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Abstract 
Background: Currently, invasive physiologic assessment such as fractional flow reserve is widely used 
worldwide with different adoption rates around the globe. Patient characteristics and physician prefer-
ences often differ in the Asia-Pacific (APAC) region with respect to treatment strategy, techniques, lesion 
complexity, access to coronary physiology and imaging devices, as well as patient management. Thus, 
there is a need to construct a consensus document on recommendations for use of physiology-guided 
percutaneous coronary intervention (PCI) in APAC populations. This document serves as an overview 
of recommendations describing the best practices for APAC populations to achieve more consistent and 
optimal clinical outcomes.
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Methods and Results: A comprehensive multiple-choice questionnaire was provided to 20 interven-
tional cardiologists from 10 countries in the APAC region. Clinical evidence, tips and techniques, and 
clinical situations for the use of physiology-guided PCI in APAC were reviewed and used to propose key 
recommendations. There are suggestions to continue to develop evidence for lesion and patient types that 
will benefit from physiology, develop directions for future research in health economics and local data, 
develop appropriate use criteria in different countries, and emphasize the importance of education of 
all stakeholders. A consensus recommendation to enhance the penetration of invasive physiology-based 
therapy was to adopt the 5E approach: Evidence, Education, Expand hardware, Economics and Expert 
consensus. 
Conclusions: This consensus document and recommendations support interventional fellows and 
cardiologists, hospital administrators, patients, and medical device companies to build confidence and 
encourage wider implementation of invasive coronary physiology-guided therapy in the APAC region. 
(Cardiol J 2019; 26, 3: 215–225)
Key words: coronary physiology, invasive physiologic assessment, quality improvement

Introduction

Coronary angiography can no longer be consid-
ered a gold standard for determining the functional 
significance of coronary stenosis given its known 
limitations including eccentric plaque morphol-
ogy, frequent lack of a normal reference segment, 
visual overestimation, and inter-observer variabil-
ity [1–3]. As a consequence of these limitations, 
intracoronary physiology assessment and imaging 
have been developed to provide superior diagnostic 
information for coronary stenotic lesions [4, 5]. 
Fractional flow reserve (FFR) was developed to 
define the functional significance of a coronary 
stenosis in a cardiac catheterization laboratory. 
In addition, resting pressure-derived physiologic 
indices have also been developed and used in daily 
clinical practice [6]. However, their penetration 
rate in the Asia-Pacific (APAC) region is highly 
variable and low in general.  

This consensus statement for the APAC region 
briefly reviews important clinical studies to de-
velop a practical message regarding when and how 
to use coronary physiology, and aims to promote 
physician education at different stages of adopting 
physiologic assessment into clinical practice. 

Methods

This paper is based on a meeting sponsored 
by Abbott Vascular in April 2018 of 20 interven-
tional cardiologists from 10 countries (Australia, 
China, India, Japan, Korea, Singapore, Taiwan and 
Thailand) with significant experience in perform-
ing physiology-guided percutaneous coronary 
intervention (PCI). The goal of the meeting was 

to understand invasive physiology practice across 
the APAC region and to develop a consensus state-
ment. A pre-meeting survey was followed by an 
interactive discussion. The participants included 
high-volume interventional cardiologists with ex-
tensive experience:

 — at least 300 PCIs performed per year;
 — ~2/3rd performing 6–10 physiology procedur-

es per month; 1/3rd performing more than  
10 physiology procedures per month;

 — 2/3rd administering intravenous hyperemia 
during physiology-guided PCI;

 — 2/3rd considering physiology during ST-seg-
ment elevation myocardial infarction (STEMI).
Clinical evidence, tips and techniques, and 

clinical situations for the use of physiology-guided 
PCI in APAC were reviewed and used to propose 
key recommendations. Against the backdrop of 
the available clinical evidence and the physicians’ 
personal experience, the group discussed multiple 
issues pertaining to physiology-guided PCI.

 — Lesion/patient subsets recommended and 
not recommended for invasive physiologic 
assessment;

 — Current evidence gaps and areas for further 
research;

 — Trends of differential utilization of coronary 
physiologic assessment;

 — Learning curve and barriers to routine adop-
tion of physiologic assessment; 

 — Impact of appropriate use criteria on phy- 
siologic assessment adoption in APAC count-
ries;

 — Resting physiology:
• clinical evidence about resting flow, 
• benefits and limitations of adopting rest-
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ing physiologic assessment into daily 
practice,

• role of non-hyperaemic resting ratios such 
as resting full-cycle ratio (RFR) or diastolic 
pressure ratio (dPR) to drive the adoption 
of invasive physiologic assessment;

 — Technologies to assess microvascular disease:
• current role of coronary flow reserve 

(CFR) and index of microcirculatory re-
sistance (IMR) in clinical practice, based 
on evidence,

• evidence gaps for CFR and IMR,
• relevance of CFR and IMR as a main-

stream clinical tool,
• role of CFR in clinical practice: current 

and future. 

Results and discussion

Key findings of the pre-meeting survey are 
as follows:

 — FFR was the most common physiology index, 
followed by IMR and instantaneous wave-free 
ratio (iFR);

 — Common criteria for considering physiology 
assessment in clinical practice were interme-
diate or ambiguous lesions and stenosis of bi-
furcation lesions, in-stent restenosis, left main 
lesions, multi-vessel disease, and STEMI. 
However, all agreed that stenosis severity 
alone should not be the sole gatekeeper for 
invasive physiologic assessment;

 — Adenosine was the hyperaemic agent of choice 
based on its availability. However, intracoro-
nary nicorandil was also considered as an alter-
native agent based on equivalent hyperaemic 
efficacy and significantly lower procedural time 
and patient discomfort [7, 8];

 — Cost and additional time needed to conduct the 
procedure were identified as the main factors 
preventing the routine use of physiologic as-
sessment. Multiple factors were identified as 
potentially being able to increase physiology-
-guided PCI. These are separately discussed 
as recommendations of the group;

 — Use of post-PCI physiology still remains an 
emerging area, with a majority of interven-
tional cardiologists using it in < 25% of the 
total number of physiology procedures;

 — Despite the latest evidence including theo-
retical support of reliability in FFR value and 
prognostic benefit of an FFR-guided strategy 
for non-culprit lesions during STEMI presen-

tation, more than 50% of respondents do not 
use it routinely;

 — The use of CFR and IMR as a physiological 
tool remains modest with only limited opera-
tors understanding its potential. Availability 
of more clinical evidence, better software, 
and a simplified clinical protocol may support 
adoption of CFR and IMR;

 — iFR, one of several pressure-derived physi-
ologic indices that avoids hyperaemia, has few 
users in the APAC regions as a routine proce-
dure. Some factors supporting iFR in practice 
include fewer side effects compared with FFR, 
faster procedural time and lower cost;

 — Education of all stakeholders (consultants, 
technicians, nursing staff, patients, referring 
physicians, and insurers) was identified as  
a key step and is discussed separately in the 
recommendations section.
Numerous factors influence treatment deci-

sion patterns and differ among countries. Physi-
cians will always rely on a combination of their 
knowledge, experience, and the guidelines to 
shape a therapeutic strategy. The following are  
a summary of issues discussed during the meeting. 

Current guidelines and clinical evidence

The latest update of the American College 
of Cardiology/American Heart Association (ACC/ 
/AHA) Guideline for the Diagnosis and Manage-
ment of Patients with Stable Ischemic Heart 
Disease states: “It has been suggested in several 
studies that a PCI (percutaneous coronary inter-
vention) strategy guided by FFR may be superior 
to a strategy guided by angiography alone.” [9]. In 
the absence of non-invasive proof of ischemia, FFR 
performed in a coronary stenosis with a 40–90%  
diameter reduction was given a “class I recommen-
dation” and “level of evidence A” in the guidelines 
for coronary revascularization published by the 
European Society of Cardiology (ESC) in 2019 
(Table 1) [10].

Based on the results of several randomized, 
prospective clinical studies and registries evalu-
ating physiology-guided PCI in many thousands 
of patients, the clinical relevance of FFR is well 
established and documented (Fig. 1). Even when 
non-invasive proof of ischemia is available, FFR 
measurements often change clinical judgment 
regarding the need to revascularize a given coro-
nary artery stenosis [11]. Table 2 shows the sum-
mary of studies which investigated the changes in 
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Table 1. Recommendations on functional testing and for lesion assessment — 2018 European Society 
of Cardiology/European Association for Cardio-Thoracic Surgery (ESC/EACTS) guidelines on myocardial 
revascularization.

Recommendations Class of recommendation Level of evidence

When evidence of ischaemia is not available, FFR or iFR  
are recommended to assess the hemodynamic relevance  
of intermediate-grade stenosis

I A

FFR-guided PCI should be considered in patients with  
multivessel disease undergoing PCI

IIa B

FFR — fractional flow reserve; iFR — instantaneous wave free ratio; PCI — percutaneous coronary intervention

Figure 1. A case of physiology guided percutaneous coronary intervention (PCI). A. A patient showed angiographi-
cally, two vessel disease with stenosis in left anterior descending artery (LAD) and left circumflex artery (LCX). How-
ever, fractional flow reserve (FFR) in LAD, LCX and right coronary artery (RCA) was 0.84, 0.79, and 0.66, respectively. 
In contrast to angiographic assessment, physiologic assessment showed that the targets of revascularization were 
LCX and RCA, not LAD. In RCA, significant pressure step-up occurred at the ostium (arrow); B. PCI was performed for 
proximal LCX and RCA lesions and post PCI FFR at LCX and RCA was 0.90 and 0.98, respectively. 
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management strategy after invasive physiologic 
assessment [12–17].

Key findings from previous pivotal FFR trials 
can be summarised as follows:

 — DEFER trial [18] showed that FFR-based 
deferral of revascularization for a functionally 
insignificant stenosis was safe in up to 15 years 
of follow-up, and revascularization of these le-
sions could not have improved the prognosis. 
The DEFER-DES trial [19], which was con-
ducted in the era of drug-eluting stents, also 
showed similar results to the DEFER trial;

 — FAME trial [20] showed that an FFR-guided 
strategy reduced the risk of major adverse 
cardiac events compared with an angiography-
guided strategy, with less use of stents per 
patient, contrast media, and medical cost. Re-
cently published 5-year follow-up data showed 
no late catch-up of events in the FFR-guided 
group;

 — FAME II trial [21] clearly showed that in 
patients with stable coronary artery disease 
(CAD), an initial FFR-guided PCI strategy re-
sulted in a sustained clinical benefit compared 
with medical therapy alone using a composite 
primary endpoint of death, myocardial infarc-
tion, or urgent revascularization at 5 years. 
Patients without hemodynamically significant 
stenosis had a favourable long-term outcome 
with medical therapy alone;

 — COMPARE ACUTE [22]: In patients with 
STEMI and multi-vessel disease who under-
went primary PCI of an infarct-related artery, 
the addition of immediate FFR-guided com-

plete revascularization of non-infarct-related 
arteries in the acute setting resulted in the risk 
of a composite cardiovascular outcome that 
was lower than the risk among those who were 
treated for the infarct-related artery only. This 
reduction was mainly driven by the decreased 
need for subsequent revascularization;

 — DANAMI-3-PRIMULTI [23]: In patients with 
STEMI and multi-vessel disease who under-
went primary PCI of an infarct-related artery, 
the addition of staged FFR-guided complete 
revascularization of non-infarct-related arter-
ies (median interval 2 days) resulted in the risk 
of a composite cardiovascular outcome that 
was lower than the risk among those who were 
treated for an infarct-related artery only. This 
reduction was mainly driven by a decreased 
need for subsequent revascularization [9].

Clinical application of resting  
physiologic indices

Recently, iFR was introduced as an alternative 
to FFR that does not require hyperaemia (Fig. 2). 
Two large randomized trials, the DEFINE-FLAIR 
[24] and the iFR-SWEDEHEART trial [25], claimed 
non-inferiority of iFR compared with FFR but did 
not focus on the 20% of lesions with discordant 
treatment decisions between iFR and FFR. In stud-
ies by Lee et al. [26–28], both iFR and FFR changed 
significantly according to different anatomical and 
hemodynamic stenosis severity. However, FFR 
showed more sensitive changes to the severity of  
a stenosis than iFR. Currently, European guidelines 

Table 2. Changes in management strategy after invasive physiologic assessment.

Trial [year] Subjects Pressure wire assessment Change in management strategy

DEFINE REAL  
(2018) [12]

Multivessel  
disease

FFR and/or iFR 
Intermediate lesions

26.9% (130 of 484 patients)

POST-IT  
(2016) [13]

FFR in ≥ 1 vessel FFR 
Operator’s discretion

44.2% (406 of 918 patients)

FAMOUS-NSTEMI 
(2015) [14]

NSTEMI FFR 
All lesions with  
≥ 30% stenosis

21.6% (38 of 176 patients)

CVIT-DEFER  
(2015) [15]

FFR in ≥ 1 vessel FFR 
Intermediate lesions

39.0% (1205 of 3093 patients)

R3F  
(2014) [16]

Ambiguous  
stenosis +

FFR 
Angiographically  

35% to 65% stenosis

43.2% (464 of 1,075 patients)

RIPCORD  
(2014) [17]

Stable chest pain FFR 
All coronary arteries  

≥ 2.25 mm

26.5% (53 of 200 patients)

FFR — fractional flow reserve; iFR — instantaneous wave free ratio; NSTEMI — non-ST-segment elevation myocardial infarction; PW — pres-
sure wire

www.cardiologyjournal.org 219

Hak Seung Lee et al., Physiology consensus document in Asia-Pacific countries



consider iFR as largely equivalent to FFR [9]. Inte-
gration of both resting and hyperaemic physiologic 
indices may provide better information for clinical 
decision-making as recent studies suggested that 
the discordance between iFR and FFR might have 
clinical implications [29–31]. In addition to iFR, 
resting physiologic indices such as dPR or diastolic 
hyperemia-free ratio and RFR have been introduced 
and showed equivalent diagnostic performance to 
iFR [32, 33]. As FFR is the most commonly used 
invasive physiologic index in the APAC region, 
further discussion is needed to provide a guide for 
use of resting indices in daily practice.

Role of microvascular assessment

Since the coronary artery system has three 
components (epicardial coronary arteries, arte-
rioles, and capillaries), myocardial ischemia can 
occur within any one of these levels. Although 
the microvascular system cannot be visualized by 
invasive coronary angiography, its function can be 
evaluated by invasive physiologic assessment. It 
is well-known that the presence of microvascular 
dysfunction is associated with a poor prognosis in 
patients who do not have significant epicardial CAD 
(Fig. 3). IMR is a specific index for microvascular 
status and can be measured by a thermodilution 
technique. CFR represents the microvascular 

status when there is no significant epicardial dis-
ease and can be measured using a Doppler wire 
or a pressure/temperature-sensor guide wire. 
The international IMR registry with 1,096 Asian 
and Western patients (1,452 vessels) found that 
there was no correlation between IMR and FFR 
values (r = 0.01; p = 0.62) and between IMR and 
angiographic percent diameter stenosis (r = −0.03;  
p = 0.25) [34]. The optimal cut off value in patients 
with stable CAD was 25 (arbitrary units). In a Korean  
study which investigated the prognosis of patients 
according to CFR and IMR levels, the presence of 
low CFR in conjunction with high IMR was the 
most powerful independent predictor for clinical 
events among patients with high FFR [35]. These 
results suggest that the use of invasive physiologic 
assessment for microvascular disease should be 
encouraged, as it can help identify patients at 
high risk for future cardiovascular events among 
those with high FFR. In order for microvascular 
assessment to be used more, the logistic and 
reimbursement issues need to be resolved, along 
with more education about microvascular disease 
and techniques for its assessment.

Global physiology practice

Invasive coronary physiology is used world-
wide now, with the first instance of resting coronary 

Figure 2. Resting and hyperemic pressure-derived invasive physiologic indices; abbreviations — see text.
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pressure across a stenosis recorded by Gruentzig 
et al. [36] during his initial PCI. Despite this early 
introduction, the practical use of coronary physiol-
ogy in the cardiac catheterization laboratory started 
only in the late 1990’s. FFR was first described by 
Pijls et al. [37] in 1993 and has been evaluated since 
then in numerous large randomized trials and real-
world registries. Tracking the uptake of coronary 
physiology by dividing the number of pressure 
wires by the number of PCI’s (albeit an imperfect 
metric) demonstrates an enormous growth in many 
parts of the world, including some APAC countries 
[38], as detailed in Table 3 [39–44].

Barriers for adoption of invasive  
physiologic assessment in a cardiac  

catheterization laboratory

Despite clear evidence and guideline recom-
mendations, many interventional cardiologists 

continue to rely on visual assessment of stenosis 
severity alone rather than using physiologic assess-
ment in a cardiac catheterization laboratory. Multiple 
reasons have been attributed to the differential use 
of physiology-guided PCI. These factors include:

 — logistics;
 — cost;
 — availability of hyperaemic agents;
 — extra-time for physiologic assessment;
 — concerns regarding potential complications;
 — uncertainty about optimal performance of 

physiology assessment;
 — relying on invasive imaging assessment;
 — interpretation of FFR measurements, par-

ticularly in complex situations, such as mul-
ti-vessel disease, left main disease, serial 
lesions, and patients with coronary artery 
bypass grafts. 
Although intracoronary pressure assessment 

is not technologically challenging to perform, sev-

Table 3. Public Reporting of Coronary Physiology Uptake [38]

Country Year PW PCI PW/PCI Temporal change Hospital-level reporting?

Sweden [39] 2017 NR NR 26% 3.1-fold in 10 years Yes

United Kingdom [40] 2016 18,811 100,483 19% 3.5-fold in 8 years Yes

Italy [41] 2016 11,000 218,751 5% 1.4-fold in 4 years Yes

Europe EAPCI [42] 2015 NR 889,957 16% 2-fold in 5 years Per country

United States [43] 2014 3,465* NR 31% 3.8-fold in 5 years No

Australia [44] 2015 NR 3,869 19% 100-fold in 9 years Per state

*Limited to a subset of the 59,375 patients in the National Cardiovascular Data Registry CathPCI Registry with lesions deemed 40–70% by 
visual assessment. EAPCI — European Association of Percutaneous Cardiovascular Interventions; NR — not reported; PCI — percutaneous 
coronary intervention; PW — intracoronary pressure wire

Figure 3. A case of microvascular disease assessed by coronary flow reserve (CFR) and index of microcirculatory 
resistance (IMR). The patient presented with typical chest pain on exertion and a positive exercise stress test. Coro-
nary angiography showed no obstructive epicardial coronary artery disease and fractional flow reserve (FFR) was 
insignificant in the left anterior descending artery (LAD). However, CFR was low and IMR was high in LAD, suggesting 
the presence of microvascular disease; hTmn — hyperemic mean transit time; Pd — mean distal coronary pressure.
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eral aspects were suggested to guarantee precise 
measurements: nitrate administration, proper wire 
position to avoid artefact, flushing and guide control 
to avoid damping or ventricularisation, and a post-
procedure drift check.

An important issue raised during the meeting 
was the cost and availability of different hyperae-
mic agents. Although the intravenous infusion of 
adenosine/ATP (140 µg/kg/min) is generally re-
garded as a gold standard hyperemic method, the 
use and availability of various hyperaemic agents 
differs among APAC regions. In Korea and Japan, 
the use of intracoronary nicorandil (2 mg bolus) 
and papaverine have become popular in clinical 
practice due to its safety, ease of use, and relatively 
long-acting effects [7, 8].

Recommendations that can increase  
coronary physiology uptake in  
APAC countries (5E Approach)

Evidence
Since most of the large randomized study data 

has been generated in Western countries, there is  
a clear need to generate local APAC real-world 
data. This could be either in the form of decision-
making strategy trials like RIPCORD, or in-country 
large registries like SCAAR (Sweden). Several 
groups of APAC countries recently published the 
results of important physiologic studies and those 
study results from APAC need to be highlighted 
[19, 26, 45–50]. The group also felt that in-country 
registry data can provide good scientific evidence 
to respective health authorities to incorporate inva-
sive physiology in guidelines and reimbursement. 
Cost effectiveness and clinical outcomes should be 
an integral part of such a platform. There may also 
be the potential of conducting ‘recovery audits’ of 
catheterization laboratories, just like those done 
in the United States.

Education
Education will play a significant role in es-

tablishing physiology-guided PCI as a standard 
practice. There was unanimous agreement to focus 
on younger interventional cardiologists and fellows 
and ensure that they are aware of the benefits of 
physiologic assessment. While this may be a chal-
lenge given the lack of learning opportunities in 
an individual hospital or center, academic societies 
and industry can play an important role in impart-
ing education at an early stage in their careers. 
This can be achieved through scientific agenda 
at important conferences, demonstration through 

live cases, expert tours etc. Involvement of cardiac 
catheterization laboratory technicians and nurses 
will also be crucial to the success of any physiology 
education program. They are important stakehold-
ers in the entire process and need to be included in 
the education strategy. The group also felt that it is 
extremely important to establish patient awareness 
of physiology-guided PCI. In different healthcare 
systems in APAC, given the varying reimburse-
ment structures, patient awareness efforts will 
play a key role in driving benefits of physiologic 
assessment. The group recommended a dedicated 
patient-centric approach that can address the po-
tential harm of ‘over-stenting’.

Expand capital penetration
Though a limited role exists for interventional 

cardiologists in improving product availability, the 
group recommended developing the infrastructure 
at small/medium centers, rather than just focusing 
on high volume centers. Sometimes large volume 
PCI centres may not fully understand the implica-
tions of such a technology and would be resistant 
to bring about any change in the existing set-up. 
Smaller volume hospitals tend to invest more in 
newer technology to continuously upgrade their 
infrastructure and quality of outcomes.

Economics
The group strongly felt that health economics 

would be one of the most important factors to im-
pact the adoption of physiology-guided PCI. There 
is a strong need to establish the cost effectiveness 
of the therapy through local registries as the bulk 
of the evidence has been generated in Western 
healthcare systems which are structured very 
differently than APAC healthcare. Positive health 
economy data will support reimbursement and, in 
turn, the utility of the therapy. 

Expert consensus
There is growing clinical evidence for the 

value of coronary physiologic assessment and 
its beneficial effect on outcomes of coronary in-
terventional procedures for patients. However, 
a common misconception among interventional 
cardiologists is that physiology may have a negative 
impact on the advancements of PCI procedures. 
Some interventional cardiologists believe that with 
increasing physiology-guided PCI, the number of 
overall PCI procedures will come down and this 
will discourage the value of the PCI procedures, 
and, as such, prefer stenting over physiologic as-
sessment. There is also a perception that the ad-
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dition of physiological measurements would lead 
to more time spent in the cardiac catheterization 
laboratory. In the absence of in-country guidelines 
or appropriate use criteria in most APAC countries, 
interventional cardiologists have been inconsistent 
in their approach to physiologic assessment. Lack 
of equipment for physiologic assessment and re-
imbursement in most APAC countries limits such 
procedures. Though health authorities in some 
countries have already started to develop guide-
lines around invasive physiologic assessment and 
considering reimbursement, there is still a long 
way to go before it becomes a part of the routine 
treatment protocol. 

Conclusions 

This consensus document and recommenda-
tions supports interventional fellows and cardiolo-
gists, hospital administrators, patients, and medical 
device companies to build confidence and encour-
age wider implementation of the invasive coronary 
physiology-guided therapy in the APAC region. 
More consensus meetings and targeted education 
are needed to guide the proper use of invasive 
physiologic assessment in the APAC region.
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Abstract
Background: Awareness of risks associated with radiation exposure to patients and medical staff has 
significantly increased. It has been reported before that the use of advanced three-dimensional electro-
anatomical mapping (EAM) system significantly reduces fluoroscopy time, however this study aimed for 
zero or near zero fluoroscopy ablation to assess its feasibility and safety in ablation of atrial fibrillation 
(AF) and other tachyarrhythmias in a “real world” experience of a single tertiary care center.
Methods: This was a single-center study where ablation procedures were attempted without fluoroscopy 
in 34 consecutive patients with different tachyarrhythmias under the support of EAM system. When 
transseptal puncture (TSP) was needed, it was attempted under the guidance of intracardiac echocar-
diography (ICE). 
Results: Among 34 patients consecutively enrolled in this study, 28 (82.4%) patients were referred for 
radiofrequency ablation (RFA) of AF, 3 (8.8%) patients for ablation of right ventricular outflow tract 
(RVOT) ventricular extrasystole (VES), 1 (2.9%) patient for ablation of atrioventricular nodal reentry 
tachycardia (AVNRT), 2 (5.9%) patients for typical atrial flutter ablation. In 21 (62%) patients the en-
tire procedure was carried out without the use of fluoroscopy. Among 28 AF patients, 15 (54%) patients 
underwent ablation without the use of fluoroscopy and among these 15 patients, 10 (67%) patients 
required TSP under ICE guidance while 5 (33%) patients the catheters were introduced to left atrium 
through a patent foramen ovale. In 13 AF patients, fluoroscopy was only required for double TSP. The 
total procedure time of AF ablation was 130 ± 50 min. All patients referred for atrial flutter, AVNRT, 
and VES of the RVOT ablation did not require any fluoroscopy. 
Conclusions: This study demonstrates the feasibility of zero or near zero fluoroscopy procedure includ-
ing TSP with the support of EAM and ICE guidance in a “real world” experience of a single tertiary 
care center. When fluoroscopy was required, it was limited to TSP hence keeping the radiation dose very 
low. (Cardiol J 2019; 26, 3: 226–232)
Key words: catheter ablation, fluoroscopy, atrial fibrillation, arrhythmia,  
three-dimensional electroanatomical mapping

Introduction

Recently, the awareness of risks associated 
with radiation exposure to patients and medical 
staff has significantly increased. The risks of injury 

hazard by medical radiation exposure are caused 
by deterministic (dose-dependent) effects such as 
radiation injury to the skin secondary to high peak 
skin doses and by stochastic (non dose-dependent) 
effects such as increased radiation-induced cancer 
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risk and genetic effects [1, 2]. These risks are of 
particular concern for young or obese patients and 
for patients who undergo long, repeated or complex 
procedures [3, 4]. Moreover, operators, nurses 
and technical staff are exposed to significant and 
potentially hazardous doses of ionizing radiation on 
a daily basis resulting in life-time risk for malig-
nancy, cataract and congenital defects [5, 6]. Since 
the beginning of interventional electrophysiology 
for diagnosis and therapy of cardiac arrhythmias, 
fluoroscopy techniques have been widely used to 
navigate catheters within the heart and the ves-
sels and to monitor their position. In recent years, 
technical developments have led to the routine 
and wide-spread use of non-fluoroscopic three-
dimensional (3D) electro-anatomical navigation and 
mapping systems for radiofrequency ablation (RFA) 
of tachyarrhythmias including atrial fibrillation 
(AF) resulting in a significant reduction of radia-
tion dose during mapping and ablation of complex 
arrhythmias [7–13]. Minimizing the exposure to ra-
diation is recommended by the American College of 
Cardiology teaching the ALARA principle — keep-
ing the radiation “as low as reasonably achievable” 
[14, 15]. It has been reported before that the use 
of 3D electro-anatomical mapping (EAM) system 
significantly reduces fluoroscopy time and radiation 
dose however the aim of this study was to assess 
the feasibility and the safety of zero or near zero 
fluoroscopy mapping and ablation of AF and other 
tachyarrhythmias in a “real world” experience of 
a single tertiary care center. 

Methods

Among patients referred to the Division of Ar-
rhythmia and Electrophysiology at the University 
Heart Center in Zurich, Switzerland, 34 patients 
were enrolled consecutively in the study. Majority 
of patients in the study group were referred for 
RFA of AF (28 patients). Few patients with other 
tachyarrhythmias were also enrolled: 2 with typical 
atrial flutter (AFL), 3 with idiopathic ventricular 
extrasystole (VES) from the right ventricular 
outflow tract (RVOT) and 1 with atrioventricular 
nodal reentry tachycardia (AVNRT). Percutaneous 
access for all catheters was via the right femoral 
vein. Written informed consent was obtained from 
all patients. All clinical cardiac characteristics as 
well as important comorbidities were recorded 
according to the regulations of the local Institu-
tional Committee on Human Research. This was 
a single-center study.

Procedural safety
Pre-procedure and post-procedure patient 

management, as well as intra-procedure antico-
agulation policy were in accordance with practice 
guidelines and our hospital policies.

All operators performing the ablation proce-
dures were senior staff with experience in catheter 
navigation under 3D EAM system. Different im-
aging modalities were used including intracardiac 
echocardiography (ICE), transesophageal echocar-
diography (TEE) and magnetic resonance imaging 
(MRI) as needed. Although the intention was to 
perform zero fluoroscopy procedure, all operators 
were allowed to use fluoroscopy if required for 
patient safety and that is why fluoroscopy was used 
in 13 patients.

Catheter ablation of AF
Patients scheduled for AF ablation underwent 

MRI of the pulmonary veins (PV) and left atrium 
(LA) before the procedure to identify anatomical 
variants, to assess the exact anatomical position 
and size of PV ostia and to merge with CARTO 3  
system (Biosense Webster, Diamond Bar, CA, 
USA) (Fig. 1). TEE was also done before the 
procedure to rule out thrombi in the LA and to 
document the presence of a patent foramen ovale 
(PFO). For mapping and ablation, a 3D EAM 
system, CARTO 3 system (Biosense Webster, 
Diamond Bar, CA, USA) was used. All procedures 
were performed under conscious sedation using 
midazolam and fentanyl.

A 6 F steerable decapolar Dynamic XT cath-
eter (Boston Scientific, Marlborough, MA, USA) 
was positioned in the coronary sinus for mapping 
and pacing purposes. For ablation an 8 F Ther-
mocool bi-directional (D-F curve) catheter was 
used (Biosense Webster, Diamond Bar, CA, USA). 
A steerable 7 F multipolar Lasso catheter (Bio-
sense Webster, Diamond Bar, CA, USA) was used 
for mapping of the PVs and to confirm procedural 
endpoint of electrical isolation. The transseptal 
punctures (TSP) were performed using Brock-
enborough (BRK-1) needle (St. Jude Medical, 
St. Paul, MN, USA) through 8 F Preface guiding 
sheath (Biosense Webster, Diamond Bar, CA, USA) 
and was attempted under the guidance of Acuson 
Acuna ultrasound catheter (Siemens Healthcare, 
Erlangen, Germany). 

Catheter positioning into and within the car-
diac chamber of interest as well as mapping and ab-
lation were attempted without fluoroscopy with the 
support of EMA. A fast anatomical map was created 
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using the Lasso catheter to create a 3D geometry 
of LA and PV without fluoroscopy. PV isolation was 
performed by wide-area circumferential point-by-
point RFA around the ostia of the ipsilateral PVs. 
The procedural endpoint was electrical isolation 
(entrance and exit block) documented using the 
Lasso mapping catheter. Power was limited to 30 
Watts and flow was adjusted from 2 mL/min up to 
30 mL/min to achieve this power. In patients with 
a history of typical AFL (5 patients in our group)  
a cavotricuspid isthmus ablation line was added. If 
sinus rhythm was not restored following ablation, 
the patient was cardioverted with a direct current 
shock.

In 5 patients the catheters were introduced 
to LA through a PFO without the need of TSP. 
In 3 patients with PFO, ICE was used to allocate 
the site of PFO that was crossed by the ablation 
catheter along with its Preface guiding sheath. In  
2 patients with PFO, the ablation catheter (through 
the Preface guiding sheath) was brought to the 
superior vena cava and dragged caudally till the 
typical jump to the foramen ovale region was de-
tected with 3D EAM. Then the ablation catheter 
along with its guiding sheath were advanced into 
the LA. 

In 1 patient, TSP was done without the use 
of fluoroscopy or ICE as following: first a fast 
anatomical map was created using the ablation 
catheter (through Preface guiding sheath) to cre-

ate a 3D right atrium and vena cava geometry. The 
His bundle region was marked. Then the Preface 
guiding sheath (with only the tip of ablation cath-
eter exposed out of the sheath) was brought to 
the superior vena cava and dragged caudally till 
the typical jump to the foramen ovale region was 
detected and marked with 3D EAM. The ablation 
catheter was pulled out of the guiding sheath and 
the sheath was kept in same place of the foramen 
ovale region. The dilator of the guiding sheath and 
the Brockenbrough (BRK-1) needle (with metal 
arrow on needle hub and sheath sidearm pointing 
at 4 o’clock) were inserted within the sheath and 
TSP was done successfully. 

Catheter ablation of RVOT VES
Thermocool bi-directional (D-F curve) cathe-

ter was used (Biosense Webster, Diamond Bar, CA, 
USA) to create RVOT geometry. Earliest electrical 
activation region was mapped in 3D EAM system 
and VES was successfully ablated.

Catheter ablation of typical AFL
A 6 F steerable decapolar Dynamic XT cath-

eter (Boston Scientific, Marlborough, MA, USA) 
was positioned in the coronary sinus. Thermocool 
bi-directional (D-F curve) catheter was used (Bio-
sense Webster, Diamond Bar, CA, USA) to create 
right atrium geometry with the tricuspid annulus 
and both vena cava superior and inferior. The His 

Figure 1. Left panel showing the three-dimensional electroanatomical CARTO maps (Biosense Webster, Diamond 
Bar, CA, USA) of right (gray) and left (green) atria with coronary sinus (blue) and right panel with three-dimensional 
reconstruction from magnetic resonance imaging. Both panels show the images from the anteroposterior view.
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bundle region was marked. An ablation line was 
performed in the region of cavotricuspid isthmus 
creating a bi-directional block.

Catheter ablation of AVNRT
A Navistar 4 mm (D Curve) ablation catheter 

(Biosense Webster, Diamond Bar, CA, USA) was 
used to create right atrium geometry. The His 
bundle region was marked and the anatomical and 
characteristical electrical slow pathway region was 
identified and successfully ablated.

Results

Thirty four patients were consecutively en-
rolled in the study. The baseline clinical charac-
teristics are summarized in Table 1. All patients 
had a structurally normal heart with preserved left 
ventricular systolic function and without valvular 
heart disease. Twenty eight (82.4%) patients were 
referred for catheter ablation of AF (22 with par-
oxysmal and 6 with persistent AF). The remaining  
6 patients were referred either for ablation of typi-
cal AFL, VES from the RVOT or AVNRT (Table 2).  
Among AF patients, 5 patients had additional 
typical AFL. 39% of AF patients had anatomical 
variants of the PVs and 18% had a PFO (Table 3).

In 21 (62%) patients the entire procedure was 
carried out without the use of fluoroscopy. Among 
the 28 AF patients, the procedure was performed 
with zero fluoroscopy in 15 (54%) patients. Ten 
(67%) AF patients required TSP under ICE guid-
ance to access the LA while in 5 (33%) patients 
the catheters were introduced into the LA through  
a PFO (in 3 patients with the help of ICE and in 
2 without as previously described). All patients in 
the series referred for atrial AFL, AVNRT, and VES 
of the RVOT ablation did not require fluoroscopy 
(Fig. 2). 

Procedure time and fluoroscopy use
The total procedure time for ablation of AF was 

130 ± 50 min. Most of the time (59.9 ± 20 min)  
was required for the ablation of PVs (Table 4).  
Fluoroscopy was required in 13 AF patients solely 
for double TSP in order to safely access the LA 
despite the availability of ICE. In our patient se-
ries fluoroscopy was only used for the TSPs. The 
median total fluoroscopy time was 2.6 ± 2.2 min 
and the dose area product 13 ± 27 gray × cm2. 
Mapping of the LA and wide-area circumferential 
ablation around the PVs did not require the use of 
fluoroscopy.

Table 2. Types of arrhythmias.

Atrial fibrillation: 28 (82.4%)

Paroxysmal AF 22

Persistent AF 6

Atrial flutter:

Atrial flutter alone 2 (5.9%)

In combination with paroxysmal AF 4 (11.8%)

In combination with persistent AF 1 (2.9%)

VES RVOT 3 (8.8%)

AVNRT 1 (2.9%)

AF — atrial fibrillation; VES — ventricular extrasystole; RVOT — 
right ventricular outflow tract; AVNRT — atrioventricular reentrant 
tachycardia

Table 3. Pulmonary vein anatomy.

Normal anatomy (2 right,  
2 left pulmonary veins)

17 (61.0%)

Common left ostium 6 (21.4%)

Three right pulmonary veins 5 (17.9%)

Patent foramen ovale 5 (17.9%)

Table 4. Procedural and fluoroscopy times.

Total procedure time [min] 130 ± 50

Catheter placement [min] 20 ± 5

Left atrial mapping [min] 15 ± 8

Left atrial ablation [min] 59.9 ± 20

Total X-ray time [min] 2.6 ± 2.2

Dose area product [Gray × cm2] 13 ± 27

Table 1. Patient characteristics.

Number of patients 34 (100%)

Age [years] 56 ± 12.4

Male 24 (71%)

Left atrium diameter [mm] 41.7 ± 0.6

Hypertension 15 (44.1%)

Coronary artery disease 6 (17.7%)

Diabetes mellitus 1 (2.9%)

CVA/TIA 5 (14.7%)

Heart failure 2 (5.9%)

CVA — cerebrovascular attack; TIA — transient ischemic attack

Procedural endpoint and outcome
All procedures were successfully carried out. 

In AF patients, isolation of all PVs was validated 
using the Lasso catheter placed at each ostium 
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which realized confirmation of isolation of all PVs 
by documentation of entrance and exit block. For 
typical AFL ablation, the cavotricuspid isthmus was 
checked for bidirectional block. VES of the RVOT 
was ablated successfully with complete abolition 
of VES. After slow pathway ablation, there was 
no AVNRT inducible at rest or under adrenergic 
stimulation with isoprenalin.

One patient in whom AF ablation was per-
formed without fluoroscopy and after uncompli-
cated TSP guided by ICE had a post-procedural 
pericardial tamponade which was resolved by 
immediate percutaneous drainage. No other com-
plications occurred in this study group. 

Discussion 

Over the last years, the awareness of radia-
tion hazards to patients and professional staff has 
significantly increased. Reduction of radiation 
exposure in electrophysiological procedures, such 
as AF ablation, should always be considered. 3D 
EAM systems with their constant updating tech-
nologies that allows precise location visualization 
of diagnostic and ablation catheters and allows 
fast anatomical mapping of cardiac chambers have 
shown to contribute to significant reduction of 
fluoroscopy time and radiation dose. Lee et al. 
[16] have shown that the use of contact force-
sensing catheter during AF ablation significantly 
reduces fluoroscopy times by 77%, radiation dose 

by 71%, and procedural time by 19%. However 
the median fluoroscopy time in the force-sensing 
catheter group was 9.5 min and median radiation 
dose was 1043.5 mGy × cm2. This study showed 
that zero or near zero fluoroscopy was feasible in 
patients referred for catheter ablation of AF and 
other tachyarrhythmias with the support of EAM 
and ICE guidance. Fluoroscopy was only used 
if required and limited to assist in difficult TSP 
hence keeping the radiation time and dose very low  
(2.6 ± 2.2 min and 13 ± 2.7 gray × cm2, respectively).  
Catheter placement, navigation, mapping and abla-
tion can be done with the support of EAM. TSP can 
be done safely under the guidance of ICE imaging. 
The LA can be accessed safely in the presence of 
PFO under ICE guidance without the need of TSP.

Other groups have shown feasibility of fluoros-
copy-free PV isolation in 26 out of 30 consecutive 
patients with a documented PFO [17]. Bulava et 
al. [18] demonstrated the feasibility of zero fluor-
oscopy ablation in 40 patients with paroxysmal 
AF using ICE imaging and 3D EAM mapping with 
contact force measurements. Reddy et al. [19] 
showed complete fluoroless catheter ablation of 
paroxysmal AF in 20 patients using combination 
of ICE and 3D EAM system.

In a series of 19 out of 21 patients, Ferguson et al.  
[20] demonstrated that AF ablation was feasible 
without fluoroscopic guidance. Double TSP were 
performed with ICE guidance and facilitated by electro-
cautery. In 2 cases fluoroscopy was used to assist TSP. 

Figure 2. Atrial fibrillation (AF) ablation and fluoroscopy use.
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Kerst et al. [21] showed in a group of  
30 patients that contact force-controlled zero 
fluoroscopy catheter ablation is generally feasible 
in right-sided and left atrial cardiac arrhythmias.

Hindricks et al. [22] compared the results of 
catheter ablation to cure typical AFL using conven-
tional ablation strategy and electro-anatomically 
guided mapping and ablation. They found that 
cavotricuspid isthmus ablation to cure typical AFL 
was highly effective and safe, both in conventional 
and electro-anatomically guided ablation group. 
The use of EAM system significantly reduced 
fluoroscopy exposure time by almost 50%, however 
this was at the expense of an increased cost of the 
procedure.

Limitations of the study
Because of the small number of patients in the 

resent study group, it was difficult to make con-
clusions about safety. A much larger multi-center 
study would be needed to determine any true 
increase in the rate of catheter-related complica-
tions as a result of using this technique given that 
the incidence of cardiac tamponade and catheter 
perforation during AF ablation is low.

Conclusions

This study demonstrates the feasibility of an 
entire zero or near zero fluoroscopy procedure 
including transseptal puncture for patients with 
AF and other tachyarrhythmias under the support 
of 3D EAM systems and ICE imaging in a “real 
world” experience of a single tertiary care center. 
When fluoroscopy was required, it was limited to 
transseptal puncture and hence keeping the radia-
tion dose very low. 
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Abstract
Background: Devices currently used to achieve hemostasis of the femoral artery following percuta-
neous cardiac catheterization are associated with vascular complications and remnants of artificial 
materials are retained at the puncture site. The Secure arterial closure Device induces hemostasis by 
utilizing thermal energy, which causes collagen shrinking and swelling. In comparison to established 
devices, it has the advantage of leaving no foreign material in the body following closing. This study 
was designed to evaluate the efficacy and safety of the Secure Device to close the puncture site following 
percutaneous cardiac catheterization.
Methods: The Secure Device was evaluated in a prospective non-randomized single-center trial with 
patients undergoing 6 F invasive cardiac procedures. A total of 67 patients were enrolled and the device 
was utilized in 63 patients. Fifty diagnostic and 13 interventional cases were evaluated. Femoral artery 
puncture closure was performed immediately after completion of the procedure. Time to hemostasis 
(TTH), time to ambulation (TTA) and data regarding short-term and 30-day clinical follow-up were 
recorded. 
Results: Mean TTH was 4:30 ± 2:15 min in the overall observational group. A subpopulation of 
patients receiving anticoagulants had a TTH of 4:53 ± 1:43 min. There were two access site compli-
cations (hematoma > 5 cm). No major adverse events were identified during hospitalization or at the  
30 day follow-up.
Conclusions: The new Secure Device demonstrates that it is feasible in diagnostic and interventional 
cardiac catheterization. With respect to safety, the Secure Device was non-inferior to other closure devices 
as tested in the ISAR closure trial. (Cardiol J 2019; 26, 3: 233–240)
Key words: catheterization, vascular closure device, thermal vascular occlusion, Secure 
Device System, femoral vascular access

Introduction

Interventional cardiology has become a leader 
in both diagnosing and treating coronary artery 
disease. Although radial access seems to be fa-
voured in acute coronary syndrome, femoral access 

is commonly used worldwide in both acute and 
chronic settings.

Following catheterization, the standard proce-
dure for closing the common arteria femoralis is 
mechanic compression to achieve hemostasis. Ap-
plying pressure to the puncture site and prolonging 
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the time to mobilization leads to discomfort for the 
patient and promotes side effects of immobilization. 
Furthermore, manual compression in combination 
with compression devices usage is associated with 
increased personnel requirements and consider-
able financial burden for health care institutions [1].

Hemostatic devices are categorized as being 
pressure devices, hemostatic pads or active vas-
cular closure devices. Currently available active 
closure devices are divided into three groups: col-
lagen plugs, suture based devices and plugs/clips. 
Clips are most frequently made of bio-resorbable 
materials or metal applied to both the inner and/ 
/or outer layer of the arterial wall [2, 3].

Generally, the majority of closure devices 
leave foreign materials either inside or outside the 
blood vessel, which are either permanently left in 
place or gradually dissolve over time. Objects that 
are left inside the body could potentially lead to the 
development of limb ischemia, occlude an artery, be 
a source of infection or disable re-puncture at the 
same site for months. Taking these potential ad-
verse effects into consideration, a vascular closure 
device that achieves hemostasis without requiring 
any components to be left in the patient’s body 
would be desirable. The principle of thermal ves-
sel occlusion is currently under investigation [4].

The secure arterial closure device was develo-
ped to enable hemostasis using thermal energy to 
achieve vessel occlusion without leaving any foreign 
materials inside the patient. A clinical study was 
conducted in Georgia on 42 patients, using an earlier 
version of the device. The earlier version of the de-

vice was Conformité Européenne approved and used 
in Germany on 50 patients. Clinical data regarding 
performance and safety have not yet been published.

The hypothesis was that the Secure Device 
System is non-inferior in terms of vascular ac-
cess site complication to other vascular closure 
devices [5].

Methods

The study was a prospective single center 
single group study designed to evaluate the safety 
and performance of the Secure Device (Model: 
SE-HE-A2) powered by an external power supply. 
The study was performed from September 2016 
to January 2017 after receiving approval from 
the Austrian Federal Office of Safety and Health 
Care (BASG). All procedures and investigations 
were accomplished in accordance to the Declara-
tion of Helsinki and approved by the local ethics 
committee (ref. no: 28-364 ex15/16). Written 
informed consent was obtained from every indi-
vidual participating. 

The patients included were undergoing either 
coronary angiography and/or coronary interven-
tion procedures using 6 French sheaths. Detailed 
inclusion and exclusion criteria are shown in the 
Supplementary materials. An angiogram was 
performed at the access site to evaluate puncture 
location and artery morphology. Puncture loca-
tions above the femoral bifurcation were defined 
as feasible for the Secure Device occlusion (Fig. 1) 
and only arteries with a diameter above 6 mm and 
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Figure 1. X-ray examination of patient prior to Secure arterial closure Device implantation; puncture site location 
control; red arrow — 6 F sheath; white arrow — common femoral artery.



an artery depth greater than 10 mm to the surface 
of the skin were accepted for inclusion. Exclusion 
criteria included heavy calcification visualized at 
the angiogram or a medical history of obstructive 
peripheral artery disease. 

Eighty-two individuals were screened during 
the study procedures and 67 subjects were enrolled 
in the clinical trial after final intra-procedural inclu-
sion (Fig. 2). 

The system included an artery locator, a di-
lator and the Secure Device itself (Fig. 3). After 
finishing the procedure, the artery locator was 
introduced via the sheath with the help of the 
deployer at the proximal end. After successful 
introduction, the deployer was disconnected and 
removed. The sheath can be withdrawn while 
the deployed artery locator remains within the 
artery. To enlarge the tissue canal, the dilator 
was “screwed” in until the green mark was vis-
ible behind the dilator at the artery locator shaft. 
After removing the dilator, the Secure Device was 
inserted and advanced until the green indicator 
was visible on the same level as the alignment 
mark on the device to ensure optimal positioning 
of the heating dome (Fig. 4). Gentle permanent 
tension at the artery locator seals the hole in the 
artery during closing procedure. A stabilization 
slider at the base of the Secure Device ensured 
the correct pressure was applied.

The heating process was activated manually 
by pressing the activation button on the handle. 
A built-in test monitored the device while it was 
being activated. While the heating process was 
occurring, the artery locater was automatically 
un-deployed and retracted into the Secure Device 
handle. The heating process was regularly termi-
nated within 5 to 7 s. Arterial closure LED light and 
vibration signal indicated the end of the procedure. 
After being rotated 90 degrees’, the Secure Device 

and the artery locater were easily removed from 
the patient. Minimal oozing from subcutaneous 
vessels may have occurred. Light compression was 
performed to prevent local subcutaneous bleeding 
on an as needed basis. 

Time to hemostasis (TTH) was determined 
as the time between Secure Device removal and 
observed hemostasis in minutes and seconds. 
Device malfunctions were recorded and ana-
lysed regarding their relation to safety. Device 
malfunction included device related malfunction 
due to indicated inactivity or premature stopping 
of the heating process as well as mechanical 
obstacles and user errors using the device. The 
primary readout for this study was vascular ac-
cess site complications. These complications 
included palpable hematoma measuring at least 
5 cm in size, pseudo aneurysms, arteriovenous 
fistula formation, major bleeding related to the 
access site, acute leg ischemia, the need for 
vascular surgical or interventional treatment and 
local infections at 30 days after the procedure. 
Adverse events not previously described were 
investigated. Time to ambulation (TTA) was 
measured as the time from the Secure Device 
being removed from the patient to the subjects 
being able to walk at least 10 m. 

Follow up of the patients took place at 4 time 
points: 2–4 h after Secure Device use, at ambula-
tion, prior to discharge and a final examination  
30 days after the procedure.

Statistical analysis
All parameters are expressed as mean ±stand-

ard deviation of the mean, as number of patient 
counts or percentage. TTH (primary endpoint) and 
TTA are expressed as mean ± standard deviation 
of the mean, as minutes (TTH) or hours (TTA). 
The statistical analysis of the complication rate 
was designed to reject the null hypothesis that 
the Secure Device is inferior in terms of vascular 
access-site complications to vascular closure de-
vices (FemoSeal and Exoseal) as described in the 
ISAR-CLOSURE trial [5]. 

The ISAR-CLOSURE trial reported a compli-
cation rate of 6.9% in patients that were treated 
with a vascular closure devices. This was consid-
ered to be the null-hypothesis proportion for this 
trial. As in the ISAR-CLOSURE trial, considering 
that the majority of expected complications are 
not severe in nature, a non-inferiority margin that 
represents 140% of the null-hypothesis proportion 
was chosen, which results in a 3% margin of non-
inferiority. The expected complication rate for the 
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82 patients
screened

67 patients
enrolled

51 patients time to
hemostasis evaluation

4 patients excluded
(user error device not activated)

11 patients compression
device applied

1 patients haematoma prior
to device activation

63 patients secure
device system

activated

Figure 2. Flowchart of patients included in the trial.



Figure 4. A. Artery locator insertion and deploying the artery locator in the vessel; removing the sheath over the artery 
locator shaft; B. Pre-dilating the tissue tract; C. Inserting the Secure arterial closure Device to the alignment mark;  
D. Activate the Secure arterial closure Device to close the vessel.
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Figure 3. Secure Device including artery locator, dilator and the Secure artery closure Device. The external battery 
pack is not sterile and reusable. The tip of the artery locator with the deploying unit is made of nitinol and is covered 
by an elastic membrane made by PolyBlend (Advan Source biomaterials, Wilmington, MA). The shaft of the artery 
locator, made of Polyether Ether Ketone, served as a guide for the secure device. The dilator is made of a high-density 
plastic and should be inserted at an angle of approximately 45° to the artery. The tip of the Secure Device is 4.5 mm in 
diameter and made of silicone coated silver plated copper. A plastic wire protruded 1–2 mm from the stainless-steel 
tube at the end of the locator, indicating a fully deployed artery locator tip.

A B

C D



Secure Device was estimated to be at most 5%. 
Given a type I error rate of a = 5%, a power of 80%, 
a null-hypothesis proportion of 6.9%, an expected 
true proportion of 5%, and a non-inferiority margin 
of 3%, the necessary sample size was determined 
to be 123 subjects. 

However, the study was terminated early  
as the manufacturers board decided to discontinue 
the investment in Secure Device on December,  
13 2016. Until then 67 patients were enrolled into 
the trial and all follow-up visits were performed. 

Results

The average age of enrolled patients was  
64.8 ± 15.6 years with an average body mass index 
of 28. Final activation of the Secure Device was 
performed in 63 cases. In 4 cases the device was 
installed but due to user error it was not activated. 
In these cases, manual compression was applied 
with no clinical disadvantage. Patient characteris-
tics are listed in Table 1. 

Time to hemostasis
Time to haemostasis (primary performance 

endpoint) was statistically evaluated in 51 subjects. 
The mean TTH was 4:30 ± 2:15 min in the over-
all observational group with a maximum time of  
13:00 min and a minimum time of 2:00 min. Eleven 
of the subjects undergoing statistical analysis re-
garding TTH received anticoagulation medications 
(all unfractionated heparin; 70 IU/kg). In this sub-
population, TTH was 4:53 ± 1:43 min. TTH was 
not documented in 12 patients in which a Cathofix® 
compression system was applied if TTH was not 
achieved after > 5 min. One of these patients had 
a haematoma prior to the closing procedure. In 
11 patients hemostasis was not primarily reached 
within 3–5 min and the physician decided to apply 
a compression assist system (Femostop®). In these 
cases TTH was not acquired.

Access site complication rate
Two out of 63 (3.2%) individuals experienced 

access site associated complications (primary 
safety endpoint). A palpable haematoma of > 5 cm 
was the only complication in these 2 subjects. In 
terms of severity, both hematomas were catego-
rized as mild since they were only superficial but 
were neither indurated nor visibly swollen. By the 
30 day follow-up, both hematomas had completely 
resolved. Since there were only 63 patients actively 
treated with the device, instead of the 123 subjects 
originally planned for according to the statistical 

sample size calculation, the confidence interval of 
the results was larger than expected.  

Device malfunction rate
Sixty-nine devices were used in 63 patients. 

Two devices had malfunctions (secondary end-
point) that hindered activation of the Secure De-
vice itself. In 14 devices there was either major 
(activation of the device) or minor (artery locator 
protruding) problems during the vascular closing 
procedure, representing a 20.3% malfunction rate. 
Additionally, another 8.7% of the Secure Device 
applications failed due to user errors and device 
misuse. In these cases, either parts of the closing 
procedure or the whole procedure failed. In 1 case 
the missing fixation of the artery locator during 
insertion of the device did not work, and made it 
necessary to also change the system with the de-
ployed artery locator. In some cases an incomplete 
artery locator retraction at the end of the closing 
procedure hindered complete vascular occlusion, 
at which point manual compression was applied. 

Table 1. Clinical characteristics of patients  
included in the study.

Basic characteristics

Patients enrolled 67

Mean age 64.8 ± 15.6

Body mass index 28.2 ± 4.2

Female 19.4%

Intervention 13

Blood pressure [mmHg] 136.5 ± 25.6 / 73.7 ± 11.7

Heart rate [/min] 78.5 ± 11.7

Concommitend medication

ACE-I 10.4%

Beta-blocker 58.2%

Statin 56.7%

Aspirin 64.2%

Anticoagulant 29.9%

P2Y12 inhibitor 23.9%

Heparin 17.9%

Baseline und follow-up lab

Hemoglobin [g/dL] 14.0 ± 1.6

Platelet count [109/L] 207.5 ± 71.2

INR 1.1 (0.85–1.46)

PTT [s] 33.3 ± 4.9

FU hemoglobin [g/dL] 13.3 ± 1.8

FU PLTC [109/L] 234.6 ± 88.1

ACE-I — angiotensin converting enzyme inhibitor; FU — follow-up; 
INR — international normalized ratio; PTT — partial thromboplastin 
time
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Adverse events and severe adverse events
In addition to main access site complication 

rate, additional adverse events as secondary end-
point were analyzed. The most frequent adverse 
events observed were small hematomas. All small 
hematomas were totally resolved within a short 
time and not detected 30 days after the procedure. 
One patient experienced a decrease in blood pres-
sure, local infection (elevated C-reactive protein, 
inconspicuous access site, normal chest X-ray and 
unremarkable urine test) and developed bruising. 
An acute allergic reaction to the contrast agent 
used was investigated in 2 patients and an initial 
manifestation of diabetes was detected in another 
patient. The only reported severe adverse event 
was an unexpected ST-segment elevation myocar-
dial infarction with stent thrombosis after percu-
taneous coronary intervention (PCI), 10 min after 
the closing procedure was completed, which was 
then followed by a second PCI. 

Time to ambulation
The time between Secure Device System 

activation and patient ambulation was assessed. 
Mean time to ambulation was 8:04 ± 6:32 h. In the 
subgroup of patients who received anticoagulants, 
the mean time to ambulation was 12:45 ± 8:54 h.    

Discussion

This study was initiated to investigate the 
safety and efficacy performance of the Secure 
Device System in clinical routine. While manual 
compression is still the gold standard following 
femoral access vascular intervention, vascular 
closure devices have been found to be safe and as-
sociated with less complications in femoral access 
after coronary angiography [6]. Nevertheless, the 
incidence of complications such as hematomas and 
pseudoaneurysms are often discussed with con-
troversy [7]. Relevant complications include groin 
hematomas, bleeding, arteriovenous fistulas and 
pseudoaneurysms developing at the puncture site 
as shown at meta-analysis level. In a PCI setting 
the rate of complications were higher compared 
to diagnostic catheters [8]. More recent data on  
a large cohort of patients investigated intravascu-
lar and extravascular devices compared to manual 
compression. Vascular closure devices showed 
non-inferiority to manual compression in terms 
of vascular access site complications [5]. Compa-
rable results were found with the polymer disc 
based device FemoSeal®, which accomplished faster 
haemostasis with less hematoma formation [6].  

Suture based closure device and plug based devices, 
regardless of whether they use metal or collagen, ul-
timately leave foreign materials either directly in the 
arterial wall or within the surrounding tissue [5, 9].

Foreign materials may be a problem for  
a patient in long-term if re-puncture is necessary 
or potentially a source for local reactions in the 
arterial wall or the adventitial surrounding. In  
a small number of patients, the presence of a foreign  
material could lead to limb ischemia. Although 
interventional treatment of limb ischemia seems 
feasible [10], these are major adverse events. In 
clinical practice, repetitive use of devices at the 
same puncture site is avoided. Since there is no 
human data regarding fibrosis at the site of punc-
ture, investigating the local effects of collagen 
based devices has been limited to animal models. 
In tissue samples and histological analysis of the 
collagen plug vessel narrowing and peri-adventitial 
inflammation inducing extravascular scarring was 
found in a dog model [11]. A recent trial in minipigs 
also described vessel stenosis influencing blood 
flow and histological alterations following closure 
using collagen plugs [12].

Research into active vascular closure devices 
that do not leave foreign materials at the puncture 
site is a growing field. The idea of using thermal en-
ergy to achieve arterial access occlusion is becom-
ing a focus. The pathophysiological mechanism of 
thermal occlusion is the result of the local collagen 
shrinkage outside the vessel and local swelling to 
achieve hemostasis [4]. In this small trial, TTH was 
accomplished after 3 min for diagnostic procedures 
and 4 min for interventional catheterization, and 
no severe adverse events were reported.

In one fifth of the device applications, either 
device activation issues or intra-procedural obsta-
cles resulted in changing the device or switching 
to manual compression. Although malfunctions are  
a common problem in vascular closure devices, 
malfunction rates are highly variable depending 
on the device. The StarClose System, a clip based 
device, has a malfunction rate around 1.1%. An-
gioSeal, a well-established collagen plug induced 
vascular closure device, has been found to have 
malfunction rates up to 10% [13, 14]. The majority 
of the device malfunctions occurred at the begin-
ning of the Secure Device activation, so the device 
was able to be changed and did not influence the 
study procedure. None of the device malfunctions 
were related to patient safety.

The average time to hemostasis in the 54 as-
sessed individuals was slightly above 4 min (2 to  
13 min). The complication rate was low for the 
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Secure Device. Clinical follow-up included physi-
cal examination focussing on the access site. No 
duplex was performed unless auscultation or 
palpation were suspicious for an access site com-
plication. Although physical examinations were all 
performed by experienced clinicians it cannot be 
ruled out that a vascular complication only detect-
able by duplex might have been present. However, 
there was no case of an access site related problem 
within the 30 day follow-up, supporting the idea 
that no additional complications developed. The 
only access site associated complication was the 
occurrence of a hematoma larger than 5 cm. In  
2 cases, a relevant hematoma was detected. The 
device was successfully applied in both cases and 
time to hemostasis was obtained in 5 and 6 min 
after device activation, respectively. 

Although the study was terminated after 
only 63 patients with active use of the Secure 
Device, since the measured proportion of access 
site complications was 3.2%, lower than the ex-
pected proportion of up to 5%, the data from the 
63 patients was sufficient to reject the predefined 
null-hypothesis. However, it should be noted that 
baseline characteristics between this trial and the 
ISAR-CLOSURE trial revealed some differences.  
The percentage of female participants as well as 
average age was higher in the ISAR CLOSURE trial 
increasing the risk for bleeding whereas body mass 
index was higher in the present study. With respect 
to anticoagulation and antithrombotic medication 
there was comparable use of acetylsalicylic acid in 
both trials (~2/3 of all patients) but P2Y12 inhibi-
tors were used more often in the ISAR-CLOSURE 
trial whereas anticoagulation was more frequent in 
the present trial. An important difference regard-
ing the follow-up of the patients is the systematic 
duplex-sonographic follow-up in ISAR-CLOSURE. 
Although it cannot be ruled out that routine du-
plex was more sensitive to detect access site 
complications (predefined complications were the 
composite of hematoma ≥ 5 cm, pseudoaneurysm, 
arterio-venous fistula, access-site-related major 
bleeding, acute ipsilateral leg ischemia, need for 
vascular surgical/interventional treatment or local 
infection) these should have been detected with 
this two step approach. 

It is known that minor vascular events have 
been found to occur frequently with different de-
vices [15]. Besides the two primary safety endpoint 
events of groin hematomas > 5 cm, 9 small local 
hematomas were reported as adverse events. 
Three other anticipated adverse events were re-
ported. Either blood pressure decrease, infection 

or bruising was observed in 3 different patients. 
All of the investigated events might be potentially 
device related, although they were evaluated only 
descriptively in this trial. 

In the subgroup of patients that received man-
ual compression after Secure Device activation, as 
decided by the physician, the time to hemostasis 
was not evaluated. 

The present study investigated a moderate 
rate of user failure, although extensive training 
had been performed. In prior clinical experience 
with the application system, especially the artery 
locator and the handling of the Secure Device itself, 
it requires additional practice in order to become 
adept. Compared to other vascular closure devices, 
further development of the device might increase 
user friendly application. 

Conclusions

Vascular occlusion devices are commonly used 
for femoral access catheterization. 

The new Secure Device uses thermal energy and 
has been found to be feasible in both diagnostic and 
interventional cardiac catheterization in this small 
and prematurely concluded trial. In comparison to 
established devices, it has the advantage of leaving 
no foreign material in the body following closure. 

Based on the limited data available it seems to 
be non-inferior to other closure devices in terms 
of safety.

However, the rate of malfunctions was still 
significant and requests further development of 
the technique. 

Further clinical investigation will be needed 
regarding the Secure Device thermal vascular 
closure technique in larger patient populations.

Funding: The study was funded by Calore Medical 
Ltd., 14 HaIlan st., Or Akiva, Israel, 30600.

Conflict of interest: Michael Sacherer, Olev Luha 
and Robert Zweiker were sub-investigators, Karin 
Brandner was study nurse and Dirk von Lewinski 
was principle investigator in this funded trial.

References

1. Walter J, Vogl M, Holderried M, et al. Manual Compression 
versus Vascular Closing Device for Closing Access Puncture 
Site in Femoral Left-Heart Catheterization and Percutaneous 
Coronary Interventions: A Retrospective Cross-Sectional Com-
parison of Costs and Effects in Inpatient Care. Value Health. 
2017; 20(6): 769–776, doi: 10.1016/j.jval.2016.05.004, indexed in 
Pubmed: 28577694.

www.cardiologyjournal.org 239

Michael Sacherer et al., Thermic sealing in femoral catheterisation: First experience with the Secure Device

http://dx.doi.org/10.1016/j.jval.2016.05.004
https://www.ncbi.nlm.nih.gov/pubmed/28577694


2. Hon LQ, Ganeshan A, Thomas SM, et al. An overview of vas-
cular closure devices: what every radiologist should know. Eur 
J Radiol. 2010; 73(1): 181–190, doi: 10.1016/j.ejrad.2008.09.023, 
indexed in Pubmed: 19041208.

3. Krishnasamy VP, Hagar MJ, Scher DJ, et al. Vascular clo-
sure devices: technical tips, complications, and management. 
Tech Vasc Interv Radiol. 2015; 18(2): 100–112, doi:  10.1053/j.
tvir.2015.04.008, indexed in Pubmed: 26070622.

4. Davidson LJ, Luna J, Virmani R, et al. First human experience of 
thermal arterial closure. Catheter Cardiovasc Interv. 2014; 84(1): 
30–36, doi: 10.1002/ccd.25152, indexed in Pubmed: 23934606.

5. Schulz-Schüpke S, Helde S, Gewalt S, et al. Comparison of 
vascular closure devices vs manual compression after femoral 
artery puncture: the ISAR-CLOSURE randomized clinical trial. 
JAMA. 2014; 312(19): 1981–1987, doi: 10.1001/jama.2014.15305, 
indexed in Pubmed: 25399273.

6. Holm NR, Sindberg B, Schou M, et al. Randomised comparison 
of manual compression and FemoSeal™ vascular closure device 
for closure after femoral artery access coronary angiography: 
the CLOSure dEvices Used in everyday Practice (CLOSE-UP) 
study. EuroIntervention. 2014; 10(2): 183–190, doi: 10.4244/EI-
JV10I2A31, indexed in Pubmed: 24603054.

7. Koreny M, Riedmüller E, Nikfardjam M, et al. Arterial puncture 
closing devices compared with standard manual compression af-
ter cardiac catheterization: systematic review and meta-analysis. 
JAMA. 2004; 291(3): 350–357, doi: 10.1001/jama.291.3.350, in-
dexed in Pubmed: 14734598.

8. Nikolsky E, Mehran R, Halkin A, et al. Vascular complications as-
sociated with arteriotomy closure devices in patients undergoing 
percutaneous coronary procedures: a meta-analysis. J Am Coll 
Cardiol. 2004; 44(6): 1200–1209, doi: 10.1016/j.jacc.2004.06.048, 
indexed in Pubmed: 15364320.

9. Martin JL, Pratsos A, Magargee E, et al. A randomized trial 
comparing compression, Perclose Proglide and Angio-Seal VIP 
for arterial closure following percutaneous coronary interven-
tion: the CAP trial. Catheter Cardiovasc Interv. 2008; 71(1): 1–5, 
doi: 10.1002/ccd.21333, indexed in Pubmed: 18098171.

10. Dong H, Peng M, Jiang X, et al. Endovascular therapy for Angio-
seal-related acute limb ischemia: Perioperative and long-term 
results. Catheter Cardiovasc Interv. 2017; 89(S1): 609–615, 
doi: 10.1002/ccd.26936, indexed in Pubmed: 28191744.

11. Gargiulo NJ, Veith FJ, Ohki T, et al. Histologic and duplex compar-
ison of the perclose and angio-seal percutaneous closure devices. 
Vascular. 2007; 15(1): 24–29, doi: 10.2310/6670.2007.00004, in-
dexed in Pubmed: 17382051.

12. Kabelitz L, Nonn A, Nolte KW, et al. Long term outcome after 
application of the angio-seal vascular closure device in mini-
pigs. PLoS One. 2016; 11(9): e0163878, doi:  10.1371/journal.
pone.0163878, indexed in Pubmed: 27682594.

13. Spiliopoulos S, Katsanos K, Karnabatidis D, et al. Safety and 
efficacy of the StarClose vascular closure device in more than 
1000 consecutive peripheral angioplasty procedures. J Endovasc 
Ther. 2011; 18(3): 435–443, doi: 10.1583/10-3277.1, indexed in 
Pubmed: 21679086.

14. Minko P, Katoh M, Gräber S, et al. Obesity: an independent risk 
factor for insufficient hemostasis using the AngioSeal vascular 
closure device after antegrade puncture. Cardiovasc Intervent 
Radiol. 2012; 35(4): 775–778, doi:  10.1007/s00270-011-0230-y, 
indexed in Pubmed: 21792734.

15. Schmelter C, Liebl A, Poullos N, et al. Suitability of Exoseal 
vascular closure device for antegrade femoral artery puncture 
site closure. Cardiovasc Intervent Radiol. 2013; 36(3): 659– 
–668, doi:  10.1007/s00270-012-0501-2, indexed in Pubmed: 
23070109.

240 www.cardiologyjournal.org

Cardiology Journal 2019, Vol. 26, No. 3

http://dx.doi.org/10.1016/j.ejrad.2008.09.023
https://www.ncbi.nlm.nih.gov/pubmed/19041208
http://dx.doi.org/10.1053/j.tvir.2015.04.008
http://dx.doi.org/10.1053/j.tvir.2015.04.008
https://www.ncbi.nlm.nih.gov/pubmed/26070622
http://dx.doi.org/10.1002/ccd.25152
https://www.ncbi.nlm.nih.gov/pubmed/23934606
http://dx.doi.org/10.1001/jama.2014.15305
https://www.ncbi.nlm.nih.gov/pubmed/25399273
http://dx.doi.org/10.4244/EIJV10I2A31
http://dx.doi.org/10.4244/EIJV10I2A31
https://www.ncbi.nlm.nih.gov/pubmed/24603054
http://dx.doi.org/10.1001/jama.291.3.350
https://www.ncbi.nlm.nih.gov/pubmed/14734598
http://dx.doi.org/10.1016/j.jacc.2004.06.048
https://www.ncbi.nlm.nih.gov/pubmed/15364320
http://dx.doi.org/10.1002/ccd.21333
https://www.ncbi.nlm.nih.gov/pubmed/18098171
http://dx.doi.org/10.1002/ccd.26936
https://www.ncbi.nlm.nih.gov/pubmed/28191744
http://dx.doi.org/10.2310/6670.2007.00004
https://www.ncbi.nlm.nih.gov/pubmed/17382051
http://dx.doi.org/10.1371/journal.pone.0163878
http://dx.doi.org/10.1371/journal.pone.0163878
https://www.ncbi.nlm.nih.gov/pubmed/27682594
http://dx.doi.org/10.1583/10-3277.1
https://www.ncbi.nlm.nih.gov/pubmed/21679086
http://dx.doi.org/10.1007/s00270-011-0230-y
https://www.ncbi.nlm.nih.gov/pubmed/21792734
http://dx.doi.org/10.1007/s00270-012-0501-2
https://www.ncbi.nlm.nih.gov/pubmed/23070109


Address for correspondence: Katarzyna Kostka-Jeziorny, MD, PhD, Department of Hypertensiology, Angiology and Internal 
Diseases, Poznan University of Medical Sciences, ul. Długa 1/2, 61–848 Poznań, Poland, tel: +48 61 854 91 82,  
fax: +48 61 854 90 86, e-mail: kostkajeziorny@gmail.com
Received: 20.02.2019 Accepted: 18.04.2019

241www.cardiologyjournal.org

CLINICAL CARDIOLOGY
Cardiology Journal 

2019, Vol. 26, No. 3, 241–252
DOI: 10.5603/CJ.a2019.0034 
Copyright © 2019 Via Medica

ISSN 1897–5593ORIGINAL ARTICLE

Study of epidemiological aspects  
of hyperuricemia in Poland

Katarzyna Kostka-Jeziorny1, Krystyna Widecka2, Andrzej Tykarski1

1Department of Hypertensiology, Angiology and Internal Diseases,  
Poznan University of Medical Sciences, Poznan, Poland 
2Department of Hypertensiology and Internal Diseases,  

Pomeranian Medical University, Szczecin, Poland

This article appeared parallel to the journal  
Nadciśnienie Tętnicze w Praktyce 2019; 5(1): 1–12  

in the Polish language.

Abstract
Background: The results of the latest epidemiological studies show that the problem of hyperuricemia 
affects many millions of people. The main purpose of the study was to assess the knowledge of physicians  
with regard to the epidemiology and treatment of hyperuricemia in Poland. 
Methods: CAPI (computer assisted personal interview) interviews were conducted using short ques-
tionnaires among primary health care physicians, cardiologists and diabetologists. The entire question-
naire included 11 questions. Questions were asked to physicians at 5 different periods in time. The 
number of physicians surveyed, depended on the time period, and ranged from 8663 to 9980.
Results: Only every 1 in 7 physicians (14%) considered that hyperuricemia in patients with cardio-
vascular risk factors begins when the uric acid level is 5 mg/dL, thus in line with the expert recom-
mendations. 72% of respondents asked to indicate the uric acid levels they consider to be indicative of 
hyperuricemia in patients in the cardiovascular risk group, gave values ranging from 6 to 7 mg/dL,  
namely the values justified in cases of a patient without such a risk, i.e. in the general population.  
86% of doctors surveyed gave values different from that recommended by experts.
Conclusions: The findings of the questionnaire in this survey suggests that doctors often underestimate 
the problem of hyperuricemia in patients with a high risk of cardiovascular disease. An important step 
towards more effective therapy of hyperuricemia in routine clinical practice is to raise the awareness of 
hyperuricemia and its comorbidities both among doctors and patients and encourage monitoring and 
treatment. (Cardiol J 2019; 26, 3: 241–252)
Key words: hyperuricemia, arterial hypertension

Introduction

The results of recent epidemiological studies 
show that hyperuricemia affects many millions of 
people [1]. In the coming years, and in connection 
with an epidemic of obesity, metabolic disorders 

and an aging population among others factors,  
a further gradual increase in the incidence of hy-
peruricemia should be expected [2, 3].

Already on the basis of earlier studies,  
a conclusion was drawn that the relative risk of 
cardiovascular complications in patients, including 
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patients with hypertension, increases with a grow- 
ing level of uric acid in blood serum [4]. How-
ever, there was no evidence that hyperuricemia is  
a factor contributing to the development of cardio-
vascular disorders, because after considering the 
other risk factors in statistical analysis, the effect of 
hyperuricemia seemed to be insignificant [5]. In the 
recent years, there has been a revival of an inter-
est in uric acid as a prognostic and causative factor 
in cardiovascular disease (CVD). The analysis of 
large clinical trials on the relationship between 
hyperuricemia and the risk of cardiovascular com-
plications in hypertensive patients clearly points 
to uric acid as an independent predicative factor.

According to the Guidelines of the Polish 
Society of Arterial Hypertension in 2015, the 
determination of uric acid concentration is a basic 
test in patients with hypertension together with 
a morphology test, glycemia test, determination 
of sodium and potassium, lipid profile, creatinine, 
estimated glomerular filtration rate, albuminuria 
assessment and urinalysis [6]. Also, the latest 
2018 European Society of Cardiology/European 
Society of Hypertension (ESC/ESH) Guidelines for 
the management of arterial hypertension not only 
mentions the uric acid test as a basic test, but also 
considers it to be a factor affecting cardiovascular 
risk [7].

The definition of hyperuricemia varies widely 
between publications, which means that epide-
miological studies are inconsistent. However, 
based on the recent studies, analyses and recom-
mendations, physicians should seek to reach and 
maintain lifelong uric acid levels of < 6 mg/dL in 
the general population, and in patients with high 
cardiovascular risk, the target uric acid level of 
5 mg/dL should be considered [8]. According to 
the latest Expert Consensus on the diagnosis and 
treatment of patients with hyperuricemia and high 
cardiovascular risk, the target uric acid levels of 
< 5 mg/dL should be considered in patients with 
high cardiovascular risk, presenting at least two of 
the following risk factors: hypertension, diabetes, 
dyslipidemia, recent stroke or myocardial infarction 
and chronic kidney disease (CKD) [9].

The main purpose of the study was to assess the 
knowledge of physicians with regard to the epide-
miology and treatment of hyperuricemia in Poland. 
Research objectives were divided into three groups. 
The aim of the first group was to assess physician 
awareness with regard to the incidence of hyper-
uricemia, and in particular the frequency of ordering 
appropriate tests and application of therapeutic solu-
tions. The aim of the second group was to identify 
the actual risk of CVD and metabolic syndrome 
due to hyperuricemia according to primary health 
care physicians, cardiologists and diabetologists. An 
assessment of physician attitudes to the reference 
values of uric acid concentration levels, screening 
tests and hyperuricemia therapies available on the 
market, as well as  identification of treatment-related 
barriers was the goal of the third study group.

Methods

CAPI (computer assisted personal interview) 
interviews were conducted using short question-
naires among primary health care physicians, 
cardiologists and diabetologists. The entire ques-
tionnaire included 11 questions. Questions were 
asked to physicians at 5 different periods (Table 1).  
The number of physicians surveyed, depending 
on the time period, and ranged from 8663 to 9980. 
The doctors were asked the following questions:

 — Question 1. What concentration of uric acid do 
you consider to be hyperuricemia in patients 
at risk of cardiovascular disease?

 — Question 2. What diseases are, in your opinion, 
are most often accompanied by hyperuricemia?

 — Question 3. What is the average age of your 
patients with hyperuricemia > 5 mg/dL  
(298 µmol/L) in the cardiovascular risk group?

 — Question 4. How often do you order tests to 
measure uric acid concentration in blood serum 
for patients with hyperuricemia > 5 mg/dL  
(298 µmol/L) in the cardiovascular risk  
group?

 — Question 5. What is the average uric acid 
concentration of your hyperuricemia patients 
from the cardiovascular risk group?

Table 1. Questions at 5 periods in time with the following number of participating physicians.

1st period 2nd period 3rd period 4th period 5th period

Duration of  
the period

September –  
– November 2017

December 2017 – 
– January 2018

February – 
– March 2018

April – May  
2018

June  
2018

Number of surveyed  
physicians

9980 9740 9525 8663–9470 6910
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 — Question 6. At what concentration of uric acid 
in a patient at risk of cardiovascular disease 
do you administer pharmacological treatment 
of hyperuricemia?

 — Question 7. In what percentage of patients 
from the cardiovascular risk group (> 5 mg/ 
/dL, 298 µmol/L) taking medicines to reduce 
uric acid levels have you decreased the dose 
of the medicine in the last 3–4 months?

 — Question 8. In what percentage of patients 
from the cardiovascular risk group (> 5 mg/dl, 
298 µmol/L) taking medicines aimed to reduce 
uric acid levels have you increased the dose of 
the medicine in the last 3–4 months?

 — Question 9. In your opinion, how long should 
be the pharmacological treatment of hyper-
uricaemia last in patients with cardiovascular 
risk (> 5 mg/dL, 298 µmol/L)?

 — Question 10. From your observations, what are 
the effects on hyperuricemia on cardiovascular 
risk (> 5 mg/dL, 298 µmol/L)?

 — Question 11. Have you noticed an increase in 
the incidence of hyperuricemia in patients with 
cardiovascular risk (> 5 mg/dL, 298 µmol/L) 
over the past 2 years?
The study was performed over a period from 

September 2017 to June 2018. Questions were 
asked at 5 periods with the following number of 
participating physicians (Table 1).

Results

Only every 1 in 7 physicians (14%) considers 
that hyperuricemia in patients with cardiovascular 

risk factors begins when the uric acid level is 5 mg/ 
/dL, thus in line with the expert recommendations 
[8, 9]. 72% of respondents asked to indicate the uric 
acid levels they consider to be indicative of hyper-
uricemia in patients in the cardiovascular risk group 
gave values ranging from 6 to 7 mg/dL, namely the 
values justified in cases of patients without such  
a risk, i.e. in the general population. 86% of doctors 
surveyed gave values different from that recom-
mended by experts, namely other than 5 mg/dL, 
as the reference value of hyperuricemia in patients 
presenting with cardiovascular risk factors (Fig. 1).

In answer to the question of what diseases, 
according to them, most often accompany hy-
peruricemia, physicians indicated the most often 
hypertension (91%), metabolic syndrome (89%) 
and diabetes (84%) (Fig. 2).

According to the doctors surveyed, the aver-
age age of patients with hyperuricemia > 5 mg/dL 
(298 µmol/L) in the cardiovascular risk group was 
55 years. Nearly 1/3 doctors had declared that the 
average age of their patients with hyperuricemia 
> 5 mg/dL (298 µmol/L) in the cardiovascular risk 
group was 50 years or less, and the next one third 
of doctors indicated that the age was 60 years or 
more (Fig. 3).

Almost half of the doctors (48%) order a test 
of uric acid concentration in blood serum once  
a year in patients with hyperuricemia > 5 mg/dL 
(298 µmol/L) in the cardiovascular risk group, and 
more than 1/3 of physicians (38%) order the test 
twice a year (Fig. 4).

Average concentration levels of uric acid 
in patients with hyperuricemia > 5 mg/dL  

0.3%0.2%

14%

34%

39%

10%

2% 1% 0.3%

All respondents, 
n = 9980

Total

4 mg/dL
(238  

mmol/L)

5 mg/dL
(297 

mmol/L)

6 mg/dL
(356 

mmol/L)

7 mg/dL 
(416 

mmol/L)

8 mg/dL
(476 

mmol/L)

9 mg/dL
(535 

mmol/L)

10 mg/dL
(595 

mmol/L)

11 mg/dL
(654 

mmol/L)

12 mg/dL
(714 
mmol/L

What concentration of uric acid do you consider to be hyperuricemia in patients at risk of cardiovascular 
disease?

Figure 1. Uric acid reference concentration value considered by physicians as hyperuricaemia at the patients of  
cardiovascular risk group — distribution of all the responses.
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91% 89%
84%

24%
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n = 9980

Total

Arterial
hypertension

Metabolic
syndrome

Diabetes
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Others

What diseases are, in your opinion, are most often accompanied by hyperuricemia?

All respondents, 
n = 9740

Total Average age – 55.4 years

Up to 50 years From 51 to 59 years Over 60 years

Age

29%

36% 35%

What is the average age of your patients with hyperuricemia > 5 mg/dL (298 µmol/L) 
in the cardiovascular risk group?

All respondents, 
n = 9525

Total

7%

48%

38%

8%

Less than Three times a year
or moreonce a year

How often do you order tests to measure uric acid concentration in blood serum for patients 
with hyperuricemia > 5 mg/dL (298 µmol/L) in the cardiovascular risk group?

Once
a year

Twice
a year

Figure 2. Diseases usually accompanied by hyperuricaemia — distribution of responses.

Figure 3. Average age of patients with hyperuricaemia > 5 mg/dL (298 μmol/L) of the cardiovascular risk group — 
distribution of responses and average.

Figure 4. Frequency of ordering urea acid tests in serum at patients with hyperuricaemia > 5 mg/dL (298 μmol/L) of 
the cardiovascular risk group — distribution of responses.
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(298 µmol/L) in the cardiovascular risk group is 
higher among men than among women. It is on 
average 6.8 mg/dL in female patients and 7.4 mg/dL  
in male patients (Fig. 5).

The vast majority of doctors, namely 75% of 
respondents commence pharmacological treatment 
of hyperuricemia in a patient at risk of CVD, when 
the concentration of uric acid is between 6 and  
7 mg/dL, 14% — when this concentration is lower 
than 6 mg/dL, and another 11% — when it is above 
7 mg/dL (Fig. 6).

Physicians generally do not reduce the dose 
of medicine that lowers uric acid concentration in 

patients with hyperuricemia in the cardiovascular 
risk group. 72% of physicians had not reduced the 
dose of medicines in their patients in the prior  
3–4 months. The average percentage of patients 
with hyperuricemia in the cardiovascular risk 
group, from doctors who had reduced the dose of 
medicine which reduces uric acid concentration 
was 14% (taking into account only doctors had 
reduced dosage). Almost all doctors increased the 
doses of medicine reducing uric acid concentration 
in patients with hyperuricemia in the cardiovascu-
lar risk group — only 2% of physicians over the 
prior 3–4 months did not have this type of patient.

All respondents, 
n = 9525

Total

40%
21%

39%

34%

21%

45%

Women Men

> 7 mg/dL (416 mmol/L)

> 6 mg/dL (356 mmol/L)
£ 7 mg/dL (416 mmol/L) 

≥ 5 mg/dL (298 mmol/L) 
£ 6 mg/dL (356 mmol/L)

Average 6.8* 7.4*

What is the average uric acid concentration of your hyperuricemia patients from the 
cardiovascular risk group?

*Average tested on unit range, 
i.e. one could not choose 5.5

All respondents, 
n = 9470

Total

14%

75%

11%

Less than 6 mg/dL
(356 mmol/L)

Over 6 mg/dL (356 mmol/L)
up to 7 mg/dL (416 mmol/L)

Over 7 mg/dL
(416 mmol/L)

*Average tested on unit range, 
i.e. one could not choose 5.5

Average* concentration 
– 6,5 mg/dL

At what concentration of uric acid in a patient at risk of cardiovascullar disease do you administer 
pharmacological treatment of hyperuricemia?

Figure 5. Average concentration of uric acid at patients with hyperuricemia > 5 mg/dL (298 μmol/L) of the cardiovas-
cular risk group — distribution of responses and average.

Figure 6. Uric acid concentration value at which the physician includes pharmacologic treatment of hyperuricemia for 
patients of the cardiovascular risk group — aggregated distribution of responses and average.
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The average percentage of patients with hy-
peruricemia in the cardiovascular risk group, in 
cases of doctors who had increased the dose of 
drugs that lower medicines reducing uric acid con-
centration is 23% (includes only dose-increasing 
doctors) (Fig. 7).

90% of doctors believe that pharmacologi-
cal treatment of hyperuricemia in patients in the 
cardiovascular risk group should be included per-
manently (Fig. 8). 

Nearly 80% of respondents believe that hy-
peruricemia (> 5 mg/dL; 298 µmol/L) has a high 

impact on cardiovascular risk. The remaining 20% 
of doctors believed that the effect of hyperurice-
mia on cardiovascular risk is moderate (Fig. 9). 
Moreover, 91% doctors have observed an increase 
in the occurrence of hyperuricemia over the prior 
2 years in patients from the cardiovascular risk 
group (Fig. 10).

Discussion

Based on available research and recommenda-
tions, the target uric acid concentration of < 5 mg/dL  

All respondents, 
n = 8663

Total

2%

64%

28%

4% 2% 0%

0% (no such
patients)

1–20% 21–40% 41–60% 61–80% Over 80%

Average* percentage 
(physicians increasing the 

dose without 0% value) – 23%

In what percentage of patients from the cardiovascular risk group (> 5 mg/dl, 298 µmol/L) taking 
medicines aimed to reduce uric acid levels have you increased the dose of the medicine 
in the last 3–4 months?

*The average is tested on the step scale, 
e.g. you could not choose the value 5.5

All respondents, 
n = 8682

Total

4% 2% 4%

90%

1–2 years 3–4 years 5–10 years Chronic

In your opinion, how long should be the pharmacological treatment of hyperuricaemia last 
in patients with cardiovascular risk (> 5 mg/dL, 298 /L)?µmol

Figure 7. Percentage of patients with hyperuricemia > 5 mg/dL (298 μmol/L) in the cardiovascular risk group taking 
medicines lowering uric acid concentration, whose doctor had increased the dose in the prior 3–4 months — aggre-
gated distribution of responses and the average.

Figure 8. The assumed length of pharmacological treatment of hyperuricemia for patients in the cardiovascular risk 
group (> 5 mg/dL; 298 μmol/l) — distribution of responses.
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should be considered in patients with high cardio-
vascular risk. High cardiovascular risk patients 
are considered to be those persons with hyper-
tension, diabetes, metabolic syndrome, diagnosed 
atherosclerosis of any vascular bed (including 
patients with coronary artery disease [CAD] or 
atherosclerotic cerebrovascular disease) [8]. Ac-
cording to the position of international experts, 
the target uric acid concentration of < 5 mg/dL  
should be considered in patients with high car-
diovascular risk, presenting with at least two 
of the following factors: hypertension, diabetes, 
dyslipidaemia, recent stroke or myocardial infarc-
tion, CKD [9].

It should be noted that the PAMELA study 
confirmed the benefits of maintaining a level of 
approximately 5 mg/dL in patients with high car-
diovascular risk [10]. In the present study, patients 
were randomly recruited from the general popula-
tion and subjected to a detailed assessment of the 
cardiovascular risk profile. Echocardiography and 
blood pressure measurements were also performed 
other than at the doctor’s office. Data analysis sug-
gests the limit value of uric acid concentration of 
5.4 mg/dL, providing the best sensitivity ratio to 
the specificity of the study in predicting the risk 
of cardiovascular mortality and 4.9 mg/dL for total 
mortality.

All respondents, 
n = 6910 

Total

1%

20%

79%

Low Medium High

From your observations, what are the effects on hyperuricemia on cardiovascular risk 
(> 5 mg/dL, 298 µmol/L)?

Figure 9. Assessment of the impact of hyperuricemia (> 5 mg/dL, 298 μmol/L) on cardiovascular risk — distribution 
of responses.

Figure 10. Frequency of hyperuricemia for patients in the cardiovascular risk group (> 5 mg/dL; 298 μmol/L) within 
the prior 2 years — distribution of responses.

Have you noticed an increase in the incidence of hyperuricemia in patients with cardiovascular 
risk (> 5 mg/dL, 298 µmol/L) over the past 2 years?

All respondents, 
n = 6910 

Total

Yes – 91%

No – 9%
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The findings of the current study show that 
relatively few doctors are aware of the recommen-
dations related to the treatment of hyperuricemia 
in patients with high cardiovascular risk. Only 
14% of doctors (1 in 7 respondents) indicate the 
value recommended by experts, and 3/4 (72%) of 
respondents asked to indicate uric acid levels they 
considered to be hyperuricemia in patients from the 
cardiovascular risk group, indicate values ranging 
from 6 to 7 mg/dL, i.e. the value justified in patients 
without such a risk. Yet, it should not be surprising 
that doctor responses may have been influenced 
by the many years of definitions of hyperuricemia, 
which have differed significantly between publica-
tions, i.e. epidemiological studies were inconsist-
ent. Hyperuricemia used to be considered present 
when uric acid concentration in blood serum 
exceeded 7 mg/dL in male patients and 6 mg/dL 
in female patients. According to another defini-
tion hyperuricemia was defined as values above 
6.4–6.8 mg/dL, at 37°C, being the total saturation 
of the plasma with sodium urate takes place [11]. 
Therefore, it still seems necessary to educate the 
medical community with regards to the definition 
of the value of hyperuricemia in patients with high 
cardiovascular risk.

Uric acid is recognized as an independent risk 
factor in the development of many macrovascular 
and microvascular disorders, including arterial hy-
pertension [12], metabolic syndrome [13, 14], CAD 
[15], diabetes [16], cerebrovascular disease [17, 18], 
CKD [19] or other CVD [20, 21]. When asked what 
diseases, in their opinion, are most often associated 
with hyperuricemia, the respondents listed the fol-
lowing: hypertension (91%), metabolic syndrome 
(89%) and diabetes (84%). An increased concentra-
tion of uric acid impairs oxygen metabolism, stimu-
lates the renin–angiotensin system and inhibits the 
secretion of endothelial nitric oxide. Therefore, it 
contributes to the development of microvascular 
complications in arterioles vasoconstriction, renal 
vasoconstriction, and persistent sodium chloride hy-
pertension [22, 23]. As evidenced, most physicians 
are aware of the relationship between the increase 
in a relative risk of hypertension and high levels of 
uric acid [24, 25]. Most also know the relationship 
between hyperuricemia and metabolic syndrome. 
Diabetes as a disease often accompanying hyperuri-
cemia is also indicated much less frequently — by 
8 out of 10 doctors. It seems that respondents have 
the knowledge that elevated uric acid is the result 
of a diet which is rich in purine/fructose, genetic and 
environmental factors, metabolic disorders as well 
as endogenous overproduction or, in most cases, im-

paired excretion of uric acid. Pre-clinical test results 
suggest that endothelial dysfunction, inflammatory 
reaction and oxidative stress in fat cells play a key role 
in the development of metabolic syndrome [26]. Some 
studies describe the relationship between uricemia 
and obesity, between uricemia and obesity and insulin 
resistance. Therefore, uric acid was suggested as  
a component of the metabolic syndrome [27]. 

Yet, what was surprising was the lack of aware-
ness of the doctors surveyed, of the relationship be-
tween hyperuricaemia and ischemic heart disease, 
and thus a growing cardiovascular risk. Oxidative 
stress caused by increased xanthine oxidase activ-
ity has a very negative effect on the endothelium 
vascular system, including coronary arteries [28, 
29]. Based on data from the NHANES I study (First 
National Health and Nutrition Examination Study), 
Freedman et al. [1] proved that any increase in the 
value of uric acid concentration by 60 µmol/L is 
linked with a 48% increase in the risk of ischemic 
heart disease in women. In patients demonstrating 
cardiovascular complications (with angiographi-
cally diagnosed CAD, after ischemic stroke, with 
chronic heart failure) it has been shown that uric 
acid concentration is an independent prognostic 
factor for general and cardiovascular mortality of 
patients [30–32].

Moreover, the surveyed doctors do not men-
tion the correlation of hyperuricemia with CKD, 
and high levels of uric acid, which indeed play a key 
role in the development and progression of CKD. It 
also remains an independent factor in the progres-
sion of CKD, even after adjustment for all classical 
co-existing diseases, such as hypertension, pro-
teinuria and dyslipidaemia. This relationship was 
confirmed in patients with IgA nephropathy, dia-
betic nephropathy, after organ transplantation and 
in autosomal dominant polycystic kidney disease. 

Almost 1/3 of physicians declared that the 
average age of their patients with hyperuricemia 
> 5 mg/dL (298 µmol/L) in the cardiovascular 
risk group was 50 years or less, and another 1/3 
declared that their age was 60 years or more. The 
prevalence hyperuricemia depends on the sex, age 
and race and reaches its peak in people at around 
the age of 70. In young and healthy people, before 
puberty, it is low and usually does not exceed  
3.6 mg/dL. In men, it is on average 5 ± 2 mg/dL, 
and in women at childbearing age it is on average 
1 mg/dL lower, and increases after menopause (the 
role of oestrogen). Yet, it should be remembered 
that the elevated concentration of uric acid is ob-
served in almost 90% of adolescents with primary 
hypertension [33].
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Almost half of physicians in the present 
study check serum uric acid concentration once 
a year in patients with hyperuricemia > 5 mg/dL  
(298 µmol/L) in the cardiovascular risk group 
and 38% of physicians will order the test for their 
patients twice a year. In patients in whom are 
introduced a hyperendemic agent, urine acid con-
centration should be controlled every 4 weeks after 
each increase of the dose until a therapeutic goal is 
achieved. According to the recommendations, after  
a therapeutic goal is achieved the dose of a drug 
reducing uric acid concentration (in practice, allopu-
rinol) should be maintained, and uric acid concentra-
tion should be monitored periodically, twice a year.

The vast majority of doctors, namely 3/4 of 
respondents start pharmacological treatment of 
hyperuricemia in patients at risk of CVD only when 
the concentration of uric acid is between 6 and  
7 mg/dL, 14% — when the concentration is lower 
than 6 mg/dL, and another 11% — when it is above 
7 mg/dL. Once again one should be reminded that 
based on the current knowledge of physicians, 
they consider treatment with allopurinol when the 
level of uric acid is above 5 mg/dL in patients with 
high cardiovascular risk, presenting at least two of 
the following conditions: hypertension, diabetes, 
dyslipidaemia, recent stroke or myocardial infarc-
tion or CKD.

The international consensus on hyperuricemia 
in patients with high cardiovascular risk suggests 
that physicians should consider administering 
an initial dose of allopurinol of 100 mg daily, and 
gradually increase it to 300–600 mg per day, until 
the target concentration of uric acid is reached  
[9, 34]. A slow increase in the dose of allopurinol 
has resulted from the need to minimize the likeli-
hood of an incidence of side effects, especially 
in patients with hypersensitivity to allopurinol 
or severe cutaneous allergic reactions (SCARs), 
which usually occurs after 8 weeks of the treatment 
[35–37]. There are several factors that especially 
contributed to the development of this syndrome, 
such as high initial doses, CKD, parallel use of diu-
retics or the presence of HLA-B*5801 [38, 39]. Al-
most all doctors surveyed in the study declared that 
they increased doses of uric acid-lowering drugs in 
patients with hyperuricemia in the cardiovascular 
risk group — only 2% of physicians over the prior 
3–4 months did not have such patients. The aver-
age percentage of patients with hyperuricemia from 
the cardiovascular risk groups in which doctors 
increase the dose of medicine lowering uric acid 
levels is 23% (taking into account only doctors who 
increase the dose).

Allopurinol therapy in patients with high car-
diovascular risk is a chronic treatment. 90% of the 
respondents gave such a response. Nearly 80% of 
physicians believe that hyperuricemia (> 5 mg/dL, 
298 µmol/L) considerably affects cardiovascular risk. 
The remaining 20% of doctors believe that the impact 
of hyperuricemia on cardiovascular risk is moderate. 
Hyperuricemia plays an important pathophysiological 
role in the development of hypertension, type 2 dia-
betes and is an independent cardiovascular risk factor.

Important data confirming the predictive value 
of uric acid concentrations were obtained based 
from observations of the original Framingham 
heart study cohort. Thus, the study showed an 
increased risk of ischemic disease and myocardial 
infarction in patients with high levels of uric acid 
in serum. Krishnan et al. [40] confirmed the in-
dependent effect of uric acid on the risk of acute 
myocardial infarction. In the Rotterdam Study  
(n = 4385) in patients without a history of myo-
cardial infarction or stroke at the beginning of the 
study, high uric acid concentrations were associ-
ated with a distant risk of myocardial infarction and 
stroke [41]. In a study by Ndrepepa et al. [42] the 
total of 5124 patients with acute coronary syndromes 
(1629 myocardial infarction with ST segment eleva-
tion, 1332 myocardial infarction without ST segment 
elevation and 2163 with unstable angina) were divided 
into quartiles according to uric acid concentration 
levels as follows: quartile 1: 1.3–5.3 mg/dL (77–315 
µmol/L); quartile 2: 5.3–6.3 mg/dL (315–375 µmol/L); 
quartile 3: 6.3–7.5 mg/dL (375–446 µmol/L); quartile 
4: 7.5–18.4 mg/dL (446–1094 µmol/L). After 1 year 
of observations there were 80 deaths in quartile 1, 
77 deaths in quartile 2, 72 deaths in quartile 3, and 
221 deaths in the quartile 4 of uric acid concentra-
tions. The unadjusted mortality risk ratio was 3.05 
(95% confidence interval 2.54–3.67, p < 0.001) for 
the quartile 4 vs. quartile 1 of these concentrations. 
It should be noted that after taking into account the 
traditional cardiovascular risk factors, renal functions 
and inflammation, the relationship between uric acid 
concentration and mortality remained significant.

91% of the physicians surveyed had seen an 
increase in the incidence of hyperuricemia in pa-
tients at risk of CVD over the prior 2 years. The 
trend observed by doctors is correct. In the coming 
years, due to the epidemic of obesity, metabolic 
disorders and an aging population, the incidence 
of hyperuricemia will continue to be observed. It 
is also related to rapid economic development and  
a changing lifestyle of societies which enjoy  
a higher social and economic status. Rising uric acid 
levels also result from the adoption of a Western 
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lifestyle and changing economic status. Increased 
morbidity from hyperuricemia is also favoured by 
such commonly adopted habits as excessive con-
sumption of products rich in purines (meat, offal), 
fructose, glucose and fructose syrup or alcohol.

Conclusions

The findings of the questionnaire in the pre-
sent survey suggest that doctors often underes-
timate the problem of hyperuricemia in patients 
with high risk of CVD. An important step towards 
more effective therapy of hyperuricemia in routine 
clinical practice will be to raise the awareness of 
hyperuricemia and comorbidities both among doc-
tors and patients and encourage their monitoring 
and treatment. Patients should be educated on the 
impact some foods on the development of uricemia: 
high consumption red meat and seafood, alcohol, 
fructose and sweetened beverages. Research has 
also confirmed that weight loss and regular physical 
activity should be highly recommended.

The dissemination of information about the new 
norm for uricemia in high-risk cardiovascular patients 
was largely supported by the introduction of an appro-
priate legend containing information about standards 
for different patient populations in the results of tests 
conducted by the majority of large medical laboratories. 

Introduction of explanatory information, as was previ-
ously the case in the lipid profile (different purpose 
of therapy depending on cardiovascular risk), will 
certainly help to raise awareness of hyperuricemia 
in cardiac patients and achieving  therapeutic goals.

Allopurinol should be the first-line treatment 
of hyperuricemia. An initial dose of 100 mg of al-
lopurinol daily should be considered. The dose 
should gradually be increased to 300–600 mg per 
day until reaching the goal conforming to the target 
uric acid concentration. In cases where a therapeu-
tic goal cannot be achieved; the treatment should 
be changed to a more complex therapy.

The international consensus on the treatment 
of patients with hyperuricemia and high cardio-
vascular risk, suggests a simple 5-step scheme  
(Fig. 11 [9]). This scheme should considered a sort 
of road map for doctors in the treatment of patients 
with high cardiovascular risk with co-occurring 
hyperuricemia.
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Abstract
Background: Conducted pilot study concerning mean platelet volume (MPV) parameter among pa-
tients suffering from congestive heart failure and periodontal disease.
Methods: Examination of dynamic changes of platelet and periodontal markers in group of 50 patients 
before and an average of 6 months subsequent to professional periodontal treatment.
Results: Both platelet and periodontal parameters decreased after periodontal treatment, what is more, 
the decrease of MPV value due to periodontal disease/mm improvement was shown to be statistically 
significant (p = 0.05).
Conclusions: Improvement of periodontal status may influence decrease of MPV value and increase 
of congestive heart failure treatment efficacy and effect patient comfort. It is a new, not frequently used 
pattern of chronic disease treatment optimalization. (Cardiol J 2019; 26, 3: 253–259)
Key words: mean platelet volume, platelets, congestive heart failure, periodontal  
disease, inflammatory response

Introduction

Numerous papers have documented prog-
nostic value of mean platelet volume (MPV) in 
cardiovascular pathology [1–7], including pub-
lished research on correlation between MPV and 
periodontal disease (PDe) in coronary patients [8].  
A thorough search on correlation between MPV 
and exacerbated heart failure revealed only 2 pub-
lications in this area [9, 10]. MPV has not yet been 
studied in patients with congestive heart failure 
(CHF), including those with coexistent PDe.

The aim of this study was to assess the dynamics 
of changes of MPV in CHF patients with diagnosis of 
PDe. The authors made an attempt to design a clinical 
pilot study that will verify the following hypotheses: 
(A) Is MPV an appropriate marker of periodon-
tal parameters change the dynamics? Analyzed  
BEFORE periodontal intervention; (B)  Is MPV an 
appropriate marker of periodontal parameters change 
the dynamics? Whether a clinical decrease of some 
periodontal parameters (CAL/mm, PI, and PD/mm) 
may result in MPV? Analyzed AFTER periodontal 
intervention.
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There is a correlation between the decrease 
of inflammatory process presented by plasma 
concentration of the following parameters: tumor 
necrosis factor-alpha (TNF-a), N-terminal pro-B-
-type natriuretic peptide (NT-proBNP), C-reactive 
protein (CRP) and improvement of CHF patient 
status, including better prognosis [11–17]. Nu-
merous researchers have shown that elimination 
of inflammation in PDe results in a significant re-
duction of chronic inflammatory process and may 
lead to additional benefits including improvement 
of vascular endothelium [18–22].

Methods

A pilot group of 50 patients aged 36–92 years 
including 15 women and 35 men (average age  
64 years), admitted to the Department of Cardio-
logy of the Medical University of Warsaw with a di-
agnosis of CHF. Those patients were also diagnosed 
with PDe that required periodontal treatment.

This pilot study was conducted in accordance 
with 1964 Declaration of Helsinki and was approved 
by the Ethics Committee of the Medical University 
of Warsaw (KB/54/A/2013). All patients have read 
and signed informed consent forms.

After obtaining their consent, all patients 
enrolled in the study underwent the following 
diagnostic assessment:

 — Biochemical blood tests on admission day and 
on average 6 months after periodontal treat-
ment: blood count, iodine and potassium con-
centration, lipid profile, CRP and TNF-a leve ls, 
NT-proBNP and fibrinogen concentration.

 — Examination of oral hygiene: approximal 
plaque index (API) inspected on approximal 
spaces of the first and third quadrants from 
the oral aspect and of the second and fourth 
quadrant from the buccal aspect and bleeding 
on probing (BOP) probed on 4 surfaces of each 
tooth (mesial, distal, platal/lingual, buccal) 
during initial standard periodontal therapeutic 
assessment (scaling, root-planing, sanitation 
of oral cavity as well as treatment of oral 
mucosa pathologies). Number and status of 
teeth, number and status of impacted teeth, 
gangrenous roots, currently used prosthetic 
restorations, as well as surgical and prosthetic 
treatment indications were assessed [23].

 — Periodontal examination of clinical attach-
ment loss (CAL/mm) and probing depth (PD/ 
/mm) in oral cavity with the use of periodon-
tal probe WHO 621 in 6 measurement points 
around each tooth (mesial buccal, distal buc-

cal, middle of buccal surface, mesial palatal/ 
/lingual, distal palatal/lingual, middle of palatal/ 
/lingual surface) and dental orthopantomogram 
radiograph (OPG) in CHF patients following 
conventional periodontal therapy assessment: 
removal of bacterial biofilm from tooth surface 
(scaling) and smoothing (root-planing) to pre-
vent re-accumulation of bacteria, sanitation 
of oral cavity as well as periodontal reassess-
ment on average 6 months (3–9 months) after 
treatment.
Study patients were treated in accordance 

with current CHF treatment guidelines, without 
need of modifications of pharmacological therapy, 
and their clinical status was stable throughout the 
study. Based upon results of initial examination, 
pilot specialist periodontal treatment was com-
menced in patients with coexistent CHF and PDe 
in a reference clinical center. 

This paper presents statistical analysis of  
a relationship between dynamic MPV changes in 
relation to PDe and oral hygiene status.

Blood samples were collected from all 50 
study patients on admission day (examination-1), 
and then 3–9 months (on average 6 months) after 
periodontal treatment was completed (examina-
tion-2). Blood samples were centrifuged and serum 
was tested for blood count including diagnostic 
parameters of platelet count and volume, which 
were the subject of the study and were further 
analyzed. A standard blood work-up kit (R&D 
Systems, Inc., Minneapolis, USA) was used in 
accordance with manufacturer instructions in the 
Central Laboratory Department of Hematology, 
Oncology and Internal Diseases of the Medical 
University of Warsaw.

The status of CHF was examined before and 
after periodontal therapy by two experienced 
cardiologists blinded to the periodontal therapy 
outcomes and indices.

The periodontal study was conducted at the 
Department of Oral Medicine and Periodontal Dis-
ease of the Medical University of Warsaw, with the 
use of periodontal probe WHO 621. During the ex-
amination antibiotics were administered prophylac-
tically. All patients received Augmentin® (amoxicil-
linum, acidum clavulanicum) 1.0 g (1 d/every 12 h),  
and for those with penicillin intolerance Dalacin C®  
(clindamycinum) 0.3 g (1 d/every 8 h) was pre-
scribed. For periodontal examination, patients 
received single, prophylactic dose (Augmentin® 
— 2 g; Dalacin C® — 0.6 g) according to guidelines 
concerning examination of such patients issued by 
the Polish Society of Periodontology. API/% and 
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BOP/% were assessed, scaling, root-planing and 
orthopantomogram radiograph were performed. 
Detailed instructions for daily oral hygiene were 
provided. The above described activities were termed 
as periodontal intervention.

Following periodontal assessment, also with 
antibiotic administration, examination of clinical at-
tachment loss (CAL/mm) as well as probing depth 
(PD/mm — probing depth), degree of furcation in-
volvement, and 3-stage Hall’s tooth mobility scale, 
where stage 1 represents lingual or buccal/palatal 
mobility, no more than 1 mm; stage 2 — lingual  
or buccal/palatal mobility between 1 and 2 mm; 
stage 3 — vertical and horizontal mobility that 
interrupts proper articulation was performed  
[24, 25]. Each tooth was examined and mean parame-
ters values were calculated for individual patients.

All patients received standard periodontal 
therapy: scaling and root planing with sanitation 
of oral cavity including extraction of gangrenous 
roots under antibiotic prophylaxis regimen. For 
periodontal treatment full antibiotic therapy was 
administered (Augmentin® — 14 doses/7 days; 
Dalacin C® — 15 doses/5 days) according to the 
same guidelines. Recommended oral hygiene at 
home includedbrushing teeth twice a day, in the 
morning and in the evening, as well as antiseptic 
mouth rinsing. Patients were encouraged to stay 
in touch with researchers in case of any doubts re-
garding their oral cavity status and hygiene routine.

Statistical analysis
Obtained  results underwent statistical analy-

sis in order to assess the influence of treatment on 
MPV with reference to selected periodontal param-
eters. Following statistical tests were performed 
to verify stated hypotheses. 

Statistical analysis was performed with Mann-
Whitney test for dependent groups to verify differ-
ences between observations and Wilcoxon test to 
assess differences between selected study groups 
(H.B. Mann, D.R. Whitney [1947] “On a test of 
whether one of two random variables is stochasti-
cally larger than the other”. Annals of Mathematical 
Statistics, 18, 50–60). 

Results

All patients were diagnosed with severe chron-
ic generalized periodontitis (CAL > 5 mm and PD 
> 7 mm) according to American Academy of Peri-
odontology 2000 classification [26].

Pilot study of 50 CHF patients with coexist-
ent PDe on admission day has shown that mean 

API and BOP values were very high, respectively: 
API: 74% in women and 81% in men; BOP: 100% 
in women and 90% in men. Mean PD/mm values 
both for women and men were 5.7 mm. Mean CAL/ 
/mm values were 5.2 mm for women and 5.3 mm for 
men. Among women the average number of teeth 
in the upper arch was 12 and in lower arch — 11. 
In the group of men the average number of teeth 
in maxilla was 11 and in mandible — 10. 

A. Study results show that as far as first hy-
pothesis is concerned, patients before periodontal 
intervention, high values of MPV parameter have 
shown correlation with high values of the following 
parameters: CAL/mm, plaque index (PI) and PD/mm 
obtained during the first assessment (examination-1).

A.I. MPV vs. CAL/mm (examination-1)
Statistical analysis has shown that higher 

MPV value is associated with higher CAL/mm 
value. Presented model did not show statistically 
significant relationship. The numerical relationship 
was positive. The following results were obtained: 
statistical value W: 0.3694; p: 0.5462 (Fig. 1).

A.II. MPV vs. PD/mm (examination-1)
Statistical analysis has shown that PD/mm 

values are subtle. In addition: although there is 
no clear trend in relationship between these pa-
rameters a positive trend is present, the highest 
MPV values are for patients with PD/mm 7 mm 
(the highest) value obtained (Fig. 2).

Figure 1. The values of mean platelet volume (MPV) vs. 
clinical attachment loss (CAL/mm) before periodontal 
intervention (MPV ± SD 0.91; CAL/mm ± SD 0.39);  
SD — standard deviation.
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B. Study results show that as far as second hy-
pothesis is concerned in patients after periodontal 
intervention high values of MPV parameter have 
shown correlation with high values of the following 
parameters: CAL/mm, PI and PD/mm, obtained 
during the second assessment (examination-2).

B.I. MPV vs. CAL/mm (examination-2)
Statistical analysis has shown that there is vir-

tually no relationship between CAL/mm and MPV 
value after periodontal intervention. The presented 
model did not show any statistically significant 
relationship. The following results were obtained: 
statistical value W: 0.03385; p: 0.8548 (Fig. 3).

B.II. MPV vs. PD/mm (examination-2)
Statistical analysis has shown that PD/mm 

values are subtle. In addition: there is a positive 
trend (higher PD/mm is associated with higher 
MPV value), and the highest MPV values are for 
PD/mm 5 mm (the highest) (Fig. 4).

B.III. MPV change vs. CAL/mm change
Assessment whether CAL/mm parameters 

change observed before and after periodontal in-
tervention is associated with MPV. For CAL/mm 
change at 1.5 mm MPV is higher and characterized 
with grater variability. Following results were ob-
tained: statistical value W: 306.5; p: 0.3076 (Fig. 5).

Results show that this difference is not signifi-
cant. It should be noted that for greater CAL/mm 
change MPV distribution towards higher values 

was observed. It is therefore justified that the 
change of CAL value has influenced an increased 
MPV distribution.

B.IV. MPV change vs. PD/mm change
Correlation between PD/mm parameter change 

before and after periodontal intervention and MPV 
was tested. PD/mm value changes are subtle, and 
importantly values 1 and 4 are scarce and will not 
be further analyzed. The following results were ob-
tained: statistical value W: 0.3694; p: 0.5462 (Fig. 6).

Figure 2. The values of mean platelet volume (MPV) vs. 
probing depth (PD/mm) before periodontal intervention 
(MPV ± SD 0.91; PD/mm ± SD 0.60); SD — standard 
deviation.

Figure 3. The values of mean platelet volume (MPV) 
vs. clinical attachment loss (CAL/mm) after periodontal 
intervention (MPV ± SD 0.98; CAL/mm ± SD 0.80);  
SD — standard deviation.

Figure 4. The values of mean platelet volume (MPV) vs. 
probing depth (PD/mm) after periodontal intervention 
(MPV ± SD 0.98; PD/mm ± SD 0.74); SD — standard 
deviation.
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There is positive relationship between PD/mm 
change and MPV change. PD/mm value change af-
ter value 1 and 4 were deleted is shown on the box 
plot. For larger PD/mm value changes increased 
MPV value change occurred. The test has shown 
a statistically significant difference of 5%.

Periodontal assessment was performed after 
PDe treatment (the so called periodontal inter-
vention) was completed. The number of patients 
remained constant during whole study. API values 
decreased to 28% among women and 30% among 

men. BOP also significantly decreased to 36% in 
women group and 41% in men. Both gender groups 
resulted in CAL/mm value 4.0 mm and PD/mm 
3.3 mm. After oral cavity sanitation, the average 
number of remaining teeth in women was 10 for 
maxilla and 9 for mandible, among men 9 and 8, 
respectively.

Discussion

Fifty patients ≤ 92 years (age: 36–92; mean 
age: 64 years) with CHF and PD diagnosis were 
enrolled into this pilot study. It was found that MPV 
measurements on admission day as well as clinical 
periodontal assessment (examination-1) are differ-
ent from results obtained after standard periodontal 
treatment (examination-2). S A statistically signifi-
cant decrease of PD value over a of mean of a 6 month  
observation period (3–9 months) was noted.

In addition to a decrease of BOP and PI values 
in all study patients, mean increase in CAL/mm 
values of 1.5 mm was noted showing advantage 
of restoration over destruction processes within 
alveolar bone of maxilla and mandible. It should 
be noted that no highly specialized Guided Bone 
Regeneration (GBR) and/or Guided Tissue Re-
generation (GTR) procedures were  performed, 
justifying potential likelihood of including this type 
of therapy into CHF treatment standard.

Significant correlation between a decrease of 
clinical PD/mm values and increased MPV value 
change and decrease should be noted. Statistical 
analysis has shown that the decrease in PD/mm 
value which is much easier to obtain by basic dental 
care, has resulted in better effects in study group 
patients than CAL/mm decrease that can be mainly 
obtained only by highly specialized, expensive peri-
odontal procedures.

In this pilot study group during a 6-month 
observation no signs of heart failure exacerbation 
were observed, and pharmacological therapy that 
was in accordance with current CHF treatment 
guidelines, required no modifications of each me-
dicament dose and type (Tables 1 and 2).

Authors of this paper have focused their re-
search on the relationship between PDe and heart 
disease. Current studies and observations as well 
as published results referred patients who were 
hospitalized due to acute coronary syndromes 
[11–15, 27]. Results of this pilot study have shown 
that proper and complex oral hygiene may influ-
ence blood serum levels of CRP, NT-proBNP and 
TNF-a which are all markers of inflammation [18, 
28–32]. Individualized patterns of CHF patient 

Figure 5. The values of D mean platelet volume (DMPV)  
vs. D clinical attachment loss (DCAL/mm) during experiment 
observation (DMPV ± SD 14.58; DCAL/mm ± SD 53.51);  
SD — standard deviation.

Figure 6. The values of D mean platelet volume (DMPV) 
change vs. D probing depth (DPD/mm) during experiment 
observation (DMPV ± SD 14.58; DPD/mm ± SD 7.42);  
SD — standard deviation.
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care, seems obvious and also results in prognosis 
improvement, increased treatment efficacy and 
patient comfort [33–35].

Limitations of the study
The main limitation of the study was the 

small group of patients included. Secondly,  was 
the absence of a control group. However, it is 
very difficult to create such a control group for 
two reasons. One — patients could not be found 
with CHF and a healthy peridontium in among the 
general population. Secondly, it would be ethically 
controversial to treat PDe only in a subgroup of 
patients. Therefore, after taking into considera-
tion the Ethics Committee opinion on this study, 
we have decided to perform it in this form and call 
it a pilot study.

Conclusions

Results of this pilot study should be verified 
in a larger patient cohort. The results of this study 
show that:

 — decreases of PD/mm results in significantly 
better results of MPV (p = 0.05) than reduc-
tion of CAL/mm value;

 — specialist periodontal treatment may result in 
decreased MPV value in patients with coexist-
ent CHF and PDe;

 — examed platelet parameter may have prog-
nostic value in CHF, periodontal treatment of 
CHF and PDe patients might improve their 
long-term prognosis, but it ought to be verified 
in a prospective study;

 — the above conclusions are, to the authors’ best 
knowledge, first published conclusions in this 
area and require verification on a larger patient 
population. 
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Abstract
Background: Atrial fibrillation (AF) is associated with high risk of stroke and other thromboembolic 
complications. The OCULUS study aimed to evaluate the effectiveness of the three-dimensional (3D) 
movie in teaching patients about the consequences of AF and pharmacological stroke prevention. 
Methods: The study was based on a questionnaire and included 100 consecutive patients (38% 
women, 62% with AF history). Using the oculus glasses and a smartphone, a 3D movie describing the 
risk of stroke in AF was shown. Similar questions were asked immediately after, 1 week and 1 year 
after the projection. 
Results: Before the projection 22/100 (22.0%) declared stroke a consequence of AF, while immediately 
after 83/100 (83.0%) (p < 0.0001) patients declared this consequence. Seven days after, stroke as AF 
consequence was chosen by 74/94 (78.7%) vs. 22/94 (23.4%) when compared to the baseline knowledge; 
p < 0.0001, a similar trend was also observed in  1-year follow-up (64/90 [71.1%] vs. 21/90 [23.3%]; 
p < 0.0001). Before the projection 88.3% (83/94) patients responded, that drugs may reduce the risk of 
stroke, and after 1 week the number of patients increased to (94/94 [100%]; p = 0.001). After 1 year 
87/90 (96.7%) answered that drugs may diminish the risk of stroke (p = 0.02 in comparison to the 
baseline survey 78/90 [86.7%]). Use of oral anticoagulation to reduce the risk of stroke was initially 
chosen by 66/94 (70.2%), by 90/94 (95.7%; p < 0.0001) 7 days after and by 83/90 (92.2%; p < 0.0001) 
1 year after. 
Conclusions: 3D movie is an effective tool in transferring knowledge about the consequences of AF and 
the pivotal role of oral anticoagulation in stroke prevention. (Cardiol J 2019; 26, 3: 260–264)
Trial registration: ClinicalTrials.gov, NCT03104231. Registered on 28 March 2017.
Key words: atrial fibrillation, stroke, education, virtual reality, three-dimensional movie

Introduction

Atrial fibrillation (AF) is the most common 
cardiac arrhythmia in adults, with a significant risk 
of morbidity and mortality, mainly due to increased 
risk of stroke and systemic embolism. AF is inde-
pendently correlated with a 2-fold increased risk of  
all-cause mortality in women and a 1.5-fold in men [1].  
The prevalence of AF is approximately 3% in adults 
aged 20 years or older and increases with age and 

presence of hypertension, heart failure, coronary 
artery disease, valvular heart disease, obesity, 
diabetes mellitus and chronic kidney disease [1].

Nowadays, identification and prevention of AF 
risk factors, as well as prevention of thromboem-
bolic events constitute the fundamentals of com-
prehensive care in AF [1]. Most thromboembolic 
events may be prevented by oral anticoagulation 
(OAC), which is suggested to be prescribed to the 
majority of patients with AF basing on CHA2DS2-
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-VASc score [1]. The current guidelines for the 
management of AF patients highlight the important 
role of education in treatment [1, 2]. Therefore, 
one of the most important factors leading to the 
achievement of clinical benefit from OAC therapy is 
an effective cooperation of patients with physicians. 
Thus, physicians should introduce novel e-solu-
tions to the communication process with patients 
to increase compliance [3]. Three-dimensional (3D) 
and virtual reality (VR) models are helpful in every 
day medical practice [4, 5] but could be also used 
as educational tools.

The OCULUS study aimed to evaluate wheth-
er the VR-3D movie-based education is effective 
in improving patient knowledge about the conse-
quences of AF and pharmacological possibilities in 
reducing the risk of stroke. An additional objective 
of the analysis was to assess factors contributing 
to OAC usage in the prevention of stroke.

Methods

Study design and population
The OCULUS was a prospective, single center 

study. The study included hospitalized patients, 
who were over 18 years old. Only patients with 
previously diagnosed dementia were excluded from 
the study. The recruitment phase of the OCULUS 
study lasted from April 2016 to August 2016. Local 
ethics committees approved the study. All patients 
were provided with detailed information and signed 
informed written consent. 

The study was based on a questionnaire  
(Suppl. material), designed by the authors of the 
study. The questionnaire was composed of ques-
tions about sex, age, education, current job, AF 
history, as well as knowledge about consequences 
of AF and the importance of OAC therapy in 
stroke prevention. Consequently, the brief VR-3D  
movie which is available on Google Play and 
Appstore was shown using oculus glasses and  
a smartphone (a version prepared for men is avail-
able at the address: https://www.youtube.com/
watch?v=5WFxq_m88ds, whereas a version for 
women is available at the address: https://www.
youtube.com/watch?v=S8i7LxBBv0g). The Pfizer 
Company allowed the authors of the study to use 
the movie. The movie’s plot to inform patients 
about the risk of stroke and possibilities of its pre-
vention by using OAC. Subsequently, patients were 
asked a few questions, including what the movie 
was about, whether AF can affect a patient’s life in 
a negative way, whether it is possible to reduce the 
risk of stroke and if or by what types of drugs also 

reduce the risk of stroke. Similar questions were 
asked to the patients immediately after the movie, 
1 week and 1 year later (via telephone follow-up).

Statistical analysis
Categorical variables are presented as a per-

centage of total for the group. Comparisons  of re-
sults before and after watching the movie was made 
using the McNemar test. Bonferroni correction was 
used for multiple comparisons. Logistic regres-
sion was performed to assess factors contributing  
to OAC usage as a prevention of stroke. A value of  
p < 0.05 was considered significant. The calcula-
tions were performed using SAS software 9.4.

Results 

The current analysis included 100 patients 
(38% women). Mean age of the study group was  
63 ± 15 years. Data on 7-day follow-up were available  
for 94 patients (6 patients were lost to telephone 
follow-up), whereas the 1-year follow-up data 
were collected from 90 patients (10 patients had 
not completed the telephone follow-up). Previous 
history of AF was reported in 62/100 (62.0%) of the 
patients examined. Before projection of the movie 
22/100 (22.0%) of patients answered that stroke is 
a dangerous consequence of AF, while immediately 
after the projection the number of patients sig-
nificantly increased (83/100 [83.0%]; p < 0.0001). 
One week after the number of patients choosing 
stroke as a consequence of AF was still significantly 
higher in comparison to the knowledge before  
the projection (74/94 [78.7%] vs. 22/94 [23.4%];  
p < 0.0001), similar trend was observed also in the 
1-year follow-up (64/90 [71.1%] vs. 21/90 [23.3%]; 
p < 0.0001) (Fig. 1). High number of patients 
(83/94; 88.3%) asked prior to the projection and 
all patients (94/94; 100%) who were asked after  
7 days responded that the risk of stroke may be re-
duced by using a specific pharmacological therapy 
(p = 0.001). Moreover, in 1-year follow-up 87/90 
(96.67%) of patients confirmed that specific drugs 
may serve as a possibility to diminish stroke risk 
(p = 0.023 in comparison to the survey before the 
projection 78/90 [(86.7%]). As for drugs reducing 
the risk of stroke, OAC  chosen by 66/94 (70.2%) 
of patients prior to the projection and by 90/94 
(95.7%) of patients a week after watching the 
movie (p < 0.0001). Importantly, 1 year following 
the projection the knowledge of OAC as a phar-
macologic possibility of stroke risk reduction was 
significantly improved in comparison to the knowl-
edge prior watching the movie (83/90 [92.2%] vs. 
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60/90 [66.7%]; p < 0.0001) (Fig. 2). Before the 
projection 54/94 (57.5%) of patients confirmed 
previous treatment with OAC, whereas 7 days after 
the projection the usage of OAC was declared by 
66/94 (70.2%) of the patients asked (p = 0.004). 
Also, 1 year after the projection significantly higher 
number of patients confirmed use of OAC therapy 
when compared to the baseline survey (65/90 
[72.2%] vs. 50/90 [55.6%]; p = 0.006) (Fig. 3). The 
VR-3D movie was acknowledged as a useful tool to 
spread awareness of consequences of AF by 99/100 
(99.0%) of the study participants. Approximately 

all of the patients (99/100; 99.0%) confirmed that 
they would enjoy watching similar movies about 
other diseases. One week after watching the 
movie 91/93 (97.9%) of patients declared using 
prescribed OAC therapy in the future, due to the 
gained knowledge through watching the movie 
about the consequences associated with AF. The 
univariate analysis did not reveal any statistically 
significant relations between age or gender, and 
the frequency of marking stroke as a consequence 
of AF or choosing OAC as a possibility of reducing 
the risk of stroke. 

Discussion

The results obtained clearly show that knowl-
edge about the consequences of AF results in an 
improved declared adherence to treatment with 
OAC. The vast majority of patients acknowledged 
that the VR-3D movie technology is an interesting 
and useful tool to spread the awareness about AF, 
as well as other diseases. 

Results from the European Heart Rhythm 
Association (EHRA) Survey conducted in 53 

Figure 1. Percentages of patients declaring stroke  
a dangerous consequence of atrial fibrillation; A. Im-
mediately after the projection; B. One week after the 
projection; C. One year after the projection.

Figure 2. Percentages of patients choosing oral anti-
coagulants as drugs which reduce the risk of stroke;  
A. One week after projection; B. One year after projection.
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European centres revealed, that stroke and bleed-
ing risk management had the highest priority in 
discussion with AF patients in majority of centres 
(80.2%) [6]. However, none of the centres used 
the mobile phone applications to explain the risk 
of stroke, as a consequence of AF. The majority of 
centres (92.3%) included in this survey provided 
discussion with patients to describe the risk of 
stroke in AF. In addition to the conversation, some 
of the centres provided illustrative materials from 
pharmaceutical companies (23.1%), other printed 
materials (17.3%), links to websites (17.3%), 
specialized nurse (11.5%) or health psychologist  
(1 center). Moreover, there was estimated that 
the percentages of patients who would desist OAC 
despite the knowledge of advantages and risks of 
the therapy were: 0.0% in 13.7% of the centers, 
≤ 10% in 58.8%, 11–20% in 21.6% and 21–30% in 
5.9% of the centers. Interestingly, the prevailing 
reasons for OAC withdrawal were patient fear of 
bleeding (41.2% of the centers), underestimation 
of stroke risk despite having the proper knowledge 
(21.6%), deficient patient information about the 
risk of stroke (15.7%), unknown or other reasons 

(21.6%) [6]. Another EHRA Survey evaluating the 
level of education about the OAC, conducted in  
8 European centres reported, that 90% of patients 
with AF give the proper explanation for the OAC 
therapy (which was said as “to thin the blood”) [7]. 

It is known that management of OAC is chal-
lenging because of the need for an appropriate 
balance between hemorrhagic and thromboembolic 
risks, as well as due to different phenotypes of 
patients using this therapy. Interestingly, results 
from the EHRA Survey show that patients without 
schooling had the highest percentage of bleeding 
on OAC and previous strokes and the lowest use of 
OAC for stroke prevention [2]. The OCULUS study 
did not show any statistically significant correla-
tions between age or gender, and the frequency of 
marking stroke as a consequence of AF or choosing 
OAC as a possibility in reducing the risk of stroke. 

In 2014 Cleeren et al. [8] conducted a rand-
omized controlled trial which evaluated gaining and 
recall of knowledge on periodontitis by patients 
suffering from periodontitis. The authors revealed, 
that patients who were shown 3D animations had 
significantly higher scores in knowledge imme-
diately after the projection and in the following  
2 weeks in comparison to a narration and drawing 
group. Therefore, authors of the study agreed, that 
3D animations may be a useful tool in the education 
of patients. VR is also suggested to be effective as 
a diagnostic application in detecting mild cogni-
tive impairment [9]. Moreover, VR is concerned 
to be a useful additional tool in rehabilitation after 
ischemic stroke and cerebral palsy [10, 11]. It has 
been proven, that patients using VR applications 
experience less pain and distress, furthermore 
they also declare awillingness to use VR during 
the medical procedures related with pain [12]. Also 
other educational tools, such as an iPad-based ap-
plication (iBook), is suggested to be beneficial in 
otologic diseases in improving patient knowledge 
and satisfaction [13].

Limitations of the study
Some important limitations of the OCULUS 

study have to be acknowledged. First of all, the 
analyzed group of patients is relatively small. Sec-
ondly, a longer follow-up is required to assess the 
effectiveness of the 3D movie on patient knowledge 
and attitude towards compliance. Moreover, the 
OCULUS study enrolled only hospitalized patients. 
However, it could be hypothesized that, those pa-
tients may have a higher level of knowledge about 
AF and anticoagulation treatment and what may 
have had a significant influence on the obtained 

Figure 3. Percentages of patients who declare taking 
oral anticoagulants previously; A. One week after pro-
jection; B. One year after projection.
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results. Thus, there is a need to conduct such  
a study in the general population.

Conclusions

The OCULUS study shows, that a 3D movie 
is an effective tool in teaching patients about the 
consequences of AF and the important role of OAC 
in stroke prevention. Due to the interesting results 
of the current study, there is a need to create edu-
cational VR-3D movies, which may contribute to 
the improvement in patient compliance and better 
treatment outcomes for other diseases. Further 
multicentre studies would be helpful to evaluate 
the role of  VR-3D-movie-based knowledge trans-
fer for several diseases, not only in AF. 

Trial registration
The study has been registered in the Clini-

calTrials.gov, NCT03104231. Registered on 28 
March 2017.

Conflict of interest: None declared
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Abstract
Background: Although practice guidelines recommend surgery for patients with severe chronic is-
chemic mitral regurgitation (CIMR), they do not specify whether to repair or replace the mitral valve. 
The purpose of this study was to evaluate the long-term outcomes in patients with severe CIMR under-
going mitral valve annuloplasty (MVA) versus subvalvular sparing mitral valve replacement (MVR).
Methods: 392 consecutive patients who underwent MVA or subvalvular sparing MVR for treatment 
of severe CIMR  were retrospectively reviewed.
Results: After adjustment for baseline differences with multivariable regression analysis at 53 months 
follow-up (interquartile range, 34–81 months), there was no significant difference between the two 
groups for risk of major adverse cardiac or cerebrovascular events (MACCE), cardiac death, or all-cause 
death.  Propensity score matching extracted 77 pairs. During the follow-up, compared with the MVR 
group, both the left atrium and left ventricle end-diastolic diameter were markedly larger (p = 0.013 
and p = 0.033, respectively), and the incidence of mitral regurgitation recurrence was significantly 
higher in the MVA group (p < 0.001). No significant difference was observed between the two propensity 
score-matched groups in composite in-hospital outcomes, overall survival, freedom from cardiac death 
or MACCE, except subvalvular sparing MVR was associated with a lower incidence of hospitalization 
for heart failure than MVA (p = 0.015). 
Conclusions: Subvalvular sparing MVR is a suitable management of patients with severe CIMR, it 
is more favorable to ventricular remodeling and is associated with a lower incidence of hospitalization 
for heart failure than MVA. (Cardiol J 2019; 26, 3: 265–274)
Key words: chronic ischemic mitral regurgitation, mitral valve annuloplast, subvalvular 
sparing mitral valve replacement, coronary artery bypass grafting 

Introduction

Chronic ischemic mitral regurgitation (CIMR) 
is common and is associated with worse long-term 
survival and functional status [1]. It is gener-
ally agreed that severe mitral regurgitation (MR)  

requires mitral valve intervention, but the opti-
mal management of patients with severe CIMR, 
specifically the choice between mitral valve an-
nuloplasty (MVA) and mitral valve replacement 
(MVR), has long been debated [2–5]. To date, there 
are no prospective randomized trials evaluating 
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the long-term outcomes of MVA versus MVR for 
severe CIMR, while published series have provided 
a wide range of results for long-term outcomes. 
Considering the different conclusions which might 
have been derived from heterogeneity of patient 
cohorts and methods of treatment, the present 
study is a long-term design and propensity score 
(PS) matched analysis to evaluate the effective-
ness of MVA versus sub-valvular sparing MVR 
for severe CIMR.

Methods

Patients and study design
This study was approved by the Human Re-

search Ethics Committee of the Fuwai Hospital and 
was performed in accordance with the Declaration 
of Helsinki and approved guidelines. CIMR was 
defined by coronary angiographic and echocardio-
graphic findings according to accepted criteria, i.e., 
1) MR occurring more than 16 days after myocar-
dial infarction; 2) type I/IIIb leaflet dysfunction 
following Carpentier’s classification; and 3) 70% 
or greater stenosis of at least one coronary artery, 
with wall motion abnormalities of the correspond-
ing left ventricular (LV) segment [3].

Between January 2003 and December 2014, 
a total of 1040 patients with CIMR were hospital-
ized to undergo coronary artery bypass grafting 
(CABG) combined with MVA or MVR. From the 
initial cohort, 642 patients were excluded for 
various reasons [3], i.e., 1) Preoperative MR ≤ 2+,  
congenital valvular heart disease, rheumatic or 
degenerative valvular disease, infective endo-
carditis, presence of aortic valve regurgitation or 
stenosis, emergency surgery, repeat operation; or 
2) Performance of other procedures, such as LV 
reconstruction/reshaping, partial band/pericardial 
annuloplasty, or procedures other than mitral ring 
annuloplasty for treatment. Moreover, the patients 
who underwent MVR without preserving the sub-
valvular apparatus were excluded. In addition,  
6 were lost to follow-up. Thus, the final study co-
hort comprised 392 patients: 306 (78.1%) patients 
underwent MVA whereas 86 (21.9%) underwent 
subvalvular sparing MVR.

Baseline patient characteristics, echocardiogra-
phy data, operative data, and surgical techniques were 
collected from the division of cardiovascular surgery 
database and individual medical records. Patients were 
followed up through the internet or by telephone in-
terview and outpatient department records.

Surgical technique
All surgical procedures were performed with 

standard bypass techniques through median ster-
notomy by senior surgeons with a special interest 
in mitral valve surgery. The decision to perform 
MVA or subvalvular sparing MVR was at the sur-
geon’s discretion. Downsizing ring annuloplasty  
(2 sizes) was used in all patients subjected to MVA. 
The ring size was determined by measurements 
of the intertrigonal distance and anterior leaflet 
height. Intraoperative transesophageal echocardi-
ography was routinely used. A successful MVA was 
defined as a leaflet coaptation of ≥ 0.8 cm and MR ≤ 1  
at transesophageal echocardiography performed  
at the end of cardiopulmonary bypass [3, 6]. Sub-
valvular apparatus were preserved when perform-
ing MVR, including posterior leaflet preservation, 
posterior and partial anterior leaflet preservation 
and both leaflet preservation. The decision to per-
form which kind of procedure was at the surgeon’s 
discretion according to situational conditions. The 
posterior mitral valve leaflet was left intact in all 
patients undergoing MVR. In 8 of patients undergo-
ing MVR, the middle portion of the anterior leaflet 
was resected and the remaining leaflet tissue was 
plicated with individual valve sutures. In 23 patients 
undergoing MVR, the anterior leaflet of the valve 
was partly or completely detached from the mitral 
annulus and divided in the middle at the 12 o’clock 
position, and the leftward portion of the anterior 
leaftlet was plicated to the anterolateral commis-
sure with a pledgetted 4–0 polypropylene suture. 
The rightward a portion of the anterior mitral leaflet 
was similarly plicated to the posteromedial commis-
sure. Complete revascularization was achieved in 
all patients with arterial conduits or saphenous vein 
grafts. All patients received the same perioperative 
care and medical therapy according to guidelines.

Echocardiography
Two-dimensional and Doppler transthoracic 

echocardiography examinations were performed 
before operations and at pre-discharge for all  
patients. MR was classified as mild (grade 1+), 
moderate (grade 2+), or severe (grades 3+ and 
4+) [7]. LV inferior basal wall motion abnormal-
ity (BWMA) includes hypokinesia, dyskinesis and 
aneurysm. Echocardiographic criteria for aneurysm 
were evidence of thinning and localized LV dila-
tion or distortion. Dyskinesis was the presence 
of outward displacement of the LV wall during 
systole [8, 9].
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Statistical analysis 
All statistical analyses were performed by 

SPSS version 20 (IBM SPSS Inc., Chicago, IL), SAS 
software version 9.2 (SAS Institute) and Graph Pad 
Prism release 5 (Graph Pad Software Inc., La Jolla, 
Calif) statistical packages. All reported p values are 
two sided, and values of p < 0.05 were considered 
to indicate statistical significance. Continuous data 
are shown as  mean ± standard deviation. The 
Student t test was used to measure the differences 
for variables with a normal distribution and equal 
variances. The Wilcoxon rank sum test was used 
for non-normally distributed variables. Categorical 
data are displayed as frequencies and percentages 
and comparisons were made with c2 tests (Fisher 
exact tests if appropriate). A stepwise multivariable 
Cox proportional hazards model was developed to 
determine the independent risk factors. Variables 
with a p value less than 0.10 in the univariate 
analyses were entered into multivariable models. 
Differences in risk-adjusted, long-term rates of 
study outcomes among patients who underwent 
different surgical procedures were assessed by 
the use of multivariable Cox proportional hazards 
regression with adjustment for all patient-level 
variables in Table 1. Cumulative event rates were 
calculated using a Kaplan-Meier method, and dif-
ferent event curves of outcomes were compared 
using a log-rank test.

To reduce the impact of treatment selection 
bias and potential confounding in the observational 
study,  rigorous adjustment for baseline differences 
by use of propensity score matching was performed 
[10]. A PS representing the probability of having 
subvalvular sparing MVR as opposed to MVA was 
calculated for each patient by using a non-parsi-
monious multivariable logistic regression model. 
Variables used in the model are shown in Table 1. 
Pairs of patients with MVA and sub-valvular spar-
ing MVR were matched using calipers of width 0.2 
standard deviations of  logit of the PS [11]. Model 
discrimination was assessed with C statistics, and 
model calibration was assessed with Hosmer-
Lemeshow statistics. Finally, 77 pairs of patients 
were matched to obtain risk-adjusted outcome 
comparisons between the two groups.

Results

Patient characteristics
The demographic, clinical and procedural data 

of patients who underwent MVA and subvalvular 
sparing MVR before and after PS matching are il-
lustrated in Table 1. Before matching, patients who 

underwent subvalvular sparing MVR were older, 
with a worse mitral regurgitation grade and better 
left ventricular ejection fraction (EF).

Three kinds of complete symmetric rings were 
used in the present study, with the median size of 
28 mm (interquartile range, 28–29 mm): Duran 
Ancore (Medtronic, Santa Ana, CA), Carpentier-
Edwards Physio ring I (Edwards Lifesciences, 
Irvine, CA), Carpentier-Edwards Physio ring II 
(Edwards Lifesciences, Irvine, CA). There were 
seven types of prosthetic valves, with a median 
size of 27 mm (interquartile range, 27–29 mm). 
The rate of bioprosthesis was 46.5% (40/86). Three 
types of bioprostheses were used (n = 40): Mosaic 
(Medtronic, Santa Ana, CA), Carpentier-Edwards 
Perimount (Edwards Lifesciences, Irvine, CA) 
and Hancock II (Medtronic, Santa Ana, CA). Four 
types of mechanical valves were used (n = 46): 
Medtronic Open Pivot (Medtronic, Minneapolis, 
MN), On-X valve (On-X Life Technology, Austin, 
TX), CarboMedics Mechanical (Sorin-CarboMedics 
Inc, Italia, S.r.l) and St. Jude valve (St. Jude Medi-
cal, Minneapolis, MN). Subvalvular apparatus were 
preserved when performing MVR, with posterior 
leaflet preservation in 55 (64.0%) patients, poste-
rior and partial anterior leaflet preservation in  
8 (9.3%) patients, and both leaflets preservation in 
23 (26.7%) patients.

Follow-up and outcomes
The clinical follow-up was closed on January 1, 

2017. The median follow-up was 53 months (inter-
quartile range, 34–81 months) with a completion 
rate of 98.5% (392/398) in the overall cohort. Dur-
ing follow-up, 62 (15.8%) patients died, of whom 
53 (13.5%) died of a cardiac cause. The overall 
survival rates at 5 and 10 years were 86.6% and 
52.9%, respectively. Freedom from cardiac death at 
5 and 10 years were 88.1% and 63.9%, respectively. 

After adjustment for baseline differences with 
Cox proportional hazard model analysis, there was 
no significant difference between MVA and subval-
vular sparing MVR in risks of major adverse cardiac 
or cerebrovascular events (MACCE: cardiac death, 
repeat revascularization and myocardial infarction, 
stroke, subsequent mitral valve surgery, or hospi-
talization for heart failure), cardiac death, or overall 
death (for MACCE: p = 0.063; for cardiac death:  
p = 0.549; and for overall death: p = 0.759) (Table 2).

Risk factor analysis
Multivariable analysis showed that age and 

preoperative EF were independent predictors of 
overall death (for age: hazard ratio [HR], 1.03; 95% 
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confidence interval [CI] 1.01–1.07, p = 0.030; and 
for EF: HR 0.96; 95% CI 0.94–0.98, p < 0.001),  
while the number of grafts and preoperative  
EF were independent predictors of MACCE (for 
the number of grafts: HR 1.48; 95% CI 1.11–1.97, 
p = 0.012; and for EF: HR 0.96; 95% CI 0.94–0.97, 
p < 0.001). Of note, the choice of MVA or subval-
vular sparing MVR was not a significant predic-
tor of late overall death or MACCE (p = 0.997  
and p = 0.260, respectively) (Table 3).

Results of propensity score matching analysis
After PS matching, 77 pairs were extracted 

by 1:1 manner using nearest neighbor matching 
without replacement. Late deaths occurred in  

29 patients, including 26 cardiac deaths. The 5- and  
10-year overall survival rates were 80.9% and 
55.8%, respectively. The 5- and 10-year freedom 
from cardiac death rates were 82.5% and 62.1%, 
respectively. There were no differences in preop-
erative and operative characteristics between the 
PS-matched patients (Table 1). The incidences 
of composite in-hospital outcomes (stroke, re-
operation for bleeding, application of intra-aortic 
balloon pump and acute renal failure) were similar 
between the two PS-matched groups (Table 4). 
During follow-up, compared with the MVR group, 
both the left atrium and left ventricle end-diastolic 
diameter were markedly larger (p = 0.013 and  
p = 0.033, respectively), and the incidence of MR 

Table 2. Long-term outcomes according to different surgical procedures in the overall population.

MVA MVR Adjusted HR# (95% CI) P 

All patients 306 86

Cardiac death 41 (13.4%) 12 (14.0%) 1.25 (0.60–2.62) 0.549

Overall death 50 (16.3%) 12 (14.0%) 0.90 (0.44–1.82) 0.759

MACCE 82 (26.8%) 14 (16.3%) 0.55 (0.29–1.03) 0.063

#Multivariable Cox proportional hazard analysis was used with adjustment for all patient-level variables (Indicated by*) in Table 1. The HRs 
were reported for MVA with MVR as reference; HR — hazard ratio; CI — confidence interval; MACCE — major adverse cardiac and cerebro-
vascular event; MVA — mitral valve annuloplasty; MVR — mitral valve replacement.

Table 3. Cox proportional hazard analysis for overall death and major adverse cardiac and cerebro-
vascular event (MACCE) at long-term follow-up.

Predictors Univariable Multivariable

P HR (95% CI) P HR (95% CI)

Predictors of overall death:

Surgical procedures* 0.895 0.96 (0.51–1.80) 0.997

Age 0.032 1.03 (1.01–1.07) 0.030 1.03 (1.01–1.07)

EF < 0.001 0.96 (0.94–0.98) < 0.001 0.96 (0.94–0.98)

Grafts/patient 0.045 1.41 (1.01–1.96) 0.243

Anastomoses/patient 0.083 1.24 (0.97–1.57) 0.351

Predictors of MACCE:

Surgical procedures* 0.119 0.64 (0.36–1.12) 0.260

Age 0.031 1.03 (1.00–1.05) 0.055

History of heart failure 0.010 1.72 (1.14–2.60) 0.337

Ventricular arrhythmia 0.028 2.17 (1.09–4.31) 0.064

EF < 0.001 0.95 (0.94–0.97) < 0.001 0.96 (0.94–0.97)

BWMA 0.004 1.88 (1.23–2.87) 0.357

Left ventricular aneurysm 0.066 1.77 (0.96–3.25) 0.823

Grafts/patient <0.001 1.66 (1.25–2.20) 0.012 1.48 (1.11–1.97)

Anastomoses/patient 0.004 1.33 (1.10–1.61) 0.875

*Indicates mitral valve annuloplasty or replacement; HR — hazard ratio; CI — confdence interval; EF — left ventricular ejection fraction; 
BWMA — left ventricular inferior basal wall motion abnormality
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recurrence was significantly higher in the MVA 
group (p < 0.001) (Table 5). There were no signifi-
cant differences in overall survival, freedom from 
cardiac death or MACCE between the two groups 
(all p > 0.05), except for a higher incidence of 
hospitalization for heart failure in the PS-matched 
MVA group than in the subvalvular sparing MVR 
group (p = 0.015) (Fig. 1).

Discussion

According to practice guidelines, both MVA and 
MVR are recommended treatments for correction 
of severe ischemic MR [12]. However, an optimal 
surgical approach to treatment of severe ischemic 
MR remains controversial. Clinical studies have sug-
gested that repair is associated with lower periop-
erative morbidity and mortality but has a higher risk 
of recurrence, which confers with a predisposition 
to atrial fibrillation, heart failure, and readmission, 
whereas replacement provides higher periopera-

tive mortality but better long-term correction with 
a lower risk of recurrence [13–15]. When MVR is 
required, chordal sparing is the preferred technique. 
Okita et al. [16] and David et al. [17] reported that 
the subvalvular apparatus preservation results in 
improved LV function and enhanced survival. Pres-
ervation of the mitral subvalvular apparatus led to 
better postoperative LV function and survival than 
those after apparatus removal.

In the present study, no difference was ob-
served in the incidences of early mortality or 
postoperative complications between the two 
PS-matched groups. Published literature provides  
a wide range of results in terms of early outcomes. 
Several recent experiences found no significant 
difference between the two surgical manage-
ments, this is in accordance with the present 
observations [2, 18], whereas several studies 
showed that mitral valve repair is associated 
with lower operative mortality and postoperative 
complications [19, 20]. 

Table 4. Early clinical outcomes of propensity score-matched patients.

Variables MVA (n = 77) MVR (n = 77) P 

Composite in-hospital outcome 9 15 0.183

In-hospital mortality 1 (1.3%) 2 (2.6%) 0.556

Complications: 8 (10.4%) 13 (16.9%) 0.240

Stroke 0 (0%) 0 (0%) –

Reoperation for bleeding 1 (1.3%) 3 (3.9%) 0.300

Postoperative IABP 3 (3.9%) 3 (3.9%) > 0.999

Respiratory complication 3 (2.5%) 5 (7.4%) 0.138

Acute renal failure 1 (1.3%) 2 (2.6%) 0.556

MVA — mitral valve annuloplasty; MVR — mitral valve replacement; IABP — intra-aortic balloon pump

Table 5. Perioperative and follow-up echocardiographic results of propensity score-matched patients.

Variables MVA (n = 77) MVR (n = 77)

Preoperative Postoperative Follow-up Preoperative Postoperative Follow-up

EF [%] 54.42 ± 11.42 52.81 ± 8.68 52.29 ± 8.23 55.22 ± 9.87 52.62 ± 8.62 51.95 ± 9.58

LVEDD  
mid-ventricle [mm]

59.30 ± 6.25 51.02 ± 6.61 55.91 ± 5.23 58.51 ± 6.11 51.32 ± 8.25 53.75 ± 6.99*

LA [mm] 44.48 ± 6.54 38.32 ± 4.76 45.34 ± 5.82 43.68 ± 7.53 39.34 ± 7.66 42.76 ± 6.25*

Mitral regurgitation: – – 41 (53.25%) – 2 (2.60%)*

Moderate – – 32 (41.56%) – 2 (2.60%)

Severe – – 9 (11.69%) – 0 (0%)

Periprosthetic leak – – – – 1 (1.30%)

*p < 0.05 vs. MVA; MVA — mitral valve annuloplasty; MVR — mitral valve replacement; EF — left ventricular ejection fraction; LVEDD — left 
ventricular end-diastolic dimension; LA — left atrial dimension
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After adjustment for baseline differences 
with Cox proportional hazard model analysis, the 
present long-term observational study showed 
no substantial difference between the two man-
agements of risk for MACCE, cardiac death, or 
overall death. Moreover, PS matching analysis 
also showed similar results. Follow-up echocar-
diographic results of PS-matched patients showed 
that, compared with the MVR group, both the left 
atrium and left ventricle end-diastolic diameter 
were markedly larger, and the incidence of MR 
recurrence was significantly higher in the MVA 
group. MVR provides a considerably more durable 
correction of MR than MVA [2, 19], which may 
have a beneficial effect on long-term outcomes. 
However, this effect must be weighed against any 
potential adverse consequences of a prosthetic 

Figure 1. Kaplan-Meier curves for (A) overall survival (B) freedom from cardiac death (C) freedom from MACCE and 
(D) freedom from hospitalization for heart failure in 1:1 propensity score-matched mitral valve annuloplasty group 
(gray lines) and mitral valve replacement group (black lines); MACCE — major adverse cardiac and cerebrovascular 
event (cardiac death, repeat revascularization and myocardial infarction, stroke, subsequent mitral valve surgery, or 
hospitalization for heart failure); MVA — mitral valve annuloplasty; MVR — mitral valve replacement.

valve, such as long-term thromboembolism, en-
docarditis, and structural valve deterioration [2]. 
The trial conducted by Goldstein et al. [2] showed 
that, at 2 years after either MVA or MVR for severe 
ischemic MR, there were no significant between-
group differences with respect to LV reverse 
remodeling, however, the rates of MR recurrence 
were significantly higher in the MVA group than 
in the subvalvular sparing MVR group (58.8% 
vs. 3.8%, p < 0.001), related to heart failure and 
cardiovascular admissions [2]. Another important 
study carried out by Lorusso  et al. [3] showed that 
8-year survival was 81.6% ± 2.8% vs. 79.6% ±  
± 4.8% in MVA and MVR, respectively (p = 0.42). 
Cohn et al. [21] reported a 5-year survival of 56% 
and 91.5% in MVA and MVR, respectively, whereas 
a meta-analysis showed that the relative long-term  
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risk of death was 35% higher in the MVR group 
than in the repair group [22].

 Such differing conclusions might have been 
derived from the heterogeneity of patient cohorts. 
Therefore, in the present study, only patients 
undergoing MVA or MVR with complete myocar-
dial revascularization were included, without con-
genital valvular heart disease, rheumatic valvular 
disease, infective endocarditis, presence of aortic 
valve regurgitation or stenosis, or having received 
other procedures. Moreover, the patients who un-
derwent MVR without preserving the subvalvular 
apparatus were excluded. In addition, a propensity 
score model was constructed to minimize effects 
Limitation of confounding variables which ensured 
the reliability of study results.

Limitations of the study
First, this study reports retrospective data 

from a single center and is subject to all the limi-
tations inherent to this design. The small study 
sample might have led to type II statistical errors. 
An appropriately powered, randomized, controlled 
trial evaluating the optimal management of CIMR 
would be useful inconfirming these results. Second, 
pre-, intra-, and postoperative information about 
the exact mechanisms and characteristics of MR 
were not available for all patients. For this reason, 
the objectives of this study were early and late 
outcomes. Third, selection bias should be intro-
duced at the time of decision to perform surgical 
approaches because the decision to perform MVR 
or MVA may be related to the complexity of the 
patient and experience of the surgeon. To minimize 
the effects of selection bias, a propensity score 
model was constructed. Fourth, because of the  
12 year inclusion time, there were three types of 
rings and seven types of prosthetic valves which 
could affect heterogeneity of the study. Another 
limitation is that, although this study assesses 
surgical approaches to the mitral valve, no detailed 
information was available regarding medical thera-
py at follow-up. However, with guideline-directed 
medical therapy by cardiologists, who had received 
systematic and standardized clinical training, the 
potential bias of therapy between groups is ex-
pected to be minimized.

Conclusions

The present study indicates that subvalvular 
sparing MVR was more favorable to ventricular 
remodeling and associated with a lower incidence 
of hospitalization for heart failure than MVA at 

follow-up. Therefore, subvalvular sparing MVR ap-
pears to be a suitable management for patients with 
CIMR undergoing mitral valve surgery and CABG. 
An appropriately powered, randomized, controlled 
trial evaluating the optimal management of CIMR 
would be useful in confirming the present results.
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Abstract
Background: Coronary artery disease (CAD) in adults ≤ 35 years of age is rare, but the incidence is 
on the rise and the risk factors for this age group are largely uncertain. Previous studies have shown 
that hyperuricemia (HUA) is an independent risk factor for CAD in the general population, whereas the 
role in adults ≤ 35 years of age with acute coronary syndrome (ACS) is unclear.
Methods: Patients, 18–35 years of age, diagnosed with ACS for the first time at the documented institu-
tion between January 2005 and December 2015, were enrolled in the current study. The severity of CAD 
was assessed by the Gensini score. Patients were divided into two groups according to the definition of 
HUA. The relationship between HUA and CAD severity was assessed based on multi-variate analysis.
Results: Seven hundred seventy-one participants fulfilling the criteria were included in this study 
(mean age, 31.6 years; 94.4% male). HUA, which was defined as a serum uric acid level ≥ 7.0 mg/dL 
(420μmol/L) in males and ≥ 6.0 mg/dL (357 μmol/L) in females, accounted for 37% of the participants. 
Multivariate analysis identified that HUA is an independent risk factor of CAD severity, as assessed by 
the Gensini score, in very young adults with ACS (OR 8.28; 95% CI 1.96–14.59; p = 0.01), and the 
effect of HUA on CAD severity was second only to diabetes mellitus.
Conclusions: Hyperuricemia was shown to be an independent risk factor for CAD severity in young 
adults with ACS (18–35 years of age). (Cardiol J 2019; 26, 3: 275–282)
Key words: coronary artery disease, hyperuricemia, Gensini score, severity,  
young adults

Introduction

Young populations, especially the population  
≤ 35 years of age, are often overlooked with re-
spect to the diagnoses of acute coronary syndrome 
(ACS), even in individuals with multiple risk fac-
tors; however, studies have demonstrated that 
the incidence of coronary artery disease (CAD) in 
young adults is following an ascending trend [1, 2]. 

Common risk factors for CAD, such as cigarette 
smoking, elevated body mass index (BMI), and 
diabetes mellitus (DM), are known to be associ-
ated with young patients; however, recent studies 
have shown that non-traditional risk factors, such 
as hyperuricemia (HUA), may also play a role in 
the development of CAD. Considering the increas-
ing incidence of HUA in a young population, this 
study was conducted to determine the relationship 
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between HUA and CAD severity in very young 
adults with ACS. 

Methods

Study population
In this single center, observational study, 

young adults, 18–35 years of age, diagnosed with 
ACS for the first time at Anzhen Hospital between 
1 January 2005 and 31 December 2015, were en-
rolled. The study exclusion criteria were as follows: 
missing uric acid data; gout, inflammatory diseases, 
autoimmune diseases, heart failure, and renal im-
pairment (an estimated glomerular filtration rate 
[eGFR] < 60 mL/min/1.73 m2); history of diuretic 
or anti-hypertension drug use (losartan potas-
sium and hydrochlorothiazide tablets, compound 
amiloride hydrochloride tablets, and irbesartan 
and hydrochlorothiazide tablets), which affect the 
level of uric acid, before admission; and previous 
percutaneous coronary intervention or coronary 
artery bypass grafting, congenital heart disease, 
cardiomyopathy and valvular heart disease. The 
study was approved by the Institutional Ethics 
Committee of Beijing Anzhen Hospital. Written in-
formed consent was obtained from each participant.

Laboratory data collection
Blood samples were obtained from all  study 

subjects by vein puncture after at least 12 h of 
fasting in the morning on the first day of admission 
and were analyzed using an automated biochemical 
analyzer to determine the levels of serum uric acid 
(SUA) and other laboratory indicators such as total 
cholesterol (TC), triglycerides (TG), high-density 
lipoprotein cholesterol (HDL-C) and low-density 
lipoprotein cholesterol (LDL-C).

Acute coronary syndromes refers to a group 
of clinical conditions generated by myocardial 
ischemia, including unstable angina, non-ST-
-segment elevation myocardial infarction and ST- 
-segment elevation myocardial infarction [3]. ACS 
was diagnosed based on elevated cardiac biomark-
ers with classic symptoms of acute myocardial 
ischemia and new onset ischemic electrocardio-
graphic abnormalities. Patients without elevated 
cardiac biomarkers were qualified to participate 
if symptoms of acute myocardial ischemia were 
accompanied by a new onset electrocardiographic 
changes [4]. Hypertension (HTN) was defined as  
a blood pressure ≥ 140/90 mmHg or using anti-HTN  
medications according to the 2010 Hypertension 
Prevention and Treatment Guideline [5]. DM 
was defined according to the 1999 World Health  

Organization diabetes diagnostic criteria [6]. A LDL-C  
level ≥ 130 mg/dL (3.4 mmol/L) was considered 
elevated, hypertriglyceridemia was defined as  
a TG ≥ 150 mg/dL (1.7 mmol/L), a HDL-C < 40 mg/ 
/dL (1.0 mmol/L) was considered low, and hyper-
cholesterolemia was defined as a TC ≥ 200 mg/dL 
(5.2 mmol/L). All of the above values were defined 
according to the 2016 Guidelines for the Preven-
tion and Treatment of Dyslipidemia in Chinese 
Adults [7]. The National Cholesterol Education 
Program Adult Treatment Panel III criteria [8] 
for the metabolic syndrome were used to diag-
nose study participants with metabolic syndrome. 
Based on published clinical guidelines, SUA levels  
≥ 7.0 mg/dL (420 µmol/L) in males and ≥ 6.0 mg/dL 
(357 μmol/L) in females were defined as HUA [9].  
A personal history of HTN and DM, a family history  
of CAD, cigarette smoking, and alcohol consumption  
were collected from electronic medical records. 

Gensini score and angiographic analysis
Coronary angiography (CAG) was performed 

using a standard technique. Coronary angiograms 
were analyzed by two experienced interventional 
cardiologists blinded to patient clinical information. 
CAD was defined as a luminal diameter stenosis  
≥ 50% in any of the major epicardial coronary arte-
ries, including the left main, left anterior descend-
ing, left circumflex, and right coronary arteries and 
the main branches of these arteries. Patients with 
acute myocardial infarction were also considered to 
have CAD. The severity of CAD was evaluated by 
the Gensini score. Based on the baseline diagnostic 
angiogram, the Gensini score was computed by as-
signing a severity score to each coronary stenosis 
according to the degree of luminal narrowing. This 
number was then multiplied by a factor that took 
into account the geographic importance of the le-
sion location in the coronary arteries. The Gensini 
score was then expressed as the sum of scores of 
all coronary arteries [10]. 

Statistical analyses
Continuous variables are presented as the 

mean ± standard deviation (normal distribution) or 
as the median with interquartile range (non-normal 
distribution). Categorical variables are presented 
as frequencies or percentages. Comparisons of 
normal distribution variables between two groups 
were achieved using unpaired t-tests. Comparisons 
of non-normal distribution variables between two 
groups were performed using the Mann-Whitney 
U test. For comparisons of categorical variables, 
c2 tests were used. The significant variables in the 
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univariate analysis were brought into a multivari-
ate linear regression model to identify predictors 
of CAD. The relationship between HUA and the 
severity of CAD was assessed with multi-variate 
linear regression analysis. A p value ≤ 0.05 (two-
-sided) was considered statistically significant. All 
analyses were performed with the statistical soft-
ware package R and EmpowerStats (http://www.
empowerstats.com, X&Y Solutions, Inc., Boston, 
MA, USA) [11]. 

Results

Patient demographics
A total of 771 participants fulfilling the criteria 

were included in this observational study (mean 
age, 31.6 years; 94.4% males). Figure 1 shows 
the study flow chart. Two hundred eighty-five 
participants were included in the HUA group, and 
the remaining 486 participants were included in 
the normouricemia group. The baseline charac-
teristics are shown in Table 1. Male gender, HTN, 
and metabolic syndrome were more prevalent in 
the HUA group than the normouricemic group 
(p < 0.05). The HUA group also had a decreased 
HDL-C level (p < 0.001). Moreover, the serum 

creatinine and TG levels, and BMI were increased 
in the HUA group (p < 0.001). The other factors 
which were analyzed (LDL-C, DM, family history 
of CAD, and alcohol consumption) were not associ-
ated with HUA.

Analysis of CAG 
Analysis of the coronary angiographic findings 

demonstrated that multi-vessel disease was more 
prevalent in the HUA group (47.5% vs. 38.1%;  
p = 0.01). Moreover, the single-vessel disease rate 
was decreased and the triple-vessel disease rate 
was increased in the HUA group (p = 0.036). Five 
hundred four (54.1%) patients underwent coronary 
stent implantation in the current study. In addition, 
patients undergoing stenting whose number of 
stents were between 4 and 7 were more common 
in the HUA group (p = 0.026; Table 2).

Univariate analysis of traditional  
CAD risk factors

Univariate analysis showed that the traditional 
CAD risk factors, such as DM, LDL-C and BUN 
levels, were significantly associated with the 
severity of CAD (p < 0.05). Univariate analysis 
also showed that HUA plays a prominent role in 

Figure 1. Flow chart of the study shows participant selection based on the inclusion and exclusion criteria among 
young adults 18–35 years of age with the diagnosis of acute coronary syndrome for the first time at this institution.  
A total of 771 participants were included in the analysis; CAD — coronary artery disease.
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the severity of CAD (odds ratio [OR] 6.85; 95% 
confidence interval [CI] 1.00–12.72; p = 0.022). 
In contrast, risk factors, such as current smokers, 
a family history of CAD, TG, HTN and metabolic 
syndrome were not significantly related to the 
severity of CAD (Table 3). 

Multi-variate linear regression analysis 
model of different CAD risk factors

A multi-variate linear regression analysis 
model further showed that traditional CAD risk 
factors (DM [OR 19.21; 95% CI 10.68–27.75; p < 
< 0.001] and LDL-C [OR 0.14; 95% CI 0.07–0.20; 
p < 0.001]) and a non-traditional CAD risk factor 
(HUA [OR 8.28; 95% CI 1.96–14.59; p = 0.01]) 
were significant risk factors for the severity of 
CAD after adjusting for confounding factors (Fig. 2).

Discussion

This is the largest study to date investigating 
the relationship between HUA and severity of CAD 
in adults ≤ 35 years of age. The most relevant find-
ing of the current study was that HUA is an inde-
pendent risk factor for CAD severity. Furthermore, 
the effect of HUA was shown to be only second to 

DM on CAD severity in this specific population of 
young adults.

Previous studies [12, 13] have investigated 
the relationship between HUA and the severity of 
CAD; however, the current study is the only study 
investigating HUA in a young ACS population. Du-
ran et al. [14] studied 246 middle-aged and elderly 
non-diabetic and non-hypertensive patients with 
ACS and reported a positive association between 
HUA and angiographic severity of ischemic heart 
disease (Gensini score). The results of the Duran 
et al. study [14] are in agreement with our data; 
however, the Duran et al. [14] study had a smaller 
sample size and the participants were older. In 
young adults, the relationship between HUA and 
the progression of CAD has also been reported. 
A study published in 2011 [15] involving a non-
CAD population 40 ± 4 years of age (CARDIA 
database) suggested that SUA levels are directly 
related to the occurrence and severity of coronary 
calcifications (subclinical coronary atherosclerosis 
indicators) independent of traditional risk factors. 
The study showed that a strong correlation exists 
between high uric acid levels and atherosclerosis, 
which in turn suggested that HUA may also be as-
sociated with the formation and severity of CAD in 

Table 1. Baseline clinical characteristics in normouricemic and hyperuricemic patients.

Normouricemic patient  
group (n = 486)

Hyperuricemic patient  
group (n = 285)

P

Baseline characteristics

Age [years] 31.6 ± 3.4 31.7 ± 3.5 0.973

Male 452 (93.0%) 276 (96.8%) 0.025

Alcohol consumption 115 (23.7%) 79 (27.7%) 0.210

BUN [mg/dL] 12.12 ± 4.85 12.75 ± 4.71 0.080

Serum creatinine [mg/dL] 0.86 ± 0.17 0.93 ± 0.19 < 0.001

Triglycerides [mg/dL] 156.82 (110.75–220.61%) 200.24 (140.87–300.35%) < 0.001

HDL-C [mg/dL] 35.71 ± 8.15 33.87 ± 7.72 0.002

LDL-C [mg/dL] 113.96 ± 46.35 115.87 ± 47.75 0.587

Total cholesterol [mg/dL] 176.60 ± 53.79 183.68 ± 58.10 0.089

Fasting glucose [mg/dL] 104.88 ± 34.24 103.29 ± 30.84 0.519

BMI [kg/m2] 27.31 ± 3.97 28.86 ± 4.20 < 0.001

Traditional coronary risk factors

Current smokers 323 (66.5%) 203 (71.2%) 0.170

Family history of CAD 70 (14.4%) 43 (15.1%) 0.795

Hypertension 186 (38.3%) 136 (47.7%) 0.010

Diabetes mellitus 81 (16.7%) 43 (15.1%) 0.565

Metabolic syndrome 257 (53.1%) 193 (68.9%) < 0.001

Values are given as the mean ± standard deviation, median with interquartile range, or number (%). BUN — blood urea nitrogen; HDL-C — 
high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol; BMI — body mass index; CAD — coronary artery disease
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young adults; however, this conclusion was derived 
from non-CAD participants. An observational study 
[16], which included 607 premenopausal women, 
showed that patients with higher levels of SUA had 
an increased rate of multi-vessel disease. Another 
study involving SUA levels and premature CAD 
(< 45 years of age) in 2015 [17] showed that SUA 
levels > 8 mg/dL are predictive of an increased 
risk of three-vessel disease (OR 2.345; 95% CI 
1.335–4.119) independent of traditional cardiovas-
cular risk factors. The definition of HUA in this 
study [17] was the same as the current study and 
the findings are consistent with the present study 
regarding the relationship between HUA and the 
number of diseased vessels, the participants, 
however, were older than the participants in the 
current study. Moreover, we concluded that the 
correlation between HUA and the Gensini score 
was more clinically meaningful than the number 
of diseased vessels in describing the angiographic 
severity of CAD. Thus, the current study has 
great value compared with previous studies [17] 

confirming the significance of HUA with CAD in  
a very young population.

The current study showed that HUA may 
be related to patients with HTN, metabolic syn-
drome and an increased TG level, however, after 
multivariate regression analysis to eliminate the 
impact of other CAD risk factors, HUA still plays 
an independent role in the development of CAD. 
Current studies have drawn many different conclu-
sions on the pathologic mechanism of uric acid in 
the development of CAD [12, 13, 18–21]. Uric acid 
can crystallize into the formation of monosodium 
urate crystals, which can result in tissue damage 
through an inflammatory response process, and 
thus participate in the occurrence of CAD [22]. In 
addition to the effect of monosodium urate crystals, 
there is agreement on the notion that even asymp-
tomatic HUA can induce tissue injury, particularly 
at the level of coronary vessels [23, 24]. Studies 
have shown that HUA can lead to CAD through  
a number of mechanisms, such as stimulating vaso-
constriction involving an inflammatory process, 

Table 2. Clinical features, angiographic findings, and medical treatment based on the definition of  
hyperuricemia in coronary artery disease patients.

Baseline characteristics Normouricemic patients  
(n = 486)

Hyperuricemic patients  
(n = 285)

P

Clinical characteristics

Unstable angina 184 (37.9%) 132 (46.3%) 0.021

NSTEMI 75 (15.4%) 34 (11.9%) 0.178

STEMI 227 (46.7%) 119 (41.7%) 0.182

Angiographic findings of vessel involvement 0.036

None 41 (8.7%) 16 (5.6%)

Single vessel 252 (53.3%) 133 (46.8%)

Double vessel 93(19.7%) 62 (21.8%)

Triple vessel 87 (18.4%) 73 (25.7%)

Left main disease 29 (6.0%) 23(8.1%) 0.261

Multi-vessel 180 (38.1%) 135 (47.5%) 0.01

Treatment 0.421

Drug 111 (22.8%) 56 (19.6%)  

Intervention 324 (66.7%) 203 (71.2%)  

Coronary artery bypass grafting 51 (10.5%) 26 (9.1%)  

Number of stents per patient: 0.026

0 111 (26.4%) 56 (22.5%)

1 184 (43.7%) 109 (43.8%)

2 80 (19.0%) 44 (17.7%)

3 33 (7.8%) 18 (7.2%)

4~7 13 (3.1%) 22 (8.8%)

Values are given as the number (%). NSTEMI — non-ST-segment elevation myocardial infarction; STEMI — ST-segment elevation myocardial 
infarction
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Table 3. Univariate analysis of coronary artery disease risk factors.

Variables Statistics Crude HR (95% CI) P 

Age 31.64 ± 3.43 0.67 (–0.17, 1.50) 0.117

Gender:

Female 
Male

43 (5.56) 
730 (94.44)

2.41 (–10.02, 14.84)  
1.0

0.7039

Hyperuricemia 285 (36.96) 
486 (63.04)

6.85 (1.00, 12.72) 
1.0

0.022

BUN 12.35 ± 4.81 0.78 (0.19, 1.37) 0.0098

Serum creatinine 0.89 ± 0.18 –7.92 (–23.65, 7.81) 0.324

BMI 27.9 ± 4.12 0.07 (–0.65, 0.80) 0.841

Alcohol consumption:

Yes 
No

194 (25.1) 
579 (74.9)

–5.54 (–12.11, 1.02)  
1.0 

0.0983

Current smokers:

Yes
No

527 (68.18) 
246 (31.82)

4.37 (–1.74, 10.48) 
1.0 

0.162

Family history of CAD:

Yes 
No

113 (14.62) 
660 (85.38)

5.17 (–2.82, 13.15) 
1.0 

0.205

Hypertension:

Yes 324 (41.91) –4.11 (–9.85, 1.63) 0.161

No 449 (58.09) 1.0 

Diabetes mellitus:

Yes 124 (16.04) 15.48 (7.77, 23.19) < 0.001

No 649 (83.96) 1.0 

Metabolic syndrome:

Yes 
No

450 (58.9) 
314 (41.1)

3.25 (–2.57, 9.07) 
1.0 

0.274

Total cholesterol 179.2 ± 55.48 0.12 (0.07, 0.17) < 0.0001

Triglycerides 214.54 ±174.49 0.02 (0.00, 0.03) 0.0532

LDL-C 114.66 ± 46.84 0.13 (0.07, 0.19) < 0.0001

HDL-C 35.04 ± 8.04 –0.37 (–0.73, –0.01) 0.0427

Values are given as mean ± standard deviation or number (%). BUN — blood urea nitrogen; CI — confidence interval; HDL-C — high-density 
lipoprotein cholesterol; HR — hazard ratio; LDL-C — low-density lipoprotein cholesterol; BMI — body mass index; CAD — coronary artery 
disease

Figure 2. Forest plot of multi-variate linear regression analysis model of different coronary artery disease (CAD) risk 
factors. HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol; BMI — body 
mass index; CI — confidence interval.
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causing oxidative stress and impairing endothelial 
function [25–28]. These mechanisms are probably 
related to the incidence and progression of CAD 
in young adults.

Patient groups < 35 years of age are identi-
fied as very young in the literature [29, 30]. In the 
current study, the age range of participants was 
narrowed to 18–35 years in an effort to determine 
the correlation between HUA and the severity of 
CAD (a predictor of adverse outcomes in CAD) 
in a specific group (very young adults). Although 
traditional factors are vital for the prognosis of 
CAD, HUA was also shown to be an independent 
risk factor for CAD severity in the current study. 
Thus, the clinical significance of the current study 
involves increasing awareness of the importance 
of the uric acid level in patients ≤ 35 years of age. 
Clinicians should further instruct patients with 
asymptomatic HUA to pay more attention to eating 
habits, including a low purine diet and consuming 
less alcohol to control uric acid levels to within the 
normal range. More importantly, HUA was shown 
to be associated with the prognosis of CAD in 
young patients in the current study, as evidenced 
by an increased number of implanted stents as-
sociated with poor prognosis of CAD in the HUA 
group. Thus, the intention was to carry out an in-
depth study in the future to determine whether or 
not HUA is correlated with the prognosis of young 
patients after percutaneous coronary intervention 
and whether or not reducing HUA can decrease the 
severity of CAD.

Limitations of the study
There were several limitations to this study. 

First, this was not a randomized trial, but an obser-
vational study. Second, to define a risk factor with 
certainty, one has to demonstrate that reducing the 
factor can improve prognosis. Large randomized 
trials should be carried out to determine whether 
or not urate-lowering therapy has beneficial effects 
for reducing CAD mortality, thus potentially provid-
ing new therapeutic methods for the prevention 
and treatment of CAD. Third, in this study the 
Gensini score was used rather than the Syntax 
score to assess CAD severity. Because some 
patients were treated 10 years ago, and severity 
was assessed by CAG reports instead of reading 
the coronary angiogram, the Syntax score was not 
calculated, however, previous studies have verified 
the relevance and equivalence, with none inferior 
to the other [31].

Conclusions

In young adults with ACS (≤ 35 years of age), 
HUA is an independent risk factor for the severity 
of CAD after adjusting for potential confounding 
variables. 
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Abstract
Background: Even with drug-eluting stents, the risk of in-stent restenosis (ISR) remains high. The 
goal of this study was to investigate the use of an endothelial progenitor cell (EPC) capture stent plus 
regional EPC transplantation to reduce the ISR rate. 
Methods: Endothelial progenitor cell capture stents were fabricated using fibrin gel and anti-CD34 
plus anti-VEGFR-2 dual antibodies. Twenty male New Zealand white rabbits established as an ath-
erosclerotic model were randomly divided into two groups: group 1 (n = 10), in which EPC capture 
stents were deployed into the right iliac artery; and group 2 (n = 10), in which sirolimus-eluting stents 
were placed. In both groups, EPCs were transplanted into target vessels beyond the stents, with outflow 
blocked. Radiologic-pathologic correlation outcomes were reviewed after 2 months. 
Results: The technical success rate of EPC capture stent placement plus EPC transplantation was 
100%. The ISR rate in group 1 was lower than in group 2 (1/10 vs. 4/10; p > 0.05). Minimal luminal 
diameters were larger in group 1 than in group 2 (computed tomographic angiography, 1.85 ± 0.15 mm 
vs. 1.50 ± 0.20 mm; duplex ultrasound, 1.90 ± 0.10 mm vs. 1.70 ± 0.30 mm; p > 0.05). Transplanted 
EPCs were tracked positively only in group 1. Pathologic analysis demonstrated neointimal hyperplasia 
thickness of 0.21 ± 0.09 mm in group 1 vs. 0.11 ± 0.07 mm in group 2 (p < 0.05). 
Conclusion: Endothelial progenitor cell capture stent placement plus local EPC transplant decreases 
the ISR rate through thrombosis reduction rather than through neointimal hyperplasia inhibition. 
(Cardiol J 2019; 26, 3: 283–291)
Key words: in-stent restenosis, thrombosis, endothelial progenitor cells, transplantation, 
drug-eluting stent

Introduction

Cardiovascular disease (CVD) remains the 
leading cause of morbidity and mortality in the 
Western world and developing countries. Accord-
ing to the American Heart Association statistics 
committee, CVD is responsible for higher costs 
than any other disease process [1]. 

With advances in quality of care, endovascular 
interventions have improved mortality rates among 
patients with CVD; however, in-stent restenosis 
(ISR) remains the greatest obstacle in coronary in-
terventional treatment. Drug-eluting stents (DES) 
have been shown to dramatically reduce the rates 
of restenosis and target lesion revascularization 
when compared with bare-metal stents (BMS) in 
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short- and mid-term studies [2–5]. However, as 
more complex cases have been included in this 
research, it has become apparent that the rate of 
ISR with DES is much higher than initial trials had 
revealed, with rates as high as 20%; long-term 
results are especially dismal [6, 7]. 

In light of this, treatment of DES ISR has be-
come a topic of interest for clinicians. For interven-
tional cardiologists, the greatest dilemma may be 
how to treat a patient with DES ISR in the absence 
of any clear-cut guidelines. The modalities available 
for treatment of DES ISR include routine plain old 
balloon angioplasty, use of cutting or scoring bal-
loons, use of drug-coated balloons or drug-eluting 
balloons, use of BMS, use of same DES or different 
DES, vascular brachytherapy, bypass surgery, use of 
stent-grafts, or laser atherectomy [8–15]. However, 
none of these modalities is optimal.

Treating these patients is difficult in part be-
cause the mechanisms of ISR and delayed ISR with 
DES have not been fully investigated. Some studies 
have suggested that the underlying mechanism of 
ISR is related to incomplete stent endothelializa-
tion [3, 9–11]. If rapid re-endothelialization occurs, 
the lining of the stent provides a nonthrombogenic 
surface, interrupting cytokine-driven activation of 
smooth muscle cells (SMCs) in vascular tissues 
and accelerating normal wound healing; in this way, 
late-stage ISR can be alleviated [16]. Thus, cell 
therapy appears to be an appealing option in these 
patients. Several studies (mostly experimental 
animal studies) have evaluated this rapid re-en-
dothelialization strategy by stent strut recruitment 
of circulation endothelial progenitor cells (EPCs). 
These studies demonstrated the positive role of en-
hanced endothelial regeneration in inhibiting acute 
thrombosis and excessive inflammatory response, 
facilitating the recovery process, and success-
fully minimizing severe pseudointimal hyperplasia 
[17–22]. However, a commercially available EPC 
capture stent (Genous Bio-engineered R stent,  
OrbusNeich Medical, Fort Lauderdale, Florida, 
USA) has not demonstrated the ability to reduce 
neointimal hyperplasia as the designers had ex-
pected. The HEALING trials, which assessed the 
Genous R stent, demonstrated only slight improve-
ments in rapid re-endothelialized intima forma-
tion and the need for short-term dual antiplatelet 
therapy after stent placement; this stent was also 
found to be noninferior to DES with respect to 
target lesion revascularization and rate of major 
adverse cardiac events [23–26].

This study therefore sought to investigate 
the feasibility of using a dual antibody-coated 

EPC capture stent enhanced with regional EPC 
transplantation to reduce the rate of ISR through 
rapid re-endothelialization in an atherosclerotic 
animal model. This study also sought to address 
the controversy regarding whether rapid re-en-
dothelialization inhibits neointimal hyperplasia in 
the setting of ISR.

Methods

This study was carried out in accordance with 
recommendations from the Guide for the Care 
and Use of Laboratory Animals from the National 
Institutes of Health. The Institutional Animal Care 
and Use Committee of Jiangsu University approved 
the study. 

EPC culture
Endothelial progenitor cells were isolated 

from newly drawn male New Zealand white rab-
bit (Jingling Farm Center for Animal Experi-
ments, Nanjing, China) peripheral blood via the 
density gradient centrifuge method. Methods for 
EPC isolation, culture, and characterization have 
been described previously [27]. Briefly, second-
generation EPCs were harvested on day 12. The 
phenotypes of CD34, VEGFR-2, and vWF were 
positively expressed by these cells. The presence 
of up-taken DiI-Ac-LDL and binding FITC-UEA-1 
was confirmed by inverted fluorescence micros-
copy, indicating that these cells were functional 
EPCs (Fig. 1).

In vitro dual antibody-coated  
stent fabrication

Ten nitinol balloon-expandable 3.0 mm × 15 mm  
316L stainless steel open-cell design Sun BMS 
(SINO Medical Sciences Technology Inc, Tian-
jin, China) were immersed in fibronectin solution  
(100 µg/mL; Gene Operation, Ann Arbor, USA) and 
incubated at 37°C in 5% CO2 for 24 h. Coated rab-
bit anti-rabbit CD34 (Bioss, Beijing Biosynthesis 
Biotechnology Co., Ltd, Beijing, China) and anti-
rabbit VEGFR-2 (Bioss) stents were constructed in  
a wet-to-dry lyophilized fashion by bathing the stent 
in the dual-antibody solution (100 µg/mL) for 1 min 
and then using a hair dryer to blow dry the stent for 
1 min, thus increasing antibody adhesion. This pro-
cess was repeated 5 times. The scheduled transplant 
EPCs were labeled with fluorescent cell marker 
(CM-DiI; Invitrogen,Carlsbad, USA) as previously 
described [28]. Dual antibody-coated EPC capture 
stents were then transported from the laboratory to 
the angiography suite in a sterile fashion.
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In vivo stent placement  
and cell transplantation

Twenty male New Zealand white rabbits aged 
2 months and established as atherosclerotic models 
were fed a high-lipid diet (normal diet with added 
2% cholesterol, 5% fat, 7.5% yolk powder) at 
Southeast University Experimental Animal Center 
(Nanjing, China) for at least 1 month before stent 
deployment. The rabbits were injected intrave-
nously with 10% bovine serum album (Biosharp, 
Roche, Shanghai, China) 25 mg/kg once daily for 
3 consecutive days to induce an immune injury 
reaction [29]. Serum hypercholesterolemia was 
demonstrated via laboratory examination. The 
animals (mean weight, 3.1 ± 0.3 kg) were then 
randomly divided into one of two study groups: 
group 1 (n = 10) or group 2 (control group; n = 10). 

On the angiography table, the animals were 
placed under general anesthesia with intravenous 
phenobarbital (Simcare, Beijing, China) 30 mg/kg; 
local anesthesia with 2% lidocaine (China Otsuka 
Pharmaceutical Co., Ltd, Tianjin, China) 4.5 mg/kg  
was administered via subcutaneous infiltration 
before surgical incision. For all animals, patent 
airway and ventilation were maintained throughout 
the procedure, the circulatory systems were also 
supported with the administration of intravenous 
fluids. 

Methods for creation of balloon injury and 
percutaneous stent placement in iliac arteries 
have been described previously [17]. In this study, 
a 4-French introducer sheath (Radifocus, Terumo, 
Japan) was surgically introduced into the right ca-
rotid artery and a 2.7 Fr microcatheter (Progreat, 
Terumo, Japan) was sub-selectively advanced into 

the lower abdominal aorta under fluoroscopic guid-
ance (Zeego, Siemens, Forchheim, Germany). Post 
systemically heparinized with 200 IU/kg heparin 
sodium (Shanghai No.1 Biochemical Pharmacology 
Co. Ltd,Shanghai, China), maneuvers to create  
a balloon injury were performed 3 times with  
a 2.5 mm × 15 mm balloon catheter (Star Progress 
Medical Ltd., Shanghai, China) at 6 atmospheres 
of pressure for 30 s in the right common external 
iliac artery. After the balloon injury was created, 
ten 3.0 mm × 15 mm dual antibody-coated Sun 
BMS (group 1) or ten 3.0 mm × 14 mm sirolimus-
eluting stents (Excel, JW Medical System, Weihai, 
China) (group 2) were randomly deployed at the 
dilated site of the right iliac arteries. Simultane-
ously, a mean amount of 5 × 106 EPCs labeled 
with DiI were continuously infused through the 
microcatheter just above the proximal edge of the 
stent, with a tourniquet placed on the ipsilateral 
thigh to block blood runoff for 2 min. After stent 
deployment, angiography was performed in all 
animals to exclude any acute thrombus formation. 

Postprocedural follow-up
Penicillin 800,000 IU was administered intra-

muscularly daily for 3 days after the procedure. The 
animals were fed the high-lipid diet, provided with 
water ad libitum, and given oral acetylsalicylic acid 
12.5 mg once daily during follow-up. One month 
after the procedure, with the animals under general 
anesthesia, computed tomography angiography 
(CTA) was performed using 2.5 mL/kg nonionic 
iodine medium (Omnipaque, Yangzi Pharmacy 
Ltd., Taizhou, China) via power injection through 
an ear edge vein; a dual-source CT SOMATOM 

Figure 1. Inverted fluorescent microscopy images of endothelial progenitor cells (EPCs) that endocytosed DiI-Ac-LDL (A)  
and bound FITC-UEA-1 (B). The EPCs (overlay of A and B) are stained yellow (C). Scale bar = 50 μm.

A B C
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Definition Flash scanner (Siemens AG, Forchheim,  
Germany) was used for all scans (140 KV and 80 KV;  
automatically controlled mAs; 10-s delay). CTA 
data were analyzed using vascular analysis soft-
ware (Syngo.via, Siemens AG). After CTA was 
completed, a color Doppler duplex ultrasound 
examination (Philips HD7 XE, Amsterdam, the 
Netherlands) was performed to investigate target 
vessel preparation with the affected limb shaved. 
CTA and duplex ultrasound examinations were 
repeated 2 months thereafter before the animals 
were euthanized. The patency of the target vessel, 
minimum luminal diameter, and velocity of blood 
were recorded during these examinations. 

Restenosis definition
Binary restenosis is defined as 50% luminal 

narrowing on follow-up angiography [3]. For this 
study, ISR was determined by visual estimation and 
was defined as > 50% luminal narrowing within  
5 mm proximal or distal to the stent. According to 
the current clinical literature, restenosis is identi-
fied as “very late” when it occurs 1 year after stent 
placement in humans [11]. For this animal study, 
the authors defined ISR as restenosis occurring  
2 months after stent placement to account for the 
differences between rabbits and humans in life 
expectancies.

Pathologic assessment
The animals were euthanized with 5 mL intra-

venous 10% KCl administered after 2 months of 
follow-up. Necropsy was performed immediately. 
The iliac artery with the stent was evaluated with 
gross photography and preserved for histologic 
assessment. Snap frozen slides were prepared in 
Optimum Cutting Temperature compound (Sakura 
Finetek Inc., Torrance, California, USA) to test 
the artery at the proximal and distal ends of the 
stent for DiI fluorescent stained cells. After tis-
sue fixation in buffered 4% formaldehyde (Guduo 
Biotechnology, Shanghai, China) for 24 h, the re-
maining tissue with stent in place was embedded 
in methyl methacrylate (Hubei Jusheng Bioscience, 
Wuhan, China) for hard tissue slicing. Tissue seg-
ments of proximal, central, and distal regions of the 
stent were then cut into 6-micron sections with  
a diamond blade, and these segments were stained 
with hematoxylin-eosin. Immunohistochemistry 
staining was performed on separate sections 
using standard techniques to identify CD34 and 
VEGFR-2 phenotype expression.

The pseudointimal thickness from the stent 
struts to the lumen surface was measured at  

6 equidistant points around the graft circumference 
(excluding the thrombus). The pseudointimal area 
and minimum luminal diameter were measured 
with microscopy using a LEICA DM LB2 micro-
scope (Leica Microsystems Wetzlar GmbH, Wet-
zlar, Germany), and the morphometry was analyzed 
with software (LEICA Qwin v3).

Statistical analysis
Statistical analysis was performed using SPSS 

Version 19.0 (SPSS, Inc., Chicago, Illinois, USA). 
Continuous variables were expressed as mean  
± standard deviation (SD). An unpaired Student 
t test was used to compare the EPC capture and 
DES groups. Categorical data were compared 
with a c2 test or with the Fisher exact test when 
the expected cell value was < 5. A p value ≤ 0.05 
(2-sided) was considered statistically significant.

Results

Stent placement and  
EPC local transplantation

The technical success rates of stent place-
ment and EPC transplantation were 100% for both 
groups. Anesthesia accident and cardiac arrest 
cases (n = 2) that occurred during the preliminary 
study were excluded from review. No cases of 
acute thrombosis, stent malposition, or infection 
occurred during the procedures. 

Follow-up data: laboratory and imaging
After consuming a high-lipid diet for 1 month 

before stent placement, the rabbits had a mean 
serum cholesterol level of 37.9 ± 1.1 mmol/L, 
triglyceride level of 3.4 ± 2.3 mmol/L, and low-
density lipoprotein cholesterol level of 26.1 ± 2.3 
mmol/L, nearly 2- to 8-fold higher than the upper 
limits of normal values. Fatty liver, arterial athero-
sclerotic plaque, and foam cells were detected on 
microscopy examination. 

One month after stent placement, CTA dem-
onstrated that all stents were patent in group 1; 
color Doppler sonography demonstrated 1 case 
of distal end ISR in group 1, although this case 
appeared normal on CTA. In Group 2, 1 case of 
proximal restenosis and 1 case of total occlu-
sion were detected by both CTA and ultrasound,  
8 stents were patent. Two months after stent place-
ment, CTA demonstrated that 9 stents were patent 
in group 1, with 1 distal end ISR; in group 2, there 
were 3 cases of ISR and 1 case of occlusion (Fig. 2),  
6 stents were patent. Therefore, the ISR rate was 
1/10 in group 1 and 4/10 in group 2 (p = 0.18). 
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Although the in-stent minimal diameter and 
luminal area in group 2 trended somewhat smaller 
than the in-stent minimal diameter and luminal area 
in group 1, these differences were not statistically 
significant (p > 0.05; Table 1). 

As measured by duplex ultrasound, the veloc-
ity of blood in the stent was 61.2 ± 14.4 cm/s in 
group 1 vs. 74.4 ± 9.0 cm/s in group 2 (p > 0.05), 

and the minimal diameter of the stent was 1.90 ±  
± 0.10 mm in group 1 vs. 1.70 ± 0.30 mm in  
group 2 (p > 0.05). 

Pathologic analysis of stent segments
DiI-positive cells were extensively detected 

in samples of the luminal side of the artery from 
group 1, indicating that the transplanted EPCs 

Figure 2. Multiplanar reformatted computed tomography angiography images of endothelial progenitor cells (EPCs) 
capture stent in group 1 (A) and drug-eluting stent in group 2 (B) after 2 months of follow-up. Microscopy of hema-
toxylin-eosin staining in group 1 (C, E) and group 2 (D, F) in hard tissue slices. Neointimal hyperplasia was markedly 
thicker in group 1 than in group 2, and a red thrombus was revealed in the stent lumen in group 2. Immunohistochemi-
cal microscopy revealed CD 34+ staining cells (brown) closely lining the endothelium in group 1 (G) but loosely lining 
the endothelium in group 2 (H). Scale bar = 1000 μm in images C and D; scale bar = 200 um in images E, F, G, and H. 
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Table 2. Morphometry analysis of samples from group 1 and group 2.

Group Minimum luminal  
diameter [mm]

Neo-intimal hyperplasia  
thickness [mm]*

Intimal hyperplasia  
area [mm2]*

1 2.28 ± 0.38 0.21 ± 0.09 1.82 ± 0.52

2 2.68 ± 0.12 0.11 ± 0.07 0.92 ± 0.52

*p < 0.05. Group 1 — anti-CD34, anti-VEGFR2 dual antibody coated endothelial progenitor cell capture stent group, Group 2 — sirolimus-
-eluting stent group

Table 1. Computed tomography angiography data of different site stent luminal diameter and area.

Group Luminal diameter [cm] Luminal area [cm2]

Proximal Minimal Distal Proximal Minimal* Distal

1 2.38 ± 0.39 1.85 ± 0.15 2.30 ± 0.50 5.10 ± 1.43 3.05 ± 0.45 4.83 ± 1.97

2 2.43 ± 0.49 1.50 ± 0.20 2.23 ± 0.78 5.50 ± 2.13 1.97 ± 0.44 4.80 ± 3.20

*p < 0.05. Group 1 — anti-CD34, anti-VEGFR2 dual antibody coated endothelial progenitor cell capture stent group, Group 2 — sirolimus-
-eluting stent group

grew and differentiated to endothelial cells among 
the pseudointima layer. DiI-positive cells were 
observed sporadically in samples from group 2.

Microscopy demonstrated integrity of the 
endothelium layer and exuberant neointimal hy-
perplasia in group 1. CD34 and VEGFR-2 were 
positively expressed on the luminal side in group 1. 
In group 2, almost no intact monolayer endothelium 
formation was observed, but 3 red thrombi were 
detected in the stent lumen (Fig. 2). Morphometry 
demonstrated that the thickness of the neointima 
in group 1 was significantly greater than in group 2  
(0.21 ± 0.09 mm vs. 0.11 ± 0.07 mm; p < 0.05). 
The neointimal area was significantly larger in 
group 1 (1.82 ± 0.52 mm2 vs. 0.92 ± 0.52 mm2, 
p < 0.05), and the minimum luminal diameter 
was significantly smaller in group 1 (excluding 
thrombus, 2.28 ± 0.38 mm vs. 2.68 ± 0.12 mm,  
p < 0.05) (Table 2). 

Discussion

In this study, transplanted EPCs could be de-
tected on the stent luminal side and were found to 
have differentiated to functional endothelial cells in 
vivo in the EPC capture stent group. These results 
suggest that it is feasible to use a dual antibody-
coated EPC capture stent combined with local EPC 
delivery to achieve rapid re-endothelialization in 
vivo. A nonsignificant trend toward a reduced rate 
of late-stage ISR (achieved via inhibition of in-stent 
thrombosis rather than via reduction of neointimal 

hyperplasia) in the EPC capture stent group was 
also noted. 

These results differ from those seen in some 
previous animal studies [17–19]. The authors of 
these studies concluded that recruiting circula-
tion EPCs on the stent may promote re-endothe-
lialization and inhibit neointimal hyperplasia via 
the same process. They suggest that the integral 
endothelium seems not only to prevent neointimal 
hyperplasia but also to prompt the normal healing 
process and decrease the rate of acute and chronic 
thrombosis. Conversely, clinical studies with the 
Genous R stent and the current study failed to dem-
onstrate this inhibition of neointimal hyperplasia. 
One possible explanation for this difference is that 
recruited circulation CD34 EPCs may also transdif-
ferentiate to SMCs under certain conditions (e.g., 
in the presence of transforming growth factor-beta) 
[30], suggesting that the specific microenviron-
ment for EPCs determines their fate and the ef-
fects of cellular therapy. Therefore, more efforts 
are needed to improve the EPC microenvironment, 
which can enhance therapeutic potential [31]. 

Injury of the endothelium is the first step in 
atherosclerosis and is the predisposing factor for 
the occurrence of ISR. Recent studies have sug-
gested that EPCs can treat regional ischemia or 
injured vessels by prompting angiogenesis [31, 
32]. These EPCs, which can be easily harvested 
from peripheral blood, bone marrow, or the um-
bilical vein, differentiate into mature endothelial 
cells in vivo. Previous work demonstrated that 
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EPCs can be successfully seeded on BMS struts in 
vitro and in vivo, and this EPC seeding was found 
to improve patency in transjugular intrahepatic 
portosystemic shunts in a porcine model [33, 34]. 
According to available research, in patients with 
severe atherosclerosis, diabetes, history of heavy 
smoking, hypercholesterolemia, or older age, there 
is an extreme paucity of EPCs available in the 
circulation, and the function of the EPCs that are 
present is compromised to a certain extent. Local 
transplantation of allogenous EPCs is a potential 
option to address this issue [35]. In this study, two 
different modalities of cell therapy (implanting 
EPCs and using specific antibody-coated stent-
based therapy) were included in an attempt to re-
cruit EPCs. The number of DiI-positive cells from 
the intima layer was markedly higher in the EPC 
capture stent group than in the DES group. These 
results suggest that locally transplanted EPCs are 
effectively captured by dual antibody-coated stent 
struts, homing to the wounded site and incorporat-
ing into the intima components.

Drug-eluting stent inhibit not only SMC prolif-
eration but also endothelial cell growth, which may 
explain why no intact endothelium was detected in 
the DES group in this study. The higher total ISR 
rate in the DES group was likely due to delayed 
re-endothelialization, inadequate antibiotic prophy-
laxis, and invasive surgical protocol [2, 16, 29].

Restenotic and thrombotic processes may oc-
casionally coexist, especially in cases characterized 
by neointimal hyperplasia plus focal thrombosis 
inside the stent [3, 36, 37]. The “thromboreste-
nosis” phenomenon is a theory describing how 
chronic thrombus formation may play an integral 
role in the development of ISR [38]. Recently, 
Alfonso et al. suggested that the substrate of ISR 
encompasses a pathologic spectrum ranging from 
SMC proliferation to neoatherosclerosis [39, 40]. 
Among currently available therapeutic modalities 
for these patients, DES and drug-eluting balloons 
provide the best clinical and angiographic results in 
patients with ISR. The investigators suggested that 
everolimus-eluting stents should be considered 
the first-line therapy of choice in these challenging 
scenarios. However, to prevent a primary episode 
of ISR, combining EPC-capturing technology with 
drug-eluting technology may be a promising ap-
proach for improving clinical outcomes in the future 
[31]. Further studies are needed to explore this 
potential approach. Further studies are also needed 
to determine whether a dual antibody-coated EPC 

capture stent has a synergistic effect or whether it 
is more effective than a single antibody- or gene-
coated stent. 

Limitations of the study
This study had several limitations. First, be-

cause the stent was placed in a peripheral rather 
than a coronary conduit, the rate and mechanism 
of ISR may not have been identical across cases. 
Second, the small sample size limited the statistical 
power of the study. Third, using only male animals 
may have resulted in sex selection bias, potentially 
influencing outcomes. Fourth, premature discon-
tinuation of dual antiplatelet therapy (without the 
use of clopidogrel and cilostazol) varies across clini-
cal settings, which may affect the interpretation of 
these results. Finally, previous studies have shown 
that DES is superior to BMS in preventing in-stent 
stenosis in most clinical settings, and EPC-coated 
stents have been demonstrated to be more effec-
tive than BMS in inhibiting neointima hyperplasia 
[17–19, 41, 42]. Therefore in this experimental 
study, the authors directly compared the modified 
EPC-capture stent with DES; further studies in-
corporating a larger sample size and with a more 
robust design (such as including a BMS control 
arm) are needed.

Conclusions

Use of a dual antibody-coated EPC capture 
stent concomitant with local EPC transplant de-
creased the rate of ISR in vivo when compared 
with DES in an atherosclerotic animal model. This 
reduced ISR with the use of EPC capture stents 
may be achieved through a reduction in the in-stent 
thrombosis rate rather than through inhibition of 
neointimal hyperplasia. 
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Successful percutaneous coronary intervention  
in patients with recanalized thrombus:  

Saving a radial artery  
by snuffbox approach

Yongcheol Kim, Myung Ho Jeong, Min Chul Kim, Doo Sun Sim,  
Young Joon Hong, Ju Han Kim, Youngkeun Ahn

Department of Cardiology, Chonnam National University Hospital, Gwangju, Korea

A 76-year-old man with chronic kidney disease 
was referred to the documented clinic suffering 
from aggravating effort angina. Thus, after treat-
ment with acetylsalicylic acid (300 mg loading 
dose) and clopidogrel (300 mg loading dose), 
coronary angiography was tried via left distal radial 
artery as a preservation of radial artery for arte-
riovenous fistula creation. This was successfully 
cannulated by a 5 French sheath (Fig. 1). However, 

brachial artery anomaly led to a change in the  
access site using the right snuffbox approach  
(Fig. 2A). Coronary angiography demonstrated dif-
fuse stenosis with multiple linear filling defects and 
haziness in the proximal right coronary artery (Fig. 
2B). Optical coherence tomography (OCT) showed  
a honeycomb-like structure with multiple cavities 
and it was concluded that this represented re-
canalized thrombus (Fig. 2C, D, Suppl. Video 1). 
OCT assessment led to implantation of a 2.75 ×  
× 38 mm Xience Sierra stent (Abbott Vascular, Santa 
Clara, CA, USA) and postdilation was achieved with  
a 3.25 × 12 mm noncompliant at up to 21 atm in the 
proximal portion of the implanted stent. Repeated 
OCT assessment demonstrated good stent expan-
sion and strut apposition without edge dissection. 
Final coronary angiography showed good distal flow 
without residual stenosis (Fig. 2E).

This case highlights that OCT enables confir-
mation of a rare case of recanalized thrombus and 
the snuffbox approach can be an alternative access 
site in patients with renal impairment where the 
radial artery needs protection for anteriovenous 
fistula.

Conflict of interest: None declaredFigure 1. Inserted 5 French sheath via snuffbox approach.
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Figure 2. A. Peripheral angiography demonstrating the left brachial artery anomaly; B. Angiographic assessment 
demonstrating multiple linear filling defects and haziness in the proximal coronary artery; C, D. Longitudinal and 
cross-sectional optical coherence tomography imaging demonstrated a honeycomb-like structure with multiple cavi-
ties of various sizes; E. Final angiogram demonstrated good distal flow without residual stenosis from treatment with 
2.75 × 38 mm Xience Sierra® stent.



Address for correspondence: Shinichiro Masuda, MD, Department of Cardiology, Tokyo Metropolitan Hiroo Hospital,  
2-34-10, Ebisu, Shibuya-ku, Tokyo, 150-0013, Japan, tel: +08-3-3444-1181, fax: +08-3-3444-3196,  
e-mail: giga627@yahoo.co.jp
Received: 24.07.2018 Accepted: 28.01.2019

A case of a de-novo lesion in the left circumflex  
artery treated with excimer laser and  

drug-coated balloon under the guidance  
of optical frequency domain imaging 

Shinichiro Masuda1, Takashi Shibui1, Takaaki Tsuchiyama1, Takashi Ashikaga2

1Department of Cardiology, Tokyo Metropolitan Hiroo Hospital, Tokyo, Japan 
2Department of Cardiology, Japanese Red Cross Musashino Hospital, Tokyo, Japan

A 72-year-old man who previously underwent 
percutaneous coronary intervention with a drug-
eluting stent implantation from the left main trunk 
and extending to proximal left anterior descending 
artery was admitted to the documented hospital 
for angina pectoris. Coronary angiography (CAG) 
revealed 90% stenosis at the ostium of the left 
circumflex artery (LCX) (Fig. 1A). Excimer laser 
coronary angioplasty (ELCA) was performed using 
a 0.9 mm concentric laser catheter at a pulse rate of 
25 Hz and energy output of 45 mJ/mm2, 35 Hz and 
55 mJ/mm2, and 45 Hz and 60 mJ/mm2 for a total of 
5200 pulses and balloon angioplasty using a drug-
coated balloon (DCB) under the guidance of optical 
frequency domain imaging (OFDI), which revealed 
fibrous plaque and eccentric severe calcification 
(Fig. 1B). After ELCA, minimum lumen area (MLA) 
increased from 1.4 mm2 to 2.6 mm2 (Fig. 1C) and 
on final OFDI to 3.9 mm2 along with minor plaque 
dissection (Fig. 1D). Final CAG demonstrated op-
timal result without flow limitation (Fig 1E). After 
discharge, no significant clinical events were re-
ported. Eight months later, follow-up CAG and OFDI 
were performed. Follow-up CAG demonstrated 
no restenosis at the ostium of the LCX (Fig. 1F). 
OFDI showed that the MLA slightly decreased from  
3.9 mm2 to 3.5 mm2 and that the minor dissection had 
clearly improved (Fig. 1G). The DCB is efficacious 
in de-novo coronary artery lesions [1], which mainly 
contributed to suppress the restenosis in this case;  
however, although OFDI after ELCA demonstrated 
a slight increase in MLA, ELCA might be attributed 
to the lesion debulking and modification leading to  

optimal balloon expansion. A similar mechanism was 
previously reported in the case of in-stent restenosis [2].  
For acute myocardial infarction, the combined use 
of ELCA and DCB for de-novo coronary artery dis-
ease works synergistically to reduce restenosis [3].  
Stent-less strategy employing ELCA and DCB may 
be an effective revascularization of large vessel de-
novo lesions, when traditional stent deployment is 
not a viable option.

Informed consent was obtained from the pa-
tient in accordance with the Helsinki Declaration.
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Figure 1. Coronary angiography (CAG) and optical frequency domain imaging (OFDI) findings of the culprit lesion at 
the time of percutaneous coronary intervention (PCI) and subsequent follow-up CAG. A. CAG before PCI showing 
severe stenosis at the ostium of the left circumflex artery (white arrow); B. OFDI image before PCI showing eccentric 
severe calcification (asterisks), and a minimum lumen area (MLA) of 1.4 mm2; C. OFDI image after excimer laser coro-
nary angioplasty with MLA of 2.6 mm2; D. Final OFDI image at the PCI demonstrates a small plaque dissection (white 
arrows) and MLA of 3.9 mm2; E. CAG after PCI showing optimal results; F. CAG at follow-up shows no restenosis;  
G. OFDI at follow-up CAG showing improvements in plaque dissection and a slight reduction in the MLA from 3.9 mm2 
to 3.6 mm2.
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Coronary artery fistula and premature  
coronary atherosclerosis
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A 48-year-old man with insignificant family 
history and without cardiovascular risk factors was 
admitted due to typical retrosternal chest pain of  
30 min duration. Physical examination was within 
normal limits. Transthoracic echocardiography 
revealed anterior wall basal segments hypokinesis. 
Signs of ongoing myocardial ischemia in admission 
electrocardiogram (ST-segment depression in V1–V4)  
together with a significant rise in cardiac troponin T 
level (from 4.9 to 143.4 ng/L) resulted in a diagnosis 
of acute coronary syndrome without ST-segment 
elevation as most probable. Coronary angiography 
revealed a critical stenosis of a marginal branch  
(Fig. 1A) and coronary artery fistula (CAF) originat-
ing from the left main coronary artery (Fig. 1C, D). 
A successful percutaneous coronary intervention 
of the marginal branch with drug-eluting stent im-
plantation was performed (Fig. 1B). The patient’s 
further recovery was uneventful. A repeat careful 
echocardiographic examination was able to detect 
flow to the right pulmonary artery (Fig. 1E, F).  
Moreover, diameter measurements of cardiac 

chambers, pulmonary and systemic flow ratios (Qp/ 
/Qs) and systolic pulmonary artery pressure deter-
mined by Doppler echocardiography were normal. 
Multidetector computed tomography is commonly 
used to detect and enhance visualization of the 
complex geometry of coronary fistulas, however, in 
this case the computed tomography scan was not 
performed related to an absence of pressure and 
volume overload on echocardiographic study, the 
patient was asymptomatic with CAF (unexplained 
relation of CAFs to incidence of atherosclerotic 
coronary artery disease) and radiological protec-
tion. This patient was recommended conservative 
management of CAF as the first-line treatment 
option and further follow-up. CAF is a rare vascular 
anomaly with an estimated prevalence of 0.002% 
in the general population and it can reach up to 5% 
in patients undergoing coronary angiography. In 
adults, about 30% of CAF cases are associated with 
coronary atherosclerosis — however, the relation-
ship between CAFs and coronary atherosclerosis 
has not yet been clarified.
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Figure 1. A. Coronary angiography: critical stenosis of the marginal branch (arrow); B. Coronary angiography: suc-
cessful percutaneous coronary intervention of marginal branch (arrow); C, D. Coronary angiography: coronary artery 
fistula (CAF; arrow); E. Echocardiography study — suprasternal view of long axis of right pulmonary artery (RPA) 
— color flow Doppler images: CAF flow (arrow); F. Echocardiography study — suprasternal view of long axis of RPA 
— pulsed-wave Doppler: CAF flow (arrow) — sample volume in the RPA; Ao — aortic arch.
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Reactive arthritis-associated aortitis  
followed by Yersinia Enterocolitica infection:  

Multimodal imaging
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A 51-year-old female was admitted to the 
Department of Cardiology due to severe aortic 
insufficiency. Her medical history revealed she had 
been treated 5 years earlier with naproxen and oral 
corticosteroids for seronegative arthritis. Echo-
cardiography performed at that time revealed she 
had mild aortic insufficiency. Four years later when 
her arthritis recurred, after serological tests (IgA  
85.2 U/mL, IgG 88.4 U/mL IgM 36.7 U/mL, positive 
over 25 U/mL) she was diagnosed with yersinio-
sis. The patient was treated with ciprofloxacine  
(5 weeks) and ceftriaxone (another 3 weeks). Despite  
this treatment she still had active arthritis in her 
right wrist, nodular erythema and heel enthesopa-
thy. Her C-reactive protein was persistently elevat-
ed (21 mg/dL). Echocardiography revealed severe 
aortic regurgitation with moderately decreased 
left ventricular ejection fraction and thickening of 
the wall of the ascendens aorta (Fig. 1A, B). Aortic 
wall involvement was confirmed by mulitdetec-
tor computed tomography, magnetic resonance 
examinations, and positron emission tomography 
(Fig. 1C, D, Suppl. Video 1). She was then diag-
nosed with noninfectious aortitis. The patient was 
treated with corticosteroids and cyclophospha-

mide which resulted in a complete resolution of 
her rheumatic symptoms. Control mulitdetector 
computed tomography and magnetic resonance 
examinations revealed only partial withdrawal 
of the primary changes in the aorta (Fig. 1E, F)  
with regions of delayed enhancement in the wall of 
her ascendens aorta, aortic arch and its branches 
(Fig. 1G, H). Due to symptomatic severe aortic 
insufficiency, the aortic valve was replaced with  
a St. Jude 23 prothesis which resulted in significant 
improvement of exercise tolerance as well as left 
ventricular function. 

Reactive arthritis is an immune-mediated 
seronegative arthritis that belongs to a group of 
spondyloarthropathies and develops after a gas-
trointestinal or genitourinary system infection. 
This patient is unique for several reasons. She 
presented isolated arthritis without involvement of 
eyes and sacroiliac joints and her HLA B27 test was 
negative. The opinion presented herein is that the 
Yersinia infection led to reactive arthritis as well as 
to aortitis and severe aortic insufficiency. Reactive 
arthritis has been considered a self-limited disease, 
but in fact symptoms can persist for many years 
and can lead to serious target organ complications. 
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Figure 1. A. Transesophageal echocardiography, focal thickening of the ascendens aorta wall (arrows) before treat-
ment; B. Transesophageal echocardiography, thickening of the wall of the aortic arch and proximal parts of its 
branches (arrows) before treatment; C. TrueFisp magnetic resonance examinations imaging of ascending aorta, note 
a semilunar thickening of the aortic wall before treatment (arrows); D. Mulitdetector computed tomography multipla-
nar reconstruction demonstrating a thickening of the wall of the ascending aorta and aortic arch before treatment;  
E. Mulitdetector computed tomography after treatment; F. TrueFisp magnetic resonance examination imaging after 
treatment; G. Delayed enhancement magnetic resonance examination imaging, note regions of the enhancement of 
the wall of the ascending aorta; H. Delayed enhancement magnetic resonance examinations imaging, note regions 
of the enhancement of the wall of the aortic arch and its branches.
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Recurrent and life-threatening strokes after  
pacemaker implantation in a patient affected  

by concealed superior sinus venosus  
atrial septal defect
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A 68-year-old woman was referred to the 
documented hospital after large and consecutive 
strokes following pacemaker implantation. Upon 
arrival she was aphasic, hemiplegic and lethar-
gic. Electrocardiogram showed constant QRS 
stimulated in right bundle branch block pattern. 
Transthoracic echocardiography showed leads po-
sitioned in left heart with right chambers dilation 
and estimated pulmonary artery systolic pressure 
of 35 mmHg. Angiography with a pigtail catheter 
in the innominate vein showed overriding superior 
vena cava between right and left atria, with leads 
ending up inside the left heart (Suppl. Video 1, 
Fig. 1A, left). Lead removal was then performed 
to prevent further cardio-embolic strokes and new 
right chamber endocardial leads were implanted. 
Critical clinical conditions discouraged an epicardi-
al pacing system implantation. Pacemaker depend-

ency compelled  positioning the first new active 
fixation leads in right atrial appendage and right 
ventricular septum before left side lead removal. 
At left anterior oblique fluoroscopy four leads were 
temporarily present in four chambers of the heart 
(Fig. 1A, right) showing left sided leads posteriorly 
located. Previous leads were then extracted from 
left heart without complication. Final electrocar-
diogram showed stimulated QRS in a left bundle 
branch block pattern. Contrast chest computed 
tomography scan at sagittal plane (Fig. 1B, left) 
and three-dimensional reconstruction (Fig. 1B, 
right) showed concealed superior sinus venosus 
atrial septal defect with partial anomalous pulmo-
nary venous return. Images herein highlight an 
occasional diagnosis of sinus venosus atrial septal 
defect following an inadvertent lead malposition 
associated to cerebral embolism.
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Figure 1. A. Superior vena cava (SVC) selective angiography (left) showing shunt between right and left atria through 
the sinus venosus atrial septal defect (SVASD) and left anterior oblique fluoroscopy (right) showing four leads tem-
porarily present in four chambers of the heart; B. Chest computed tomography scan: sagittal plane (left) showing 
SVASD (dashed line) at the upper most part of inter atrial septum (asterisk) with SVC overriding the defect and three-
dimensional reconstruction (right) showing the position of the superior SVASD (dotted black line) and abnormal 
drainage of the right upper pulmonary vein (RUPV) to the SVC. Left atrium (LA) in red, right atrium (RA) in blue, SVC 
in green and RUPVs in yellow; LV — left ventricle; RV — right ventricle.

A

B
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Atrial septal defect type II and upper limb  
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The present study is the case of a 40-year-old 
Caucasian male with bilateral, symmetric malfor-
mation of the upper limbs; absence of I metacarpals 
and thumbs (Fig. 1D, E). He was admitted to the 
Department of Cardiology because of impaired 
exercise tolerance (New York Heart Association 
[NYHA] II/III) and recurrent palpitations. His 
mother died when he was an infant at the age of  
36 years, and two of his brothers died at the age of  
3 and 15 years because of untreated congenital 
heart disease — none of them presented with 
skeletal abnormalities.

On electrocardiogram sinus rhythm was  
70 bpm, first-degree atrioventricular block and 
incomplete right bundle branch block were found. 
Transthoracic and transesophageal echocardiogra-
phy revealed normal left ventricular function and 
right ventricular overload due to large, an unusu-
ally elongated (elliptic, 27 × 13 mm in size) type II 

atrial septal defect with hemodynamically significant 
left-to-right shunt (TAPSE 20 mm, S’ RV 13 cm/s, 
RVIT 52 mm, RAA 24 cm2, Fig. 1A, B). Based on 
four-dimensional echocardiographic area sizing, 
an atrial septal defect nitinol occluder (Memopart  
26 mm, Lepu Medical) was implanted percutaneously 
via femoral vein (Fig. 1C) with complete atrial septal 
defect closure. Control echocardiography after 3 and 
6 months showed a good result of occluder implanta-
tion with significant clinical improvement (NYHA I).

This case report is an example of Holt-Oram 
syndrome (heart-hand syndrome) which is an au-
tosomal dominant disorder characterized by upper 
limb malformations in association with congenital 
heart lesions and increased risk for cardiac conduc-
tion abnormalities. Life expectancy for Holt-Oram 
syndrome varies among affected individuals and 
predominantly depends on the severity of the 
congenital heart defect. 
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Figure 1. A. Two-dimensional transesophageal echocardiography with color Doppler — type II atrial septal defect with 
hemodynamically significant left-to-right shunt; B. Three-dimensional transesophageal echocardiography — elon-
gated (elliptic, 27 × 13 mm in size) type II atrial septal defect; C. Two-dimensional transesophageal echocardiography 
with color Doppler — good result of Memopart 26 mm occluder implantation; D, E. Malformation of upper limbs (real 
photo and X-ray) — absence of I metacarpals and thumbs.
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Challenging treatment of in-stent restenosis  
in a coronary bifurcation by implantation  
of a bioresorbable scaffold under optical  

coherence tomography guidance
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A 67-year-old male patient with stable an-
gina, hypertension and hypercholesterolemia who 
underwent bare metal stent (BMS) implantation 
in the distal right coronary artery (RCA) (Azule  
3 × 9 mm) and everolimus-eluting stent (EES) im-
plantation in the first diagonal branch (D1) (Xience 
2.25 × 18 mm) and in the proximal circumflex 
branch (LCx) (Xience 3 × 28 mm). One year subse-
quent to the precedure the patient was readmitted 
for relapse of the angina Canadian Cardiovascular 
Society scale II, exhibiting a positive exercise test. 
The coronary angiography showed a distal-edge 
in-stent restenosis (ISR) in the distal RCA, ex-
tending to the posterior descending artery (PDA), 
Medina 110 bifurcation (Fig. 1A). Optical coherence 
tomography (OCT) showed predominantly fibroli-
pidic restenotic tissue, with minimal lumen area 
(MLA) 1.95 mm2, minimal lumen diameter (MLD)  
1.57 mm, proximal reference vessel diameter 
(RVD) 3.1 mm, distal RVD 2.75 mm and lesion 
length 21.2 mm (Fig. 1B, C). 

Optical coherence tomography-guided im-
plantation of a bioresorbable scaffold (BRS) to 
treat the bifurcation ISR was performed through  
a radial approach, using a 6 french guiding-catheter. 
Guidewires were placed in the PDA and in the 

posterolateral artery (PLA), in order to protect 
the side branch in case of an eventual occlusion. 
Predilation 1:1 with a non-compliant (NC) balloon 
3.0 × 18 mm (16 atm) was performed until the 
balloon was completely expanded in angiography. 
A second OCT run verified fragmentation of rest-
enotic tissue and sufficient luminal gain to ensure 
adequate scaffold expansion. A poly-lactide BRS 
(ABSORB 3 × 28 mm) was then slowly deployed 
at 12 atm, holding pressure for 60 s. Proximal-
optimalization-technique with an NC-balloon  
3.25 × 15 mm (16 atm) was then performed by 
placing the proximal edge of the distal marker of 
the balloon at the carina of the PDA-PLA bifurca-
tion, with an optimal angiographic result (Fig. 1D).  
A final OCT pullback showed optimal apposi-
tion and expansion (MLA 5.3 mm2/MLD 2.6 mm; 
Fig. 1E), structural integrity of the device and 
clear access to the PLA side branch through the 
scaffold struts (Fig. 1F). Three-month follow-up 
documented an optimal clinical and angiographical 
result (Suppl. Video 1).

Poly-lactide BRS are supposed to resorb com-
pletely [1–5], depending on the specific device and 
on patient/local conditions. The resorption restores 
vasomotion and eventually normal endothelial 
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function [2, 6, 7]. Moreover, the disappearance 
of a permanent foreign body in the vessel wall is 
also intended to minimize inflammation and risk 
of device failure, i.e. very late BRS-thrombosis, 
neoatherosclerosis, restenosis and catch-up phe-
nomenon. Nonetheless, the suitability of poly-
lactide BRS for bifurcations is currently a matter 
of debate, with reported higher risks of side branch 
occlusion [8] and of scaffold rupture following some 
bifurcation techniques [9, 10]. Some scientific re-
ports however, focus on dedicating interventional 
techniques to minimize these risks [10, 11]. ISR 
is also a challenging scenario for BRS, because the 
expansion of the scaffold is sensibly inferior than 
in on-label indications [12] and reported clinical 
outcomes are inconsistent to date [13, 14]. The 
current case reports the successful treatment of 
a lesion combining both bifurcation and ISR chal-
lenges, by implanting a BRS. OCT-guidance played 
an instrumental role in achieving an optimal result 

and it may be considered for all off-label indications 
of BRS devices.
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