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Abstract: Objective: To explore the clinical effects of the intra-aortic balloon pump (IABP) combined with tirofiban in 
the treatment of acute myocardial infarction (AMI) and to analyze the combination’s influence on patient serum lev-
els. Method: 106 patients with AMI admitted to our hospital from February 2017 to February 2018 were recruited as 
the research cohort. The patients were randomly placed into a control group and an experimental group according 
to their order of admission, with 53 patients in each group. The patients in the control group were treated with IABP, 
while the experimental group was treated with IABP combined with tirofiban. The two groups’ clinical efficacy and 
serum levels were compared. Results: The clinical efficacy in the experimental group was significantly higher than 
the clinical efficacy in the control group. After the treatment, both groups’ serum indexes were significantly better, 
and the experimental group’s indexes were comparatively better than the control group’s indexes. The experimental 
group’s thrombolysis and thrombin myocardial infarction (TIMI) glow grades were much better than the glow grades 
in the control group. The experimental group’s left ventricular ejection fraction (LVEF) index was higher than the 
control group’, while the left ventricular end-diastolic dimension (LVEDD) index and the left ventricular end-systolic 
dimension (LVESD) index in the experimental group exhibited lower levels when compared to the control group. The 
hemorheological parameters in the experimental group were much lower than the hemorheological parameters in 
the control group, and the difference between the two groups was statistically significant (P < 0.05). Conclusion: 
The clinical effects of an IABP pump combined with tirofiban in treating AMI are significant. The patients’ clinical 
symptoms were alleviated drastically, and their serum levels and cardiac and cardiovascular functions improved 
significantly. Therefore IABP combined with tirofiban in the treatment of AMI is worthy of clinical application and 
promotion.
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Introduction

Acute myocardial infarction (AMI) is an acute 
and fatal disease of the middle-aged and elder-
ly. Most AMI cases develop from coronary ath-
erosclerosis. A rupture or the erosion of the 
atherosclerotic plaque in the coronary artery 
and secondary thrombosis leads to a continu-
ous total occlusion of the coronary artery, whi- 
ch drastically interrupts and reduces the coro-
nary blood supply [1-4]. Severe and persistent 
myocardial ischemia leads to severe chest 
pain, which can cause a sharp decline in cardi-
ac function. Clinically, AMI is mainly treated by 
restoring the myocardial blood supply and pre-
venting thrombosis. A type of mechanical auxil-

iary circulation, intra-aortic balloon counter pul-
sation (IABP) is used to improve patients’ in- 
tra-aortic diastolic pressure through physical 
action, the coronary artery blood supply, and 
myocardial function. It is widely adopted in clin-
ics. Tirofiban is an anticoagulant and antiplate-
let drug that can inhibit thrombosis by restra- 
ining the synthesis of fibrinogen and platelet 
receptors, prolonging the bleeding time and 
inhibiting platelet aggregation effectively [5-8]. 
There are few clinical research studies on the 
combination of IABP and tirofiban in the treat-
ment of AMI. Therefore, we recruited 106 pa- 
tients with AMI admitted to our hospital to 
explore the clinical efficacy of IABP combined 
with tirofiban to treat AMI and to analyze the 
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combination’s impact on the patients’ serum 
levels.

Data and methods

General data

106 patients with AMI admitted to our hospital 
from February 2017 to February 2018 were 
recruited as the research cohort. They were 
randomly placed into the control group and the 
experimental group (with 53 patients in each 
group) according to their admission order. 
There were 34 male patients and 19 female 
patients in the control group and they ranged in 
age from 42 years old to 73 years old, with an 
average age of (58.3 ± 4.5) years old. There 
were 32 male patients and 21 female patients 
in the experimental group, and they ranged in 
age from 41 to 74 years old, with average age of 
(57.8 ± 4.6). There were no significant differ-
ences in the two groups’ general clinical data (P 
> 0.05), so they were comparable.

Inclusion criteria

① Patients who meet the clinical diagnostic cri-
teria of AMI. ② Patients suitable for IABP thera-
py. ③ Patients with complete clinical medical 
records. ④ This research was approved by the 
hospital ethics committee (LPEC 2018-16). The 
patients and their family members were made 
aware of the purpose and process of this study, 
and they signed the informed consent form.

Exclusion criteria

① Patients comorbid with brain, heart, kidney, 
liver, or other organ tissue diseases. ② Patients 
who were allergic to the drugs used in the study. 
③ Patients who had mental or other cognitive 
impairments or who refused to cooperate with 
the experiment.

Methods

All the patients were given blood volume sup-
plements before their operation, and the index 
standards included a heart index < 2.2 L/
(min·m2), a urine volume < 30 ml/h, a map < 60 
mmhg, a dobutamine dosage ≥ 20 μg/(kg·min) 
(2 ml:20 mg, SFDA approval number H2005- 
3297), a dopamine dosage ≥ 15 μg/(kg·min)  
(2 ml:20 mg, SFDA approval number H4202- 
0915), and a blood pressure rise that was not 
significant. We chose an appropriate dispos-

able balloon catheter according to each pa- 
tient’s condition, with a small volume rather 
than a large one (volume > half of the cardiac 
output per stroke), so generally choose a 40-60 
ml 8.5-9 catheter for adults.

All the patients were treated with IABP, a right 
femoral artery puncture was performed using 
the Seldinger technique, an 8f-10f arterial sh- 
eath and an 8F or 9.5f aortic counterpulsation 
balloon was inserted, and then 5000 units of 
heparin sodium was injected intravenously 
[9-11]. We then turned on the IABP, adjusted it 
to the ECG trigger mode, and ensured that the 
counterpulsation pressure was slightly higher 
than the aortic pressure. We paid attention to 
the catheter and observed the patients’ post-
operative situations closely. Based on the ab- 
ove methods, the patients in the experimental 
group were intravenously injected with 5 μg/kg 
tirofiban hydrochloride and sodium chloride 
(specification: 100 ml:5 mg tirofiban hydrochlo-
ride and 0.9 g sodium chloride, manufacturer: 
Yuanda Pharmaceutical (China) Co., Ltd., SFDA 
approval number H20041165). Following the 
doctor’s instructions, we used a micropump for 
continuous pumping within 36 hours after the 
operation, with the dose controlled at 0.15 μg/
(kg·min).

Observation indexes

Clinical efficacy: The NYHA rating scale was 
used to evaluate the cardiac function of the two 
groups after their treatment. There are three 
evaluation criteria levels: ineffective, effective, 
and remarkably effective. Remarkably effec-
tive: The patient’s condition is basically under 
control, and the cardiac function improved by 
more than 2 grades. Effective: the cardiac func-
tion improved by 1 grade. Ineffective: the car-
diac function did not improve, and the condi- 
tion even worsened. The effective rate of treat-
ment = (remarkably effective + effective)/total 
number of cases × 100%.

Serum levels: The tumor necrosis factor-α (TNF-
α)’s serum levels and the interleukin-6 (IL-6)’s 
serum levels were measured using double anti-
body sandwich enzyme linked immunosorbent 
assays. The brain natriuretic peptide (BNP) se- 
rum levels were measured using immunofluo-
rescence assays. The troponin I (CTN-I) serum 
levels were measured using microparticle im- 
munoassays. The serum high sensitivity C-re- 
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Table 1. Comparison of the clinical treatment effects between the two groups [n (%)]

Groups Ineffective Effective Remarkably effective Total treatment  
efficiency rate

Control group (n = 53) 13 (24.53%) 22 (41.51%) 18 (33.96%) 40 (75.47%)
Experimental group (n = 53) 4 (7.55%) 18 (33.96%) 31 (58.49%) 49 (92.45%)
X2 5.6748
P 0.017

Table 2. Comparison of the two groups’ serum levels before and after the treatment (x ± s, n = 53)

Group Time BNP (ng/L) TNF-α (ng/L) IL-6 (ng/L) cTn-II (µg/L) hs-CRP 
(mg/L)

control group Before treatment (4032.01±459.86) (36.96±8.67) (16.23±4.51) (27.58±7.39) (8.65±2.83)
After treatment (2455.69±451.07) (27.45±7.84) (11.52±4.26) (19.51±6.94) (4.35±2.09)

t 17.8153 5.923 5.2711 5.7952 8.8981
P 0.001 0.011 0.002 0.003 0.001
experimental group Before treatment (4051.01±452.31) (36.93±8.69) (16.47±4.48) (27.85±7.41) (8.59±2.72)

After treatment (1958.73±415.74)* (21.24±7.47)* (7.49±4.13)* (14.55±6.54)* (2.47±1.96)*

t 24.7938 9.9678 1.7292 9.7969 13.2894
P 0.012 0.001 0.022 0.002 0.001
Note: *indicates a significant difference compared with the control group (P < 0.05).

active protein (hs CRP) levels were measured 
using immunoturbidimetry.

TIMI flow grade: The two groups’ blood flow 
grades after the treatment were scored accord-
ing to TIMI. Grade 0 indicates no perfusion. 
Grade 1 indicates no perfusion but some infil-
tration. Partial perfusion is grade 2. Grade 3 

indicates complete perfusion. Grades 2-3 indi-
cate successful reperfusion.

Cardiac function index: The two groups’ left 
ventricular ejection fractions, their left ventricu-
lar end diastolic diameters, and their left ven-
tricular end systolic diameters were measured 
using a Color Doppler Ultrasound Diagnostic 
System.

Hemorheological parameters: The two groups’ 
whole blood viscosity, their plasma viscosity, 
their hematocrit and their other hemorheologi-
cal parameters were measured and compared.

Statistical analysis

In this study, SPSS 20.0 was chosen as the 
data processing software, and GraphPad Prism 
7 (GraphPad Software, San Diego, USA) was 
used to map the graphics. The count data and 
the measurement data were examined using X2 
tests and t tests, respectively. P < 0.05 indicat-
ed a significant difference.

Results

Clinical treatment effects 

Table 1 shows that the total effective rate in 
the experimental group was significantly higher 
than the total effective rate in the control group 
(P < 0.05).

Figure 1. The TIMI flow grades of the two groups of 
patients [n (%)]. Note: The vertical axis indicates the 
TIMI flow grade, and the horizontal axis indicates the 
number of cases. The numbers of grade 0, 1, 2, and 
3 patients in the experimental group were 0 (0%), 2 
(3.77%), 2 (3.77%), and 49 (92.46%) respectively; 
The numbers of grade 0, 1, 2, and 3 patients in the 
control group were 0 (0%), 8 (15.09%), 7 (13.21%), 
and 38 (71.70%). *indicates a notable difference in 
the blood flow grades between the two groups above 
level 3 (t = 7.7592, P = 0.005).
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Table 4. The two groups’ hemorheological parameters (x ± s)

Groups Whole blood  
viscosity (mPa/s)

Plasma  
viscosity (mPa/s) Hematocrit

Control group (n = 53) (5.94±0.92) (1.66±0.15) (0.45±0.13)
Experimental group (n = 53) (5.01±0.23) (1.20±0.14) (0.35±0.12)
X2 7.1395 16.3213 4.1150
P 0.015 0.021 0.0001

The serum levels 

Table 2 shows that the two groups’ serum lev-
els after the treatment were significantly better, 
and the experimental group’s performance was 
superior to the control group’s (P < 0.05).

Blood flow grading 

The TIMI flow grade in the experimental group 
after treatment was observed to be substan-
tially better than the TIMI flow grade in the con-
trol group (P < 0.05), as shown in Figure 1.

The cardiac function indexes 

The LVEF index in the experimental group was 
notably higher (P < 0.05), but the LVEDDs and 
LVESDs were much shorter when compared to 
the control group (P < 0.05), as shown in Table 
3.

The hemorheological parameters

Overall, the hemorheological parameters in the 
experimental group were comparatively lower 
than they were in the control group (P < 0.05), 
as shown in Table 4.

Discussion

AMI attacks will lead to acute chest pain accom-
panied by vomiting, an impending death feel-
ing, and other adverse symptoms. If timely 
medical treatment is not provided, heart failure 
and shock could occur. Timely and effective 
treatment play an important role in the treat-
ment of damaged myocardia, and prompt effec-

reduce thrombus at the lesion location, can 
even inhibit thrombosis, and wields a protec- 
tive effect on vascular endothelial function. The 
reperfusion effect can be maintained through a 
continuous intravenous drip during the admin-
istration of the medication [16-19]. The authors 
found that the total effective rate in the experi-
mental group was notably higher than it was in 
the control group. the two groups’ serum levels 
after the treatment were significantly better, 
and the experimental group’s performance was 
superior to the control group. What’s more, the 
authors found that the TIMI flow grades in the 
experimental group after the treatment was 
observed to be substantially better than the 
TIMI flow grades in the control group. The LVEF 
index of the experimental group was notably 
higher, but the LVEDDs and LVESDs were much 
shorter when compared to the control group. 
Furthermore, the hemorheological parameters 
in the experimental group were found to be 
comparatively lower than they were in the con-
trol group.

The results show that IABP combined with tiro-
fiban can improve the reperfusion of infarcted 
areas, relieve myocardial ischemia, and improve 
patients’ cardiovascular functions, so it is con-
ducive to the prognosis. The results of this st- 
udy are consistent with Chen-Xi Song’s results 
[20] in which the combined use of tirofiban 
hydrochloride in the interventional treatment  
of patients with AMI can significantly alleviate 
the AMI patients’ ischemia, improve their car-
diovascular function prognoses, and increase 
the blood flow velocity of the vessels in the 

Table 3. The two groups’ cardiac function indexes (x ± s)
Groups LVEF (%) LVEDD (mm) LVESD (mm)
Control group (n = 53) (49.72±6.61) (48.96±5.31) (41.86±2.28)
Experimental group (n = 53) (57.43±6.86) (43.74±3.78) (34.65±3.27)
X2 5.8920 5.8303 13.1672
P 0.001 0.014 0.023

tive measures will help  
to maintain patients’ nor-
mal myocardial function 
[12-15]. Tirofiban hydro-
chloride is a non-peptide 
platelet surface glyco- 
protein receptor antago-
nist that can drastical- 
ly and efficiently inhibit 
the binding of glycopro-
tein and fibrinogen on 
platelet surfaces. There- 
fore, tirofiban hydrochlo-
ride has notable effects 
on blocking platelet ag- 
gregation and thrombo-
sis. For patients who 
have AMI, the drug can 
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embolized area effectively and safely with no 
adverse reactions, so it is worthy of wide ad- 
option and promotion. This further proves that 
IABP combined with tirofiban in the treatment 
of AMI has a better clinical performance and 
can wield a positive impact on the patients’ 
serum levels.

In conclusion, the effects of IABP combined 
with tirofiban in the treatment of AMI is signifi-
cant, as it alleviates patients’ clinical symp-
toms, and improves their cardiac function, car-
diovascular function and serum levels effec- 
tively, therefore it is worthy of wide clinical 
adoption and promotion.

Disclosure of conflict of interest

None.

Address correspondence to: Junhua Zhang, The 
Second Department of Cardiology, Lacey People’s 
Hospital, Laixi, Qingdao, China. Tel: +86-1596- 
6893267; E-mail: zhangjunhua456765@163.com

References

[1]	 Pfluecke C, Christoph M, Kolschmann S, Tar-
nowski D, Forkmann M, Jellinghaus S, Poitz 
DM, Wunderlich C, Strasser RH, Schoen S and 
Ibrahim K. Intra-aortic balloon pump (IABP) 
counterpulsation improves cerebral perfusion 
in patients with decreased left ventricular 
function. Perfusion 2014; 29: 511-516. 

[2]	 Marcu CB, Donohue TJ, Ferneini A and Ghan-
tous AE. Intraaortic balloon pump insertion 
through the subclavian artery. Subclavian ar-
tery insertion of IABP. Heart Lung Circ 2006; 
15: 148-150. 

[3]	 Kapelios CJ, Terrovitis JV, Siskas P, Kontogi-
annis C, Repasos E and Nanas JN. Counterpul-
sation: a concept with a remarkable past, an 
established present and a challenging future. 
Int J Cardiol 2014; 172: 318-325. 

[4]	 Negi SI, Kar B, Gregoric I and Loyalka P. Sup-
porting the failing myocardium: is intra-aortic 
balloon pump enough? The IABP-SHOCK II tri-
al. Expert Rev Cardiovasc Ther 2013; 11: 147-
149. 

[5]	 Cheng Y, Mo S, Wang K, Fan R, Liu Y, Li S, 
Zhang X, Yin S, Xu Y, Tang B and Wu Z. Mid-
term outcome after tricuspid valve replace-
ment. Braz J Cardiovasc Surg 2020; 35: 644-
653. 

[6]	 Khan AL, Flett M, Yalamarthi S, Jeffrey RR, Ah-
See AK, Park KG and Keenan RA. The role of 
the intra-aortic balloon pump counterpulsation 

(IABP) in emergency surgery. Surgeon 2003; 1: 
279-282. 

[7]	 D’sa SR, Peter JV, Chacko B, Pichamuthu K 
and Sathyendra S. Intra-aortic balloon pump 
(IABP) rescue therapy for refractory cardiogen-
ic shock due to scorpion sting envenomation. 
Clin Toxicol (Phila) 2016; 54: 155-157.

[8]	 Siriwardena M, Pilbrow A, Frampton C, Mac-
Donald SM, Wilkins GT and Richards AM. Com-
plications of intra-aortic balloon pump use: 
does the final position of the IABP tip matter? 
Anaesth Intensive Care 2015; 43: 66-73. 

[9]	 Thiele H, Zeymer U, Thelemann N, Neumann 
FJ, Hausleiter J, Abdel-Wahab M, Meyer-Saraei 
R, Fuernau G, Eitel I, Hambrecht R, Böhm M, 
Werdan K, Felix SB, Hennersdorf M, Schneider 
S, Ouarrak T, Desch S and de Waha-Thiele S; 
IABPSHOCK II Trial (Intraaortic Balloon Pump 
in Cardiogenic Shock II) Investigators. Intraaor-
tic balloon pump in cardiogenic shock compli-
cating acute myocardial infarction: long-term 
6-year outcome of the randomized IABP-
SHOCK II trial. Circulation 2018; [Epub ahead 
of print]. 

[10]	 Sintek MA, Gdowski M, Lindman BR, Nassif M, 
Lavine KJ, Novak E, Bach RG, Silvestry SC, 
Mann DL and Joseph SM. Intra-aortic balloon 
counterpulsation in patients with chronic heart 
failure and cardiogenic shock: clinical re-
sponse and predictors of stabilization. J Card 
Fail 2015; 21: 868-876. 

[11]	 Verdoia M, Pergolini P, Barbieri L, Rolla R, Nar-
din M, Negro F, Suryapranata H and De Luca G; 
Novara Atherosclerosis Study Group (NAS). Im-
pact of pre-procedural dual antiplatelet thera-
py on periprocedural myocardial infarction in 
patients undergoing percutaneous coronary 
interventions with adjunctive tirofiban. Thromb 
Res 2018; 164: 17-23. 

[12]	 Xia T, Guan W, Fu J, Zou X, Han Y, Chen C, Zhou 
L, Zeng C and Wang WE. Tirofiban induces va-
sorelaxation of the coronary artery via an en-
dothelium-dependent NO-cGMP signaling by 
activating the PI3K/Akt/eNOS pathway. Bio-
chem Biophys Res Commun 2016; 474: 599-
605. 

[13]	 Lin L, Li W, Liu CC, Wu Y, Huang SH, Li XS, Liang 
CR, Wang H, Zhang LL, Xu ZQ, Wang YJ, Feng W 
and Zhang M. Safety and preliminary efficacy 
of intravenous tirofiban in acute ischemic 
stroke patient without arterial occlusion on 
neurovascular imaging studies. J Neurol Sci 
2017; 383: 175-179. 

[14]	 Li W, Fu X, Xue H, Wang Y, Wang X, Zhao Y, 
Geng W, Yang Z, Gu X, Hao G, Jiang Y, Fan W, 
Wu W and Li S. Efficacy and safety of standard-
dose versus half-dose tirofiban in patients with 
non-ST elevation acute coronary syndromes 



IABP pumps combined with tirofiban to treat acute myocardial infarction

9801	 Am J Transl Res 2021;13(8):9796-9801

undergoing early percutaneous coronary inter-
vention. Cardiovasc Ther 2013; 31: 210-214. 

[15]	 Liu N, Hou M, Ren W, Cao J, Wu H and Zhou W. 
Clinical research of treatment with tirofiban for 
high-risk non-ST-segment elevation acute coro-
nary syndrome during peri-operative interven-
tion operation period. Cell Biochem Biophys 
2015; 71: 43-47. 

[16]	 Changjiang H, Jian Q, Yuan Z, Liang Y, Puqing  
L and Xiaolong G. tirofiban combined with 
fondaparinux for post-PCI treatment of pa-
tients with acute coronary syndrome and mild 
renal insufficiency. Cell Biochem Biophys 
2015; 73: 603-607. 

[17]	 Li JP, Liu Q and Huo Y. Rationale and design of 
the ETN-STEP (Early administration of Tirofiban 
in mid to high risk patients with non-ST eleva-
tion acute coronary syndrome referred for per-
cutaneous coronary intervention) project: a 
multi-center, randomized, controlled clinic trial 
in Chinese patients. J Geriatr Cardiol 2012; 9: 
375-378. 

[18]	 Pong JZ, Ho AFW, Tan TXZ, Zheng H, Pek PP, Sia 
CH, Hausenloy DJ and Ong MEH. ST-segment 
elevation myocardial infarction with non-chest 
pain presentation at the emergency depart-
ment: insights from the Singapore Myocardial 
Infarction Registry. Intern Emerg Med 2019; 
14: 989-997. 

[19]	 Zhu HM, Zhou JM, Jin XJ, Fu MQ, Zhu LT, Cui XT, 
Fan Y, Cai DF and Ge JB. Observational study 
of Chinese Medicine Syndrome Distribution in 
patients with acute myocardial infarction and 
its impact on prognosis. Chin J Integr Med 
2019; 25: 825-830. 

[20]	 Song CX, Fu R, Yang JG, Xu HY, Gao XJ, Wang 
CY, Zheng Y, Jia SB, Dou KF and Yang YJ; CAMI 
Registry study group. Angiographic character-
istics and in-hospital mortality among patients 
with ST-segment elevation myocardial infarc-
tion presenting without typical chest pain: an 
analysis of China Acute Myocardial Infarction 
registry. Chin Med J (Engl) 2019; 132: 2286-
2291.


