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Purpose: Limited data are available on the role of percutancous cardiopulmonary
support (PCPS) for the treatment of acute myocardial infarction (AMI) patients with
cardiogenic shock. We investigated the clinical outcomes and predictors of in-hospi-
tal mortality after PCPS in patients with AMI complicated by severe refractory car-
diogenic shock. Materials and Methods: From January 2004 to December 2011,
we analyzed data from 96 consecutive AMI patients with cardiogenic shock assisted
by a PCPS system. The primary outcome was in-hospital mortality. The predictors of
in-hospital mortality were determined by a Cox proportional-hazards model. Re-
sults: In-hospital mortality occurred in 51 (53.1%) patients and 58 (60.4%) patients
were able to be weaned from PCPS. Cardiopulmonary resuscitation (CPR) was per-
formed in 61 (63.5%) patients before PCPS initiation. On multivariate analysis, age
>67 years [adjusted hazard ratio (HR), 4.74; 95% confidence interval (CI), 2.27-
9.93; p<0.001], CPR (adjusted HR, 2.32; 95% CI, 1.11-4.85; p=0.03), lactate clear-
ance for 48 hours <70% (adjusted HR, 2.50; 95% CI, 1.04-6.05; p=0.041), and un-
successful revascularization (adjusted HR, 3.57; 95% CI, 1.85-6.90; p=0.002) were
independent predictors of in-hospital mortality after PCPS in patients with AMI
complicated by cardiogenic shock. Conclusion: In spite of PCPS management,
AMI patients complicated by severe refractory cardiogenic shock demonstrated high
mortality. Older age, CPR, lower lactate clearance for 48 hours, and unsuccessful re-
vascularization were independent predictors of in-hospital mortality.

Key Words: Myocardial infarction, cardiogenic shock, percutaneous cardiopul-
monary support

INTRODUCTION

Although the mortality rate of patients with acute myocardial infarction (AMI) has
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much improved after the introduction of primary percutane-
ous coronary intervention (PCI), cardiogenic shock remains
the leading cause of death in patients hospitalized with
AMIL.!? Therefore, additional hemodynamic support with pri-
mary PCI in AMI patients complicated by cardiogenic shock
is very important. Mechanical circulatory support devices in-
cluding intra-aortic balloon pumps (IABP), left ventricular
assist devices (LVAD), and percutaneous cardiopulmonary
support (PCPS) are used for maintaining hemodynamic sup-
port in cardiogenic shock.® Several studies conducted in an
emergent setting have indicated that PCPS might improve
clinical outcomes in patients undergoing cardiogenic shock
or arrest.*> However, limited data are available on the clini-
cal outcomes of AMI patients requiring PCPS. Therefore,
we investigated the clinical outcomes and predictors of in-
hospital mortality after PCPS in patients with AMI compli-
cated by intractable cardiogenic shock.

MATERIALS AND METHODS

Study population

Between January 2004 and December 2011, PCPS was
performed in 96 consecutive patients who had presented
with an AMI (with or without ST-elevation) complicated by
cardiogenic shock or witnessed in-hospital arrest. A patient
was considered to be in cardiogenic shock if the patient had
a systolic blood pressure of less than 90 mm Hg for more
than 30 minutes after correction of hypovolemia, hypox-
emia, and acidosis under maximal medical treatment in-
cluding vasopressors. An arrest was presumed to be of car-
diac etiology unless it was known or likely to have been
caused by any other noncardiac cause. The following con-
ditions were excluded in this study: age >80 years, previous
severe neurologic damage, malignancy in the terminal stage,
irreversible organ failure when no physiological benefit
could be expected despite maximal therapy, and patients
who previously signed “do-not-resuscitate’” order. The study
was approved by the Institutional Review Board.

PCPS and management

A Capiox Emergency Bypass System (Capiox EBS™;
Terumo Inc., Tokyo, Japan) was employed in all cases. This
system comprises a portable controller with a back-up bat-
tery, a disposable bypass circuit integrated with a heparin-
coated membrane oxygenator, and a centrifugal pump. The
device was implanted by percutaneous cannulation using

the Seldinger technique. Surgical cannulation using the cut-
down method was also performed in difficult cases. Cannu-
la sizes ranged from 14 to 21 Fr for the femoral artery and
from 21 to 28 Fr for the femoral vein. In the event of distal
limb ischemia after arterial cannulation, a catheter was in-
serted distal to the cannulation site for limb perfusion. Un-
fractionated heparin was continuously infused intravenous-
ly to maintain an activated clotting time between 180 and
220 sec. The initial flow rate of PCPS was set at 2.2 L/min/
m?. The flow rate was adjusted to maintain a mean arterial
pressure of 65 mm Hg. Echocardiography was performed
daily to monitor the cardiac function. If the patient was he-
modynamically stable and adequately oxygenated when the
flow rate was 1 L/min/m? for 4 hours, weaning off of the
PCPS was considered. Successful weaning was defined as
disconnection from PCPS without reinsertion or death with-
in 24 hours. The termination of PCPS was considered with
the consent of the family of the patient when there was in-
tractable multi-organ failure or severe neurologic damage
consistent with a vegetative state or brain death.

Data collection

The primary outcome of the study was in-hospital mortali-
ty. To determine predictors of mortality, clinical data were
obtained from medical record review; in-hospital data con-
cerning age, gender, co-morbidities, and laboratory and
procedural findings were collected. Successful revascular-
ization was defined as residual stenosis <20% with the
Thrombolysis in Myocardial Infarction (TIMI) 3 flow in all
intervened lesions. Lactate level was measured every six
hours from arterial or venous blood samples. The initial lac-
tate level was defined as that obtained just before PCPS in-
sertion. Lactate clearance for 48 hours (%) was defined ac-
cording to following formula: lactate clearance for 48 hours
(%)=[(highest lactate level for initial 6 hours-lowest lactate
level for 24 to 48 hours)/highest lactate level for initial 6
hours]x100.

Statistics

All values are presented as numbers with percentages for
categorical variables and medians with interquartile ranges
for continuous variables. Comparisons between continuous
variables were made using a t-test or Mann-Whitney U test,
as appropriate. Categorical data were analyzed using the
chi-square test or Fisher’s exact test, as appropriate. Event-
free survival curves were estimated by the Kaplan-Meier
method and compared using the log-rank test. The best dis-
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criminative values were obtained from a receiver operating
characteristic (ROC) curve. Cox proportional hazard model
was used to determine the predictors of in-hospital mortali-
ty on univariate and multivariate analysis. Covariates that
were statistically significant on univariate analysis and those
considered clinically relevant were included in the multivar-
iate models. All tests were two-tailed and p<0.05 was con-
sidered statistically significant. SPSS version 20 (IBM, Ar-
monk, NY, USA) was used for statistical analysis.

RESULTS

Patient characteristics

Between January 2004 and December 2011, ninety-six
consecutive patients with AMI complicated by cardiogenic
shock were enrolled in this study. The baseline characteris-
tics and results of comparisons between in-hospital survi-
vors (n=45) and non-survivors (n=51) are shown in Table
1. There were no significant differences in demographics or
co-morbidities between the two groups, with the exception
of age, where the non-survivors were older than the survi-
vors (69 years vs. 63 years, p=0.009). Sixty-one (63.5%)
patients underwent CPR just before or during PCPS place-
ment. Although there was not a statistically significant dif-
ference in the number of patients who underwent CPR and

Table 1. Baseline Patient Characteristics

those who did not, there was relatively more instances of
CPR in the non-survivors [36/51 (70.6%) vs. 25/45 (55.6%),
p=0.127]. The initial thythm at the CPR was asystole in 13
(21.3%), pulseless electrical activity in 20 (32.8%), and
ventricular tachycardia or fibrillation in 28 (45.9%). The
median CPR duration was 27 (15-41) min, and there was a
return of spontaneous circulation before PCPS was attempt-
ed in 20 (32.8%) patients. The median time from CPR on-
set to PCPS implantation was 36 (20-60) min (Supplemen-
tary Table 1 and 2, only online).

Laboratory and procedural findings

There were no significant differences in laboratory or pro-
cedural findings between the two groups, except for lactate
level (Table 2). The non-survivors showed a higher initial
lactate level (9.2 mmol/L vs. 5.9 mmol/L, p=0.041) and
lower lactate clearance for 48 hours (47.5% vs. 75.2%, p=
0.034) than the survivors. Vasopressor agents and mechani-
cal ventilation were used in all but one and three patients,
respectively. The IABP was used in 41 (42.7%) patients
with PCPS. There were no significant differences in the
concomitant use of IABP between the two groups.

Clinical outcomes
The in-hospital mortality was 53.1% (51/96) and 60.4%
(58/96) of the patients were able to be weaned from PCPS

Non-survivors (n=51) Survivors (n=45) p value
Age (yrs) 69 (59-76) 63 (50-67) 0.009
Male gender 39 (76.5) 35(77.8) 0.879
Body mass index (kg/m’) 23.1(21.3-25.2) 23.4(22.3-25.8) 0.157
Comorbidities
Diabetes mellitus 31 (60.8) 28 (62.2) 0.885
Hypertension 26 (51.0) 20 (44.4) 0.522
Dyslipidemia 8 (15.7) 6(13.3) 0.744
Current smoker 20 (39.2) 19 (42.2) 0.765
Chronic kidney disease 7(13.7) 6(13.3) 0.955
Peripheral vascular disease 509.8) 2(4.4) 0.442
Previous myocardial infarction 7(13.7) 6(13.3) 0.955
Previous PCI 9(17.6) 7 (15.6) 0.784
Previous bypass surgery 3(5.9) 12.2) 0.620
Previous stroke 6 (11.8) 8(17.8) 0.405
Clinical presentations 0.664
STEMI 33 (64.7) 31(68.9)
NSTEMI 18 (35.3) 14 (31.1)
Cardiopulmonary resuscitation 36 (70.6) 25 (55.6) 0.127

PCI, percutaneous coronary intervention; STEMI, ST elevation myocardial infarction; NSTEMI, non-ST elevation myocardial infarction.

Values are presented as a median (interquartile range) or n (%).
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Table 2. Laboratory and Procedural Findings

Non-survivors (n=51) Survivors (n=45) p value
Hemoglobin (g/dL) 13.3 (10.3-14.6) 12.4 (10.9-14.6) 0.586
Platelet (x10°/uL) 206 (157-253) 197 (148-244) 0.891
Total bilirubin (mg/dL) 0.9 (0.5-1.0) 0.9 (0.6-1.4) 0.570
Creatinine (mg/dL) 1.3 (1.0-1.8) 1.2 (1.0-1.7) 0.583
Lactate, initial (mmol/L) 9.2 (3.6-13.6) 5.9(2.2-8.9) 0.041
Lactate clearance for 48 hrs (%) 47.5(30.1-71.2) 75.2 (45.7-82.7) 0.034
Left ventricular ejection fraction (%) 30 (24-45) 38 (25-48) 0.235
Multi-vessel disease 37(72.5) 36 (80.0) 0.393
Infarct-related artery 0.114
Left main 11 (21.6) 8(17.8)
Left anterior descending 24 (47.1) 24 (53.3)
Left circumflex 3(5.9) 8(17.8)
Right coronary 13 (25.5) 5(11.1)
Intra-aortic balloon pump 21 (41.2) 20 (44.4) 0.747
Revascularization 44 (86.3) 44 (97.8) 0.063
Successful revascularization 32 (62.7) 40 (88.9) 0.003
Mechanical ventilation 51 (100) 42 (93.3) 0.099
Renal replacement therapy 21 (41.2) 11 (24.4) 0.083
Values are presented as a median (interquartile range) or n (%).
Table 3. Clinical Outcomes and Complications
Non-survivors (n=51) Survivors (n=45) p value
Initial pump flow (L/min) 3.3(2.4-4.0) 3.5(2.8-4.0) 0.487
PCPS duration (hr) 46 (6-140) 67 (33-91) 0.846
PCPS weaning success 13 (25.5) 45 (100) <0.001
ICU stay (days) 5(3-10) 15 (10-22) <0.001
Complications
Limb ischemia 8 (16.7) 3(6.7) 0.136
PCPS site bleeding 10 (20.8) 9(20.0) 0.921
RBC transfusion 46 (90.2) 38 (88.4) 1.000
Stroke 2(4.2) 12.2) 1.000
Gastrointestinal bleeding 11 (22.9) 4(8.9) 0.066
Sepsis 4(8.3) 3(6.7) 1.000

PCPS, percutaneous cardiopulmonary support; ICU, intensive care unit; RBC, red blood cell.

Values are presented as a median (interquartile range) or n (%).

(Table 3). A total of 25.4% (13/51) of the non-survivors
were successfully weaned from PCPS but ultimately ex-
pired. Multiple organ failure with or without hemodynamic
instability were the leading cause of death, occurring in
each of 12 patients. The other causes of death were as fol-
lows: hypoxic brain damage in 11 patients, clinically sus-
pected or culture-proven sepsis in 8 patients, uncontrolled
bleeding in 6 patients, and extensive cerebral infarction in 2
patients. Revascularization was performed in 88 (91.7%)
patients. Reasons for not receiving revascularization were
diffuse or distal coronary artery disease not suitable for re-
vascularization. Seven of 8 patients who did not undergo re-
vascularization expired. There were no significant differenc-

es in in-hospital mortality between coronary artery bypass
grafting (CABG) and PCI [CABG vs. PCI, 30.0% (3/10) vs.
52.6% (41/78), p=0.179] in patients undergoing revascular-
ization. The Kaplan-Meier survival curves for the overall
group and stratified by subgroup are provided in Fig. 1. We
compared the clinical outcomes between patients with CPR
and without CPR after PCPS, and there were no significant
differences in the rate of in-hospital mortality, critical com-
plications, and mortality during follow-up duration (Sup-
plementary Table 3, Supplementary Fig. 1, only online).

Predictors of in-hospital mortality
On univariate analysis, age, lactate clearance for 48 hours,
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and unsuccessful revascularization were found to differ sig-  ble 4). Using a ROC curve analysis, the best discriminative

nificantly between the non-survivors and the survivors (Ta-  values of age and lactate clearance for 48 hours to predict
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Fig. 1. Kaplan-Meier survival curve. (A) Kaplan-Meier survival curve for all patients. (B) Kaplan-Meier survival curve for age <67 years (solid line) versus age
>67 years (dashed line). (C) Kaplan-Meier survival curve for lactate clearance for 48 hours >70% (solid line) versus lactate clearance for 48 hours <70%
(dashed line). (D) Kaplan-Meier survival curve for successful revascularization (solid line) versus unsuccessful revascularization (dashed line).

Table 4. Predictors of In-Hospital Mortality

Hazard ratio (95% CI) p value

Univariate analysis

Age >67 yrs 3.132 (1.771-5.539) <0.001

Cardiopulmonary resuscitation 1.730 (0.946-3.165) 0.075

Lactate, initial (mmol/L) 1.059 (1.000-1.122) 0.051

Lactate clearance for 48 hrs <70% 2.481 (1.114-5.525) 0.026

Unsuccessful revascularization 2.944 (1.656-5.231) <0.001
Multivariate analysis*

Age >67 yrs 4.742 (2.265-9.925) <0.001

Cardiopulmonary resuscitation 2.324 (1.113-4.853) 0.025

Lactate clearance for 48 hrs <70% 2.504 (1.037-6.049) 0.041

Unsuccessful revascularization 3.570 (1.847-6.897) <0.001

Cl, confidence interval.

*Adjusted covariates include sex, diabetes mellitus, creatinine, ST elevation myocardial infarction, infarct-related artery, combined use of intra-aortic bal-
loon pump, renal replacement therapy, gastrointestinal bleeding.
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in-hospital mortality were determined to be 67 years (sensi-
tivity 58.3%, specificity 75.0%, c-statistics=0.648) and 70%
(sensitivity 60.0%, specificity 76.9%, c-statistics=0.689),
respectively. Cox proportional-hazard models were adjust-
ed with the following covariates: sex, diabetes mellitus, cre-
atinine, ST elevation myocardial infarction, infarct-related
artery, combined use of intra-aortic balloon pump, renal re-
placement therapy, and gastrointestinal bleeding. On multi-
variate analysis of non-survivors versus survivors, age >67
years [adjusted hazard ratio (HR), 4.74; 95% confidence in-
terval (CI), 2.27-9.93; p<0.001], CPR (adjusted HR, 2.32;
95% CI, 1.11-4.85; p=0.03), lactate clearance for 48 hours
<70% (adjusted HR, 2.50; 95% ClI, 1.04-6.05; p=0.041), and
unsuccessful revascularization (adjusted HR, 3.57; 95% CI,
1.85-6.90; p=0.002) were independent predictors of in-hos-
pital mortality after PCPS in patients with AMI complicat-
ed by cardiogenic shock.

Predictors of in-hospital mortality in patients
undergone PCPS during or after CPR and those
undergone PCPS without CPR

In patients who underwent PCPS without CPR, unsuccess-
ful revascularization (adjusted HR, 7.92; 95% CI, 1.31-
47.86; p=0.024) was an independent predictor of in-hospi-
tal mortality on multivariate analysis of non-survivors versus
survivors. In patients who underwent PCPS during or after
CPR, age >67 years (adjusted HR, 2.85; 95% CI, 1.13-
7.17; p=0.026), unsuccessful revascularization (adjusted HR,
3.83; 95% CI, 1.59-9.22; p=0.003) and asystole or pulsel-
ess electrical activity as an initial thythm (adjusted HR, 2.86;
95% CI, 1.06-7.68; p=0.038) were independent predictors
of in-hospital mortality (Supplementary Table 4, only on-
line).

DISCUSSION

The main findings of the present study are as follows: 1)
the overall in-hospital mortality of patients with AMI com-
plicated by cardiogenic shock requiring PCPS was 53.1%.
2) Older age (>67 years), CPR, lower lactate clearance for
48 hours (<70%), and unsuccessful revascularization were
significant predictors for in-hospital mortality.

The short-term mortality for cardiogenic shock compli-
cating AMI was reported to be about 50% in recent stud-
ies.*” New mechanical assist devices have been utilized in
an attempt to overcome the high mortality of cardiogenic

shock. Even though IABP is the most commonly used de-
vice, the mortality of patients receiving IABP has not been
found to be superior to non-IABP in recent studies, and
TABP is often incapable of overcoming hemodynamic com-
promise in severe refractory cardiogenic shock.®* LVAD is
documented to provide superior hemodynamic support than
TABP for cardiogenic shock; however, LVAD is expensive
and requires cardiac surgery for implantation, which limits
its application as an emergent tool in patients with cardio-
genic shock.'™" On the other hand, PCPS is a pre-assem-
bled, heparin-coated extracorporeal membrane oxygenation
system that can be primed immediately and applied as a
percutaneous approach in emergent situations.'

In the present study, the overall in-hospital mortality of
AMI patients requiring PCPS was 53.1%. The mortality of
our study is comparable, but slightly higher than that of the
most recent studies on AMI, which reported in-hospital
mortality rates ranging from 34% to 67%.'3' The most like-
ly explanation is patient selection. We included sixty-one
(63.5%) patients complicated by cardiac arrest. Also, a re-
turn of spontaneous circulation before PCPS was attempted
in twenty patients. The remaining forty-one patients were
applied a combination of PCPS and intra-arrest PCI or
CABG. The 30-day mortality in patients with combination
of PCPS and intra-arrest PCI was reported as 71% in a re-
cent study.” In addition, we also included eight patients who
did not achieve revascularization; seven of the 8 patients fi-
nally expired during hospitalization. Although PCPS pro-
vides stable hemodynamic conditions, perfusion of the in-
farction-related coronary arteries was still not enough.'®
Revascularization is considered practical for preserving myo-
cardial viability in patients with AMI as a bridge to recov-
ery.” In our study, the in-hospital mortality rate was 50.0% in
patients who underwent revascularization and 44.4% in pa-
tients treated with successful revascularization. Further-
more, unsuccessful revascularization was a significant pre-
dictor of in-hospital mortality after adjusting for covariates
on multivariate analysis. Accordingly, achievement of suc-
cessful revascularization during PCPS may improve sur-
vival in AMI patients complicated by severe refractory car-
diogenic shock.

Although lactate clearance is a clinically reliable tool for
risk stratification in septic shock,? limited data is currently
available on the prognostic role of lactate clearance in car-
diogenic shock complicating AMI. One pilot study advo-
cated that 12-h lactate clearance <10% identifies a subset of

patients at higher risk for death over the short- and long-term

YONSEIMED J HTTP://WWW.EYMJ.ORG VOLUME 55 NUMBER4 JULY 2014 925



Taek Kyu Park, et al.

among patients with cardiogenic shock following AMI?! In
our study, lower lactate clearance for 48 hours (<70%) re-
mained a significant predictor of in-hospital mortality after
adjusting for covariates. Further studies performed in a larger
cohort of AMI patients complicated with cardiogenic shock
are needed to better elucidate the role of lactate clearance.

In patients who underwent PCPS during or after CPR,
patients who presented with shockable rhythm such as ven-
tricular fibrillation or ventricular tachycardia were more
prevalent among survivors than those who presented with
unshockable rhythm such as asystole or pulseless electrical
activity. After adjusting covariates on multivariate analysis,
initial rhythm was an additional predictor of in-hospital
mortality. This result was consistent with our previous study,
in which we proposed that defibrillation was an indepen-
dent predictor of in-hospital survival during CPR assisted
with PCPS.?

Our study had several limitations. First, each patient who
could not be weaned from PCPS underwent LVAD and heart
transplantation. We do not know exactly why the physicians
would have decided on this course of action at that time, be-
cause of the limitations of a retrospective study. Second,
hidden bias for PCPS initiation might remain, because the
indication and timing of PCPS initiation was determined by
the attending physicians in charge. Third, clinical outcomes
of AMI patients supported with PCPS were not compared
with medical therapy or other mechanical assist devices,
such as IABP or LVAD. Therefore, we could not conclude
the benefit of PCPS over medical therapy or other mechani-
cal assist devices. As a randomized trial of strategy would be
quite difficult to perform and the sample size of our study
was larger than that of previous studies,*'> our data could
provide more assistive information about clinical outcomes
of AMI shock treatment.

In conclusion, in spite of PCPS management, AMI pa-
tients complicated by severe refractory cardiogenic shock
exhibited high mortality. Older age, CPR, lower lactate
clearance for 48 hours, and unsuccessful revascularization
were independent predictors of in-hospital mortality.
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