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BACKGROUND The role of fractional ﬂow reserve (FFR) evaluation
after percutaneous coronary intervention (PCI) has received little
scrutiny. We aimed to evaluate the impact of post-PCI FFR in a prospective study.

CONCLUSION In-vitro perfusion models suggest that strut thickness
may impact on BRS thrombogenicity.
CATEGORIES CORONARY: Bioresorbable Vascular Scaffolds
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BACKGROUND In the contemporary era of primary percutaneous
coronary intervention (PPCI) to treat acute ST segment elevation
myocardial infarction (STEMI), the frequency and predictors of
persistent microvascular obstruction (MVO) have not been elucidated.
Real time myocardial contrast echocardiography (RTMCE) can be
utilized to detect both the presence and extent of MVO in this setting.
The goal of this study was to assess MVO frequency and severity in the
current era, and how it affects outcome.
METHODS 170 consecutive patients receiving successful emergent
PPCI for STEMI (TIMI grade 2/3 ﬂow) were examined with RTMCE
within 24-48 hours of PPCI. RTMCE was performed with a continuous
infusion or slow bolus of intravenous commercially available ultrasound contrast media and brief high mechanical index impulses to
examine for both delayed microvascular replenishment and abnormal
plateau intensity within the infarct zone (IZ). Patients were divided
into 3 groups: Group 1 with normal microvascular ﬂow (MVF) within
the IZ, Group 2 with delayed replenishment but normal plateau intensity, and Group 3 both delayed replenishment and abnormal
plateau intensity (MVO). Clinical and angiographic predictors of
persistent MVO were determined using Odds Ratios (OR). Event free
survival (EFS) from death, heart failure, recurrent infarction, and
deﬁbrillator placement was determined by Kaplan Meier estimates.
RESULTS Mean age was 5912 years (79% male). Prevalence of hypertension, hyperlipidemia, DM, smoking, history of MI and door to
balloon times were not different between groups, but 37% had normal
MVF (Group I), 29% had only delayed replenishment (Group 2), and
35% patients had MVO (Group 3). Age (OR 1.2;CI 1.1-1.4) and LAD
infarct (OR 7.3;CI 3.6-15.6) were independent predictors of MVO. One
year event rates were 27% in Group 3 compared to 8% in Group 1 and
Group 2. The presence of MVO was associated with signiﬁcantly lower
EFS when compared to Group I and II patients (p¼0.008).
CONCLUSION In the contemporary era of successful PPCI for STEMI,
MVO persists in over one third of the patients, especially following
LAD infarction. The presence of MVO by RTMCE identiﬁes patients at
highest risk for adverse outcomes.
CATEGORIES IMAGING: Imaging: Non-Invasive
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METHODS Single-center prospective registry of patients (n¼65) undergoing PCI for stable coronary artery disease (CAD) or non-ST-elevation
acute coronary syndrome (ACS). Baseline and post-PCI FFR were
measured with the Acist Navvus Rapid Exchange FFR Microcatheter
(ACIST Medical Systems, Eden Prairie, MN). Patients were divided according to the post-PCI FFR value (<0.90 vs. 0.90). The primary
endpoint was the proportion of cases in which an action was undertaken
in light of a post-PCI FFR value <0.90. The secondary endpoints were
clinical outcomes at 30 days and 1 year. Target-vessel failure (TVF) was
deﬁned as a composite of cardiac death, target-vessel myocardial
infarction, and ischemia-driven target-vessel revascularization.
RESULTS Overall mean age was 68.96.3, 32% were diabetics. Ejection fraction was 51.810.0%. The majority of procedures were indicated for stable CAD (66%). SYNTAX score was 13.97.9. There were no
differences in baseline clinical and angiographic characteristics between patients with post-PCI FFR <0.90 (n¼43) and those with postPCI FFR 0.90 (n¼22), with the exception of a higher prevalence of left
anterior descending as target vessel in post-PCI FFR <0.90 (84% vs.
59%, p¼0.03). Baseline FFR was 0.720.08 in post-PCI FFR <0.90 vs.
0.690.14 in post-PCI FFR 0.90 (p¼0.40). Overall, 86% received a
drug-eluting stent, 6% a bioresorbable scaffold, and 8% a drug-eluting
balloon (DEB) (p¼0.25). Total stent length was 37.925.4 mm (1.51.0
implanted stents), with no difference between groups. Post-PCI FFR
was 0.820.05 in post-PCI FFR <0.90 vs. 0.940.02 in post-PCI
FFR 0.90 (p<0.001). The reasons for an FFR <0.90 were: residual
distal disease not amenable to treatment (42%), residual uncovered
distal (2%) and proximal plaques (14%), stent underexpansion (2%),
edge dissection (2%), unknown (37%). An action was undertaken in 15/
43 (35%) of patients with a post-PCI FFR <0.90: invasive imaging 19%,
further stenting 26%, further post-dilatation 28%, treatment of distal
vessel with a DEB 2%. In only 3/15 patients (20%) that had an
FFR <0.90 after PCI, additional interventions (stenting of residual
uncovered proximal plaques in all three) achieved an increase of the
FFR value to 0.90. A statistically signiﬁcant (p¼0.02), albeit of little
clinical relevance (0.020.05), increase in FFR value was observed in
patients who had a post-PCI FFR <0.90. Final FFR was 0.830.05 in
post-PCI FFR <0.90 vs. 0.940.02 in post-PCI FFR 0.90 (p<0.001). At
30 days, no TVF events were recorded. However, one patient with a
ﬁnal FFR <0.90 (2.6%) was admitted for chest pain (p¼0.43). There
was no difference in angina class between the two groups. One year
follow-up is in progress.
CONCLUSION Two thirds of patients present a post-PCI FFR <0.90.
This is due to a variety of reasons, often not amenable to percutaneous treatment or of unclear etiology. Further interventions (performed in about one third of cases) do not appear to have a substantial
impact on ﬁnal FFR. Further larger studies should assess the clinical
impact of our ﬁndings.
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BACKGROUND The index of microcirculatory resistance (IMR) is an
invasive surrogate of coronary microvascular function and and an
early marker of cardiac recovery, after acute ST elevation myocardial
infarction (STEMI), as evaluated by echocardiography. Our purpose in
the current study was to conﬁrm its relation with infarct extension
(IE) and microvascular obstruction (MVO), measured by several
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different methods, in patients with STEMI treated by primary percutaneous coronary intervention (P-PCI).
METHODS IMR was measured immediately after successful P-PCI, with
a pressure-wire. IE was evaluated by contrast enhanced cardiac magnetic
resonance (ceCMR), echocardiography and troponin release. MVO was
evaluated by ceCMR, angiographic indicators (corrected TIMI frame
count and TIMI myocardial perfusion grade) and ECG ST resolution.
RESULTS 60 patients were included. Infarct extension and MVO were
evaluated according to the median IMR value (23.9 [IQR 32.9]). The
results for infarct extension are presented in the Table. IMR >24 was
associated with higher prevalence of MVO (45.0% vs. 13.8%, p¼0.015)
and with higher MVO mass (median/IQR 6.4/11.5 vs 2.9/2.9, p¼0.006)
in the ceCMR. Indirect indicators of MVO (cTFC: median/IQR 2.0/10.0
vs. 14.0/7.0, p<0.001; TMPG 2 or 3: 70.0% vs. 93.3%, p¼0.019; 90 min
ECG ST resolution: median/IQR 75.5/36.0 vs. 86.5/29.0, p¼0.014) were
also worst in these patients. The ROC analysis of IMR to predict MVO
showed an AUC of 0.723 (CI 95% 0.500-0.896, p¼0.018). The optimal
IMR cutoff value for predicting MVO was 33 (sensitivity 69.2%; speciﬁcity 80.6%). Patients with higher IMR had a higher incidence of the
combined endpoint of cardiovascular major events, heart failure and
hospital admissions (6.9% vs. 30.0%, p¼0.024).
Total

IMR>24

p value

Population

Troponin

Echo

Variable

(n[60)

TnIpeak

11782

9159

14293

0.013

TnIAUC

19381283

1459898

24181438

0.003

LVEF (%

52.67.1

54.66.5

50.17.1

WMSI

1.24 (0.35)

1.210.18

1.430.25

<0.001

Global longitudinal

-15.773.11

-16.811.86

-14.503.83

0.007

No (n[30)

Yes (n[30)

0.024

strain
ceCMR

Transmural necrosis

23 (46.9)

8 (27.6)

15 (75.0)

0.001

Total infarct mass

14.7 (12.6)

11.4 (10.9)

17.6 (15.0)

0.031

Percent infarct mass

12.6 (14.4)

11.6 (12.1)

17.0 (15.4)

0.035

CONCLUSION IMR evaluated immediately after P-PCI in patients with
STEMI predicts both myocardial infarction extension and MVO,
identifying patients with worst prognosis.
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BACKGROUND FFR immediately after a DES implantation correlates
with clinical events. However, the cutoff of post-DES FFR for predicting long-term clinical events remains understudied.
METHODS Between May 2012 and September 2013, a total of 1,476
patients who had FFR<0.8 at maximal and at baseline underwent DES
implantation were prospectively studied in 9 centers. Post-DES FFR
was repeat measured. The primary endpoint was the 1-year TVF rate
after procedures. Receiver-operating characteristic curves were used
to calculate the post-DES FFR value for TVF, then patients were
classiﬁed on the basis of this value and followed up for 3 years.
RESULTS By the end of the ﬁrst year, 88 (6.0%) TVFs were recorded. A
post-DES FFR 0.88 strongly correlated with TVF. Disease in the left
anterior descending coronary artery (LAD), stent length, and stent

diameter were independent factors of impaired post-DES FFR, whereas
post-procedure FFR 0.88 was the only predictor of TVF, with 40 (4.0%)
TVFs in the FFR >0.88 and 48 (8.0%) in the FFR 0.88 group (p ¼ 0.001),
mainly driven by target vessel revascularization (3.8% vs. 8.8%; p ¼ 0.005)
and cardiac death (0.2% vs. 1.3%; p ¼ 0.017). The difference in TVF between 2 groups was maintained through 3-year follow-up (p ¼ 0.002). For
patients with LAD lesions, a post-DES FFR 0.905 predicted 1-year TVF.
CONCLUSION Post-DES FFR strongly correlated with TVF rate.
Mechanisms attributed to and treatments for impaired FFR after
stenting should be studied in future studies.
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BACKGROUND Recent studies have shown that women have higher FFR
values than men when FFR is used to assess the hemodynamic severity of
an intermediate coronary stenosis. This is most likely caused by microvascular dysfunction which is more frequently observed in women.
Conversely, not much is known about gender speciﬁc differences in FFR
values after PCI. Therefore, the aims of the current study were to investigate
whether differences exist in FFR after successful PCI in men vs. women and
whether there is a difference in outcome during 30-days follow-up.
METHODS The FFR SEARCH study is a prospective registry in which
all consecutive patients underwent FFR evaluation after successful
PCI. FFR measurements were performed with a novel over-the-wire
monorail catheter inserted over the previously used coronary guidewire to approximately 20mm distal of the most distal stent edge. FFR
measurements were performed under maximum hyperaemia with
intravenous Adenosine.
RESULTS A total of 959 patients (695 men and 264 women) were
included with 1165 successfully treated and measured lesions. Overall,
mean FFR value was 0.910.07 under maximum hyperaemia. No
signiﬁcant differences were observed in absolute post PCI FFR values
(0.910.06 in women vs. 0.900.07 in men, p¼0.135). However, a
post PCI FFR value 0.85 was much more frequently observed in men
(n¼173, 24.9%) than in women (n¼40, 15.2%), p¼0.001. In 798 patients, complete 30-days follow-up was achieved. In this period, 15
patients (1.9%) experienced a MACE. There were no differences in
MACE-rate between men and women (1.9% vs 1.8%, p¼0.903).
CONCLUSION An FFR value 0.85 measured directly following successful PCI was more frequently observed in men than in women. This
may be indicative of microvascular dysfunction which is more common in women. Conversely, no differences in 30-days outcome were
observed between men and women.
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