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Abstract

Background and Objectives: Percutaneous coronary intervention (PCI) procedures
resulting in direct instrumentation of the coronary arterial vasculature predispose patients
to undesirable cardiac events. The purpose of this prospective randomized study was to
test the hypothesis that the slow/gradual balloon deflation (SGBD) technique is associated
with a higher procedural success rate, fewer in-hospital complications, periprocedural
myocardial infarction (PMI) and a lower incidence of procedures-related coronary
dissection, compared with the standard/sudden balloon deflation (SSBD) technique in
stable patients undergoing elective native single-vessel PCI (NSV-PCI).

Methods: To compare the effect of SGBD versus SSBD on the incidence of procedure-
related coronary dissection and PMI during PCI, 396 stable patients undergoing elective
NSV-PCI were randomized to SGBD versus the SSBD technique. Angiographic outcomes,
laboratory parameters and in-hospital clinical events were recorded.

Results: The SGBD group had a significantly lower rate of procedure-related coronary
dissection and PMI than the SSBD group (6.6% vs 16.2% and 11.6% vs 20.7%; p=0.002
and p=0.01, respectively). The patients with = 3.0mm stent-diameter had a higher rate of
coronary dissection than those with <3.0mm diameter (7.4% vs 15%; p=0.01).

Conclusion: We conclude that the SGBD technique is safer and more effective than
SSBD technique in reducing procedure-related coronary dissection and PMI; particularly
in patients who have = 3.0mm stent-diameter. The use of this novel technique may improve
early and late outcomes in patients undergoing elective NSV-PCI.
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Introduction

Percutaneous coronary intervention (PCI) resulting in direct instrumentation of the
coronary arterial vasculature predisposes patients to adverse cardiac events that can lead
to procedure-related coronary dissection and subsequent myocardial necrosis. A number of
factors have been associated with coronary dissection and myocardial necrosis during PCI,
which canbroadly be categorized as (a) patient-related, (b) lesion-related; and (c) procedure-
related. Procedure-related variables such as device selection, in particular, atherectomy [1],
aggressive stent expansion resulting in plaque extrusion [2], side branch stenting [3], and
angiographic complications including distal embolization [4] and coronary dissection [5,6]
are all associated with adverse cardiac events. The mechanical trauma caused by the PCI
procedure is a major contributor to subsequent cardiac events [7-11]. The mechanisms
underlying early and late complications after angioplasty are complex; however, multiple
studies in both animal models and humans have demonstrated a high likelihood of extensive
vessel wall injury [7-13]. These complications are obviously undesirable and associated
with negative follow-up outcomes but an even more frequent and important contributor
to the morbidity and mortality associated with PCI is periprocedural myocardial infarction
(PMI; type 4a) [14]. An increase of cardiac biomarkers has been shown to occur in 5-30%
of patients after otherwise successful PCI [15,16]. Multiple data sets have now definitively
demonstrated that PMI is associated with short-, intermediate-, and long-term adverse
outcomes, most notably mortality [17,18].

Technological improvements aimed at reducing vessel wall trauma during angioplasty
and/or stenting should reduce the incidence of adverse cardiac events. Several previous
studies have investigated the utility of slow and gradual balloon inflation in PCI. Ohman
et al. [19] demonstrated that a strategy of gradual, prolonged inflation of a perfusion
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balloon resulted in less residual stenosis and fewer acute dissections
compared with standard inflation. Another trial using manual gradual
inflation showed a lower acute dissection rate in the gradual inflation
group [20]. Otherwise, the impact of the slow/gradual balloon
deflation (SGBD) technique during elective coronary angioplasty
and/or stenting has not previously been evaluated in a prospective,
controlled clinical trial. In the belief that the standard/sudden balloon
deflation (SSBD) technique has a powerful undesirable vacuum
effect on stent struts and vascular wall endothelium during sudden
deflation, we hypothesized that the SGBD technique may reduce the
incidence of procedure-related coronary dissection and subsequent
myocardial necrosis in patients undergoing elective native single-
vessel PCI (NSV-PCI). This randomized clinical trial was performed
to test the hypothesis that the SGBD technique was associated with a
higher procedural success rate, and fewer in-hospital complications
than SSBD.

Materials and Methods

Patient population

From January 2015 to January 2018, we considered for our study
396 consecutive stable patients with de novo lesion referred to our
catheterization laboratory for elective PCI of a single-vessel lesion
in a major (diameter=2.25mm) native coronary artery suitable for
angioplasty. Enrolled patients had normal creatine kinase (CK) and
creatine kinase-MB isoenzyme (CK-MB) values before the procedure.
Patients’ clinical history was obtained to ensure clinical stability
before enrolment. Stable patients were defined as having had no
worsening of pain in the previous two months or any experience of
restanginain the previous 48 hoursand angiographically documented
coronary artery stenosis 70-99%. Further criteria for inclusion were
that the PCI procedure was successful and an optimal final result was
obtained, i.e. a thrombolysis in myocardial infarction (TIMI) flow
grade 3 in the treated vessel with a residual stenosis <20%. At the end
of PCI, anterograde coronary flow in the target vessel was assessed
according to TIMI classification [21]. Patients were consecutively
assigned to undergo SGBD and SSBD techniques one by one. The
analysis was conducted by a statistician who had no patient contact.
The primary endpoint of the study is development of periprocedural
MI. The secondary endpoint of the study is development of coronary
dissection. All participants provided written informed consent before
the angioplasty procedure. The protocol was approved by the local
Ethics Committee of Marmara University Hospital.

Exclusion criteria

The presence of major (= 1.5mm) side-branch occlusion, distal
embolization of a large thrombus, no-reflow phenomenon, untreated
diffuse vasospasm, unsuccessful procedures, target lesion in the left
main coronary artery, target lesion in ostial LAD, LCX and RCA, target
lesion in saphenous graft, bifurcation lesions, in-stent lesion, patients
with total occlusions, the need for repeat catheterization and repeat
intervention in-hospital, severe congestive heart failure (ejection
fraction <30%), suspected myocarditis or pericarditis during
procedure, untreated diabetes mellitus, unstable angina pectoris, ST
and non ST-segment elevation myocardial infarction, impaired renal
function (creatinine = 1.4mg/dL), unstable endocrine or metabolic
diseases, patients with concomitant inflammatory diseases such
as infections and autoimmune disorders, acute/chronic hepatic or
hepatobiliary disease and malignancy, contraindications to aspirin
or clopidogrel, and inability to provide informed consent. Patients
with major complications occurring in the catheterization laboratory
including emergency coronary artery bypass grafting (CABG) or
death were also excluded. Blood sampling and laboratory methods:
Blood samples of all individuals were taken from an antecubital vein
following overnight fasting just before procedure and routine peri-
interventional assessment of cardiac biomarkers (CK and CK-MB)
were performed to screen for PCl-related myocardial necrosis up to
24 hours (at 6-hours intervals) after PCI or until the highest value of
CK and CK-MB were measured. Total CK activity (normal < 1951U/L)

and CK-MB activity (normal < 241U/L) were measured on a Hitachi
917 (Boehringer, Mannheim, Germany) analyzer with the automatic
enzyme immunoassay method. PMI was defined as three times the
upper limit of normal (ULN) of CK, confirmed by elevation of the MB
fraction of CK [22]. The highest CK and CK-MB value within 24-hour
post-PCI was used for analysis.

Percutaneous coronary intervention

All PCI procedures were performed according to standard clinical
practice and with approved devices by the femoral approach with
digitized coronary angiography equipment (Philips Allura Xper FD10
Cardiovascular X-ray System 2012, Netherlands). We used iohexol
(Omnipaque, Nycomed, Cork, Ireland) as a contrast agent during
intervention in all patients. All patients were treated with aspirin
(300mg) and clopidogrel (600mg) on admission unless already
started in the days preceding PCI. Intravenous unfractionated
heparin (1001U/kg), followed by additional boluses as needed to
maintain an activated clotting time >300 seconds and intracoronary
nitroglycerin (200 pg) were administered before PCI in all patients.
Other cardiac medications were left at the discretion of the treating
physician. All intervention procedures were visually assessed by at
least two experienced invasive cardiologists who were unaware of
the patients’ status, and a consensus was reached. For this study,
we defined significant lesion as minimal lumen diameter stenosis =
70% on the angiogram. Procedural complications such as coronary
spasm and dissection, thromboembolism, transient vessel closure,
abrupt closure, slow flow, side branch closure, and persistent chest
pain (>30 minutes postprocedure) were recorded. Dissection of
the coronary artery at the end of the procedure was graded using
the classification of the National Heart, Lung, and Blood Institute
(NHLBI) [23]. Coronary dissection: procedure-related coronary
dissections were graded from A to F according to the NHLBI
classification, and dissection grades A-B were considered minor
and grades C-F were considered major. Coronary spasm: exhibited
focal or diffuse narrowing of vessel without any evident coronary
dissection. Side branch closure: showed <TIMI III flow in a side
branch of >1.5mm diameter with normal flow preprocedure. The
grade of coronary dissection and spasm, distal embolization of a large
thrombus, and side branch closure was determined by the consensus
of three reviewers, including the primary on-site operator and two
experienced invasive cardiologists at the angiographic laboratory.
The laboratory reviewers were blinded to the inflation and a
deflation protocol was used for each patient; and reviewers could not
distinguish balloon inflation and deflation from the angiograms.

Inflation and Deflation Protocol

The patients undergoing PCI were eligible and randomized
to the SGBD group that underwent manual slow/gradual balloon
deflation or the SSBD group that underwent standard/sudden
balloon deflation. The patients were blinded to the treatment
received. The angioplasty balloons and/or stent size was selected to
achieve a 1:1 balloon-to-artery ratio at nominal inflation pressures.
Stenting was used in both groups for suboptimal results. In all
patients, manual inflation of the angioplasty balloons and/or stent
was performed by the operator within 30 seconds. The angioplasty
balloon and/or stent are inflated during a preset inflation protocol
of 10 seconds to a maximal pressure. The pressure is kept constant
at that maximal pressure for another 10 seconds in both groups
and by a sudden deflation in the SSBD group and slow/gradual
deflation in the SGBD group within 10 seconds. Balloon and stent
expansion was carefully observed under fluoroscopy to determine
the pressure at which the lesion indentation on the balloon was
fully resolved. Images of the balloon inflated at maximum pressure
were recorded. In cases where a second balloon and/or stent were
used, the inflation and deflation protocol was repeated with the new
balloon and/or stent. A final arteriogram was taken in the original
views after an optimal angioplasty result was obtained. In-hospital
course: All patients were monitored in hospital for recurrent chest
pain, heart failure, arrhythmia, electrocardiogram changes, acute
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or subacute closure and the need for repeat catheterization, repeat
intervention and in-hospital CABG. Clinically stable patients with
normal CK/CK-MB were discharged on the next day, receiving aspirin
300mg daily plus clopidogrel 75mg daily. Patients with elevated CK/
CK-MB were discharged only when values declined to normal level.
Statistical analysis: Continuous variables were given as mean * SD
and categorical variables were defined as percentages. Comparisons
between the two groups were carried out using an independent-
samples t test and chi-square test. SPSS 15.0 software was used for
basic statistical analysis (Version 15, SPSS Inc., Chicago, IL, USA). A
value of p < 0.05 was accepted as statistically significant.

Results

The 396 patients who underwent elective PCI were included in
the study prospectively. The baseline characteristic properties of
study patients are summarized in Table 1. There were no significant
differences between the two groups with respect to sex distribution,
age, frequency of major coronary risk factors (i.e., diabetes mellitus,
hypertension, dyslipidemia, smoking, family history of coronary artery
disease), fasting glucose, HgAlc, serum creatinine, total cholesterol,
LDL-C, HDL-C or triglyceride, (p>0.05 for all). All patients had baseline
CK and CK-MB values within normal limits before procedure. The
patients in the SGBD group had higher CK and CK-MB levels than
the patients in the SSBD group (399 + 237 vs 361 + 197 IU/L, 39 *
23 vs 34 + 18 IU/L; p=0.08 and p=0.03, respectively; see Table 1).
Based on the rise in CK and CK-MB value after PCI, periprocedural
myocardial necrosis (>3 time the ULN of CK and/or CK-MB value) was
detected in 64 of 396 patients (16.2%). 23 out of 198 (11.6%) in the
SGBD group and 41 out of 198 (20.7 %) in the SSBD group had PMI
(p=0.01). There were no significant differences between the usages
of acetylsalicylic acid, angiotensin converting enzyme inhibitor/
angiotensin receptor blocker, beta-blocker or statin before PCI in the
two groups. The use of bare metal stent and drug-eluting stents, mean
stent length and diameters were similar between the two groups
(p>0.05) as were final balloon pressures. The angiographic and

SGBD Group SSBD Group P value

(n=198) (n=198)

Age (years) 56 + 9 57 + 10 0.4
Female (%) 39.9 38.4 0.4
History of (%)

Diabetes Mellitus 26 25 0.4
Hypertension 43 38 0.1
Smoke 59 55 0.3
Family history of CAD 20 18 0.4
Dyslipidemia 56 54 0.3
Fasting glucose (mg/dL) | 116 + 38 113 + 38 0.3
HgAlc (%) 6.0 £+ 1.0 59 + 1.1 0.5
Creatinin (mg/dL) 0.88 + 0.18 |0.85+0.18 0.08
Triglyceride (mg/dL) 194 + 64 198 + 62 0.4
Total Cholesterol (mg/dL) | 214 + 29 209 £ 26 0.09
LDL-C (mg/dL) 130+ 19 129+ 19 0.4
HDL-C (mg/dL) 44 +10 43+9 0.1
CK (IU/L) 361 +197 399 £ 237 0.08
CK-MB (IU/L) 34+18 39+23 0.03

SGBD Group= slow and gradual balloon deflation, SSBD Group=
standard and sudden balloon deflation, CAD= coronary artery disease,
LDL-C= low density lipoprotein cholesterol, HDL-C= high density
lipoprotein cholesterol, CK= creatin kinase, CK-MB= creatin kinase—
MB isoenzyme; p<0.05 was accepted as statistically significant.

Table 1: The baseline characteristic properties of study patients

periprocedural characteristics of study patients in the two groups
are shown in Table 2. The target vessel distribution (as LAD, CX and
RCA) and lesion locations (as proximal, middle and distal) were not
statistically different between the groups. The coronary dissections
appearing after PCI were higher in patients belonging to the SSBD
group than in patients in SGBD group (16.2% and 6.6%, respectively;
p=0.002). The coronary dissection types according to type A or B
(minor) and type C,D,E or F (major) were similar between the groups
(p=0.4). There was little difference between the groups in the need
for repeated balloon dilatation before stent implantation and for
post-stent dilatation with non-compliant balloons (p>0.05). 4% of
patients in the SGBD group needed a second stent owing to coronary
dissection and 13.1% of patients in the SSBD group needed a second
stent owing to procedure-related coronary dissection (p=0.001).
We classified all the patients according to stent size (<3.0 mm and
>3.0mm) and found that the patients with = 3.0mm stent had a higher

SGBD Group SSBD Group P value

(n=198) (n=198)
Coronary dissection (%) 6.6 16.2 0.002
Coronary dissection type (%)
minor (type A and B) 38.5 31.2 0.4
major (type C,D,E and F) 61.5 68.8
Coronary dissection localization (%)
proximal to the stent 38.5 28.1 0.3
distal to the stent 61.5 71.9
before steting () 136 152 | 03
Multiple vessel disease (%) 38.9 43.4 0.2
Target coronary vessel (%)
Left anterior descending 42.4 44.4
Circumflex 24.7 26.8 0.4
Right coronary 32.8 28.8
Location of lesion in target vessel (%)
proximal 33.8 36.9
middle 54 53 0.4
distal 12.1 10.1
Stent diameter (mm) 2.90+0.39 2.94 +0.37 0.4
Stent length (mm) 19.5+5.1 18.7+5.1 0.1
g;:; of drug eluting stent 953 91.2 0.2
e oo
Stent diameter classification (%)
<3.0 mm 51 44.4 0.1
23.0 mm 49 55.6
Final balloon pressure 163+ 1.9 164+ 1.9 0.9
(atm)
gﬁz?asti(;fnrc(a&e)ated balloon 19.7 17.2 03
gﬁ;&s‘t E,fnp(oozt) stent 29.8 34.8 0.1
l(jr(:li; )Ste“t balloonlength 1,5, .35 131436 06

SGBD Group= slow and gradual balloon deflation, SSBD Group=
standard and sudden balloon deflation, atm= atmosphere, p<0.05
was accepted as statistically significant.

Table 2: The angiographic and procedural characteristic properties
of study patients
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rate of coronary dissection than patients with 3.0mm stent size
(7.4% vs 15%, respectively; p=0.01). In the SGBD group, the rate of
coronary dissections was similar in the patients with = 3.0mm stent
and patients with <3.0mm stent (p=0.4). On the other hand, in the
SSBD group; the rate of coronary dissections was higher in patients
with 2 3.0mm stent than in patients with <3.0mm stent (p=0.004).

Discussion

The impact of the SGBD technique during coronary angioplasty
and/or stenting has not previously been evaluated in a prospective,
controlled clinical trial. The results of the current study demonstrated
for the first time that among stable patients undergoing elective NSV-
PCI, those to whom the SGBD technique was applied had a significantly
lower rate of PMI and incidence of procedure-related coronary
dissection than those who underwent SSBD. This finding presumably
results from the slower and more gradual balloon deflation used
in SGBD technique, which may be less traumatic to the vessel wall
endothelium and stent struts than SSBD during balloon deflation. The
rationale behind this technique is that slower and gradual balloon
deflation may protect the vessel wall and stent struts structure from a
powerful, undesirable vacuum effect during sudden balloon deflation,
most notably in patients who have a larger stent diameter size (=
3.0mm). In our study we found that the patients with larger stent
diameter size (= 3.0mm) had a higher coronary dissection rate in the
SSBD group but in the SGBD group it was decreased; this finding was
statistically similar among patients who had a smaller stent diameter
size (<3.0mm). During the last decades, coronary stenting either
with or without predilatation has become the leading type of PCI,
accounting for approximately 70% of all catheter-based procedures
[24,25]. Coronary stenting is considered a well-established technique
to improve outcomes of PCI and reduce the incidence of emergency
coronary artery bypass grafting after PCI [26]. The worldwide use
of this technique has been rapidly increasing in recent years [27].
With technological advances in PCI, procedural complications have
declined and long-term outcomes have significantly improved, yet
PMI remains relatively common after successful PCI. An increase
of cardiac enzymes (CK and CK-MB) has been shown to occur in
5% to 30% of patients after otherwise successful PCI [15,16]. This
elevation of cardiac enzymes is indicative of myocardial damage and,
according to the new criteria, should be labeled as a PMI (type-4a).
The most common definition of PMI is a CK elevation >3 times the
ULN (16). CK and CK-MB, the most thoroughly validated biomarker
for periprocedural myocardial damage, is generally regarded as the
reference standard for the diagnosis of myocardial necrosis and is
commonly used to monitor myocardial necrosis after PCI [28].

Multiple studies have shown a proportional relationship
between the level of periprocedural CK and/or CK-MB elevation
and the risk of adverse outcome during follow-up. A meta-analysis
of 23 230 patients undergoing PCI in seven large prospective trials
showed that long-term mortality risk increases at any level above
normal periprocedural CK-MB [29]. The Evaluation of Platelet IIb/
[1la Inhibition for Prevention of Ischemic Complication (EPIC) trial
conclusively demonstrated the association between CK elevation and
three-year mortality [30]. Several other studies have corroborated
the relationship between PMI and short-, intermediate- and long-
term outcome. In a study of 15 637 patients undergoing elective
PCI, mortality at 10 years was significantly higher in those with CK
elevations >3 times the ULN [31]. After excluding in-hospital and
30-day deaths, this degree of CK elevation remained an independent
predictor of death. Even CK elevation 1.5 to 3.0 times the ULN is
associated with higher mortality, each 100U/L increment of CK
being associated with a relative risk of cardiac mortality of 1.05 [32].
Revascularization procedures resulting in direct instrumentation of
the coronary arterial vasculature predispose patients to ischemic
cardiac events that can lead to procedure-related coronary dissection
and myocardial necrosis. A number of factors have been associated
with coronary dissection and myocardial necrosis during PCI, which
can broadly be categorized as (a) patient-related, (b) lesion-related,
and (c) procedure-related. Procedure-related variables such as

device selection, in particular, atherectomy, [1] aggressive stent
expansion resulting in plaque extrusion [2], side branch occlusion
[33] and side branch stenting [3] and angiographic complications
including distal embolization [4], coronary dissection [5,6], no-reflow
phenomenon [5,34] vasospasm [16] and unsuccessful procedures
[35] are all associated with adverse cardiac events. Overcoming these
challenges, a great number of studies have been conducted to prevent
cardiac events, early/late thrombosis and restenosis after the arterial
intervention [36-41]. Previous studies also suggest that slow, gradual
and/or oscillating balloon inflation during coronary angioplasty may
decrease the incidence of coronary dissection and improve clinical
outcomes. Ilia et al. [20] found that the gradual inflation technique
was associated with higher angiographic success, lower residual
stenosis, less frequent dissection, and fewer complications than the
fast inflation technique. In addition, other studies suggest that slow
and/or oscillating balloon inflation techniques are safe and may be
more effective than conventional fast inflation strategies [42-44].

Limitations

The main limitation of the study is that the quantitative tools
were not used in all of the study patients. Another limitation is that
IVUS was not employed for viewing the stent struts and coronary
dissections.

In conclusion, the current randomized trial of balloon deflation
strategy has shown a high procedural success rate and fewer clinical
and angiographic adverse events, PMI and procedure-related
coronary dissection, irrespective of the initial inflation strategy
used. The SGBD technique decreases the incidence of dissection
or minimizes the incidence of PMI. We conclude that the SGBD
technique is safer and more effective than the SSBD technique in
reducing adverse coronary events. The use of this novel technique
may improve early and late outcomes in patients undergoing elective
NSV-PCI and may be particularly suitable in patients in whom stent
size is over 3.0mm. Future studies are needed to further define the
utility of this technique in a broader range of patients including those
undergoing PCI.

Conflict of Interest: We declare that we have no conflict of
interest.

References

1. Baim DS, Cutlip DE, Sharma SK, Ho KK, Fortuna R, et al. Final
results of the Balloon vs Optimal Atherectomy Trial (BOAT).
Circulation 1998 Feb;97(4):322-331.

2. lakovoul, Mintz GS, Dangas G, Abizaid A, Mehran R, etal. Increased
CK-MB release is a “trade-off” for optimal stent implantation:
an intravascular ultrasound study. ] Am Coll Cardiol. 2003
Dec;42(11):1900-1905.

3. Steigen TK, Maeng M, Wiseth R, Erglis A, Kumsars I, et al.
Randomized study on simple versus complex stenting of
coronary artery bifurcation lesions: the Nordic bifurcation study.
Circulation. 2006 Oct;114:1955-1961.

4. Topol E], Yadav JS. Recognition of the importance of embolization
in atherosclerotic vascular disease. Circulation. 2000
Feb;101:570-580.

5. Kini A, Marmur ]D, Kini S, Dangas G, Cocke TP, et al. Creatine
kinase-MB elevation after coronary intervention correlates with
diffuse atherosclerosis, and low-to-medium level elevation has
a benign clinical course: implications for early discharge after
coronary intervention. ] Am Coll Cardiol. 1999 Sep;34:663-671.

6. Fuchs S, Kornowski R, Mehran R, Lansky A], Satler LE et al.
Prognostic value of cardiac troponin-I levels following catheter-
based coronary interventions. Am ] Cardiol. 2000 May;85:1077-
1082.

7. Schwartz RS, Henry TD. Pathophysiology of coronary artery
restenosis. Rev Cardiovasc Med. 2002;3 Suppl 5: S4-9.

8. Wilensky RL, March KL, Gradus-Pizlo I, Sandusky G, Fineberg N,

Int J Cardiol Cardiovasc Med

Volume: 2.2


https://www.ncbi.nlm.nih.gov/pubmed/9468205
https://www.ncbi.nlm.nih.gov/pubmed/9468205
https://www.ncbi.nlm.nih.gov/pubmed/9468205
https://www.ncbi.nlm.nih.gov/pubmed/14662249
https://www.ncbi.nlm.nih.gov/pubmed/14662249
https://www.ncbi.nlm.nih.gov/pubmed/14662249
https://www.ncbi.nlm.nih.gov/pubmed/14662249
https://www.ncbi.nlm.nih.gov/pubmed/17060387
https://www.ncbi.nlm.nih.gov/pubmed/17060387
https://www.ncbi.nlm.nih.gov/pubmed/17060387
https://www.ncbi.nlm.nih.gov/pubmed/17060387
https://www.ncbi.nlm.nih.gov/pubmed/10662756
https://www.ncbi.nlm.nih.gov/pubmed/10662756
https://www.ncbi.nlm.nih.gov/pubmed/10662756
https://www.ncbi.nlm.nih.gov/pubmed/10483945
https://www.ncbi.nlm.nih.gov/pubmed/10483945
https://www.ncbi.nlm.nih.gov/pubmed/10483945
https://www.ncbi.nlm.nih.gov/pubmed/10483945
https://www.ncbi.nlm.nih.gov/pubmed/10483945
https://www.ncbi.nlm.nih.gov/pubmed/10781755
https://www.ncbi.nlm.nih.gov/pubmed/10781755
https://www.ncbi.nlm.nih.gov/pubmed/10781755
https://www.ncbi.nlm.nih.gov/pubmed/10781755
https://www.ncbi.nlm.nih.gov/pubmed/12478229
https://www.ncbi.nlm.nih.gov/pubmed/12478229
https://www.ncbi.nlm.nih.gov/pubmed/7586270

Journal Home: https://www.boffinaccess.com/journals/journal-cardiology-cardiovascular-medicine/ijiccm

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Boffin FAccess

FOSTERING KNOWLEDGE

et al. Vascular injury, repair, and restenosis after percutaneous
transluminal angioplasty in the atherosclerotic rabbit. Circulation.
1995 Nov;92:2995-3005.

Nobuyoshi M, Kimura T, Ohishi H, Horiuchi H, Nosaka H, et
al. Restenosis after percutaneous transluminal coronary
angioplasty: pathologic observations in 20 patients. ] Am Coll
Cardiol. 1991 Feb;17:433-439.

Roubin GS, Douglas JS Jr, King SB 3rd, Lin SF, Hutchison N, et al.
Influence of balloon size on initial success, acute complications,
and restenosis after percutaneous transluminal coronary
angioplasty. A prospective randomized study. Circulation. 1988
Sep; 78:557-565.

Sarembock IJ, LaVeau PJ, Sigal SL, Timms I, Sussman ], et
al. Influence of inflation pressure and balloon size on the
development of intimal hyperplasia after balloon angioplasty.
A study in the atherosclerotic rabbit. Circulation. 1989 Oct;
80:1029-1040.

Naruko T, Ueda M, Becker AE, Tojo O, Teragaki M, et al
Angiographic-pathologic correlations after elective percutaneous
transluminal coronary angioplasty. Circulation. 1993 Oct; 88:
1558-1568.

Takagi M, Ueda M, Becker AE, Takeuchi K, Takeda T. The Watanabe
heritable hyperlipidemic rabbit is a suitable experimental model
to study differences in tissue response between intimal and
medical injury after balloon angioplasty. Arterioscler Thromb
Vasc Biol. 1997 Dec; 17: 3611-3619.

Sheldon WC. Trends in cardiac catheterization laboratories in the
United States. Catheter Cardiovasc Interv. 2001May; 53:40-45.

Califf RM, Abdelmeguid AE, Kuntz RE, Popma J], Davidson CJ, et
al. Myonecrosis after revascularization procedures. ] Am Coll
Cardiol. 1998 Feb; 31:241-251.

Klein LW, Kramer BL, Howard E, Lesch M. Incidence and clinical
significance of transient creatine kinase elevations and the
diagnosis of non-Q wave myocardial infarction associated with
coronary angioplasty. ] Am Coll Cardiol. 1991Mar;17:621-626.

Brener S, Lytle BW, Schneider ]P, Ellis SG, Topol EJ. Association
between CK-MB elevation after percutaneous or surgical
revascularization and three-year mortality. ] Am Coll Cardiol.
2002 Dec; 40: 1961-1967.

Dangas G, Mehran R, Feldman D, Stoyioglou A, Pichard AD, et
al. Postprocedure creatine kinase-MB elevation and baseline
left ventricular dysfunction predict one-year mortality after
percutaneous coronary intervention. Am J Cardiol. 2002 Mar; 89:
586-589.

Ohman EM, Marquis JF, Ricci DR, Brown RI, Knudtson ML, et al.
A randomized comparison of the effects of gradual prolonged
versus standard primary balloon inflation on early and late
outcome. Results of a multicenter clinical trial. Perfusion Balloon
Catheter Study Group. Circulation. 1994 Mar; 89:1118-1125.

Ilia R, Cabin H, McConnell S, Cleman M, Remetz M. Coronary
angioplasty with gradual versus rapid balloon inflation: initial
results and complications. Cathet Cardiovasc Diagn. 1993 Jul; 29:
199-202.

The Thrombolysis in Myocardial Infarction (TIMI) trial.
TIMI Study Group. Phase I findings. N Engl ] Med. 1985 Apr
4;312(14):932-936.

Thygesen K, Alpert ]S, White HD. Universal definition of
myocardial infarction. Eur Heart J. 2007 Oct;28(20):2525-2538.

Huber MS, Mooney JE, Madison ], Mooney MR. Use of amorphologic
classification to predict clinical outcome after dissection from
coronary angioplasty. Am ] Cardiol. 1991 Aug 15;68(5):467-471.

Fischman DL, Leon MB, Baim DS, Schatz RA, Savage MP, et al.
A randomized comparison of coronary-stent placement and
balloon angioplasty in the treatment of coronary artery disease.
Stent Restenosis Study Investigators. N Engl ] Med. 1994 Aug
25;331(8):496-501.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Erbel R, Haude M, Hépp HW, Franzen D, Rupprecht HJ, et al.
Coronary-artery stenting compared with balloon angioplasty
for restenosis after initial balloon angioplasty. Restenosis Stent
Study Group. N Engl ] Med. 1998 Dec 3;339(23):1672-1678.

Pepine CJ, Holmes DR Jr. Coronary artery stents. American College
of Cardiology. ] Am Coll Cardiol. 1996 Sep;28(3):782-794.

Popma J], Lansky A], Ito S, Mintz GS, Leon MB. Contemporary
stent designs: technical considerations, complications, role of
intravascular ultrasound, and anticoagulation therapy. Prog
Cardiovasc Dis. 1996 Sep-Oct;39(2):111-128.

Pauletto P, Piccolo D, Scannapieco G, Vescovo G, Zaninotto M, etal.
Changes in myoglobin, creatine kinase and creatine kinase-MB
after percutaneous transluminal coronary angioplasty for stable
angina pectoris. Am ] Cardiol. 1987 Apr 15;59(9):999-1000.

Cavallini C, Savonitto S, Violini R, Arraiz G, Plebani M, et al.
Impact of the elevation of biochemical markers of myocardial
damage on long-term mortality after percutaneous coronary
intervention: results of the CK-MB and PCI study. Eur Heart J.
2005 Aug;26(15):1494-1498.

Topol E], Ferguson J], Weisman HE, Tcheng JE, Ellis SG, et al. Long-
term protection from myocardial ischemic events in arandomized
trial of brief integrin beta3 blockade with percutaneous coronary
intervention. EPIC Investigator Group. Evaluation of Platelet IIb/
[1Ia Inhibition for Prevention of Ischemic Complication. JAMA.
1997 Aug 13;278(6):479-484.

Ghazzal Z, Ashfaq S, Morris DC, Douglas ]S, Marshall J], et al.
Prognostic implication of creatine kinase release after elective
percutaneous coronary intervention in the pre-1Ib/Illa antagonist
era. Am Heart J. 2003 Jun;145(6):1006-1012.

Kong TQ, Davidson C], Meyers SN, Tauke ]T, Parker MA, et al.
Prognostic implication of creatine kinase elevation following
elective coronary artery interventions. JAMA. 1997 Feb
12;277(6):461-466.

Novack V, Battaglia L, Popma J], Cutlip DE. In-hospital and nine-
month outcomes among patients with coronary lesions involving
a side branch and treated with bare metal stents. Catheter
Cardiovasc Interv. 2010 Dec 1;76(7):951-957.

Bonderman D, Teml A, Jakowitsch ], Adlbrecht C, Gyongyosi M,
et al. Coronary no-reflow is caused by shedding of active tissue
factor from dissected atherosclerotic plaque. Blood. 2002 Apr
15;99(8):2794-2800.

Jeremias A, Baim DS, Ho KK, Chauhan M, Carrozza JP Jr, et al.
Differential mortality risk of postprocedural creatine kinase-
MB elevation following successful versus unsuccessful stent
procedures. ] Am Coll Cardiol. 2004 Sep 15;44(6):1210-1214.

Rastan A, Krankenberg H, Baumgartner I, Blessing E, Miiller-
Hiilsbeck S, et al. Stent placement versus balloon angioplasty
for the treatment of obstructive lesions of the popliteal artery: a
prospective, multicenter, randomized trial. Circulation. 2013 Jun
25;127(25):2535-2541.

Réber L, Magro M, Stefanini GG, Kalesan B, van Domburg RT, et
al. Very late coronary stent thrombosis of a newer-generation
everolimus-eluting stent compared with early-generation drug-
eluting stents: a prospective cohort study. Circulation. 2012 Mar
6;125(9):1110-1121.

Massberg S, Byrne RA, Kastrati A, Schulz S, Pache ], et al. Polymer-
free sirolimus- and probucol-eluting versus new generation
zotarolimus-eluting stents in coronaryartery disease: the
Intracoronary Stenting and Angiographic Results: Test Efficacy
of Sirolimus- and Probucol-Eluting versus Zotarolimus-eluting
Stents (ISAR-TEST 5) trial. Circulation. 2011 Aug 2;124(5):624-
632.

Stone GW, Kedhi E, Kereiakes D], Parise H, Fahy M, et al. Differential
clinical responses to everolimus-eluting and Paclitaxel-eluting

coronary stents in patients with and without diabetes mellitus.
Circulation. 2011 Aug 23;124(8):893-900.

Int J Cardiol Cardiovasc Med

Volume: 2.2


https://www.ncbi.nlm.nih.gov/pubmed/7586270
https://www.ncbi.nlm.nih.gov/pubmed/7586270
https://www.ncbi.nlm.nih.gov/pubmed/7586270
https://www.ncbi.nlm.nih.gov/pubmed/1991900
https://www.ncbi.nlm.nih.gov/pubmed/1991900
https://www.ncbi.nlm.nih.gov/pubmed/1991900
https://www.ncbi.nlm.nih.gov/pubmed/1991900
https://www.ncbi.nlm.nih.gov/pubmed/2970337
https://www.ncbi.nlm.nih.gov/pubmed/2970337
https://www.ncbi.nlm.nih.gov/pubmed/2970337
https://www.ncbi.nlm.nih.gov/pubmed/2970337
https://www.ncbi.nlm.nih.gov/pubmed/2970337
https://www.ncbi.nlm.nih.gov/pubmed/2529053
https://www.ncbi.nlm.nih.gov/pubmed/2529053
https://www.ncbi.nlm.nih.gov/pubmed/2529053
https://www.ncbi.nlm.nih.gov/pubmed/2529053
https://www.ncbi.nlm.nih.gov/pubmed/2529053
https://www.ahajournals.org/doi/10.1161/01.CIR.88.4.1558
https://www.ahajournals.org/doi/10.1161/01.CIR.88.4.1558
https://www.ahajournals.org/doi/10.1161/01.CIR.88.4.1558
https://www.ahajournals.org/doi/10.1161/01.CIR.88.4.1558
https://www.ncbi.nlm.nih.gov/pubmed/9437212
https://www.ncbi.nlm.nih.gov/pubmed/9437212
https://www.ncbi.nlm.nih.gov/pubmed/9437212
https://www.ncbi.nlm.nih.gov/pubmed/9437212
https://www.ncbi.nlm.nih.gov/pubmed/9437212
https://www.ncbi.nlm.nih.gov/pubmed/11329216
https://www.ncbi.nlm.nih.gov/pubmed/11329216
https://www.ncbi.nlm.nih.gov/pubmed/9462562
https://www.ncbi.nlm.nih.gov/pubmed/9462562
https://www.ncbi.nlm.nih.gov/pubmed/9462562
https://www.ncbi.nlm.nih.gov/pubmed/1993778
https://www.ncbi.nlm.nih.gov/pubmed/1993778
https://www.ncbi.nlm.nih.gov/pubmed/1993778
https://www.ncbi.nlm.nih.gov/pubmed/1993778
https://www.ncbi.nlm.nih.gov/pubmed/12475456
https://www.ncbi.nlm.nih.gov/pubmed/12475456
https://www.ncbi.nlm.nih.gov/pubmed/12475456
https://www.ncbi.nlm.nih.gov/pubmed/12475456
https://www.ncbi.nlm.nih.gov/pubmed/11867045
https://www.ncbi.nlm.nih.gov/pubmed/11867045
https://www.ncbi.nlm.nih.gov/pubmed/11867045
https://www.ncbi.nlm.nih.gov/pubmed/11867045
https://www.ncbi.nlm.nih.gov/pubmed/11867045
https://www.ncbi.nlm.nih.gov/pubmed/8124798
https://www.ncbi.nlm.nih.gov/pubmed/8124798
https://www.ncbi.nlm.nih.gov/pubmed/8124798
https://www.ncbi.nlm.nih.gov/pubmed/8124798
https://www.ncbi.nlm.nih.gov/pubmed/8124798
https://www.ncbi.nlm.nih.gov/pubmed/8402842
https://www.ncbi.nlm.nih.gov/pubmed/8402842
https://www.ncbi.nlm.nih.gov/pubmed/8402842
https://www.ncbi.nlm.nih.gov/pubmed/8402842
https://www.ncbi.nlm.nih.gov/pubmed/4038784
https://www.ncbi.nlm.nih.gov/pubmed/4038784
https://www.ncbi.nlm.nih.gov/pubmed/4038784
https://www.ncbi.nlm.nih.gov/pubmed/17951287
https://www.ncbi.nlm.nih.gov/pubmed/17951287
https://www.ncbi.nlm.nih.gov/pubmed/1872273
https://www.ncbi.nlm.nih.gov/pubmed/1872273
https://www.ncbi.nlm.nih.gov/pubmed/1872273
https://www.ncbi.nlm.nih.gov/pubmed/8041414
https://www.ncbi.nlm.nih.gov/pubmed/8041414
https://www.ncbi.nlm.nih.gov/pubmed/8041414
https://www.ncbi.nlm.nih.gov/pubmed/8041414
https://www.ncbi.nlm.nih.gov/pubmed/8041414
https://www.ncbi.nlm.nih.gov/pubmed/9834304
https://www.ncbi.nlm.nih.gov/pubmed/9834304
https://www.ncbi.nlm.nih.gov/pubmed/9834304
https://www.ncbi.nlm.nih.gov/pubmed/9834304
https://www.ncbi.nlm.nih.gov/pubmed/8772772
https://www.ncbi.nlm.nih.gov/pubmed/8772772
https://www.ncbi.nlm.nih.gov/pubmed/8841006
https://www.ncbi.nlm.nih.gov/pubmed/8841006
https://www.ncbi.nlm.nih.gov/pubmed/8841006
https://www.ncbi.nlm.nih.gov/pubmed/8841006
https://www.ncbi.nlm.nih.gov/pubmed/2952004
https://www.ncbi.nlm.nih.gov/pubmed/2952004
https://www.ncbi.nlm.nih.gov/pubmed/2952004
https://www.ncbi.nlm.nih.gov/pubmed/2952004
https://www.ncbi.nlm.nih.gov/pubmed/15741227
https://www.ncbi.nlm.nih.gov/pubmed/15741227
https://www.ncbi.nlm.nih.gov/pubmed/15741227
https://www.ncbi.nlm.nih.gov/pubmed/15741227
https://www.ncbi.nlm.nih.gov/pubmed/15741227
https://www.ncbi.nlm.nih.gov/pubmed/9256222
https://www.ncbi.nlm.nih.gov/pubmed/9256222
https://www.ncbi.nlm.nih.gov/pubmed/9256222
https://www.ncbi.nlm.nih.gov/pubmed/9256222
https://www.ncbi.nlm.nih.gov/pubmed/9256222
https://www.ncbi.nlm.nih.gov/pubmed/9256222
https://www.ncbi.nlm.nih.gov/pubmed/12796756
https://www.ncbi.nlm.nih.gov/pubmed/12796756
https://www.ncbi.nlm.nih.gov/pubmed/12796756
https://www.ncbi.nlm.nih.gov/pubmed/12796756
https://www.ncbi.nlm.nih.gov/pubmed/9020269
https://www.ncbi.nlm.nih.gov/pubmed/9020269
https://www.ncbi.nlm.nih.gov/pubmed/9020269
https://www.ncbi.nlm.nih.gov/pubmed/9020269
https://www.ncbi.nlm.nih.gov/pubmed/20506118
https://www.ncbi.nlm.nih.gov/pubmed/20506118
https://www.ncbi.nlm.nih.gov/pubmed/20506118
https://www.ncbi.nlm.nih.gov/pubmed/20506118
https://www.ncbi.nlm.nih.gov/pubmed/11929768
https://www.ncbi.nlm.nih.gov/pubmed/11929768
https://www.ncbi.nlm.nih.gov/pubmed/11929768
https://www.ncbi.nlm.nih.gov/pubmed/11929768
https://www.ncbi.nlm.nih.gov/pubmed/15364321
https://www.ncbi.nlm.nih.gov/pubmed/15364321
https://www.ncbi.nlm.nih.gov/pubmed/15364321
https://www.ncbi.nlm.nih.gov/pubmed/15364321
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.113.001849
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.113.001849
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.113.001849
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.113.001849
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.113.001849
https://www.ncbi.nlm.nih.gov/pubmed/22302840
https://www.ncbi.nlm.nih.gov/pubmed/22302840
https://www.ncbi.nlm.nih.gov/pubmed/22302840
https://www.ncbi.nlm.nih.gov/pubmed/22302840
https://www.ncbi.nlm.nih.gov/pubmed/22302840
https://www.ncbi.nlm.nih.gov/pubmed/21768546
https://www.ncbi.nlm.nih.gov/pubmed/21768546
https://www.ncbi.nlm.nih.gov/pubmed/21768546
https://www.ncbi.nlm.nih.gov/pubmed/21768546
https://www.ncbi.nlm.nih.gov/pubmed/21768546
https://www.ncbi.nlm.nih.gov/pubmed/21768546
https://www.ncbi.nlm.nih.gov/pubmed/21768546
https://www.ncbi.nlm.nih.gov/pubmed/21824922
https://www.ncbi.nlm.nih.gov/pubmed/21824922
https://www.ncbi.nlm.nih.gov/pubmed/21824922
https://www.ncbi.nlm.nih.gov/pubmed/21824922

Journal Home: https://www.boffinaccess.com/journals/journal-cardiology-cardiovascular-medicine/ijiccm

Boffin Access

FOSTERING KNOWLEDGE

40.

41.

42.

Bilancio A, Rinaldi B, Oliviero MA, Donniacuo M, Monti MG,
Boscaino et al. Inhibition of p1108 PI3K prevents inflammatory
response and restenosis after artery injury. Biosci Rep. 2017 Sep
27;37(5). pii: BSR20171112.

Appleby CE, Kingston PA. Gene therapy for restenosis-what now,
what next? Curr Gene Ther. 2004 Jun;4(2):153-182.

Shawl FA. Minimally invasive angioplasty: acute and long term
results of low pressure dilatation with a non-compliant balloon
during percutaneous transluminal coronary angioplasty. ]
Invasive Cardiol. 1993; 5:122-127.

43.

44,

Blankenship JC, Ford AC, Henry SD, Frey CM. Coronary dissection
resulting from angioplasty with slow oscillating vs. rapid
inflation and slow vs. rapid deflation. Cathet Cardiovasc Diagn.
1995;34(3):202-209.

Leibowitz D, Lotan C, Katz I, Nassar H, Boguslavsky L, et al. Effect
of gradual computerized angioplasty on outcomes of patients
undergoing coronary stenting. Am ] Cardiol. 2009;104:223-226.

Int ] Cardiol Cardiovasc Med

Volume: 2.2

6/6


https://www.ncbi.nlm.nih.gov/pubmed/28851839
https://www.ncbi.nlm.nih.gov/pubmed/28851839
https://www.ncbi.nlm.nih.gov/pubmed/28851839
https://www.ncbi.nlm.nih.gov/pubmed/28851839
https://www.ncbi.nlm.nih.gov/pubmed/15180583
https://www.ncbi.nlm.nih.gov/pubmed/15180583
https://www.ncbi.nlm.nih.gov/pubmed/10146583
https://www.ncbi.nlm.nih.gov/pubmed/10146583
https://www.ncbi.nlm.nih.gov/pubmed/10146583
https://www.ncbi.nlm.nih.gov/pubmed/10146583
https://www.ncbi.nlm.nih.gov/pubmed/7497485
https://www.ncbi.nlm.nih.gov/pubmed/7497485
https://www.ncbi.nlm.nih.gov/pubmed/7497485
https://www.ncbi.nlm.nih.gov/pubmed/7497485
https://www.ncbi.nlm.nih.gov/pubmed/19576351
https://www.ncbi.nlm.nih.gov/pubmed/19576351
https://www.ncbi.nlm.nih.gov/pubmed/19576351

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Patient population
	Exclusion criteria
	Percutaneous coronary intervention

	Inflation and Deflation Protocol
	Results 
	Table 1
	Table 2
	Discussion
	Limitations
	References

