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ORIGINAL ARTICLE

Optimizing anticoagulant therapy in primary PCI for
STEMI – time matters?
Vlad Bataila1, Lucian Calmac1, Alexandru Scafa Udriste1,2, Diana Stanciulescu1, Maria Dorobanu1,2

INTRODUCTION
ST-elevation myocardial infarction is the most severe
expression of coronary vascular disease with a great
deal of burden on patients life expectancy but also on
health systems. Much effort has been spent towards
improving outcomes and because of that, its management has considerably evolved over the past decades.
Nowadays, we have therapeutic protocols for both
medical and interventional treatment that have been
extensively studied and have significantly improved patients outcome. Reperfusion therapy is indicated in all
STEMI patients with primary percutaneous coronary
intervention (PCI) as the preferred strategy. The aim
of treatment is to establish myocardial reperfusion as
soon as possible, therefore decreasing all patient related major outcomes. Current guidelines recommend
that all patients undergoing primary PCI should receive double antiplatelet therapy (DAPT), aspirin and a
P2Y12 inhibitor1. Regarding the anticoagulant therapy,
guidelines recommend either unfractionated heparin
(UFH) as the first choice, iv enoxaparin or bivalirudin1. Although the current guidelines clearly mention
that the setting for the anticoagulant therapy should
be cath lab related, very few information from the modern reperfusion era is available regarding the timing
of administration, whether at first medical contact or
in the cath lab. The current study attempts to evaluate the impact of early UHF administration along with
double antiplatelet therapy on reperfusion parameters.

OBJECTIVES
We analyzed the impact of early unfractionated heparin administration along with DAPT in STEMI patients
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referred to primary PCI on coronary flow, myocardial perfusion, in-hospital major adverse clinical events
(MACE) and major bleeding.

MATERIALS AND METHODS
This is an observational, retrospective, non-randomized study with subjects from a high volume primary
PCI centre. The sample included patients with acute
ST-segment elevation myocardial infarction admitted
in our clinic in 2016, upon which an invasive coronary
procedure was performed.
We selected the study patients by the following criteria:
 Inclusion criteria:
- Patients diagnosed with confirmed acute STsegment elevation myocardial infarction;
- Time from symptom onset to primary angioplasty not more than 24 hours;
- First acute coronary syndrome.
 Exclusion criteria:
- Administration of fibrinolytic therapy;
- History of acute coronary syndrome;
- Not STEMI diagnostic
- Time from symptom onset to primary angioplasty more than 24 hours;
- Insufficient data.
Data was gathered from the internal database of
the cath lab as well as from the patients observation
charts. We defined that the non-invasive reperfusion
criterion was met if we identified the decrease of ST
segment elevation by more than 50% between the
electrocardiogram from the first medical contact and
the one before the angiography.
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Table 1. Baseline characteristics of Group A and of Group B

Age m (IQR)
Female. n%
Smokers. n%
AHT. n%
Dyslipidemia. n%
DM. n%
Stroke. n%
History of angina. n%
Severe valvulopathy. n%
HR>100 bpm. n%
SBP <100 mmHg. n%
Anterior MI. n%
Killip class >1. n%
Pre-hospital medication
ASA. n%
P2Y12 inhibitors. n%
Anticoagulation. n%
Beta-blocker. n%
Statin. n%

Lot A
(n = 128)
60.8 (21)
35 (27.3%)
84 (65.6%)
93 (72.7%)
76 (59.5%)
28 (21.9%)
9 (7%)
33 (25.8%)
5 (3.9%)
15 (12.5%)
10 (8.5%)
56 (46.3%)
13 (10.8%)

Lot B
(n = 148)
59.1 (23)
49 (32.9%)
89 (60.1%)
115 (77.2%)
95 (63.8%)
39 (26.2%)
7 (4.7%)
49 (32.9%)
7 (4.7%)
9 (8.7%)
6 (6.5%)
35 (36.5%)
26 (11.9%)

0.39
0.35
0.38
0.40
0.46
0.48
0.70
0.43
0.82
0.39
0.79
0.16
0.67

17 (13.3%)
3 (2.3%)
1 (0.8%)
21 (16.4%)
17 (13.3%)

24 (22.1%)
5 (3.4%)
9 (6.0%)
22 (14.8%)
20 (13.4%)

0.61
0.73
0.02
0.74
0.99

P

Significant p value <0.05; AHT=arterial hypertension; DM=diabetes mellitus; HR=heart rate; SBP=sistolic blood pressure; ASA=aspirin; IQR=interquartile range 25-75.

variables were presented as averages and interquartile ranges and were compared using two tailed t-test
or ANOVA. Also, when dealing with sparse data, we
used Wilcoxon sum rank test and Fischer exact test.
Finally, for categorical predictors, simple logistic regression and multivariate regression for adjustment
for confounders were used. In all cases, a two sided p
value of 0.05 was used for significance.
Figure 1. Comparison between the time from syptom onset to antithrombotic treatment.

Regarding statistical analysis, categorical variables
were presented as absolut values and percentages and
were compared using chi-square test and continous

RESULTS
The sample included 276 patients selected from 520
patients diagnosed with acute ST-segment elevation
myocardial infarction, admitted directly to the Bucharest Emergency Clinical Hospital or transferred from
another hospital for primary PCI, that met the inclu-

Table 2. Treatment management characteristics of Group A and of group B

Clopidogrel loading dose. n%
Ticagrelor loading dose. n%
Ischaemic time. m minutes (IQR)
Time to anticoagulation. m minutes (IQR)
Reperfusion criteria. n%
Coronary artery occlusion. n%
Min Hb. g/dl. (IQR)
Death. n%

Lot A
(n = 128)
72 (56.3%)
52 (40.6%)
546 (364)
476 (335)
43 (33.6%)
59 (46.1%)
12.4 (3)
8 (6.2%)

Lot B
(n = 148)
55 (36.9%)
28 (18.8%)
357 (276)
315 (245)
15 (10.1%)
59 (39.6%)
12.4 (3)
7 (4.7%)

P
0.002
<0.001
<0.001
<0.001
<0.001
0.33
0.93
0.16

Significant p value <0.05; Hb=haemoglobin; EF=ejection fraction; IQR=interquartile range 25-75.
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Figure 2. Comparison between ST-elevation at diagnosis vs. 24 hours after primary angioplasty.

Figure 3. Comparison between ST-elevation depression lot A vs. lot B

sion criteria. The group of 278 subjects were divided
into two lots (A and B) depending on the time of unfractionated heparin administration in relation to the
coronary intervention procedure. Group A is composed of 128 patients who received unfractionated heparin at the first medical contact and group B consists of
148 patients who were delayed in the administration
of unfractionated heparin, at the PCI centre.
There were less women, less hypertensives and less
diabetics in Lot A but more smokers and patients with
dyslipidemia. The lot A patients had worse vital signs

but also were in a better Killip class at admission. Regarding the ongoing medication, there was a statistical
significant difference in oral anticoagulation before the
index event, with more patients receiving therapy in
lot B. There were no statistically significant differences
in characteristics between the 2 groups regarding baseline data, risk factors, and ongoing medication prior
to the event (except for oral anticoagulation), thus inferring that the 2 groups are homogeneous (Table 1).
Regarding the in-hospital management of the patients, we evaluated the double antiplatelet treatment,
with significantly more patients receiving a loading
dose of clopidogrel (56.3% vs 36.9%, p = 0.002) or
ticagrelor (40.6% vs 18.8% p<0.001) in lot A. The total
ischaemic time was higher in lot A, with an average of
546 minutes vs 357 min, p<0.001. Significantly more
patients in group A had reperfusion criteria (33.6% vs
10.1%, p<0.001) but there was only a trend for more
patent coronary arteries in group A (46.1% vs 39.6%,
p=NS). There were no statistical significant differences in minimal haemoglobin, ejection fraction or all
cause death.
Regarding the moment of heparin administration
after symptom onset, there are differences with statistical significance: group A received HNF on average
after 255.95 minutes, and group B received the anti-

Table 3. Regression analysis for spontaneous reperfusion criteria predictors
Variables
Age
DM
AHT
Lot A
Ticagrelor loading dose
Ischaemic time (h)

Univariate/independent
O.R. (95% C.I.)
0.99 (0.97–1.01)
1.01 (0.90–1.15)
0.54 (0.29–1.02)
1.08 (1.01–1.15)
1.53 (0.83 – 2.84)
1.08 (1.02–1.14)

Significant p value <0.05; DM=diabetes mellitus; AHT=arterial hypertension; Lot A=early heparin group.
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P–value
0.6
0.76
0.06
0.015
0.16
0.003

Multivariate/adjusted
O.R. (95% C.I.)
1.05 (0.97– 1.01)
1.038 (0.90–1.19)
0.61 (0.29–1.25)
4.04 (1.94–8.28)
1.16 (0.59–2.32)
1.05 (0.99–1.11)

P–value
0.56
0.58
0.18
<0.001
0.65
0.09
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coagulant on average after 346.51 minutes (Figure 1).
Group B received the UFH approximately 90 minutes
later than group A with statistically significant differences (p = 0.0054).
Analysis of electrocardiographic changes by ST elevation sum from diagnosis and 24 hours after PCI was
performed. For group A the average of ST segment
elevation amplitude at first medical contact is 11.85
mm and 24 hours after angioplasty is 3.98 mm. The
ST-segment elevation decreases on average by 7.87
mm (p <0.01). For group B the average is 11.12 mm
and 24 hours after is 3.76 mm, the ST segment elevation decreasing on average by 7.36 (p <0.05) (Figure 2).
Both study groups showed signs of myocardial reperfusion 24 hours after PCI. There were no significant
differences regarding the evolution of the electrocardiographic aspect between the study groups at 24 hours after PCI (Figure 3).
Following a binomial univariate logistic regression
performed in order to evaluate spontaneous reperfusion, numerous predictors were identified, with ischaemic time and early administration of heparin being
statistically significant. The lack of arterial hypertension and ticagrelor loading dose almost achieved significance. After adjusting for confounders, only early
administration heparin was identified as independent
predictor (O.R. 4.04; C.I. 1.94-8.28) and also ischaemic time measured in hours (O.R. 1.05; 95% CI 0.99
– 1.11) was close to reach significance (Table 3).
TIMI flow 3 was obtained in the large majority of
the patients, with only 4 patients, two in each group
with coronary TIMI flow 2. Eptifibatide was administered intraprocedurally, with a single dose as bailout,
with no significant difference between groups (16.96%
vs 15.66%, p – NS).
There were only two major bleeding events requiring transfusion and a similar average lowest haemoglobin between groups. Global all-cause in-hospital
mortality was 5.4%. There were more patients that
died in group A than B (6.2% vs 4.7%; p NS).

DISCUSSIONS
STEMI is one of the leading morbi-mortality causes
in modern times. It has an extremely high social, logistic and financial burden on all healthcare services
from the primary sector to the tertiary care centers.
Nowadays, primary PCI is the cornerstone in STEMI
treatment. A well defined pipeline of actions was established in pre-hospital as well as in-hospital care in order to lower the ischaemic time as much as possible1-4.

The antithrombotic therapy is the mainstay of the
pharmacological treatment in STEMI. In present primary PCI era, the antiplatelet and anticoagulant therapies have an adjunctive role. They are used for preventing stent thrombosis and vessel reocclusion and
to prevent blod clot formation on the devices used
during primary PCI.
Medical practice guidelines today have very specific recommendations regarding the antithrombotic
regimen in STEMI. Both antiplatelets, aspirin and a
P2Y12 inhibitor have a class I recommendation and it
is also mentioned that should be administered as soon
as possible in patients with STEMI that undergo primary PCI1-4. Regarding only to P2Y12 inhibitors, it was
demonstrated that clopidogrel given in loading dose
as soon as possible is superior to in-cath lab administration5. On the other hand, early administration of
ticagrelor failed to improve patients outcome compared to in-catheterization laboratory treatment in two
large trials6,7.
The medical guidelines recommend heparin as first
choice of anticoagulation treatment in STEMI in patients undergoing primary PCI1. It is widely used in
Europe and there is good experience with it in the
cath lab, and its action can be monitored by the activating clotting time. Although the adjunctive effect
in coronary reperfusion is supported by the pharmacodynamics of heparin, this was not researched in
modern clinical trials. An older, non-randomized, not
controlled trial, showed that high dose heparin (300U/
kg) led to better coronary reperfusion8. Current guidelines do not support or even mention the use of heparin outside the cath-lab and fibrinolytic therapies2,19,
although up-stream use of heparin in patients that will
undergo primary PCI is reported by some centres11.
The cornerstone of STEMI treatment is the re-establishment of coronary flow with the more important
consequence of eliminating the myocardial ischaemia.
This is performed either pharmacological or interventional, but in 7-27% of patients this happens spontaneously before the standard reperfusion therapy, usually
with a very good outcome12,13. Spontaneous oronary
reperfusion (SR) is also accompanied by a significantly
easier PCI procedure. As the administration of heparin during primary PCI is the standard of care, a question arises regarding the benefits of up-stream use of
heparin in STEMI patients that will undergo primary
PCI compared to the standard cath-lab administration.
The present study aims to present the effect of antithrombotic therapy and its timing in real-life patients
from a registry in a high volume PPCI centre. The sig219
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nificant difference between groups regarding oral anticoagulation between groups can be explained by the
restraint of administering heparin in that group. The
most important result was the presence of non-invasive reperfusion criteria, with significant more cases of
ST segment resolution in lot A. The resolution of the
ST segment during STEMI is correlated with a lesser
degree of microvascular disfunction and a lower morbidity and mortality with better outcomes14,15. Although there was only a statistical trend, there were more
cases of patent cuplrit artery in lot A. Older studies
that evaluated facilitated reperfuson with trombolytics
or GPIIbIIIa inhibitors had as primary endpoints a patent STEMI culprit artery at invasive evaluation, but
with no difference in clinical outcomes, although some
trials had patency rates as high as 61%16. On the other,
SR was associated with significant better outcomes17.
Also, it is important to take notice of the significantly more patients being treated early with double
antiplatelet in the first group. This is possibly explained
by the fact that the whole antithrombotic regimen,
both antiplatelet and anticoagulant, is usually administered in the first medical contact centre. Therefore
this could partially explain the effect on spontaneous reperfusion in this study, although the multivariate
adjusted regression analysis showed that only early
heparin was associated with reperfusion. It is worth
mentioning that in this study, one might describe the
SR as facilitated reperfusion. This term was historically associated with routine upstream administration
of GpIIbIIIa inhibitors or trombolytics either in full or
in half dose before primary PCI. These studies did not
show net clinical benefits and also increased the bleeding risk18-20. In present days there is no indication
for facilitated reperfusion. Having in mind that the entire STEMI treatment management should consist of
a concerted action between the antithrombotic and
antiischemic medication on one hand and the invasive
act on the other hand, we could name it a pharmacoinvasive approach.
Long ischaemia times have a significant impact on
the entire STEMI treatment paradigm with worse outcomes21. On the other hand, in this study, the significance of ischaemia time comes from the longer transfer time in lot A (90 min. on average) that could lead
to more time for the antithrombotic medication to act
and as a consequence to increase the reperfusion rate.
Longer ischaemia time in lot A could also come from
selection bias. A cornerstone trial regarding primary
PCI network showed that transfer from 120 km and a
delay of 60 minutes are tolerable and with good out220
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come. In this trial, after transfer and antithrombotic
therapy, there was a patent artery rate of 31%.22 It is
worth mentioning that there is still a high percentage
of patients in Romania that do not receive thrombolytic therapy despite guideline indication23,24. In this light,
there is even more potential benefit of complete antithrombotic treatment at first medical contact. The
administration of heparin at first medical contact was
shown to be safe, with no additional risk of bleeding.
There was a higher percentage of patient deaths in lot
A, possibly cause by a longer ischaemia time and a low
patient number included.

CONCLUSIONS
The management and network of STEMI is one of the
most well defined in today’s health systems. Although
the related morbidity and mortality has been decreasing since the implementation of STEMI programs,
it still represents a significant burden on people and
healthcare systems, especially in countries or regions
with suboptimal resources. The present study reflects the reality of Romania’s STEMI network, with
long ischemia times and patients receiving incomplete premedication. Its results are hampered by a lack
of randomization and by a low number of patients. A
new registry type study, with a much larger number
of consecutive patients, that could shed more light on
the effect of heparin on reperfusion at first medical
contact, is on the way.
Conflict of interest: none declared.
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