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Background Primary percutaneous coronary intervention (PCH is shown to be the most
effective reperfusion strategy in acute myocardial infarction. The aim of this multi-
centre national randomized mortality trial was to test whether the nationwide change
in treatment guidelines (transportation of all patients to PCl centres) was warranted.
Methods The PRAGUE-2 study randomized 850 patients with acute ST elevation
myocardial infarction presenting within <12 h to the nearest community hospital
‘without a catheter (aboratory to either thrombolysis in this hospital (TL group,
n = 421) or immediate transport for primary percutaneous coronary intervention (PCI
group, n=429). The primary end-point was 30-day mortality. Secondary end-points
were: death/reinfarction/stroke at 30 days (combined end-point) and 30-day mortal-
ity among patients treated within 0~3 h and 3-12 h after symptom onset. Maximum
transport distance was 120 km.

Results Five complications (1.2%) occurred during the transport. Randomization—
balloon time in the PCl group was 9727 min, and randomization-needte time in the TL
group was 12+10 min. Mortality at 30 days was 10.0% in the TL group compared to 6.8%
mortality in the PCI group (P=0.12, in{ention-to-treat analysis). Mortality of 380
patients who actually underwent PCl was 6.0% vs 10.4% mortality in 424 patients who
finally received TL (P<0.05). Among 299 patients randomized >3 h after the onset of
symptoms, the mortality of the TL group reached 15. 3% compared to 6% in the PCl group
(P<0.02). Patients randomized within <3 h of symptom onset (n = 551) had no difference
in mortality whether treated by TL (7.4%) or transferred to PCl (7.3%). A combined

" end-point occurred in 15.2% of the TL group vs 8.4% of the PCl group (P<0.003).

Conclusions Long distance transport from a community hospital to a tertiary PCI
centre in the acute phase of AMI is safe. This strategy markedly decreases mortality in
patients presenting >3 h after symptom onset. For patients presenting within <3 h of
symptoms, TL results are similar results to long distance transport for PCI.
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Introduction

Direct coronary angioplasty as the primary reper-
fusion therapy for acute myocardial infarction
was first described by Meyer' and Hartzler?

1982--3. Ten years later three randomized studies

showed the superiority of primary angioplasty over
thrombolysis when used within the same period
after onset of symptoms.3>™ This was also con-
firmed by a meta-analysis of additional trials.®
Currently there is no doubt that primary percu-
taneous coronary intervention (primary PCl) results
in markedly lower in-hospital mortality’® and
decreased risk of reinfarction and stroke.>'° How-
ever, the use of primary PCl as the treatment
of choice for all patients with acute myocardial
infarction and ST segment elevations has not
become routine. The explanation is complex:
difficulties in the logistics of such an approach,
large variation in PCl results between high- vs low-
volume centres”'' and the possible deleterious
effects of substantial treatment delay on myo-
cardial salvage and resulting left ventricular
function,'#14

The safety and feasibility of interhospital trans-
portation of patients with acute myocardial infarc-
tion presenting initially to smaller hospitals without
PCI facilities to the tertiary PCl centres was inves-
tigated by the LIMI study in the Netherlands'® and
by the PRAGUE-1 study in the Czech Republic.’®
Both these studies clearly proved the safety and
feasibility of the transport and both had.the same
direction of results: transport for primary PCI was
superior to immediate thrombolysis in the first
hospital, and the combination strategy (thrombo-
lysis during transport) was intermediate (inferior to
transport alone, superior to thrombolysis alone).
Transportation decreased the incidence of the
combined clinical end-point (death/reinfarction/
stroke at 30 days). Thus, immediately after the
PRAGUE-1 study we started preparing for a much
larger nationwide trial, with 30-day mortality as
the only primary end-point: the PRAGUE-2 trial.
The aim was to compare intravenous streptokinase
vs immediate transport for primary PCl.in patients
with ST elevation myocardial infarction, admitted
to hospitals without PCl facilities in the Czech
Republic, where distance between primary hos-
pitals and tertiary PCl centres does not exceed
120 km. '

Methods

The study protocol has been approved by the local
ethical committees of all participating centres. The
local ethical committee of the coordinating centre

expressed concerns about the safety of long dis-
tance transport (i.e. not performing immediate.
thrombolysis) specifically in patients presenting
within the initial 3 h after symptom onset. Thus,
the committee required repeat interim reports
about mortality to ensure that whenever a signifi-
cant difference in favour of any group occurred the
study would be stopped prematurely.

Infrastructure

The coordinating site was at the Cardiocenter,
University Hospital Vinohrady, Prague, which was
also one of the seven participating PCl centres. For
at least 6 months before the start of the study in
all seven PCl centres primary PCl was the only
reperfusion strategy used in all patients presenting
from their respective primary care region (Lhese
PC| centres had completely stopped using throm-
bolysis in their routine treatment of patients with
acute myocardial infarction). Forty-one community
hospitals without catheterization facilities were
the primary sites. Patients were enrolled here into
the study immediately after their initial ECG and
after obtaining informed consent (Fig. 1).

Randomization and the treatment arms

Patients were randomized by telephone into one of
the two arms (Table 1 ). The anti-thrombotic treat-
ment prescribed by the protocol is also presented
in Table 1 The attending physicians were allowed to
change the strategy whenever they considered this
to be of help for the patient. Specifically, intrave-
nous use of GP Ilb/lla inhibitors (abciximab or
eptifibatide) was allowed in the PCl group and
discouraged in the TL group (during the initial 24 h
after streptokinase). No patient received GP lIb/llla
blockers before the intervention. In four patients
(1%) randomized to the PCl group the transport was
cancelled due to rapid haemodynamic deteriora-
tion into profound cardiogenic shock soon after
randomization. The four patients received throm-
bolysis, but they are analysed as the part of the PCl
group, based on the intention-to-treat principle.
For precise information a second (post-hoc) analy-
sis was performed with respect to the final treat-
ment (whether patients indeed received PCl or TL).

Patients

During the study period (23 September 1999-7
January 2002) a total of 4853 patients with any
acute myocardial infarction presented to the emer-
gency departments of 41 participating community
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Figure 1

The map of the Czech Repubtlic showing the geographic distribution of primary (community) hospitals/ tertiary cardiac

centres (black points) along with their respective service areas-districts (grey). Thirty-three out of 77 districts (geographically 43% of
the Czech districts) were participating in the study. The population of these districts however represents 5.7 million, i.e. 54% of the
total country population. The situation in the country improved substantially during the study period. Thus, in 2002 additionat 9 PC!
centres were either newly opened or started 24-h service for primary PCl in acute myocardial infarction. Thus, at the end of study
periad, 95% of the Czech population had access to primary PCI at a distance <100 km from their homes,

'Table 1 Treatment arms (reperfusmn strategies) el T

Pattent stays in the'pnmary hospltal (transport ‘llowed for
: rescue PCI or.for recurrent lschaemm)

. Clopldogrel 7a:mg for 1. month

hospitals without a catheterization laboratory.
Eight hundred and fifty of them (who fulfilled the
entry/exclusion criteria) have been randomized
into one of the two treatment arms (Table 2 ). The
remaining 4003 patients, who were not ran-
domized, represent a mixture of non-ST elevation

infarctions, late presenting Q-wave infarctions,
contraindication for thrombolysis, refusal to sign
informed consent and thrombolytic therapy or
transport for primary PCl without randomization
from various reasons. The only, possible bias was
that some physicians occasionally decided not to
randomize some patients with anterior infarction
and tended to send them for primary PCl without
randomization. This is reflected by the some-what

. Fraxtpann 0.8 misc. for 3 days

lower rate of anterior infarcts (40%). Another 2985
patients with ST elevation myocardial infarction
presented during the same period directly (primary
admissions) to the seven participating PClI centres.
They were not randomized and have been treated
routinely with immediate primary PCl and are not
part of this study. (Information about the routine
workload and results of the PCl centres are briefly
described in Table 3 .) The inclusion criteria for the
PRAGUE-2 study were: acute myocardial infarction
(ST elevations > 1 mm in at least two leads or a new
bundle branch block on initial ECG), within <12 h
from the onset of symptoms, distance to PCl centre
<120 km, feasibility to begin transport within
30 min after randomization, signed written
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““able 2 Patients baseline characteristics
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informed consent. Exclusion criteria were: con-
traindication- to thrombolysis (ischaemic stroke
within previous 12 months, haemorrhagic stroke
at any time, intracranial tumour, active internal
bleeding, aortic dissection) and absence of bi-
lateral femoral artery pulsations.

Coronary interventional procedure

Coronary angiography was performed via the
femoral artery. The procedure was started by
visualization of the ‘non-infarct-related’ coronary
artery with a diagnostic 5-6F catheter and immedi-
ately thereafter the guiding catheter 6F was used
for diagnostic visualization of the ‘infarct-related’
artery and for subsequent PCl.. According to-the
pratocol, PCI should be performed in all patients
with TIMI flow 0-2 in the 'infarct-related’ artery.
When TIMI flow 3 was revealed on the acute cor-
onary angiogram, it was {eft to the decision of the
operator whether an intervention was to be per-

formed in the acute phase, or later or not per-
formed at all. A stent was implanted whenever
anatomically suitable (vessel 23.0 mm in diameter,
no extreme tortuosity), or when there was a sub-
optimal result (as assessed by the operator) after
balloon angioplasty. Non-infarct-related arteries
were not treated during the same procedure.
Rescue PC| was defined as a percutaneous coronary
intervention performed for continuing clinical
and electrocardiographic signs of ischaemia after
completion of the streptokinase infusion. The
recommended policy was to decide within 30 min of
the end of the streptokinase infusion whether to
perform rescue PCl if ST elevations and chest pain
continued.

Examinations and follow-up

Camplete clinical examination with ECG was per-
formed on days 1, 2, 3, at discharge and on day 30.
Echocardiography was performed at discharge and




From (613) 998-3256

Order # 04187996DP03400226

98

Wed Oct 29 10:23:28 2003

Page 6 of 12

P. Widimsky et al.

Tabie 4 The time delays to treatment (min) -~~~ ©

“‘Rahdomization

on day 30. Coronary angiography was performed in
the PCI group immediately on arrival at the PCl
centre. In the. TL group. (as well as any repeat
angiography in the PCi group) it was perfarmed
according to routine clinical indication: postinfarc-
tion angina pectoris, reinfarction, rescue PTCA
after failed thrombolysis. Further 1-year follow-up
is under way, but is not the subject of this paper.

Study end-points and definition

The primary end-point was mortality at 30 days. It
was defined as death from any cause within 30 days
after randomization. The secondary end-point was
the presence of any serious clinical event (death/
non-fatal reinfarction/non-fatal stroke) at 30 days.
Furthermore, according to the suggestion of the
ethical committee (see above), the 30-day mor-
tality among subgroups of patients treated within
0-3 h and 3—12 h after symptom onset was added as
a secondary end-point.
Stroke was defined as any new neurologic deficit
lasting >24 h. Reinfarction was defined as recurrent
-symptoms of ischemia with new electrocardio-
graphic changes and a rise in CK-MB. Optimal pro-
cedural success was defined as TIMI-3 flow and
- <30% stenosis after the intervention. Partial success
(suboptimal result) was defined as TIMI-2 flow
and/or >30% residual stenosis.

Statistic assessment

The calculated sample size was based on the
expected mortality rates, similar to those in the
PRAGUE-1 study. The target sample size was thus
planned for 1200 patients. Microsoft Excel and
Systat software were used for the database and
chi-square was used for the statistical analyses of
the differences between the two groups.

Results
Study termination

The study was stopped prematurely by the ethical
committee. The reason was 2.5-fold excess mor-

tality in the TL group among patients treated after
>3 h from symptom onset. The committee con-
sidered thrombolytic treatment without transpor-
tation to the PCI centre no longer justified in this
subset of patients (i.e. those treated between
3-12 h after symptom onset). There was also an
increasing reluctance in the primary community
hospitals to randomize the patients into the throm-
boltytic arm. These hospitals were increasingly ask-
ing for routine transportation of all patients with ST
elevations during the study period.

Complications during transport

Four hundred and twenty-five patients (99%) in the
PCI group were transported immediately after ran-
domization to the PCl centre. The remaining four
patients (1%) were not transported due to rapid
haemodynamic deterioration into profound cardio-
genic shock soon after randomization. All four
patients were resuscitated and received throm-
bolysis, three of them died within the initial 24 h.
They are analysed within the PCl group, based on
the intention-to-treat principle. The distances
between primary hospitals and PCl centres varied
between 5-120 km. There were two deaths and
three ventricular fibritlations (successfully treated
with defibrillation in the emergency ambulance
car, their further course was uneventfut) during the
transport (i.e. complications during the transport
occurred in 1.2%).

The time delays and hospital stay

The treatment delays and transport time intervals
are listed in Table 4 and Fig. 2 . The mean hospital
stay duration in the TL group was 1315 days and in
the PCl group 11x4 days (P<0.05).

Coronary angiographic findings and PCl
results

The infarct-related artery was left anterior
descending in 158 patients, left circumflex in 53
patients, right coronary artery in 188 patients, left

e A - a
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Figure 2 Time delays from the onset of symptoms to (presumed in TL) reperfusion. Patients were randomized after 173 and 183 min
of symptoms respectively. The delay between randomization and thrombolysis start was 12 min and between randomization and
transport start 20 min. Transport duration was 48 min. Door-to-balloon time was 26 min. To compare approximate reperfusion tirnes,
the presumed needle-reperfusion time of 60 min was added to the thrambolysis group. Thus the known total ischemia time in the PCI
group was 277 min and the approximate ischaemic-reperfusion time in the thrombolysis group was 245 min.

main coronary artery in five patients and venous
bypass graft in one patient. No angiography was
performed in seven PCl group patients (four who
finally were not transported, two who died during
transport and one who received thrombolysis at the
PCI centre due to technical problems in the cath-
eter laboratory). The infarct-related artery was not
defined in three patients. No significant coronary
stenosis was found in 12 patients. TIMI-3 flow on the
initial angiogram (pre-PCl) and immediately after
PCl is shown in Fig. 3 . PCl was performed in 89% of
all patients randomized to the PCl group. The full
technical success rate of the interventions was 88%.
There was a suboptimal resutt (TIMI-2 flow and/or
residual diameter stenosis >30%) in 6% and the
intervention was not successful in another 6% (TIMI
flow 0-1-after PCl). Stents were implanted in 63% of
all acute. interventions. PCl success rates varied
among the seven PCl centres between 85-90%
(optimal success, TIMI 3 flow), and 92-100%
(optimal + suboptimal success, TIMI 2-3 flow).
In-hospital mortality among PCi centres varied
between 2.6-9.4%. PC| was not performed in 49 PC|
group patients (11%) for the following reasons:
TiMI-3 flow and no pain at the time-of angiography
(20 patients), no significant stenosis at coronary
angiography (12 patients), thrombolysis applied in
the primary hospital (five patients), emergent
coronary bypass surgery (three patients), chronic
total coronary occlusion (two patients), death
before PC! (two. patients), miscellaneous (seven

patients). Rescue PCl was performed in 27 TL
group patients (i.e. 6.4% of streptokinase-treated
patients).

Primary end-point

The 30-day mortality was 10.0% in the TL group (42
of 421 patients) vs 6.8% (29 of 429 patients) in the
PCI group (P =0.12).

Secondary end-points

Among 299 patients randomized after >3 h (mean
5 h and 6 min) from symptom onset, the mortality
was 15.3% in the TL group vs 6.0% in the PCl group
(P<0.02). Among 551 patients randomized within
<3 h (mean 1 h and 41 min) of symptom onset, the
mortality was similar in both groups (7.4% in
the TL group vs 7.3% in the PCl group) (Fig. 4). The
combined clinical end-point (death/reinfarction/
stroke) occurred in 64 TL group patients (=15.2%) vs
36 PCI group patients (=8.4%, P<0.003). There were
13 (=3.1%) non-fatal reinfarctions in the TL group vs
six (=1.4%) in the PCl group (ns). Non-fatal stroke
occurred in nine (=2.1%) TL patients vs one (=0.2%)
PCi patient (P<0.03).

Analysis based on the actually used
treatment

Primary PCl was performed in 380 patients (89%) of
the PCI group. Their 30-day mortality was 6.0%.
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Pre-PCI:

Post PCI:

88%

Figure 3 TIMI-flow before and after PCI.

Thrombolysis was used in 419 TL group patients and
also in five PCI group patients (instead of PCl). The
30-day mortality of thrombolysed patients was
10.4% (P<0.05).

Left ventricular function

The mean echocardiographic left ventricular ejec-
tion fraction at 30 days was 51+9% in the TL group vs
50+8% in the PCI group (ns).
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Discussion

Thirty-day mortatity in the PCI group was almost
exactly as expected based on the PRAGUE-1 study
results (7%). However, mortality in the TL group
was lower than expected 13%. Thus, the overall
difference did not reach statistical significance.
Nevertheless, the trend in favour of PCl strategy is
clear. These data show a trend similar to that of
DANAMI-2,3® where the mortality difference was
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Figﬁre 4 Thirty-day mortality (%) among all patients ahd among early vs (ate 'presenters’.

smaller, possibly due to use of t-PA instead of
streptokinase.

The first 3 h of myocardial infarction

The results showed no harm from transport-related
delays in the subgroup of 'early presenters’ but did
show a 2.5-fold increase in mortality among late
presenters treated by thrombolysis. This is similar
to the PCAT meta-analysis. '’ These studies support
the strategy of primary PCi for every patient for
whom PCl is available with only a short delay,
compared to thrombolysis (i.e. short transport dis-
tances or primary admissions to PCI centres) and for
every patient (even with a need for long transport
distance) presenting after »3 h from symptom
onset. Thrombolysis should be reserved only for
those patients presenting within <3 h from symp-
tom onset, with long, timely access to primary PCI.
The study results do not show a difference between
thrombolysis and PCl among patients with a presen-
tation time <3 h, but this is not a statistical proof of
equivalence; it would require a much larger study.

Patients presenting between 3-12 h after
the onset of symptoms

The high mortality among TL group.patients pre-
senting after >3 h confirms the previous experi-
ence, %7 that thrombolysis is much less effective
in these late presenters, while the effectivity of
primary PCl is equal to the early presenters. The
German MITRA/MIR registries showed no significant

difference in mortality rates between primary
angioplasty and thrombolysis for prehospital delays
of <3 h. However, when pre-hospital delay was
>3 h, thrombolysis was independently associated
with a higher mortality rate compared with primary
angioplasty.’® Thus, the results of these studies
support the change in the strategy for the late
presenters—routine transfer for primary PCl should
be the first choice. This is in accordance with the
recent meta-analysis PCAT."”

Safety of transport in the acute phase of
myocardial infarction

Several non-randomized observational reports'®-2

and two mentioned randomized trials'>'® con-
firmed the feasibility and safety of transport-
ing patients with acute myocardial infarction to
tertiary centres for primary (or rescue) coronary
angioplasty. There is a little doubt now, that the
interhospital transport of patients with 5T eleva-
tion acute myocardial infarction does not present
any additional risk for the patient. What is the
maximal distance for transport, for which the
benefit of primary PCl will be offset by such an
extensive time delay, that on-site thrombolysis will
remain the preferable strategy? The published data
are controversial in this respect. There is enough
evidence that ischaemic time is retated to infarct
size and clinical outcome.?*26 However, while
delayed thrombolysis offers only very limited
potential benefit to the patient,® primary PCl per-
formed later (i.e. between 3—12 h from the onset of
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symptoms) has a similar success rate and similar
clinical outcome as in patients presenting within
<3 h 27-29

Role of centreloperator experience

The variation among seven PCl centres was 87-97%
for success rate and 2.8%—9.1% for in-hospital mor-
tality among non-study patients. This reflects
mainly the differences in routine decision making:
the centres with lower mortality tended to exclude
some really terminally ill cardiogenic shock
patients or some elderly patients, while the centres
with higher mortality rates do perform primary PCI
in every patient without any age or terminal phase
limits. However, the variation was relatively small
and the results of all seven centres were similar
among the study patients {where these differences
could not have any influence, because the patients
were randomized in other hospital). This is differ-
ent from our previous experience'® and reflects the
increasing workload of the PCl centres in the Czech
Republic during the last 5 years, when primary
PCI became more frequent than thrombolysis as
reperfusion therapy in the entire country.

Pharmacologic treatment before/after
primary PCI

Another limitation of this study is that the throm-
bolytic arm was represented by streptokinase
rather than more potent thrombolytic agents.
Streptokinase was used because it is the routine
treatment of myocardial infarction in the Czech
Republic. However, the use of a more potent
thrombolytic would probably not substantially
affect the main results of the study (the difference
between tPA and streptokinase could be hardly
expected in a population of 421 patients in the TL
group). In the recently presented DANAMI-2 trial
tPA was used and the study was also terminated
prematurely due to the convincing clinical benefit
in the PCl group.™®

'Im_pl.ications for the current practice

The data favouring primary PCl as the best available
reperfusion strategy for patients with acute myo-
cardiat infarction are sound. The change in clinical
practice should be considered in three directions:
(1). Patients with ST elevations in areas with PCI
availability within 20-30 min of transport time
should always be transported directly from the
emergency car/helicopter to the catheterization
laboratory (avoiding delays in the small hospitals or
emergency departments of the large hospitals). (2)

When PCl cannot be started within 60 min of the
ECG diagnosis, thrombolysis should be used—but
only for patients presenting within <3 h of symptom
onset. The usefulness of immediate angiography/
intervention routinely after thrombolysis in these
patients remains to be established. And finally (3)
all patients presenting between 3-12 h from symp-
tom onset should be transported for primary PC!
and thrombolysis should not be used in this subset
of patients. The data from this study together with
data from other randomized trials and myocardial
infarction registries should be brought together and
a modification of guidelines may be considered.

Acknowledgements

The authors express thanks to the physicians,
nurses and technicians of participating catheteriz-
ation (aboratories, coronary care units, community
hospitals and regional emergency medical services.

Appendix

The complete list of investigators

PCi centres (number of patients randomized to the
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Vyskov (59 patients): Josef Vesely, Oldrich Synek,
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Kutné Hora (42 patients): VenuSe Smejkalova,
Alena Kadletkova, Dana Ry3ava. Slany (42
patients): Gabriel Marcinek, Ondfej Cermak Jan
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Lumir Francek, Pavel Trestik. Chrudim (23
patients): Josef Tuhy, Dalibor Kasik, Michal
Wysocki. Vysoany (22 patients): Eva Kosova, Jan
Kaufman. Uherské Hradisté (21 patients): Viadimir
Okénka, Viadimir Klapal. Svitavy (20 patients):
lvana Kellnerova, Emilie Smrckova. BeneSov (19
patients): Vaclav Havlik, Martin Otava. Hofovice
(17 patients}: Eduard Kroupa. Pardubice (16
patients): Marek Sychra. Roudnice nad Labem (14
patients): llona KaSikova. Bfeclav (14 patients):
Jitka Siegelova. Boskovice (14 patients). Marie
Lyckova. Frydek—Mistek (14 patients): Tomas
Gistinger. . Brandys nad Labem (13 patients):
Richard Kobza. Tdbor (12 patients): Jindfich
Charouzek. Louny (9 patients): Jan Semrad. Jicin
(nine ;patients). Sofa Zajickova. Liberec (7
patients): Jit1 Kot'atko. Beroun (7 patients): Karel
Sochor. Karvind (6 patients): Jan Bolek. Novy
Bydiov (6 patients): Ludék Beran. Jihlava (6
patients): Zdenék Klimsa. Na Frantisku (6
patients): lvo Jokl. Turnov (5 patients):- Oldf¥ich
Honcd. Military Hospital Brno (5 patients): Tomas
Brabec. Military Hospital Prague—StreSovice (5
patients): David Rucka. Ceskd Lipa (3 patients):
Zdenék Holy. Na ZiZkoveé (1 pattent) Zdenék Felix.

Kladno (1 patient): Jifi Povolny. TFinec—Sosna (1
patient): Jan Bohac.
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