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D ABsTRACT

Objective: To determine the effectiveness and safety of enoxaparin as antico-
agulant in patients undergoing elective percutaneous coronary intervention for
stable coronary artery disease.

Methodology: This study was conducted at the Department of Department of
Cardiology, Hayat Abad Medical Complex, Peshawar, from March 2013 to De-
cember 2017. All patients who underwent elective percutaneous coronary inter-
vention (PCI) for stable coronary artery disease were included in the study. We
retrospectively analysed our data for short term outcome of efficacy and safety
with use of enoxaparin as procedural anticoagulant. The dose of enoxaparin
used was 0.75-1mg/kg. Sheath removal with manual compression haemostasis
was performed 6 hours after the femoral route and within first hour after the
radial procedure. Data were analysed by SPSS version 23.

Results: A total of 3190 elective PCls with enoxaparin as anticoagulant were
performed in the study period. Mean age of the patients was 57.48 +6.9 years
and 70% were males. Among the efficacy end points, major adverse cardio-
vascular events occurred in 1.4%. Mortality of any cause was 0.34% in the total
patients studied. Urgent repeat revascularization for acute stent thrombosis
was performed in 0.4% of patients. Acute Ml and ischemic strokes occurred in
0.50% and 0.15% of patients respectively. Among the safety end points, major
bleeding occurred in 0.37% of patients. Intracerebral bleeds and coronary per-
forations were 0.06% each. Minor bleeding that did not cause any significant
morbidity were in 2.85% patients.

Conclusion: Enoxaparin in a weight based regimen can be used effectively and
safely for percutaneous coronary interventions for stable coronary artery dis-
ease.
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D 'NTRODUCTION

a rapid onset of action, effective in reducing ischemic
complications with a dose-dependent and predictable

Anticoagulation is mandatory during PCl both for
elective and acute coronary syndrome patients. It is giv-
en to prevent the ischemic complication of putting for-
eign body (stents) inside the vessel lumen. Stent place-
ment can disrupt the endothelium and predisposes the
underlying tissue to stimulate the coagulation cascade.
This may lead to acute stent thrombosis causing acute
myocardial infarction, death and also long term com-
plications. The ideal anticoagulant for PCI should have
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effect and not associated with increased risk of bleed-
ing. Additionally, it should have a wide therapeutic
window and quick reversibility is possible with antidote
or short half-life. However, all these properties are not
possessed by any of the available anticoagulant drugs.

Currently, unfractionated heparin, low molecular
weight heparin, bivalirudin and fondaparinox are used
during PCI. The most widely used and studied anticoag-
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ulant during PCl is unfractionated heparin and has got
class 1 recommendation in most guidelines'. However,
there are several limitations for the use of unfraction-
ated heparin. These include heparin-associated throm-
bocytopenia, not binding to clot-bound thrombin and
variable response in different individuals. Moreover,
due to its unpredictable effect and need for close mon-
itoring with activated clotting time, its use during PCl is
limited*>.

The anticoagulant response of heparin is made
non-linear because of the the complex kinetics of hepa-
rin clearance and every incremental dose results in dis-
proportionately increased duration of effect. One study
reported that after an intravenous bolus of 100 U/kg,
the half-life of heparin increases to 60 minutes and with
a bolus of 400 U/kg it further raised to 150 minutes®.
The current European Society of Cardiology guidelines
recommends heparin in a dose of 70-100 1U/kg for PCI
of stable coronary artery disease’. With use of hepa-
rin, activated clotting time of 300 to 350 is associated
with least bleeding as well as ischemic complications.
Because of its dose dependant and person dependant
variability, heparin requires frequent activated clotting
time monitoring during the procedure. It is also associ-
ated with poor control on von Willebrand factor release,
platelet activation leading to pro-thrombotic properties
and the phenomenon of rebound thrombin generation
upon discontinuation®.

In 2012, several acute stent thromboses occurred
in hours after PCl in our Cath. lab in a series of cas-
es. The problem was traced to be related to heparin.
Several manufactural versions of heparin are avail-
able here including original manufacturer and several
generics. There is additional problem of storing it, at
times for long time, in our tropical environment. Tak-
ing these considerations into account, we switched our
procedures from then onward to enoxaparin. Enox-
aparin is the only low molecular weight heparin with
large volume of published evidence regarding its use
in interventions for both stable ischemic heart disease
and acute coronary syndrome®. It provides predictable
anticoagulation effect and does not require frequent
monitoring™'".

Enoxaparin is given by intravenous injections during
primary PCl for its rapid onset of anticoagulation ef-
fect. For elective PCl, it has been used both by intrave-
nous and subcutaneous routes. Only one multinational
company manufactured enoxaparin is available in our
country. It is available in prefilled syringes in multiple
strengths and cold chain is well maintained. Evidence
of it safety and efficacy is available®®. Although data of
enoxaparin safety and efficacy in comparison to heparin
is available in interventions for stable coronary artery
disease, it is still not used routinely as sole anticoagu-
lant for PCI. Most centres in Pakistan and internationally
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still use heparin. Local evidence for the use of enoxa-
parin as anticoagulant in elective PCl is not available.
Therefore, we decided to determine the effectiveness
and safety of enoxaparin as alternative to heparin in
elective PCl for stable coronary artery disease by analys-
ing our five-years data. Intra-arterial use of enoxaparin
was also looked for its safety.

I MeTHODOLOGY

This study was conducted at the Department of Car-
diology, Hayat Abad Medical Complex, Peshawar, from
March 2013 to December 2017. All patients of any age
and either gender who underwent elective PCl for sta-
ble coronary artery disease were included in the study.
We retrospectively analysed our data for short term
outcome of efficacy and safety with use of enoxaparin
as procedural anticoagulant. The dose of enoxaparin
used was 0.75-1mg/kg. Patients having weight less than
80 kg received 60 mg of enoxaparin and those having
weight more than 80 kg received 80 mg of enoxaparin.
Additional 20 mg enoxaparin was given to those having
body weight of more than 110 kg.

As we have no primary PCl program, those patients
who underwent PCl electively for failed thrombolysis or
those patients who were having ongoing ischemia de-
spite ST resolution with thrombolysis were also includ-
ed. Occasional patients of acute coronary syndrome
other than ST elevation myocardial infarction, who
underwent PCl more than 24 hours after hospitaliza-
tion were also included in the study. Exclusion criteria
were all those patients who needed PCl and were on
oral anticoagulants; patients who came for diagnostic
coronary angiography and underwent PCl in emer-
gency for critical lesions or as bailout procedure who
became symptomatic during the procedure; and post
CABG patients who underwent elective PCl for venous
graft. Sheath removal with manual compression hae-
mostasis was performed 6 hours after the femoral route
and within first hour after the radial procedure. We also
used enoxaparin intra-arterially in the arterial sheath of
both femoral and radial arteries or through the guid-
ing catheter in the aorta but never intra-coronary. This
intra-arterial use of enoxaparin for PCl has never been
reported elsewhere.

The primary efficacy outcome included ischemic
events occurring in hospital (short term) or within 7
days. Major adverse cardiovascular event was defined
as occurrence of myocardial infarction, urgent revas-
cularization of target vessel or lesion, stroke or death.
Myocardial infarction was defined as acute Ml after the
PCl procedure who were thrombolysed or otherwise
treated and ECG findings were suggestive of occlusion
of the vessel being stented and did not undergo cardiac
catheterization. Safety endpoints included the bleeding
complications of PCl and were defined as given in Ta-
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ble 1. Descriptive statistics (frequency, percentages and
mean +SD) were used accordingly. Data were analysed
by SPSS version 23.

D RresuLts

AA total of 3190 elective PCls with enoxaparin as an-
ticoagulant were performed in the study period. Mean
age of the patients was 57.48 +6.9 years and 70% were
males. However, there was an increasing trend of female
patients progressively each year (Figure 1). Hypertensive
patients were 22.8% of the total number. Female dia-
betic patients (30.43%) were more than males (28.67%).
Diabetes and hypertension both were present in 11.7%
of all the patients. More female patients (14.87%) were
both hypertensive and diabetic compared to 10.31% of
male patients (Table 2).

Among the efficacy end points, major adverse car-
diovascular events occurred in 1.4% of patients. Mortal-
ity of any cause was 0.34% in the total patients studied.
Urgent repeat revascularization for acute stent throm-
bosis was performed in 0.4% of patients. Other details
are shown in Table 3.

Among the safety end points, major bleeding oc-
curred in 12 (0.37%) of patients. Groin haematomas that
caused mortality or drop in haemoglobin concentration
and required three or more blood transfusions were
included in major bleeds and occurred in 8 (0.25%) of
patients. Minor bleeding that did not cause any signif-
icant morbidity were in 91 (2.85%) patients. Access site
haematomas that responded to manual compression
were found in 1.72% patients. Other details are shown
in Table 4.

Figure 1: Number of patients for PCI during study period

Number of patient for PCl Yearly

m Male = Female Tota

Table 1: Bleeding complications of PCI

Type

Examples

Fatal bleeding
Major Bleeding

Intra-cerebral bleed

Bleeding requiring transfusion
Bleeding requiring surgical intervention
Retroperitoneal bleed

Gross hematuria

Minor Bleeding Epistaxis

Access site hematoma not requiring transfusion or surgical intervention

Sub-conjunctival hemmorrhage
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Table 2: Baseline demographic and clinical characteristic of patients

Variables Male Female Total

Mean Age (years) 58.69 + 7.55 55.84 + 6.24 5748 + 6.9
Weight (Kg) 83.46 + 9.6 7432 + 84 79.63 + 8.7
Hypertension 519 (23.4%) 214 (22.1%) 727 (22.8%)
Diabetes 637 (28.67%) 294 (30.43%) 931 (29.2%)
Diabetes and Hypertension 229 (10.31%) 144 (14.87%) 373 (11.7%)

Table 3: Primary efficacy end points in PCI patients with enoxaparin (n=3190)

Events Frequency Percentage
Major Adverse Cardiovascular Events 45 1.4%
Death of any Cause 11 0.34%
Urgent repeat Revascularization 13 0.41%
Myocardial infarction (Not Revascularized) 16 0.50%
Ischemic Stroke 5 0.15%

Table 4: Safety end points in PCI

patients with enoxaparin (n=3190)

Complications Frequency Percentage
Major Bleeding 12 0.37%
Haematoma 8 0.25%
Intracerebral Bleeding 2 0.06%
Coronary Perforation 2 0.06%
Minor Bleeding 91 2.85%
Access site Haematoma 55 1.72%
Haematuria 16 0.5%
Conjunctival Haemorrhage 07 0.21%
Epistaxis 13 0.4%
Death 1 0.03%

I piscussion

Unfractionated heparin is recommended by all
guidelines as anticoagulant in percutaneous coronary
intervention but has got its own limitations. It has been
replaced recently in guidelines by bivalirudin but that
is very expensive and not available in our part of the
world. The safety and superiority of enoxaparin over
unfractionated heparin has been shown in a large ran-
domized controlled trial™. In ATOLL trial of primary PCI,
enoxaparin was found to be superior to unfractionated
heparin in decreasing ischemic events as well as mor-
tality'. Enoxaparin has got pharmacological and practi-
cal advantages of its use that simplify patient manage-
ment'.

In this retrospective analysis, we looked into the
safety and efficacy of our five-years data and compared
it with already reported international efficacy and safety
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of enoxaparin in elective PCl. The overall mortality of
0.34% that occurred in our patients is almost the same
reported internationally in this group of patients with
enoxaparin'. The acute stent thromboses causing myo-
cardial infarction and/or urgent repeat revascularization
are due to decreased efficacy of anticoagulant used.

The ischemic complications, such as strokes, oc-
curred in 0.15% of our patients. These complications
although similar to those reported in other trials, may
be due to prolonged radial procedures or disruption of
atheromatous plaques in the aorta during the proce-
dure using femoral approach. Ischemic cerebrovascular
accidents occurring with decreased frequency were due
to the better efficacy profile of enoxaparin.

Peri-procedural bleeding is the most common
non-cardiac complication of PCl and is associated with
increased health care cost of and risk of early mortal-
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ity’. Intravenous enoxaparin was compared with un-
fractionated heparin in the STEEPLE study which was a
large randomized clinical trial of patients who under-
went elective PCI. Femoral approach was used as ac-
cess route in that trial. Target levels of anticoagulation
was achieved significantly more often with enoxaparin
as compared to unfractionated heparin (79 vs 20%) re-
spectively with p value <0.001)%. Similarly, decreased
frequency (6.5%) of major or minor bleeding was re-
ported in the enoxaparin group. Our bleeding compli-
cations were less because we used both radial and fem-
oral access routes.

In a meta-analysis of 23 trials comparing efficacy and
safety of enoxaparin with heparin in PCl in the over-
all population, relative risk of mortality was reduced by
34% with enoxaparin compared to heparin (p <0.001)
transforming into absolute risk reduction in mortality
of 1.66%%. In this meta-analysis, the safety outcomes of
bleeding were reduced by 20% with enoxaparin. The in-
travenous use of enoxaparin was found to be superior
to subcutaneous use regarding bleeding complications.
Moreover, the hemorrhagic access site complications
of about 2% are less compared to that reported in a
large trial of 6.5% with enoxaparin and 8.5% with hepa-
rin because only femoral access route was utilized. The
bleeding risk can be minimized if bleeding avoidance
strategies are adopted. These may include radial artery
access, arterial closure devices and using bivalirudin as
anticoagulant’e.

Two of our patients had intra-cerebral bleed. The pa-
tients survived, did not lose consciousness and CT scan
brain showed hematoma to be of small size. Intra-ce-
rebral bleeds occur probably more with heparin than
enoxaparin. Pre-procedure bleeding risk calculation and
use of smaller doses of enoxaparin or heparin can re-
duce this dreadful complication. The hematuria of 0.5%
that occurred in our population are slightly more than
reported elsewhere'®. Majority occurred in patients who
were catheterized post procedure and were traumatic
hematuria in nature. None required dual antiplatelet
cessation, transfusion or surgical intervention. Proper
pre-procedure evaluation identifying high risk group
and reducing the dose of anticoagulation can reduce
this complication. Radial procedure will lead to early
mobilization and decrease the need for catheterization.
Pre-procedural surgical assessment and performance of
any elective surgery before PCl can reduce hematuria
in the elderly patients. Most of these elderly patients
need urological procedure before elective intervention
for stable ischemic heart disease.

There was increasing trend of CAD in female and
young population in this study as predicted by IN-
TERHEART study and reported by us in our previous
study'” 18,
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- LIMITATIONS

This was a single center retrospective analysis of rel-
atively small sample having no parallel group. But we
assumed that superiority of enoxaparin has already
been shown. Furthermore, this was an overall anal-
ysis and not looked into special consideration of risk
groups predisposed for particular complication. As the
operators were different and the procedures were not
standardized for the trial, therefore, the operator vari-
ability and length of procedure might have affected the
outcome and reliability of the study. Large multi-center
prospective trials are needed to establish these facts.

D concLusion

Enoxaparin in a dose of 0.75 to 1 mg/kg body weight
can be used effectively and safely in all elective percuta-
neous coronary interventions for stable coronary artery
disease. Moreover, intra-arterial injection of enoxaparin
for PCl was found effective and safe in our patients.
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