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Abstract
Purpose Bypass surgery in patients undergoing cardiogenic shock caused by acute coronary syndrome is one of the most urgent
and often performed cardiac operations. It remains unclear if patients gender independently influences the outcome. Literature
reveals that females and males primarily differ from each other with regard to many important preoperative characteristics. Our
objective was to compare the outcome and postoperative courses of both genders, using matched samples, eliminating these
preoperative differences.
Methods Between 2007 and 2015, 491 patients in cardiogenic shock underwent urgent bypass surgery in our institution. To
assess the impact of gender on outcomes, we performed a propensity score matching to create two groups [males and females]
which were matched for age, severity of shock, coronary artery disease morphology, and other comorbidities. Two groups were
created: (1) 103 female and (2) 103 male patients. We analyzed the outcomes, complications and potential mortality predictors.
Results Most of the patients had three-vessel disease (70.1%, n = 344) with proximal left anterior descending lesion (88%, n =
432). Our study showed no differences between female and male patients regarding choice of conduits, number of anastomosed
vessels, and outcome. Acute kidney injury (AKI) occurred significantly more often in female patients and pericardial tamponade
in their male counterparts. There were no differences regarding other major complications.
Conclusion Gender does not appear to influence long-term outcomes in the study sample. Female gender is an independent risk
factor for postoperative AKI. Other complications occurred with comparable rates in both genders. Exertion tolerance in the
follow-up period was similar between genders.
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Introduction

Cardiogenic shock (CS) is a life-threatening state of reduced
cardiac output; it results in hypotension and impaired end-
organ perfusion caused by primary cardiac disorders [1].
Acute coronary syndrome (ACS) is the underlying pathology
in about 80% of cases [2]. Occurring in about 5 to 10% of all
ACS patients, CS is the main cause of early mortality in this
group with an in-hospital mortality rate of up to 51% [1, 3].

This rate would be higher if the patients were treated only
medically, but causal therapy with early revascularization or
mechanical circulatory support has improved patient out-
comes over the last few decades [4].

Risk profiles and mortality predictors have already been
examined in other studies, it remains however unclear if pa-
tient gender independently influences patient outcome in this
subset of patients. In previously published comparisons, im-
portant preoperative differences existed between females and
males. Gender-related outcomes were compared in the Should
We Emergently Revascularize Occluded Coronaries for
Cardiogenic Shock (SHOCK) trial and other studies.
However, these concentrated on different treatment strategies,
and their designs did not eliminate the differences in age and
comorbidities between the genders [5, 6].

Our aim therefore was to exclude the most distinct preop-
erative differences between genders through propensity score
matching and then to compare the outcomes between the two
groups.
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Methods

Selection of patients

We enrolled 491 consecutive patients (103 females, 388
males) in our retrospective study who developed acute heart
failure (HF) due to ACS and underwent coronary artery by-
pass grafting (CABG) as an emergent procedure in our clinic
from 2007 to 2015.

All of the included patients had ACS resulting from coro-
nary artery disease (CAD). Patients with ischemia caused by
other factors, such as anemia, severe aortic valve stenosis,
tachycardia, myocarditis, intoxication, or shock were not
included.

Patients with relevant valvular disease, mechanical compli-
cations of ACS, severe chronic HF, or those who underwent
any concomitant procedures were excluded. In every included
case, the acute HF began within 72 h after the onset of ACS.
Implantation of intra-aortic balloon pump (IABP) or extracor-
poreal membrane oxygenation (ECMO) were not exclusion
criteria.

Statistical methods

To compare the postoperative courses and outcomes of the
male and female patients, we matched their propensity scores
using the nearest-neighbor method without caliper and with a
1:1 ratio. Finally, we obtained a matched sample with 103
males and 103 female patients with comparable preoperative
conditions.

All of the variables used for such matching are listed in
Fig.1, with their standardized mean differences before and
after matching. Continuous variables are presented as
means ± standard deviations for normal distributions and
medians with quartiles for not-normal distributions. The
matched datasets were considered as independent sam-
ples. For comparing the means between the groups, we
used the t-test if the distributions were normal. For distri-
butions that were not normal, we transformed the vari-
ables into normality using logarithmic or reciprocal trans-
formations. In cases of unsuccessful transformation, non-
parametric statistics were applied. Categorical variables
were presented as absolute values and percentages. For
comparing their distributions between the groups, the
chi-squared test was used. For assessing the risk factors
for in-hospital mortality, we performed a logistic regres-
sion analysis. The results are presented as odds ratios with
a 95% confidence interval (CI). To present the effect of
the hemoglobin decrease on the serum creatinine level
(SCR) increase, a simple linear regression model was
used. The results are presented as regression coefficient
with 95% CI. The risk factors for long-term mortality
were estimated with the proportional hazard model and

are shown as hazard ratios with 95% CI. For the survival
analysis, the Kaplan–Meier method was used. We com-
pared the survival rates between the groups using the log-
rank (Mantel–Cox) test. Overall, p values < 0.05 were
considered statistically significant.

For the matching and statistical analyses, we used the R
software v.3.4.3 (R Foundation for Statistical Computing,
Vienna, Austria) in addition to the IBM SPSS Statistics ver-
sion 25 (IBM Corp.) [7, 8].

Follow-up

Our clinic performs the follow-up routinely up to 6 months
after surgery, and we included the relevant data in our analy-
sis. Information about survival was received from the registra-
tion office. We sent out questionnaires to each of the 362
patients about repeat revascularization and subjective assess-
ment of limitations in physical activity according to the New
York Heart Association (NYHA) functional classification, re-
ceiving detailed answers from 213 patients (58.8%).

Definitions

Acute HF was defined as a rapid onset of symptoms or signs
of HF as well as an acute aggravation of preexisting compen-
sated HF [9]. We defined cardiogenic shock using the clinical
criteria, such as hypoperfusion (reduced urine output < 30 ml/
h, cool extremities, reduced consciousness level) and hypo-
tension (systolic blood pressure < 90 mmHg or need for vaso-
pressors or inotropes to maintain organ perfusion and blood
pressure) over more than 30min despite adequate filling status
[1]. Since the cardiac index and the pulmonary capillary
wedge pressure were not routinely measured, hemodynamic
criteria were not considered. If the patient needed high doses
of vasopressors or inotropes (norepinephrine > 0.2 μg/kg/min
or dobutamine > 4 μg/kg/min) at any time, the CS was con-
sidered severe.

ACS was defined as a spectrum of conditions compatible
with acute myocardial ischemia that are usually due to a sud-
den reduction in coronary blood flow [10].

According to the Risk, Injury, Failure, Loss of kidney func-
tion, and End-stage kidney disease (RIFLE) classification,
AKI is “risk” in cases of reduced urine output (< 0.5 mL/kg/
h) with an increase of SCR by 1.5 to 2 times. Acute kidney
injury is “injury” in cases of reduced urine output (< 0.5 mL/
kg/h) with an increase of SCR by 2 to 3 times, and is consid-
ered “failure” in cases of reduced urine output (< 0.3 mL/kg/h)
with an increase of SCR by ≥ 3 times [11].

Complete revascularization was anatomically defined as
revascularization of all coronary arteries with stenosis > 50%
and diameter > 1.5 mm [12].
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Results

Preoperative data

Most patients were male (79%, n = 388). The statistically sig-
nificant age difference between male and female patients

(66.9 ± 9.9 and 71.2 ± 9.7, respectively; p < 0.001) was offset
by data preprocessing with the propensity score matching.
The balance of other variables describing preoperative condi-
tions was also distinctly improved by the matching process.
We achieved very small standardized differences regarding
shock severity, estimated glomerular filtration ratio (eGFR),

Fig. 1 Standardized mean differences of matching variables before and after the matching
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and variables describing the morphology of CAD (Fig. 1). The
preoperative characteristics of the analyzed sample are pre-
sented in Table 1.

Twenty-two (10.7%) of our matched patients presented
with ST-elevation myocardial infarction (STEMI), whereas
133 (64.6%) were diagnosed as having Non-ST-elevation
myocardial infarction (NSTEMI). Fifty-one (24.8%) of them
did not meet the biochemical criteria of myocardial injury
[13].

We emphasized the importance of CAD morphology and
history of percutaneous coronary interventions (PCI). Eighty-
four (40.8%) of our 206 matched patients had undergone a
previous PCI. Most of these patients (82%, n = 69) had re-
ceived an implanted stent (detailed characteristics in Table 2).

Surgical data

Almost all patients (96.5%, n = 474) underwent surgery via
cardiopulmonary bypass (CPB). The times of surgery, CPB,
and aortic cross-clamp did not differ between matched male
and female patients.

There were no significant differences between female and
male patients regarding the choice of conduits, number of
anastomosed vessels, IABP, or ECMO implantation rates,
the completeness of revascularization, and intraoperative mor-
tality (Table 3).

Postoperative course

We observed a low-output syndrome in 20.4% (n = 100) of
the patients. All of these patients required vasopressors or
inotropes at the time of leaving the operating room. Seventy
(14.3%) patients were additionally treated with IABP and four
(0.8%) with ECMO.

Based on routine blood tests, we computed the SCR and
hemoglobin, and hematocrit indices, which is the proportion
between the highest (related to SCR) or the lowest (related to
hemoglobin and hematocrit) obtained value to the value upon
admission. The purpose was to demonstrate the mean ampli-
tude of temporary value changes in a typical postoperative
course after emergent cardiac surgery. The SCR increased
temporarily after the surgery up to 1.6 ± 1.4 times (1.7 ± 1
times in female versus 1.47 ± 1.2 in male patients,
p < 0.001). The hemoglobin index was 0.84 ± 0.18; this drop
was significantly more relevant in male than in female patients
(0.82 ± 0.19 versus 0.89 ± 0.14; p = 0.021). The same princi-
ple applied to the hematocrit (0.82 ± 0.17 in the whole sample;
0.8 ± 0.17 in male versus 0.87 ± 0.15 in female patients; p =
0.02). The absolute values of the lowest resulting hemoglobin
and hematocrit levels in addition to the highest SCR did not
differ between the genders.

We showed that any temporary increase of SCR > 1.5
times appears to be a common complication (33.6%; n =

165) and occurs much more frequently in female (47.6%;
n = 49) than in male (28.2%; n = 29) patients (p = 0.004).
The odds ratio with 95%CI for women was 2.0 (1.3 to 3.1,
p = 0.002) in the sample before the matching and 1.932 (0.97
to 3.8, p = 0.062) within the matched sample.

According to the RIFLE classification of the AKI, an SCR
index of 1.5 to 2 (“risk” level) times occurred with a similar
frequency among female and male patients (18.4%, n = 19
versus 14.6%, n = 15; p = 0.45). A SCR index of ≥2 was seen
in a significantly higher proportion of females (30[29.1%]
versus 14 [13.6%]; p = 0.007]. The odds ratio with 95% CI
for women was 1.4 (0.8 to 2.5, p = 0.183) in the unmatched
sample and 2.6 (1.3 to 5.3, p = 0.008) after the matching.

Moreover, new-onset dialysis occurred more frequently in
female patients, but this relationship (female versus male) was
not statistically significant in our sample (p = 0.229). The low-
est resulting absolute hemoglobin value (g/dl) was a strong
predictor for any SCR increase in the postoperative course
(odds ratio = 0.207, 95% CI: 0.34–0.073; p = 0.003), the he-
moglobin index failed to show any significant influence.
Thirty-day mortality was 10.7% (n = 11) among female pa-
tients versus 7.7% (n = 8) among male patients (p = 0.47).
Postoperative data and complications are presented in
Tables 4 and 5.

Follow-up

The mean follow-up time was 4.3 ± 3 years while the extrap-
olated mean survival time was 7.23 years. The 30-day, 1-year,
and 3-year survival rates in the whole sample were 92%, 85%,
and 82%, respectively. The comparison of cumulative surviv-
al between female and male patients is depicted in Fig.2.
There were no significant differences (log-rank, p = 0.401).

We received our questionnaires back from 37 of 72
(51.4%) female patients and 47 of 77 (61%) male patients
(p = 0.154). The subjectively assessed exertion tolerance had
worsened within the follow-up time in 11 of 37 (29.7%) fe-
males and 18 of 47 (38.3%) males (p = 0.412). Also, the dis-
tribution of NYHA classes was similar for both genders (p =
0.801). Only 4 of 37 (10.8%) women and 5 of 47 (10.6%) men
had NYHA-class III and no one had NYHA-class IV.

The data from our questionnaire also presented no differ-
ences between the analyzed groups (Table 6).

Mortality predictors

We identified several independent predictors of in-hospital
and long-term mortality and have presented them in Table 7.
STEMI was a predictor of in-hospital mortality, whereas pa-
tients who presented with NSTEMI were at higher risk of
death within the long-term follow-up. Patients who did not
meet the biochemical criteria of myocardial injury at the time
of admission represented the lowest risk cohort for short- and
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long-term mortality. Variables describing CAD morphology,
CPB time, and cross-clamp time did not influence the out-
come. Mortality increases with age, shock severity, and renal
function impairment. Any active infection during surgery and
cardiopulmonary resuscitation are also important risk factors
of short- and long-term mortalities. With regard to postopera-
tive variables, gastrointestinal bleeding solely influenced
short-term outcomes and stroke caused an increase in mortal-
ity in the follow-up period.

Discussion

In our study, mortality rates and limitations in exercise capac-
ity after the surgery in patients with ACS-induced CS were
similar for both genders. Women were more likely to develop

postoperative AKI, whereas relevant pericardial effusion was
more often seen inmen. The rates of other major postoperative
adverse events did not differ between genders.

The etiology of CS is more closely associated with the
incidence of STEMI than NSTEMI. However, if identification
and percutaneous treatment of culprit lesions are possible,
emergent PCI is the method of choice in STEMI patients
[14]. Our sample consists of patients who were selected due
to the surgical nature of their treatment, hence a higher rate of
patients presenting with NSTEMI.

Most patients with CAD and ACS were males. They were
usually younger than the female patients, implying a better
prognosis in hemodynamically stable conditions [15]. Also,
in the context of surgical revascularization, the female gender
is an independent mortality-related risk factor. The female
gender mortality association is a distinct trend seen in many

Table 1 Preoperative leftacteristics

Characteristics Unmatched Matched p value

Female Male

N 491 103 103

Male 388 0 103

Age [years] 70.4 ± 9.9 71.2 ± 9.7 69.7 ± 10 0.334

Mechanically ventilated 32 (6.5%) 12 (11.7%) 7 (6.8%) 0.229

Clinical presentation

ST-elevation myocardial infarction (STEMI) 55 (11.2%) 9 (8.7%) 13 (12.6%) 0.416
Non-ST-elevation myocardial infarction (NSTEMI) 332 (67.3%) 65 (63.1%) 68 (66%)

No biochemical criteria for myocardial injury 106 (21.5%) 29 (28.2%) 22 (21.4%)

Reanimated 33 (6.7%) 10 (9.7) 7 (6.8%) 0.447

Severe shock 387 (78.8%) 79 (76.7%) 87 (84.4%) 0.159

Intra-aortic balloon pump 33 (6.7%) 4 (3.9%) 8 (7.8%) 0.234

Ejection fraction < 35% 130 (26.5%) 22 (21.4%) 26 (25.2%) 0.509

Mild mitral valve reflux 136 (27.7%) 32 (31.1%) 29 (28.2%) 0.647

Stroke in the past 6 (1.2%) 2 (1.9%) 4 (3.9%) 0.41

Diabetes 164 (33.4%) 42 (40.8%) 33 (32%) 0.193

Dyslipidemia 305 (62.1%) 68 (66%) 61 (59.2%) 0.313

Arterial hypertension 414 (84.3%) 89 (86.4%) 84 (81.6%) 0.342

Systolic pulmonary artery pressure >
30 mmHg (echocardiography)

29 (5.9%) 3 (2.9%) 3 (2.9%) 0.999

Body mass index > 25 kg/m2 148 (30%) 32 (31.1%) 32 (31.1%) 0.999

Current smokers 104 (21.2%) 19 (18.4%) 11 (10.7%) 0.114

Previous cardiac operation 15 (3.1%) 3 (2.9%) 1 (1%) 0.313

Deep venous thrombosis in the past 18(3.7%) 2 (1.9%) 3 (2.9%) 0.651

Peripheral artery disease 55 (11.2%) 8 (7.8%) 11 (10.7%) 0.47

Obstructive pulmonary disease 67 (13.6%) 13 (12.6%) 13 (12.6%) 0.999

Neoplastic disease 57 (11.6%) 10 (9.7%) 15 (14.6%) 0.286

eGFR [ml/min/1.73m2] 76.3 ± 28.5 74.7 ± 28.7 77.9 ± 28.4 0.422

Atrial fibrillation (chronic or paroxysmal) 54 (11%) 12 (11.7%) 12 (11.7%) 0.999

Sinus rhythm at presentation 467 (95.1%) 98 (95.1%) 97 (94.2%) 0.757

Any active infection 36 (7.3%) 8 (7.8%) 8 (7.8%) 0.999
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previous studies and is failing to decline over the last two
decades, despite remarkable improvements in medical and
surgical therapy [16]. On the other hand, many studies dem-
onstrate in-hospital and long-term mortality to be equal for
both genders in patients with ACS-induced CS [17, 18]. It is
important to consider that in all of these trials, there are distinct
preoperative differences between male and female patients.
We confirmed equal mortality for all male and female patients
in CS who underwent surgical coronary revascularization. In
our study, this conclusion is confirmed by the propensity score
matching, reducing preoperative differences regarding age
and comorbidities to a completely insignificant level.

Mortality and the incidence of most postoperative compli-
cations were equal for both sexes. The surgery-related pericar-
dial tamponade occurred more frequently in men than in
women. This tendency has already been described in the lit-
erature, but no definite explanation for this disproportion in
our sample has been offered [19].

It is of interest that over one-third of patients with ACS-
induced CS had undergone various PCIs in their medical his-
tory, a surprisingly high proportion in comparison with the
presented literature. Some studies have shown the ACS pre-
sentation, due to in-stent restenosis, to be associated with
worse long-term prognosis and a higher recurrence incidence

Table 3 Surgical data

Characteristics Unmatched Matched p value

Female Male

Off-pump surgery 17 (3.5%) 2 (1.9%) 3 (2.9%) 0.651

Surgery time [min], (with 1st and 3rd quartile) 220 (180;265) 217 (180;274) 205 (176;252) 0.214

CPB time [min], (with 1st and 3rd quartile) 99 (74;124) 100 (71;126) 92 (74;124) 0.615

Aortic cross-clamp time [min], (with 1st and 3rd quartile) 52 (37;65) 51 (37;62) 49 (39;63) 0.985

Left internal mammary artery as graft 360 (73.3%) 76 (73.8%) 72 (69.9%) 0.535

Radial artery as graft 3 (0.6%) 1 (1%) 1 (1%) 0.999

Great saphenous vein as graft 415 (84.5%) 89 (86.4%) 81 (78.6%) 0.142

Median number of grafts 2 (2;3) 2 (2;2) 2 (2;3) 0.93

Median number of distal anastomoses 3 (2;3) 3 (2;3) 3 (2;3) 0.645

Median number of proximal anastomoses 1 (1;2) 1 (1;2) 1 (1;2) 0.993

Return on CPB 8 (1.6%) 4 (3.9%) 1 (1%) 0.174

IABP 60 (12.2%) 19 (18.4%) 10 (9.7%) 0.071

ECMO 3 (0.6%) 2 (1.9%) 0 0.155

Incomplete revascularization 72 (14.7%) 10 (9.7%) 17 (16.5%) 0.215

Intraoperative death 4 (0.8%) 1 (1%) 1 (1%) 0.999

Table 2 Coronary artery disease morphology

Characteristics Unmatched Matched p value

Female Male

Median number of significant coronary stenoses 4 (3;5) 3 (3;5) 3 (3;4) 0.789

1-vessel disease 19 (3.9%) 9 (8.7%) 6 (5.8%) 0.711
2-vessel disease 128 (26.1%) 26 (25.2%) 28 (27.2%)

3-vessel disease 344 (70.1%) 68 (66%) 69 (67%)

Significant stenosis of left main coronary artery 300 (61%) 60 (58.3%) 62 (60.2%) 0.777

Significant stenosis of proximal left anterior descending 432 (88%) 88 (85.4%) 91 (88.3%) 0.536

Isolated significant stenosis of left main coronary artery 14 (2.9%) 2 (1.9%) 4 (3.9%) 0.407

Significant stenosis of right coronary artery 365 (74.3%) 73 (70.9%) 74 (71.8%) 0.878

History of percutaneous coronary intervention 224 (45.6%) 40 (38.8%) 44 (42.7%) 0.571

History of stent implantation 195 (39.7%) 34 (33%) 35 (34%) 0.883

Re-operative CABG 12 (2.4%) 3 (2.9%) 1 (1%) 0.313
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[20]. On the other hand, most of our patients had triple-vessel
disease and could have developed critical stenoses also in
other locations, not only within the stents.

It is known that women have an increased risk of develop-
ing AKI [21]. Ranucci and colleagues showed hemodilution
during cardiopulmonary bypass to be an independent and
strong risk factor for postoperative AKI [22]. Anemia during
the postoperative course contributes to AKI development after
cardiac surgery [23]. We observed this dependence,
experiencing an accessory phenomenon in which men expe-
rienced more intensive hemodilution, but women suffering

from AKI much more frequently. Mehta and colleagues de-
scribed an opposite dependence, but in their study, the women
were older than men and had significantly more comorbidities
[24]. This indicates that gender independently influences the
incidence of AKI.

In a propensity-matched cohort as seen in this study, there
were no preoperative differences that could be ascribed to
gender.

Regarding the limitations in the exercise capacity during
the follow-up, there were no differences between genders. The
low number of patients in NYHA classes III and IV after the

Table 4 Postoperative data

Characteristics Unmatched Matched p value

Female Male

Low output 100 (20.4%) 24 (23.3%) 18 (17.5%) 0.299

IABP 70 (14.3%) 20 (19.4%) 11 (10.7%) 0.079

ECMO 4 (0.8%) 2 (1.9%) 0 0.155

Dobutamine support length [days] 2 (0;3) 2 (0;3) 2 (0;3) 0.851

Noradrenaline support length [days] 2 (1;3) 2 (1;3) 2 (1;3) 0.086

Adrenaline support length [days] 0 (0;0) 0 (0;0) 0 (0;0) 0.322

Transfusions

Packed red cells [ml] 600 (0;1200) 600 (0;900) 600 (0;900) 0.456

Platelets [ml] 0 (0;226) 0 (0;113) 0 (0;0) 0.489

Fresh frozen plasma [ml] 0 (0;503) 0 (0;0) 0 (0;0) 0.27

Length of mechanical ventilation [hours] 18 (14;29) 18.5 (15;31) 18 (14;27) 0.415

Intensive care unit length of stay [days] 2 (1;3) 2 (1;3) 2 (1;3) 0.4

Hospital length of stay [days] 10 (7;14) 10 (7;13) 9 (7;13) 0.921

Table 5 Postoperative complications and adverse events

Characteristics Unmatched Matched p value

Female Male

New-onset dialysis 48 (9.8%) 12 (11.7%) 7 (6.8%) 0.229

Reintubation 23 (4.7%) 1 (1%) 4 (3.9%) 0.174

Bleeding 62 (12.6%) 14 (13.6%) 14 (13.6%) 0.999

Revision due to bleeding 9 (1.8%) 1 (1%) 1 (1%) 0.999

Inferior pericardiotomy due to pericardial tamponade 9 (1.8%) 0 4 (3.9%) 0.043

Myocardial infarction 19 (3.9%) 2 (1.9%) 2 (1.9%) 0.999

Bypass revision 8 (1.6%) 4 (3.9%) 1 (1%) 0.369

Atrial fibrillation 96 (19.6%) 16 (15.5%) 19 (18.4%) 0.578

Delirium 74 (15.1%) 22 (21.4%) 13 (12.6%) 0.095

Stroke or transient ischemic attack 16 (3.3%) 6 (5.8%) 2 (1.9%) 0.149

Sternal wound revision 2 (0.4%) 1 (1%) 1 (1%) 0.999

Sepsis 30 (6.1%) 4 (3.9%) 5 (4.9%) 0.733

Pneumonia 49 (10%) 6 (5.8%) 12 (11.7%) 0.139
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Fig. 2 Compared cumulative
survival of the male and female
patients who underwent a
coronary artery bypass grafting
(CABG) due to acute coronary
syndrome (ACS)-related cardio-
genic shock (CS)

Table 6 Follow-up

Characteristics Unmatched Matched p value

Female Male

Mean follow-up time [years] 4.3 ± 3 4.2 ± 2.9 4.3 ± 2.9 0.66

Mean survival time [years] with 95%CI 7.23 (6.89 to 7.58) 6.6 (5.9 to 7.4) 7 (6.3 to 7.7) 0.401

Alive in follow-up 364 (73.8%) 72 (69.9%) 77 (74.8%) 0.436

Rate of response to the follow-up questionnaire
(percent of alive in follow-up)

213 of 364 (58.8%) 37 of 72 (51.4%) 47 of 77 (61%) 0.154

Percutaneous coronary intervention 30 of 213 (14.1%) 2 of 37 (5.4%) 5 of 47 (10.6%) 0.615

Surgical revascularization 5 of 213 (2.3%) 0 of 37 1 of 47 (2.1%) 0.372

NYHA Functional Classification 0.801
I or no limitations 123 of 213 (57.7%) 17 of 37 (45.9%) 26 of 47 (55.3%)

II 66 of 213 (31%) 16 of 37 (43.2%) 16 of 47 (34%)

III 21 of 213 (9.9%) 4 of 37 (10.8%) 5 of 47 (10.6%)

IV 3 of 213 (1.4%) 0 of 37 0 of 47

Subjective worsening of exertion tolerance 62 of 213 (29.2%) 11 of 37 (29.7%) 18 of 47 (38.3%) 0.412

30-day survival 92% 90% 92% 0.401
1-year survival 85% 81% 86%

3-year survival 82% 79% 81%
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surgery was also remarkable. However, 29.2% of the patients
reported a subjective worsening of exertion tolerance after
hospital discharge, compared with the time before ACS.

The reason behind the missing answers to our question-
naire is unknown, but we assume that it is similar for both
genders. The incidence of repeat revascularization was com-
parable to that in the literature [25].

The identified risk factors, such as age, reduced eGFR,
active infection, or shock severity associated with in-
hospital and long-term mortality are not surprising. Any
active infection during surgery is very important and often
presents an underestimated factor that strongly reduces
survival rates. CAD morphology did not seem to matter
in patients with CS. This finding was quite unlike those
from the stable patients from the EXCEL trial [26]. The
duration of catecholamine support also showed no con-
nections with outcomes.

The type of ACS influences the short- and long-term sur-
vival in a typical way. Patients with STEMI are at higher risk

of short -term mortality, however failing to be significant in
the long-term. This dependence is well-documented in the
literature [27]. NSTEMI at presentation does not affect the
short-term survival, but worsens the long-term prognosis.
This pattern was also observed by other investigators [28].

Conclusions

Gender did not influence short- and long-term mortality in
patients with ACS-induced CS. It also did not affect postop-
erative limitations in exercise capacity. CAD morphology did
not influence outcomes in shock patients. Being a female was
an independent risk factor for postoperative AKI. Even less
intense hemodilution or anemia makes women more prone to
AKI. Men are more likely to develop pericardial tamponade
than women. However, it is a complication that seldom
occurs.

Table 7 Independent risk factors of mortality

Characteristics In-hospital mortality univariate logistic regression Mortality within the follow-up
univariate proportional hazard regression

Odds ratios with 95%CI p value Hazard ratios with 95%CI p value

Preoperative

Age [years] 1.06 (1.01–1.1) 0.01 1.07 (1.05–1.09) < 0.001

Cardiopulmonary resuscitation 2.85 (1.02–7.97) 0.046 2.86 (1.7–4.8) < 0.001

Severe shock 2.24 (1.26–3.99) 0.006 1.43 (1.1–1.9) 0.006

ST-elevation myocardial infarction (STEMI) 3.53 (1.5–8.1) 0.003 1.3 (0.8–2.2) 0.345

Non-ST-elevation myocardial infarction (NSTEMI) 0.92 (0.4–2.0) 0.830 1.64 (1.1–2.5) 0.018

No biochemical criteria for myocardial injury 0.23 (0.1–0.97) 0.046 0.4 (0.23 to 0.7) 0.001

eGFR [ml/min] 0.97 (0.96–0.99) < 0.001 0.98 (0.98–0.99) < 0.001

Atrial fibrillation 1.43 (0.85–2.43) 0.174 1.6 (1.3–2) < 0.001

Number of narrowed coronary vessels 1.01 (0.56–2.15) 0.785 1.12 (0.8–1.58) 0.509

Active infection 5.3 (2.1–13.5) < 0.001 2.56 (1.5–4.4) 0.001

Stenosis of left main coronary artery 1.07 (0.51–2.23) 0.87 1.04 (0.73–1.49) 0.82

Intraoperative

CPB time [min] 1 (0.99–1.004) 0.37 1 (0.999–1.005) 0.201

Cross-clamp time [min] 1 (0.99–1) 0.051 1 (0.992–1.006) 0.81

Postoperative

Bypass revision 5.03 (0.97–26) 0.054 1.6 (0.51–5.04) 0.419

IABP 1.21 (0.95–1.54) 0.127 1.03 (0.82–0.29) 0.822

Length of noradrenaline support [days] 1.05 (0.94–1.17) 0.421 0.95 (0.88–1.03) 0.201

Length of dobutamine support [days] 1.03 (0.95–1.11) 0.538 0.98 (0.93–1.03) 0.41

Length of adrenaline support [days] 1.02 (0.86–1.2) 0.819 0.97 (0.88–1.07) 0.569

Length of mechanical ventilation [hours] 1 (0.997–1.006) 0.482 1 (0.996–1.002) 0.444

Delirium 1.33 (0.53–3.34) 0.549 1.1 (0.69–1.76) 0.689

Stroke 2.12 (0.46–9.7) 0.335 2.24 (1.04–4.8) 0.039

Gastrointestinal bleeding 4.9 (2.04–11.97) < 0.001 1.35 (0.74–2.44) 0.324

significant p-values are presented in italic
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Limitations

Our study was limited by its retrospective nature. Some pre-
operative data like precise information about former PCI pro-
cedures or stent-related stenoses are missing. The limitations
in physical activity within the follow-up were subjectively
assessed by patients, and the answer rate was relatively low
(58.8%); therefore, the result of the questionnaire can only
support conclusions based on hard data.
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