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Approach to the patient with chest pain
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CONSEQUENCES OF CHRONIC REPETITIVE ISCHEMIA

Repetitive
ischemia

| 1 Flow reserve |

= Normal resting flow
Chronically s}unned Cell survival program
myocardium
| Flow reserve
Reduced resting flow
T Apoptosis
Chronically hibernating | Beta-adrenergic signaling
myocardium Inhoemogeneity in innervation

Heart failure
Progressive
fibrosis

A

of revemble ischemia increases. Reversible repetitive ischemia initially leads to chronic precondmomng against
gradual progression from contractile dysfunction with normal resting flow (chronically stunned myocardiy
myocardiumy. This transition is related to the physiologic significance of a coronary stenosis and can
absence of severe angina. The cellular respanse during the progression to chronic hibernating myocard
little cell death and fibrosis and others developing degenerative changes difficult to distinguish from s
chronic left anterior descending artery (LAD) acclusion and collateral-dependent myocardium. The right ai

Adapted to ischemia
Vulnerable to lethal
arrhythmias
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Ventriculogram FDG

Resting flow Vasodilated flow

B

ary flow reserve decreases and the frequency
d stunning (hot shown). Subsequently, there is a
unction with depressed resting flow (hibernating

, with some patients exhibiting successful adaptation with
I'infarction. (B) Hibernating myocardium in humans with a

akinesis {upper feft). Transaxial PET scans illustrate "*NH; flow measurements at rest ﬁower left) and after pharmacologic vasodilation wnh dlpyrldamo\e (lower right). Quantita-

el 4 sl o 35515 el Sl

5 =5 hibernating o ,LS' g0 o Sle> &
Jslws o bli> g ATP Gyme e syl el 00

oaiad lis Sgsyp LT oSl 90 Dy90 5o
e 9750 JE 5 55000 5l 0 30k (sl cyaSSs gy (sidlS
4 ad o ¢, hibernation ;o a5 JsSUse g (swlids Cdl Ol i ann
D s i Wl o 5 9935 od by gl Vsl 55 JLo
oladd yo Lol o Slae
S 3o 3 S 555501 oy Seilpois (PO e 40 (JgSeal
4 hibernating »,LS' s jo —olil o Sloe rals 51 isw 1 LS
i oS5 5,0 1 ey, L S Jsol Jlasl als cle

rdge Uil it cde an Al ol ol wss, sy I8 Ll
0l g 009 Sipliwoy laally by ol izl (alS 5 (i g9
3,8 g0 Slasiwl Vo 51 oS5 0,5 g0 Seilows S y20 0 (6Kl
=l gl b g b oS sla o)l sl! o hibernating
S5l sl Sy Shas 39t 5 S 2SI (5 luly sbowl 1 sl oo
S8l Cammwg 9929 (b el Jlsals om0 2 el ) YsSulss, e
Sy )T S yo 31 598 59550, Sy denervation k> Lol viable

bl oo SpaSms] (Gl gaog20,8 b olylews 5o

g M1

TABLE 33.2 Viable Dysfunctional Myocardium Patterns of
Contractile Reserve, Resting Perfusion, and Temporal
Recovery of Function After Revascularization

EXTENT OF TIME
CONTRACTILE RESTING FUNCTIONAL COURSE OF
PARAMETER RESERVE FLOW RECOVERY RECOVERY
Transient Reversible Ischemia
Postischemic Present Normal Normalizes <24 hr
stunning
Short-term Present MNormal MNormalizes =7 days
hibernation
Chronic Repetitive Ischemia
Chronic Present Normal Improves Days to
stunning weeks
Chronic Variable Reduced  Improves Up to
hibernating 12 mo
myocardium
Structural Remodeling
Subendocardial  Variable Reduced  Variable Weeks
infarction
Remodeled, Present MNormal Improves Months
tethered
myocardium
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Hemorrhagic 1
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FIG. 34.21 Cardiac magnetic resonance
CMR) images in myocardial infarction. (&) Left
to right, Gross anatomic image obtained at
autopsy, histology image after staining with
Heidenhain trichrome stain, and ex vivo T2-
weighted CMR image from the short-axis slice.
(B) Left to night, Images from an experimentally
induced Ml in a dog. CMR was performed day
3 after reperfusion in which T2-weighted gradi-
ent-echo imaging was performed. Ex vivo,
thioflavin S imaging, and triphenyltetrazolium
chloride (TTC) staining were performed to
assess for microvascular obstruction (MVO),
hemarrhage, and myocardial necrasis. [ GF,
Late gadolinium enhancement. (From Hamirani
YS, et al. Effect of microvascular obstruction
and intramyocardial hemorrhage by CMR on LV

iy Inviva e remodeling and outcomes after myocardial in-
(necrosis, (microvascular T2*- CMR T2*- CMR LGE- CMR o agsystematlc i and m)étafanalyss
hemorrhage) obstruction) (hemorrhage) (with signal analysis) (necrosis) JACC Cardiovasc Imaging. 201 4.7[9]:%0_952_5
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Anterior myocardial rupture in an acute infarct.

(B) Rupture of the ventricular septum. (C) Com-

plete rupture of a necrotic papillary muscle.
(From Mitchell RN, Connolly AS. The heart. In:

Robbins, Cotran and Kumar Pathologic Basis of

Disease. 11th ed. Saunders; 2025.)

CHARACTERISTIC

Incidence 0.2%—3% without reperfusml‘\era
0.2%—0.3% with fibrinolytic th
3.9% in patients with car i

Time course Bimodal peak; within 24
range, 1-14 days

Clinical Chest pain, short re hypotension

manifestations

Physical findings Harsh holosystolic r, thrill, S,
accentuated S;, pulmonary edema,

RV and LV failure, cardiogenic shock

Echocardiographic  Ventricular septal rupture, left-to-right shunt
findings on color flow Doppler echocardiography
through the ventricular septum, pattern of
RV overload
Right-heart Increase in oxygen saturation from the RA to
catheterization RV, large v waves

FIG. 35.28 Cardiac rupture syndromes com-
plicating ST-segment myocardial infarction. (&)
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proximately 0.3%—1%; fibrinolytic
herapy does not reduce risk; primary PCl
seemns to reduce risk

Bimedal peak; within 24 hr and 3-5 days;
range, 1-14 days

Anginal, pleuritic, or pericardial chest pain;
syncope; hypotension; restlessness; sudden
death

Jugular venous distention (29% of
patients), pulsus paradoxus (47 %),
electromechanical dissociation, cardiogenic
shock

=5 mm pericardial effusion not visualized
in all cases; layered, high-acoustic echoes
within the pericardium (blood clot); direct
visualization of tear; signs of tamponade

Ventriculography insensitive, classic signs
of tamponade not always present
(equalization of diastolic pressures in the
cardiac chambers)

PAPILLARY MUSCLE RUPTURE

Approximately 0.1%—1% (posteromedial
more frequent than anterolateral papillary
muscle rupture)

Bimodal peak; within 24 hr and 3-5 days;
range, 1-14 days

Abrupt onset of shortness of breath and
pulmonary edema; hypotension

A soft murmur in some cases, no thrill,
variable signs of RV overload, severe
pulmonary edema, cardiogenic shock

Hypercontractile LV, torn papillary muscle
or chordae tendineae, flail leaflet, severe
mitral regurgitation on color flow Doppler
echocardiography

No increase in oxygen saturation from the
RA to RV, large v waves,? very high PCWP

Large v waves are from the PCWE

LV, Left ventricle/left ventricular; PCl, percutaneous coronary intervention; PCWE pulmonary capillary wedge pressure R4, right atrium; RV, right ventricle/right ventricular.

Data from Antman EM, Anbe DT, Armstrong PW, ACC/AHA guidelines for the management of patients with ST-elevation myocardial infarction: a report of the American College
of Cardiology/American Heart Association Task Force on Practice Guidelines {Committee to Revise the 1999 Guidelines for the Management of Patients with Acute Myocardial

Infarction). Circulation. 2004;110(9):e82; and Elbadawi A, et al. Temporal trends and outcomes of mechanical complications in patients with acute myocardial infarction. JACC
Cardiovasc Interv. 2019;12:1825-1836.
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