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Abstract
The concept of downsized catheters (i.e., using catheters smaller than 6 French) for invasive coronary procedures, such as diagnostic
cardiac catheterisation and percutaneous coronary intervention, has been developing over the years, particularly as a result of the rise
of the transradial approach. Recent advances have allowed the use of smaller and sheathless catheters, which confer a number of
advantages – such as fewer vascular complications, reduced use of contrast agent and reduced haemostasis – thus increasing patient
safety and comfort and allowing more rapid patient mobilisation. Reductions in patient complications, number and length of hospital stay,
and amount of contrast agent used can also lead to cost savings. While the use of smaller catheters has been hindered in the past
because of poor angiographic image quality, new automated contrast injectors have helped overcome this limitation. There is a need to
make interventional cardiologists worldwide more aware of the benefits of downsizing, in the light of the latest technical developments
and the increased use of transradial approach.
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The increased incidence of coronary artery disease, as well as the
advances in device technology and improved potentialities of
percutaneous coronary intervention (PCI), have resulted in a dramatic
rise in the number of invasive coronary procedures (both diagnostic
catheterisations and PCIs).1 These procedures normally used the
transfemoral access, which involves the insertion of a catheter
through the femoral artery. However, the transradial access route,
where the catheter is inserted through the radial artery, is rapidly
emerging as a safe and effective alternative to the femoral approach.
Several studies have shown that the radial approach allows treatment
of the same type of patients and lesions as the femoral approach, but
with several advantages.2 The Radial vs femoral access for coronary
intervention (RIVAL) study showed, for instance, that the transradial
approach is associated with a lower rate of local vascular
complications in the overall population, and a reduction in mortality in
the setting of acute PCI.3 The radial approach also allows earlier
mobilisation of the patient. Following femoral access procedures, a
period of recumbence is required to avoid disruption of the arterial
puncture site. This may be poorly tolerated by patients with left
ventricular dysfunction, lung disease, or back and/or hip pain. The
superficial course of the distal radial artery allows easy compression
(manually or via a device) of the artery. As a result, patients are able
to move immediately and may be discharged the same day.2–5
However, the greater technical complexity of transradial access
procedures has, until recently, limited their use. Since the radial artery
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has a smaller internal diameter than the femoral artery, to achieve
artery cannulation and to successfully use smaller catheters requires,
even for experienced specialists, going through a steep learning
curve.6 Catheter manipulation is particularly cumbersome when the
ratio between the radial artery’s inner diameter and the catheter’s
outer diameter is smaller than 1.
Currently, the standard combination for coronary diagnostic and
intervention procedures is a 6 French (Fr) catheter and a 6 Fr
compatible introducer. However, in a Japanese study (n=250), 20 % of
male patients and 40 % of female patients had a radial artery inner
diameter smaller than, or equal to, the outer diameter of a 6 Fr
compatible introducer (see Figure 1). 7 Furthermore, procedural
complications associated with the transradial route increase with the
size of introducer used;8 these complications, which range from
temporary arterial spasm to permanent arterial occlusion, may be
reduced with the use of downsized catheters.
Downsizing in interventional cardiology refers primarily to the use
of catheters and sheaths that are smaller in diameter than the
current standard. A 4 or 5 Fr catheter (plus introducer) is thus
considered a downsized catheter. The so-called sheathless
catheters also fall into the category of downsized catheters
because they can be used without an introducer, which is usually
1–2 Fr sizes bigger in (outer) diameter than the corresponding
catheter. Hence one can, for example, refer to a ‘sheathless’ 5 Fr
procedure as a ‘virtual’ 3 Fr procedure.
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This article will discuss the benefits of the downsizing approach
(in particular when combined with transradial access), barriers
to its successful implementation and strategies to overcome
these barriers.

Figure 1: Cumulative Frequency of Radial Artery
Diameter and its Relationship to (Sheath) Outer Diameter
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Downsizing from large diameter catheters, such as 8 Fr catheters, to
the now-standard 6 Fr catheters has been associated with a number
of favourable clinical and procedural outcomes, even when the
transfemoral route was used. A large retrospective study in Michigan
(n=103,070) compared outcomes in patients who underwent PCI
using 6 Fr, 7 Fr and 8 Fr catheters. PCIs performed with 7 and 8 Fr
catheters were associated with vascular complications (odds ratio
[OR] for 7 Fr catheters: 1.19, p=0.0002; OR for 8 Fr catheters: 1.68,
p<0.0001), with decline in haemoglobin >3 g/dl (OR for 7 Fr catheters:
1.12, p<0.0001; OR for 8 Fr catheters: 1.72, p<0.0001) and with
post-procedure blood transfusion (OR for 7 Fr catheters: 1.08, p=0.03;
OR for 8 Fr catheters: 1.80, p<0.0001).9
When using the transfemoral approach, reducing catheter size has
been shown to result in early ambulation and enhanced comfort,
without significantly reducing the quality of coronary angiography.9–12
Clinical trials have shown a lower arterial puncture-related morbidity
rate when the catheter diameter is reduced from 8 to 4 Fr.13–15
Diagnostic coronary angiography has therefore been attempted for
several years using 4 Fr catheters.16,17
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In a Japanese study, 20 % of male patients and 40 % of female patients had a radial artery
inner diameter smaller than, or equal to, the outer diameter of a 6 French (Fr) compatible
introducer. Source: Saito et al., 1999.7

Figure 2: Example of Radial Artery Cannulation with a
5 F Sheathless Guiding Catheter (Medikit Co Ltd, Tokyo)

Furthermore, there are certain clinical situations in which a
downsized catheter can be advantageous. Some severe calcified
coronary lesions or tortuous vessels may resist the advancement of
the stent due to a lack of support of the guiding catheter. In such
cases, switching from a 6 Fr to 5 Fr catheter has been reported to
allow a safe and deep engagement.18,19
It has been demonstrated that downsizing leads to a reduction in the
amount of contrast agent used and to shorter fluoroscopy time.
Fluoroscopy time also improves with experience: when performing
PCI with 4 F catheters, Takeshita et al. observed a significant
reduction in fluoroscopy time (8±6 minutes versus 17±15 minutes,
p<0.05) and in the amount of contrast dye used (64±33 ml versus
90±46 ml, p<0.05) between the early phase and the late phase of their
experiment.20 No access site-related complications were observed in
either phase.
Reducing the amount of contrast agent used has a positive effect on
safety, as it lowers the risk of contrast-related allergy. Furthermore, the
use of contrast may be associated with contrast-induced nephropathy
(CIN), a frequent cause of hospital-acquired acute or chronic renal
insufficiency in patients undergoing cardiac catheterisation and PCI.21
CIN incidences of 14 % have been reported in patients undergoing PCI,
with a substantial increase in in-hospital mortality.22 In the Michigan
study, larger catheter sizes were associated with a higher amount of
contrast used and a higher risk of CIN (OR for 7 Fr catheters: 1.18,
p=0.0004; OR for 8 Fr catheter: 1.44, p<0.0001).9
Because of its smaller inner diameter, the radial artery can seldom
accommodate catheters larger than 6 Fr. Therefore, the use of the
transradial route, compared with the transfemoral route, represents
in itself a way of downsizing, the operators being forced to use 6 Fr
catheters at the most.
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Further downsizing could potentially make the transradial approach
successful in 100 % of patients. The use of smaller catheters (4 or 5 Fr)
as well as sheathless ones – and ideally the combination of
both8,23–25 – reduces the risk and/or extent of trauma to the radial
artery, particularly in patients who have a narrow radial artery,
thereby not only reducing patient discomfort26 but also leading to
fewer bleeding complications and occlusions of the radial artery27
(see Figure 2). Radial artery occlusion has been reported in
approximately 5 % of patients following transradial artery coronary
angioplasty, and its occurrence is higher in case of catheter–artery
mismatch and/or prolonged compression.28
The use of a downsized catheter combined with a transradial approach
results in a smaller incision to the wrist, and therefore less trauma and
a shorter period of haemostasis.27 When operators are careful to keep
perfusion into the radial artery during arterial compression (‘patent’
haemostasis), not only is the risk of radial artery occlusion further
reduced,29 but also arterial compression can be stopped earlier.
There are considerable data to support the premise that the use of
smaller guide catheters, whether transfemoral or transradial, may
result in enhanced clinical outcomes in patients undergoing PCI.
As well as benefits in terms of patient safety and comfort, the
use of downsized catheters for interventional cardiology also
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Figure 3: ACIST CVi contrast delivery system

Figure 4: ACIST Angiotouch hand controller

additional devices would have originally been designed to be
compatible with the standard 6 Fr catheters; it should be noted,
however, that many of the newer ones are also compatible with 5 Fr
catheters. In a recently published all-comers study, based on
lesion/device compatibility, 50 % or more of the patients could
actually have been treated with a 5 Fr catheter instead of a standard
one.35 For diagnostic procedures, which do not require additional
devices, there is no such barrier.
It should be borne in mind that, 10 years ago, a move to the use of 6 Fr
catheters was considered downsizing, but that 6 Fr catheters are now
the worldwide accepted standard. In Japan, the ‘Slender Club’, made
of cardiologists and device companies devoted to the ‘downsizing’
philosophy, is busy developing devices that can be compatible with
both 4 and 5 Fr catheters; it is anticipated that such products will soon
be available in Europe and the US.
While the use of smaller catheters, and thus of less contrast agent,
has its benefits, an important consideration for the interventional
cardiologist, when choosing the catheter size, is whether the
visualisation of the coronary artery and the quality of the procedure
will be as good, if not better, with a smaller catheter than with a
standard one. The visualisation of the coronary artery may be
limited when using a small diameter catheter, because it depends
on the amount of contrast agent injected – the smaller the catheter,
the less contrast agent injected, the poorer the visualisation. The
use of catheters smaller than 5 Fr has been hindered by technical
issues, such as variable or suboptimal catheter handling and
angiographic image quality, when using the traditional manual
injection technique.16,36

has significant financial advantages. Reduced patient ambulation
time means same-day discharge and a higher patient turnover.
Reducing the amount of contrast agent used, reducing patient
complications and avoiding the use of closure devices can lead to
further cost savings. 30–34

Implementing the Downsizing Approach
The advantages of downsized catheters are evident from the above.
However, there are also limitations to the downsizing approach.
Smaller catheters are more difficult to handle: a comparison between
4 Fr and 5 Fr catheters for diagnostic coronary angiography showed a
statistically significant difference in favour of the 5 Fr catheters
regarding manoeuvrability subjectively assessed by the primary
operator on a questionnaire (93 % versus 79 %, p<0.001).17
Another potential barrier to the use of smaller catheters in PCI is the
unavailability of compatible balloons, filters, wires and stents; such
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To overcome some of the potential limitations of downsizing,
automated contrast injectors (ACIs), such as the ACIST CVi™ Contrast
Delivery System (see Figure 3), have been developed. Such advanced
contrast delivery systems may help overcome the limitations of
delivering contrast with a hand syringe and a patient manifold.11,12,37
The ACIST system has been developed to facilitate contrast injection
in all angiography procedures. It features a pneumatic hand controller
(see Figure 4) that allows the operator to control the flow and volume
of contrast media directly from the sterile field. The ACIST system is
an operator-assisted, variable-flow contrast delivery system that
enables the operator to customise the flow and volume of contrast
agent to be injected, thereby ensuring that the contrast agent is
delivered precisely and predictably.38
Coronary angiography trials via the femoral route have verified the
benefits of the ACIST Contrast Delivery System. By reducing
the overall procedure time, the ACIST system helps to reduce
radiation exposure.39 The use of a hand controller to inject contrast
allows the operator to increase the distance between the X-ray
source and the patient, potentially reducing the radiation dose
received by the operator. Compared with the use of standard
catheters alone, the combined use of downsized catheters and a
variable-flow contrast delivery system has been shown to result in
improved visualisation and similar or better quality interventional
cardiology procedures 11,12,16,40–43 (see Figure 5). In a prospective,
single-centre randomised pilot trial comparing an 6 Fr catheter and
manual injection with an 4 Fr catheter and the ACIST system, coronary
angiographic quality scores were equivalent between the two
techniques (left coronary artery: 4.73±0.6 versus 4.80±0.65, p=0.28;
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Automated injection has also been shown to result in a significant
reduction in CIN. The incidence of CIN was assessed in 1,798
patients after diagnostic catheterisation or PCI using traditional
manual injection systems, and in 377 subsequent patients after
diagnostic catheterisation or PCI using an automated contrast
injection system. CIN occurred less often in the automated injection
group than in the manual injection group (13.3 % versus 19.3 %,
respectively, p<0.05), corresponding to a 31.1 % reduction in the
incidence of CIN.46
As well as bringing advantages in terms of image quality and
safety, the use of variable-flow injection techniques will ultimately
lead to cost savings, as they require less personnel (usually one
operator is enough), avoid any unnecessary use of contrast and
allow early ambulation. 11,12

Conclusion
There has been a long-term trend towards downsizing in
interventional cardiology, but the fast and diffuse adoption of the
transradial approach has emphasised it. While downsizing is not a
new concept in itself, there are still certain barriers to its complete
and successful implementation in interventional cardiology
procedures. While it is true that most procedures can be successfully
performed with standard 6 Fr catheters, it is important to raise
awareness of the additional benefits that downsized catheters can
provide, such as cost savings and increased patient safety and
comfort. Further development of coronary devices and the use of
automated contrast injection systems can help overcome the present
limitations of downsized catheters (i.e., device incompatibility and
poor coronary visualisation).
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The panel on the bottom left shows the device settings; from left to right: flow rate 4,0 ml/s,
volume 6,0 ml, pressure 300 psi, delay 0.5 seconds.

Figure 6: Amounts of Contrast Volume Used During
4 Fr and 6 Fr Diagnostic Coronary Procedures
200
p=0.0002
Millilitres (ml)

The variable-flow contrast delivery technique is safer, cleaner and
simpler than manual injection because there is no unnecessary use of
contrast and thus less contrast-related adverse events. In an Israeli
study comparing traditional manual injection of contrast with the
ACIST system (n=453), the latter used a significantly smaller volume of
contrast.45 The difference was largely attributable to a reduction in
waste, but there was also a decrease in per-patient contrast volume
of up to 25 %. Another study (n=450) showed an up to 39 % reduction
in contrast volume when using the ACIST system compared with
manual injection (100±42 ml versus 163±56 ml, p<0.001, respectively),
as well as a significant reduction in fluoroscopy time.39 A time and
motion study found that power contrast injection was more efficient
than manual injection, resulting in a 31 % reduction in set-up and
procedure time (see Figure 7).31

Figure 5: Example of Coronary Angiography Using a 4 F
Catheter and the ACIST CVi™ Contrast Delivery System
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In a pilot trial comparing an 6 French (Fr) catheter and manual injection with an 4 Fr catheter
used with the ACIST CVi™ Contrast Delivery System, the total contrast volumes were
significantly smaller in the 4 Fr group. Source: Khoukaz et al., 200112

Figure 7: Procedural Hands-on Time per Patient for
Manual Injection and ACIST Injection Method
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right coronary artery; 4.98±90.13 versus 4.97±0.16, p=0.48) on a scale
from 1 to 5 (1 = poor; 3 = marginally diagnostic; 5 = optimal). The total
study contrast volume was significantly smaller in the 4 Fr group
(119±35 ml versus 159±52 ml, p=0.001) (see Figure 6).12 In another
study comparing 4 Fr and 6 Fr catheters used with the ACIST system,
the quality of the angiographic runs obtained with 4 Fr catheters was
evaluated as satisfactory or excellent in 85 % of cases.42 In a
comparative study of 4 Fr catheters used with the ACIST system
versus hand-manifold 6 Fr catheters in 1,816 patients undergoing
coronary angiography, the 4 Fr catheters achieved an acceptable
diagnostic quality while simultaneously reducing contrast media
consumption and radial artery injury.44
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Manual injection method

ACIST injection method

Source: Lehmann et al., 2005.31

There needs to be a paradigm shift towards using the downsizing
approach. Medical institutions that have experience with both
transradial approach and downsizing bear the responsibility to share
their expertise and collaborate with starting centres. There will be a
need for further training of interventional cardiologists, as the use of
downsized catheters requires practice and expertise. These should be
seen as opportunities, rather than limitations, to set new and higher
standards in patient care. n
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