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How Changes in Practice are Changing Bleeding 
Endpoints in Coronary Interventional Trials 

Cardiac catheterisation and coronary intervention require placing 
catheters into arteries and this engenders risk. The first coronary 
arteriogram was performed in 19581, using a brachial artery 
approach. Arterial access by the brachial approach often required 
cut downs and surgical repair of the artery. Because early catheters 
were large, 8 French (2.7mm) or greater, these complications could 
be devastating, with loss of hand or arm due to acute occlusion of 
the brachial artery, or injury to the brachial plexus. By the 1980s, 
as cardiac catheterisation became a routine procedure, the vast 
majority were being performed accessing the vascular system through 
the femoral artery. While the femoral approach suffers from similar 
complications to the brachial approach, femoral complications occur 
much less frequently. But compared with the brachial approach, two 
drawbacks of the femoral approach are the even greater bleeding 
risk, and the necessity of prolonged bed rest to allow hemostasis 
following removal of the catheters. These complications were at 
times prohibitive. The original TIMI Group studies (Thrombolysis 
In acute Myocardial Infarction), were performed in the early 1980s. 
Bleeding and transfusion rates were 33% and 22% respectively2. 
These studies involved administration of thrombolytics followed by 
cardiac catheterisation.

To mitigate bleeding and vascular complications, device 
manufacturers reduced the outer diameters of catheters to 6 and 
even 5 French (2mm and 1.7mm respectively). The use of smaller 
catheters with the femoral approach reduced the frequency of both 
occlusive and bleeding complications but did not eliminate them. 
And bed rest post-procedure was still necessary, although not as 
prolonged. But the smaller catheters allowed interventionalists to 
consider the use of smaller arteries as access sites. In 1989, Campeau 
reported his experience using a trans-radial approach for vascular 
access with 5 and 6 French catheters3.  In 1997, Kiemeneij et al. 
reported a randomised comparison of the femoral, brachial, and 
radial approaches4. These investigators found all three approaches 
to be largely equivalent in expert hands, but that in contrast to the 
femoral and brachial approaches, the radial approach had no major 
vascular complications.     

The advantages of the radial approach were clear: ambulation 
times were nil, which patients preferred, and access site complications, 
particularly bleeding complications, were drastically reduced. Adoption 
of the radial approach in the US was slow. To reduce complications of 
the femoral approach, other technologies were developed. Vascular 
ultrasound was employed to locate the femoral artery (often hidden 
deep within layers of fat) prior to attempting percutaneous access. 
A variety of percutaneously delivered arterial closure devices were 
developed which improved hemostasis and allowed earlier ambulation 
following catheter removal. Although early devices had significant 
complications, more recently evolved devices seem to further reduce 
bleeding and vascular complications when compared with manual 
compression, the prior standard5.

In 2005, Yang et al. reported that excessive bleeding in patients 
undergoing cardiac catheterisation and PCI for treatment of an acute 
myocardial infarction is highly correlated with death6. As a result, 
US operators and their institutions began migrating to the trans-
radial approach. By 2012 the proportion of procedures performed 
using the trans-radial approach in the US exceeded 16% overall, 
and was even higher (24%) in the northeastern US7. Review by these 
authors of the NCDR CathPCI registry (a comprehensive registry 
of >90% of all PCI performed in the US) found that of 2,820,874 
patients undergoing cardiac catheterisation with PCI, the risk of major 
bleeding complicationsi was 2.67% for radial access patients versus 
6.08% for femoral access patients (P<0.01). Essentially all of the 
difference in bleeding rate is associated with the access site. Major 
vascular complications were also reduced (0.16% versus 0.45%, 
P<0.01).  

While somewhat ahead of wider clinical practice, the access site of 
choice for clinical trials, until recently, has also been the femoral artery. 
In a pooled analysis of the ACUITY, REPLACE-2, and HORIZONS-AMI 
trials (trials performed in the early and mid 2000s)8, only 7.1% of 
patients had the procedure performed trans-radially. With the overall 
TIMI major/minor bleeding rate of 5.3%, only 2.0% of all patients 
experienced an access site-related bleed, and 3.3% experienced 
non-access site-related bleeds. 

Forty-five per cent of all non-access site bleeding (absolute number 
of 1.5% of all patients studied) could not be further localised. It was 
detected only by a drop in hematocrit. At least some unlocalised 
bleeding is due to the procedure itself – catheter exchanges, removal 
of fluid to purge air bubbles from the system, etc. This blood loss 
is unavoidable but with scrupulous technique, can be minimised. 
Localised, non-access site-related bleeding occurred in 1.6% of all 
patients. Gastric ulceration due to stress, and traumatic urinary 
catheter placements, are just two of many potential factors which 
contribute to this bleeding. Careful management of antithrombotic 
therapy is most likely to uniformly reduce both localised and non-
bleeding, perhaps by as much as 40%8.  

Reduction in bleeding regardless of location or cause has 
considerable clinical importance. Verheugt et al. characterised the 
prognosis associated with the three different types of bleeding: 
access site-related, localised non-access site-related, and non-access 
site-related unlocalised bleeding. Access site complications tend to 
have a somewhat more benign prognosis (hazard ratio for one-year 
mortality of 1.82 compared with no bleeding) than does bleeding 
which occurs at other sites. Bleeding at localised, non-access-related 
sites (predominantly gastrointestinal, genitourinary, and head and 
neck, and occurring in 1.6% of all patients) carries a hazard ratio of 
3.17. Unlocalised non-access site bleeding carries with it the greatest 
one-year mortality, with a hazard ratio of 4.728.  

What is important in these numbers is just how infrequently major 
and minor bleeding now occurs. Based on Freedman’s data, if all 



interventions in the combined ACUITY/REPLACE-2/HORIZONS-AMI 
studies were performed radially, access site bleeding would be reduced 
to 1%. It is now reasonable to consider that bleeding rates in clinical 
practice and in clinical trials will become vanishingly small, certainly 
relatively so when compared with the 1980s. Thus, demonstrating 
the superiority of any single intervention (pharmaceutical or device), 
will become more challenging.   

Thus assuming a baseline bleeding rate of 1%, to demonstrate 
a 50% improvement would require a sample size of over 12,000 
patients. To demonstrate a more realistic improvement, the study 
would need to be even larger. 

With the frequency of bleeding complications continuing to 
decline, accurate estimation of event rates for future trial design 
becomes even more critical. The SAFE-PCI trial fell victim to this. The 
trial was designed to assess complication rates in women undergoing 
percutaneous coronary intervention comparing the femoral vs. the 
radial approach9. The study was designed as a randomised registry 
trial, using the Cath-PCI database to collect follow-up data. While 
there are acknowledged challenges with randomised registry trials10, 
the design does allow trial execution for a fraction of the cost of a 
conventionally monitored trial, and has been used successfully11 for 

other procedurally-based studies. But even with a very streamlined 
cost structure, the SAFE-PCI trial was not large enough to answer 
the question it sought to address, because event rates dropped even 
from the time that the study was being designed. This study was 
to randomise 3000 patients based on an estimated event rate of 
between 6.2 and 12.5%. The study was stopped early due to lower 
than expected event rates. While the available results were only 
presented in abstract form, the trends observed did mirror the findings 
of Feldman et al.7 showing a non-significant 1.2 vs. 2.9% rate of 
bleeding or vascular complication in radial vs. femoral approaches.   

Bleeding risk during cardiac catheterisation and percutaneous 
coronary intervention, particularly for acute myocardial infarction, 
has been largely mitigated since the first trials were performed in 
the 1980s. Major bleeding complications are now approaching 
1%. Further study directed at further reducing the rate of these 
complications will require ever larger numbers of subjects. In addition, 
we did not discuss the progressive decrease in the number of patients 
actually requiring PCI12. Randomised registries may provide acceptable 
quality data at a fraction of the cost of a conventional trial, but are 
still subject to the same enrolment and outcomes accrual risk. Trials 
for the registration of products designed to further reduce bleeding 
may require even more novel design enhancements to be feasible. 

Assumes a 50% reduction in events, two-sided alpha of 0.05 and three-day observation period

  Journal for Clinical Studies 55www.jforcs.com

Special Features



Special Features

Volume 6   Issue 256  Journal for Clinical Studies

 Definition
i. Defined as any of the following occurring within 72 hours 

after PCI: intracranial hemorrhage, cardiac tamponade, non-
bypass surgery-related blood transfusion in patients with a 
pre-procedure hemoglobin ≥8 g/dL, or an absolute decrease in 
hemoglobin value of ≥3g/dL in patients with a pre-procedure 
hemoglobin ≤16 g/dL 
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