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Coronary recanalization in acute myocardial
infarction: immediate results and potential risks
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Between September 1980 and March 1982, 83 patients were catheterized during the acute phase of their
myocardial infarction with the intention to recanalize their infarct-related vessel (IRV); of these 83, 30
participated in a randomized study. Five patients died during the catheterization procedure, two as a result
of cardiogenic shock, two of migration of thrombotic material and one of possible heart rupture after a
successful recanalization. In 15 patients the IRV was found to be patent at the first coronary injection.
In the remaining 64 patients with an occluded IRV, 41 arteries were successfully recanalized.

Of the surviving patients who underwent an attempt at recanalization, 29 had non-fatal complications
which required treatment (ventricular fibrillation, ventricular tachycardia or ventricular premature beats,
bradycardia, hypotension, artrioventricular block, atrial fibrillation). The complications were predomi-
nantly observed in hypotensive patients during angiography after recanalization had been accomplished.
Of the 41 successful recanalizations, complications occurred in 20. Of all recanalized right coronary
arteries, complications took place in 81%, of the left circumflex arteries in 25% and of the left anterior
descending arteries in 24%.

In conclusion, catheterization and attempts at recanalization of occluded arteries impose a substantial
risk of fatal and non-fatal complications. These occur in particular during the first angiogram afier
the re-opening of an occluded right coronary artery. These observations lead to the following rec-
ommendations:

(1) streptokinase infusion should not be considered before the circulation is adequately supported;
2) lidocaine and nifedipine should be administered prophylactically before the attempt at recanalization;
(3) a non-ionic contrast medium should be used for angiography.

In May 1981 Muller et al. published an editorial on
the problems related to coronary recanalization in

been demonstrated and before adequate knowledge
has been acquired about the potential risks of the

the acute phase of myocardial infarction with the
thought-provoking title: ‘Let’s not let the genie
escape from the bottle, again’'l. In spite of this
warning we are presently confronted with the possi-
bility of premature dissemination of this new tech-
nique for treatment of 1schemic heart disease,
before scientific proof of its beneficial effects has
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procedures. Before this intervention can be rec-
ommended for general use, many problems should
be solved(?]. In this paper, based on the experience
with 83 patients in whom intracoronary thrombo-
lysis was attempted at the Thoraxcenter, tentative
answers are formulated on two questions: what
time delay can be accepted between the onset of
symptoms of myocardial infarction and attempted
recanalization and what are the potential dangers of
intracoronary fibrinolysis?

Patient selection and methods

Since our first experience with 1ntracoronary
thrombolysis in September 1980, different proto-
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Table 1 Study population September 1980-March 1982. Numbers between brackets are additional patients who

refused angiography

Pilot study | Pilot study 2 Pilot study 3 Randomized study Total
( Sy S TR Streptokinase A .
Strepto- Uro- Treated Control Strepto-  Control
kinase kinase ,——""—— group kinase group
Uro Nife-
kinase  dipine
1.C. 1.V.
No. of patients 19(41) 4 (L 2) 6 7 18(+ 1) 30+ 1*%(+4) 32 122(+ 8)
Patency at the
first injection 4 l 0 1 2 7 15
Mortality ] 0 0 0 3 I 5
Attempted
recanalization 13 3 5 5 | 3 23 62
Successful 8 l l l | 1 19 4]
recanalization (62%) (33%) (20%) (20%) (85%) (83%) (66%)
Interval between
infarction-reper-
fusion 1n hours 3-9 4-4 4-6 5-2 3-3 3-1 3-7

*One patient was not randomized.

cols have been used. These are described 1n this sec-
tion, with the reasons which prompted us to adapt
the procedures. In retrospect our initial experience
can be discerned as three pilot studies (Table 1).
The protocol of the present randomized tral 1s
described in detail in Fig. 1.

PILOT STUDY | (23 PATIENTS — SEPTEMBER 1980 UNTIL
NOVEMBER 1980)

In this first phase, the procedure was started with
ventriculography in the right anterior oblique pos-
ition and complete coronary angiography, begin-
ning with the artery suspected not to be
thrombosed. A brachial arteriotomy (Sones) was
used since 1t was our belief that this would provide
better control of hemostasis than the percutaneous
technique. Urographin 76% served as the contrast
medium. Before intracoronary fibrinolysis, 0-15 mg
nitroglycerine and 0-1 mg nifedipine, both 1n an
alcoholic solution, were 1njected directly into the
coronary artery to exclude spasm as the cause of
obstruction. Streptokinase perfusion was then
started at a rate of 2000 units/min with a maximum
dosage of 250 000 units. Thereafter ventriculogra-
phy was repeated. In the last four patients streptoki-
nase was replaced by urokinase at the same dosage,
since 1t was expected that streptokinase would
cause allergic reactions in some of the patients. In
the first pilot study, one patient refused the pro-
cedure when his consent was asked.

PILOT STUDY 2 (18 PATIENTS — NOVEMBER 1980 UNTIL
MARCH 1981)

The second phase was characterized by an effort
to compare three randomly allocated groups of
patients: patients treated with intracoronary fibri-
nolysis with urokinase as described above, patients
in whom solely intracoronary nitroglycerine and
intravenous nifedipine at a dosage of 1| mg in 5 min
would be administered, and a control group of
patients treated by conventional methods in the
coronary care unit. In order to study myocardial
perfusion and reperfusion, thallium scintigraphy
was performed at admission and after 4 h. After the
inclusion of 18 patients 1t was decided to interrupt
this study since thrombolysis was achieved in only
one out of five patients treated with urokinase and
since the requirements of the protocol lead to an
excessive delay between admission and initiation of
therapy. Two additional patients refused angio-
eraphy 1n the acute phase of myocardial infarction.

PILOT STUDY 3 (18 PATIENTS — MARCH 1981 UNTIL
JUNE 1981)

After this negative experience, it was decided to
simplify the procedure and to reduce the delay
between the onset of symptoms and initiation of
fibrinolysis. The percutaneous femoral approach
after Judkins was used instead of the Sones method.
Left ventricular angiograms were abandoned, and
no attempt was made to visualize the artery not sus-
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Figure I Flow chart of the randomized trial: intracoron-
ary streptokinase v. conventional treatment in myocardial
infarction.
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pected to be thrombosed. Streptokinase was used
again, and the dosage was increased to 4000 units/
min. In these 18 patients satisfactory results were
obtained. One patient refused to give his consent.

RANDOMIZED TRIAL (66 PATIENTS — JUNE 1981 UNTIL
MARCH 1982 AND CONTINUING)

In this randomized study the selection criteria
were more strict than before. Patients were selected
below 65 years of age, without a history of hemor-
rhagic diathesis or previous cerebral vascular acci-
dent. The delay between the onset of symptoms and
admission to the study had to be less than 4 h. The
electrocardiogram had to show ST segment elev-
ation of 0-2 mV or greater in the precordial leads.
or -1 mV or more in the standard leads. Chest pain
had to be present on admission and could sub-
sequently be treated with thalamonal or opiates if
required, before streptokinase intervention was
initiated. The combination of hypotension (systolic

pressure below 90 mmHg) and sinus tachycardia
(heart rate over 100 beats/min) led to temporary
exclusion. If the hemodynamic condition of the
patient recovered quickly he or she could still be
included in the study. The flow chart is provided
. Fig. k.

As 1n the pilot studies, all patients assigned to
attempted thrombolysis and their relatives. when
present, were informed about the procedure. its
potential benefits and risks. Informed consent was
obtained in 30 patients in the randomized trial.
while four refused. Thirty-two were assigned to
conventional treatment. One other patient was
treated with streptokinase during this period in
order to recanalize an occluded aorto-coronary
bypass graft. Immediately after admission thallium
scintigraphy was performed in the coronary care
unit. Nitroglycerine (0-15 mg) infusion was started
immediately in patients assigned to streptokinase
treatment. Patients were transferred to the catheter-
1zation laboratory as soon as possible and lidocaine
was given intravenously in a dose of 2 mg/min.
After puncturing the femoral vein and artery a
pacemaker catheter was positioned in the right
ventricle. Next, coronary arteriography of the
artery suspected to be thrombosed was performed.
A non-ionic contrast agent (AmipaqueR) was
employed as contrast medium. After identification
of the thrombosed coronary branch, 50 mg heparin
was administered intravenously together with
250 mg acetylsalicylic acid and 100 mg diadresone
FR_ a corticosteroid. Before starting the intracoron-
ary perfusion with streptokinase, 0-2 mg nifedipine
was injected into the thrombosed coronary artery
within 3 min, while the aortic pressure was moni-
tored. Coronary arteriography was then repeated
to evaluate the spasmolytic effect on the coronary
occlusion. Intracoronary perfusion with strepto-
Kinase was carried out at a rate of 4000 units/min
to a maximum of 250 000 units of streptokinase.
diluted in 500 ml of physiological solution at a flow
rate of 8 ml/min. Coronary angiograms were
repeated every 15 minutes until the chest pain dis-
appeared. The appearance of ventricular extra-
systoles or any other conduction disturbance was
also a reason to revisualize the artery. If there were
no signs of recanalization, an attempt was made to
administer streptokinase locally in a higher concen-
tration by passing a thin catheter (French 2) with
a radiopaque tip through the Judkins catheter
(French 8). After the procedure, a left ventriculo-

gram was made with 0-75 ml contrast medium/kg
body weight, provided LVEDP did not exceed 30
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mm Hg. The patient was transferred to the coron-
ary care unit where blood samples were analyzed
every 6 h to determine the creatine phosphokinase
(CPK) levels and general supportive therapy was
provided. The day before discharge from the inter-
mediary care area, coronary arteriography and left
ventricular arteriography were repeated, usually
during the third week after infarction. About that
time the patients also underwent a maximal exer-
cise test on a bicycle ergometer to evaluate their
exercise capacity, any recurrence of angina pectoris
and electrocardiographic changes, if any.

Results

ANGIOGRAPHIC RESULTS OF ATTEMPTED
RECANALIZATION

In 15 patients (18%), the infarct-related vessel
was found to be open at the first coronary injection.
In one patient in the first pilot study, an occluded
postero-lateral branch of the right coronary artery
was overlooked at angiography. No streptokinase
was administered since the angiogram was falsely
interpreted as being completely normal. Excluding
the four deaths, 62 patients have undergone an at-
tempt at recanalization, 49 of whom received intra-
coronary streptokinase, eight intracoronary
urokinase and five intravenous nifedipine.

The percentage of success and failure of recanal-
ization with regard to the coronary anatomy and
the drug administered is detailed in Table 2. The
percentage of successful recanalizations are, re-
spectively, 77% for streptokinase, 25% (2/8) for
urokinase and 20% (1/5) for intravenous nifedipine
(Table 2).

DELAY BETWEEN THE ONSET OF SYMPTOMS AND THE
BEGINNING OF INTRACORONARY FIBRINOLYSIS: DOES
IT INFLUENCE THE DIRECT RESULTS?

During both the first pilot study and the hrst
randomized study, patients were admitted for intra-
coronary fibrinolysis until 8 h after the beginning of
the symptoms, provided that they were still symp-
tomatic. During the first pilot study, the delay
ranged from 80 to 495 min with a mean of 247 min
(s.d. 146 min). In the second phase the delay was
even longer (mean 288 min, s.d. 80 min), ranging
from 135 to 405 min. After these first two experi-
ences. a maximal time limit of 4 h was imposed.
In consequence the delay was diminished during
the third phase of the study to a mean of 198 min
(s.d. 53 min), ranging from 95 to 285 min. Cur-
rently, during the ongoing randomized trial based

Table 2  Percentage of successful recanalizations with re-
spect to the anatomical site of the obstruction and applied
pharmacological intervention

Streptokinase  Urokinase Nifedipine 1.v.

LAD 1:5/23 65% /6 1/2
LCX 8/8 100% — 0/2
RCA 15/18 8 3% |/2 0/1
Total 38/49 17%

LAD =left anterior descending artery; LCX =left circum-
flex artery; RCA =right coronary artery.

on the same selection criteria, the average delay 1s
186 min, which can possibly explain the high inci-
dence of success of recanalization observed 1n this
last phase of study (83%)

In 25 patients (before a time limit of 4 h was
imposed) the relationship between the time of the
onset of symptoms, the delay before admission to
the catheterization laboratory and the duration of
intracoronary perfusion of a fibrinolytic enzyme
(streptokinase) could be determined precisely (Fig.
7). Three conclusions can be drawn from our nitial

experience:
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(1) after 6 h, success of recanalization is nil:

(2) before the 4thh the great majority of the
obstructed arteries can be recanalized by intracor-
onary fibrinolysis:

(3) 1n the group of patients with successful recanal-
1zation a relationship exists between the delay be-
fore admission to the catheterization laboratory and
the time interval between the onset of fibrinolysis
and the first angiographic opacification of the cor-
onary branch distal to the thrombotic lesion.

COMPLICATIONS DURING THE PROCEDURE

Fatal complications

Of the 83 patients that were catheterized during
the acute phase of myocardial infarction with the
purpose of recanalization, five died during the
catheterization procedure, three before fibrinolysis
could be started, one during the fibrinolysis and one
after a successful fibrinolysis. This high percentage
of mortality during the catheterization necessitates
the individual analysis of the 5 deaths.

The first patient (male, 32 years) presented
with an antero-septal and antero-lateral infarction.
On admission, a sinus tachycardia of 110 beats/
min was present. He was hypotensive and in shock.
During the catheterization the left ventricular
systolic pressure was 69 mm Hg and the end-
diastolic pressure 13 mm Hg. After left ventricu-
lography with 40 ml urographin 76%, the systolic
pressure was /5 mm Hg and the end-diastolic
pressure 37 mm Hg. The ejection fraction was 27%
and mitral regurgitation was grade II. After ven-
triculography, right coronary arterirography was
performed. Following this, bradycardia quickly
progressed to asystole. Resuscitation with right
ventricular pacing, cardiac massage and intubation
was 1neffective. This case illustrates the disastrous
consequence of injection of ionic contrast medium
into the contralateral artery, particularly when it

s the right coronary artery. No post mortem was
permitted.

The second patient (male, 51 years). was admit-
ted with ST elevation in leads II. IIl and AVF. The
coronary arteriography revealed a complete oc-
clusion of the left anterior descending artery. a sub-
total obstruction (90 to 99%) of both circumflex and
right coronary arteries (90 to 99%). During cath-
eterization, ST elevation disappeared together with
the precordial pain so that Intracoronary fibrinoly-
sis was not performed. Four days after the first cath-
eterization the patient presented again with chest

pain, accompanied by ST elevation in leads II. III
and AVF. This time, right coronary arteriography
showed a total obstruction of this vessel. During
perfusion with streptokinase, the systolic blood
pressure fell to 70 mm Hg; this was soon followed
by complete atrioventricular block and electro-
mechanical dissociation despite right ventricular
pacing. No post mortem was performed. In this case
the deplorable state of the coronary vessels, the
proximal localization of the lesions as well as the
dominant character of the right coronary artery
should have served as indicators for a subsequent
fatal outcome once total obstruction of this coron-
ary artery had taken place.

The third patient (male, 41 years) was admitted
because of an anterior wall infarction. The first
arteriogram in the right anterior oblique projection
(Judkins catheter), demonstrated a very short main
stem, a total occlusion of the left anterior descend-
ing artery proximal to the septal branches and
less than 50% obstruction of the circumflex artery:
0-2 mg nifedipine and 0-15 mg nitroglycerin were
injected into the main stem artery (Fig, 3).
Three minutes later, a control coronary angiogram
demonstrated extremely slow progression of the
contrast medium and absence of visualization of the
distal part of the circumflex artery. Shortly there-
after, a new injection showed a total occlusion of
the circumflex artery. Almost immediately the
patient developed severe hypotension and asystole.
At post mortem, a loose thrombus was found un-
attached to the wall in the circumflex artery. In this
patient, it is suspected that the tip of the Judkins
catheter dislocated the proximal part of the throm-
bus situated in the left anterior descending artery so
that 1t could have obstructed the left circumflex
artery as an embolus.

The fourth patient experienced the same lethal
accident as the previous case and the coronary
anatomy was quite similar. During the first contrast
injection, the Judkins catheter lost its selective pos-
ition in the main stem artery, so that it had to be
repositioned. During the second contrast injection
stagnation of the contrast medium in the circumflex
artery was observed with a total obstruction of the
distal part. No post mortem was performed.

The fifth patient (male, 58 years), was admitted
with an infero-lateral myocardial infarction. Ten
minutes after infusion of streptokinase into the
occluded right coronary artery, distal filling of
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Fieure 3 Sequential left coronary arteriograms in the right anterior oblique
projection, demonstrating a proximal occlusion of the left anterior descending
artery and subsequently the acute occlusion of the left circumflex artery.
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Table 3. Non-fatal complications during attempted recanalization (n= 78 patients)
Delay
onset of Status
symptoms CA 2 2 N VY PB HR BP VF A-V VT AF
Patient hbrinoloysis before  after <50 <90 mmHg —A— block
No. (min) lysis beats/min DC CS (x)
| D — RCA Open Open 0
2 K 229 RCA Occlud. Open 0 0
3R 180 LAD Open Open 0
4 K 240 RCA Occlud. Open 0 0 (3x) 0 0
5 VE 120 LEX Occlud. Open 0
6 DG 495 LAD Occlud. Occlud. 0 0
7 Sch 270 RCA Occlud Open 0 0
8 B 435 RCA Open Open 0 0 0 0 (5x) 0
9 R 285 RCA Occlud. Open 0 0 0 0 (4x) 0
10 Sch 225 RCA Occlud. Open 0 0 (26x) 0 0
| K 240 LAD Occlud. Occlud. 0 0
2 H 165 RCA Occlud. Open 0 0 o (Ix) 0 0
1 R Vo 255 RCA Occlud. Open 0 0 0 o (1x) 0 0
14 K 210 RCA Occlud. Open 0 0 0
|5 VH 195 RCA Occlud. Open 0
16 F 240 RCA Occlud. Occlud. 0
|7 ST 255 RCA Occlud. Open 0 (5x) 0
18 D 195 LAD Occlud. Open 0 0 (1x)
19 DC 150 LAD Occlud. Open 0 0
20 K 210 RCA Occlud. Open 0 o (1x) 0
21-R 165 RCA Occlud. Open 0
2231, 135 LEX Occlud. Open 0 0 0
23 S — RCA Occlud. Open 0 0 0
24 B 132 RCA Occlud. Open 0 0
25'S 315 LAD Occlud. Open 0
26 DA 215 LAD Occlud. Occlud. 0
27 DAA |98 RCA Occlud. Occlud. 0 (2x)
28 H 265 LAD Occlud. Open 0
29 D 130 RCA Occlud. Open 0 o (1x)
16/78 11/78 12/78 10/78 8/78 1/78  6/78
(21%) (15%) (16%) (13%) (11%) 9%) (7%)

e —————————————————————————————————————————————————————————————————————————

CA =coronary artery; VPB = ventricular premature beats: HR = heart rate: BP = blood pressure; VF =ventricular fibril-
lation; CS =counter shock; A-V =atrioventricular: VT = ventricular tachycardia; AF =atrial fibrillation.

the vessel was observed. Thirty minutes after suc-
cessful recanalization his blood pressure sud-
denly dropped to 30 mm Hg, despite normal sinus
rhythm. Despite the administration of positive
inotropic drugs and volume expanders. no resto-
ration of the blood pressure was observed. No

post mortem was performed. Cardiac rupture is
suspected.

Table 3. Unifocal and multifocal extrasystoles.
doublets and bigeminy are the most common (2 1%)
rhythm disturbances encountered during the pro-
cedure. Less frequent are hypotension (blood press-
ure lower than 90 mm Hg) in 16% of the patients,
bradycardia (heart rate less than 50 beats/min) in
5% of the patients, ventricular fibrillation in 13%
of the patients, atrioventricular block in 11% of the
patients, ventricular tachycardia (three or more
ventricular beats) in 9% and atrial fibrillation or
Hutter in 7% of the patients.

[t 1s noteworthy that when ventricular fibrillation
occurred 1n an individual patient, it was frequently
repetitive so that in 10 patients a total of 45 defib-

Non-fatal complications

A description of the complications that necessi-
tated therapeutic intervention (antiarrhythmic drug
administration, pacemaker therapy, inotropic drug
administration, plasma, etc.) is summarized in
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Figure 4 Fatal (FC) and non-fatal (NFC) complications related to the site of

coronary obstruction and result of recanalization.

rillations were performed. When analysing these
complications, it must be emphasized that the inci-
dence of complications is particularly high in those

Table 4 Occurrence of non-fatal complications (n=70)
during the different stages of the procedure

__——F_—

patients where an attempt to reperfuse the right Percentage

coronary artery was undertaken. Indeed, three

groups of patients can be‘distinguia?hed: 10 patients  Dyring fibrinolysis 26% (18/70)

with suspected thrombosis of the circumflex artery, ~ Occurring in the catheterization

42 patients with suspected thrombosis of the left laboratory before catheterization 21% (15/70)
- : - Post-coronary angiogram

n r DSl

anterio degcendmg artery or one of 1ts l?ranches o R il o 20%  (14/70)

and 31 patients with suspected thrombosis of the  pugi1 v angiogram 10% ( 7/70)

right coronary artery. If we include the deceased  Post-coronary angiogram

patients, the percentage of complications 1s 20% 1n before recanalization 7% ( 5/70)

the first group, 26% in the second group and 64% Post-cardioversion 6% ( 4/10)

s oles. tlkind Taldig i darats | Post-nitroglycerin 1.c. 4% ( 3/70)

1 Ird group. :51 mg Into cqnm eration onq Y Post-nifedipine i.c. 3% ( 2/70)

the non-fatal complications during a successful  During right heart

recanalization, the percentages are different: 25% in catheterization 3% ( 2/70)

100% 70

the circumflex artery, 24% in the left anterior des-
cending artery and 81% in the right coronary artery
and its branches (Fig. 4). This last group 1s thus
characterized by a very high incidence of complica-
tions such as ventricular arrhythmias, hypotension
and atrioventricular block (Fig. 5).

The stages in the procedure during which these
complications occurred are presented in Table 4.
A certain number of complications are inherent 1n
the acute phase of a myocardial infarction. Fifteen
events occurred spontaneously in the catheteriz-
ation laboratory before any intervention or ma-
nipulation of the catheter within the heart. In our
initial experience we proceeded with left ventricu-
lography before performing coronary angiography.
This diagnostic procedure was carried out for
investigative purposes and was related to two
ventricular fibrillations, one sinus bradycardia, one
severe hypotension, one ventricular tachycardia,
one atrioventricular block and one atrial fbril-
lation. Also the first diagnostic coronary angiogram
before recanalization of the vessel 1s not with-
out risk. since one ventricular fibrillation, one

-_______—__._—-—-—_——_—_-

bradycardia, one hypotension and one total atrio-
ventricular block were observed. The following step
involved intracoronary injection of nitroglycerin
and/or nifedipine. In five cases this led to brady-
cardia or hypotension and in one patient in whom
the vessel was opened under the influence of intra-
coronary nifedipine, ventricular fbrillation oc-
curred. In this case reperfusion was very fast and
complete.

The percentage of complications observed during
the perfusion of the fibrinolytic agent was 26%:; the
rhythm disturbances observed were mainly uniform
and multiform ventricular premature complexes,
sometimes associated with doublets and bigeminy.
In four cases. severe arterial hypotension developed
during the perfusion with streptokinase and In two
patients bradycardia was observed. The most criti-
cal step of the recanalization procedure In our
experience is coronary arteriography immediately
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after reperfusion of the ischemic myocardium. Dur-
ing this phase, 14 complications occurred: one ven-
tricular fibrillation, four sinus bradycardias, two
cases with severe hypotension, two ventricular
tachycardias, two total atrioventricular blocks and
two episodes of atrial fibrillation. The details of
these complications and the circumstances under
which they appeared have made us consider a cer-
tain number of preventive measures which will be
presented in the discussion.

Discussion

Any new therapeutic approach to myocardial
infarction in order to restore blood flow 1n the acute
phase is a challenge to the clinical investigator.
Yet, investigations before intervention are time-
consuming and might postpone the actual onset of
recanalization thereby reducing the possible ben-
efits of early reperfusion. Thus there exists a con-
flict between the time-consuming demands for a
critical evaluation and the urgency of the thera-
peutic intervention. These conflicting factors bur-
dened the first two phases of our study in particular.
As a consequence, it was decided that the evalu-
ation of the left ventricular function by contrast
ventriculography before and immediately after
fibrinolysis was not worth the risk. Other workers
have also demonstrated that changes in left ven-
tricular function, secondary to recanalization are
unlikely to be present early and that they are best
studied several weeks after recanalizationl®4].

What is the maximum delay permissible between
the onset of symptoms and the start of reperfusion?
A clear answer to this question was given by our
initial experience even before a specific time limit
was imposed, as the great majority of the failures
of recanalization were observed after a 4-h interval.
In the experience of Rentropl®], the benefit of reca-
nalization is much lower after 3 h, although 1n
patients that present themselves after 6 h, still with
chest pain, an attempt to recanalize seems justified,
since he has shown that these patients have often
well developed collateral vessels and then it still
seems possible to salvage ischemic, but viable,
myocardium. In the beginning of our experience
recanalization was successful in only 62% but this
success rate has subsequently increased to 83%. A
rather constant feature was, that in 15% of our cases
no obstructed coronary branches were apparent 1n
the vessels supplying the myocardium suspected to
be ischemic from the electrocardiogram. This per-
centage is comparable to that of other seriesl®*l

The five deaths during attempts at recanalization
pose several questions.~Of the two patients who
were in cardiogenic shock at the time of catheter-
1zation, the severe hypotension of one was probably
induced by left ventriculography and coronary
arteriography of the non-obstructed vessels. In
the second case this argument 1s not relevant as
ventriculography or contralateral coronary arterio-
esraphy was not performed before the intracoronary
perfusion with streptokinase. During the pilot
studies. there were, however, two other patients 1n
cardiogenic shock who were recanalized and appar-
ently stabilized hemodynamically by the successtul
recanalization. Even so, two additional criteria
were developed for admission to the randomized
study. These are, the presence of a systolic blood
pressure of 90 mm Hg and the absence of sinus
tachycardia above 100 beats/min. Patients present-
ing with cardiogenic shock remain candidates for
intracoronary fibrinolysis, but we think that these
patients must first be stabilized by means of the
intra-aortic balloon pump and they should be
evaluated outside the currently accepted protocol.
The reason for the death of two further patients 1s
without doubt iatrogenic dislocation of the proxi-
mal tail of the thrombus by the tip of the catheter
from the left anterior descending artery towards the
circumflex artery. In fact, the post mortem in one
of our two patients confirms this hypothesis. The
peculiar anatomy of the coronary vessels must be
stressed in these two patients, as a very short main
stem artery was present together with a very proxi-
mal thrombosis of the left anterior descending
artery. The existence of a tail of thrombus proximal
to the initial site of the thrombosis has been
observed and confirmed during post mortem 1n
other patients with a myocardial infarction 1n
whom an intravenous injection of labeled fibrino-
gen was performed before deathl®l. In the last
patient, myocardial rupture 1s strongly suspected,
but no post mortem was performed, so that this
case. like others reported by Hugenholtz and
Rentropl2), must provide another cause for worry
since the thrombolytic therapy could have induced
the rupture. The non-fatal complications such as
arrhythmias and conduction disturbances, which
are inherent in the acute phase of myocardial
infarction. cannot be attributed solely to the
fibrinolytic intervention or the angiographic IN-
vestigation. In fact, 21% of these complications
were observed in the catheterization laboratory
before the catheterization procedure was started.
Pantridge et al.['%) have recently published new data
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on arrhythmias in the frst hours of acute myo-
cardial infarction. Of the 294 patients seen within
| h of onset of acute myocardial infarction, brady-
arrhythmia occurred in 34% within the first hour
and was most frequent among those with inferior
infarction. Ventricular fibrillation occurred in 55
(19%) patients, developing in 41 (75%) within 2 h
and 46 (84%) within 4 h of the onset of chest pain.
Systolic blood pressure at initial examination was
80 mm Hg or less in nearly 25% of the patients.
Similar data have been observed in our unitl''l.
Although possibly not related, 1t remains possible
that a high percentage (37%) of complications were
assoclated with the intracoronary, intraventricular
or intra-aortic injection of radio-opaque contrast
medium, the high 1onic load of which 1s known to
cause arrhythmias. Consequently, three further
preventive measures have been taken: omission of
the left ventriculography before an attempt at re-
canalization:; utilization of a non-ionic contrast

dioprotective agent proves to be antiarrhythmic
under these circumstances('®l. One last point to be
stressed 1s the very high incidence of complications
during successful recanalization of the right coron-
ary artery. Only the anatomy of the right coronary
artery, which supplies the atrioventricular nodal
branch, seems to be able to explain the high inci-
dence of rhythm and conduction disturbances dur-
Ing recanalization of this artery.

In summary, the present data stress the inherent
risks of intracoronary fibrinolysis. Some of these
can be eliminated by several supportive measures
or by a more cautious approach of performing
angiography than currently used in most labora-
tories. As long as the short- and long-term benefits
of therapeutic intervention are not clearly demon-
strated, 1t remains possible that the risks inherent
to the intervention will exceed an acceptable level.
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