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Objective: We sought to evaluate if the non-culprit coronary artery stenosis severity is affected
by primary percutaneous coronary intervention (PPCI) compared with non-PPCI settings.
Methods: Review of all the PPCI angiograms was performed at our catheterization laboratory
between 15th October 2013 and 15th October 2014. All patients with severe multi-vessel
coronary artery disease (MV CAD) who underwent second angiograms (either during the
same admission or after discharge) were analyzed. Non-culprit lesions in the PPCI and non-
PPCI angiograms were compared. Two investigators blinded to the procedure dates analyzed the
severity of the lesions using validated quantitative coronary angiography software (QCA).
Results: Among 777 patients who underwent PPCI, 458 had multi-vessel disease. Additional
angiography to treat non-culprit lesions was performed in 104, of these, 69 patients had
a combined total of 74 lesions suitable for QCA analysis. The second angiogram was performed
during the same admission (mean 4+2.7 days) and after discharge (mean 115+84 days) for 48 and
21 patients, respectively. Compared to PPCI angiograms, the non-PPCI angiograms showed
a statistically significant reduction in the percentage of stenosis (71.6+14.4% vs 64.5+14.4%,
p<0.001), and an increase in minimal luminal diameter (0.82+0.45 mm vs 1.00+0.44 mm,
<0.001) of non-culprit lesion. However, no significant difference was observed in the reference
diameter (2.8940.69 mm vs 2.83+0.64 mm, p=0.1) of the non-culprit lesion in both angiograms.
Furthermore, these differences in the lesion parameters remain constant whether the second
angiogram was performed during the same admission or performed after discharge (73.3+14%
and 66.2+12.9% vs 68.4+£15% and 61.2+16%, p=0.1).

Conclusion: The severity of non-culprit lesion is exaggerated in the PPCI setting. The non-
culprit lesion exaggeration remains constant whether the second angiogram was performed
early within a few days or later after several weeks.

Keywords: acute myocardial infarction, coronary angiogram, minimal lumen diameter, non-
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Introduction

Multi-vessel coronary artery disease (CAD) has been observed in more than 50% of cases

presenting with ST segment elevation myocardial infarction (STEMI) treated by PPCL

These cases have worse outcomes as compared to those with single-vessel disease.’
PCI for culprit artery versus multi-vessel PCI has been compared by observa-

tional studies, randomized controlled trials (RCTs), and meta-analyses with con-

flicting results.* '®
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The experts recommend that ischemia should be
relieved in the culprit and non-culprit related arteries at
the time of PPCL'"

The best treatment strategy nevertheless for the non-
culprit related artery (IRA) in patients presenting with
STEMI and MV CAD remains unresolved. This issue
has an important impact on potential improvement in
clinical outcomes in these patients. PCI strategies include:
(1) IRA only primary PCI with medical treatment of non-
culprit arteries except if there is spontaneous angina or
myocardial ischemia induced on stress testing; (2) to per-
form multi-vessel PCI at the time of primary PCI; or (3)
IRA primary PCI, then staged PCI of non-culprit related
arteries later during the same admission or early after
discharge.””

New studies have reported that complete revasculariza-
tion at the time of PPCI would be beneficial. The AHA
ACC guidelines have Class IIb recommendation to do PCI
for non-culprit related lesion at the time of PPCI, however
the writing committee emphasizes that this change should
not be considered as a routine for multi-vessel PCI in all
patients with STEMI and MV CAD. To determine the
optimal strategy physicians should keep in mind clinical
data, lesion severity/complexity, and risk of contrast
induced nephropathy prior to considering the timing of
multi-vessel PCI.”

To further shed light on the controversy, we had an
impression that the severity of non-culprit lesions was
often overestimated at the time of PPCI, which affects
the clinical decision making regarding non-culprit lesion
revascularization. A retrospective analysis was performed
for patients who underwent coronary angiography at the
time of PPCI, followed by another coronary angiogram
within nine months, in order to evaluate the severity of
non-culprit lesions.

Methods

We examined our PPCI database and included all patients
who had coronary angiography at the time of admission
with acute STEMI (within 12 hours of chest pain with
a view to primary PCI) between the 15th October 2013
and the 15th October 2014 and had a following coronary
angiogram within a nine month period performed by using
validated quantitative soft-
ware (QCA).

All acute STEMI angiograms were reviewed by two

coronary angiography

experienced operators in the field to identify those patients
who had a 70% obstruction lesions in the non-IRA (by

visual estimation). The culprit lesion was identified as the
site of acute occlusion in an epicardial coronary artery or an
impaired (TIMI [Thrombolysis In Myocardial Infarction] 3)
flow with conjunction of ST elevation at the ECG.

Non-culprit lesions were defined as lesions in non-infarct
related artery with smooth angiographic borders and no
associated thrombus. The additional angiograms were then
assessed to ensure that the images were obtained in matching
projections of the index angiogram. If there was a difference
of more than 15° in any plane, they were excluded.

Patients were excluded if non-IRA lesions were revas-
cularized at the time of PPCI either by PCI or CABG.
Using the QCA-CMS system, end-diastolic images in the
least foreshortened view were used to measure lesion
severity.”! From both studies the first angiographic images
were used. Two readers who were to the procedure data
performed the analyses. Baseline characteristics recorded
for every patient included age, gender, CAD risk factors
(diabetes mellitus, hypertension, smoking history, dyslipi-
demia), previous history of coronary artery disease (past
angina, AMI, PCI, or CABG), and hemodynamics at the
start of each procedure (blood pressure and heart rate).

The data were analyzed using Statistical Package for
Social Sciences (SPSS) version 19.0. Categorical variables
were expressed as frequencies and percentages while con-
tinuous variables were mentioned as meanststandard
deviations. Paired s-test was used to compare lesion char-
acteristics on angiography and hemodynamic data between
the two studies. Student’s #-test was used to compare
continuous variables between patient groups. Chi-square
test was used to compare categorical variables between
patient groups and p values were calculated. A p value of
less than or equal to 0.05 was taken as significant.

Ethics

This study was approved by the Medical Research Council
of Hamad Medical Corporation (IRB number #14493/14),
since it was a retrospective study so the waiver of
informed consent by patients was approved by the
Medical Research Council. Patient data confidentiality
was strictly observed as per the Institutional guidelines.
The study complied with the Declaration of Helsinki.

Results

During the study period, 777 patients underwent coronary
angiography at the time of acute STEMI for PPCI. Among
these, 458 patients had multi-vessel disease. Additional
angiography to treat non-culprit lesion was performed in
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104 patients within nine months. Of these 104, 35 were
excluded as the angiographic views were not matching.
Leaving 69 patients with 74 non-culprit lesions suitable for
analysis as shown in Figure 1.

Patient demographics in the study group are shown in
Table 1. None of the patients received any vasopressor
agents at the time of PPCI or follow-up coronary angiogram.

Comparing the PPCI and non-PPCI angiograms there was
a statistically significant reduction in percentage of stenosis
(71.6£14.4% vs 64.5+14.4%, p<0.001) and increase in mini-
mal luminal diameter (0.82 +0.45 mm vs 1.00+0.44 mm,
p<0.001) of the non-culprit lesion as shown in Figure 1.
Furthermore, no statistically significant difference was
observed in the reference diameter (2.89+0.69 mm vs 2.83
+0.64 mm, p=0.1) of the non-culprit lesion among PPCI and
non-PPCI angiograms. Comparing the PPCI and non-PPCI
angiograms, the diastolic blood pressure was significantly
higher, and there was a rising trend of systolic blood pressure
with statistically insignificant association as shown in Table 2.

In order to study whether doing the non-PPCI angiogram
during the same admission had an effect on the severity of
non-culprit artery stenosis compared with after discharge, the
patients were divided into two groups; the first group of 48
patients had their non-PPCI angiogram during the same
admission (2 to 7 days from the day of admission) with
a mean of 4 days, and the second group of 26 patients had
the non-PPCI angiogram (between 1-9 months from dis-
charge). The percentage of stenosis of non-culprit lesion
between the PPCI and non-PPCI angiograms had decreased
by 7.07% for the same index admission vs 7.13% in the after-
discharge groups (Table 3). The findings were consistent
among those who had the non-PPCI angiogram during the

71.61%

p<0.001

72%

70%

68%

66% - 64.50%

Percentages

NNNY

64%

62%
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PPCI Non PPCI

Figure | Minimal luminal diameter percentage stenosis in PPCl vs non-PPCI
angiogram.

Table I Demographics of Study Participants (N=69)

Characteristics Study Group

Age (years) 5110
Gender
Male 60 (87%)
Female 9 (13%)
Risk factors
Hypertension 31 (46.3%)
Diabetes mellitus 28 (41%)
Smoking 27 (40.3%)
Dyslipidemia 4 (6%)

Location of MI
Anterior wall 39 (58.2%)
27 (39.1%)

3 (4.3%)

Inferior wall

Lateral wall

Non-culprit artery

Left circumflex artery 30 (40.5%)

Right coronary artery 25 (33.7)

Left anterior descending artery 19 (25.6%)
Access

Radial 33 (47.8%)

Femoral 36 (52.2%)

Notes: This table shows the baseline demographics along with clinical character-
istics of the study group, including most common risk factors, Ml location, the
distribution of non-culprit lesion and type of access (femoral or radial).
Abbreviation: Ml, myocardial Infarction.

same admission vs after discharge; therefore, the severity of
stenosis was 73.3£14% and 66.2+12.9% vs 68.4+15% and
61.2+16%, p=0.1 (Figure 2).

Patients who had their second angiogram during the
same admission tended to have more severe stenosis as
compared to those who had their angiogram after dis-
charge (73.35% vs 68.40%).

Discussion
There are few studies that had shown exaggeration of non-
culprit lesions in PPCI angiogram setting; and in most of
these studies the second angiogram was performed weeks
to months after discharge.

However, our study is the first in which the majority
of second angiograms were done during the same admis-
sion (2 to 7 days).

Furthermore, those who had their second angiogram dur-
ing the same admission tended to have more severe stenosis
as compared to those after discharge (73.35% vs 68.40%).

This emphasized that the likely cause of non-culprit
unfavorable acute

exaggeration is the myocardial
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Table 2 Non-Culprit Lesion Characteristics

Lesion Characteristics PPCI Angiogram Non-PPCI Angiogram p value
MLD percentage stenosis mean (%) 71.6£14.4% 64.5+14.4% <0.001
MLD mean (mm) 0.82+0.45 mm 1.00+£0.44 mm <0.001
Reference diameter mean (mm) 2.89+0.69 mm 2.83+0.64 mm p0.1
Hemodynamics

Systolic blood pressure (mmHg) 135£25 119.58+20.1 <0.07
Diastolic blood pressure (mmHg) 86.15%13.3 77.32+13.3 <0.001

Notes: This table shows first the quantitative assessment of the non-culprit lesion diameter, percentage stenosis and the reference segment diameter at the time of PPCI
and non-PPCI angiograms. Second it shows the mean blood pressure measurements during PPCI and non-PPCI angiograms.
Abbreviation: MLD, minimal luminal diameter; PPCI, primary percutaneous coronary intervention.

Table 3 Timing of Second Angiogram

Timing of PCI Index Admission Post Discharge p value
% of stenosis

PPCI 73.35% 68.4%

Second angiogram 68.28% 61.27%

Change of % stenosis 7.07% 7.13% 0.1

Notes: The difference in the percentage stenosis of the non-culprit lesion between PPCI and non-PPCI angiograms when the non-PPCl was done at the same index
admission (first group) compared with the (second group) when the non-PPCI angiogram was done after discharge.

Abbreviation: PPCI, primary percutaneous coronary intervention.

infarction (AMI) metabolic milieu. This unfriendly AMI
situation and hypercoagulable status could possibly lead to
vasoconstriction and slow flow in the non-culprit artery.
Thus, suggesting a plausible etiology of non-IRA lesion
exaggeration.

PPCI for the IRA has been a standard treatment in
patients with STEMI. Multi-vessel disease can occur in
approximately 50% of STEML' Non-IRA lesions have
a significance, as a pathophysiological inflammatory pro-
cess in AMI could cause plaque instability.**

73,359
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Figure 2 Stenosis severity in the same admission vs after discharge group.

This study has demonstrated that the severity of non-
culprit lesion is exaggerated in the AMI setting, however,
there was no difference in the degree of exaggeration
whether the angiogram was performed before or after
discharge.

Hanratty et al*> observed that between primary PCI
and follow-up angiographic studies there was
a significant increase in minimal luminal diameter and
a reduction in the percentage of stenosis of the non-IRA
lesion without a significant change in the reference seg-
ment diameter — this was not a result of changes in med-
ications or hemodynamics. It was observed that 21% of
patients had >50% stenosis at PPCI angiogram that
decreased to <50% in the second angiogram. PPCI versus
non-PPCI setting was the only significant independent
predictor of regression in non-IRA stenosis. The results
of this study are in accordance with Hanratty et al. The
number of patients was greater in our study as compared to
69 and 48 patients
Furthermore, the stenosis percentage was greater in our
study as compared to Hanratty et al, 71.6+£14.4% and 49.3

+14.5 respectively. This could explain the lower number of

Hanratty et al, respectively.

patients who had non-significant stenosis in the second
angiogram, 6% in our study as compared to 21% in
Hanratty et al.

70 https:

Dove!

Research Reports in Clinical Cardiology 2021:12


https://www.dovepress.com
https://www.dovepress.com

Dove

Othman et al

Thim et al** reported on STEMI patients in a cohort
study, 24% were planned for re-evaluation of non-IRA
lesions. Among these, 66% required further revascular-
ization. Re-evaluation was performed either during the
same admission or after discharge based on individual
assessment. No events were reported in the non-IRA
lesions during the waiting time for re-evaluation.
Among 116 patients planned for follow-up evaluation,
100 patients underwent a new coronary angiogram as
part of their evaluation. There were 146 non-IRA lesions
in these 100 patients. Furthermore, this angiographic
analysis was supported by using FFR, instantaneous
wave-free ratio, intravascular ultrasound, and positron
emission tomography. In contrast to Thim et al, we per-
formed coronary angiogram to evaluate all patients and
QCA was used for assessment of stenosis severity
reviewed by two interventional cardiologists blinded to
the study.

In the study by Thim et al, 34% of patients with
STEMI and MVD, the same admission re-evaluation of
non-IRA lesions did not exhibit significant regression at
re-evaluation angiograms. Data by Thim et al suggest that
supplementary functional assessment is frequently needed
to distinguish the significant non-IRA lesions from those
that are non-significant.

Thim et al provide real-time data on the management
of non-IRA lesions detected during STEMI angiogram.
Thim et al’s data support that staged evaluation in accor-
dance with current guidelines is safe, with re-evaluation
performed within 30 days; thus should be considered as
the relevant control treatment for future randomized clin-
ical trials focusing on complete primary revascularization
in STEMI.

Our study results support the current AHA/ACC guide-
lines to treat the IRA lesion only during PPCI and are
consistent with previous studies.

Findings based on recent RCTs,'®*>*’

with regard to
multi-vessel primary PCI in hemodynamically stable
patients with STEMI, lead to change of the prior Class
IIT recommendations to a Class IIb, to consider multi-
vessel PCI, either at the time of PPCI or as a staged
RCTs

a strategy of multi-vessel PCI, either at the time of PPCI

procedure. These four have suggested that
or as a staged procedure, may benefit and be shown to be
safe in selected patients with STEMI.'®*27

Performing multi-vessel PCI during PPCI has several
potential disadvantages. First, the procedure time is pro-

longed and incurs increased radiation exposure. Second,

higher contrast volume administration during the proce-
dure increases the risk of contrast-induced nephropathy, as
well as acute volume overload, which can potentially lead
to increased morbidity and mortality.?® Third, non-IRA
stenosis severity may be acutely exaggerated because of
circulating catecholamine-mediated vasoconstriction, and
this can result in doing PCI for functionally insignificant
stenoses.”® Fourth, the risk of inflicting injury to remote
viable myocardium during PCI of non-IRA stenosis (distal
embolization, no-reflow, side branch occlusion and loss of
collateral circulation) could result in hemodynamic
instability. Finally, in a prothrombotic and proinflamma-
tory state there may be increased risk for acute and sub-
acute stent thrombosis. Having more time to appropriately
decide on the risks and benefits of additional revascular-
ization may possibly result in better patient selection
which is an advantage of the staged PCI strategy.”’

Compared to patients with stable coronary artery disease,
the degree of stenosis in non-IRA lesions at the time of
STEMI is completely different. Subsequent adverse events
can occur due to the “pro-inflammatory environment.” It is
well known that in acute coronary syndrome vulnerable
plaque distribution is generally not only limited to culprit
lesions. Therefore, non-IRA lesions may not be stable.””

The desirable goal in multi-vessel disease patients is
complete revascularization. However, the incomplete
revascularization strategy may be preferred since it is
easier to achieve and carries lower immediate risks, there-
fore it could be considered as a common clinical practice
in many selected cases. Among these incompletely revas-
cularized patients, the stenosis severity of non-IRA is
expected to regress in subsequent evaluation.

Study Limitations

This study has a few limitations. Firstly, the study design
is retrospective, where the study group may be subject to
a selection bias. Secondly, 34 of 114 patients were
excluded because of having >15° variation in the view’s
angulation. Finally, the number of patients included in the
final analysis was quite small.

Clinical Implications

Non-IRA PCI at the time of PPCI may lead to stenting
lesions which may not require revascularization due to the
lesion’s exaggeration. Furthermore, planning to perform
PCI for non-IRA lesion several days after PPCI may be
a reasonable option as the exaggeration of non-culprit
lesions is likely going to improve.
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