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Abstract: The purpose of this study was to present the outcomes of treatment of cardiogenic shock (CS) complicating acute myocardial infarc-
tion (AMI) among patients hospitalized from 1999 through 2006. The study enrolled 1003 patients. Group 1 comprised 87 patients
presenting with AMI complicated with CS, whereas Group 2 comprised 916 patients presenting with AMI without CS symptoms.
Determination of invasive treatment was according to standard guidelines. The endpoint comprised death, stroke, and reocclusion/
reinfarction. Follow-up was confined to the intra-hospital period. CS was observed more frequently in cases of ST-elevation Ml (STEMI)
and right ventricular MI. The transportation and door-to-needle time were shorter in Group 1. CS patients were characterized by a more
severe coronary artery disease, higher maximal creatinine kinase levels, lower global ejection fractions, and increased incidence of
atrioventricular conduction disorders. The efficacy of percutaneous coronary intervention (PCl) was 82.26% in Group 1 and 95.03%
in Group 2. Death occurred in 33.3% of CS patients and in 3.6% of AMI patients (p<0.0001). Our study proved that in a short-term
follow-up, PCl is a procedure of high efficacy in CS patients. The short-term follow-up precluded a conclusion of statistically significant
benefits from the shortening of the transportation and door-to-needle time.
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1. |ntr0ducti0n failure was the main cause of CS. Other factors, such
as right ventricle dysfunction or muscle rupture, were
less significant. The SHOCK trial also indicated that the
majority of patients develop CS after admission to the
hospital [2,3]. The authors focused on the door-to-needle
time and the need for its maximal reduction. Patients
with developing CS should be immediately transferred
to the catheter lab without being seen in the emergency
department.

The purpose of this study was to present the
experience and outcomes of treatment of CS that
complicated AMI during in-hospital observation.

Cardiogenic shock (CS) is one of the most dangerous
and often fatal complications of acute myocardial
infarction (AMI). Despite all of the advanced available
treatment options, which include early revascularization,
intra-aortic balloon pump (IABP), mechanical ventilatory
support, recentpharmacotherapy and their combinations,
CS remains the most common causes of death among
patients who present with AMI.

The main source of information about the risk of
developing CS and its treatment, implications and
outcome, is the SHOCK Trial Registry [1]. This trial
proved that early revascularization was beneficial only
after 30 days of follow-up, whereas shorter periods of
observation did not reveal any significant benefits from
such treatment.

The SHOCK Trial indicated that left ventricular
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2. Material and Methods

2.1. Patient inclusion criteria

This is a retrospective study that enrolled 1003
consecutive patients who presented with AMI and
were hospitalised from 1999 through 2006 in the
2" Department of Cardiology in Zabrze, Poland.
AMI was diagnosed according to the AMI diagnosis
criteria [4]. The diagnosis of right ventricular Ml was
determined from electrocardiograms (ECG) and
defined as follows: an ST-segment elevation of 20.1 mV
in the right precordial leads, echocardiographical
evidence and clinical presence of hypotension and/
or jugular venous pulse using the right ventricle ECG-
leads. CS was diagnosed when the following clinical
and haemodynamic criteria were present: cool, wet
skin; reduced urine output; systolic blood pressure
(SBP) lower than 90 mmHg or a 30 mmHg decrease
in SBP that lasts for at least 30 minutes; and patients
with SBP between 90 mmHg and 110 mmHg who
were being treated with an IABP or inotropic agents.
All cases of CS were diagnosed at the emergency
department. All the patients underwent basic laboratory
tests, electrocardiography upon admission, and
echocardiography during the hospitalization.

2.2. The protocol

PClwas performed in patients who satisfied the European
Heart Association criteria for the diagnosis and treatment
of AMI. Coronary angiogram was mainly performed
using the femoral approach (Seldinger technique)
with subsequent immediate primary PCI of the infarct
related artery (IRA). Patients who were disqualified from
PCIl and considered suitable candidates for surgical
treatment underwent urgent coronary artery bypass
grafting (CABG). Medical stratification was applied to
patients who were disqualified from PCl and CABG. The
definition of procedural PCI success was a thrombolysis
in myocardial infarction (TIMI) flow grade 3 in the treated
vessel and a final residual stenosis of <30%, as well as
no dissection and the absence of clinical end points.
Depending on the indications and doctor’s discretion,
the medical stratification comprised antiplatelet agents
(acetylsalicylic acid, clopidogrel, ticlopidine, abciximab,
eptifibatide), antithrombic agents, analgesics (morphine),
beta-blockers, ACE inhibitors, aldosterone antagonists
and inotropic agents (dopamine, dobutamine,
norepinephrine, epinephrine). Nitrates and diuretics were
administrated according to the symptoms presented by
the patients. In all patients, myocardial necrosis markers
were monitored, and ECG was performed to analyze
dangerous rhythms (atrio-ventricular  conduction

Table 1. Baseline characteristics.

GROUP 1 GROUP 2 P
(N=87) (N=916)
Sex n (%):
- male 58 (66.7) 645 (70.4) ns
- female 29 (33.3) 271 (29.6) ns
Age (years+SD) 615115 61.3+11.3 ns
Hypertension n (%) 33 (37.9) 533 (58.2) <0.0001
Diabetes n (%) 16 (18.4) 194 (21.2) ns
Dyslipidemia n (%) 23 (26.4) 323 (35.3) 0.0439
Family history n (%) 21 (24.1) 314 (34.3) 0.0230
Smoking n (%) 48 (55.2) 532 (58.1) ns
History of AMI n (%) 19 (21.8) 122 (17.4) ns
History of PCI n (%) 26 (8.7) 151 (16.5) ns
History of CABG n (%) 11 (12.6) 85 (9.3) ns

AMI — acute myocardial infarction, CABG — coronary artery bypass

disorders - 1I° or IlI" block, ventricular tachycardia,
ventricular fibrillation). Left ventricular function was
evaluated by echocardiography.

The clinical end-point comprised death, stroke, and
reocclusion/reinfarction.

2.3. Statistical Methods and Experimental

Procedures

Obtained data are presented as the mean, standard
deviation, median and 1% and 3" quartile. Before
statistical comparison of the two study groups, the
normality of the distribution was assessed. For further
analysis, Mann-Whitney and Wilcoxon’s matched-pair
tests were used. Qualitative data were statistically
evaluated with two fraction and x? with Yates correction
tests.

3. Results

A total of 1003 patients who suffered from myocardial
infarction were enrolled in the study from 1999 through
2006. The study group (Group 1) comprised 87 patients
who presented with AMI complicated with CS, whereas
the control group (Group 2) comprised 916 patients who
presented with AMI without CS symptoms. Baseline
characteristics are presented in Table 1. Patients in
Group 1 had lower rates of hypertension (p<0.0001),
dyslipidemia (p=0.0439) and were less likely to have
a positive family history of cardiovascular diseases
(p=0.0230) in comparison with patients in Group 2. The
clinical data upon admission are presented in Table 2.
Cardiogenic shock patients were characterised by lower
SBP and DBP (p<0.0001), higher heart rate (p<0.0001)
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Table 2. Clinical characterictics at the moment of admission.

Figure 1. Clinical endpoints.

GROUP GROUP P
1(N=87) 2(N=916)
Blood pressure (mmHg=+SD):
- systolic 83.5+15.7 134.1£22.1 <0.0001
- diastolic 575+12.0 823x125 <0.0001
Heartrate n+=SD 91.95+31.6 77.83=14.93 <0.0001
STEMI n (%) 78 (89.7) 668 (72.9) <0.0001
NSTEMI n (%) 9 (10.3) 248 (27.1) <0.0001
Right ventricular Ml n (%) 11 (12.6) 19 (2.1) <0.0001
Ml location:
- anterior wall  n (%) 39 (44.8) 358 (39.1) ns
- infero-lateral wall n (%) 48 (55.2) 558 (60.9) ns

MI — myocardial infarction;, NSTEMI — non-ST-elevation myocardial

and were more frequently diagnosed with STEMI and
right ventricular infarctions (p<0.0001 and p<0.0001,
respectively). Anterior and infero-lateral AMI location
was not favourably associated with cardiogenic shock.
Urgent coronary angiography was performed in 75
patients from Group 1 and 888 from Group 2. Accordingly,
12 and 28 patients, from Group 1 and Group 2,
respectively, did not undergo angiography because they
either died before reaching the emergency department,
refused invasive treatment, or underwent successful
initial medical stabilization. The results of the coronary
angiography, time from the onset of the infarct pain to
the reperfusion of IRA, and the treatment characteristics
are displayed in Table 3. Patients with CS symptoms
suffered from one-vessel disease less frequently
than those without (26.6% vs. 39.5% of AMI patients,
p=0,008). The transportation time and door-to-needle
time in STEMI were shorter in Group 1 (p=0.0003 and
p=0.0048, respectively). Primary PCl was performed
with equal frequency in both groups; however, coronary
stents were implanted more frequently in Group 2
(p=0.0031). PCl efficacy in IRAwas also higher in Group
2 patients (95.03% in Group 2 vs. 82.26% in Group
1, p=0.0029). Inotropic agents were more frequently
administered to CS patients.

CS patients were characterised by higher maximal
creatinine kinase levels (p<0.0001), lower global
ejection fractions (p=0.003), as well as increased
incidence of atrio-ventricular conduction disorders
(p<0.0001), bradycardia (p=0.0017) and temporary
pacing (p<0.0001). Shock patients required mechanical
ventilation more frequently than Group 2 patients
(p<0.0001) (Table 4). The observation time was shorter
in Group 1 than in Group 2 (8.25+7.07 days and
9.19+5.34 days, respectively, p=0.0306).

During the in-hospital follow-up, there was a
higher mortality of patients who were admitted with

End points

35 1 p=ns P<0.0001 p=ns
30 333
25
20 O Group 1
15 B Group 2
10

s 4.6 2.3 3.6 23

ol — .
Reocclusion/reinfarction (%)  Death (%) Stroke (%)

CS symptoms (p<0.0001). There was no statistically
significant difference between groups in the incidence
of stroke and reocclusion/reinfarction (p=ns) (Figure 1).

4. Discussion

Cardiogenic shock occurs when the infarction involves at
least 40% of the left ventricular tissue [5]. Thrombolytic
therapy did not reduce mortality in patients with CS
following Ml [6]; the GISSI trial [7] compared the mortality
rates of patients who were treated with streptokinase
(69.9%) versus placebo (70.1%). Recent studies
have defined a wide range of factors that promote the
development of CS; these include advanced age, female
gender, significant past medical history of MI, diabetes,
and heart failure symptoms that precede MI [8]. Our
data is not consistent with these findings. Although in
both groups, a high percentage of patients had a history
of coronary disease (AMI, PCI, CABG), patients who
developed CS had an apparently better risk-profile. They
were less frequently diagnosed with dyslipidemia and
hypertension and were less likely to have positive family
history of cardiovascular diseases. This may be because
they were less aware of their health and postponed
clinical evaluation. However, patients in Group 2, who
were more frequently diagnosed with dyslipidemia and
hypertension, had better clinical outcomes and did not
develop CS. This could be explained by previous chronic
drug treatment for those diseases and increased self-
awareness in these the patients that enabled them to
recognize the symptoms early and call the ambulance.

Lower ejection fraction (EF) in Group 1 could be
correlated with higher incidence of endpoints in this
group. Previous studies that report similar ejection
fraction among patients who presented CS in MI, also
indicate EF as a probable factor for the higher incidence
of clinical endpoints [3,9,10].

Numerous randomized trials, conducted on patients
who presented with AMI, reported that urgent coronary
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Table 3. Angiographic characteristics.

Angiographic parameters GROUP 1 (N=87%) GROUP 2 (N=916) P
Time of chest pain (hours=SD):

- STEMI 7.33+13.51 7.68+12.63 ns

- NSTEMI 9.29+8.24 11.96+13.63 ns
Transportation time (min=SD): 24.77+20.15 30.73+20.68 0.0003
Door-to-needle time (min+SD):

- STEMI 30.15+20.79 39.562+41.57 0.0048
- NSTEMI 108.3+186.8 120.8+150.8 ns
Needle-to-optimal result time(min=SD):

- STEMI 35.39+29.04 35.55+23.97 ns

- NSTEMI 58.29+59.42 7417+72.97 ns
Coronary artery disease n (%):

- one-vessel 20 (26.6) 350 (39.5) 0.0080
- two-vessel 20 (26.6) 255 (28.7) ns

- three-vessel 34 (44.2) 274 (30.8) 0.0098
- no changes 1(1.5) 9(1.0) ns
Infarct-related artery n (%):

-LM 4 (4.6) 11(1.2) ns
-LAD 27 (31.0) 320 (34.93) ns

- Cx 12 (13.8) 194 (21.18) ns
-RCA 30 (34.5) 322 (35.15) ns

- IRA not found/no angiogram 2/12 (16.1) 41/28 (7.54) ns
Primary PCI n (%) 62 (82.66) 744 (83.78) ns
Stent n (%) 48 (77.42) 641 (86.16) 0.0031
IABP n (%) 7 (8.0) 0(0) ns
Inotropic agents 45 (52) 55 (6) <0.0001
GP mllb/Illa receptor inhibitors 17 (19.5) 152 (16.6) ns
Final TIMI 3 in IRA n (%) 51 (82.26) 707 (95.03) 0.0029
CABG (immediate): 1(1.15) 35 (3.82) ns
CABG (urgent): 5 (5.75) 70 (7.64) ns

* Urgent coronary angiography was performed in 75 patients from Group 1.
CABG - coronary artery bypass grafting, Cx — Circumflex artery; IABP — intra-aortic balloon pump; IRA — infarct related artery; LAD — left anterior
descending artery; LM — left main; NSTEMI — non-ST-elevation myocardial infarction; PCl — Percutaneous coronary intervention; RCA — right
_.coronary artery; STEMI — ST-elevation myocardial infarction.

Table 4. Ciinical characteristics.

GROUP 1 (N=87) GROUP 2 (N=916) P
CPK max level [IU/L] n=SD 3344.4+4135.0 1591+1670.1 <0.0001
EF (%+SD) 37.6+13.9 43.9+10.3 0.0003
Atrial fibrillation n (%) 2(2.3) 26 (2.8) ns
A-V conduction disturbances n (%) 14 (16.1) 33 (3.6) <0.0001
Ventricular fibrillation n (%) 3(3.4) 12 (1.3) ns
Ventricular tachycardia n (%) 2(2.3) 9(1.0) ns
Bradycardia n (%) 11 (12.6) 36 (3.9) 0.0017
Temporary pacing n (%) 15(17.2) 35(3.8) <0.0001
Intubation n (%) 27 (31.0) 6 (6.6) <0.0001
IABP  n (%) 7 (8.0) 0 (0) ns
Observation time (days=+SD) 8.25+7.07 9.19+5.34 0.0306

AV —atrio-vetricular; CPK — creatinine kinase ;

EF — ejection fraction, IABP — intra-aortic balloon pump.
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revascularisation of IRA protects the heart muscle from
the spread of ischemic damage, protects left ventricle
systolic function and improves short- and long-term
survival. The efficacy of PCl in CS was 83% [11]. TIMI
flow grade 3 was achieved in 71% of patients in the
SHOCK Trial Registry, and the efficacy of our procedures
was 82.26%. Despite short transportation and door-to-
needle time, which averaged 55 minutes, the duration of
chest pain observed in the present study is long. Ortolani
et al. suggest that it is possible to reduce the mortality
of CS patients by direct referral to PCI avoiding the local
hospital and emergency department. Reduction in the
interventional treatment delay to less than 2 hours is of
huge value and might provide survival benefits [12].

The SHOCK Trial also demonstrated a remarkable
improvement in outcomes for patients with CS who
underwentrapid revascularisation. However, suchresults
have been shown only after 30 days of observation
and did not apply to short-term follow-up. Our analysis
was conducted during in-hospital stays with a mean
observation time of 8.25+7.07 days for CS patients. The
observational period in CS patients is shorter than in AMI
patients. This may be explained by a higher mortality
rate among CS patients that significantly shortened the
observation time.

The low rate of the administration of Ilb/Illa inhibitor
in CS patients (19.5%) was determined by the technical
and financial status of our department. Since 2003,
glycoprotein lIb/llla inhibitors have been in common use
and were administered to 30% of the CS patients.

Mechanical cardiac assist devices enhanced
hemodynamic stabilization [13,14] and enabled more
percutaneous interventions that resulted in a marked
improvement in the survival of CS patients. Only 7 of
our patients (8%) underwent IABP. The use of IABP was
low because our emergency unit was not equipped with
IABP until 2005. Since that time, IABP has been used
in 78% of CS patients. Those 7 patients, in which IABP
was used, are not adequate for defining the influence of
IABP on the intra-hospital period.

The revascularization of coronary arteries comprises
percutaneous interventions and cardiac surgery. Surgery
is the treatment of choice in mechanical complications of
AMIL. It is also a standard method of treatment for multi-
vessel CAD. In the SHOCK Trial, 27.9% of 136 patients,
who underwent cardiac surgery procedures, died during
the in-hospital stay. We performed cardiac surgery on 6
patients, and 2 of them died (33.33%).

One-year survival in the SHOCK registry was 46.7%
for patients in the early revascularization group compared
with 33.6% in the initial medical stabilization group; and
27.9% in the surgical group [9]. In our study, the average
survival rate for the entire CS population during a one

month follow-up was 66.7%. However, the influence of
shorter observation time and smaller population should
be considered. The technological advancements in the
period between the SHOCK Trial and our study, the
introduction of new devices and techniques as well as
different rates of stenting could also have consequences
on the statistics.

Previous trials [8,15] suggested the dominating role
of STEMI in the development of CS, and our findings
are consistent with those studies. CS patients who
present with STEMI comprised 89.7% of all CS patients,
whereas 10.3% of patients who presented with NSTEMI
developed CS.

In Group 1, right ventricular infarction was most
commonly associated with CS. As a consequence, we
found that the RCA and LAD was the IRA in the majority
of cases, whereas previous studies indicated that the
LAD alone was the most common IRA[16,17].

CS developed more frequently in patients with
three-vessel CAD (44.2%); CS due to left main coronary
artery disease (LMCAD) occurred in 4 patients (4.6%).
In previous findings, LMCAD complicated with CS was
observed in 8.0-14.3% [10,18-20]. The SHOCK Trial
results are consistent with those facts; however, the
incidence of CS due to three-vessel CAD was 81.0%
[21].

As an analysis of a single centre’s experience in
treating patients who present with AMI complicated with
CS, our study is of great value. Because our study was
confined to the population of shock patients, statistical
analysis limits should be considered.

The main limitations of our study include the
retrospective design, the changes in the definition of
AMI during the very long inclusion period (1999-2006),
the lack of treatment options (stents), and the low IABP
usage rate due to the availability of the device only after
2005.

Our study has shown that in short-term follow-up,
PCl is a highly efficacious procedure for CS patients.
The short period of observation precluded a conclusion
of significant benefits of a reduction in the transportation
and door-to-needle time. This indicates the need for
better organized pre-hospital care and shortening of the
time from the onset of the chest pain to treatment, which
will likely result in significant benefits to the patients.
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