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Comparison of angiographic estimation and invasive 
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non-infarct-related residual stenoses in ST-elevation 
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A b s t r a c t

Introduction: Up to 50% of patients with ST elevation myocardial infarction 
(STEMI) have ≥ 50% stenosis in a major non-infarct-related artery. Several 
studies have evaluated the prognostic value of the completion of revascu-
larization with overall inconclusive results. Selection of the stenoses was 
based on the angiographic evaluation, invasive hemodynamic measurement 
or the combined approach. It is unknown whether such a selection provides 
correlation of comparable patient groups.
Material and methods: We enrolled 51 patients (62.7 ±10.2 years) with 
acute STEMI and at least one residual (50–90%) stenosis in a non-infarct-re-
lated major coronary artery (excluding left main coronary artery). Overall  
65 stenoses (67.9 ±10.7%) were evaluated angiographically following prima-
ry percutaneous coronary intervention and the hemodynamic significance 
was estimated with respect to the stenosis severity, caliber of the arterial 
segment, localization of the stenosis (proximity) as well as the estimated 
size of the supplied vascular territory. During subsequent hospitalization, in-
vasive measurement of the hemodynamic significance using fractional flow 
reserve (FFR) was performed to guide the final revascularization strategy 
(FFR value of ≤ 0.80 considered significant).
Results: Based on angiographic evaluation, a total of 44 stenoses would be 
recommended for treatment, whereas only 31 stenoses were revascularized 
based on FFR measurement. Moreover, visual evaluation and hemodynamic 
measurement were discrepant in 27 of 65 (41.5%) stenoses.
Conclusions: We observed a weak correlation between visual angiographic 
evaluation and invasive hemodynamic measurement. More stents would be 
implanted based on angiographic evaluation compared to FFR measurement.

Key words: coronary flow, complete revascularization, atherosclerosis, 
fractional flow reserve, acute ST elevation myocardial infarction, 
multivessel coronary artery disease, infarct-related artery.
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Introduction

Atherosclerotic diseases, including stroke and 
acute coronary syndromes, are the leading causes 
of both mortality and disability in industrialized 
countries [1]. In the event of ST elevation myocar-
dial infarction (STEMI), a large proportion of myo-
cardium is usually jeopardized and ongoing com-
plete interruption of the major coronary artery 
flow may lead to significant transmural scarring 
with a subsequent decrease of cardiac output. Pri-
mary percutaneous coronary intervention (PCI) is 
the preferred method of reperfusion in such occa-
sions [2, 3]. Since atherosclerosis is a diffuse pro-
cess, one is not surprised that up to 50% of STEMI 
patients have multivessel coronary artery disease 
(CAD), universally defined as ≥ 50% stenosis of at 
least one major epicardial non-infarct-related ar-
tery (IRA) [4, 5]. Whether to routinely revascular-
ize these non-culprit lesions or to manage them 
conservatively with guideline-based optimal med-
ical therapy alone is an ongoing dilemma as they 
may represent stable coronary artery plaques with 
a questionable benefit of additional revasculariza-
tion. Several randomized studies have evaluated 
the potential benefit of complete revasculariza-
tion with overall inconclusive results [6–10]. How-
ever, these studies may be (among others) limited 
by suboptimal evaluation of stenosis significance 
and, thereby poor stenosis selection strategy. In 
this single-center study, we provide the correla-
tion of angiographic estimation of stenosis sever-
ity and hemodynamic measurement of the signif-
icance of non-infarct-related residual stenoses in 
such patients.

Material and methods

Study design 

All adult patients with acute STEMI as the pri-
mary manifestation of CAD who had undergone 

successful PCI (Thrombolysis In Myocardial Infarc-
tion “TIMI” score at least 2) of the culprit lesion 
were candidates for enrollment. The major inclu-
sion criterion was at least one residual stenosis 
in non-infarct-related major coronary artery (di-
ameter ≥ 2.5 mm). The key exclusion criteria are 
summarized in Table I. All patients gave written 
informed consent to the study protocol. The study 
was performed in accordance with the Decla-
ration of Helsinki of the World Medical Associa-
tion and the local ethics committee approved the 
study protocol.

Angiographic evaluation of stenosis 
severity 

Following successful PCI, the primary operator 
evaluated the severity of residual disease based 
on visual estimation including a summary of per-
centage of stenosis in each eligible lesion. More-
over, the operator was asked to estimate the like-
lihood of positivity of the following hemodynamic 
evaluation of the non-IRA (“yes/no” question) as 
well as to underline the relevant indicators of such 
choice in multiple-choice question (stenosis sever-
ity ± diameter of the arterial segment ± localiza-
tion/proximity of the lesion ± estimated size of 
the distal vascular bed). Such an approach better 
reflects lesion selection in routine clinical practice 
and does not rely solely on percentage of stenosis. 
All patients were discharged with guideline-rec-
ommended optimal medical therapy. 

Hemodynamic evaluation of stenosis 
severity and completion of revascularization 

The invasive hemodynamic evaluation of all el-
igible non-IRA lesions was performed during sub-
sequent elective hospitalization within a period of 
4–8 weeks after primary PCI as is the current stan-
dard in our institution. The hemodynamic mea-
surement was performed using fractional flow 
reserve (FFR) – an invasive technique evaluating 
the hemodynamic relevance of coronary steno-
sis by means of the measurement of the relative 
poststenotic pressure drop during maximal cor-
onary vasodilation. It is currently considered the 
most direct way to assess the hemodynamic sig-
nificance of individual coronary lesions and is rec-
ommended in all patients with borderline stenosis 
without non-invasive measurement of the extent 
of ischemia [11]. All operators were experienced 
in its use including standardized application of ad-
enosine as well as the use of dedicated pressure 
wire (PressureWire AERIS™, Abbott). An FFR value 
of 0.80 or less following maximal vasodilation was 
considered to be significant and requiring revas-
cularization. The method of final revascularization 
was based on the operator’s recommendation – 

Table I. Key exclusion criteria

Hemodynamic instability requiring complete 
revascularization during the culprit procedure 

Residual lesions considered unstable and requiring 
immediate treatment 

Inability to perform hemodynamic evaluation of 
stenosis severity (anatomical or medical) 

Non-IRA stenosis > 90% or occlusion 

Non-IRA stenosis in the left main coronary artery 

Non-IRA stenosis in the vascular bed considered as 
non-relevant (small distal territory) 

Valvular disease considered hemodynamically 
significant 

Pregnancy 

Probable non-compliance with treatment strategy 
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either coronary artery bypass graft procedure or 
PCI with a strong recommendation for the use of 
drug eluting stents. 

Statistical analysis

Standard descriptive statistics were used to 
describe the study group. Categorical variables 
were reported as numbers and relative frequen-
cies (percentages) and continuous variables as 
the mean ± standard deviation. Logistic regres-
sion analysis and receiver operating characteristic 
analysis were applied with p-value < 0.05 consid-
ered statistically significant.

Results 

A total of 51 patients (aged 62.7 ±10.2 years) 
were enrolled from November 2020 to September 
2022. Their baseline characteristics are summa-
rized in Table II. In this study group, a total of 65 
stenoses (67.9 ±10.7% stenosis, 2.98 ±0.32 mm 
diameter) were recommended for subsequent 
hemodynamic measurement – 39 patients with 
single-vessel disease, 10 patients with two-ves-
sel disease and 2 patients with three-vessel dis-
ease. Based on angiographic evaluation, a  total 
of 44 stenoses (67.7%) would be recommended 
for treatment (70.6 ±10.6% stenosis) whereas the 
rest of the stenoses were considered non-signifi-
cant (62.4 ±9.0% stenosis) and thus would be rec-
ommended for a further conservative approach. 

Subsequently, all study patients underwent 
successful hemodynamic measurement of all eligi-
ble stenoses. No clinical adverse cardiac event was 
reported within the time period from discharge to 
subsequent hospitalization. Compared to angio-
graphic measurement, a total of 31 (47.7%) steno-
ses were considered hemodynamically significant 

and eventually recommended for treatment (71.8 
±11.6% stenosis, average FFR value 0.69 ±0.08, 
FFR range: 0.51–0.79). The remaining 34 measure-
ments were negative (64.4 ±8.5% stenosis, aver-
age FFR value 0.87 ±0.04, FFR range: 0.81–0.96). In 
summary, less revascularization procedures were 
recommended based on FFR measurement com-
pared to angiographic estimation. 

Interestingly, based on individual comparison, 
27 of 65 measurements (41.5%) were discrepant 
when comparing angiographic to hemodynam-
ic measurements (Figures 1 and 2). In summary,  

Table II. Patients’ baseline characteristics 

Parameter      Value

Age [years] 62.7 ±10.2 

Male sex 41 (80.4%)

Hypertension 29 (56.9%)

Diabetes mellitus 12 (23.5%)

Current smoking 18 (35.3%)

Peripheral arterial disease 1 (2.0%)

Creatinin [µmol/l] 81.0 ±28.5

Total cholesterol [mmol/l] 5.0 ±1.3 

Low density lipoprotein cholesterol 3.3 ±1.3

Location of infarct:

 Anterior 13 (25.5%)

 Inferior 35 (68.6%) 

 Lateral 3 (5.9%) 

Average no. of stents per culprit 
procedure

1.31

Residual arteries with stenosis:

 Single 39

 Double 10

 Triple 2

Location of residual stenosis:

 Left anterior descendent (magistral) 35 (53.8%)

 Other (incl. diagonal, marginal..) 30 (46.2%)

 Angiographic “overestimation” (AG+/FFR–)
 Angiographic “underestimation” (AG–/FFR+)
 Negative concordance (AG + FFR negative)
 Positive concordance (AG + FFR positive)

Figure 1. Correlation of angiographic estimation 
and FFR measurement

Figure 2. Distribution of individual percentage ste-
nosis values with relationship to angiographic and 
FFR concordance/discordance
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24 of the 65 stenoses were considered angio-
graphically positive and were recommended for 
revascularization based on FFR measurement,  
14 stenoses were confirmed to be negative as 
estimated, 20 stenoses were estimated positive 
but left for a  conservative approach based on 
FFR measurement and, finally, 7 stenoses were 
estimated non-significant but eventually revas-
cularized based on FFR measurement. The mean 
percentage values within individual subgroups 
are summarized in Table III. Importantly, when re-
lated to FFR (a current gold standard of invasive 
measurement), visual estimation would provide 
the overall sensitivity of 77.4% but the specificity 
of 41.2%. The false positivity and negativity rates 
would be 58.8% and 22.6%, respectively.

Regarding the operator’s decision-making 
process, of the four offered indicators (multi-
ple-choice) the most frequently considered rele-
vant was the estimation of the size of the supplied 
territory (66.2%) closely followed by the stenosis 
severity (64.6%). On the other hand, the localiza-
tion of the stenosis (proximity) and the caliber of 
the stenosed segment played less significant roles 
(35.3% and 20%, respectively). Table IV summa-
rizes the distribution of indicators with relation 
to angiographic estimation of the stenosis signif-
icance (Table IV A) and subsequent angiographic 
and hemodynamic concordance (Table IV B). 

Moreover, angiographic estimations and subse-
quent concordance were evaluated in relationship 
to the left anterior descending (LAD) coronary ar-
tery territory compared to all other arteries/ma-

jor branches. Overall, 29 out of 35 LAD stenoses 
(82.8%) were estimated significant with 62.9% 
finally FFR positive. On the other hand, non-LAD 
arteries/branches were estimated significant in 
15 of 30 stenoses (50.0%), of which 30% were 
FFR positive. The discordance rates in LAD vs. non-
LAD territory were 31.4% and 53.3%, respectively. 
Finally, when compared with the relationship to 
the severity of stenosis, in the 50–70% stenosis 
range the discordance rate was 47.7%, whereas in 
the 71-90% stenosis range the discordance rate 
was 30.4%. Using regression analysis, both LAD  
(p = 0.01, odds ratio = 3.949) and > 70% stenosis 
(p = 0.001, odds ratio = 8.031) were significant 
predictors of positive FFR conversely to stenosis 
caliber (p = 0.468, odds ratio = 0.553) or the op-
erator’s visual estimation in general (p = 0.113, 
odds ratio = 2.4). The optimal cut-off value of 
stenosis severity for the prediction of positive FFR 
value was 72.5% with sensitivity of 58.1% and 
specificity of 85.3%. 

Discussion

It is notoriously known and well documented 
that up to 50% of patients with STEMI have signif-
icant (≥ 50%) residual stenoses exclusive of an IRA 
[4, 5]. Historically, it was recommended to conser-
vatively treat such lesions due to the increased 
rate of adverse events, including mortality [12–
14]. However, with increased safety and efficacy 
of PCI procedures, there has been a  shift in the 
paradigm and, according to the current guidelines, 
it is recommended that the revascularization is 
completed in such patients [3]. There are, howev-
er, many unanswered questions. 

In our study, we focused on STEMI patients as 
a  primary manifestation of CAD excluding those 
with a  previous history of acute coronary syn-
drome or stable CAD. As such, the finding of re-
sidual stenosis could be considered incidental and 
likely stable. The current guidelines on chronic 
(stable) CAD suggest that in the event of angi-
nal symptoms absence and lack of non-invasive 
documentation of the presence of ischemia, cor-
onary stenoses in the range of 50–90% should 

Table III. Mean percentage stenosis values

Variable  Value

Positive concordance 
(angiographically and FFR positive) 

74.16 ±9.96

Angiographic “overestimation” 
(angiographically+/FFR–) 

66.25 ±9.85

Angiographic “underestimation” 
(angiographically–/FFR+)

63.57 ±14.06

Negative concordance 
(angiographically and FFR negative)

61.79 ±5.40

Table IV. A – Proportional representation of morphological indicators in angiographic estimation of stenosis sig-
nificance. B – Proportional representation of morphological indicators in relation to angiographic and FFR concor-
dance/discordance

A Stenosis Diameter Localization 
(proximity)

Vascular bed

Estimated significant (44 of 65) 59.1% 29.5% 50.0% 70.5%

Estimated non-significant (21 of 65) 76.2% 0% 4.8% 57.1%

B Stenosis Diameter Localization 
(proximity)

Vascular bed

Concordance (38 of 65) 73.6% 15.8% 36.8% 65.8%

Discordance (27 of 65) 51.9% 25.9% 33.3% 66.7%
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only be treated in case of a documented FFR val-
ue of 0.8 or less [11]. These data are supported 
by the results of the FAME 2 trial suggesting that 
FFR guided PCI decreased the incidence of further 
urgent revascularization (but not the incidence of 
death from any cause or myocardial infarction) at 
a mean of 7 months, whereas the 5-year follow-up 
showed only marginal evidence of a decrease in 
the incidence of myocardial infarction [15]. More-
over, a large randomized ISCHEMIA trial published 
in 2020, which enrolled more than 5,000 patients 
followed over a  median of 3.2 years has shown 
that among patients with stable CAD and moder-
ate to severe ischemia, the initial invasive strategy 
as compared with an initial conservative approach 
did not reduce the risk of ischemic cardiovascular 
events or death from any cause [16]. There are, 
thereby, limited data supporting the mortality 
benefit of revascularization in patients with stable 
CAD excluding selected patient subgroups such as 
those with large (> 10%) ischemia on myocardi-
al perfusion imaging or those with angiographic 
evidence of high-risk features such as significant  
(≥ 50%) left main stenosis [16, 17].

Several studies have specifically focused on 
the outcomes of STEMI patients with significant 
residual stenoses comparing an initial invasive 
to initial conservative strategy. The pioneering 
randomized trials each enrolling up to hundreds 
of patients include PRAMI, CvLPRIT, DANAMI-3  
PRIMULTI and COMPARE-ACUTE [6–9] which are 
summarized in detail within Table V. It is important 
to highlight that these studies differed significant-
ly in several attributes, such as length of follow-up 
(12–27 months), timing of revascularization com-
pletion and, most importantly, lesion severity cri-
teria (≥ 50%, ≥ 70% or FFR guided). In summary, 
the trials have shown a lower rate of adverse out-
comes in initially invasive strategy driven by a de-
creased need for future revascularizations with 
only a  numerical trend towards fewer non-fatal 
myocardial infarctions and no difference in mor-
tality. Complete Revascularization with Multives-
sel PCI for Myocardial Infarction (COMPLETE) was 
a long-awaited large-scale trial published in 2019 
[10]. Overall, 4,041 patients with STEMI and mul-
tivessel CAD were randomized following culprit 
lesion PCI to either no further revascularization 
or complete revascularization of all further signifi-
cant non-culprit lesions irrespective of stable CAD 
symptoms prior to STEMI. The significance of the 
residual lesion was defined as either ≥ 70% ste-
nosis based on angiography or 50–69% stenosis 
with FFR value ≤ 0.80. The main exclusion crite-
ria were an intention to revascularize a non-cul-
prit lesion before randomization or previous or 
planned coronary artery bypass grafting surgery. 
Revascularizations of non-IRA lesions were either 

performed during or after the index hospitaliza-
tion. At a median follow-up of 3 years, there was 
a 2.7% absolute reduction in the coprimary out-
come of cardiovascular death and new myocardi-
al infarction, as well as 7.8% absolute reduction 
in cardiovascular death, new myocardial infarc-
tion and ischemia-driven revascularization in the 
complete revascularization group. The outcome 
was consistent across both stratified subgroups 
(complete revascularization during the index hos-
pitalization or within 45 days of randomization). 
Like previous smaller scale trials, the COMPLETE 
trial also did not include patients in cardiogenic 
shock, limiting generalizability to that population. 
Despite the COMPLETE trial large sample confir-
mation that complete revascularization was as-
sociated with a  reduction in ‘hard outcomes’ as 
the primary outcome was cardiovascular death 
or myocardial infarction, the result was primarily 
driven by the lower incidence of new myocardial 
infarction (non-STEMI of uncertain significance 
defined by increase of cardiac markers; no differ-
ence in STEMI) in favor of complete revasculariza-
tion (5.4% vs. 7.9%), with no significant difference 
in the incidence of death from cardiovascular 
causes (2.9% vs. 3.2%, respectively).

Because estimation of stenosis significance 
based solely on stenosis severity is known to 
likely overestimate its hemodynamic relevance 
[18], and keeping in mind that the common an-
giographic definition for the residual stenosis 
is quite unrestrictive (≥ 50% in any artery with 
a diameter greater than 2–2.5 mm), we decided 
to evaluate the accuracy of visual estimation to 
predict the hemodynamic significance with re-
spect to further morphologic attributes commonly 
used in daily clinical practice. Apart from steno-
sis severity, such attributes were the diameter of 
the stenosed segment, location/proximity of the 
lesion and the estimated size of the vascular bed. 
We found that even under such circumstances, 
the inaccuracy rate exceeds 40% with increased 
tendency towards overestimation, particularly in 
non-LAD territory and in stenoses with 50–70% 
range. All despite being a high-volume PCI center 
with free access to and a  large experience with 
FFR measurement. Interestingly, a  Multivessel 
PCI Guided by FFR or Angiography for Myocar-
dial Infarction (FLOWER-MI) trial focusing on pa-
tients with STEMI was published in 2021 [19]. 
The authors randomly assigned patients with 
residual multivessel CAD to receive either com-
plete revascularization guided by FFR or complete 
revascularization guided by angiography (≥ 50% 
stenosis). The primary outcome was a composite 
of death from any cause, non-fatal myocardial 
infarction or unplanned hospitalization leading 
to urgent revascularization at 1 year. Completion 
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of revascularization was strongly recommended 
to be performed as early as possible after pri-
mary PCI. However, the staged intervention for 
non-culprit lesion was used in more than 95% of 
the patients in each group, with the mean time 
delay between the intervention being 2.6 ±1.4 
days in the FFR-guided group and 2.7 ±3.3 days 
in the angiography guided group likely reflecting 
the low tendency for immediate complete revas-
cularization in routine clinical practice. The mean 
number of stents used per patient for non-culprit 
lesions was 1.01 ±0.99 in the FFR-guided group, 
and 1.50 ±0.86 in the angiography-guided group, 
which is consistent with our finding of a more re-
strictive approach to revascularization with FFR. 
The primary outcome event occurred in 32 of 586 
patients (5.5%) in the FFR-guided group and in 24 
of 577 patients (4.2%) in the angiography-guided 
group. Death occurred in 9 (1.5%) patients in the 
FFR-guided group and in 10 (1.7%) patients in the 
angiography-guided group; non-fatal myocardial 
infarction in 18 (3.1%) and 10 (1.7%), respectively; 
and unplanned hospitalization leading to urgent 
revascularization in 15 (2.6%) and 11 (1.9%), re-
spectively. Overall, the authors concluded that an 
FFR-guided strategy did not provide a significant 
benefit over an angiography-guided strategy with 
respect to the risk of death, myocardial infarction, 
or urgent revascularization at 1 year. 

Finally, all patients enrolled in our study suc-
cessfully underwent staged PCI and no significant 
cardiovascular adverse event was reported in be-
tween the culprit and subsequent hospitalization. 
Together with the above-described limited benefit 
in “hard outcomes” related to an early invasive 
treatment, we advocate that staged PCI might be 
considered in patients with “incidental” residu-
al CAD (exclusive of left main stenosis and tight  
> 90% lesions) in case of the absence of morpho-
logical signs of vulnerability. Our current policy is 
to have a low threshold for PCI in any > 70% LAD 
stenosis as well as for FFR in case of 50–90% LAD 
stenosis. In case of non-LAD stenosis, the bene-
fit of (FFR-guided) PCI should always be careful-
ly weighted and justified, particularly in frail pa-
tients. 

In conclusion, as atherosclerosis is a  diffuse 
disease, a  significant proportion of patients pre-
senting with STEMI have residual stenoses in 
non-culprit territories currently defined as ≥ 50% 
stenosis in at least one major epicardial non-IRA. 
There are limited data supporting routine PCI of 
such lesions in order to reduce the rate of hard 
outcomes such as death or myocardial infarction. 
Moreover, it seems safe to postpone the com-
pletion of revascularization. While FFR provides 
a  more “revascularization restrictive” approach, 
its benefit over visual estimation in the event of 

treatment of stable asymptomatic “incidental” 
stenoses still remains to be studied. 
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