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Abstract

Aim: The clinical effect of the injection of recombinant human prourokinase to infarction-related arteries during
percutaneous coronary intervention (PCI) in ST-segment elevation myocardial infarction (STEMI) patients who have slow
reflow/no reflow was investigated.

Methods: Data from STEMI patients who underwent emergency PCl at the Chest Pain Center of the First People's
Hospital of Changde City from April 2017 to December 2018 were collected for analysis.

Results: Whether the ST segment had decreased by more than 50% at 90 min and whether the creatine kinase
isoenzyme and cardiac troponin | had decreased by more than 50% were investigated. There were no significant
differences in the indexes of color Doppler echocardiography (left ventricular ejection fraction, left ventricular end-
diastolic diameter, ventricular aneurysm, and ventricular thrombus) within seven days after surgery and in the
ventricular tachycardia/ventricular fibrillation between the two groups (P > 0.05). There was no significant difference in
major adverse cardiovascular event between the two groups within one month after surgery (P > 0.05), but, there were
significant differences in the Thrombolysis in Myocardial Infarction (TIMI) classification, corrected TIMI frame count,
creatine kinase peak value, and the third-degree atrioventricular block (P < 0.05).
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Conclusion: The intracoronary injection of recombinant human prourokinase in patients with STEMI undergoing
emergency PCl is safe and effective.

Keywords: ST-segment elevation myocardial infarction, primary percutaneous coronary intervention, recombinant human

prourokinase, infarction-related artery

INTRODUCTION

The guidelines of the European Society of Cardiologym recommend percutaneous coronary intervention
(PCI) as the preferred strategy for reperfusion therapy in patients with acute ST-segment elevation
myocardial infarction (STEMI). However, when the thrombus load in the coronary artery is heavy, PCI
cannot effectively remove the thrombus and increases the risk of thrombus shedding, leading to the
occurrence of “slow blood flow” and “no reflow” in the distal infarction-related artery (IRA). For STEMI
patients with a high coronary artery thrombus load, the treatment strategy is particularly critical, which
has puzzled interventional doctors. The purpose of this study was to analyze the safety and efficacy of the
intraoperative injection of recombinant human prourokinase (rhPro-UK) in STEMI patients with a high
thrombus load during emergency PCI with IRA.

METHODS
Patient enrollment

From April 2017 to December 2018, 312 patients from the First People’s Hospital of Changde City met the
diagnostic criteria of STEMI based on the 2014 guidelines for the diagnosis and treatment of acute STEMI.
All patients underwent emergency PCI, and the IRA was successfully opened. These patients were divided
into two groups. Patients with high thrombus loads, which had been confirmed by coronary angiography,
were treated with rhPro-UK by guiding catheter infusion into the proximal end of the IRA, and were
placed in the Pro-UK group (n = 127). There were 109 males and 18 females in this group. The age of the
Pro-UK patients ranged from 20 to 86 years old, and the average age was 59.56 + 12.58 years old. Among
these patients, 7 patients underwent percutaneous transluminal coronary angioplasty (PTCA) and 120
underwent PCI. Six people were treated with an intra-aortic balloon pump and 23 patients were treated
with temporary pacemakers. For the affected vessels, there were 2 cases in the left trunk, 56 cases in the
anterior descending branch, 8 cases in the circumflex branch, and 61 cases in the right coronary artery.

Study protocol

Pro-UK group: according to a high thrombus load, as confirmed by coronary angiography, the patients
were treated with the intracoronary infusion of urokinase to the IRA. rhPro-UK was injected into the
coronary artery, into a minimum of one branch, a maximum of nine branches (5 mg/branch), and a
median of two branches. Seven patients underwent PTCA and 120 underwent PCIL

Control group: in patients who did not have a high thrombus load during the operation, rhPro-UK was not
injected into the coronary artery. Eight patients underwent PTCA and 177 underwent PCI.

Both groups were given aspirin 300 mg, clopidogrel 300/600 mg, or Ticagrelor 180 mg immediately before
the beginning of PTCA, followed by 100 mg/qd, 75 mg/qd or 90 mg/bid, respectively.

Statistical methods

If measurement data had a normal distribution, the mean + standard deviation (x + s) are shown, and
the difference between groups was compared by a t test. If the data had a nonnormal distribution, they
are represented by the median and quartile limits [M (Q1, Q3)], and the differences between these groups
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were compared by the Kruskal-Wallis rank sum test. The counting data are expressed as the percentage
constituent ratio or rate, and the comparisons between groups were performed by the Chi-square test or
Fisher test. Univariate and multivariate logistic regression analyses were used to identify the factors related
to major adverse cardiovascular events (MACEs). All analyses were performed with the statistical software
packages R (http://www.R-project.org, The R Foundation) and EmpowerStats (http://www.empowerstats.
com, X & Y Solutions, Inc, Boston, MA). P values less than 0.05 (two-sided) were considered statistically
significant.

Observational indicators and methods

Angiographic analysis

Coronary angiography was performed on the target lesion in the same projection to optimize the
Thrombolysis in Myocardial Infarction (TIMI) blood flow classification of the IRA. A visual evaluation
was performed by two experienced interventional cardiologists. The TIMI blood flow classification criteria
were as follows: Grade 0 (no perfusion), no forward blood flow at the distal end of the vascular occlusion;
Grade 1 (infiltration but no perfusion), the contrast medium was partially stopped and there was a
plug site, but it did not fill distal blood vessels; Grade 2 (partial perfusion), the contrast medium could
completely fill the distal end of the coronary artery, but the contrast medium filling and clearance speed
was slow; and Grade 3 (complete perfusion), the contrast medium could completely and rapidly fill the
distal blood vessels and was removed quickly.

Biochemical assays and ST-segment resolution

The concentrations of creatine kinase (CK) and creatine kinase isoenzyme (CK-MB) were measured by
immunoassays (BECKMAN COULTER Aus800 instrument). Cardiac troponin I (cInI) was measured by
a fluorescence immunoassay (Mini VIDAS instrument). The peak levels of CK-MB and ¢Tnl were used
as indexes to judge the size of the infarction. An electrocardiogram (ECG) was recorded 90 min after
the intervention, and a decrease rate of the ST segment of more than 50% was regarded as the cutoff of
myocardial reperfusion after PCL

Cardiac functions

One week after emergency PCI, left ventricular ejection fraction (LVEF), left ventricular end-diastolic
diameter (LVEDd), ventricular aneurysm, and ventricular thrombus were measured by Vivid 7 Dimension
color Doppler echocardiography.

Bleeding events and severe arrhythmias
Severe postoperative bleeding events (gastrointestinal bleeding and cerebral hemorrhage) and severe
postoperative arrhythmias [ventricular tachycardia/ventricular fibrillation (VT/VF) and third-degree
atrioventricular block] were recorded.

Follow-up
The main MACEs within one month after operation were recorded.

RESULTS

Baseline demographic, clinical, and angiographic characteristics

There was no significant difference (P > 0.05) in sex, age, risk factors, Killip classification, IRA, time from
onset to balloon dilatation, time from admission to balloon dilatation, number of dilated balloons used
during surgery, number of stents implanted, intraoperative aortic balloon counterpulsation operations, and
temporary pacemakers between the Pro-UK group and the control group [Table 1].



Page 4 of 8

Table 1. Demographic, clinical, and angiographic characteristics of the subjects
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Variables Pro-UK group (n7=127) Control group (7=185) P-value
Age (years) 59.56 +12.58 61.34 +11.73 0.203
Male [77 (%)] 109 (85.83%) 146 (78.92%) 0.121
Hypertension [17 (%)] 70 (55.12%) 113 (61.08%) 0.293
Hyperlipemia [17 (%)] 34 (26.77%) 69 (37.30%) 0.052
Diabetes [17 (%)] 25 (19.69%) 39 (21.08%) 0.764
Smoking [17 (%)] 51(40.16%) 65 (35.14%) 0.367
Killip [ (%)] 0.259

I 101 (79.53%) 149 (80.54%)

Il 10 (7.87%) 23 (12.43%)

1 12 (9.45%) 10 (5.41%)

[\ 4 (3.15%) 3 (1.62%)
pre-PCI TIMI classification [7 (%)] <0.001

0 107 (84.25%) 121 (65.41%)

1 14 (11.02%) 35 (18.92%)

2 6 (4.72%) 29 (15.68%)
Time from symptom onset to balloon dilatation (h) 6.00 (4.50-9.00) 7.00 (5.00-10.00) 0.193
Time from admission to balloon dilatation (min) 65.00 (48.50-85.00) 64.00 (47.00-93.00) 0.202
Infarction-related artery [17 (%)] 0.083

LM 2 (1.57%) 4 (216%)

LAD 56 (44.09%) 93 (50.27%)

LCX 8 (6.30%) 23 (12.43%)

RCA 61(48.03%) 65 (35.14%)
Number of implanted stents [/7 (%)] 0.864

PTCA 7 (5.51%) 8 (4.32%)

1 stent 91 (71.65%) 134 (72.43%)

2 stent 26 (20.47%) 36 (19.46%)

3 stents 3(2.36%) 7 (3.78%)
Suction catheter [7 (%)] 15 (11.81%) 7 (3.78%) 0.007
IABP used [7 (%)] 6 (4.72%) 11 (5.95%) 0.640
Temporary pacemaker [17 (%)] 23 (1811%) 27 (14.59%) 0.406

LM: left main stem; LCX: left circumflex artery; RCA: right coronary artery; IABP: intra-aortic balloon pump; PTCA: percutaneous
transluminal coronary angioplasty; PCl: percutaneous coronary intervention; TIMI: thrombolysis in myocardial infarction; Pro-UK:
prourokinase; LAD: left anterior descending branch

Evaluation of clinical effectiveness

The following indexes of the two groups were analyzed: the TIMI classification of the IRA immediately
after surgery and the corrected TIMI frame count (CTFC) were used to assess the blood perfusion of
culprit vessels; whether the ST segment had decreased by more than 50% at 90 min; and whether the peak
of CK-MB and cTnl had decreased by more than 50%. There were no significant differences in the indexes
of color Doppler echocardiography (LVEF, LVEDd, ventricular aneurysm, and ventricular thrombus)
within seven days after surgery (P > 0.05), but there was a significant difference in the TIMI classification,
CTFC, and CK peak value (P < 0.05) between the two groups [Table 2].

Clinical safety assessment

Eight patients had gastrointestinal bleeding. Two patients experienced cerebral hemorrhage in the Pro-
UK group, while 12 patients experienced gastrointestinal bleeding in the control group. There was no
significant difference in the severity of complications (P > 0.05) or the length of hospital stay (P > 0.05)
[Table 3] between the two groups. There was no significant difference in the VT/VF between the two
groups (P > 0.05), but there was a significant difference in the third-degree atrioventricular block (III° AVB)
(P < 0.05) between the two groups [Table 3].

Follow-up results
Cardiovascular Major Adverse Events (MACEs) is a clinically viable technique for accurate, rapid, and
safe evaluation of myocardial perfusion. In this study, MACE events included stent thrombosis, angina
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Table 2. Markers of infarct size, myocardial reperfusion, and cardiac functions
Variables Pro-UK group (7 =127) Control group (7 =185) P-value
Postoperative TIMI classification [/ (%)] 0.041

0 1(0.79%) 2 (1.08%)

1 0 (0.00%) 1(0.54%)

2 14 (11.02%) 6 (3.24%)

3 112 (88.19%) 176 (95.14%)
CTFC (mm) 23.26 +2.68 24.16 +3.65 0.047
CK peak value (U/L) 2625.50 (1548.75-4582.50) 2356.50 (1203.25-3797.00) 0.032
CK-MB peak value (U/L) 229.55 (110.60-371.33) 204.30 (96.30-329.65) 0.217
cTnl peak value (U/L) 9.53 (1.70-25.00) 7.55 (2.29-20.33) 0.5M
ST-segment resolution (> 50%) [77 (%)] 87 (68.50%) 139 (75.14%) 0.198
LVEDd (mm) 48.08 £5.73 4743 +5.26 0.307
LVEF (%) 58.28 +9.30 58.88 £9.03 0.569
Ventricular aneurysm [7 (%)] 14 (11.02%) 10 (5.41%) 0.067
Ventricular thrombus [17 (%)] 1(0.79%) 2 (112%) 0.769

CK: creatine kinase; CK-MB: creatine kinase isoenzyme-MB; LVEF: left ventricular ejection fraction; LVEDd: left ventricular end-diastolic
diameter; Pro-UK: prourokinase; TIMI: thrombolysis in myocardial infarction; CTFC: corrected TIMI frame count ; cTnl: cardiac troponin |

Table 3. Comparison of the indexes of severe bleeding events, severe arrhythmia events, and hospitalization days

Variables Pro-UK group (7 =127) Control group (7 = 185) P-value
Bleeding events 0.655
No 117 (9213%) 172 (92.97%)

Gastrointestinal bleeding 8 (6.30%) 12 (6.49%)

Cerebral hemorrhage 2 (1.57%) 1(0.54%)

VT/VF [n (%)] 14 (11.02%) 10 (5.41%) 0.067
[11° AVB [ (%)] 12 (9.45%) 7 (3.78%) 0.040
Hospitalization days (days) 10.00 (8.00-12.00) 9.00 (7.00-11.00) 0444

VT/VF: ventricular tachycardia/ventricular fibrillation; 111> AVB: third-degree atrioventricular block; Pro-UK: prourokinase

Table 4. Comparison of MACEs between the two groups within one month of surgery

Variables Pro-UK group (7 =127) Control group (77 = 185) P-value
Stent thrombosis [17 (%)] 0 (0.00%) 1(0.54%) 0.407
Angina pectoris [7 (%)] 6 (4.72%) 4 (216%) 0.207
Stent rethrombosis [77 (%)] 2 (1.57%) 1(0.54%) 0.358
Congestive heart failure [7 (%)] 32 (25.20%) 38 (20.54%) 0.333
Cardiac death [7 (%)] 7 (5.51%) 9 (4.86%) 0.799

MACEs: major adverse cardiovascular events; Pro-UK: prourokinase

pectoris, stent rethrombosis, congestive heart failure, and cardiac death. There was no significant difference
in MACEs between the two groups within one month after surgery (P > 0.05; see Table 4).

Logistic regression analysis

The MACEs that occurred within one month after surgery in the two groups were used as study Y and
whether to use rhPro-UK as X, and three logistic regression models were constructed according to the
different confounding factors. The results of the rough model (without adjusting for any confounding
factors), the microadjustment model (adjusting for only age and sex), and the overall adjustment model
(adjusting for sex, age, hypertension, hyperlipidemia, diabetes, smoking, number of stents implanted,
number of balloons used, Killip, post-PCI TIMI classification, time from symptom onset to balloon
dilatation, and time from admission to balloon dilatation) show that the use of rhPro-UK was not
significantly associated with the risk of MACEs (P > 0.05; see Table 5).



Page 6 of 8 Qin et al. Vessel Plus 2020;4:2 | http://dx.doi.org/10.20517/2574-1209.2019.22

Table 5. Logistic regression analysis

Exposure Non-Adjusted Adjusted | Adjusted Il
Pro-UK group 1.0 1.0 1.0
Control group 0.77 (0.47,1.27) 0.3036 0.73(0.44,1.22) 0.2292 0.79 (0.44,1.44) 0.4475

Adjusted model I|: adjusted for sex and age; adjusted model Il: adjusted for sex, age, hypertension, hyperlipidemia, diabetes, smoking,
number of stents implanted, number of balloons used, Killip, post-PCI TIMI classification, time from symptom onset to balloon dilatation,
and time from admission to balloon dilatation. Pro-UK: prourokinase; PCl: percutaneous coronary intervention; TIMI: thrombolysis in
myocardial infarction

DISCUSSION

Emergency PCI can open IRAs in a timely and effective manner and can improve clinical prognosis.
However, studies have shown that" approximately 30%-50% of STEMI patients do not achieve effective
myocardial reperfusion after PCI. Kaul et al” pointed out that myocardial perfusion disorder is an
independent predictor of poor prognosis after emergency PCI. Considering that the burden of coronary
artery thrombosis in patients with STEMI is often heavy, the compression of a balloon or stent during
emergency PCI may result in the fragmentation and shedding of thrombi. The microthrombi that comprise
thrombus segments detach from unstable plaques and aggregate with platelets, resulting in slow blood

flow/no reflow™”.

As part of a new generation of thrombolytic drugs, rhPro-UK can selectively activate fibrin-binding
fibronase, converting fibronase into fibrase, which can dissolve thrombi and reduce the thrombus burden.
rhPro-UK can prevent the occurrence of slow blood flow/no reflow during emergency PCI and does
not affect the coagulation function of the whole body. In recent years, the treatment of intracoronary
thrombolysis in PCI has represented a new era for thrombolysis/PCI combination therapy. Sezer et al
found that the intracoronary injection of streptokinase immediately after direct PCI can effectively
increase myocardial perfusion. A domestic study by Zhao et al.” showed that rhPro-UK had a high
effectiveness for opening IRAs, and the incidence of bleeding complications was low, thus rhPro-UK is a
safe treatment method. In another study, Zhao et al” showed that mechanical thrombectomy combined
with rhPro-UK thrombolysis presented a more favorable efficiency in the treatment of moderate to
severe acute cerebral infarction than single treatment, and the occurrence of adverse effects was similar
between the combination and single treatments. In two other recent basic studies in animal models”™"”,
the results of the studies proved that rhPro-UK promoted thrombolysis and recanalization (patency rate)
and did not increase the risk of bleeding. The abovementioned studies confirmed that the use of rhPro-
UK can effectively promote thrombolysis without increasing the risk of bleeding. Our study showed
that there was no difference in postoperative gastrointestinal bleeding and bleeding events between the
two groups, suggesting that it is safe to administer rhPro-UK to IRAs through guiding catheters. The
results are consistent with the abovementioned research results. In a recent study[“], in patients with
STEMI complicated with a long delay in PCI, emergency PCI combined with rhPro-UK thrombolysis
showed significantly better myocardial perfusion of IRAs than direct PCL. Geng et al.""! showed that the
intracoronary injection of rhPro-UK through a balloon catheter could effectively improve myocardial
perfusion in patients with STEMI. Our results show that the postoperative blood flow TIMI classification
in the Pro-UK group was significantly higher than that before operation. Although there was a significant
difference in the postoperative TIMI classification between the two groups, as a result of the degree of the
thrombus load in the Pro-UK group, there was no difference in the ST return rate, color sonography, and
MACESs between the two groups, suggesting that the administration of rhPro-UK to IRAs through guiding
catheters is effective, which is consistent with the abovementioned results.

Previous studies have shown that"” rhPro-UK can be injected into the coronary artery in a variety of
ways, such as guiding catheters, microcatheters, suction catheters, and drug balloons. Microcatheters or
suction catheters require the guide wire to be withdrawn before drug injection and for the guide wire to
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be reinserted during treatment, which increases the surgery time and the risk of complications; however,
the new perfusion balloon is expensive, which limits its clinical application. It has been reported"” that
this drug could be injected into the target vessel through the side hole of the balloon by using a modified
balloon catheter, and the high local concentration of this drug was used to treat slow blood flow/no reflow.
However, the operation including the abovementioned methods is relatively complex, requiring a more
extensive operation and prolonging the operation time, thus this procedure is not suitable for use in
emergency PCI at most chest pain centers. In this study, rhPro-UK was directly injected into the coronary
artery through a guiding catheter. This operation process is simple and does not affect the operation flow.
We aimed to adopt a simple and low-cost method. At present, in the process of promoting the construction
of a nationwide “chest pain center’in China, this method has been shown to be suitable for most chest
pain centers. Although the administration of a guiding catheter leads to the outflow of part of the rhPro-
UK out of the guiding catheter, most of the drug can reach the middle and distal end of the affected vessel
in the direction of the blood flow, achieving effective results. In this study, there was no difference in the
time from the onset to balloon dilatation and from admission to balloon dilatation between the Pro-UK
group and the control group, suggesting that the administration of drugs through the guiding catheter
did not affect the operation time and procedure. Additionally, with the improvement of myocardial
reperfusion, there was no significant difference in the results of cardiac color Doppler ultrasounds between
the two groups, including LZVEF, LVEDd, ventricular aneurysm, ventricular thrombus, and segmental wall
motion abnormality. Reinstadler et al"™ found that the ST-segment return rate was an important index
of myocardial perfusion after emergency PCI. There was no difference in the ECG ST-segment return rate
between the two groups. Previous studies have shown that" a higher Killip grade is associated with higher
mortality. In our study, MACEs were positively correlated with the Killip grade, as higher Killip grades
were associated with a higher incidence of MACEs, which is consistent with the results described above.
MACEs are a new clinically feasible measure of the accurate, rapid, and safe evaluation of myocardial
perfusion™. During the follow-up period of one month, there was no difference in MACEs between the
two groups. In this study, the ST return rate, based on ECG and color Doppler echocardiography, and
MACESs were studied. There was no difference between the Pro-UK group and the control group in regard
to these parameters. Multivariate regression analysis showed that there was no significant association
between the use of rhPro-UK and the risk of MACEs. In conclusion, in conditions of high thrombus load
during emergency PCI, rhPro-UK administration to the IRA through a guiding catheter was not associated
with an increase in the incidence of bleeding complications and MACEs, suggesting that this method is
safe and effective.

This study, in addition to having an insufficient sample size and a short follow-up time, was not a
randomized controlled prospective study. Additionally, there was no standard dosage for all patients in
the Pro-UK group. Considering that different dosages and routes of administration may affect the efficacy
and safety of the drug, further study is needed to explore the optimal dose and route of administration of
rhPro-UK in IRAs.
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