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B a c k g r o u n d : M y o c a r d i a l cap i l lary perfusion is a prerequisite of myocellular viabil ity after reperfusion 
of acute myocard ia l infarction. It w a s hypothesised that the magnitude of myocard ia l cap i l lary 
perfusion, assessed by transmural s ignal intensity in venous contrast e c h o c a r d i o g r a p h y a s a corol lary 
of the blood volume of myocard ia l capi l lar ies, a n d the amount of v iab le myocardium, represented by 
differential levels of contractile function two weeks after reperfusion, are correlated. 
O b j e c t i v e s : To evaluate the role of venous contrast e c h o c a r d i o g r a p h y for the identification of v iab le 
myocard ium in patients with acute myocard ia l infarction ear ly after successful mechanica l reperfusion. 
M e t h o d s : 6 0 patients with a first acute myocard ia l infarction underwent venous contrast echocardio-
g r a p h y several hours after successful mechanica l reperfusion (median time interval 1 9 0 min.). The rela-
tive transmural videointensity (median (25th, 75th percentiles)) of akinetic segments w a s determined. 
After two weeks, contractile function w a s re-evaluated at rest a n d dur ing dobutamine infusion if 
segments without functional recovery were present. 

Resul ts : Relative videointensity ear ly after reperfusion differed significantly between functional groups 
after two weeks: normokinesia ( 8 8 % ( 7 7 % , 100%)) , hypokines ia ( 7 4 % ( 5 4 % , 9 9 % ) ) , a n d ak ines ia with 
( 6 1 % ( 4 8 % , 7 6 % ) ) a n d without contractile reserve ( 3 1 % ( 2 2 % , 4 6 % ) ) . Relative videointensity a n d con-
tractile function were significantly correlated (r = - 0 . 6 7 ) . The d iagnost ic a c c u r a c y of relative videoin-
tensity > 5 0 % for prediction of contractility of initially akinetic segments at rest or dur ing dobutamine 
w a s 8 2 % (x ! = 7 6 . 2 , p < 0 . 0 0 1 ) . 
C o n c l u s i o n s : Early after successful mechanica l reperfusion of acute myocard ia l infarction, the magni-
tude of capi l lary perfusion in the perfusion territory of a n infarct related artery is correlated with the 
amount of v iab le myocardium. Quantitative venous contrast e c h o c a r d i o g r a p h y c a n be used for accu-
rate identification of v iable myocardium. 

The a im of mechan ica l reper fus ion in pat ients wi th acute 
myocardial infarc t ion is to restore blood flow th rough the 
infarct related a r te ry to limit myocellular necrosis and 

ul t imate ly preserve myocardial contract i le func t ion , wh ich is 
the mos t powerfu l predictor of survival af ter acute myocardial 
infarc t ion . ' The success of reper fus ion , however, is indicated 
by per fus ion of myocardial capillaries ra ther t h a n simply pat-
ency of the infarct related a r te ry . 2 1 Myocardial contras t echo-
cardiography can be used to assess myocardial capillary 
perfusion. 4 5 The signal f r o m the myoca rd ium following an 
in t ravenous inject ion of microbubbles has been shown to be a 
corollary of the blood vo lume of myocardial capillaries and 
t h u s func t iona l capillary integrity." Ident i f icat ion of viable 
myoca rd ium af te r r eper fus ion fol lowing acute myocardial inf-
arct ion, t h r o u g h cont ras t e n h a n c e m e n t a f te r in t racoronary 
inject ion of microbubbles , was , however, l imited in mos t s tud-
ies by low specificity for t he b ina ry predict ion of recovery of 
res t ing contracti le function.7"" We expected tha t the m o r e 
physiological in t ramyocardia l d is t r ibut ion of the cont ras t 
agen t af ter venous admin i s t r a t ion would result in a precise 
image of di f ferent ia l degrees of myocardial microvascular 
damage . We therefore hypothes ised that m e a s u r i n g the t rans-
mura l cont ras t signal f rom the myoca rd ium would correlate 
w i t h the ex ten t of myocardial viability and funct iona l recovery 
a f te r mechanica l r eper fus ion of acute myocardial infarct ion. 
Since endocardia l necrosis m a y not be associated wi th recov-
ery of res t ing contract i le funct ion, ' 0 we assessed myocardial 
viability by m e a s u r i n g contract i le func t ion du r ing dob-

u t a m i n e infus ion in pat ients w i thou t func t iona l recovery. 
Fu r the rmore , because reactive hyperaemia may m a s k the 
degree of capillary d a m a g e immedia te ly af ter reper fus ion , ' ' we 
measu red contras t in tensi ty several hours following reper-
fus ion w h e n the hyperaemic response had aba ted . 

M E T H O D S 
Patient p o p u l a t i o n 
This prospective study enrolled patients wi th first acute 
myocardial infarction admi t ted to the hospital wi th in 24 hours 
af ter onset of chest pain. Acute myocardial infarction was diag-
nosed in the presence of two of the following criteria: typical 
anginal chest pain lasting 5 20 minutes ; p resumed n e w ST 
elevation of S 0.1 mV in two or more cont iguous l imb ECG 
leads or 5 0.2 mV in two or more cont iguous precordial leads; 
and increased creatine kinase to two or more t imes the upper 
reference limit wi th a concomitant rise in creatine kinase MB 
isoenzyme. Exclusion criteria were inability to give informed 
consent , cardiogenic shock, and inadequate echocardiographic 
window for assessment of wall thickening in any segment of the 
apical four and two chamber views. All patients underwent 
successful mechanical reperfusion, which was defined as the 
presence of TIMI (thrombolysis in myocardial infarction) grade 
3 flow immediately and two weeks af ter the intervention. 

S t u d y p r o t o c o l 
Two d imens iona l and venous myocardial contras t echocardio-
graphy were pe r fo rmed approximate ly three hours a f te r 
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Table 1 Patient characteristics 

Age, median years (25th, 75th centiles) 5 8 (51, 64) 
Women, n (%j 9 ( 1 5 ) 
Mechanical reperfusion, n (%) 

Stent 4 6 (77) 
Percutaneous transluminal coronary angioplasty 1 4 ( 2 3 ) 

Time from symptom onset to reperfusion, median 8 (3, 17) 
hours (25th, 75th centiles) 

Peak creatine kinase, median IU (25th, 75th centiles) 825(426, 1410) 
Infarct related artery, n (%) 

Left anterior descending coronary artery 2 9 (48) 
Right coronary artery 2 5 (42) 
Left circumflex coronary artery 6 ( 1 0 ) 

Multivessel disease, n (%) 3 6 (60) 
Q wave infarction, n (%) 4 9 (82) 
Arterial hypertension, n (%) 3 4 (57) 
Hypercholesterolaemia, n (%] 3 9 (65) 
Diabetes mellitus, n (%) 1 0 ( 1 7 ) 
Smoking, n (%) 3 9 (65) 
ß Blocker medication at follow up, n (%) 5 7 (95) 

mechan ica l reper fus ion ( m e d i a n (25th, 75 th centi les) 190 
m i n u t e s (160 minu tes , 242 m i n u t e s ) ) . At follow u p af ter two 
weeks , coronary angiography a n d bo th echocardiographic 
s tudies were repeated. Pat ients w i t h akinet ic s egmen t s at fol-
low u p u n d e r w e n t d o b u t a m i n e stress echocardiography. The 
s tudy protocol was approved by our ins t i tu t iona l review board 
a n d pa t ients gave wr i t t en i n f o r m e d consent . 

Venous myocardial contrast echocardiography 
Three milliliters of Opt ison (Mall inckrodt Medical Imaging , 
Dublin, I re land) was di luted wi th 27 ml 0.9% sodium chloride. 
A volumetr ic p u m p (Perfusor fm, Braun Mel sungen , Mel sun-
gen , Ge rmany) was used for in t ravenous in fus ion at 200 ml /h 
a n d adequa te mixing of the solut ion was ma in t a ined by care-
fu l shaking of the pump. A phased array echocardiographic 
sys tem (Sonos 5500, Agilent Technologies, Palo Alto, Califor-
nia, USA) was used. Harmonic (1.8/3.6 MHz) a n d in te rmi t -
ten t imaging (every seventh cardiac cycle, ECG triggered to 
e n d systole) were applied. '2 " T h e m a x i m u m power ou tpu t a n d 
d y n a m i c range of the sys tem (60 dB) were used a n d the mos t 
l inear postprocessing m o d e (A) was selected. A dua l focus was 
used a n d placed in the upper and lower third of the imaging 
sector. Overall gains and t ime gain compensa t ion were 
ad jus t ed to min imi se myocardial t issue noise but still to allow 
myocardia l contours to be seen. Mach ine set t ings were 
ad ju s t ed before each s tudy a n d kept cons tan t t h roughou t . 
Imag ing was pe r fo rmed using apical four and two c h a m b e r 
views and all images were recorded on S-VHS videotape. Con-
trast images were digitally processed off line as previously 
described." M e a n videointensi ty was measured in each of the 

six s egmen t s in the apical four and two c h a m b e r views. To 
account for differences in echogenei ty be tween pa t ien ts , the 
relative videointensi ty of a segment was calculated as the rat io 
be tween the videointensi ty of the segment and the br ightes t 
no rmok ine t i c segment of the same view. This pa r ame te r has 
been recently clinically validated wi th quant i ta t ive rad ionu-
clide single pho ton emiss ion computed tomography da ta ." . 
Variability of relative videointensi ty of no rmokine t i c segments 
early a f t e r reper fus ion was 9% (1%, 13%). In t raobserver a n d 
in terobserver variability of relative videointensi ty of s egmen t s 
were 5% (1.5%, 8.5%) and 7.5% (1.5%, 15%), respectively. 
Quant i t a t ive venous myocardial contrast echocard iography 
was pe r fo rmed by exper ienced investigators bl inded to all 
clinical, echocardiographic , and angiographic da ta . 

Two dimensional and dobutamine stress 
echocardiography 
Tissue h a r m o n i c imaging (2.1/4.2 MHz) was used to assess 
wall th icken ing at rest and dur ing d o b u t a m i n e stress 
echocard iography ( incrementa l doses of in t ravenous dob-
u t a m i n e were 5, 10, 20, 30, and 40 g/kg/min at three m i n u t e 
in tervals) . Single systoles obta ined at rest and before each 
d o b u t a m i n e inc remen t f rom the apical four and two chamber 
views were stored digitally for review in a quad screen fo rmat . 
The en t i re s tudy was also cont inuously recorded on S-VHS 
videotape. Wall th ickening was assessed by two exper ienced 
readers bl inded to clinical, angiographic , a n d contrast echo 
da ta . In cases of d i sagreement , the wall mo t ion score was 
resolved by consensus of opinion. Each of the s a m e segmen t s 
used for v ideointensi ty m e a s u r e m e n t s was ass igned a score 
(1 = normokines ia , 2 = hypokinesia , 3 = akinesia , 4 = dyski-
nes ia) . Recovery of contracti le func t ion of a former ly 
dyskinet ic or akinet ic segment was def ined as an improve-
m e n t to at least hypokinesia at rest. Contract i le reserve was 
def ined as improvemen t to at least hypokinesia dur ing 
d o b u t a m i n e in fus ion . Wall mot ion score index was def ined as 
the m e a n score of the 12 segments of a pat ient . 

Statistical analysis 
Nomina l variables are expressed as counts and percentages . 
Differences be tween groups were assessed w i t h a two sided x2 

test . Con t inuous variables are presented as m e d i a n (wi th the 
25 th a n d 75th centi les) and , as appropriate , Kruskal-Wallis 
a n d M a n n - W h i t n e y tests were applied for g roup compar isons . 
a Correct ion us ing the me thod of Marcus and col leagues" was 
used . S p e a r m a n correlat ion coefficient (r) is given. Sensitivity 
a n d specificity of relative videointensi t ies for predict ion of 
func t iona l s ta tus at the two week follow u p was calculated. 
Areas u n d e r the resul t ing receiver operator character is t ic 
curves were compared wi th the Wilcoxon signed r ank test. The 
Youden index (sensitivity + specificity - 100%) was derived to 
assess the opt imal cut off value. Differences be tween groups 

Early 
after reperfusion 

2 week follow up 
rest 

2 week follow up 
dobutamine 

Normokinetic segments, n 39 4 
jf 

Hypokinetic segments, n 3 9 -- 63 ^ 29 

Akinetic segments, n 

Dyskinetic segments, n 

21 1 107 54 

Figure 1 Segmental wall thickening early after reperfusion and after two weeks at rest and during dobutamine infusion. In seven patients (1 8 
akinetic segments at follow up), dobutamine was not infused for clinical reasons. Thick frame: either recovery of contractile function or presence 
of contractile reserve; thin frame: neither recovery of contractile function nor presence of contractile reserve. 
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Figure 2 Relative videointensity of akinetic segments early after 
reperfusion is significantly different between differential functional 
groups as observed at two weeks' follow up. 

were considered significant at p < 0.05. SPSS 10.0 (SPSS Inc. 
Chicago, Illinois, USA) was used as the statistical sof tware 
package. 

sequential changes in contracti le func t ion of initially akinet ic 
segments at rest and dur ing d o b u t a m i n e at the two week fol-
low up. 

We specifically looked at the relation between relative 
videointensity of initially akinet ic segments and contractile 
func t ion af ter two weeks. Relative videointensi ty was higher 
(83% (66%, 99%)) in segments wi th funct ional recovery 
(normokines ia , n = 39; hypokinesia, n = 63) t h a n in those 
that r emained akinet ic or dyskinetic (relative videointensi ty 
40% (28%, 57%), p < 0.0001). In the funct ional recovery 
group, relative videointensi ty was significantly different 
be tween segments w i t h recovery to normokines ia and those 
wi th recovery to hypokinesia (88% (77%, 100%) v 74% (54%, 
99%), respectively, p < 0.001; fig 2). In segments wi thou t 
funct ional recovery, relative videointensi ty was significantly 
higher in those wi th contracti le reserve (n = 33) t han in seg-
men t s wi thou t contracti le reserve (n = 58; 61% (48%, 76%) v 
31% (22%, 46%), respectively, p < 0.001; fig 2). Relative 
videointensi ty of segments w i t h funct ional recovery to hypo-
kinesia was significantly higher t han that of segments 
wi thou t funct ional recovery but wi th a contracti le reserve 
present (p < 0.001 ). Relative videointensity early af ter reper-
fusion and contractile funct ion at the two week follow up were 
significantly correlated (r = -0 .67 ) . 

RESULTS 
Patient characteristics 
Seventy four pa t ients were enrolled in the study. In six 
patients , inadequa te image quali ty prevented quant i f icat ion of 
contrast echocardiography. Six pat ients could not be followed 
u p (one died, three u n d e r w e n t emergency coronary ar te ry 
bypass graf t ing , a n d two refused to part icipate) . The infarct 
related ar te ry did not show TIMI 3 flow at follow up in two 
pat ients . Table 1 lists the demographic , clinical, and angio-
graphic characterist ics of the remain ing 60 patients. In seven 
pat ients , d o b u t a m i n e stress echocardiography was not per-
formed at two week follow u p for clinical reasons (congestive 
hear t fai lure in two, ventricular tachycardia in one, atrial flut-
ter in one, chest pa in in one, and by pat ient request in two). 

Relation between relative videointensity early after 
reperfusion and differential levels of contractile 
function at follow up 
The vast major i ty of myocardial segments (211 of 720) in the 
terr i tory of the infarct related ar te ry were akinetic at the t ime 
of pos t reperfus ion echocardiography. Fig 1 summar i ses 

Prediction of segmental contractile function with 
contrast echocardiography 
Fig 3 depicts examples of different ial relative videointensi t ies 
wi th in akinet ic myocard ium of pa t ients early a f te r successful 
mechanica l reperfus ion of a first acute myocardial infarct ion. 
Fig 4A (curve A) depicts the receiver operator character is t ic 
curve for contras t echocardiographic predict ion of myocardial 
s egmen t s w i t h recovery of rest ing contract i le func t ion 
or presence of contract i le reserve at the two week 
follow up. Curve B depicts the receiver operator character is t ic 
curve for predict ion of recovery of rest ing contract i le 
func t ion alone. The curves differ only slightly, albeit 
significantly (p < 0.001). Fig 4B shows the Youden 
index derived f rom curve A, wh ich pla teaus be tween 42% 
and 62%. In light of int raobserver and interobserver 
variabilities of relative myocardial videointensi ty of 5% 
and 7.5%, respectively, a cut off of 50% relative videointensi ty 
for predict ion of recovery of contract i le func t ion or presence 
of contracti le reserve by contras t echocardiography was 
de t e rmined . The power of this cr i ter ion for early 
d iscr iminat ion be tween segments wi th and those wi thou t 

Figure 3 Relative videointensity of akinetic segments of three patients in the two chamber view early after reperfusion (A) with functional 
recovery at rest at two weeks' follow up, (B) without functional recovery at rest but presence of contractile reserve at two weeks' follow up, and 
(C) with neither functional recovery at rest nor presence of contractile reserve at two weeks' follow up. 
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Figure 4 Receiver operator characteristic curves for identification of functional recovery or presence of contractile reserve (curve A) or 
functional recovery alone (curve B) by contrast echocardiography. (B) The Youden index (sensitivity + specificity - 100) of different relative 
videointensities for the prediction of functional recovery or presence of contractile reserve at two weeks' follow up. 

contract i l i ty at rest or d u r i n g d o b u t a m i n e i n f u s i o n at 
two weeks ' follow u p is charac te r i sed by a x~ = 7 6 . 2 (df = 1, 
p < 0.001). Diagnost ic accuracy was 82% (sensi t ivi ty 83%, 
specificity 81%). 

Prediction of recovery of global left ventricular function 
with contrast echocardiography 
We then compared the wall m o t i o n score index of two groups 
of pa t ients early a f t e r reper fus ion and at t he two week follow 
up: 50% (group 1, n = 23) a n d < 50% (group 2, n = 37) of 
initially akinet ic segmen t s cont ras t positive (relative videoin-
tensi ty & 50%). Clinical a n d ang iograph ic character is t ics were 
not d i f ferent be tween g roup 1 a n d 2 except for the presence of 
n o n - Q wave acu te myocardial infarc t ion (n ine in g roup 1 v 
n o n e in g roup 2, p < 0.01). Early a f te r reper fus ion , the wall 
mo t ion score index was not d i f ferent be tween g r o u p 1 and 
g roup 2 (1.5 (1.3, 1.9) v 1.8 (1.3, 2.0), respectively). At follow 
up, the wall m o t i o n score index was significantly lower in 
g roup 1 t h a n in g r o u p 2 (1.3 (1.1, 1.5) v 1.5 (1.3, 1.8), respec-
tively, p = 0.002). Improvement of the wall mo t ion score index 
be tween early pos t reper fus ion a n d follow u p was significant 
only in g roup 1 (p < 0.0001, fig 5). 

Relative videointensity early after reperfusion and at 
two weeks' follow up 
No significant d i f ference was found be tween relative videoin-
tensi ty early a f t e r reper fus ion (60% (35%, 87%)) a n d at two 
weeks ' follow u p (73% (37%, 91%)) . 
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Group 1 Group 2 Group 1 Group 2 

early after early after 2 week 2 week 
reperfusion reperfusion follow up follow up 

Figure 5 Wall motion score index early after reperfusion and at 
follow up in patients with s 5 0 % (group 1) and < 5 0 % (group 2) 
contrast positive (relative videointensity S 50%) segments of initially 
akinetic myocardium. 

D I S C U S S I O N 
The present s tudy had two main findings in pat ients wi th a 
first acute myocardial infarct ion, early af ter successful me-
chanical reperfus ion once reactive hyperaemia has abated. 
Firstly, there is a correlat ion between the blood volume of myo-
cardial capillaries, as assessed by t ransmura l signal in venous 
contrast echocardiography, and the a m o u n t of viable myocar-
d i u m wi th in the per fus ion terr i tory of the infarct related 
artery. Secondly, quant i ta t ive venous contrast echocardio-
graphy can be used early af ter reperfus ion to predict accurately 
not only recovery of contractile func t ion at rest but also the 
presence of contracti le reserve wi thou t funct ional recovery. 

Pathophysiology of myocardial perfusion and 
contractile function early after reperfusion of acute 
myocardial infarction 
Structura l capillary d a m a g e accompanying myocellular 
necrosis,"1 complex cellular in teract ions including release of 
i n f l ammato ry a n d vasoconstrict ive med ia to r s f rom ischaemic 
myocard ium and blood cells t r iggering endothel ia l adhes ion 
a n d aggregat ion of neu t roph i l s " a n d pla te le ts ," and distal 
embol isa t ion of platelet aggregates f rom the infarct causing 
rup tu red atherosclerot ic plaque1* are t hough t to cont r ibute to 
myocardial " n o ref low" a f te r reper fus ion of a previously 
occluded coronary artery. Measur ing reduced blood volume of 
myocardial capillaries, associated w i t h " n o reflow", th rough-
out the th ickness of a myocardial segment as in the present 
s tudy can account for t r ansmura l he terogenei ty of these proc-
esses a n d therefore can accurately q u a n t i f y capillary per fus ion 
of a myocardial segment . 

The pathophysiology of myocardial contract i le func t ion 
af ter mechanica l reper fus ion in acute myocardial infarct ion is 
he te rogeneous and may, in addi t ion to myocardial s tunn ing , 
include various a m o u n t s of myocardial necrosis or recurrent 
ischaemia. Early a f te r reper fus ion , convent ional echocardio-
g r a p h y measures of contract i le func t ion canno t be used to 
di f ferent ia te the under ly ing pathophysio logy of akinet ic myo-
cardium. Later, once s t u n n i n g has abated , myocard ium wi th 
only minor t r ansmura l ex ten t of necrosis will show funct ional 
recovery. The persis tence of akinesia , however, is not synony-
m o u s wi th t r ansmura l myocardial necrosis. Evaluation of 
myocardial contract i le func t ion at rest allows evaluat ion of 
only the inner (endocardia l ) third of t he myocard ium: if there 
is no or only mino r necrosis the myocard ium is normokine t i c 
or hypokinet ic but subendocardia l necrosis results in 
ak ines ia . " Akinesia, therefore , occurs irrespective of the 
a m o u n t of vital t issue in the mid and epicardial por t ions of the 
myocard ium. Al though these por t ions cont r ibute little to con-
tract ion at rest, they can be recrui ted to produce contractile 
reserve of akinet ic myocard ium dur ing d o b u t a m i n e 
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stimulation.2 0 The four funct ional classes different iated at the 
two week follow u p in the present s tudy can therefore be 
regarded as funct ional corollaries of differential degrees of 
t r ansmura l myocardial necrosis. 

Contractile reserve of akinet ic myocard ium is clinically 
relevant because it has been shown to protect against 
ventr icular di latat ion and development of hear t failure.21 Our 
data indicate that the c o n t i n u u m between myocardial " n o 
reflow" and "reflow", imaged wi th venous contrast echo-
cardiography a n d quant i f ied wi th its t r ansmura l signal inten-
sity, gives an es t imate of the ex ten t of necrosis in a myocardial 
segment as soon as three hours af ter reperfus ion. This result is 
in line wi th the findings of previous an imal studies compar ing 
the extent of myocardial contrast e n h a n c e m e n t af ter venous 
contrast injection wi th myocardial necrosis by using tr iphe-
nyl tetracol ium chloride staining.22 23 Wi th respect to the 
relevance of the spatial extent of contrast e n h a n c e m e n t for 
subsequent recovery of global left ventr icular funct ion, our 
findings conf i rm the results of Porter and colleagues24 and 
Lepper and associates.25 These first two studies of the use of 
venous contrast echocardiography in pat ients af ter reper-
fusion of acute myocardial infarct ion used a semiquant i ta t ive 
score for the assessment of myocardial contrast e n h a n c e m e n t 
in the risk area 4824 and 24 hours25 af ter reperfusion. 

Prediction of functional recovery or presence of 
contractile reserve with venous contrast 
echocardiography early after reperfusion 
This is the first s tudy to def ine a quant i ta t ive signal threshold 
for the prediction of myocardial contracti le funct ion in venous 
contrast echocardiography early af ter mechanica l reperfusion 
of acute myocardial infarct ion. Several investigators have 
a t t empted to predict recovery of contracti le funct ion early 
af ter reperfus ion t rea tment in acute myocardial infarct ion 
using semiquant i ta t ive assessment of myocardial contrast 
e n h a n c e m e n t wi th in t racoronary injection of microbubbles. 
Depending on the strictness of criteria for the positive contrast 
effect, sensitivities for prediction of subsequent funct ional 
recovery were found be tween 66%7 and 100%." Specificity, 
however, was only be tween 18%" and 60%7 in most studies. We 
found higher diagnostic accuracy of venous contrast echo-
cardiography for predict ion of recovery of contractile funct ion 
or the presence of contracti le reserve af ter acute myocardial 
infarct ion. This finding canno t be a t t r ibuted solely to our con-
sideration of contracti le reserve, in dist inct ion to previous 
studies wi th in t racoronary contras t injection, because our 
receiver operator curves using funct ional recovery alone (fig 
4A, curve B) or both variables (curve A) differ only slightly. 

Several addi t ional factors may cont r ibute to the improved 
diagnost ic accuracy. Firstly, in t racoronary bolus injection wi th 
a hand held syringe used in previous s tudies may force 
contrast mater ia l into the dependen t microvasculature. There-
fore, lack of opacification may be observed only in the 
myocard ium wi th the most seriously damaged microvessels, 
whereas it may still be seen in areas wi th modera te microvas-
cular damage . Venous infusion, in dist inction, may result in 
more physiological myocardial d is t r ibut ion of microbubbles 
and provide a bet ter representa t ion of differential degrees of 
microvascular damage . Secondly, the diagnostic accuracy of 
the prediction of funct ional recovery depends on the 
defini t ion of the threshold for positive contras t effect. It is dif-
ficult to quan t i fy the magn i tude of the contrast effect af ter 
poorly s tandardised in t racoronary bolus injection of sonicated 
radio-opaque dye. Therefore, semiquant i ta t ive assessment has 
been used in most in t racoronary studies. However, def ining a 
threshold is less accurate wi th a f ramework of only a few 
scores t han wi th the quant i ta t ive approach used in the present 
study. Thirdly, myocardial contras t e n h a n c e m e n t was evalu-
ated 10-16 minu tes af ter successful reperfus ion in previous 
in t racoronary studies while reactive hyperaemia might have 

been present , likely causing an overest imation of contrast 
effect w i th in the infarct bed ." Venous contras t echocardio-
graphy was per formed later (approximately three hours a f te r 
reperfus ion) in the present s tudy and relative videointensi ty 
was even slightly higher af ter two weeks. It is therefore 
unlikely that relative videointensi ty m e a s u r e m e n t s were 
affected by reactive hyperaemia. Our data therefore favour a 
t ime interval of approximately three hours be tween mechan i -
cal reperfusion of acute myocardial infarct ion and contrast 
echocardiographic assessment of myocardial viability. 

Swinburn and colleagues2" recently repor ted a sensitivity of 
62% of venous contrast echocardiography scores obtained 
approximately five days af ter acute myocardial infarct ion for 
b inary prediction of recovery of resting contracti le func t ion of 
myocardial segments . Apart f rom differences in me thods and 
the sole considerat ion of funct ional recovery at rest, however, 
undef ined coronary ana tomy at the t ime of contrast echo-
cardiography and at follow up may have prevented unequivo-
cal in terpreta t ion of the association be tween an early contrast 
score and contractile funct ion at follow u p in their study.2 ' 

Study limitations 
Because of anisotropy, he terogeneous beam profile, and 
a t tenuat ion , the contrast signal intensi ty of differential 
myocardial segments is subject to variability independen t of 
the volume of myocardial microvasculature (9% (1%, 13%) in 
normokine t ic segments in the present s tudy) , which migh t 
have prevented a closer correlation be tween relative myocar-
dial videointensi ty early af ter reperfusion and the a m o u n t of 
viable myocardium. A slight divergence of imaging planes 
be tween initial and follow up studies may have a t t enua ted 
this correlation as well. Al though imaging planes were 
carefully chosen, this typical source of inaccuracy of serial 
echocardiography cannot be completely e l iminated. 

Advantages of in te rmi t ten t ha rmon ic imaging, used in the 
present study, are a broad dynamic range and high signal 
ampl i tude caused by microbubble d is rupt ion wi th high 
mechanical index imaging. On the o ther hand , off line image 
processing is manda to ry because the tissue componen t of the 
ha rmonic signal is considerable. Recent advances in this tech-
nique including mult iple pulse t ransmiss ion, reduct ion of 
myocardial tissue signal by modified t ransmit and receive fre-
quencies, and colour coding of raw image data may, however, 
obviate the need for t ime consuming off line processing in the 
fu ture . Recently developed autocorrelat ion based imaging 
technology offers al ternative echocardiographic modali t ies 
(power Doppler, pulse inversion, or power modula t ion 
technique) for venous contrast echocardiography. Image 
analysis is facilitated by on line background subtract ion, a n d 
real t ime venous myocardial contrast echocardiography has 
become available. The range of myocardial blood volumes 
detectable wi th these techniques, characterised by a na r row 
dynamic range compared wi th ha rmon ic imaging, however, 
needs to be def ined. 

We used a measure of myocardial blood volume to 
characterise myocardial perfusion. There are first reports that 
myocardial blood flow velocity assessed by analysis of increas-
ing pulsing intervals may be a more robust paramete r for the 
quant i ta t ive analysis of venous myocardial contrast 
echocardiography." 

Diagnostic accuracy found for prediction of contractile 
myocard ium by venous myocardial contrast echocardiography 
in the present s tudy may be too optimistic since the 
underlying contrast intensi ty cut off value was de te rmined in 
the same patient populat ion. 

Al though raw signal intensi ty data were not used in the 
present study, despi te theoretical superiority, the validity of 
videodensi tometr ic data was shown in a head to head 
compar ison wi th digital raw data.27 

The contracti le response to d o b u t a m i n e could have been 
a t tenua ted by P blocker t rea tment , which was not discontin-
ued in the present study. Therefore, a l though we used high 
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d o s e s o f d o b u t a m i n e , w e m a y h a v e i n c o r r e c t l y c l a s s i f i e d 
p a t i e n t s a s h a v i n g n o c o n t r a c t i l e r e s e r v e . 

Clinical implications and perspective 
O u r d a t a i m p l y t h a t m y o c a r d i a l c a p i l l a r y p e r f u s i o n c h a r a c t e r -
i s e d b y v e n o u s c o n t r a s t e c h o c a r d i o g r a p h y i s a s e n s i t i v e a n d 
m e a n i n g f u l m a r k e r f o r t h e e v a l u a t i o n o f t h e s u c c e s s o f r e p e r -
f u s i o n t r e a t m e n t i n p a t i e n t s w i t h a c u t e m y o c a r d i a l i n f a r c t i o n . 
D e t e r m i n a t i o n o f T I M I m y o c a r d i a l p e r f u s i o n g r a d e , ' D o p p l e r 
f l o w w i r e , " M n u c l e a r m y o c a r d i a l p e r f u s i o n i m a g i n g , " a n d 
m a g n e t i c r e s o n a n c e i m a g i n g 3 0 h a v e b e e n u s e d t o a s s e s s m y o -
c a r d i a l m i c r o v a s c u l a t u r e a f t e r a c u t e m y o c a r d i a l i n f a r c t i o n . 
E a c h o f t h e s e t e c h n i q u e s h a s i t s s p e c i f i c s t r e n g t h s a n d l i m i t a -
t i o n s , b u t n o n e o f t h e m h a s b e e n i m p l e m e n t e d i n r o u t i n e 
d i a g n o s t i c i n v e s t i g a t i o n o f p a t i e n t s w i t h a c u t e m y o c a r d i a l i n f -
a r c t i o n b e c a u s e t h e y a r e e i t h e r i n v a s i v e o r n o t r e a d i l y a v a i l a b l e 
i n m o s t h o s p i t a l s . V e n o u s m y o c a r d i a l c o n t r a s t e c h o c a r d i o -
g r a p h y u s e d i n t h e p r e s e n t s t u d y , i n d i s t i n c t i o n , i s a b e d s i d e 
t e c h n i q u e a n d h a s t h e p o t e n t i a l t o b e w i d e l y a v a i l a b l e . 
F u r t h e r m o r e , t h e a p p l i c a t i o n o f p h a r m a c o l o g i c a l s t r e s s , s o f a r 
n e e d e d f o r e c h o c a r d i o g r a p h y a s s e s s m e n t o f m y o c a r d i a l 
v i a b i l i t y , i s n o t r e q u i r e d . I n l i g h t o f i n c r e a s i n g n u m b e r s o f 
r e p e r f u s i o n s t r a t e g i e s f o r p a t i e n t s w i t h a c u t e c o r o n a r y 
s y n d r o m e s a n d e x i s t i n g h i g h l y e f f e c t i v e t r e a t m e n t m o d a l i t i e s , 
a v e r s a t i l e t o o l f o r r a t i o n a l a n d c o s t e f f e c t i v e c o m p a r i s o n of 
e f f i c a c y d i f f e r e n c e s b e t w e e n t h e m is i m p o r t a n t a n d m a y g u i d e 
t h e p l a n n i n g f o r l a r g e s c a l e c l i n i c a l m o r t a l i t y t r i a l s . 

B a s e d o n t h e p r e s e n t d a t a , i t a l s o a p p e a r s r e a s o n a b l e t o 
e v a l u a t e t h e r o l e o f v e n o u s c o n t r a s t e c h o c a r d i o g r a p h y f o r r i s k 
s t r a t i f i c a t i o n a f t e r a c u t e m y o c a r d i a l i n f a r c t i o n i n f u t u r e s t u d i e s . 

A n a l y s i s o f t i m e i n t e n s i t y c u r v e s b a s e d o n s i g n a l s f r o m 
i n c r e m e n t a l i m a g i n g i n t e r v a l s o r r e a l t i m e r e g i s t r a t i o n o f s i g -
n a l s u s i n g l o w m e c h a n i c a l i n d e x i m a g i n g h a s t h e p o t e n t i a l f o r 
e v a l u a t i n g m y o c a r d i a l m i c r o v a s c u l a r f l o w v e l o c i t y a n d b l o o d 
f l o w . 6 T h i s m a y p r o v i d e f u r t h e r i n s i g h t i n t o t h e p r o c e s s o f 
r e c o v e r y o f m y o c a r d i a l m i c r o v a s c u l a r a n d c o n t r a c t i l e f u n c t i o n 
a f t e r r e p e r f u s i o n o f a c u t e m y o c a r d i a l i n f a r c t i o n . 
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Az életképes myocardium megítélése 
közvetlenül az akut myocardialis infarctus 
reperfúziós terápiája után végzett vénás 
myocardiális kontrasztultrahanggal 
Andrássy Péter dr.1, Marzenna Zielinska dr.2 és Christian Firschke dr.3 

Bajcsy-Zsilinszky Kórház, Budapest (osztályvezető főorvos: Zámolyi Károly dr.)1 

Clinic of Card. Med. Academy, Lodz (osztályvezető főorvos: Halina Bolinska dr.)2 

Deutsches Herzzentrum und 1. Med. Klinik, Technische Universität, München 
(igazgató: Albert Schömig dr.)3 

Bevezetés: Az akut myocardialis infarctus (AMI) re-
perfúziós terápiáját követően az epicardialis corona-
ria átjárhatósága mellett ép mikrovasculatura is szük-
séges a kontraktilis funkció későbbi javulásához. Cél-
kitűzés: A szerzők sikeres reperfúziós terápián át-
esett AMI-os betegeken a microvasculatura állapota 
és a későbbi kontraktilis funkció közötti összefüggést 
vizsgálták szemikvantitatív intravénás myocardialis 
kontrasztultrahanggal (VMKE). Módszer: Hatvanhá-
rom első AMI-on átesett betegen végeztek VMKE-t 3 
órával a sikeres primer percutan transluminalis coro-
naria-angioplastica (PTCA) után, és szemikvantitatív 
módon értékelték az akinetikus szegmentumok 
kontrasztfelvételét (1 = normális, 2 = kissé csökkent, 
3 = jelentősen csökkent, 4 = kontrasztfelvétel nem 
észlelhető). A korábban akinetikus szegmenteket (n 
= 218) a 14. napon végzett nyugalmi ultrahangvizs-
gálat alapján különböző funkcionális csoportokba 
osztották: normokinézis, hipokinézis, akinézis. Ered-
mények: Közvetlenül a reperfúziós terápia után ész-
lelt szemikvantitatív kontraszt score a későbbi három 
funkcionális csoportban szignifikánsan különbözött 
(1,21 ± 0,47; 1,65 ± 0,77; 2,75 ± 0,85; p < 0,01). A nyu-
galmi funkciójavulást 79%-os diagnosztikus pontos-
sággal lehetett VMKE-vel megítélni = 76,2; p < 
0,001). A globális falmozgásscore-index a kontraszt 
pozitív betegeknél (a kezdetben akinetikus szegmen-
tek több mint felében 1-es vagy 2-es kontrasztscore) 
szignifikánsan javult az utánkövetésig (1.607 ± 0,30 
vs. 1,295 ± 0,25; p < 0,001), míg a kontraszt negatív 
betegeknél nem változott (1,702 ± 0,38 vs. 1,603 ± 
0,33; p = NS). Következtetés; AMI-on átesett betegek-
nél közvetlenül a reperfúziós terápia után végzett 
VMKE-gal kielégítő pontossággal lehet megjósolni a 
későbbi nyugalmi funkciójavulást és következtetni 
lehet az infarctus transmuralis kiterjedésének mér-
tékére. 

Kulcsszavak: myocardialis kontrasztultrahang, myocardialis 
infarctus, életképes myocardium, mikrocirkuláció 

Detection of myocardial viability with venous contrast 
echocardiography immediately after reperfusion in pa-
tients with acute myocardial infarction. Introduction: 
After reperfusion therapy of acute myocardial infarcti-
on not only the patency of infarct related artery (IRA) 
but uncompromised myocardial perfusion are essential 
for recovery of myocardial contractile function. Aim: 
The authors sought to evaluate the relation between 
the status of myocardial microvasculature early after 
successful mechanical reperfusion therapy of AMI and 
contractile function at rest two weeks later. Methods: 
Sixty-three patients with first acute myocardial infarcti-
on underwent venous myocardial contrast echocardi-
ography (VMCE) 3 hours after successful percutaneous 
coronary intervention. The myocardial contrast inten-
sity of akinetic segments was evaluated according to a 
semiquantitative score (1 = normal; 2 = moderate cont-
rast defect; 3 = serious contrast defect; 4 = no contrast 
at all). Two weeks later the resting contractile function 
of previously akinetic segments (n = 218) was re-evalu-
ated. Results: The semiquantitative contrast score was 
significantly different between differential functional 
groups observed after two weeks: normokinesia (1.21 
± 0.47); hypokinesia (1.65 ± 0.77); akinesia (2.75 ± 0.85). 
Sensitivity and the specificity of semiquantitative veno-
us myocardial contrast echocardiography for early pre-
diction of functional recovery is 90% and 69% , res-
pectively (x2= 76.2; p < 0.001). The global wall motion 
score index improved in contrast positiv patients (mo-
re than 50% of initial akinetic segments show score 1 
or 2) (1.607 ±0.30 vs. 1.295 ±0.25; p < 0.001), but did 
not change in the contrast negative patients (1.702 ± 
0.38 vs. 1.603 ± 0.33; p = NS). Conclusion: Functional 
recovery after AMI can be predicted with VMCE imme-
diately after successful reopening of IRA. The post-
PTCA contrast intensity of an infarcted segment is 
closely related to its subsequent functional status. 
Key words: myocardial contrast echocardiography, myocar-
dial infarction, viable myocardium, microcirculation 

Az a k u t myocardia l i s in fa rc tus (AMI) korai te rápiá-
j á b a n d ö n t ő az infarc tus t e rü le té t el látó artéria (in-

R ö v i d í t é s e k : AMI = akut myocardialis infarctus: CK = kreatin-
kináz: IRA = infarct related artery (infarctus területét ellátó artéria; 
PTCA = perkutan transzluminális koronáriaangioplasztika; TIMI 
= Thrombolysis In Myocardial Infarction (thrombolysis myocardi-
alis infarctusban); VMKE = vénás myocardialis kontraszt ultra-
hang; WMS = wall motion score index (falmozgás core index) 

farct re lated artery, IRA) á t j á r h a t ó s á g á n a k mielőbbi 
biztosítása. A repe r fúz iós kezelés során elért TIMI 3 
( thrombolys is in myocard ia l infarc t ion) á r amlás 
ese tén j obb a későbbi systolés p u m p a f u n k c i ó , mely 
az AMI betegek mor t a l i t á sának d ö n t ő m e g h a t á r o -
zója (14, 23) . U g y a n a k k o r i n t r aco rona r i á san adot t 
kon t rasz tanyagga l végzett myocardia l i s kon t rasz t -
echokard iográf iás vizsgálatokkal (MKE) igazolták, 
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hogy az IRA TIMI 3 á r amlá s mel le t t az ép myoca r -
dialis p e r f ú z i ó is szükséges fe l té te le a későbbi sys-
tolés k a m r a f u n k c i ó j a v u l á s á n a k (9, 10). A TIMI 3 
epicardialis c o r o n a r i a á r a m l á s mel le t t i pe r fúz iók i -
esést nevezzük „ n o - r e f l o w " j e l enségnek ( I I ) . A 
fent i megf igyelés t számos m á s és h a s o n l ó módszer -
rel végzett vizsgálat is megerős í t e t t e (5, 6, 15, 16, 
18, 19). 

Cé lunk közvet lenül a sikeres reperfúz iós terápia 
u t á n v é n á s myoca rd i a l i s k o n t r a s z t u l t r a h a n g g a l 
(VMKE), szemikvant i ta t ív m ó d o n megítélt micro-
vascularis integri tás és a későbbi szegmentál is és glo-
bális myocardial is systolés f u n k c i ó között i összefüg-
gés vizsgálata volt. 

Módszer 

1. ábra: (A) négyüregű kép, lateralis AMI, a „sikeres" primer 
PTCA ellenére a lateralis basalis és középső szegmentekben 
jelentős kontraszthiány, az utánkövetés során nincs funkcio-
nális javulás. (B) kétüregű kép, inferior infarctus, az inferior 
basalis, középső szegmentekben súlyos kontrasztkiesés, funk-
cionális javulás nincs. (C) kétüregű kép, anterior AMI, az ante-
rior apicalis, középső szegmentben csak kissé károsodott a 
kontrasztfelvétel, az utánkövetés során a két szegment már 
normokinetikus volt 

Betegbeválasztás 

Első 12 ó r á n belül i AMI-os b e t e g e k e t v i z sgá l tunk . Az 
i d ő i n t e r v a l l u m h o s s z a b b is l e h e t e t t (24 ó ra ) , a m e n n y i b e n 
a b e t e g n e k a f e l v é t e l k o r m é g a n g i n á s f á j d a l m a volt . A be-
t egek s ikeres r evascu la r i sa t iós t e r á p i á n ( p r i m e r PTCA) es-
tek át : TIMI 3 IRA á r a m l á s k ö z v e t l e n a PTCA u t á n és a 14 
n a p o s i sméte l t k o r o n a r o g r á f i a s o r á n is. Az. AMI d iagnóz i -
sa a k ö v e t k e z ő k r i t é r i u m o k o n a l apu l t : 

- > 30 perc ig t a r t ó t í pusos a n g i n á s f á j d a l o m ; 
- f e lvé t e lko r l ega lább 1 m m - e s ST-eleváció, l ega lább 

két ö s sze t a r t ozó E K G - e l v e z e t é s b e n ; 
- a k r e a t i n k i n á z (CK) n o r m á l i s fe l ső h a t á r é r t é k é n e k 

lega lább k é t s z e r e s é r e v a l ó e m e l k e d é s e , m e g f e l e l ő MB- izo -
e n z i m - e m e l k e d é s s e l a so roza to s enz imv iz sgá l a tok s o r á n . 

Kizárási k r i t é r i u m volt : 
- n e m m e g f e l e l ő m i n ő s é g ű u l t r ahangv izsgá la t kép ; 
- korább i myoca rd i a l i s i n f a r c t u s az a n a m n é z i s b e n , 

p r a e m e n o p a u s a l i s é l e tkor ; 
- a b e t e g n e m volt k é p e s a b e l e e g y e z ő ny i l a tkoza to t 

a lá í rn i . 

Vizsgálati protokoll 

A VMKE-vizsgá la t k ö z v e t l e n ü l a s ikeres p r i m e r PTCA u t á n 
t ö r t é n t (1. n a p ) . K é t d i m e n z i ó s (2D) u l t r a h a n g f e l v é t e l t vé-
g e z t ü n k k ö z v e t l e n ü l a VMKE előt t és k é t h e t e s u t á n k ö v e -
tés u t á n (14. n a p ) . A k é t h e t e s kon t ro l lv i z sgá la tko r i smé-
telt c o r o n a r i a - a n g i o g r á f i a t ö r t é n t . A vizsgálati p ro toko l l t a 
Techn i sche Univers i tä t , M ü n c h e n Etikai Bizot tsága j ó v á -
h a g y t a , és m i n d e n részt v e v ő be t eg aláír ta a felvi lágosí tást 
t a r t a l m a z ó b e l e e g y e z ő ny i l a tkoza to t . 

Intravénás myocardialis kontrasztultrahang 

3 ml Op t i son t (Mal l inckrod t Médica l Imag ing , Dubl in , Ire-
l and ) 2 7 ml f iziológiás sóo lda t t a l h í g í t o t t u n k és 2 0 0 m l / h 
i n f ú z i ó s sebességgel a d a g o l t u k i n t r a v é n á s á n . ATI. HDI 
5 0 0 0 - e s vagy A g i l e n t - S o n o s 5 5 0 0 - a s u l t r a h a n g készü lék -
kel h a r m o n i k u s m ó d b a n ( 1 , 7 / 3 , 4 vagy 1 ,8 /3 ,6 MHz) , in-
t e r m i t t á l ó képa lko t á s t ( m i n d e n 5. sz ívc ik lusban EKG-tr ig-
ger re l m e g h a t á r o z o t t végsys to le ) a l k a l m a z t u n k . Az így 
n y e r t csúcsi négy- és k é t ü r e g ű me t sze t eke t ( m e t s z e t e n k é n t 
6 s z e g m e n t ) S-VHS v i d e o k a z e t t á r a rögz í t e t tük , m a j d a ko-
r á b b i a k b a n le í r tak szer int o f f - l i ne digi tá l isan f e ldo lgoz tuk 
és s z í n k ó d o l t u k (2, 24) A k a p o t t sz ínkódo l t k é p e k e n az 

a k i n e t i k u s s z e g m e n t e k kon t r a sz t t e l í t e t t s égé t s z e m i k v a n t i -
tat ív skála szer int o sz t á lyoz tuk : 1 = n o r m á l i s , 2 = kissé 
c s ö k k e n t , 3 = j e l e n t ő s e n c s ö k k e n t , 4 = kon t r a sz t f e lvé t e l 
n e m é s z l e l h e t ő (1. ábra). A szemikva t i t a t í v k o n t r a s z t s c o r e 
p red ik t ív f u n k c i ó j á n a k v izsgá la takor az l - e s és a 2 -es 
k o n t r a s z t s c o r e - r a l r e n d e l k e z ő s z e g m e n t e k e t kon t r a sz t po-
zitív, a 3 és 4 k o n t r a s z t s c o r e - é r t é k k e l r e n d e l k e z ő s z e g m e n -
teke t k o n t r a s z t nega t í v s z e g m e n t e k n e k t e k i n t e t t ü k . A be-
t e g e n k é n t i é r t é k e l é s n é l k o n t r a s z t poz i t í vnak t e k i n t e t t ü n k 
egy be tege t , ha az. a k i n e t i k u s s z e g m e n t e k lega lább 5 0 % - a 
k o n t r a s z t pozi t ív volt , ha e n n é l kevesebb , a be t eg k o n t -
raszt n e g a t í v vol t . 

A fe lvé te l eke t két , a s zegmen tá l i s sys to lés f u n k c i ó t n e m 
i s m e r ő , k o n t r a s z t u l t r a h a n g b a n j á r t a s v izsgáló (min . 100 
ko rább i vizsgálat) é r t éke l t e , e l t é rés e s e t é n k o n s z e n z u s s a l 
d ö n t ö t t e k az ado t t s z e g m e n t s z e m i k v a n t i t a t í v k o n t r a s z t -
s c o r e - é r t é k é r ő l . 

Kétdimenziós echokardiográfia 

F e l v é t e l k o r és az u t á n k ö v e t é s s o r á n f o l y a m a t o s h a r m o n i -
k u s m ó d o t ( 2 , 1 / 4 , 2 MHz) h a s z n á l t u k a s z e g m e n t á l i s fai-
m o z g á s z a v a r m e g í t é l é s é r e . A f a l m o z g á s t a f e n t eml í t e t t 
n é g y - és k é t ü r e g ű k é p e k e n e l e m e z t ü k 12 s z e g m e n t e s 
m o d e l l e n . Az e g y e s s z e g m e n t e k e t s z e m i k v a n t i t a t í v m ó -
d o n o s z t á l y o z t u k : 1 = n o r m á l i s , 2 = h ipok inéz i s , 3 = ak i -
nézis . A globál is sys to lés f u n k c i ó t a f a l m o z g á s s c o r e - i n -
dexsze l (WMSI ) j e l l e m e z t ü k (a 12 s z e g m e n t s z e m i k v a n t i -
ta t ív s c o r e - j á n a k összege osz tva 12-ve l ) . A n y u g a l m i 2 és 
4 ü r e g ű f e lvé t e l eke t f o l y a m a t o s a n v i d e o m a g n ó r a rögzí-
t e t t ü k . A f e lvé t e l eke t két f ü g g e t l e n , a k o n t r a s z t f e l v é t e l e -
ket n e m i s m e r ő vizsgáló é r t é k e l t e , és a m e n n y i b e n egy 
s z e g m e n t m e g í t é l é s é b e n e l t é r é s volt , k o n s z e n z u s s a l d ö n -
tö t t ek . F u n k c i o n á l i s j a v u l á s k é n t é r t é k e l t ü k , ha egy k o r á b -
b a n a k i n e t i k u s s z e g m e n t n é l a 14. n a p o s n y u g a l m i 2D fel-
v é t e l e n h ipok inéz i s t vagy n o r m o k i n é z i s t é s z l e l t ünk . 

Statisztikai analízis 

A n o m i n á l i s vá l tozóka t t a r t a l m a z ó c s o p o r t o k közöt t i k ü -
lönbsége t k h i - n é g y z e t (x:) tesz t te l v izsgá l tuk . A s z á m s z e r ű 
vá l tozók á t l agé r t éké t a d t u k m e g s t a n d a r d dev iác ióva l . A 
c s o p o r t o k ös szehason l í t á sá ra K r u s k a l l - W a l l i s és M a n n -
W h i t n e y - t e s z t e k e t a l k a l m a z t u k . A c s o p o r t o k közöt t i k ü -
lönbsége t s z ign i f ikánsnak t e k i n t e t t ü k , a m e n n y i b e n p < 
0 ,05 vol t . 
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1. táblázat: A vizsgált betegek klinikai és angiográfiás jellemzői 

Életkor, médián [25., 75. percentil] 58 [51, 63,5] 
Nők, (%) 9(14) 

Mechanikus reperfúzió, (%) 63 (100) 
Stent, (%) 48 (76) 
PTCA, (%) 15(24) 

Fájdalom kezdetétől a reperfúzióig eltelt idő (óra), médián [25., 75. percentil] 7,7 [3-17] 
CK-maximum, médián (IU/I) [25., 75. percentil] 825 [426-1410] 
IRA 

LAD, (%) 31 (49) 
RCA, (%) 26 (41) 
LCX, (%) 6(10) 

Többér betegség, (%) 36 (57) 
Q-infarctus, (%) 51 (81) 
Hypertonia, n (%) 34 (54) 
Hypercholesterinaemia, (%) 39 (62) 
Diabetes mellitus, (%) 10 (16) 
Dohányos, (%) 39 (62) 
PTCA = percutan transluminalis coronaria-angioplastica; CK = kreatinkináz; IRA = infarctus területét ellátó artéria; LAD = ra-
mus descendens anterior; RCA = coronaria dextra; LCX = ramus circumflexus 

Eredmények 

Betegek 

A bevétel i k r i t é r i u m o k n a k 77 beteg felelt meg, akik 
közül 14 kizárásra kerül t : 2 beteg az u tánköve tés i 
ide') alatt megha l t , 1 beteg ismételt infarctust szenve-
dett , 4 betegnél az u t á n k ö v e t é s során TIMI 0-2 IRA 
áramlást észlel tünk, 5 be tegnél ér tékelésre a lka lmat -
lan volt az u l t r a h a n g k é p minősége , 2 be tegnél n e m 
tör tént meg a kontrol l koronarográf ia és így az IRA 
TIMI á ramlás a 14. n a p o n ismeret len volt. 

A vizsgálatban részt vevő 63 beteg klinikai és an-
giográfiás jel lemzői az 1. táblázatban lá thatók. 

A szegmentális funkció értékelése 

A vizsgált 756 szegmentből 218 volt ak ine t ikus az 1. 
n a p o n . Ezen 218 eredeti leg ak ine t ikus szegment 
későbbi systolés funkc ió já t vizsgáltuk a 14. n a p o n : 
106 szegmentné l észle l tünk nyugalmi javulást (40 
normokinéz i s , 66 hipokinézis) , 112 szegment akine-
t ikus marad t . Ezen csopor tokban közvet lenül a pri-
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2. ábra: Szemikvantitatív kontrasztscore-értékek a külnböző 
funkcionális csoportokban 
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3. ábra: A késői szegmentális funkcionális javulás és a korai 
kontrasztfelvétel összefüggése 

m e r PTCA u t á n észlelt szemikvant i ta t ív kont rasz t -
score k ü l ö n b ö z ő volt: normokinéz i s : 1,205 (± 0,47), 
hipokinézis : 1,651 (± 0,77), akinézis: 2 ,75 (± 0,85), 
(p < 0,05) (2. ábra). A 130 kontraszt pozitív szeg-
men tbő l 95 muta to t t későbbi nyuga lmi funkc ioná l i s 
javulást , míg 88 kontraszt negat ív szegmentből csak 
11. A fent iek a lapján a szegmentál is nyuga lmi f u n k -
ciójavulás e lőre je lzésében a közvet lenül a sikeres re-
vascularisat io u tán végzett szemikvant i ta t ív kont -
rasz tu l t rahang szenzitivitása 9 0 % , specificitása 6 9 % , 
pozitív prediktív é r téke 7 3 % , negat ív predikt ív ér-
téke 8 8 % , diagnoszt ikus pontossága 7 9 % ( x : = 77,1; 
p < 0,001) volt (3. ábra). 

A globális funkció értékelése 

A 40 kontraszt pozitív és 23 kontraszt negat ív beteg-
nél az 1. n a p o n n e m volt szignifikáns kü lönbség a 
WMSI-ben (1,607 ± 0 ,30 vs. 1,702 ± 0,38) . A 14. 
n a p o n azonban a kont rasz t pozitív be tegekné l a 
WMSI kisebb volt, min t a kontraszt nega t ívokná l 
(1,295 ± 0,25 vs. 1,603 ± 0,33; p < 0,01). Ugyanak-
kor a WMSI kontraszt pozitív be tegekné l az u t á n k ö -
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4. ábra: A falmozgásscore-index (WMSI) változása kontraszt 
pozitív és kontraszt negatív betegekben 

vetésig szignif ikánsan javul t e l len té tben kontraszt 
negat ív be tegekkel (4. ábra). 

Megbeszélés 

Főbb megál lapí tásaink a következők: 
- a közvet lenül az. AMI reperfúz iós terápiája u tán 

szemikvan t ia t ív m ó d o n megbecsü l t myocardia l i s 
v é r v o l u m e n és az é le tképes m y o c a r d i u m menny i sé -
ge a rányos egymással , 

- a reper fúz iós terápia u tán i korai időszakban 
megfe le lő pontossággal jóso lha tó meg a későbbi 
nyuga lmi systolés funkc ió javulás . 

Az életképes myocardium mennyiségének 
megbecsülése 

Az optimális e r e d m é n y ű (TIMI 3 IRA áramlás) re-
perfúz iós terápia u t án észlelt systolés funkciózavar 
(akinézis) patofiziológiai okai e l térőek lehe tnek: a 
k ü l ö n b ö z ő k i t e r j edésű necrosis tól (no- re f low) a 
myocardia l is s tunningig . A fent i kü lönböző prognó-
zisú okok konvenc ioná l i s ul t rahangvizsgálat tal az 
aku t szakban n e m kü lönböz t e the tők meg egymás-
tól. Az á l t a lunk bemuta to t t pé ldákon jól e lkülöní t-
h e t ő a defini t ív necrosis a s tunn ing tó l (1. ábra). 

Az epicardialis coronaria sikeres revascularisatiója 
esetén a s t unned myoca rd ium nyugalmi systolés 
funkciója az esetek többségében 2 hé ten belül megja-
vul (8). Állatkísérletekben 2 0 - 3 0 % - o s , vagy annál 
nagyobb ki ter jedésű subendocardial is necrosis esetén 
az érintet t területet ak ine t ikusnak találták, a kisebb 
ki ter jedésű necrosis esetén az elhalt subendocard ium 
arányától függően hipo- vagy normokinézis t észleltek 
(12, 20). Az á l ta lunk alkalmazott módszerrel a fenti 
csopor tokban szignifikánsan kü lönböző kontraszt in-
tenzitást észlel tünk (2. ábra). A kontraszt intenzi tás 
mér t éke a megfe le lően hosszú tr iggerinterval lum 
esetén (például minden 5. végsystole) a myocardialis 
vé rvo lumen mennyiségével (myocardial blood volu-
me, MBV) a rányos (24). Ez arra utal, hogy közvetle-
nül a sikeres reperfúziós terápia u tán az MBV m e n y -
nyisége ford í to t tan a rányos a necrosis ki ter jedésével . 

A nyugalmi systolés funkciójavulás előrejezése 
(korábbi tanulmányok) 

A k o r á b b a n in t racoronar iásan adot t kontrasz t ta l 
végzett t a n u l m á n y o k hason lóan j ó szenzitivitással 
( 6 6 - 1 0 0 % ) , de lényegesen gyengébb specificitással 
( 1 8 - 6 0 % ) becsül ték m e g az u t á n k ö v e t é s során ész-
lelt nyuga lmi funkció javulás t (3, 4, 13). Csak egy 
m u n k a c s o p o r t talált 100%-os szenzitivitást és 9 0 % -
os specificitást, n e m m i n d e n ese tben opt imál isan 
revascularizált és n e m olyan h o m o g é n betegcsopor-
ton, min t a fenti m u n k a c s o p o r t o k vagy az á l ta lunk 
vizsgált csopor tok (1). Az á l t a lunk elért jobb specifi-
ci tásnak több oka is lehet : 1. Az in t racoronar iásan , 
bo lusban adot t kontraszt myocardial is menny i sége 
függ a bolus n e h e z e n s tandard izá lha tó sebességétől, 
és az egyszerre beadot t nagyobb kon t r a sz tmenny i -
ség valószínűleg csak a súlyosan károsodot t micro-
vascula tura ese tén mu ta to t t defek tus t . Alacsonyabb 
kon t r a sz tkoncen t r ác ió - t a r t ományban a koncen t r á -
c ió-mér t v ideointenzi tás görbe meredekebb , min t az. 
in t racoronar iás adagolásánál elért magasabb myo-
cardialis k o n c e n t r á c i ó t a r t o m á n y b a n (21). Az intra-
v é n á s á n fo lyamatos i n fúz ióban adot t kon t rasz t -
anyaggal egyenletes , de a lacsonyabb myocardial is 
kont rasz tkoncent rác ió t é r ü n k el, és ebben a tarto-
m á n y b a n lé t re jövő kon t rasz tkü lönbségeke t érzéke-
nyebben tükrözi a v ideointenzi tás változása. 2. A 
korábbi t a n u l m á n y o k b a n a vizsgálat jellegéből faka-
dóan a kon t ra sz tu l t r ahang közvet lenül a PTCA u tán 
( 1 0 - 2 5 perc), még a ka té teres l abo ra tó r iumban tör-
tént . Mi a vizsgálatot m á r az in tenzív osztályon, a 
PTC A-t köve tő 180. (± 24) percben végeztük. így 
m i n d e n bizonnyal az á l la tk ísér le tekben észlelt (bár 
h u m á n t a n u l m á n y o k b a n eddig n e m igazolt), a re-
perfúz iós terápiát k ö v e t ő e n 2 óráig ta r tó reaktív hy-
peraemia (7, 22) n e m befolyásolta vizsgálati e red-
ménye inke t , kevesebb álpozitív esetet ta lá l tunk, ami 
ugyancsak magyarázha t j a az elért jobb specificitást. 
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be related to streptococci, such as polyarteritis nodosa and 
Henoch-Schonlein purpura, are encountered in FMF more 
commonly than in the general population.' In addition acute 
poststreptococcal glomerulonephritis has been characterised 
as a type of renal involvement,1 and RHD has been repor ted ' 1 

to be more frequent in patients with FMF than in the normal 
population. Moreover, increased antistreptolysin O litres have 
been reported in FMF patients.4 This is the proof of greater 
antibody response against streptococci in patients with FMF. 
Exaggerated antistrcplococcal antibody response is also a 
characteristic feature of RF. Although RF can follow any group 
A p haemolytic streptococcus pharyngitis, it was demon-
strated that children who developed RF had an exaggerated 
antibody response to streptococcal antigens when they were 
compared with children who had recovered from a streptococ-
cal upper respiratory tract infection.' 

Increased RF or RHD incidence in relatives of our patients 
strongly supports previous evidence suggesting a familial pre-
disposition in RF. There is a strong consensus that RF 
represents an abnormal host immune response in genetically-
predisposed individuals to those streptococcal antigens cross 
reactive with heart, brain, and joint tissues.' Considering the 
basic defect of FMF, which we propose to be the impaired 
control of the immune response, we speculate that even bear-
ing only one MEFV mutation might directly or indirectly 

result in immune hyperreactivity against streptococcal anti-
gens that leads to development of RF. Although a predisposi-
tion to RF is more likely to be multifactorial in origin, or may 
be polygenic, this is the first study implicating the possible role 
of the MEFV gene in the pathogenesis of RF. 
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IMAGES IN CARDIOLOGY 
Left ventricular pseudoaneurysm: a mechanical complication of acute myocardial infarction 

A 51 year oid m a n was admi t ted with 
exert ional dyspnoea and a grade 1 
to-and-f ro heart murmur . He had 

undergone coronary artery bypass graft sur-
gery for severe three vessel coronary artery 
disease n ine m o n t h s before. Three weeks 
before admission, lie suffered an acute Q wave 
lateral myocardial infarction which was 
treated conservatively. Chesi .r ray on admis-
sion showed a pronouced increase of the car-
diac si lhouette and signs of pulmonary 
congestion. Echocardiography was performed 
and revealed a large echo-free space adjacent 
to the lateral wall of the left ventricle (below 
left, asterisk) which extended f rom the apex 

to the mitral annu lus (LA, left a t r ium; LV, lefi 
ventricle; RA, right a t r ium; RV, righi ventri-
cle). A small myocardial rup ture (below 
centre) was identified in the basal lateral left 
ventricular wall, and colour Dopplcr imaging 
showed bidirectional shunt ing of blood be-
tween the left ventricle and the echo-free 
space (below righi) , enabling a diagnosis of 
left ventricular pseudoaneurysm to be made. 
Moderate mitral regurgitation was also 
present. 

During subsequent heart surgery, the pseu-
doaneurysm was incised, its fibrous wall was 
resected, and lire ruptured lefi ventricular 
myocardium was sutured. The mitral valve-

needed to be replaced with a mechanical 
prosthesis. The vein gra f t to the left circumflex 
coronary ar tery was occluded, but because of 
the small size and distal occlusion of the 
native vessel, no redo bypass surgery was per-
formed. The patient 's postoperative hospital 
course was unevent fu l and he was discharged 
two weeks later. 
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Penetrating Atherosclerotic Ulcer of the Aortic Arch 
Christian Firschke, M D ; Marek Orban, MD; Peter Andrassy, MD; 

Rudiger Lange, MD; Albert Schomig, M D 

A62-year-old man was referred to our hospital with a 
2-day history of moderate continuous interscapular 

pain. The patient had a history of arterial hypertension and 
coronary artery disease treated with bypass surgery in 
1990. His medication consisted of aspirin, a /3-blocker, and 
an ACE inhibitor. His physical examination was unremark-
able except for a blood pressure of 150/95 mm Hg. Acute 
coronary syndrome was ruled out. A contrast-enhanced CT 
scan showed a narrow-necked, contrast-filled outpouching 
of the aortic arch (Figure 1, *) embedded in a mass of 
lower contrast uptake (Figure 1, arrows). The dimensions 
of the ascending and descending aorta were normal. On 
transesophageal echocardiography, marked atherosclerosis 
of the descending aorta was seen. The anterior wall of the 
aortic arch could not be delineated unequivocally. An 
ulcerlike crater (Figure 2, *) with a diameter of «»2X2.5 
cm was part of the anterior margin of the aortic arch 
(Movie I) and was surrounded by material of varying 
echolucence with color Doppler signals outside the lumen 

of the aorta (Figure 3, arrows; Movie II). On the basis of 
these findings, perforation of the aortic arch with periaortic 
hematoma was assumed and was suspected to have been 
caused by atherosclerotic degeneration of the aortic wall. 
Urgent surgery was performed, and intraoperatively, ex-
tensive atherosclerotic ulceration was found in the aortic 
arch. The anterior part of the aortic wall in that region was 
virtually nonexistent, and a functional lumen had been 
fashioned by semiliquid thrombotic material surrounding 
the aorta, held together by numerous adhesions. The aortic 
arch was replaced with a 30-mm Hemashield prosthesis, 
and the supra-aortic vessels were reimplanted. The pa-
tient's postoperative course was uneventful, and he was 
discharged after 10 days. 
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Figure 1. Contrast-enhanced CT scan of the aortic arch. Figure 2. Transesophageal echocardiogram of the aortic arch. 
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Figure 3. Color Doppler on transesophageal echocardiography 
(same image plane as in Figure 2). 


