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Abstract: Objective: This study aims to investigate the predictors of reperfusion-induced hypotension (RIH) during
primary percutaneous coronary intervention (PCI) after acute ST-segment elevation myocardial infarction (STEMI),
as well as the impact of RIH on prognosis. Methods: A retrospective analysis was performed for 204 STEMI patients
who underwent primary PCI in our hospital from January 2009 to June 2013. The patients were divided into RIH
and non-RIH groups, and clinical data for the 2 groups were collected and compared. Alogistic regression equation
was used to analyze the RIH predictors; a 12-month follow-up was performed to compare the differences in major
adverse cardiac events (MACE) between the 2 groups. Results: The intergroup comparison showed that in the RIH
group, the infarct-related artery (IRA) was mainly the right coronary artery (RCA) (75.0% to 27.7%, P=0.000), and the
reperfusion time was shorter (4.7±0.8 to 6.8±2.8, P=0.040). The logistic regression analysis showed that the IRA
(odds ratio [OR]: 5.956, 95% confidence interval [CI]: 1.298-10.878, P=0.015) and reperfusion time (OR: 4.262,
95% CI: 0.110-0.944, P=0.039) were predictors of RIH. During hospitalization and the 12-month follow-up, there
was no significant difference in MACE between the 2 groups (P=0.608 and 0.499, respectively). Conclusions: RCA
lesions and short reperfusion time were predictors of RIH, and there was no significant increase in MACE during the
12-month follow-up period for RIH patients.
Keywords: Myocardial infarction, angioplasty, transluminal, percutaneous coronary, myocardial reperfusion injury,
hypotension, risk factor, prognosis

Introduction

Subjects and methods

For ST-segment elevation myocardial infarction
(STEMI) patients, reperfusion by means of percutaneous coronary intervention (PCI) is the
most effective treatment. However, about 50%
of patients exhibit blood pressure reduction in
the early stage of infarct-related artery (IRA)
dredging [1-3]. This phenomenon is known as
reperfusion-induced hypotension (RIH). Severe
RIH could cause hemodynamic disturbances
and thus increase procedural risks [4]. To date,
the exact mechanism of RIH is still unclear [3],
and its impact on long-term prognosis is infrequently studied. In this study, patients with and
without RIH during PCI were set as the research
subjects, aiming to investigate RIH predictors
and its influence on prognosis.

Subjects and data collection
The clinical and angiographic data of STEMI
patients who underwent primary PCI in Tianjin
Union Medicine Center from January 2009 to
June 2013 were collected. STEMI was defined
in accordance with the naming and diagnostic
criteria of ischemic heart disease from the
International Society and Federation of
Cardiology/World Health Organization [5, 6]
and determined according to the symptoms of
chest pain, electrocardiogram (ECG) changes,
and blood-myocardial injury markers (cardiac
troponin T and cardiac enzymes). The criteria
for primary PCI were (1) chest pain lasting ≥30
min; (2) ECG exhibiting at least 2 adjacent chest
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form selective coronary angiography from the left radial artery
approach, then combined with the
RIH group Non-RIH group
Parameter
P
myocardial infarcted region on the
(n=92) (n, %) (n=112), (n, %)
ECG to determine the IRA. After
Male
68 (73.9)
93 (83.0)
0.123
passing the guide wire through the
Age (years)
63.0±10.2
60.7±9.1
0.405
lesion, we performed balloon dilataDiabetes (cases)
38, 41.3
45, 40.2
0.887
tion as well as thrombus aspiration,
Hypertension (cases)
63, 68.5
80, 71.4
0.645
if necessary, followed by stenting.
Hyperlipidemia (cases)
37 (40.2)
47 (42.0)
0.886
The enrolled patients were all sucSmoking (cases)
53 (57.6%)
71 (63.4%)
0.471
cessfully reperfused. During the PCI
IRA (cases)
procedure, invasive blood pressure
RCA
69 (75.0%)
31 (27.7%)
0.000
and heart rate were monitored.
LAD
15 (16.3%)
76 (67.8%)
0.000
Before the angiography, 5000 IU
LCX
8 (8.7%)
5 (4.5%)
0.257
heparin was conventionally injected
Lesion vessel counts (cases)
through the radial arterial sheath,
and another 3000 IU heparin was
Single
15 (16.3%)
19 (16.9%)
1.000
administered before the intervenTwo
23 (25.0%)
30 (26.8%)
0.873
tion. When RIH occurred, the operaThree
54 (58.7%)
63 (56.3%)
0.777
tor could use dopamine to correct
Reperfusion time (h)
4.7±0.8
6.8±2.8
0.040
the low blood pressure according to
the patient’s condition; patients
with severe bradycardia were administered
Table 2. Multifactor Logistic regression analysis
a bolus injection of atropine or had a tempotowards the RIH occurrence
rary cardiac pacemaker implanted. During
2
Factors
Wald χ
P
OR
95% CI
the surgery, the platelet membrane glycoIRA
5.956 0.015 3.757 1.298-10.878
protein II b/III a antagonist tirofiban was conReperfusion time 4.262 0.039 0.322 0.110-0.944
ventionally injected into the coronary artery
IRA: infarct-related artery.
through the guiding catheter. After the operation, tirofiban was maintained for 24-48 h.
lead ST-segment elevations ≥0.2 mV or a limb
Low-molecular-weight heparin was used for
lead ST-segment elevation ≥0.1 mV; and (3)
anticoagulation for 5-7 d. Patients were preonset of chest pain within 12 h or over 12 h,
scribed 100 mg aspirin once/day for life-long
while the chest pain continued.
administration and 75 mg clopidogrel once/day
for at least 12 months. Major adverse cardiac
In addition to complying with the primary PCI
events (MACE), which included cardiovascular
criteria, this research also required that the IRA
death, reinfarction, refractory angina, and heart
be completely occluded, namely thrombolysis
failure, were recorded during hospitalization
in myocardial infarction (TIMI) flowgrade 0,
and for 12 months after discharge.
when performing the coronary angiography.
The exclusion criteria included (1) past history
Definition and grouping
of myocardial infarction; (2) preoperative systolic blood pressure <90 mmHg; (3) preoperaAfter the guide wire passed through the occlutive intravenous vasopressor use; and (4) nosive lesions, balloon dilatation or the suction
reflow or slow flowphenomenon during the PCI
catheter passed through the lesions. Contrast
procedure.
or “smoking” demonstrated the restoration of
forward blood flow. The patients whose invaOperative method and perioperative medicasive systolic blood pressure dropped <12 kPa
tion
(90 mmHg) or systolic blood pressure dropped
≥20 mmHg within 15 min immediately after
In preparation for primary PCI, the patients
dredging were assigned to the RIH group.
received 300 mg aspirin and 300 mg clopidoOthers were assigned to the non-RIH group.
grel immediately. We utilized the standard PCI
method: the Judkins method was used to perReperfusion time referred to the time period
Table 1. Comparison of clinical baseline data and angiographic data of the two groups [cases (%)]
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Table 3. Incidence of MACEs of the 2 groups during the hospitalization and 12-month follow-up after
discharged [cases (%)]
Item group
During the hospitalization
RIH group
Non-RIH group
During 12-months follow-up
RIH group
Non-RIH group

Cardiovascular
Re infarction
death

Refractory angina Total MACEs

P

1 (1.1%)
1 (0.9%)

0
0

2 (2.2%)
3 (2.7%)

0
0

3 (3.3%)
4 (3.6%)

0.608

1 (1.1%)
1 (0.9%)

2 (2.2%)
1 (0.9%)

2 (2.2%)
2 (1.8%)

0
1 (0.9%)

5 (5.4%)
5 (4.5%)

0.499

from the onset of chest pain symptoms to the
reopening of the IRA.
Statistical analysis
SPSS19.0 statistical software (SPSS Inc.,
Chicago, Illinois, USA) was used to process the
variables. Measurement data were expressed
as the mean ± standard deviation. We used the
t-test for comparing measurement data; the χ2
test for counting data; and the logistic regression model for analyzing the predictive values
of various factors in the occurrence of RIH, with
P<0.05 considered statistically significant.
Results
General results
Among the 248 patients who met the inclusion
criteria, 204 patients completed the 12-month
follow-up, including 161 men (78.9%) and 43
women (21.1%). The mean age was 61±9.4
years. Ninety-two patients experienced RIH,
accounting for 45.1%. The 2 groups showed
statistically significant differences in the IRA
and reperfusion time. Compared with the nonRIH group, the RIH group mainly showed the
right coronary artery (RCA) as the IRA, with
fewer left anterior descending artery (LAD)
lesions (P=0.001); the reperfusion time of the
RIH group was shorter than that of the non-RIH
group (P=0.040, Table 1).
RIH predictors
RIH was set as the dependent variable. Sex,
age, complications, IRA, and reperfusion time
were input into the logistic regression. The
results showed that RCA lesions and short
reperfusion times were the predictors of RIH
(P=0.015 and 0.039, respectively, Table 2).
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Heart
failure

Follow-up data analysis
During hospitalization, the RIH group had one
death caused by cardiogenic shock on postoperative day 2, and 2 patients experienced acute
left ventricular failure. The non-RIH group had
one death caused by cardiac rupture 6 h after
surgery, and 3 patients experienced acute left
ventricular failure during hospitalization. MACE
between the 2 groups during hospitalization
and at the 12-month follow-up did not differ significantly (P=0.608 and 0.499, respectively,
Table 3).
Discussion
Directly opening the culprit coronary artery is
the best means to treat STEMI; however, more
than 50% of patients exhibit RIH after the
occluded coronary artery is reopened. This
hypotension usually recovers within 30 min to
24 h [2], but it also can last for several days.
RIH can cause severe hemodynamic disturbances, thereby affecting the perfusion of vital
organs, causing hypoxemia and metabolic acidosis [7]. Thus, it is necessary to correct RIH
with the timely application of vasopressors, as
well as with intra-aortic balloon pump-assisted
support when necessary [8]. The accurate prediction and timely treatment of RIH are critical
clinically.
Some research has shown that reopening the
acute RCA occlusion, especially the RCA proximal lesion [1-3], causes RIH, while reopening
the LAD is less likely to cause RIH [9]. The reasons might include the following: (1) the left
ventricular inferior wall, supplied by the RCA, is
rich with the vagus nerve plexus, and the excitabilities of the nerve plexus would be increased
during reperfusion, thus causing the BezoldJarisch reflex [10, 11], resulting in cardiac
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depression and blood pressure reduction [2];
(2) arrhythmias, including bradycardia or accelerated idioventricular rhythm, more commonly
occur when reopening the RCA than when
reopening the LAD [1-3, 12] so cardiac output
would be impaired [3, 13]; (3) patients with
inferior wall myocardial infarction caused by
the acute RCA occlusion would be more likely to
sweat and vomit before direct PCI, so hypovolemia would occur. The results of this study were
consistent with this research. Furthermore, it
can be seen from Table 1 that although RCA
lesions accounted for 75.0% of the lesions in
the RIH group, 16.3% of patients exhibited the
LAD as their IRA. The mechanism of RIH after
LAD reopening differed from that of the RCA,
and the reperfusion injury caused myocardial
stunning, which might be the main reason [14].
The findings of this study also suggested that
the short reperfusion time, especially within 6 h
(4.7±0.8 h in the RIH group), was a predictor of
RIH occurrence, which might be related to the
fact that relatively more cardiac muscle survived during that time, and the reperfusion injury was significant [15]. According to these 2
predictors, patients with a higher likelihood of
RIH should receive rapid fluid expansion before
PCI, have a temporary pacemaker implanted to
prevent dramatic bradyarrhythmia, and be
rationally administered vasoactive drugs. Further, calm handling could reduce the risks during PCI.
Relatively few studies about the influence of
RIH on prognosis exist. JEE followed 236 STEMI
patients without cardiogenic shock, and the
results showed that postoperative hypotension
had no significant effect on MACE 30 days and
1 year after PCI [16]. Our results also showed
no significant difference in the 12-month follow-up MACE between the 2 groups. Previous
studies had shown that the reperfusion time of
primary PCI was closely related to prognosis,
and the sooner the IRA was opened, the better
the prognosis would be [17]. In this study, the
reperfusion time of the RIH group was shorter
than that of the non-RIH group. The RIH occurrence itself also manifested a considerable
number of surviving cardiac muscles, and the
benefits of reperfusion therapy were greater. In
addition, the RIH phenomenon mostly lasted a
short period. After timely and effective treatments, such as dopamine, fluid expansion, and
arrhythmia correction, hypotension would
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mostly be corrected within 24 h. Only one
patient developed cardiogenic shock. Therefore, RIH had less impact on the long-term
prognosis. While this did not indicate that the
reperfusion injury had no adverse effect on
STEMI prognosis, Georg M considered reperfusion injury to be responsible for up to half of the
final infarct size related to acute myocardial
infarction [18]. The mechanisms of reperfusion
injury were also very complicated [14, 19, 20],
and fewer patients were enrolled in this study.
Therefore, a larger scale study is still needed to
confirm the relationship between RIH and prognosis. In addition, because the mechanisms of
LAD and RCA opening that caused RIH were different, the former involved more left ventricular
muscles, thus indicating a high probability of
long-term heart failure [21, 22].
In summary, nearly half of STEMI patients experience RIH after reopening of the RCA. RCA
lesions and reperfusion time <6 h might be
used as predictors for RIH occurrence. When
RIH occurs, active treatment to promptly correct the low blood pressure condition will lead
to a good prognosis, and MACE will not be significantly increased in the 12-month follow-up
period.
Disclosure of conflict of interest
None.
Address correspondence to: Zhuhua Yao, Department of Cardiology, Tianjin Union Medical
Center, No. 190 Jieyuan Road Hongqiao District,
Tianjin 300121, China. Tel: +86 22 27557410;
E-mail: zhuhuayaocn@163.com

References
[1]
[2]

[3]
[4]

Goldstein JA. Acute right ventricular infarction.
Cardiol Clin 2012; 30: 219-232.
Goldstein JA, Lee DT, Pica MC, Dixon SR and
O’Neill WW. Patterns of coronary compromise
leading to bradyarrihythmias and hypotension
in inferior myocardial infarction. Coron Artery
Dis 2005; 16: 265-274.
Goldstein JA. Acute right ventricular infarction:
insights for the interventional era. Curr Probl
Cardiol 2012; 37: 533-557.
Jacobs AK, Leopold JA, Bates E, Mendes LA,
Sleeper LA, White H, Davidoff R, Boland J,
Modur S, Forman R and Hochman JS.
Cardiogenic shock caused by right ventricular
infarction: a report from the SHOCK registry. J
Am Coll Cardiol 2003; 41: 1273-1279.

Int J Clin Exp Med 2017;10(1):1330-1334

Percutaneous coronary intervention after acute myocardial infarction
[5]

Steg PG, James SK, Atar D, Badano LP,
Blömstrom-Lundqvist C, Borger MA, Di Mario
C, Dickstein K, Ducrocq G, Fernandez-Aviles F,
Gershlick AH, Giannuzzi P, Halvorsen S, Huber
K, Juni P, Kastrati A, Knuuti J, Lenzen MJ,
Mahaffey KW, Valgimigli M, van’t Hof A,
Widimsky P and Zahger D. ESC Guidelines for
the management of acute myocardial infarction in patients presenting with ST-segment
elevation. Eur Heart J 2012; 33: 2569-2619.
[6] 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, TamisHolland 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 and Yancy CW;
American College of Emergency Physicians;
Society for Cardiovascular Angiography and
Interventions. 2013 ACCF/AHA guideline for
the management of ST-elevation myocardial
infarction: a report of the American College of
Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. J Am
Coll Cardiol 2013; 61: e78-140.
[7] Widimský P, Groch L, Zelízko M, Aschermann
M, Bednár F and Suryapranata H. Multicentre
randomized trial comparing transport to primary angioplasty vs immediate thrombolysis
vs combined strategy for patients with acute
myocardial infarction presenting to a community hospital without a catheterization laboratory. The PRAGUE study. Eur Heart J 2000; 21:
823-831.
[8] Sharma S, Lumley M and Perera D. Intraaortic
balloon pump use in high-risk percutaneous
coronary intervention. Curr Opin Cardiol 2013;
28: 671-675.
[9] Remmelink M, Sjauw KD, Henriques JP, Vis
MM, van der Schaaf RJ, Koch KT, Tijssen JG,
de Winter RJ, Piek JJ and Baan J Jr. Acute left
ventricular dynamic effects of primary percutaneous coronary intervention from occlusion
to reperfusion. J Am Coll Cardiol 2009; 53:
1498-1502.
[10] Adgey AA, Geddes JS, Mulholland HC, Keegan
DA and Pantridge JF. Incidence, significance,
and management of early bradyarrihythmia
complicating acute myocardial infarction.
Lancet 1968; 2: 1097-1101.
[11] Wei JY, Markis JE, Malagold M and Braunwald
E. Cardiovascular reflexes stimulated by reperfusion of ischemic myocardium in acute myocardial infarction. Circulation 1983; 67: 796801.

1334

[12] Goldberg S, Greenspon AJ, Urban PL, Muza B,
Berger B, Walinsky P and Maroko PR.
Reperfusion arrihythmia: a marker of restoration of antegrade flow during intracoronary
thrombolysis for acute myocardial infarction.
Am Heart J 1983; 105: 26-32.
[13] Delewi R, Remmelink M, Meuwissen M, van
Royen N, Vis MM, Koch KT, Henriques JP, de
Winter RJ, Tijssen JG, Baan J Jr and Piek JJ.
Acute haemodynamic effects of accelerated
idioventricularrihythm in primary percutaneous coronary intervention. EuroIntervention
2011; 7: 467-471.
[14] Bainey KR and Armstrong PW. Clinical perspectives on reperfusion injury in acute myocardial
infarction. Am Heart J 2014; 167: 637-645.
[15] Pomblum VJ, Korbmacher B, Cleveland S,
Cleveland S, Sunderdiek U, Klocke RC and
Schipke JD. Cardiac stunning in the clinic: the
full picture. Interact Cardiovasc Thorac Surg
2010; 10: 86-91.
[16] Kwon JE, Kim SW, Lee WS, Hyeon SH, Hong JH,
Kumar S, Kim EY, Lee KJ, Kim CJ, Cho DY and
Kim TH. Post-procedural hypotension after primary percutaneous coronary Intervention in
ST-Elevation myocardial infarction. J Am Coll
Cardiol 2014; 63: A173.
[17] Welch TD, Yang EH, Reeder GS and Gersh BJ.
Modern management of acute myocardial infarction. Curr Probl Cardiol 2012; 37: 237-310.
[18] Fröhlich GM, Meier P, White SK, Yellon DM and
Hausenloy DJ. Myocardial reperfusion injury:
looking beyond primary PCI. Eur Heart J 2013;
34: 1714-1722.
[19] Birnbaum Y, Leor J and Kloner RA. Pathobiology
and Clinical Impact of Reperfusion Injury. J
Thromb Thrombolysis 1997; 4: 185-195.
[20] Bernink FJ, Timmers L, Beek AM, Diamant M,
Roos ST, Van Rossum AC and Appelman Y.
Progression in attenuating myocardial reperfusion injury: an overview. Int J Cardiol 2014;
170: 261-269.
[21] Goel K, Pinto DS and Gibson CM. Association
of time to reperfusion with left ventricular
function and heart failure in patients with
acute myocardial infarction treated with primary percutaneous coronary intervention: a
systematic review. Am Heart J 2013; 165: 451467.
[22] Meimoun P, M’barek D, Dragomir C, LuycxBore A, Elmkies F, Boulanger J, ZemirH, Martis
S, Neykova A, Tzvetkov B and Clerc J. Incidence,
associated factors, and follow-up of hospital
heart failure complicating acute anterior myocardial infarction successfully treated by primary angioplasty. Ann Cardiol Angeiol (Paris)
2013; 62: 293-300.

Int J Clin Exp Med 2017;10(1):1330-1334

