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ABSTRACT
Objective The training of interventional cardiologists 
(ICs), non- interventional cardiologists (NICs) and cardiac 
surgeons (CSs) differs, and this may be reflected in 
their interpretation of invasive coronary angiography 
(ICA) and management plan. Availability of systematic 
coronary physiology might result in more homogeneous 
interpretation and management strategy compared with 
ICA alone.
Methods 150 coronary angiograms from patients with 
stable chest pain were presented independently to three 
NICs, three ICs and three CSs. By consensus, each group 
graded (1) coronary disease severity and (2) management 
plan, using options: (a) optimal medical therapy alone, (b) 
percutaneous coronary intervention, (c) coronary artery 
bypass graft or (d) more investigation required. Each group 
was then provided with fractional flow reserve (FFR) from 
all major vessels and asked to repeat the analysis.
Results There was only ‘fair’ level of agreement of 
management plan among ICs, NICs and CSs (kappa 
0.351, 95% CI 0.295–0.408, p<0.001) based on ICA alone 
(complete agreement in 35% of cases), which almost 
doubled to ‘good’ level (kappa 0.635, 95% CI 0.572–0.697, 
p<0.001) when comprehensive FFR was available 
(complete agreement in 66% of cases). Overall, the 
consensus management plan changed in 36.7%, 52% and 
37.3% of cases for ICs, NICs and CSs, respectively, when 
FFR data were available.
Conclusions Compared with ICA alone, the availability 
of systematic FFR of all major coronary arteries produced 
a significantly more concordant interpretation and more 
homogeneous management plan among IC, NIC and CS 
specialists. Comprehensive physiological assessment 
may be of value in routine care for Heart Team decision- 
making.
Trial registration number NCT01070771.

INTRODUCTION
Interpretation of invasive coronary angi-
ography (ICA) is a common part of the 
pathway for managing patients who present 
with chronic coronary syndromes (CCSs) 
and can be undertaken by interventional 

cardiologists (ICs), non- interventional cardi-
ologists (NICs) and cardiac surgeons (CSs). 
All such specialists contribute to the Heart 
Team which, according to clinical practice 
guidelines,1 makes recommendations on 
the management of these patients in terms 
of optimal medical therapy alone (OMT), 
percutaneous coronary intervention (PCI), 
coronary artery bypass graft (CABG) or that 
more investigation is required (MIR). In the 
UK, targets within the curriculum for training 
for different subspecialties within cardiology, 
and in cardiac surgery, are substantially 
different.2 3 In practical terms, this means 
that cardiology and cardiac surgery trainees 
have different teaching exposure to the inter-
pretation of coronary angiograms and this 
may lead to variable management strategies.

Investigation of patients with stable chest 
pain may involve an assessment of the 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Training of the various specialists in the Heart Team 
is different, which can influence their interpretation 
of invasive coronary angiography and their recom-
mended management plan.

WHAT THIS STUDY ADDS
 ⇒ Systematic coronary physiology produced a signifi-
cantly more concordant interpretation and more ho-
mogeneous management plan among Heart Team 
specialists.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Angiogram- derived physiology with every invasive 
angiogram is on the horizon. In addition to sup-
porting homogenised patient management across 
the various cardiac specialties with the use of cor-
onary physiology, this study provides a basis for a 
more uniform discussion at multidisciplinary team 
meetings.
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presence of ischaemia, but increasingly this is not the 
case, given the direction of National Institute for Health 
and Care Excellence (NICE) CG95 guidelines to employ 
CT coronary angiography (CTCA) as the default test for 
most of these patients.4 Many of these patients will then 
be referred for ICA with a view to further management, 
despite there being a large body of evidence showing that 
the use of invasive physiological assessment is associated 
with substantial changes in diagnosis and management5 6 
as well as improved patient outcomes.7 Despite clinical 
guidelines,8 9 adoption of pressure wires in clinical prac-
tice remains low.10 Specifically, ICs employ pressure wire 
assessment in less than 20% of their PCI cases.7 Further, 
NICs perform a significant number of coronary angio-
grams in the UK (40 000 out of 250 000 per year are 
performed in non- interventional centres),11 and as such 
do not have access to invasive physiology.

We postulated that the specialists that make up the 
Heart Team would have more discordant opinions 
regarding (a) the extent of significant coronary disease 
and (b) subsequent patient management when they had 
access to ICA data alone, compared with when they had 
systematic data regarding vessel- specific physiology as 
well.

The aim of this study, therefore, was to determine 
whether, in patients with stable chest pain who are being 
investigated with ICA, the availability of systematic frac-
tional flow reserve (FFR) data would produce a more 
concordant interpretation of presence and distribution 
of significant coronary stenoses, and a more homoge-
neous management plan among ICs, NICs and CSs, than 
is seen using angiography alone.

METHODS
Study doctors
A group of three specialists in interventional cardi-
ology, non- interventional cardiology and cardiac surgery 
specialties took part. All contributing physicians were 
either on the Specialist Register (holding the Certifi-
cate of Completion of Training), or within 12 months of 
achieving this milestone. The NIC group comprised two 
electrophysiologists and one imaging specialist.

Angiogram cases
This study employed ICA and invasive FFR data from 150 
cases from the RIPCORD Study, whose methodology has 
been previously described in detail.5 In brief, 200 patients 
with CCS underwent clinically determined ICA by their 
supervising NIC, who then recorded the severity of the 
coronary disease (according to visual estimate of per 
cent diameter stenosis) and made a management plan. 
A second cardiologist then measured FFR in all main 
coronary arteries or side branches if they had a calibre 
consistent with potential revascularisation. The FFR read-
ings were then shown to the original, supervising NIC 
who was asked to repeat their assessment of vessel severity 
and management plan. In 32% of vessels, a decision 

about their significance changed when FFR was available, 
leading to a change in management in 26% of cases.5 We 
used 150 of these cases for the current study, choosing 
this number based on the time availability of the nine 
specialists to commit to this experiment.

Data collection
The study was conducted at University Hospital South-
ampton National Health Service Foundation Trust 
between January 2022 and March 2022. Each group of 
three specialists (IC, NIC, CS) was presented with the 
data independently from the other groups, in multiple 
sessions in order to accommodate the time the experi-
ment required. For the purposes of the experiment, the 
physicians were provided with the following information: 
the patients were above 18 years of age, with no severe 
valvular heart disease, on guideline- directed medical 
therapy including two antianginal agents, were referred 
for elective coronary angiography to investigate stable 
chest pain and considered good candidates for any of 
the proposed management options described below. The 
presence/absence of diabetes mellitus was disclosed at 
beginning of each case.

In each case, the full ICA was presented using large 
screens and the three physicians in each group were 
asked to reach a consensus on the presence and extent 
of significant coronary stenosis(es). Similarly, a manage-
ment plan consensus was recorded chosen from the 
options: (1) OMT alone, (2) PCI, (3) CABG or (4) MIR. 
Where revascularisation was chosen, the target vessels 
were also recorded. Furthermore, after these data had 
been recorded, each group was presented with the FFR 
data that had been measured in that same case, which 
included FFR for all vessels of a diameter suitable for 
revascularisation, and then asked again for a consensus 
using the same criteria on coronary significance and one 
of the management options. The primary endpoint for 
the study was the agreement on management between the 
three groups when considering ICA data alone and when 
ICA plus FFR data were available. Secondary endpoints 
were: (a) the difference within the three groups between 
their interpretation of the disease significance and 
management when comparing ICA data alone versus ICA 
plus FFR; and (b) levels of agreement between ICA and 
FFR interpretation within and between the groups.

Statistical analysis
All statistical analyses were performed using SPSS V.26 
(IBM Corporation). Overall level of agreement on 
management plan among IC, NIC and CS was measured 
using Fleiss’ kappa, as well as the agreement level on 
each management option.12 Analysis of intergroup agree-
ment was conducted using Cohen’s kappa. The following 
kappa values were used to describe each agreement level: 
<0.20 poor, 0.21–0.40 fair, 0.41–0.60 moderate, 0.61–0.80 
good, 0.81–1.00 very good.13 14 The significance of per 
group changes before and after FFR was assessed using 
Stuart- Maxwell test.
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RESULTS
Baseline characteristics
Baseline characteristics for this population are shown in 
online supplemental table 1. The mean age was 63 years 
with the majority being male (74%). Hypertension and 
hyperlipidaemia were common (58% and 78%, respec-
tively), while diabetes mellitus was present in 12%. The 
frequency of previous myocardial infarction was 18.7% 
and PCI was 18.7%.

Angiographic assessment alone
The distribution of angiographically significant coro-
nary disease (defined as chronic total occlusion or severe 
stenosis of more than 70% in any major coronary artery or 
its branches of ≥2.25 mm diameter) is presented in online 
supplemental table 2. IC specialists reported most of the 
cases as having single- vessel disease (46.7%), followed by 
two- vessel disease (26%), no significant disease (19.3%) 
and three- vessel disease (8%). On the other hand, NIC 
and CS described most of the cases as having single- vessel 
disease (47.3% and 46%, respectively), followed by no 
significant disease (29.3% and 26.7%, respectively), two- 
vessel disease (18.7% and 21.3%, respectively) and three- 
vessel disease (4.7% and 6%, respectively).

The management plans based on ICA data alone for 
IC, NIC and CS are illustrated in figure 1. Request for 
more investigation (MIR) was highest among the NIC 
(46.7%) followed by the IC (30.7%) and the CS (13.3%). 
A management choice of OMT was highest in the CS 
(27.3%), followed by NIC and IC (20.6% and 17.3%, 
respectively). PCI was chosen for 46.7% of patients by the 
CS group compared with 37.3% by IC and 24.7% by NIC. 
CABG was recommended in 14.7%, 12.7% and 8% of the 
cases by CS, IC and NIC, respectively.

Total agreement on the management approach across 
all the three cardiac specialties was only observed in 
35.3% of the cases (online supplemental table 3). The 
overall agreement level for the management plan based 
on the ICA data alone among IC, NIC and CS was fair 

(kappa 0.351, 95% CI 0.295–0.408, p<0.001) (figure 2). 
The level of agreement on each management plan option 
is presented in table 1.

Angiography with FFR assessment of all vessels of a diameter 
suitable for revascularisation (ICA plus FFR)
The management choices for the three groups are shown 
in figure 3. Total agreement on the management plan 
between the three groups when FFR was available had 
almost doubled to 66% of the cases (online supple-
mental table 3). The overall agreement level on manage-
ment plan using ICA plus FFR data among IC, NIC and 
CS improved to good (kappa 0.635, 95% CI 0.572–0.697, 
p<0.001) (figure 4). The agreement level on individual 
management plan option is shown in table 2.

Analysis of intergroup agreement
The overall level of agreement on the management plan 
between IC and NIC was moderate using ICA data alone, 
which improved to a good agreement after FFR (kappa 
0.640, 95% CI 0.542–0.738; p<0.001). Level of agreement 
in management overall using ICA alone between IC and 
CS was fair but changed to good when FFR was available 
(kappa 0.626, 95% CI 0.530–0.722; p<0.001). NIC and CS 
had only fair level of agreement based on ICA alone but 

Figure 1 The angiogram- based management plan 
distribution across the three cardiac specialties. CABG, 
coronary artery bypass graft; CS, cardiac surgeon; IC, 
interventional cardiologist; MIR, more investigation required; 
NIC, non- interventional cardiologist; OMT, optimal medical 
therapy; PCI, percutaneous coronary intervention.

Figure 2 The angiogram- based management agreement 
level among the three cardiac specialties. CABG, coronary 
artery bypass graft; MIR, more investigation required; OMT, 
optimal medical therapy; PCI, percutaneous coronary 
intervention.

Table 1 The angiogram- based management agreement 
level among the three cardiac specialties

Agreement 
level Kappa (95% CI) P value

Overall Fair 0.351 (0.295–0.408) <0.001

MIR Poor 0.115 (0.022–0.207) 0.015

OMT Moderate 0.583 (0.490–0.675) <0.001

PCI Fair 0.356 (0.263–0.448) <0.001

CABG Moderate 0.444 (0.352–0.536) <0.001

CABG, coronary artery bypass graft; MIR, more investigation 
required; OMT, optimal medical therapy; PCI, percutaneous 
coronary intervention.
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a good level of agreement with FFR (kappa 0.641, 95% CI 
0.545–0.737; p<0.001) (table 3).

Per specialty analysis
Interventional cardiology
The management plan allocation before and after FFR is 
summarised in online supplemental table 4 and online 
supplemental figure 1. The availability of FFR changed 
the management plan in 55 cases (36.7%) (p<0.001). 
These were mainly related to change from MIR plan to 
OMT and PCI (14.7% and 8% of all cases, respectively). 
In addition, the availability of FFR data negated the need 
for PCI in 12 cases (8%) in favour of OMT alone.

Non-interventional cardiology
The management plan allocation before and after FFR is 
summarised in online supplemental table 5 and online 
supplemental figure 2. The availability of FFR changed 
the management plan in 78 cases (52%) (p<0.001). 
These were mainly related to change from MIR plan to 

OMT, PCI and CABG (22%, 19.3%, 4.7% of all cases, in 
order). In addition, FFR negated the need for PCI in four 
cases (2.7%) in favour of continuing OMT.

Cardiac surgery
The management plan allocation before and after FFR is 
summarised in online supplemental table 6 and online 
supplemental figure 3. The management plan changed 
in 56 cases (37.3%) (p=0.053). Plan changes from PCI 
to OMT accounted for the majority (14 cases, 9.3%), 
followed by those from MIR to PCI and CABG (4.7% and 
4% of all cases, respectively).

Correlation between angiographic and FFR vessel assessment
A total of 480 vessels had FFR measurements. Overall, 
a discrepancy was seen between the angiographic and 
FFR assessment of vessel significance in 20.4% of vessels 
on average across the three groups, using the definition 
of significance described above. There were two broad 
types of discrepancy: (a) type A—where the angiographic 
assessment was of significant stenosis, but the FFR was 
above 0.80; and (b) type B—angiographic assessment 
indicated that a lesion was not significant and the FFR 
was <0.80 (online supplemental figures 4 and 5). Overall, 

Figure 3 The angiogram with FFR management plan 
distribution across the three cardiac specialties. CABG, 
coronary artery bypass graft; CS, cardiac surgeon; FFR, 
fractional flow reserve; IC, interventional cardiologist; 
MIR, more investigation required; NIC, non- interventional 
cardiologist; OMT, optimal medical therapy; PCI, 
percutaneous coronary intervention.

Figure 4 The angiogram with FFR management agreement 
level among the three cardiac specialties. CABG, coronary 
artery bypass graft; FFR, fractional flow reserve; MIR, more 
investigation required; OMT, optimal medical therapy; PCI, 
percutaneous coronary intervention.

Table 2 The angiogram with FFR management agreement 
level among the three cardiac specialties

Agreement level Kappa (95% CI) P value

Overall Good 0.635 (0.572–0.697) <0.001

MIR Poor 0.094 (0.001–0.186) 0.047

OMT Very good 0.805 (0.713–0.898) <0.001

PCI Good 0.640 (0.547–0.732) <0.001

CABG Moderate 0.539 (0.446–0.631) <0.001

CABG, coronary artery bypass graft; FFR, fractional flow reserve; 
MIR, more investigation required; OMT, optimal medical therapy; PCI, 
percutaneous coronary intervention.

Table 3 Analysis of intergroup agreement

Agreement 
level Kappa (95% CI) P value

IC and NIC

Angio plan agreement Moderate 0.424 (0.314–0.534) <0.001

Angio with FFR plan 
agreement

Good 0.640 (0.542–0.738) <0.001

IC and CS

Angio plan agreement Fair 0.332 (0.226–0.438) <0.001

Angio with FFR plan 
agreement

Good 0.626 (0.530–0.722) <0.001

NIC and CS

Angio plan agreement Fair 0.339 (0.243–0.435) <0.001

Angio with FFR plan 
agreement

Good 0.641 (0.545–0.737) <0.001

CS, cardiac surgeon; FFR, fractional flow reserve; IC, interventional 
cardiologist; NIC, non- interventional cardiologist.
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for all lesions, IC, NIC and CS had rates of type A discrep-
ancy of 13.3%, 9.0% and 12.3%, and of type B in 6.9%, 
9.2% and 10.4%, respectively.

DISCUSSION
There are several key findings from this study. First, it has 
proven the hypothesis that in patients with CCS who are 
being investigated with ICA, the availability of systematic 
FFR data did produce a significantly more concordant 
interpretation and more homogeneous management 
among IC, NIC and CS. Second, the availability of system-
atic FFR changes the coronary significance assessment 
and management plan in all the specialties, and almost 
doubles the consensus level between them on how these 
patients should be managed. Third, that the angiographic 
and FFR assessment of vessel significance were discordant 
in 20.4% of vessels.

The doctors in this study are either on the Specialist 
Register or are within 12 months of achieving that target. 
The current study has confirmed that the angiographic 
assessment of patients with CCS is indeed different 
between these specialty groups and that this results in 
significant differences in the management plan suggested 
for patients. This observation is of concern, raising 
the possibility that the same patients may be managed 
differently according to the background training of the 
specialist. This reinforces the value of a Heart Team 
approach, in which such interspecialty differences may 
be incorporated into a multidisciplinary consensus.1 
The high level of observed discordance between angio-
graphic assessment and that after comprehensive vessel 
physiology is available would, however, not necessarily be 
overcome by the Heart Team approach.

The primary outcome from this study is that the avail-
ability of systematic FFR data from all coronary arteries 
of stentable/graftable diameter significantly improved 
the level of agreement in management plan across the 
three specialty groups when compared with ICA data 
alone. This is an important observation and has poten-
tial implications for routine clinical practice. Specifi-
cally, the result indicates that a more concordant level of 
assessment and management can be achieved if routine 
and systematic data about vessel- specific physiology are 
available on top of angiographic data alone. While it 
is unlikely, given the relatively low uptake of pressure 
wire use in everyday cardiology practice, that physicians 
will perform such comprehensive invasive assessment 
as a routine, these results do support the concept that 
comprehensive physiological data would be of value. 
Furthermore, these data have particular relevance 
given that systematic coronary artery physiology can be 
obtained both non- invasively, particularly using CTCA 
with FFRCT,15–17 and also using novel angiogram- derived 
physiology software, which is likely to become widely 
available in catheter laboratories in the near future.18 19 
Our study suggests that there may be clinical benefit in 

the future in employing these tests on a routine basis 
in order to facilitate a more consistent assessment and 
management of patients with CCS.

The outcome in this study must be analysed in the 
context of contemporary literature. First, in the recent 
RIPCORD2 randomised trial, 1100 patients with either 
CCS or non- ST- elevation myocardial infarction were 
randomised to assessment and treatment based on 
ICA alone or ICA plus invasive FFR measurement in 
all vessels of a diameter suitable for revascularisation.20 
RIPCORD2 failed to show any difference in overall 
resource utilisation, quality of life or clinical events 
between the two groups. In that trial, however, all the 
supervising physicians were ICs and no interspecialty 
differences would have had relevance, in contrast to the 
current study. Second, current NICE Clinical Guidance 
CG95 recommends that the vast majority of patients 
with recent- onset chest pain should undergo CTCA as 
their default first test.4 Although the supervising cardi-
ologist (who might be IC or NIC) normally receives a 
report of the CTCA result derived from a trained inde-
pendent radiologist or cardiologist, their interpreta-
tion of such data, and the interpretation of CS, may be 
modified by their specialty- specific training. The results 
of the current study lend some support to the concept 
that management may be most consistent if FFRCT data 
were to be available in such cases. Balanced against this, 
the FORECAST trial, which randomised patients with 
new- onset stable chest pain to CTCA with FFRCT versus 
routine testing, did not show any difference in resource 
utilisation or clinical outcome.21

The current results also add weight to the potential 
appeal of having real- time angiography- derived coronary 
physiology, which thereby would provide a comprehen-
sive assessment of coronary physiology at the time of ICA, 
as a routine adjunct, although this hypothesis requires 
further assessment.

This study has a number of limitations. First, that the 
number of cases included is relatively small. Second, 
that the cases were from a previous study and that the 
decision- making was based on the same hypothetical clin-
ical scenario in each case. Third, there was no assessment 
of reproducibility of the interpretation of the presented 
data. Finally, the choice of doctors in each group was 
based on local availability, and there is no way of assessing 
the degree to which they represent typical opinions of 
their subspecialty.

In conclusion, the availability of comprehensive FFR 
data substantially changes interpretation of coronary 
significance and management in all three specialist 
groups, and thereby significantly improves the level of 
agreement between IC, NIC and CS with regard to the 
management of CCS when compared with ICA alone. 
These results suggest that comprehensive physiological 
data may improve treatment consistency between special-
ties, if available routinely in the future, for example, using 
angiography- derived coronary physiology.
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