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Abstract: Aim: To assess the effects of percutaneous coronary intervention (PCI) on short- and long-term outcomes
and complication incidence in resuscitated patients with cardiac arrest (CA) after acute myocardial infarction (AMI).
Methods: In a retrospective study from January 2005 to April 2014, 2914 consecutive CA patients admitted to the
Emergency Department were studied. All patients with CA after AMI with successful cardiopulmonary resuscitation
(CPR) were assessed and followed-up for 2 years. Results: A total of 104 patients with CA after AMI were resusci-
tated. The PCI group (n=63) showed significantly improved short- and long-term outcomes compared to the non-PCl
group (n=41). Complication rates were similar between both groups. The PCI group contained 32 and 31 cardio-
genic shock (CS) and non-CS patients, respectively. Angiography demonstrated that percent stenosis, not stenosis
location, was determinant. Short- and long-term outcomes were similar between the two subgroups. In addition,
PCI patients were divided into acute ST-elevation myocardial infarction (STEMI) (n=50) and non-STEMI (NSTEMI)
(n=13) subgroups. Short- and long-term outcomes between these two subgroups were also similar. ClinicalTrials.
gov: NCT02576691. Conclusions: PCl improved short- and long-term outcomes in patients with CA after AMI without
increasing the occurrence of complications. Furthermore, patients who have experienced CA after AMI are sug-
gested to undergo PCI, regardless of CS occurrence and electrocardiogram (ECG) findings.

Keywords: Acute myocardial infarction, cardiac arrest, percutaneous coronary intervention, cardiogenic shock,
short-term outcome, long-term outcome

Introduction comes. Some patients received coronary angi-

ography (CAG)/percutaneous coronary inter-
Survival rates after cardiac arrest (CA) reported vention (PCl) as post-resuscitation care. Several
in the recent literature are low, with an average reports have proposed that CAG/PCI can
of 6% of individuals surviving to hospital dis- improve short-term outcome among resuscitat-

charge and a 1-year survival rate of 4.79%
(777/16206) in elderly out-of-hospital cardiac
arrest (OHCA) patients, indicating no improve-
ment in recent years [1, 2]. This high mortality
is often due to the so-called “post-cardiac
arrest syndrome”, characterized by multi-organ
ischemic reperfusion injury, largely involving
the brain and myocardium.

ed patients with CA after acute myocardial
infarction (AMI) [4-6], but studies assessing
long-term survival are scarce. Furthermore, a
follow up period of 1 year is generally adopted
[7, 8]. Cardiogenic shock (CS) in CA after AMI is
considered to have a high risk for complications
[9, 10], which are strongly related to the high
fatality rate. Studies evaluating patients with

Our previous study [3] about all-cause CA prog- CS in CA after AMlI treated with PCl are very lim-
nosis supported the low survival rates men- ited. In addition, research assessing the effect
tioned above, but our recent further research of PCl on CA after acute ST-elevation myocardi-
has found that CA after acute myocardial infarc- al infarction (STEMI) is more abundant [11-14].

tion (AMI) was associated with better out- However, the evidence was not sufficient to
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Figure 1. Flowchart describing the study population.
A total of 2914 consecutive cardiac arrest (CA) pa-
tients from January 2005 to April 2014 were studied.
Of these, 238 cases had CA after acute myocardial
infarction (AMI). Additionally, 104 selected return of
spontaneous circulation (ROSC) patients were di-
vided into percutaneous coronary intervention (PCI)
and non-PCl groups. The PCI group was divided into
two pairs of subgroups: cardiogenic shock (CS) and
non-CS subgroups and acute ST-elevation myocar-
dial infarction (STEMI) and non-STEMI (NSTEMI) sub-
groups. CABG: coronary artery bypass grafting; DNR:
do-not-resuscitate.

determine whether PCI improved the outcome
in CA after non-STEMI (NSTEMI) [5, 15, 16].
Finally, it is still argued that bleeding complica-
tions are increased by CAG/PCI [17, 18].

Materials and methods

Atotal of 2914 consecutive CA patients, includ-
ing 1988 males and 926 females, mean age
65.7 + 11.5 years old, admitted to the Emer-
gency Department were studied, and data col-
lected in the general ward and all Intensive
Care Units of the hospital from January 2005 to
April 2014 were analyzed. Two-hundred and
thirty-eight patients had CA after AMI. Diagnosis
of AMI [19, 20] was confirmed by the typical
increase in biochemical markers of myocardial
necrosis, with at least one of the following: (a)
ischemic symptoms; (b) development of patho-
logic Q waves on an electrocardiogram (ECG);
(c) ECG changes indicative of ischemia (ST seg-
ment elevation or depression); (d) coronary
artery intervention (e.g., coronary angioplasty).
Of these patients, 117 cases had a return of
spontaneous circulation (ROSC). However, 5
cases of late tumor, 1 patient who underwent
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coronary artery bypass grafting (CABG) after
CAG, and 7 cases with do-not-resuscitate (DNR)
orders were excluded. Finally, 104 ROSC
patients with CA after AMI were enrolled and
followed up for 2 years by telephone and/or
interview. Two emergency physicians (one col-
lected data while the other verified) with more
than 2 years of work experience collected data
according to Utstein recommendations [21]:
demographic data, past history, recent history
(including pre and post CA), ECG changes, PCI
information, complications and outcome. The
selected ROSC patients were divided into two
groups: PCI (n=63) and non-PCI (n=41). Whe-
ther PCl was performed or not depended on the
patient factors (CA location, the severity after
cardiopulmonary resuscitation (CPR)), guardian
factors (economy, the relationship to the pati-
ent), and doctor factors. The PCI group was fur-
ther divided into two pairs of subgroups: CS
(n=32) and non-CS (n=31); and STEMI (n=50)
and NSTEMI (n=13) (Figure 1).

Procedural definitions

The PCI group was composed of patients who
underwent PCl during ROSC or after CA. The
non-PCl group included patients who did not
undergo PCIl or were subjected to PCl before
CA. ROSC was considered following a clinical
assessment, with vital signs comprising a pal-
pable pulse >20 s or systolic blood pressure
(SBP) >60 mmHg [21]. The CS subgroup includ-
ed cases complicated by CS, defined according
to the SHOCK (should we emergently revascu-
larize occluded coronaries for cardiogenic
shock) trial as a systolic blood pressure <90
mmHg and/or the need for vasopressor/inotro-
pic agents to maintain a systolic blood pres-
sure >90 mmHg, signs of organ hypoperfusion
with cold extremities, and reduced urine output
or an arterial lactate level >2 mmol/I [22, 23].
The STEMI subgroup included patients with
electrocardiographic ST-segment elevation.
ST-segment elevation was considered patho-
logic with an elevation of 1 mm in 2 contiguous
limb leads and 2 mm in precordial leads.
Serious arrhythmias were considered for ven-
tricular tachycardia (VT), ventricular fibrillation
(VF), and bradycardia <40/min or tachycardia
>130/min [18]. Short-term outcomes encom-
passed 24 hours of survival, survival to dis-
charge and survival to discharge with favorable
neurological recovery rates. Long-term out-
comes included 1-year and 2-year survival
rates. The neurological status was assessed at
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Table 1. Baseline characteristics years old. Baseline characteristics
PCI group Non-PCl of the PCl (n=63) and non-PClI
(n=63) group (n=41) p value (n=41) groups are shown in Table
1. Compared with the non-PCI
group, the PCl group showed no

General information

Male 49 (17.8) 25(61.0)  0.065 statistically significant differences
Age 64.4+11.6 656+£9.2 0.557 in baseline characteristics.
Past history
Hypertension 30 (47.6) 25(61.0)  0.182 In the PCI group, 59 patients had
Diabetes 12 (19.0) 14 (341)  0.082 an infarct-related artery. Most of
Personal history these cases .(82.5%) were left ante-
Long-term smoking 36 (57.1) 19(46.3) 0281  Hordescendingartery (LAD)or mul-
) ) tiple vessels with significant steno-
Information during CA sis. Three cases had multivessel
IHCA 52(82.9) 33(80.5) 0.791 disease without a culprit lesion. Six
Response time <5 min 59 (93.7) 37 (90.2) 0.794 cases had significant stenosis
Ouration <15 min 44 (69.8) 26 (63.4) 0.495 (<75%). Compared with the non-CS
CPR >2 times 16 (25.4) 7(171)  0.318 subgroup, the CS subgroup showed
LVEF >40% 40 (63.5) 22 (53.7) 0.318 no statistically significant differ-
Tracheal intubation 39 (61.9) 31(75.6) 0145  ©nces in stenosis location. How-
Vasopressors 30 (47.6) 23(56.4) 039g  CVen for the mean percentage ste-
nosis size, the CS subgroup was
STEMI 50(79.4) 27(65.9) 0125 more severe. Statistically signifi-
Complications cant differences were found in the
Cardiogenic shock 32 (50.8) 24 (58.5) 0.439 right coronary artery (RCA) between
Acute heart failure 23 (36.5) 10 (24.4) 0.194 the CS and non-CS subgroups
Treatment (96.6% vs. 78.6, P=0.002) (Table
IABP 12 (19.0) 8(19.5)  0.953 2).

Data are shown as n (%); PCI: percutaneous coronary intervention; CA:
cardiac arrest; IHCA: in-hospital cardiac arrest; CPR: cardiopulmonary resus-
citation; LVEF: left ventricular ejection fraction; STEMI: acute ST-elevation

myocardial infarction; IABP: intra-aortic balloon pumping.

that time using the cerebral performance cate-
gory. A score of 1 or 2 indicated a good neuro-
logical outcome [24].

Statistical methods

Data were analyzed using the statistical pro-
gram SPSS Version 18.0 for Windows. Num-
erical data are presented as the means + stan-
dard deviation, and categorical data were ex-
pressed as percentages. Student’s t-test was
used for numerical variables, and Pearson’s
chi-square test or Fisher’s exact test were used
for categorical variables. The chi-square test
was used to evaluate the effect of PCl on com-
plications and outcomes. Two-sided P<0.05
was considered statistically significant.

Results

A total of 104 ROSC patients after AMI, includ-
ing 74 males and 30 females, were included in
this study. Their mean age was 64.9 + 10.7
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The Kaplan-Meier survival curve
shows that the survival percentage
of the PCI group was significantly
increased compared to the non-PCI
group with respect to survival to 2
years in 104 patients receiving successful CPR
after CA. In 56 CS patients, the survival per-
centage in the PCl group was also increased
compared to the non-PCI group (Figure 2). The
short- and long-term outcomes in the PCI and
non-PCl groups are summarized in Table 3.
Compared with the non-PCl group, the PCI
group was significantly different in short- and
long-term outcomes. Furthermore, the 2-year
survival rate was markedly decreased in the
non-PCl group compared to the survival to dis-
charge rate (24.4% vs. 53.7%, P=0.002). In
contrast, the 2-year survival and survival to dis-
charge rates were similar in the PCl group
(82.5% vs. 90.5%, P=0.192). Of the 32 cases in
the CS subgroup, 9 (28.1%) were comatose dur-
ing PCI. In the non-CS group, 9/31 (29.0%)
cases were comatose at admission. The non-
CS and CS subgroups had similar short- and
long-term outcomes. Of the 50 patients in the
STEMI subgroup, 28 (56.0%) had CS, and 4/13
(30.8%) in the NSTEMI subgroup had CS, indi-
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Table 2. Location and size of stenosis in the CS and non-CS subgroups

PCI group (n=63) CS (n=32) Non-CS (n=31) pvalue

Number of vessels with significant stenosis
0 4 (6.3) 2(6.3) 2 (6.5) 1.000
Single 23 (36.5) 12 (37.5) 11 (35.5) 0.868
LAD 16 (25.4) 8 (25.0) 8 (25.8) 0.941
LCX 2(3.2) 1(3.1) 1(3.2) 1.000
RCA 5(7.9) 3(9.4) 2 (6.5) 1.000
Multivessel disease with culprit lesion 33 (52.4) 16 (50.0) 17 (54.8) 0.701
Multivessel disease without culprit lesion 3(4.8) 2 (6.3) 1(3.2) 1.000

Size of vessels with percent stenosis

LM 63.2 +21.2(11) 68.1 +21.4 (8) 50.0 + 17.3 (3) 0.225
LAD 85.4+15.0(48) 87.7+142(22) 835+15.7(26) 0.332
LCX 77.7+17.2(29) 79.5+16.5(12) 76.5+18.0(17) 0.648
RCA 87.6 +17.2(30) 96.6+10.4(15) 78.6+18.1(15) 0.002

Data for the number of stenotic vessels are shown as n (%); Data for the size of percentage stenosis of the vessels are shown
as the means * standard deviation (n); CS: cardiogenic shock; PCl: percutaneous coronary intervention; LAD: left anterior
descending artery; LCX: left circumflex artery; RCA: right coronary artery; LM: left main artery.
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Figure 2. Kaplan-meier survival curve. A. The Kaplan-Meier survival curve of 104 patients shows survival to 2 years.
B. Survival curve of 56 cardiogenic shock patients (percutaneous coronary intervention (PCl) group, n=32; non-
PCI group, n=24) shows survival to 2 years. Both survival curves show that the survival percentage of the PCI group
was significantly greater than that of the non-PCl group.

cating no statistically significant difference in
CS between the patients in the two subgroups
(P=0.105).

In the PCI and non-PClI groups, the occurrences
of complications were 47 (74.6%) and 32
(78.0%), respectively, including pulmonary
infection in 34 (54.0%) and 20 (48.8%) pati-
ents, serious arrhythmia in 25 (39.7%) and 13
(31.7%) individuals, and bleeding in 5 (7.9%)
and 7 (17.1%) subjects, respectively. The 5
bleeding cases in the PCI group were in the
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digestive tract (n=4) or were subcutaneous
(n=1). In the non-PCl group, the 7 cases of
bleeding were in the digestive tract (n=3), intra-
cranial (n=3), or subcutaneous (n=1). The PCI
and non-PCl groups showed no statistically sig-
nificant differences in complications (Figure 3).

Discussion

Resuscitated patients with CA after AMI are not
rare in the clinic. After intervention treatment,
the efficacy (short- and long-term outcome) and

Int J Clin Exp Med 2017;10(2):3097-3105
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Table 3. Short- and long-term outcomes in the PCl and non-PCl groups

Survival to discharge

24-h9ur SL-JrvivaI to with favorable neu- 1-year survival 2-year survival

Variable N survival discharge rological recavery
N (%) p value N(%) p value N (%) pvalue N (%) pvalue N (%) pvalue p’value
Total PCI group 63 63(100) <0.001 57(90.5) <0.001 51(81.0) <0.001 55(87.3) <0.001 52(82.5) <0.001 0.192
non-PCl group 41 30(73.2) 22 (53.7) 16 (39.0) 12 (29.3) 10 (24.4) 0.002
PCl group STEMIGroup 50 50(100) 1.000 47 (94.0) 0.181 42(84.0) 0.417 46(92.0) 0.084 43(86.0) 0.313 0.317
NSTEMI Group 13 13 (100) 10 (76.9) 9(69.2) 9(69.2) 9 (69.2) 1.000
PCl group  CS Group 32 32(100) 1.000 27(84.4) 0.212 24(75.0) 0.095 25(78.1) 0.065 25(78.1) 0.348 0.522
Non-CS group 31 31 (100) 30 (96.8) 29 (93.5) 30 (96.8) 27 (87.1) 0.351

Data are shown as n (%); PCl: percutaneous coronary intervention; N: number; STEMI: acute ST-elevation myocardial infarction; NSTEMI: non-acute ST-elevation myocardial
infarction; CS: cardiogenic shock. p value indicated comparison with the non-PCI group, and p* value indicates comparison with survival to discharge.

90%

= PCI group (n=63)
80%
70%
680%
50%
40% P=0.409
30%

20%

10%

total complications® pulmonary infection serious arrhythmia

Figure 3. Complications (%) in the percutaneous coronary intervention
(PCI) and non-PCI Groups. *: total complications include pulmonary infec-
tion, bleeding, serious arrhythmia, and cardiac rupture, but not acute heart

failure or cardiogenic shock.

safety of PCl treatment in these cases are still
debatable and constitute popular topics of
research, especially in cases complicated by
CS or ECG showing NSTEMI.

The effects of PCI in resuscitated patients with
CA after AMI differ according to studies.
Generally, CA patients after AMI who are admin-
istered PCI show an excellent prognosis. All-
cause CA prognoses in our previous study [3]
from January 2005 to December 2011 in the
emergency department were as follows: 187
(25.8%) had ROSC, 100 (13.8%) survived for
24 hours, 48 (6.6%) survived to discharge, and
23 (3.2%) survived to discharge with favorable
neurological outcomes. Representative studies
about CA after AMI are listed in Table 4. Here,
good short- and long-term outcomes were ob-
tained because our hospital performs more
than 1000 primary PCI yearly, with a detailed
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unon-PCl group (n=41)

protocol used for chest pain.
The mean duration between CA
and balloon time for PCl was 1
hour in early cardiac catheter-
ization patients. In the non-PCl
group, the 2-year survival rate
was markedly reduced com-
pared to the survival to dis-
charge rate, while a similar
change was not observed in the
PCI group. This outcome cor-
roborated findings by Pedersen
et al. [25] and Doost Hosseiny
et al. [26] that showed that
bleeding patients treated with PCI who
had passed a period of stability
have an excellent prognosis,
with an extremely low annual
risk of successive cardiac
death.

P=0.266

CS induced by AMI may result from extensive
left ventricular infarction or mechanical compli-
cations [20], which are considered high risk
complications and are strongly related to the
fatality rate [9, 10, 23]. In our study, CAG
showed that CS was more common for LAD or
multivessel lesions. These results were in
agreement with Mylotte et al. [27] who report-
ed 66/266 LAD and 169/266 multivessel
lesions. Interestingly, LAD lesions were shown
to have less hemodynamic stability [28]. Si-
milarly, analysis by CAG showed that CA cases
mainly occur due to the proximal occlusion of
the LAD or multivessel lesions for wide involve-
ment of the myocardium. Our study also found
that 1. the differences between the CS and
non-CS subgroups lie in percent stenosis, not
stenosis location; 2. both the CS and non-CS
subgroups benefit from CAG/PCI; and 3. non-
CS was better than CS, but there was no statis-
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Table 4. Short- and long-term outcomes of PCI for resuscitated patients with CA after AMI

Survival to Survival to discharge with 1-year 2-year
Author Type Cases discharge favorable neurologicalrecovery  survival survival
rate (%) rate (%) rate (%) rate (%)
Velders et al [4] CA after STEMI 218 84.0 77.0 -
Karl & Rahman [5]  CA after AMI 930 60.0 87.0 -
Karl & Rahman [5] CA after STEMI 419 60.8 84.7 -
Neumar et al [6] CA after STEMI 40 75.0 90.0 -
Siudak et al [7] CA after STEMI 42 92.9 80.9
Lim et al [8] CA after AMI 88 62.5 60.2
Our study CA after AMI 63 90.5 81.0 87.3 82.5

PCl: percutaneous coronary intervention; CA: cardiac arrest; AMI: acute myocardial infarction; STEMI: acute ST-elevation myo-

cardial infarction.

tical significance between them, which indicat-
ed that CA patients with CS need PCl immedi-
ately. This may explain why, after the opening of
infarction-related blood vessels, CA after AMI
complicated with CS is alleviated. Therefore, in
the case of CA after AMI, PCI should be per-
formed as soon as possible, without waiting for
hemodynamic stability. Studies have shown
that emergency interventional therapy can be
used as an important measure in patients with
hemodynamic instability. Even with a comatose
patient, it should not be considered taboo to
immediately perform CAG/PCI [6].

The requirements of STEMI or NSTEMI leading
to CA for PCI are not entirely the same. Based
on a randomized clinical study performed in
2003, emergency PClI was recommended as
the standard STEMI treatment in Denmark [11].
Moreover, observational studies also have
emphasized the importance of STEMI treat-
ment with emergency PCl [12-14]. However,
some scholars have described CA cases
caused by unstable plaque or coronary artery
embolism, of whom approximately 30-58%
present NSTEMI [5, 15, 16]. Therefore, patients
with CA caused by cardiac factors are suggest-
ed to undergo emergency PCI. Sunde et al. [29]
performed CAG for 47/61 (77%) patients with
out-of-hospital cardiac arrest caused by cardi-
ac factors and found 36/47 (76%) of cases of
AMI, with 30/36 (83%) with extreme main coro-
nary artery occlusion. In our study, both STEMI
and NSTEMI leading to CA benefit from CAG/
PCIl. STEMI was better than NSTEMI, but there
was no statistical significance between them.
The 2015 American Heart Association guide-
lines recommend [30] the following: Coronary
angiography should be performed emergently
for OHCA patients with suspected cardiac etiol-
ogy of arrest and ST elevation on ECG (Class I).
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Emergency coronary angiography is reasonable
for select (e.g., electrically or hemodynamically
unstable) adult patients who are comatose
after OHCA of suspected cardiac origin but
without ST elevation on ECG (Class lla).
Therefore, whether STEMI or not, resuscitated
patients with CA after AMI can benefit from
CAG/PCI.

Some scholars have argued that PCl was asso-
ciated with better outcomes in resuscitated
patients with CA after AMI, but it can result in
increased incidence of bleeding complications
[17, 18]. Nielsen et al. reported bleeding requir-
ing transfusion in 4% of CA induced-by AMI
cases, with a significantly higher risk if CAG/PCI
is performed (2.8% vs. 6.2%, P=0.02) [18].
Nielsen et al. [31] assessed 765 patients after
CPR and revealed pulmonary infection, hemor-
rhage, and VT/VF rates of 48%, 6%, and 7%-
14%, respectively, suggesting that CAG/PCI
increased the frequency of bleeding and sep-
sis. In our study, as shown above, compared
with the non-PCI group, the PCI group did not
show statistically significant differences in
complications, especially serious bleeding of
key regions, such as within the skull. Therefore,
we believe that PCl does not increase the inci-
dence of complications, in agreement with find-
ings by Batista et al. [32].

Conclusion

Patients with CA after AMI and treated with PCI
who pass a period of stability have an excellent
prognosis. Indeed, PCl improved short- and
long-term outcomes in resuscitated patients
with CA after AMI without increasing the occur-
rence of complications. Furthermore, CA after
AMI patients are suggested to undergo PCI
regardless of cardiogenic shock occurrence

Int J Clin Exp Med 2017;10(2):3097-3105
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and electrocardiography findings. A prospective
study enrolling a larger number of CA after AMI
patients will be needed to exclude confounding
factors.

Acknowledgements

This study was supported by the Zhejiang
Province Natural Science Foundation (LY16-
H15008). We would like to thank Professor
Giuseppe A Marraro (Department of Biomedical
Sciences for Health, University of Milan, Italy)
for his kind review of the manuscript.

Disclosure of conflict of interest
None.

Address correspondence to: Zhang-Ping Li, De-
partment of Emergency Medicine, The First Affiliated
Hospital of Wenzhou Medical University, Wenzhou
325000, China. Tel: +86-0577-55579410; Fax: +86-
0577-55578033; E-mail: wzlizhangping@126.com

References

[1]  Field JM, Hazinski MF, Sayre MR, Chameides L,
Schexnayder SM, Hemphill R, Samson RA,
Kattwinkel J, Berg RA, Bhanji F, Cave DM,
Jauch EC, Kudenchuk PJ, Neumar RW, Peberdy
MA, Periman JM, Sinz E, Travers AH, Berg MD,
Billi JE, Eigel B, Hickey RW, Kleinman ME, Link
MS, Morrison LJ, O’Connor RE, Shuster M,
Callaway CW, Cucchiara B, Ferguson JD, Rea
TD and Vanden Hoek TL. Part 1: executive
summary: 2010 American Heart Association
Guidelines for Cardiopulmonary Resuscitation
and Emergency Cardiovascular Care. Circula-
tion 2010; 122: S640-S656.

[2] Chan PS, McNally B, Nallamothu BK, Tang F,
Hammill BG, Spertus JA and Curtis LH. Long-
term outcomes among elderly survivors of out-
of-hospital cardiac arrest. J Am Heart Assoc
2016; 5: e002924.

[3] Xue JK, Leng QY, Gao YZ, Chen SQ, Li ZP, Li HP,
Huang WJ, Cheng JY, Zhang J and He AW.
Factors influencing outcomes after cardiopul-
monary resuscitationin emergency depart-
ment. World J Emerg Med 2013; 4: 183-189.

[4] Velders MA, van Boven N, Boden H, van der
Hoeven BL, Heestermans AA, Jukema JW, de
Jonge E, Kuiper MA, van Boven AJ, Hofma SH,
Schalij MJ and Umans VA. Association between
angiographic culprit lesion and out-of-hospital
cardiac arrest in ST-elevation myocardial in-
farction patients. Resuscitation 2013; 84:
1530-1535.

[5] Kern KB and Rahman O. Emergent percutane-
ous coronary intervention for resuscitated vic-

3103

(6]

(7]

(8]

(11]

tims of out-of-hospital cardiac arrest. Catheter
Cardiovasc Interv 2010; 75: 616-624.
Neumar RW, Nolan JP, Adrie C, Aibiki M, Berg
RA, Bottiger BW, Callaway C, Clark RS,
Geocadin RG, Jauch EC, Kern KB, Laurent I,
Longstreth WT Jr, Merchant RM, Morley P,
Morrison LJ, Nadkarni V, Peberdy MA, Rivers
EP, Rodriguez-Nunez A, Sellke FW, Spaulding
C, Sunde K and Vanden Hoek T. Post-cardiac
arrest syndrome: epidemiology, pathophysiol-
ogy, treatment, and prognostication A consen-
sus statement from the International Liaison
Committee on Resuscitation (American Heart
Association, Australian and New Zealand
Council on Resuscitation, European resuscita-
tion Council, Heart and Stroke Foundation of
Canada, InterAmerican Heart Foundation, Re-
suscitation Council of Asia, and the Re-
suscitation Council of Southern Africa); the
American Heart Association Emergency Card-
iovascular Care Committee; the Council on
Cardiovascular Surgery and Anesthesia; the
Council On Cardiopulmonary, Perioperative,
and Critical Care; the Council on Clinical
Cardiology; and the Stroke Council. Circulation
2008; 118: 2452-2483.

Siudak Z, Birkemeyer R, Dziewierz A, Rakowski
T, Zmudka K, Dubiel JS and Dudek D. Out-of-
hospital cardiac arrest in patients treated with
primary PCI for STEMI. Long-term follow up
data from EUROTRANSFER registry. Re-
suscitation 2012; 83: 303-306.

Lim HS, Stub D, Ajani AE, Andrianopoulos N,
Reid CM, Charter K, Black A, Smith K, New G,
Chan W, Lim CC, Farouque O, Shaw J, Brennan
A, Duffy SJ and Clark DJ. Survival in patients
with myocardial infarction complicated by out-
of-hospital cardiac arrest undergoing emer-
gency percutaneous coronary intervention. Int
J Cardiol 2013; 166: 425-430.

Andersson H, Sejersten M, Clemmensen P and
Grande P. Prognosis and high-risk complica-
tion identification in unselected patients with
ST-segment elevation myocardial infarction
treated with primary percutaneous coronary
intervention. Acute Card Care 2010; 12: 102-
108.

Mooney MR, Unger BT, Boland LL, Burke MN,
Kebed KY, Graham KJ, Henry TD, Katsiyiannis
WT, Satterlee PA, Sendelbach S, Hodges JS
and Parham WM. Therapeutic hypothermia af-
ter out-of-hospital cardiac arrest: evaluation of
a regional system to increase access to cool-
ing. Circulation 2011; 124: 206-214.
Andersen HR, Nielsen TT, Rasmussen K,
Thuesen L, Kelbaek H, Thayssen P, Abildgaard
U, Pedersen F, Madsen JK, Grande P, Villadsen
AB, Krusell LR, Haghfelt T, Lomholt P, Husted
SE, Vigholt E, Kjaergard HK, Mortensen LS;
DANAMI-2 Investigators. A comparison of coro-

Int J Clin Exp Med 2017;10(2):3097-3105



[12]

[13]

(14]

[15]

(16]

[17]

(18]

(19]

3104

PCl improved outcomes of CA after AMI

nary angioplasty with fibrinolytic therapy in
acute myocardial infarction. N Engl J Med
2003; 349: 733-742.

Gorjup V, Noc M and Radsel P. Invasive strate-
gy in patients with resuscitated cardiac arrest
and ST elevation myocardial infarction. World J
Cardiol 2014; 6: 444-448.

Li YQ, Sun SJ, Liu N, Hu CL, Wei HY, Li H, Liao
XX and Li X. Comparing percutaneous coronary
intervention and thrombolysis in patients with
return of spontaneous circulation after cardiac
arrest. Clinics (Sao Paulo) 2013; 68: 523-529.
Schoos MM and Mehran R. State of the art
contemporary treatment of patients with ST el-
evation myocardial infarction: pre- and in-hos-
pital organization, devices and drugs. Chin
Med J (Engl) 2014; 127: 1133-1140.
Hollenbeck RD, McPherson JA, Mooney MR,
Unger BT, Patel NC, McMullan PW, Hsu CH,
Seder DB and Kern KB. Early cardiac catheter-
ization is associated with improved survival in
comatose survivors of cardiac arrest without
STEMI. Resuscitation 2014; 85: 88-95.
Dumas F, Cariou A, Manzo-Silberman S,
Grimaldi D, Vivien B, Rosencher J, Empana JP,
Carli P, Mira JP, Jouven X and Spaulding C.
Immediate percutaneous coronary interven-
tion is associated with better survival after out-
of-hospital cardiac arrest: insights from the
PROCAT (Parisian Region Out of Hospital
Cardiac ArresT) registry. Circ Cardiovasc Interv
2010; 3: 200-207.

Antman EM, Anbe DT, Armstrong PW, Bates ER,
Green LA, Hand M, Hochman JS, Krumholz
HM, Kushner FG, Lamas GA, Mullany CJ,
Ornato JP, Pearle DL, Sloan MA, Smith SC Jr,
Alpert JS, Anderson JL, Faxon DP, Fuster V,
Gibbons RJ, Gregoratos G, Halperin JL, Hiratzka
LF, Hunt SA, Jacobs AK; American College of
Cardiology/American Heart Association Task
Force on Practice G. ACC/AHA guidelines for
the management of patients with ST-elevation
myocardial infarction--executive summary: a
report of the American College of Cardiology/
American Heart Association Task Force on
Practice Guidelines (Writing Committee to re-
vise the 1999 guidelines for the management
of patients with acute myocardial infarction).
Circulation 2004; 110: 588-636.

Nielsen N, Hovdenes J, Nilsson F, Rubertsson
S, Stammet P, Sunde K, Valsson F, Wanscher
M, Friberg H and Hypothermia N. Outcome,
timing and adverse events in therapeutic hypo-
thermia after out-of-hospital cardiac arrest.
Acta Anaesthesiol Scand 2009; 53: 926-934.
Alpert JS, Thygesen K, Antman E and Bassand
JP. Myocardial infarction redefined-a consen-
sus document of The Joint European Society of
Cardiology/American College of Cardiology
Committee for the redefinition of myocardial
infarction. J Am Coll Cardiol 2000; 36: 959-
9609.

[20]

(21]

[22]

(23]

(24]

[25]

O’Gara PT, Kushner FG, Ascheim DD, Casey DE
Jr, Chung MK, de Lemos JA, Ettinger SM, Fang
JC, Fesmire FM, Franklin BA, Granger CB,
Krumholz HM, Linderbaum JA, Morrow DA,
Newby LK, Ornato JP, Ou N, Radford MJ, Tamis-
Holland JE, Tommaso CL, Tracy CM, Woo YJ,
Zhao DX, Anderson JL, Jacobs AK, Halperin JL,
Albert NM, Brindis RG, Creager MA, DeMets D,
Guyton RA, Hochman JS, Kovacs RJ, Kushner
FG, Ohman EM, Stevenson WG, Yancy CW;
American College of Cardiology Foundation/
American Heart Association Task Force on
Practice Guidelines. 2013 ACCF/AHA guideline
for the management of ST-elevation myocardi-
al infarction: a report of the American College
of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines.
Circulation 2013; 127: e362-e425.

Perkins GD, Jacobs IG, Nadkarni VM, Berg RA,
Bhanji F, Biarent D, Bossaert LL, Brett SJ,
Chamberlain D, de Caen AR, Deakin CD, Finn
JC, Grasner JT, Hazinski MF, Iwami T, Koster
RW, Lim SH, Huei-Ming Ma M, McNally
BF, Morley PT, Morrison LJ, Monsieurs KG,
Montgomery W, Nichol G, Okada K, Eng Hock
Ong M, Travers AH, Nolan JP; Utstein Colla-
borators. Cardiac arrest and cardiopulmonary
resuscitation outcome reports: update of the
Utstein Resuscitation Registry Templates for
Out-of-Hospital Cardiac Arrest: a statement for
healthcare professionals from a task force of
the International Liaison Committee on Resus-
citation (American Heart Association, Eur-
opean Resuscitation Council, Australian and
New Zealand Council on Resuscitation, Heart
and Stroke Foundation of Canada, Inter-
American Heart Foundation, Resuscitation
Council of Southern Africa, Resuscitation
Council of Asia); and the American Heart
Association Emergency Cardiovascular Care
Committee and the Council on Cardiopul-
monary, Critical Care, Perioperative and Re-
suscitation. Circulation 2015; 132: 1286-
1300.

Ostenfeld S, Lindholm MG, Kjaergaard J, Bro-
Jeppesen J, Moller JE, Wanscher M and
Hassager C. Prognostic implication of out-of-
hospital cardiac arrest in patients with cardio-
genic shock and acute myocardial infarction.
Resuscitation 2015; 87: 57-62.

Islam MS, Panduranga P, Al-Mukhaini M, Al-
Riyami A, EI-Deeb M, Rahman SA and Al-Riyami
MB. In-hospital outcome of patients with car-
diogenic shock complicating acute myocardial
infarction: results from Royal Hospital Percuta-
neous Coronary Intervention Registry, Oman.
Oman Med J 2016; 31: 46-51.

Jennett B and Bond M. Assessment of out-
come after severe brain damage. Lancet 1975;
1: 480-484.

Pedersen F, Butrymovich V, Kelbaek H,
Wachtell K, Helqvist S, Kastrup J, Holmvang L,

Int J Clin Exp Med 2017;10(2):3097-3105



[26]

[27]

(28]

3105

PCl improved outcomes of CA after AMI

Clemmensen P, Engstrom T, Grande P, Sauna-
maki K and Jorgensen E. Short- and long-term
cause of death in patients treated with primary
PCI for STEMI. J Am Coll Cardiol 2014; 64:
2101-2108.

Doost Hosseiny A, Moloi S, Chandrasekhar J
and Farshid A. Mortality pattern and cause of
death in a long-term follow-up of patients with
STEMI treated with primary PCl. Open Heart
2016; 3: e000405.

Mylotte D, Morice MC, Eltchaninoff H, Garot J,
Louvard Y, Lefevre T and Garot P. Primary per-
cutaneous coronary intervention in patients
with acute myocardial infarction, resuscitated
cardiac arrest, and cardiogenic shock: the role
of primary multivessel revascularization. JACC
Cardiovasc Interv 2013; 6: 115-125.

Grasner J, Meybohm P, Caliebe A, Béttiger BW,
Wnent J, Messelken M, Jantzen T, Zeng T,
Strickmann B, Bohn A, Fischer H, Scholz J,
Fischer M; German Resuscitation Registry
Study Group. Postresuscitation care with mild
therapeutic hypothermia and coronary inter-
vention after out-of-hospital cardiopulmonary
resuscitation: a prospective registry analysis.
Crit Care 2011; 15: R61.

[29]

[30]

[31]

(32]

Sunde K, Pytte M, Jacobsen D, Mangschau A,
Jensen LP, Smedsrud C, Draegni T and Steen
PA. Implementation of a standardised treat-
ment protocol for post resuscitation care after
out-of-hospital cardiac arrest. Resuscitation
2007; 73: 29-39.

O’Connor RE, Al Ali AS, Brady WJ, Ghaem-
maghami CA, Menon V, Welsford M and
Shuster M. Part 9: acute coronary syndromes:
2015 American Heart Association Guidelines
Update for Cardiopulmonary Resuscitation
and Emergency Cardiovascular Care. Circula-
tion 2015; 132: S483-S500.

Nielsen N, Sunde K, Hovdenes J, Riker RR,
Rubertsson S, Stammet P, Nilsson F, Friberg H
and Hypothermia N. Adverse events and their
relation to mortality in out-of-hospital cardiac
arrest patients treated with therapeutic hypo-
thermia. Crit Care Med 2011; 39: 57-64.
Batista LM, Lima FO, Januzzi JL Jr, Donahue V,
Snydeman C and Greer DM. Feasibility and
safety of combined percutaneous coronary in-
tervention and therapeutic hypothermia follow-
ing cardiac arrest. Resuscitation 2010; 81:
398-403.

Int J Clin Exp Med 2017;10(2):3097-3105



