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Routine use of pressure wire as an adjunct to diagnostic angiography;
comparison of resources utilization in the catheterization laboratory: A
sub-study of RIPCORD 2

Abstract:

Background: The RIPCORD 2 trial randomized patients undergoing coronary
angiography to strategy of routine measurement of fractional flow reserve (FFR) in all
vessels or to angiography alone.

Objectives: We compared, for the randomized groups, the catheter laboratory procedure
costs to diagnosis.

Methods: This is a sub-study of the RIPCORD?2 trial. We excluded patients with follow-
on PCI to better reflect procedural costs of the diagnostic phase. We compared resource
utilization and, from this, derived an estimated procedure cost for UK practice. We
examined the association between cost and the number of vessels examined with pressure
wire (PW) technology.

Results: We included 249/552 (45%) patients randomized to angiography and 261/548
(48%) patients to systematic FFR measurement. The median (IQR) procedure cost was
higher in the FFR group £1392 (1126 — 1686) versus £411 (308 — 586); P < 0.001. In the
FFR group, 86.6% of procedures were completed with a single pressure wire; two and
three PWs were used in 10.7% and 1.5% of cases respectively. The procedure duration
(median, IQR; mins) was longer in the FFR group; 52 (39 — 66) versus 20 (15 — 30) as
was the use of radiographic contrast (median, IQR; mls); 140 (110 — 189) versus 70 (60 —
94). In the FFR group, it seems that the additional cost was associated with the cost of the
PW and laboratory set up for the performance of FFR measurement; the incremental cost
of examining additional vessels, beyond the first, was modest.

Conclusion: The procedural cost associated with a strategy of systematic measurement
of FFR in all vessels is higher than that of angiography alone.
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Introduction:

Ischemic heart disease (IHD) is one of the leading causes of death and premature
mortality worldwide.® The World Heart Federation expects that the global cost of CVD
that arise from hospitalizations, treatments, revascularization procedures, clinic visits,



emergency visits, and prescribed drug treatments to rise to more than US$1 trillion by
2030.2 This huge clinical and economic burden of IHD mandates seeking cost effective
diagnostic and management strategies.

Myocardial ischemia is considered one of the most important risk factors for adverse
outcomes in coronary artery disease (CAD) patients, therefore its detection is crucial for
revascularization decisions.>* Although invasive coronary angiography has been the gold
standard for diagnosing coronary artery disease for several decades, the association
between angiographic appearance and resulting ischemia is less clear than generally
assumed.’ In addition to non-invasive stress tests, ischemia can be also assessed
accurately, and at low rate of complications during coronary angiography by means of
intracoronary pressure wire assessment, typically measuring fractional flow reserve
(FFR).°

Several trials have been conducted on the short and long term clinical and economic
outcomes of using FFR in guiding revascularization strategy.” ® %12 However, the
impact of routine systematic use of pressure wire at the stage of diagnostic angiography
on resources utilization in catheterization laboratory (cath lab) has not been widely
studied. This issue was examined in the recently published RIPCORD 2 trial. ** ** This
sub-analysis of RIPCORD2 will focus on comparing resource utilization in cath lab
between patients who had invasive angiography only versus invasive angiography with
routine performance of FFR.

Methods:

Study Design: We used data from the RIPCORD 2 study which was an open-label,
prospective; multi-center randomized controlled trial that compared two strategies for the
investigation of coronary artery disease at the time of angiography.

Study Population: The design and principal results of RIPCORD 2 have been
published.*® ** In brief, the study included 1100 patients recruited from 17 UK centers
who presented with stable angina or stabilized acute coronary syndrome (ACS) in the
period between September 2016 and June 2018. These patients were randomized to
conventional angiography or additional routine pressure wire assessment to measure
fractional flow reserve (FFR) in all main vessels judged as being of sufficient vessel
caliber to allow percutaneous coronary intervention (PCI). Some patients in both groups
were managed with ‘follow-on” PCI during the same procedure. For this analysis, these
patients (n = 590) have been excluded. We included 249/552 (45%) patients randomized
to angiography and 261/548 (48%) patients to systematic FFR measurement to allow
direct and specific comparison of resource utilization associated with the two
investigation strategies. (Figure 1)
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Figure 1: Patient Flow Chart

Study Outcome Measures: The primary outcome measure of this sub-analysis was a
comparison of the two diagnostic strategies in terms of the total procedure cost. This was
calculated from the costs of equipment utilization, procedure time and contrast volume.
Subgroup analysis was performed for the number of vessels examined by PW technology
and its impact on the procedure cost.

Cost Calculation: The procedure cost was calculated from the costs of the materials used
during the procedure (diagnostic catheters, guiding catheters, pressure wires, OCT,
IVUS, Adenosine, radiographic contrast) and the cost associated with the procedure
duration. A procedural cost was determined for each patient, and we present descriptive
and comparative statistics for the randomized groups. These cost references were
obtained from routine costs incurred at the Liverpool Heart and Chest Hospital, but these
values would be typical for most UK hospitals. (Table 1)



Table 1: Unit Costs for Items Included in the Cost Model

Diagnostic catheter £6.50
Guide catheter £20.00
Pressure wire £315.00
OCT £600.00
IVUS £475.00
Adenosine cost per patient £12.00
Contrast per mi £0.05
Cost per minute of lab time £19.00

Statistical Analysis: The normality of continuous variables was evaluated by a visual
inspection of histograms, and by Shapiro-Wilk tests. All the variables of this sub-study
had a non-normal distribution and are reported as medians and inter-quartile range (IQR).
Categorical variables are expressed as counts and percentages. Statistical analyses were
performed using SPSS statistical package, Version 24 (IBM Corp., Armonk, NY, USA).
We performed comparative tests using Mann Whitney U test for medians. P-values are
two-sided, and a p-value <0.05 was considered statistically significant.

Results:

We included in our sub-analysis 249/552 (45%) patients randomized to angiography only
and 261/548 (48%) patients randomized to systematic FFR measurement. (Figure 1)

The median (IQR) of the total procedure costs in £ was significantly higher in the FFR
group £1392.00 (1126 -1686) versus £411.50 (308 - 586) in the angiography only group;
P <0.001 (Table 2). We also compared the equipment utilization, contrast dose in ml and
the procedure duration in minutes in both groups as they are the cost drivers. The
descriptive statistics for the frequencies and percentages of diagnostic catheters, guiding
catheters, pressure wires, and IVUS and OCT catheters used is shown in (Table 2). In
terms of the procedure time, there was significant difference between the two groups
where the FFR group showed higher median (IQR) of procedure time; 52 (39 - 65.7)
minutes versus 20 (15 - 30) minutes in the angiography group; P < 0.001 (Table 3).
Additionally, on comparing the contrast dose in ml, the FFR group showed significantly
higher median (IQR) contrast dose 140 (110 - 188.75) ml versus 70 (60 - 94) ml in the
angiography group; P <0.001 (Table 2).

Table 2: Descriptive and Comparative Statistics for Total Procedure Cost,
Procedure Time and Resource Utilization

‘ Angiography (n=249) | FFR (n=261) | Significance

Number of diagnostic catheters, n (p%o)




0 12 (4.8%) 12 (4.6%)
1 55 (22.1%) 64 (24.5%)
2 131 (52.6%) 154 (59%)
3 47 (18.9%) 26 (10.0%)
4 3 (1.2%) 3 (1.1%)
5 0 (0.0%) 1 (0.1%)
6 1 (0.4%) 1 (0.4%)
Number of Guiding catheters, n (p%b)
0 173 (69.5%) 2 (0.8%)
1 63 (25.3%) 71 (27.2%)
2 11 (4.4%) 169 (64.8%)
3 1 (0.4%) 16 (6.1%)
4 1 (0.4%) 0 (0.0%)
5 0 (0.0%) 2 (0.8%)
6 0 (0.0%) 0 (0.0%)
7 0 (0.0%) 1 (0.4%)
Number of pressure wires, n (p%)
0 248 (99.6%) 3 (1.1%)
1 1 (0.4%) 226 (86.6%0)
2 0 (0.0%) 28 (10.7%)
3 0 (0.0%) 4 (1.5%)
Number of IVUS catheters, n (p%o)
0 247 (99.2%) 261 (100%)
1 2 (0.8%) 0 (0.0%)
Number of OCT catheters, n (p%)
0 249 (100%) 260 (96.6%)
1 0 (0.0%) 1 (0.4%)
Procedure time minutes, median (IQR) 20 (15 - 30) 52 (39 - 65) P <0.001*
Contrast dose ml, median (IQR) 70 (60 - 94) 140 (110 - 188) P <0.001*
411 (308 - 586) 1392 (1126 - 1686) P <0.001*

Procedure cost £, median (IQR)

In a Post-Hoc analysis, based on treatment received, rather than intention to treat, we
analyzed the number of vessels that were examined with pressure wire in our study
population. We found that 253(49.6%) patients did not have any vessels examined with
pressure wires. Most of these patients belonged to the angiography group while 4 of them
represented a cross-over from the FFR group. On the other hand, 257 (50.4%) patients
had FFR assessment to at least one of their coronary arteries. One of these patients




represented a cross-over from the angiography only group. Table 3 shows the number and
proportion of patients with PW examination of 0, 1 or more vessels.

Table 3: Descriptive Statistics of Number of Vessels Examined with Pressure Wire

Number of vessels "
examined with 0* 1 2 3 4 5 6 7
pressure wire
. 254 o 0 61 91 62 21 0
Number((;f)patlents (49.6%) 9 (1.8%) | 9(1.8%) (12%) 17.8%) | (122%) | (4.1%) 4 (0.8%)
(0]

* Group 0 includes n=3 cross-over patients initially randomized to FFR group.
#Group 1 includes n=1 cross-over patient initially randomized to angiography group.

As a secondary outcome, we studied the impact of number of vessels examined with
pressure wire on the procedure cost in UK £ and we found that the additional cost of FFR
use was mainly related to the cost of the wire and initial setup; while the incremental cost
associated with the examination of multiple vessels in a case was modest. (Figure 2)
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Figure 2: Impact of Number of Vessels Examined with Pressure Wire on the
Procedure Costin £

Discussion and conclusion :

Despite the proven benefit of using FFR in guiding coronary artery revascularization,
established in many trials, " 1% 1112 jts use is more limited than we might expect. In the
UK, the rate of PW use at the time of angiography has been reported at about 5%
annually. The comparable figure for PW use in conjunction with PCI is 10 %. *° In
addition to the requirement of a skilled operator, the small risk of complication, and the




cost of the procedure are also contributing factors to less wide-spread use of pressure
wire approaches.

The RIPCORD 2 trial is the first completed randomized clinical trial that studied the
economic and clinical outcomes of performing routine FFR in all sizable epicardial
vessels at the time of diagnostic angiography in patients with stable angina or stabilized
non-ST-segment—elevation acute coronary syndromes. The study proved that, over a one
year follow up period, routine systematic FFR use was cost neutral compared with
angiographic guidance alone and was not associated with significant differences in
quality of life or angina status after 1 year of follow up. These costs were calculated
based on the NHS Tariff system and included the costs starting from the index procedure
and all subsequent hospital admissions, outpatient visits, and accident and emergency
department attendance over the following year. *

The aim of this sub-study was to perform a more detailed analysis of the procedural costs,
based on a consideration of resource consumption, at patient level.

Unlike the main study, we calculated the procedure cost from the prices of the materials
used during the procedure (diagnostic catheters, guiding catheters, pressure wires, OCT,
IVUS, adenosine, radiographic contrast) and the cost associated with the procedure
duration. These cost references were obtained from routine costs incurred at the
Liverpool Heart and Chest Hospital catheterization lab which would be typical for most
UK hospitals. The advantage of this method of costing that it will be more applicable and
easily allowing comparison between studies held in countries that may have different unit
costs.

The main finding of this sub-analysis was that performing routine FFR during diagnostic
angiography led to a significantly higher median (IQR) procedure cost in the FFR group
£1392 (1126 — 1686) versus £411 (308 — 586) in the angiography only group; P < 0.001.
This resulted mainly from the additional cost of the PW which was (315 £) in our cost
model. In the FFR group, 86.6% of procedures were completed with a single PW; two
and three PWs were used in 10.7% and 1.5% of cases respectively. The procedure
duration (median, IQR; mins) was longer in the FFR group; 52 (39 — 66) versus 20 (15 —
30) as was the use of radiographic contrast (median, IQR; mls) 140 (110 — 189) versus 70
(60 —94).

The cost model of this sub-study was different from that used in one of FAMOUS
NSTEMI sub-studies which aimed to evaluate the cost effectiveness of FFR compared
with standard coronary angiography in 350 patients with NSTEMI. They included
resources used for one-year: procedure related materials, hospitalizations, medical &
health professional service use and clinical events, while in our study we focused on the
index procedure costs. They found that more targeted invasive management can reduce
healthcare resource costs without compromising patient outcomes which drove them to



conclude that FFR-guided management of NSTEMI may be a cost-effective strategy over
standard angiography. Unlike the results of the RIPCORD 2 trial**, the cost savings they
found were due to absolute, but non-significant, reductions in length of stay and health
events such as revascularizations, re-hospitalizations, myocardial infarction and stroke
events. However, due to the small sample size and the need for longer follow up, there
still remains considerable decision uncertainty. *®

We studied the impact of the number of the vessels examined by the pressure wire on the
procedure cost. The results showed that there was an obvious step-up in the cost when a
pressure wire was used to examine the first vessel, however the incremental cost
associated with examining additional vessels was modest. This finding may encourage
operators to consider more widespread examination of the coronary vasculature once they
had decided that flow physiology was required in at least one vessel.

The use of pressure wires will still have its strengths which were mentioned in the
literature as easiness of use by expert interventionist, reliable results, prompt decision
making, and lack of affectability by hemodynamics and patient characteristics.
Additionally, its use will continue to be beneficial in selected cases of stable angina who
do not have conclusive results or those who are not suitable for noninvasive tests, in
patients with multiple vessel or diffuse coronary artery disease to guide the
revascularization decisions. FFR will still be also useful to assess bifurcations and avoid
unnecessary branch vessel stenting. 1"*8°2% Moreover, their use in stabilized NSTEMI
cases for the assessment of non-culprit vessels was found to direct more patients towards
medical treatment rather than revascularization.*?

Our sub-study had some limitations. Our examination was restricted to diagnostic
procedures; the incremental cost of PW use in cases that involved follow-on PCI may be
less significant, as a proportion of total cost. Beyond this, the potential for cost
differential related to more or less intervention in cases involving FFR was not examined.
We did not record the amount of adenosine used for each patient in the FFR group and
used a typical unit cost per patient in our calculations. Our comparison was limited to the
cath-lab diagnostic procedure phase only, and we ignored the potential for cost
differential in non-invasive and other testing before and after the index procedure.

Ethical Approval and Consent :

The RIPCORD 2 trial was conducted according to the principles of the International
Conference on Harmonization-Good Clinical Practice standards, the Declaration of
Helsinki, and National Health Service (NHS) Research Governance guidelines. The study
protocol, patient information sheet, and consent form were approved by the National
Research Ethics Service before the trial was started (Research Ethics Committee
reference 16/LO/0570). All patients gave informed consent for participation. The study
was registered before inclusion of the first patient at ClinicalTrials.gov (NCT02892903).
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