATION THERAPY

POTENTIAL COMPLICATIONS: POSSIBLE CRITICAL INTERVENTIONS:
FLUID CHALLENGE

HEART BLOCKS )

CRITICAL STRUCTURES COMPROMISED:

15-25% OF THE LV MUSCLE '—'-b SLIGHT POSSIBILITY OF
MASS
100% OF THE RIGHT ’- EXTREME SENSITIVITY TO ’ FLUID BOLUSES
VENTRICLE NITRATES AND OPIATES

SINUS NODE ARTERY —-’. BRADYCARDIA > ATROPINE
SUPPLIED BY RCA 55% of Pop. ASYSTOLE TRANSCUTANEOUS PACING

AV NODAL ARTERY SUPPLIED ’ AV NODAL BELOCKS: ’ ATROPINE
BY DOMINANT ARTERY (RCA or - 1 DEGREE TRANSCUTANEOUS PACING

Circ) IN MOST PATIENTS - 2nd DEGREE type |, Il
- 3rd DEGREE

MILD LV FAILURE. INOTROPIC AGENTS




64 yr YVent rate 9 BPM
Male Caucasian PR interval 136 ms
QRS duration o2 ms
QTMQTe 3500401 Ims
Loc:3 Option:23 P-R-T axes 42 =d] -3

ECG LEADS PLACED ON RIGHT CHEST WALL.

208 i I:
| | ! [
i | | "
| I ¥ 1]
o -\h___.-'k___q___..‘J e i s R
I aVR ! |
— |
i |
I i| |
: _:.:"{h\ - -'A::" BT = h’x\'-li" .,-'f\_ wl A | W e
I : "~ avl

ECG INDICATORS of EVOLVING
INFERIOR - RIGHT VENTRICULAR
MYOCARDIAL INFARCTION.:

- QS COMPLEXES LEADS II, lll, aVF

- QS COMPLEXES LEADS V2r - Vér




Y CASESTUDY9 -

CHIEF COMPLAINT and SIGNIFICANT HISTORY:

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

RISK FACTOR PROFILE:

&% CIGARETTE SMOKER
& HYPERTENSION
&% HIGH LDL CHOLESTEROL

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

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

[PEH TROPONIN: <.04

AWAKE
ALERT &
ORIENTED

NORMAL HUE
WARM
DRY

ST TACHYPNEA | NorRmAL

PULSE: I/ EADY | STRONG

STATUS: | | NoRmAL




41 yr YVent. rale 68 BPM
Male Caucasian PR imerval 196 ms
QRS duration 98 ms
QTQTe J8E/M415 ms
Lowe:3 Option:23 P-R-T axes 14 28 Bl

& EVALUATE EKG for indicators of ACS:

-ST SEGMENT ELEVATION { DEPRESSION
-HYPERACUTE T WAVES

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

-

“:I\_Mjﬁuwﬁ {AW \\/Ma J*‘F’

/L— Abvf Lﬂf\«—u}f\—;ﬁ# /\mw'|lr/\'w~ éf‘mﬁf amsn i

m | aVF

B ® &
NOTE LEADS WITH ST ELEVATION:

!J ;F
s @SS A L—ﬂ/\““”f'f
™y V'

| Ill'*ult

| h . | = ._I! B TR 1
P i e Vst NVt Vi by T e ;{L(\*ﬂ

i |

NOTE LEADS WITH ST DEPRESSION:

WHAT IS THE SUSPECTED DIAGNOSIS ?

WHAT IS THE "CULPRIT ARTERY" - if applicable ?

LIST ANY CRITICAL STRUCTURES COMPROMISED:

LIST ANY POTENTIAL COMPLICATIONS:




42 yr Vent rale 60 BPM kkk Poute MI *
Male Caucasian PR interval 196 ms Inferior-Posterior-Lateral Iniiry Patterr

TN ORScwmien) . S8 e Iomor-Postoris: yury [[ST SEGMENT ELEVATION |

BT, o o ST SEGMENT DEPRESSION

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

ot

'-“-\_d"




V5-V6 VIEW THE LATERAL WALL

1. 8T DEPRESSION IN THE V-LEADS ¥ ﬁp_‘:}_T_Egl_l_:gg__'-?_nll__ij of the LEFT VENTRICLE

( PREDOMIMANTLY W1-V1) Ll

R SIDE
SHiel) EG I B-T ELEVATION N LEADS v3, W0, =& LATERAL WALL

was obtained, NO LEAD | and AVL i .
ST ELEVATION was 5 E-T ELEVATION T LEADS War-Vir =& F VENTRICULAR SPINE
noted in RV Leads { RIGHT-SIDED EKG ) Mi = .
nv BLIPVEILT, e e PaasealEse R RE JOHIR mﬁlﬂh‘
:'rn “trek. Bale B RORMAL SIS RHYTHE | |
| V& nnnrn 160 ms el DG
| | | i (LT Vhery By Alfvictie FIE |
I T Vi T va [ V5=
' / L"{“—H*{‘-—T-—{T‘T**f"‘g“—‘ll
X J mp— | — ANTERIOR TE] Vi
n Vi i e y |

o Vi v2 w :ff\_i-\_h:—"‘ru‘* rJfJ
TR SO

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

LEADS V1 - V3 view the

X E T M. PRI TIRTY
AOEMAL BINLE ESPTHH
bc

HLETRT, WAL I el 0E-D T - B [ e RPN LMY
38 Frs Verd_ Enie: (] HOHIAL STRLE HITETI
HALL L 18 e Weyrraad [RIL

L L Wy Fealby Albie e TRL

T 0 L A ey | —— 1
o e " ' —— L1

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




LEFT DOMINANT ( CIRCUMFLEX ) "EXTREME RIGHT DOMINANT" RCA

10-15% of POPULATION 3-6% of POPULATION

PLY PLY PLY PLY
BRANMCHES BRANCHES BRAMNCHES BRAMCHES

POSTERIOR
WALL

POSTERIOR
WALL

LATERAL SEPTAL LATERAL
VWALL WALL WALL
ANTERIOR 4 ANTERIOR

o, : WALL - VWAaLL

= N CIRC =0 CIRC

The DOMINANT CIRCUMFLEX ARTERY... The NON - DOMINANT CIRCUMFLEX ARTERY

SUPPLIES 35-55% OF THE LEFT VENTRICULAR MUSCLE MASS SUPFLIES 25-30 % OF THE LEFT VENTRICULAR MUSCLE MASS
|cIRcUMFLEX | | cIRcUMFLEX |

POSTERIOR
WALL

SEPTAL LATERAL
WALL WALL

POSTERIOR
WALL

SEPTAL LATERAL
WALL WALL

RIGHT
CORONARY
ARTERY

RIGHT
CORONARY
ARTERY

LEFT ANTERIOR DESCENDING ARTERY

LEFT ANTERIOR DESCENDING ARTERY




CIRCUMFLEX ARTERY OCCLUDED
with significant THROMBUS.

PTCA of CIRCUMFLEX ARTERY.

DOMINANT CIRCUMFLEX ARTERY OPEN
POST THROMBECTOMY with STENT
DEPLOYMENT.

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




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

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

OCCLUSION of DOMINANT CIRCUMFLEX ARTERY

IMMEDIATE CONCERNS FOR ALL STEMI PATIENTS:

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

CRITICAL STRUCTURES COMPROMISED: POTENTIAL COMPLICATIONS: POSSIBLE CRITICAL INTERVENTIONS:

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

SINUS BRADYCARDIA / SINUS s ATROPINE

SA NODE
ARREST TRANSCUTANEOUS PACING

AV NODE P HEART BLOCKS ATROPINE
TRANSCUTANEOUS PACING

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




Y CASE STUDY 10 -

CHIEF COMPLAINT and SIGNIFICANT HISTORY:

48 ylo FEMALE arrives via EMS, c/o "EXCRUCIATING HEAVINESS" in center of chest, X 1 hour.
She also c/o nausea (vomited several times). Per EMS, she experienced 4 episodes of V-Fib, was
defibrillated successfully each time. Amiodarone drip is running @ 1mg/min.

RISK FACTOR PROFILE:

&* CIGARETTE SMOKER
& HYPERTENSION

& BROTHER HAD AMI AT AGE 44

I S G CAO x 4, anxious, SKIN cool, pale, diaphoretic. Lung sounds: clear
Heart Sounds normal $1, 82,

YT BP: 78/56 P: 100 R: 28 SAO2: 94% on 4 LPM 02
TROPONIN: < .04

Ml with HYPOTENSION

WET LUNG
LUNG SOUNDS ?
NO ' YES
RIGHT
VENTRICULAR MI ?
YES —I— NO / UNKNOWN
| | - INOTROPES
IV -FLUID CHALLENGE| |- CONSIDER ET
- INOTROPES INTUBATION
FLUIDS ! | |- CONSIDER 1.A.B.P. | |- CONSIDER
I.A.B.P.




48 yr Vent. rate 98 BPM
Female Caucasian PR interval * ms
QRS duration 112 ms
QT/QTc 354/451  ms
Loc:3 Option:23  P-R-T axes * 74 64

08S:

CASE STUDY QUESTIONS:
NOTE LEADS WITH ST ELEVATION: NOTE LEADS WITH ST DEPRESSION:

WHAT IS THE SUSPECTED DIAGNOSIS ?

WHAT IS THE "CULPRIT ARTERY" - if applicable ?

LIST ANY CRITICAL STRUCTURES COMPROMISED: LIST ANY POTENTIAL COMPLICATIONS:




08 BPM

Femsle  Cancasian PR kel 2 g L, e ST SEGMENT ELEVATION

|r--l- [“-h_.

5T SEGMENT DEPRESSION

AL
A bnormal




i'-_.'-i -r.-l - Vent. mie 0§ BPM Undetermined rhythm
emale Caucssan PR ingerval . ms - Low voltage QRS

LEIE'H |!!|'r.'|||||n | ’.i:‘ M Canmnot rule oot .’t::l'!'n:'*-'!']"liﬂ infarct ST SEGMEHT ELE‘JAT'DH
Ligle H"l'__l mE  Inferaloleral injury pattern

Loc:3 Chption:23 P-R-T anes "4 - L B 1T R A e
il ALUSE WL ST SEGMENT DEPRESSION
ACLUTE AFRICAL Ml
Abnormal ECG
RIOR BASILAR SEP] T 0 SEPTA RIO
[ A [ [ L [ |—‘ K ¥ ]
| A A
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LAD SUPPLIES PORTION
SO. ... WHICH ARTERY IS IT ? OF INFERIOR WALL

POSTERIOR
VIEW

LAD ?
BOTH LAD and

CIRC ?

DOMINANT CIRC ?

LEFT MAIN ?
ANOMOLOUS ?

RCA ?

LARGE LAD
~— | WRAPS AROUND
APEX OF HEART

<5% of
population




e e e —— A

PRE-INTERVENTION IMAGE. PROXIMAL

OCCLUSION of the LEFT ANTERIOR DESCENDING POST PTCA/STENT TO LEFT ANTERIOR
ARTERY. DESCENDING ARTERY

f TRANS-APICAL LEFT ANTERIOR

HEART BLOCKS )

CRITICAL STRUCTURES COMFROMISED: FOSSIBLE GRITICAL INTERVENTIONS:

> INOTROPIC AGENTS

ET




EVOLVING STEMI:
-ST SEGMENTS DROP
-Q WAVES FORM

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

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

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

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

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




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

NOTE: 1. NOQWAVES IN V1-V4

APRIL 6, 2009

Normal sinus rhythm
Lett atrial enlargement
Cannot rule out Inferior infarct , new

Anterior injury pattern
ok ok ok ok ok ACJTE MI * #% % sk ok

EKG TAKEN UPON ARRIVAL IN
EMERGENCY DEPARTMENT.

- CHEST PAIN x 40 MINUTES

- ST ELEVATION V1-V4




APRIL 6, 2009 19:36 HOURS

49 yr Vent. rate 8 BPM Nom]gl sinus rhythm
Male  Caucasian PR interval 174 ms Anterior infarct , possibly acute

QRS duration 78 ms Lateral injury pattern
Room:C5S1 QTIQTe 360/430  ms ¥k k% 4 ¥ ACTITE ML % % £5 % ¥4

= .q_A.I.,q

Loc:5  Option:28 P-R-T axes NOTE- 1. Q WAVES IN 1S\ ';:'J

P
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POST - INFARCTION EKG

S0yr

Male Caucasian

Room:

Loc: Option:

Vent. rate
PR interval

QRS duration

QT/QTc
P-R-T axes

40 58 -120

TAKEN 1 YEAR AFTER ANTERIOR WALL Mi

Sinus bradycardia with 1st degree A-V block
Anterolateral infarct
T wave abnormality, consider inferior ischemia
Abnormal ECG

Fl AR AALARIT

J
[, & o

C

Pl M |

N V5 and V6

ON V5-V6
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‘NOWHERE”", NEW MEXICO, 1994



V CASE STUDY 18 - A |

37 ylo FEMALE patient arrives via EMS after being involved in a low speed motor vehicle
accident. Per EMS crew, patient was the driver and sole occupant of a car that struck a
tree. Patient does not recall accident. Upon further questioning, patient admits to
other episodes of syncope and near-syncope. Patient denies feeling any chest pain /
pressure or shortness of breath. She states she "felt great” today, until just before the
the accident, when she "suddenly felt lightheaded and must have blacked-out.”

RISK FACTOR PROFILE:

é* FAMILY HISTORY: MATERNAL AUNT DIED AT AGE 31, UNEXPECTEDLY. WAS RULED
AS A "HEART ATTACK." THERE WAS NO PRIOR KNOWN HISTORY OF CAD.

ST T S LV Pt. CAO x 3, skin warm, dry, color normal. Abrasions /contusions

on face (airbag deployment). Patient appears to be in excellent physical condition, states
she exercises several times per week (aerobics, weight training, swimming).

BP: 112/66, P: , R: 20, SAO2: 100% on room air.

(WA=EH TROPONIN: <.04 BMP and CBC: all values within normal limits.




IS THERE ANYTHING

37 i
T s % § % Nmdmeeee  ABNORMAL WITH THIS EKG ?
. QRS duration 33 ms N i ECGs availabl
RéscitiA : No previous 5 available
l_::.:?; Cption:23 {lgjlﬁ:rl'cues 431&!4%2 T'?
Technician:

S et s N et

25mmfs 10mmdmV  40H: 005D 1258L.235 CIh:3 Ell:46 EDT:
Page 1 of 1



ATyr Vent. rate 62
Female  Caucasian PR interval 180

QRS duration B8

QTIQTe 418424
P=B=T axes 37 a2

BPM Normal sinus rhythm
ms Normal ECG NOTE COMPUTER

rmni No previous ECGs available E INTERPRETATION !
&7

Sy W T |

BRUGADA SYNDROME ECG PATTERN:
- ELEVATED J POINTS IN V1, V2

- DOWNSLOPING "COVED" ST SEGMENT
- INVERTED T WAVE.

NEVER FORGET THE
"TRIANGULAR" SHAPE!




PATTERNS of S-T ELEVATION :

BEWARE of the

" TRIANGULAR "
SHAPED S-T SEGMENT
IN V1, V2, and some-

times also in V3 . . .

THINK - -
‘\\I'?* BRUGADA SYNDROME ‘\‘/f&




1. RBBB PATTERN

2. 5-T ELEVATION
V1, V2, possibly V3

3. ATYPICAL "TRIANGLE"™
SHAPED S-T SEGMENT

4. USUALLY EFFECTS YOUNG, HEALTHY
PEOPLE

5. CAUSES SUDDEN DEATH by TORSADES

TEST QUESTION # 32




MECHANISM OF PHASE 2 RE-ENTRY IN BRUGADA SYNDROME

NORMAL ENDOCARDIAL ALTERED (SHORTENED) ACTION
ACTION POTENTIAL POTENTIAL OF EPICARDIAL CELLS

N

4

ELECTRICAL
GRADIENT




- GENETIC DISORDER -

GENE SCNbSA, which encodes
CARDIAC SODIUM CHANNELS.
- CAUSES EARLY RIGHT
VENTRICULAR SUB-

EPICARDIAL REPOLARIZATION
- CAUSES RUNS OF TORSADES de POINTES, and

SUDDEN DEATH from TORSADES and V-FIB.
- |S BELIEVED TO CAUSE 4-12% of ALL SUDDEN

DEATHS, and 30 % of ALL CARDIAC DEATHS
where pt. has a STRUCTUALLY NORMAL HEART.




BRUGADA SYNDROME

- SEVERAL VARIATIONS of this
disorder are known to exist.

- CONCEALED and NON-
CONCEALED.

- The NON-CONCEALED version |
HAS THE V1-V3 abnormality
VISIBLE at all times.

- The CONCEALED version-pt. has a NORMAL

EKG at most times - a DRUG STUDY, an EP

STUDY, and/or GENETIC TESTING must be
done to rule out or confirm diagnosis.




BRUGADA SYNDROME

- YOUNG MALES of SOUTHEAST
ASIAN DESCENT are in HIGH
RISK GROUP, however this
disorder affects ANY RACE or
GENDER.

- BRUGADA SYNDROME is
HEREDITARY.

- SUSPECT BRUGADA SYNDROME in patients with

FAMILY HISTORY of BRUGADA / SUDDEN DEATH,
and/or TORSADES.




BRUGADA SYNDROME - TESTING

- For CONCEALED cases, a
drug study of AJMALINE,
FLECAINIDE, or
PROCAINAMIDE can UNMASK
the "tell-tale” TRIANGULAR
COMPLEXES of V1 and V2.

-IN EP STUDIES, a PROLONGED H-V INTERVAL
may be observed.

- GENETIC TESTING is performed by THE
RAMON A. BRUGADA FOUNDATION.




BRUGADA SYNDROME - TREATMENT

ICD implantation is the
only known effective
treatment to date.




www.BRUGADA.org



33 ylo FEMALE Vent, rate 129 BPM Undetermined rhythm

{F;};gg:rm! ‘2 ms Incomplete right bundle branch block
o duration 11 ms Right ventricular hypertrophy
QT/QTe 398/583 ms £ h i

ST elevation consider anterior injury or acute infarct
g desk e kg % IJ"L{:-L-I-FI:E :U]']' sodedk e e ek

Abnormal ECG

No previous ECGs available
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PT. BROUGHT TO EMERGENCY DEPARTMENT BY EMS AFTER SUFFERING SPONTANEOUS CARDIAC
ARREST. PATIENT DID NOT EXPERIENCE ANY SYMPTOMS PRIOR TO COLLAPSE. HAD SEVERAL
EPISODES OF NEAR-SYNCOPE IN THE PAST 10 YEARS. CARDIAC CATHETERIZATION REVEALED NO
EVIDENCE OF CARDIOVASCULAR DISEASE. NORMAL LV FUNCTION.

DIAGNOSIS: BRUGADA SYNDROME. PT.RECEIVED ICD PRIOR TO HOSPITAL DISCHARGE.

VISIT: www.BRUGADA.org FOR MORE INFORMATION.




42 Y)\‘G FEMALE Vent. rate 233 BPM Normal sinus rhythm with sinus arrhythmia

PR interval ms Right bundle branch block

E‘]}E—E{'\}%‘Tu[mn 414/ _1132 g ST elevation consider anterior injury or acute infarct
: : 15 Wl sk ol sk y = PN e P
P=R-T axes 64 114 17 ACUTE MI #* L R L

Abnormal ECG
No previous ECGs available

Confirmed By:
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I _ _aVF ,llu L' L. |J.' ve !/ 'l ~
; : : THE ONLY KNOWN
BRUGADA SYNDROME. TREATMENT FOR BRUGADA
PATIENT HAD HISTORY of SYNCOPE of UNKNOWN ETIOLOGY. SYNDROME is IMPLANTATION

FAMILY HISTORY of SUDDEN DEATH of YOUNG, HEALTHY ADULTS. |of an ICD. THIS PATIENT

VISIT: www.BRUGADA.org FOR MORE INFORMATION ! HAD ICD IMPLANTED PRIOR
TO HOSPITAL DISCHARGE.
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Mon=specific intra=ventricular conduction block

QRS duration 162 s d BOG
QTiQTe 08465 ms "‘I".h”m mal ECG e .
P=R—T axes 69 S0 Y When compared with ECG of 05-MAR-2008 [3:35,
QRS duration has increased
ST elevation now present in Inferior leads
ST elevation now present in Anterior leads
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ACUTE BACTERIAL MYOCARDITIS. EJECTION FRACTION BY
INTENSE FLU-LIKE SYMPTOMS x 4 -5 DAYS. ECHOCARDIOGRAM = 10%
SUDDEN ONSET OF SUBSTERNAL CHEST
PRESSURE with SHORTNESS OF BREATH




23 ylo MALE: Vent. rate 56 BPM  **UNEDITED COPY — REPORT IS COMPUTER GENERATED ONLY, WITHOUT

PR interval 128 ms  PHYSICIAN INTERPRETATION
g?fq‘_ﬁm"o“ o !35? e Sinus bradycardia with sinus arrhythmia
P_R_T axes 3 66 42;' ST elevation consider inferolateral injury or acute infaret

Fd Kok ok ok *ACUT‘E “] e
Abnormal ECG
No previous ECGs available

g EE %

ER

e

ACUTE PERICARDITIS.

SHARP SUBSTERNAL CHEST PAIN x 1 DAY, HAD VIRAL SYMPTOMS with

Confirmed By: UNEDITED

?*“Jbrﬁ“"—f*#ﬂ

TESTED POSITIVE FOR
COXSACKIE A and B VIRUS

MOUTH ULCERS x 3 DAYS. CHEST PAIN INCREASES WITH DEEP INSPIRATION.




37 ylo MALE: VenL. rate 97 BPM #*UNEDITED COPY — REPORT IS COMPUTER GENERATED ONLY, WITHOUT

Sii;n:fmr'.! % PHYSICIAN INTERPRETATION
= UUraton A ms 2z T v . = eetas 5 e e
OT/OTe 64460 e Sinus rhythm with Premature supraventricular complexes

P_R-T axes 66 34 30 5T elevation consider anterolateral injury or acute infarct
ST elevation consider inferior injury or acute infarct
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ACUTE PERICARDITIS. NOTE: THIS PATIENT EXPERIENCED SUDDEN
SHARP CHEST PAIN x 1 DAY, PROGRESSIVELY INCREASED PAIN, VENTRICULAR FIBRILLATION in the EMERGENCY

INCREASES WITH DEEP INSPIRATION. RECENT HISTORY OF VIRAL DEPARTMENT, WAS DEFIBRILLATED x 1 WITH
SYMPTOMS. RETURN OF SINUS RHYTHM. RECOVERED FULLY.




64 3\'!0 MALE Vent. rate

PR mierva

QRS durat

QT/QTe

on 80 ms

Sinus rhythm with 1st degree A-V block
ST elevation consider anterolateral injury or acute infarct

* ACUTE MI ** %+ % #»

65 BPM
232 ms

400416 ms i i
£7 Abnormal ECG
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Dx: EARLY REPOLARIZATION. PT. ASYMPTOMATIC HAD 7 EKGs SPANNING 11 YEARS
WITH IDENTICAL FINDINGS. NOTE U WAVES V3 - V5.




54 y}',u FEMALE Vent. rawe §2 BPM **4 AGE AND GENDER SPECIFIC ECG ANALYSIS *#%

PR interval TS s Unusual P axis. possible ectopic atrial rhythm with complete heart block and
QRS duration 132 NS Wide QRS rhyvthm .

QTIOT 360420 il .

}? EE?TL;,K.L.,__ |;|-,, ) '_'1_"[' MWon—specific intra—-ventricular conduction block

ST elevation consider inferior injury or acute infarct
ST elevation consider anterior injury or acute infarct
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111 aVF V3

HYPERKALEMIA - K+ 8.6 Pt. EXPERIENCED CARDIAC ARREST, SUCCESSFUL

Pt. FOUND UNRESPONSIVE BY FRIENDS. NO RESUSCITATION with NaHCO3 100 mEq,

PRECIPITATING COMPLAINTS. Dx: ACUTE CALCIUM CHLORIDE 1.0 gram, INSULIN 10 units,

RENAL FAILURE. and DEXTROSE 25 gm. IV. DISCHARGED 11 DAYS
LATER.




PHASE 1: RULE OUT LIFE-THREATENING CONDITIONS

e
PHASE 2 RULE OUT ACUTE CORONARY SYNDROME

3 Ei- RM RAPID, TARGETED ASSESSMENT.
ALISI L h LUNG and HEART SOUNDS.

Do PATIENT COMPLAIN OF:
* TYPICAL ACS SYMFTOMS ¥
* ATYPICAL ACS SYMPTOMS ?

OBTAIN and EVALUATE
12 LEAD ECG

ST NOn- NON-
gzsls;sihn SPECIFIC ST 2:;:"1‘351’“:
WAVE ST ST OLD LEBS,
inversion: hanges that PACEMAKER

may indicate RHYTHM,

ISCHEMIA WIDE QRS
wi LBEB
PATTERN

IMPFLEMENT
INSTITUTIONAL
NSTEMI
PROTOCOLS

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

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

Book Page: 186



KA1 PRESENTING SYMPTOMS
K4 RISK FACTOR PROFILE

M ECG ABNORMALITIES

S CARDIAC MARKERS

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




RISE - PEAK - NORMALIZE TIME APPROXIMATIONS

NUMBER OF HOURS FROM ONSET OF MI:
0123456 8 12 24 36 418

MYOGLOBIN I" -
TROPONIN-I <
ULTRA e

prs
TROPONIN-I _
TROPONIN-T

CK

RISE - PEAK - NORMALIZE TIME APPROXIMATIONS

NUMBER OF HOURS FROM ONSET OF Mi:

RISES RETURNS

(POSITIVE) - PEAKS TO NORMAL

MYOGLOBIN —

TROPONIN-I
ULTRA

TROPONIN-I— 5-10
TROPONIN-T — 5-15
CK—— & 3-4

8-10 24 - 36

5-10




HEART ¥

HEART score for chest pain patients

History Highly suspicious
(Anamnesis) |y1odarately suspicious
Slightly suspicious

ECG Significant ST-deviation

Non-specific repolarisation
disturbance / LBBB / PM

MNormal

- N (=N

Age = 65 years
45 — 65 years
< 45 years

Mo - o

Risk factors | = 3 risk factors or history of
atherosclerotic disease

1 or 2 risk factors
No risk factors known

Troponin 2 3x normal limit
1-3% narmal limit
< narmal limit 0

Total

Risk factors for atherosclerotic disease:
Hypercholesterolemia Cigarette smoking
Hypertension Positive family history

Diabetes Mellitus Obesity (BMI>30)

HEART score reliably predicts endpoints

&0

70 r=-—
&0

40
30 /
20

o-—l=--|-l='(.

Dw @ e~ ® 0@ T
[
=1

moe=
=]

T a a 10

4] i 2 3 4 ' 5 j B
HEART score
HEART |~ % pts | MACE/n | MACE | Death | ' roPosed
Policy

0-3 | 32% | 3811993 | 1.9% | 0.05% | Discharge

*MACE = Major Adverse Cardiac Event = Myocardial Infarction, PCI/CABG, all-cause death. Based on N=6174

Literatura:

1. Chesl pain in the emeargency raom: value of the HEART scaore.

Six AJ, Backus BE, Kelder JC. Neth Heart J. 2008;16:191-6.

2. Chest pain in the emergency rocm: a multicenter validation of the HEART Score.

Backus BE, Six AJ, Kelder JC, at al. Crit Palhways in Cardiol. 2010;%:164-9,

3. A prospective validation of the HEART score far chest pain patients at the emergency depariment.
Backus BE, Six AJ. Kelder JC, et al. Int J Cardicl. 2013;168:2153-8.

4, The HEART score for the assessment of patients with chest pain in the emergency department
Six A, Cullen L, Backus BE, et al. Crit Pathways in Cardiol 2013;12:121-128.

5. Impact of using the HEART score in chest pain patients at the emergency department: a stepped wedge, clus-
ter randomized trial. Peldervaart JM, et al. Annals of Internal Medicine. 2017, Epub ahead of print

Questions and comments:

Barbra Backus backusi@heartscore.nl
Jacob Six six@heartscora.nl

Judith Poldervaart poldervaarti@heartscore.nl

www.heartscore.nl



HEART Score

-VS -

TIMI Score



63 y/o male patient's TMI Score is a TWO, which means
He's only a LOW RISK patient

Thrombolsis In Myocard il Infarcton (TIMID ACS Risk Stratification T ool:
One paint isassigned for each positive value m the seven criteria listed below

Age 65 or older
Chest pam / pressure within the last 24 hours
3 or more major nisk factors
Family history of CAD
Diabetes Mellitus
Hvpercholesterolemia
Smokinp
Hvpertension
Previously diapnosed coronary artery disease
Aspirin taken in last 24 hours
ST segment deviation (elevation or depression) equal to or greater than 0.5 mm
Elevated Troponin level (any above yvour mstitution’s normal ranpes).
TOTAL SCORE(0-7)

Revescubryalion Wik Nex 14 Do Risk Sas
i 5 8% ow
13-20 % INTERMEDIATE
26 - 41 % HIGH

INFORMATION IN ABOVE TABLE FROM: "HAKDEOOK OF EMERGENCY CARDIOVASCULAR
CARE™ AMERICAN HEART A5 SOCIATION, 2006, p 348




CASE STUDY: IMPORTANCE of RISK FACTORS

CHIEF COMPLAINT and SIGNIFICANT HISTORY:

62 y/o MALE presents to cardiologist's office with intermittent ACS symptoms
(chest heaviness, dyspnea). - Pt. DOES NOT correlate symptoms with exertion.

RISK FACTOR PROFILE:

& FAMILY HISTORY - both parents + CAD before age 65

é* PREVIOUS CIGARETTE SMOKER - 20+ yrs., quit 15 years ago
6\“ HIGH CHOLESTEROL - Dx 5yrs ago, taking STATIN med since.
&~ DIABETES - Controlled with diet and oral meds.

gl [\ VAN H Patient supine on exam table, skin warm, dry, color NL
Patient is asymptomatic, all systems WNL

VAL Sg-lel i BP 153/88, P 80, R16, SAO2 99%
pllclilolp)lommion) (el EKG NORMAL, EXERCISE STRESS TEST PASSED.

¥enl. rte TR BPW

& PRESENTING SYMPTOMS
&1 RISK FACTOR PROFILE
(] ECG ABNORMALITIES

[ CARDIAC MARKERS

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

PR sittéival w1 i Mormal sinus rlythm
QRS durmtion B2 i Marmal EOG
QT 3BT i L
P-R-T axcs g 11
I |
i = ey r. o i | [F) Fi
] i i |
aVR! I ! Vi I
| i '
= A = HEE S | —_-,l. B |
aVl \I'i |




62 y/o male patient's TMI Score is a TWO, which means
He's only a LOW RISK patient. . . ..



62 y/o male patient's TMI Score is a TWO, which means
He's only a LOW RISK patient. . . ..

The Interventional Cardiologist was very suspicious of the
man’s Risk Factors and Symptoms, and convinced the man
to consent to a Cardiac Catheterization



62 y/o male patient's TMI Score is a TWO, which means
He's only a LOW RISK patient. . . ..

The Interventional Cardiologist was very suspicious of the
man’s Risk Factors and Symptoms, and convinced the man
to consent to a Cardiac Catheterization........




62 y/o male patient's TMI Score is a TWO, which means
He's only a LOW RISK patient. . . ..

The Interventional Cardiologist was very suspicious of the
man’s Risk Factors and Symptoms, and convinced the man
to consent to a Cardiac Catheterization........

It's a good thing the Doctor didn’t include the TIMI Score in his clinical
decision-making. The patient was directly for emergency bypass surgery.



Y CASE STUDY11 - ATYPICAL EKG

CHIEF COMPLAINT and SIGNIFICANT HISTORY:

42 ylo MALE in ED c/o INTERMITTENT SUBSTERNAL CHEST PAIN x 9 HOURS, "8" on 1-10 scale,
pain does not radiate, not effected by position/deep inspiration. Denies DIB.
Pt. given NTG 0.4mg SL without releif of CHEST PAIN.

RISK FACTOR PROFILE:

& ELEVATED LDL CHOLESTEROL, LOW HDL CHOLESTEROL

v PATIENT DENIES SMOKING, FAMILY HISTORY, HYPERTENSION

e\ D CVH CAOx4, SKIN WARM, DRY, COLOR NORMAL, NON-ANXIOUS,
LUNGS CLEAR, HEART SOUNDS NORMAL S1, S2, NO JVD, NO ANKLE EDEMA

BP: 122/76 P: 86 R: 16 SAO2: 98% on 2 LPM 02
CK MB: 2241 CKINDEX: 5.1

VITAL SIGNS:
Wi-EH TROPONIN: >500 CK: 4,410




42 {; : Venl. rate “#+*ynedited copy: repont is computer generated only, without physician interpretation”.
Ma Hispanibc PR interval ; Mormal sinus rhythm
RED gﬁ%ﬁ'ﬁm“"“ Nonspecific ST abnormality
e g Abnormal ECG
7 i [
T Eipload =T Mo previous ECGs available

CASE STUDY QUESTIONS:
NOTE LEADS WITH ST ELEVATION: NOTE LEADS WITH ST DEPRESSION:

WHAT IS THE SUSPECTED DIAGNOSIS ?

WHAT IS THE "CULPRIT ARTERY" - if applicable ?

LIST ANY CRITICAL STRUCTURES COMPROMISED: LIST ANY POTENTIAL COMPLICATIONS:




TOTAL OBSTRUCTION - PROXIMAL
CIRCUMFLEX ARTERY

| U]

POST PTCA/STENT TO CIRCUMFLEX
ARTERY

DOMINANT RIGHT CORONARY ARTERY
OPEN




ST ELEVATION: — "~ |ST DEPRESSION:

SUSPECTED DIAGNOSIS: A cUTE NSTEMI - BASED ON SYMPTOMS & ELEVATED MARKERS
SUSPECTED "CULPRIT ARTERY™ (if applicable):

UNABLE TO DETERMINE BASED ON 12 LEAD EKG PRESENTATION.

IMMEDIATE CONCERNS FOR ALL ACUTE MI PATIENTS:

= BE PREPARED TO MANAGE SUDDEN CARDIAC ARREST (PRIMARY V-FIB/V-TACH, BRADYCARDIAS / HEART BLOCKS )
&8 STAT REPERFUSION THERAPY: THROMBOLYTICS ws. CARDIAC CATHETERIZATION and PCI
® CONSIDER NMEEDS FOR ANTI-PLATELET and ANTI-COAGULATION THERAPY

CRITICAL STRUCTURES COMPROMISED: POTENTIAL COMPLICATIONS: POSSIBLE CRITICAL INTERVENTIONS:

®" 20-30% of LV POSSIBLE MINOR - SMALL FLUID CHALLENGE
MUSCLE MASS MODERATE LV FAILURE. INOTROPIC AGENTS

45% of POPULATION HAS SINUS BRADYCARDIA ATROPINE

SINUS NODE SUPPLIED BY SINUS ARREST TRANSCUTANEOUS PACING
CIRCUMFLEX ARTERY




PATTERNS of ACS & I1scHEMIA

- 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 )




¥ CASE STUDY 12 - |

CHIEF COMPLAINT and SIGNIFICANT HISTORY:

63 y/o MALE in ED complaining of continuous PRESSURE in both SHOULDERS, with radiation down
the RIGHT ARM to the elbow x approx. 6 hours. He took Motrin 800mg. without relief. Also c/o
intermittent NAUSEA. He DENIES CHEST PRESSURE / DISCOMFORT and DIB.

RISK FACTOR PROFILE:

&~ ELEVATED TRIGLYCERIDES and LOW HDL
v/ SMOKER FOR 30+ YEARS, QUIT 6 YEARS AGO

BTV D CYH CAOx4, SKIN WARM, DRY, COLOR PALE.  PUPILS PERLA, NO JVD,
LUNGS CLEAR, HEART SOUNDS NORMAL S1,52. NO ANKLE EDEMA

VSRSl BP: 106/50 P: 90 R: 20 SAO2: 96% on 4 LPM 02

[W.-H TROPONIN: 66.3 CK: 187 CKMB: 4.2




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:




63 yr Vent. rate 88 BPM

Male Hispanic PR interval 200 ms

QRS duration 94  ms
Room:VAM QT/QTe 352/425  ms
Loc:3 Option:23 P-R-T axes 61 2 118
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CASE STUDY QUESTIONS:
NOTE LEADS WITH ST ELEVATION:

|NOTE LEADS WITH ST DEPRESSION:

WHAT IS THE SUSPECTED DIAGNOSIS ?

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

LIST ANY CRITICAL STRUCTURES COMPROMISED:

LIST ANY POTENTIAL COMPLICATIONS:




RIGHT
CORONARY
ARTERY




PHASE 1: RULE OUT LIFE-THREATENING CONDITIONS

PHASE 2: RULE OUT ACUTE CORONARY SYNDROME

R E M E M B E R PERFORM RAPID, TARGETED ASSESSMENT.
AUSCULTATE LUNG and HEART SOUNDS.
DOES PATIENT COMPLAIN OF:
= TYPICAL ACS SYMPTOMS 7

TS S
POSSIBLE
TO HAVE

OBTAIN 18

A STEMI ...
WHEN

IMPLEMENT :
INSTITUTIONAL

THERE’ S N O L

STELEV. ON
THE PROVIDE REVASCULARIZATION ( PTCA

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




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

THE 12 LEAD EKG
HAS TWO MAJOR
“BLIND SPOTS:”

- POSTERIOR WALL
- R VENTRICLE

POSTERIOR WALL

| V6| LATERAL WALL
| V5 LATERALWALL
| V4 ANTERICR WALL
| V3 ANTERICR WALL
RS V2| ANTERIO-SEPTAL
| V1 ANTERTO-SEPTAL

Aus V4R, V5R, V6R, and
WHAT FACH LEAD "SFES” . . . V7,V8, V9

POSTERIOR WALL

THE 18 LEAD EKG
ADDS COVERAGE
| V6 LATERAL WALL OF THE

| V5| LATERAL WALL

V4 ANTERICR WALL -POSTERIOR WALL

' V3 ANTERIOR WALL
V21 ANTERIO-SEPTAL
| VIEANTERIO-SEPTAL - R V E N T R I C I_ E

I V4R RIGHT VENTRICLE

| VSR RIGHT VENTRICLE
| V6R | RIGHT VENTRICLE




INDICATIONS FOR OBTAINING
AN
18 LEAD EKG:

1. INFERIOR WALL Mis
(ST ELEV I, 1ll, aVF)

2. SUSPECTED POSTERIOR WALL MI
(ST DEPR V1,V2, and/or V3, V4)



LEADS V1 -V3 view the

POSTERIOR WALL

via RECIPROCAL CHANGES.

CASE STUDY SUMMARY
ST ELEVATION: o\ ST DEPRESSION:

V1-V3

ACUTE NSTEMI - BASED ON SYMPTOMS & ELEVATED MARKERS
SUSPECTED "CULPRIT ARTERY" (if applicable):

POSTERIOR LATERAL VESSEL(S) - originate off of RCA or CIRCUMFLEX

IMMEDIATE CONCERNS FOR ALL ACUTE MI PATIENTS:

SUSPECTED DIAGNOSIS:

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

CRITICAL STRUCTURES COMPROMISED:

&° 20-30% of LV

POTENTIAL COMPLICATIONS:

MUSCLE MASS

’POSSIBLE MINOR -
MODERATE LV FAILURE.

POSSIBLE CRITICAL INTERVENTIONS:

" SMALL FLUID CHALLENGE
INOTROPIC AGENTS




J' CASE STUDY 13 - -
CHIEF COMPLAINT and SIGNIFICANT HISTORY:

67 ylo FEMALE presents to ED with intermittent exertional CHEST PRESSURE x 1 day.  Pt. DENIES shortness of
breath, nausea. CHEST PRESSURE does not radiate.

RISK FACTOR PROFILE:

&* CIGARETTE SMOKER x 40 YEARS
&* HYPERTENSION

Ao\ PN Pt CAO x 4in NAD, SKIN WARM, DRY, COLOR NORMAL. PUPILS PERLA, NO JVD
LUNGS = DECREASED, CRACKLES IN BASES. HEART SOUNDS NORMAL 51,52, NO ANKLE EDEMA,

A7 YEEEH BP: 133188 P: 68 2 R: 20 SAO2: 95% on 2 LPM 02
TROPONIN: 4.8 CK: 525 CK MB: 29




67 yr . Vent, rate 67 BPM
Female Hispanic PR interval I8 ms

QRS duration 106 ms
Room:S7 QTiIQTe 458/483  ms
Loc:3 Option:23 P-R-T axes 27 =3 =111

——JL,—JLF——J(

CASE STUDY QUESTIONS:
NOTE LEADS WITH ST ELEVATION:

e s S | “jmrr’ﬂ#/‘%

NOTE LEADS WITH ST DEPRESSION:

WHAT IS THE SUSPECTED DIAGNOSIS ?

WHAT IS THE "CULPRIT ARTERY" - if applicable ?

LIST ANY CRITICAL STRUCTURES COMPROMISED:

LIST ANY POTENTIAL COMPLICATIONS:




ST SEGMENT ELEVATION

ST SEGMENT DEPRESSION

NTERIOR

| OT !

NTERIOR

g

i




LA PR interval 183 " ms ST SEGMENT ELEVATION

QRS duration ] ins

Lo ootion23 L L b e ST ST SEGMENT DEPRESSION

LATERAL - ANTERIOR ANTERIOR SEPTAL ANTERIOR
AG (LAD) or OM (CIRC) LAD LAD

LATERAL - ANTERIO
H L AL} C i i

&= LEAD aVR - sometimes referred to as “the forgotten 12" lead” — can be a source of valuable information. In this case study, lead
aVR is the only lead with ST elevation.
- In cases of myocardial ischemia and NSTEMI, ST segment elevation of lead aVR has been associated with a high incidence of triple vessel disease,!]

which is true in this case study.

- In cases of anterior wall STEMI, elevation of lead aVR indicates the patient’s lesion is proximal to the origin of the first septal perforator.[?]

- When the ST elevation of lead aVR is higher than that of V1, it is considered an indicator that the left main coronary artery is obstructed.?! Please review
Case Study 4 (p 183), STEMI, and involving occlusion of Left Main Coronary Artery.

While reviewing ECGs for inclusion in this curriculum, we noticed the correlation between J point elevation in lead aVR and the incidence of severe multi-

vessel disease.



SUB-TOTAL OC

S-T SEGMENT
ELEVATION







CASE STUDY 14 -

CHIEF COMPLAINT and SIGNIFICANT HISTORY:

45 ylo FEMALE c/o CHEST PAIN, SHORTNESS of BREATH and WEAKNESS x "SEVERAL DAYS." She
states she has been under "a great amount of stress” in the past month, and recently started
taking diet pills containing EPHEDRA.

RISK FACTOR PROFILE:

&~ FAMILY HISTORY

A M S A N Pt CAO X 4, skin warm, dry, color normal. Lung sounds clear, HS
Normal $1, S2. No JVD, No ankle edema.

VLGSR el BP: 106/66 P: 80 R: 24 SAQ2: 95% on 2 LPM 02
WKW TROPONIN: 135




45 yr R 72 BPM (g~ EVALUATE EKG FOR: :
Kk Chiskaiti PR interval i simton -ST SEGMENT ELEVATION / DEPRESSION
QRS duration 80 s -HYPERACUTE T WAVES
QriQTe 480/525 ms -FLAT | CONVEX J-T APEX SEGMENTS
Loc: | Option: | P=R-T axes 27 =28 153 -OTHER ST -TWAVE ABNORMALITIES

- ABNORMAL R WAVE PROGRESSION / TRANSITION

—‘ = i S S
Eemrafra i i e G e L s




ALSO NOTE:

45yt Vent. rate 72 BPM Normal sinus rhythm

Fermale Caucasian E‘]I?‘« 'ISn:IE]HF 146  ms T wave abnormality, consider lateral ischemia - POOR R WAVE PROGRESSION
S duration 80 ms Prolonged QT Vi- V4
QT/QTe 480525 ms Abnormal ECG TRANSITION: V5
Loc:l  Option:| P-R-T axes 27 =28 153 7k SITION.

- BIPHASIC T WAVES: V2 - V5

= |

‘ i “L/f‘“ﬁ\r—“kx mw"pm{_’ ﬁﬂmﬁ_—; T‘(J L= TJM;—M%{—

I ‘

TRANSITION LATE - V5




Byn A = 0T o Ejocl Frz = %
Cha vk = 345 mi Sayu Wil iisnas w R0 M S ke Voiume v 16.4 mi

[ A. Prasad MD, Circulation 2007;115;e56-e59




PHASE 1: RULE OUT LIFE-THREATENING CONDITIONS

PHASE 2: RULE OUT ACUTE CORONARY SYNDROME

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

+ TYPICAL ACS SYMPTOMS 7

* ATYPICAL ACS SYMPTOMS 7

_stable angina unstable angina

1. SYMPTOMS START . SYMPTOMS MAY START
DURING PHYSICAL AT ANY TIME, EVEN
EXERTION. DURING REST

MNOMN-
Depression DIAGNOSTIC
andlor T EMG:
WAVE OLD LBBB,
inversion: PACEMAKER

OBTAIN 18
LEAD EKG -

SYMPTOMS ARE
"PREDICTABLE"

RULE OUT:
ONARY EMBOLUS
C DISSECTION

DETERMINE ACS RISK SCORE.

DBTAIN:
1. SERIAL ECGs
2. SERIAL BIOMARKERS

MNSIDER:

RDIAC ECHO

ERCISE STRESS TEST

ROMARY CT ANGIO
YOCARDIAL PERFUSION
IMAGING

ANY POSITIVE RESULTS ?

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

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



ACUTE CHEST PAIN PROTOCOL

DATE:

Pasition Crash Cart close to patient.

Implement Continuous Cardiac Montioring

Obtain STAT 12 Lead ECG; Repeat every 30 minutes for persistent or worsening pain.

® |F ST segment elevation is noted on ECG, immediately notify the House Nursing Supervisor
of possible Code STEMI patient.

® Notify *physician that STAT 12 Lead ECG is available online in PACS system for STAT interpretation --
if PACS is not available, FAX a copy of each ECG to physician

Obtain STAT Vital signs, including patient's level of pain. Repeat every 15 minutes X 4

If SAO2 <94%, administer Oxygen, 2 - 4 Litres/minute via nasal canula, titrate to keep SAO2 =94%

Follow ACLS Frotocols

Initiate IV NS @KVO rate, preferably with 20g catheter or larger.

Administer Aspirin - chew four 81mg baby aspinin (or one 325 mg adult tablet, if baby ASA not avail)

Administer one NTG 0.4mg SL tablet or spray if Systolic BP is »90mmhg. Reassess pain in 5 minutes.

If pain unrelieved after 5 minutes, may repeat Nitroglycenn dose, as above, X 2.

[¥1 HOLD if sildenafil citrate (Viagra) or vardenafil (Levitra) has been taken within 24 hours

71 HOLD if tadalafil (Cialis) has been taken within 48 hours

1 HOLD and notify MD if SBP less than 90 mmHg

Morphine Sulfate 2mg IV PRN for chest pain, may repeat every 5 minutes up to Max of 10 doses
(20mg total) in 4 hours

Obtain STAT Troponin. Repeat at 3 and 6 hours. Motify physician of results

a
Q
a
a
a
a
a

MNotify physician of any abnormal ECG findings, EC(G changes or abnormal Troponin values.

* If patient is currently under the services of Cardiology, the "physician” is the Cardiologist.
If patient is not being followed by Cardiology, then "physician” refers to Attending FPhysician.
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33 vr Vent. rate 89 BPM Normal sinus thythm
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APPROX. 3 hrs LATER: BI-PHASIC T

WAVES V2, V3; INVERTED Ts V4 - V6

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

3Byr Vent. rate 67 BPM "#¥UNEDITED COPY: REPORT IS COMPUTER GENERATED ONLY, WITHOUT PHYS
Male Black PR tnlcn'a! 160 ms INTERPRETATION".

Room:A 13 8??(3(%:;&“0“ 5 If‘-ﬁ:sl’ln) E:: Normal sinus rhythm

Loc3, Option:23 P—R~T axes a4 0 54 T wave abnormality, consider anterolateral ischemia

Prolonged QT
Abnormal ECG

II1 aVF V6



APPROX 6 hrs AFTER 15T ECG:
BIPHASIC Ts V1,V2; INVERTED

T WAVES V3 - V6

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

13 yr Vent. rate 64 BPM Normal sinus rhythm
Male Black PR interval 160 ms Marked T wave abnormality, consider anterolateral ischemia
QRS duration 54 ms Prolonged €1 =
QT/QTe 514/530 ms rys & | BCG
Log:7 Option: 35 P-R-T axes 45 3 91 < PR, : . - : =
When compared with ECG of 05-NOV-2008 05:12.
_‘ | I' Ih | ‘ JJ' 'I
J"-——u_\__—--—-"'\—-ll"‘ﬂ— e i e R | —"'_w‘—va- e H_-‘_'%r- - Fﬁ'\..—d——_‘u- I.-——" , TRy A 1 _'--\'.__r.'—- S Jll,ﬂ-”'_-"-,.l lf"-_"\ III"'-__\'.II ...-’-_.-H\'J”"'_'-._ Fa
\ - / \
I aVR Vi ! S
| y | F
|
| ! 1 ‘ = l ~ I |
\ 3 ~ 7\ |
JI*__“—__’"“"'II'_—““' _’JF_'# —_— Y s ( et IIX e _ﬂ"li'”__“kf _H_Il'___- P J!f'__\“‘,_/'
_ , W | f =
11 aVL v .ll;“ | Y U v V5
—| q I,——r""‘—~--— i [ — ] e I —"_"—1'.1__ ™ —r -'n o = -’"—‘|1 i ‘_-\ EI— x-l.-— — P e ) e = _-\_J‘-_- —
\ \ 1{ = )l 1|' I'F-f_ | ll'l_-') 'II I'l,_, . = =
I aVF ! | V6



APPROX 9 hrs AFTER 15T ECG:
BIPHASIC Ts V1, V2;

INVERTED
T WAVES V3 - V6

SERIAL EKG CASE STUDY 1 - EKG # 4 @)

15:37 HOURS

3 Vent. rale 71 BPM Normal sinus rhythm
Male Black :;f{;"'-d“”-" tfj L Marked T wave abnormality, consider anterolateral ischemia
b uration ) s . aed O
Room:405A OT/HTC 600/652  ms I ’I“‘“'}:L_'Jl E?'? R,
Loc:5 Option: 39 P—R—T axcs 20 1 160 Abnormal ECG
| | ’ | i
~ g || i, - - = 5 2\ H— | ey P S =
w e, o e e N e N e o “—,-_i = "“—"-"'w—llll" i o P - r ) / f X1 'i. \"'. i
I ivr | y! | L' va \/ \/ U/
I J ~ J Ill. |! a'f\'| - | P ~\ 3 .y I i l
= S ST -y bl eiid | M2 e | JRECS | R _,_-\_ng, 1 e | | S _.__JL_ (IS =
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; y V1 = —
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I aVF Vi 7l V6
|I | | |



PATIENT TAKEN TO THE CARDIAC
CATH LAB, WHERE A SUB-TOTALLY
OCCLUDED PROXIMAL L.A.D. WAS
DISCOVERED (left). BOTTOM LEFT:
PTCA/STENT TO L.A.D. BOTTOM
RIGHT: POST STENT TO L.A.D.




BI-PHASIC T WAVE

T

38 ylo MALE WITH SUB-TOTAL
OCCLUSIONS OF THE LEFT
ANTERIOR DESCENDING ARTERY




Classic “Wellen’s Syndrome:”

Characteristic T wave changes

— Biphasic T waves
— Inverted T waves

History of anginal chest pain

Normal or minimally elevated cardiac
markers

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



Wellen’s Syndrome ETIOLOGY:

e Critical Lesion, Proximal LAD

* Coronary Artery Vasospasm

* Cocaine use (vasospasm)

* Increased myocardial oxygen demand

» Generalized Hypoxia / anemia / low
H&H



Wellen’s Syndrome EPIDEMIOLOGY &
PROGNOSIS:

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

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

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

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



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

5T
Depression
andior T
WAVE
inversion:

OBTAIN 18
LEAD EKG -

NOM-
SPECIFIC 5T
or T WAVE
changes that
may indicate

ISCHEMIA

EXG

NON-
DMNAGNOSTIC
EKG:

OLD LBBB,
PACEMAKER
RHYTHM,

'WIDE QRS

wi LEBB
PATTERN

RAPIDLY RULE OUT:

- PULMONARY EMBOLUS

- AORTIC DISSECTION

PERFORM CARDIAC CATHETERIZATION.

PROVIDE REVASCULARIZATION ( PTCA / |
STENT /| CABG ) AS NEEDED.

OBTAIN:

DETERMINE ACS RISK SCORE.

1. SERIAL ECGs

2. SERIAL BIOMARKERS

CONSIDER:
1 - CARDIAC ECHOD

- EXERCISE STRESS TEST
-CORONARY CT ANGIO

- MYOCARDIAL PERFUSION

IMAGING
ANY POSITIVE RESULTS 7




CASE STUDY:

CHIEF COMPLAINT and SIGNIFICANT HISTORY:

71 y/o male presents to the cardiologist's office, c/o EXERTIONAL SUBSTERNAL CHEST PRESSURE
and DIZZINESS. PMHx of Hypertension, AV Nodal Reentrant Tachycardia and vertigo.

RISK FACTOR PROFILE:
* FAMILY HISTORY - both parens VALUE OF

PREVIOUS CIGARETTE SMOKER

CHOLESTEROL - unknown.

oo STRESS

HYPERTENSION

A [F N\ S N H Patient alert, oriented x 3, skin warm, dry, color normal, T E ST I N G

carotids 2+ bilaterally, no bruits, Lungs clear, HS §1, S2 normal, no murmurs/gallopsirubs. "

Extremities: good distal pulses, no edema.

RELEVANCE OF STRESS TESTING

RIR[R]RY

VLSS BP: 118/60, P: 74, R:16, SAO2: 98%

[W:1=1H CARDIAC MARKERS NEGATIVE. BMP, CBC: WNL.

DIANOSTIC EVALUATIONS:

<& [2-D/M-MODE DOPPLER ECHOCARDIOGRAM: NORMAL |
(LV size, Normal LV function, trace of mitral and tricuspid regurgitation).
&= [MYOCARDIAL PERFUSION STUDY: NORMAL. |
(LVEF = 60%, STRESS and REST TOMOGRAPHIC PERFUSION IMAGES = NORMAL).

PRE-TEST EKG

PATIENT STARDING, PRETEST HREUCE Mm’l.h’ﬂ.lj ul Sl Proed B 1 0mmem V-
- ASYMPTOMATIC. 58 bpm STANIIMG 4 gl Moy Poinita L |
0056 1 1868 mmiHg ;58 0o % Lazal | ST ram) b el 5 T{mm
| 025 | oueh |
] 055 W2 1.7
1] 070 ] 1.30
| LI A
+aNL—-=0:30 5 095
aVF | 0RO 0.0 1
' f
]| 1 o | o o e s o L S 0 s i i LI ML LR TN B £ I 1 e e e e ey ,_/'ﬁ"_w_ ___]l__.ﬂ'ﬂ",,__. __EE'__H'*'.\_
1 ' FavR | iy Vi I J1| v
{ | | | {
I |
H | | | g | |
1 | | J i A | 'I! L
: | -] | | 1, B | e | 1 | | M |
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avF V3



|SIFIIEMIA HELPFUL PATTERNS . . .

J POINT DEPRESSION
(>1 mm)

INVERTED T WAVES

J POINT DEPRESSION
+ INVERTED T WAVES —~/




PRE-TEST EKG s HRUCE Wlemsimredd af ddlens Pred J 1 Cmem'im V)

PATIENT STAMIING FRETHST
ASYMPTOMATIC 58 bpm STANENNG {10+ rph Al Printa
o0 % | TSR mmiHp (il ] 00 %% Lead - STmem} | Lesd — 5 Timm)

1 D25 ¥l ke
II 085 2 1.7
m o Vi 130
avR | 060 Vv (W]
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FEAK DARKLULSE
PEAK EXERCISE ; :

ST ELEVATION:  [Sitr e |t 1 T B e
EXPERIENCING CHEST
-AVR PRESSURE, 05:01 120 % | :_m. qlrg; m. !_r T'd Tg;’"ﬂ
o | -17% 1.
il t[]45 E :iﬂs .
ST DEPRESSION: R o e =
| s aVF -Tm V6. Fi '
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J' CASE STUDY 15 - -

42 ylo FEMALE c/o INTERMITTENT CHEST PRESSURE which has been WORSENING during the past
week. Also c/omild DIB. Symptoms previously provoked by exertion, now comes on at rest.

RISK FACTOR PROFILE:

6" HYPERTENSION
& CIGARETTE SMOKER x 15 YEARS

&“ FAMILY HISTORY - FATHER Dx WITH CAD, HAD CABG AT 52

e h gl (o Vg =y 20 B Pt ASYMPTOMATIC at time of exam. SKIN WARM, DRY, COLOR NORMAL. PERLA,
LUNGS= CLEAR, HS NORMAL S1, 52, NO ANKLE EDEMA.

OIS BP: 148/92 P: 64 R: 20 SAO2: 97% on 2 LPM 02

(W.1-EH TROPONIN: <.04




&~ EVALUATE THE EKG FOR:

42 yr Vent rate &1 BPM : o :

Female Caucasian PR interval it - ST SEGMENT ELEVATION / DEPRESSION
QRS duration 74 ms -HYPERACUTE T WAVES

Room:S5 QT/QTc 4621472 ms -FLAT /CONVEX J.T APEX SEGMENTS

G D P-R-T axes 65 42 -72 " OTHER ST-T WAVE ABNORMALITIES

- ABNORMAL R WAVE PROGRESSION / TRANSITION

Seicmmmsmseemaic . Ceunic CDERERCRRE -
| | Lam[w | i Vﬂrﬂ ’I"”j{ V4 (/\h\_ﬁjl'/\
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ST SEGMENT DEPRESSION




CORONARY ARTERY




CASE STUDY 16 -

CHIEF COMPLAINT and SIGNIFICANT HISTORY:

38 y/o MALE presents with sensation of exertional CHEST and NECK PAIN, described as "burning.”
Patient states symptoms also occur when he is under emotional duress. Symptoms have been

occurring intermittently for approx. 2-3 weeks.

RISK FACTOR PROFILE:

é* HYPERTENSION
é“DIABETES x 5 YEARS

o bS[0V ) -\ |l Pt. ASYMPTOMATIC at time of exam. SKIN WARM, DRY, COLOR NORMAL, PERLA,
LUNGS= CLEAR, HS NORMAL S§1,52, NO ANKLE EDEMA.

arAmmiel'El BP: 144/92 P: 78 R: 16 SA02: 100% on room air

W.A-EH TROPONIN: <.04




IByr Venl. rate 74 BPM g EVALUATE EKG FOR:

Male Hispanic PR interval 212 ms - 8T SEGMENT ELEVATION / DEPRESSION
QRS duration 86 ms -HYPERACUTE T WAVES
o L Aeebg. . FLAT / CONVEX J-T APEX SEGMENTS
P-R-T axes 28 2 27

-OTHER ST - T WAVE ABNORMALITIES
-ABNORMAL R WAVE PROGRESSION/ TRANSITION

T Bt e A
|







ECO RECORDED DURING PATIEWT'S EFISODE OF “CHEST and NECK BURNENG™

e e e e e

SIEMMENS

i Sy B L R | o - - g B |
e =

LRl =
T

RIGHT CORONARY ARTERY after
ADMINISTRATION OF 400 mcg. of
st NITROGLYCERINE




1 Prinzmetal et al, Am J Med. 1959;27:375-388.
[21 National Institutes of Health, Library of Medicine, www.NIH.gov
[31 National Institutes of Health, Library of Medicine, www.NIH.gov



CHIEF COMPLAINT and SIGNIFICANT HISTORY:

45 ylo MALE c/o EXERTIONAL CHEST PRESSURE x past 2 months, getting worse. In last
week, CHEST PRESSURE has come on at rest. DYSPNEA sometimes present. Pain is
relieved when patient rests, however now takes longer than 20 minutes to subside.

RISK FACTOR PROFILE:

& “FAMILY HISTORY: father died of AMI age 50, brother had CABG age 44
&~ CIGARETTE SMOKER x 20 YEARS

& “HYPERTENSION

&“ELEVATED LDL, TRIGLYCERIDES, LOW HDL CHOLESTEROL

N [of- YD ¢\ Ml Pt asymptomatic at time of exam, skin warm, dry, color normal, pupils PERLA,
no JVD, lungs = clear, heart sounds normal S1, S2. Abd. soft, non-tender, No ankle edema

apAEms (el BP: 177/96 P: 64 R: 16 SAO2: 99% on room air

W-:EH TROPONIN: <.04




45 yr
Male Caucasian

Loc:7 Option:35

Vent. rate

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

65 BPM

160 ms

86 ms
384/399 ms
11 -8 55







He's 96. She's Z6.




My top two reasons for giving everything in life the best | have to offer.




