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Abstract
In the past, comparative effectiveness trials evaluating 
percutaneous coronary interventions (PCI), using either 
balloon angioplasty or bare metal stent (BMS) implan-
tation, versus  coronary artery bypass surgery (CABG) 
found similar survival rates at long-term follow-up with 
both revascularization strategies. Two major meta-anal-
yses of these trials reported 5- and 6-year comparative 
effectiveness between PCI and CABG: one included 
only four trials that compared PCI with BMS implanta-
tion versus  CABG whereas the largest one also included 
trials using balloon angioplasty. In these studies, the 
authors observed no survival differences between 
groups although a significant survival advantage was 
seen in diabetics treated with CABG and this benefit 
was also perceived in elderly patients. In both reports, 
number of involved vessels, presence of left anterior 
descending artery stenosis or poor left ventricular ejec-
tion fraction were no predictors of poor survival with 
PCI. Therefore, extent of the coronary artery disease 
(CAD) was not associated with poor outcome after PCI 
in the pre-drug eluting stent (DES) era. Recently, the 
ASCERT (Database Collaboration on the Comparative 

Effectiveness of Revascularization Strategies) registry 
found higher mortality rate with PCI in patients ≥ 65 
years old in comparison with CABG, and advantages 
of surgery were seen in all subgroups including those 
at low risk. In this registry, PCI was accomplished by 
implantation of the first type of DES designs in 78% 
of cases. The intriguing observation of high mortality 
rate with PCI, including for non-diabetics and patients 
with two-vessel CAD, meaning a lack of clinical benefit 
with DES implantation, had not been seen previously. 
The study was not randomized, although its results 
are largely strengthened by its sample size. In this 
manuscript, the authors describe other registries and 
randomized trials reporting similar results supporting 
the findings of the aforementioned study and explore 
the reasons for these results, while also searching for 
potential solutions. 

© 2012 Baishideng. All rights reserved.

Key words: Percutaneous coronary interventions; Coro-
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COMPARATIVE EFFECTIVENESS 
BETWEEN PERCUTANEOUS 
INTERVENTIONS AND CORONARY 
BYPASS SURGERY IN THE PRE-DRUG 
ELUTING STENT ERA
In the past, comparative effectiveness trials evaluating 
percutaneous coronary interventions (PCI), either using 
balloon angioplasty or bare metal stent (BMS) implanta-
tion, vs coronary artery bypass surgery (CABG) found 
similar survival at long-term follow-up with both revas-
cularization strategies[1]. However, in three of  these trials 
some outcome differences between PCI and CABG were 
found: firstly, the bypass angioplasty revascularization 
investigation (BARI) trial[2] reported higher mortality in 
diabetic patients with PCI; secondly, the stent or surgery 
(SoS) trial[3] observed higher non-cardiac mortality with 
PCI; and finally, the estudio randomizado argentino 
angioplastia vs cirugia de bypass coronario Ⅱ (ERACI) 
trial[4] had higher mortality and myocardial infarction 
(MI) with CABG in the first 30 days and at one year after 
the procedure, advantages for PCI that were present but 
diminished at five years[5]. Accordingly, two major meta-
analyses from those trials reported 5-year comparative 
effectiveness between PCI and CABG: one included only 
four trials that compared PCI with BMS implantation ver-
sus CABG[6], whereas the largest one also included trials 
using balloon angioplasty[1]. In the first meta-analysis[6], 
in patients with multiple vessel disease randomized either 
to BMS or CABG, 5-year follow-up outcome showed 
similar incidence of  death, MI or cerebrovascular ac-
cident (CVA). In this analysis, patients with diabetes had 
no safety advantage with CABG. Hlatky et al[1] in the 
other meta-analysis, which included 10 trials, observed no 
survival differences between groups although a signifi-
cant survival advantage was seen in diabetics treated with 
CABG. In this study, a survival benefit with CABG was 
also perceived in elderly patients (> 65 years). In both 
reports[1,6], number of  vessels, presence of  left anterior 
descending artery stenosis or poor left ventricular ejec-
tion fraction were not predictors of  poor survival with 
PCI. Therefore, extent of  the coronary artery disease 
(CAD) was not associated with poor outcome for PCI in 
the pre- drug eluting stent (DES) era[1,6]. 

The introduction of  different DES designs during 
PCI compared to BMS significantly reduced the inci-
dence of  angiographic restenosis and target lesion and 
vessel revascularization (TLR and TVR, respectively). It is 
important to mention that these efficacy advantages were 
sustained at 5 years of  follow-up[7-10]. However, increased 
frequency of  very late stent thrombosis and requirements 
for a long-term period of  dual antiplatelet therapy, man-
datory for at least one year after implantation with the 
first DES designs, could decrease this advantage[11-14].

LESSONS FROM ASCERT (DATABASE 
COLLABORATION ON THE 
COMPARATIVE EFFECTIVENESS OF 
REVASCULARIZATION STRATEGIES) 
REGISTRY
Recently, a large registry[15] found a higher mortality rate 
with PCI in patients ≥ 65 years old in comparison with 
CABG and advantages of  surgery were seen in all sub-
groups, including those at low risk[15]. In this registry, 
PCI was accomplished by implantation of  the first DES 
designs in 78% of  cases. The observation of  higher 
mortality rates with PCI[15], including for non-diabetics 
and patients with two-vessel CAD, were not seen in pre-
vious studies in the non-DES era[1,6]. The study was not 
randomized, although its results are largely strengthened 
by its sample size. The study included two prospective 
registries from 64 centers in the USA over the years 2004 
to 2008. Almost 190  000 patients were included in both 
groups and, despite the nature of  the study, differences in 
favor of  CABG still remained after a matched compari-
son in 86 300 patients.

The lack of  clinical improvement with DES in this 
subgroup has been a surprise for our interventional car-
diology community and concerns have been raised in an 
accompanying editorial about the non-randomized nature 
of  the study[15,16] which could be related to these unex-
pected results.

It is true that randomized clinical trials are the gold 
standard to assess results of  different clinical and surgical 
therapies, although it is also well known that they have 
a limitation driven by patient selection; therefore, large 
prospective registries which allow us to include more 
complex and real world populations are also an important 
tool to assess these clinical results. Therefore, both ran-
domized trials and registries should be taken into account 
to evaluate revascularization outcomes.

In the study carried out by Weintraub et al[15], the au-
thors recognized that “....a single unmeasured confounder 
could produce survival differences only if  it increased the 
long-term risk of  death by a factor of  approximately two 
or if  the long-term risk of  death was three to five times 
as high in the PCI group as in the CABG group”; there-
fore, unmeasured confounder factors can be linked with 
different survival outcomes reported by such a study. 
However, survival advantages with CABG remained after 
the authors adjusted for clinical and angiographic vari-
ables (Figure 1). Furthermore, results were still in favor 
of  CABG after propensity-matched comparisons and 
these results agree with other contemporary studies such 
as the New York database[17] for PCI and CABG and the 
ERACI Ⅲ registry[18-20].

 In the New York registry, they also found a survival 
advantage with CABG and this advantage also included 
subgroups defined as low risk.

Rodríguez AE et al . Changes in safety paradigm with PCI
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In the ERACI Ⅲ registry, there was an increased inci-
dence of  death and MI with DES beyond the first year in 
comparison with BMS or CABG groups, differences still 
significant at 5 years of  follow-up; as we can see in Figure 
2, at one year in ERACI Ⅲ, the DES group had a signifi-
cantly lower incidence of  any death, MI, stroke and TVR 
(major adverse cardiovascular events: MACCE) compared 
with either BMS or CABG groups. Death and MI were 
similar between BMS and DES groups but significantly 
lower than the CABG group. On the other hand, at 3 
years, MACCE rate became similar in these three groups 
by an increased rate of  cardiac events in the DES group, 
and additionally at 5 years significantly higher rates of  
death and MI in the ERACI Ⅲ DES group of  patients 
compared with the BMS group were seen, meaning a 
significantly late loss of  their initial advantage (Figure 2). 
In conclusion, in the ERACI Ⅲ registry, patients treated 
with DES had higher than expected risk of  serious car-
diac events over the subsequent five years compared with 
patients treated with a BMS, despite a substantial reduc-
tion in the rate of  repeat coronary revascularization pro-
cedures. These differences do not appear to be explained 

by different adverse risk profiles among DES-treated pa-
tients, as multivariable statistical adjustment for baseline 
factors did not materially affect the results in this study[20] 

(Table 1).
However, as we discussed previously, all registries 

have a common limitation of  non-randomized nature; 
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consequently we need to find randomized studies sharing 
similar results.

COMPARATIVE EFFECTIVENESS 
BETWEEN PERCUTANEOUS 
INTERVENTIONS AND BYPASS SURGERY 
IN THE DES ERA: LESSONS FROM 
RANDOMIZED CLINICAL TRIALS
The SYNergy between PCI with TAXUS and Cardiac 
Surgery[21,22] (SYNTAX) trial, which is nowadays the larg-
est randomized study comparing PCI with DES implan-
tation (Taxus, Boston Scientific Corp, Natrick, Massachu-
setts) vs CABG in the modern era, has already reported 
one-, three- and four-year follow-up results. This study 
included patients with unprotected left main stenosis and 
three-vessel CAD.

If  we discard from this trial the subgroup of  left main 
patients, inclusion and exclusion criteria from ASCERT[16] 
and SYNTAX[21] are quite similar. Both studies included 
only patients with multiple vessel disease, whereas in both 
patients were excluded with cardiogenic shock, MI in the 
previous 7 d, single-vessel CAD, and previous CABG. 

If  we analyze SYNTAX trial data at one year of  fol-
low-up, patients treated with PCI or CABG had similar 
incidence of  death, MI and the composite of  death/MI 
and CVA, although CVA was significantly higher in the 
CABG group; repeat revascularization procedures (TVR) 
were higher in PCI (Figure 3), and this was the only 
disadvantage in the PCI group during the first year of  
follow-up[21].

However, these numbers change at the third[22] and 
fourth year[23] of  follow-up (Figure 3); death, MI and the 
composite of  death/MI/CVA are all significantly higher 
in the PCI group of  patients. Additionally, these results 
were also seen in the subgroup of  patients with three-
vessel disease, which is a comparative population to the 
ASCERT registry. In this cohort at 3 years of  follow-up, 
death (5.7% vs 9.5%, P = 0.048), MI (3.3% vs 7.1%, P = 
0.005), death/MI/CVA (10.6% vs 14.8%, P < 0.04) and 
MACCE (18.8% vs 28.8%, P < 0.001) were all significant-
ly higher with PCI[22].

The PCI policy of  this study which was non-ischemia 
guided stent implantation leading to an excess of  DES 
per patient/lesion implanted would be one of  the reasons 

of  these findings[24].
Therefore, increased serious cardiac events beyond 

one year with PCI appear to be a common finding in 
both ASCERT and SYNTAX.

Reasons of  these findings are unclear, although the 
observation of  high mortality rate in elderly patients after 
PCI raises the question whether this subgroup is at high 
risk if  they are treated with PCI.

 However, the ASCERT statement that high mortality 
was noted in all subgroups, including in patients whose 
clinical and angiographic criteria were more consistent 
with selection for PCI, should be taken with caution. In 
fact, we do not know if  results in some of  the trials men-
tioned previously are also related to poor late outcome 
in an elderly population; indeed we do not know the out-
come of  elderly patients in the SYNTAX trial. 

Consequently, we do not know what the clinical rea-
sons for these findings are; however, we will try to ex-
plore some hypotheses and also find potential solutions.

After introduction of  the first DES designs together 
with the reduction of  angiographic restenosis, a high rate 
of  late and very late stent thrombosis was described and 
became a concern for some investigators[11-14]. In spite 
of  this, several randomized studies did not shown major 
safety concerns with DES implantation, while other stud-
ies reported a high rate of  cardiac events at late follow-up 
together with the increased incidence of  very late stent 
thrombosis in complex patient/lesion subsets such as 
diabetics, stent restenosis, ST elevation MI, bifurcations, 
etc., most of  them classified as off-label indications by 
the Food and Drug Administration[25-27].

 Therefore, at the end of  the last decade concerns 
about the safety of  the first DES designs were reduced 
but the debate did not disappear and persists nowadays[28]. 

There was a requirement for dual antiplatelet therapy 
to be prescribed with the first DES designs during the 
first six months post-procedure although clopidogrel 
therapy was recommended in most patients beyond one 
year. How this necessity for dual antiplatelet therapy can 
be linked with poor outcome in the elderly patients is 
unknown. However, some recent data from a small ran-
domized study add limited, but valued, information and 
strengthen the ASCERT results.

The Oral Rapamycin in Argentina Ⅲ (ORAR) trial 
was a cost-effectiveness randomized comparison between 
DES versus BMS plus 14 d of  oral rapamycin (OR)[29,30]; 
in the DES arm, first DES designs were used in 96.8% 
of  cases. At 4 years of  follow-up, patients included in the 
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Table 1  Drug eluting stent:Bare metal stent hazard ratios (95% confidence limits) in multivariable Cox models adjusted for 
baseline characteristics from ERACI Ⅲ at five-year follow-up[20]

Endpoint All patients (n  = 450) P  values Propensity score matched points (n  = 242) P  values

MACCE 0.75 (0.51-12) 0.1562 1.20 (0.75-0.90) 0.45
Death    1.84 (0.92-0.68) 0.0864 2.53 (1.10-0.83) 0.03
Death, MI or stroke    1.66 (0.95-0.88) 0.0744 3.31 (1.62-0.76)   0.001
Repeat revascularization    0.52 (0.31-0.85) 0.0096 0.84 (0.48-0.47) 0.37

MI: Myocardial infarction; MACCE: Major adverse cardiovascular events. 
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OR group were at lower risk of  death from any cause 
(DES: OR hazard risk 2.84, CI: 1.12-7.34, P = 0.024) and 
the composite of  death + MI + CVA (DES: OR hazard 
risk 2.18, CI: 1.09-4.34, P = 0.018) without differences 
in TVF (P = 0.091) or TVR (P = 0.162) compared to the 
DES group. 

However, as we can see in Table 2, in the group of  
patients who were less than 65 years of  age, incidence of  
death (P = 0.32), cardiac death (P = 0.41), MI (P = 0.56) 
and composite of  death + MI + CVA were similar (P = 
0.56). Requirements for new hospital admissions during 
follow-up were also similar in both groups (45% vs 35% 
in OR and DES, respectively, P = 0.26. Conversely, in the 
elderly group (≥ 65 years) there were significant differ-
ences in incidence of  MI (P = 0.05), death + MI + CVA (P 
= 0.03) and TVF (P = 0.02). Of  note, at 4 years, elderly 
patients treated with DES had new hospital admittances 
more frequently during follow-up than those treated in 

the OR plus BMS group ( 64.6% vs 37.5%, respectively, 
P = 0.011). In both groups, DES patients were more fre-
quently taking clopidogrel therapy (Table 2).

The main results of  this randomized study suggested 
that safety advantages in favor of  an OR plus BMS strat-
egy observed in ORAR Ⅲ were driven by the poor out-
come in patients ≥ 65 years treated with DES.

Results from ORAR Ⅲ agree with those reported 
by the ASCERT[15] registry, although clinical reasons for 
these findings cannot be determined due to the sample 
size of  such a small population.

RESULTS WITH THE LATEST DES 
DESIGNS 
Altogether the above-mentioned studies share a common 
finding: the first DES platforms with durable and non-
biocompatible polymers were used with requirements for 

246 August 26, 2012|Volume 4|Issue 8|WJC|www.wjgnet.com

DES
CABG12

10

8

6

4

2

0

4.4
3.5

6.2

4.9

8.6

6.7

11.7

8.8

D
ea

th
 (

%
)

1               2                3               4
                        t /yr

DES
CABG12

10

8

6

4

2

0

4.8
3.3

5.9

3.3

7.1

3.6

8.3

3.8

AM
I 

(%
)

1               2                3               4
                        t /yr

DES
CABG12

10

8

6

4

2

0
0.6

2.2
1.4

2.8

CV
A 

(%
)

1               2                3               4
                        t /yr

2.0

3.4

2.3

3.7

DES
CABG25

20

15

10

5

0

13.5

5.9

17.4

8.6

19.7

10.7

23.0

11.9

TV
R
 (

%
)

1               2                3               4
                        t /yr

DES
CABG35

30

25

20

15

10

5

0

17.8

12.4

23.4

16.3

28.0

20.2

33.5

23.6

M
AC

CE
 (

%
)

1               2                3               4
                        t /yr

DES
CABG40

35

30

25

20

15

10

5

0

7.6 7.5

10.8
9.6

D
ea

th
, A

M
I 

an
d 

st
ro

ke
 (

%
)

1               2                3               4
                        t /yr

14.1
12.0

18.0
14.6

Figure 3  Increased rate of cardiac events at one, two, three and four years of follow-up in the syntax trial in both groups: drug eluting stent and coronary 
artery bypass surgery[21-23]. AMI: Acute myocardial infarction; CVA: Cerebrovascular accident; TVR: Target vessel revascularization; MACCE: Major adverse cardio-
vascular events; DES: Drug eluting stent; CABG: Coronary artery bypass surgery. 

Rodríguez AE et al . Changes in safety paradigm with PCI

0.37 0.24 0.13 0.04

0.003 0.03 0.07 0.06

0.001 0.001 0.001 0.001

0.11 0.01 0.002 0.001

0.98 0.44 0.21 0.07

0.002 0.001 0.001 0.001



long periods of  clopidogrel therapy which were greater 
than needed for the latest ones currently used and recom-
mended[28,31]. Therefore, worries about the first DES de-
signs which were largely described and debated a decade 
ago with the paradigm of  more efficacy but perhaps less 
safety[11,32,33] could explain the controversial PCI results 
of  these studies[15,17,21,22] observed today but with a patient 
recruitment period in 2004-2008.

However, nowadays newer DES designs either with 
biocompatible or biodegradable[28,31,34-36] polymers dem-
onstrate in randomized clinical trials a significantly lower 
incidence of  adverse events including death, cardiac 
death and MI compared to the first ones[33] (Figure 4). In 
addition, necessity for long-term clopidogrel therapy ap-
pears to be no longer than 6 mo, consequently we have 
new tools today to improve outcome in our patients who 
undergo PCI with DES implantation; as we can see in 
Figure 4, benefits apply to several subgroups of  patient/
lesion characteristics.

CONCLUSION
PCI is the most common myocardial revascularization 
strategy in the current era. However, revascularization 
guidelines for PCI and CABG in multiple vessel CAD, 
established some years ago in the pre-DES era, should 
be refocused according to the latest data from random-
ized studies and large registries. The ASCERT study was, 
to our knowledge, the largest registry comparing current 
PCI strategies vs CABG in patients with multiple vessel 
disease who were older than 64 years. In spite of  study 
limitations mainly driven by the non-randomized nature, 
its sample size largely supported results. Furthermore, 
these outcomes were also observed in some randomized 
studies sharing similar clinical and angiographic findings.

We are unable to find clinical reasons for these results, 
although we cannot discard the concept that side effects 
linked with the first DES designs, including mandatory 
requirements for long-term dual antiplatelet therapy, 
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Table 2  Comparison of oral rapamycin vs  drug eluting stent treatment in patients under 65 years old and equal to or older than 
65 years old at 5.1 years (4.2-5.8) of follow-up

< 65 yr ≥ 65 yr

OR (n  = 60) DES (n  = 52) P  value OR (n  = 40) DES (n  = 48) P  value

Death   3.3% (2)   9.6% (5) 0.32   7.5% (3)   20.8% (10) 0.07
Cardiac death   0.0% (0)   5.8% (3) 0.19   5.0% (2) 12.5% (6) 0.22
MI    10% (6) 13.5% (7) 0.56   0.0% (0) 12.5% (6) 0.05
Death + MI + CVA 10.0% (6) 13.5% (7) 0.56   7.5% (3)   25.0% (12) 0.03
TVF   26.7% (16)   28.8% (15) 0.79 22.5% (9)   45.8% (22) 0.02
TLR         9.3% (9/97)         14.6% (12/82) 0.26       11.5% (7/61)         20.5% (18/88) 0.14
TVR         14.8% (12/81)         17.4% (12/69) 0.66       14.0% (7/50)         21.9% (16/75) 0.26
New hospital admissions1   45.0% (27)   34.6% (18) 0.26  37.5% (15)   64.6% (31) 0.01
Continue clopidogrel therapy2       15.5% (9/58)         44.7% (21/47)   0.002       24.3% (9/37)         52.6% (20/38) 0.05

1Patients with at least one cardiovascular or not cardiovascular hospital readmissions; 2Of surviving patients. OR: Oral rapamycin therapy and bare metal 
stent; DES: Drug eluting stent; MI: Myocardial Infarction; CVA: Cerebrovascular accident; TVF: Target vessel failure; TLR: Target lesion revascularization; 
TVR: Target vessel revascularization. 
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could be associated with this poor all-comers outcome in 
an elderly PCI population.

Whether new DES designs would modify these in-
triguing results should be determined by prospective 
studies.
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Abstract
AIM: To evaluate the prevalence and severity of pain 
in patients with chronic stable heart failure (HF) in an 
outpatient clinic setting.

METHODS: This is a cross-sectional study evaluating 
symptoms of generalized or specific pain in patients 
with chronic stable heart failure. A standardized ques-

tionnaire (Edmonton Symptom Assessment System) 
was administered during a routine outpatient clinic 
visit. The severity of pain and other symptoms were as-
sessed on a 10 point scale with 10 being the worst and 
0 representing no symptoms.

RESULTS: Sixty-two patients [age 56 ± 13 years, 51 
males, 11 females, mean ejection fraction (EF) 33% ± 
17%] completed the assessment. Thirty-two patients 
(52%) reported any pain of various character and loca-
tion such as chest, back, abdomen or the extremities, 
with a mean pain score of 2.5 ± 3.1. Patients with an 
EF less than 40% (n  = 45, 73%) reported higher pain 
scores than patients with an EF greater than 40% (n  
= 17, 27%), scores were 3.1 ± 3.3 vs  1.2 ± 1.9, P  < 
0.001. Most frequent symptoms were tiredness (in 75% 
of patients), decreased wellbeing (84%), shortness of 
breath (SOB, 76%), and drowsiness (70%). The most 
severe symptom was tiredness with a score of 4.0 ± 2.8, 
followed by decreased wellbeing (3.7 ± 2.7), SOB (3.6 
± 2.8), and drowsiness (2.8 ± 2.8).

CONCLUSION: Pain appears to be prevalent and sig-
nificantly affects quality of life in HF patients. Adequate 
pain assessment and management should be an inte-
gral part of chronic heart failure management.
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INTRODUCTION
Heart failure is one of  the major health problems world-
wide especially for people over the age of  65 years[1,2]. 
In the United States, more than 38 million people suffer 
from heart diseases. Almost six million patients are di-
agnosed with heart failure (HF) with more than 550  000 
newly diagnosed cases each year[1,3,4]. HF accounts for 
12-15 million office visits per year and over six million 
hospital admissions in the United States[1,4]. HF usually is 
a chronic illness that might involve multiple organs sys-
tems over time leading to a variety of  non-organ-specific 
symptomatology.

The burden of  pain is under-recognized by clinicians 
as a symptom among heart failure patients. Only few 
studies have demonstrated an association between pain 
and heart failure. Evidence demonstrated that HF is a 
gradual disease process, which is initiated with risk fac-
tors, often triggered by an acute event, and progresses 
to changes in cardiac structure to loss of  function that 
subsequently results in clinically overt HF with functional 
decline, and death[5-10].

The present study was designed to evaluate the preva-
lence and severity of  generalized symptoms and pain in 
adult patients with stable chronic HF.

MATERIALS AND METHODS
 This is a cross-sectional study of  symptom assessment 
in patients with an established diagnosis of  chronic HF. 
Patients were recruited to participate in the study during 
a routine outpatient clinic visit between May and Decem-
ber of  2011. The study was approved by the institutional 
review board. Patients were enrolled after obtaining in-
formed consent. 

Inclusion criteria were as follows: (1) age 18 years 
or older; (2) a primary diagnosis of  chronic HF since at 
least three months; (3) systolic dysfunction; (4) on a sta-
ble medication and treatment regimen; and (5) ability to 
read and understand the English language and respond 
properly. 

Exclusion criteria were (1) unstable patients in new 
york heart association (NYHA) class Ⅳ; (2) patients 
with concomitant diagnoses that might cause pain or 
significantly affect quality of  life and other symptomatic 
conditions such as severe chronic obstructive pulmonary 
disease, diabetes mellitus with end-organ damage, severe 
liver or kidney failure, active myocardial ischemia, angina 
pectoris, active or recent malignancies, recent or debilitat-
ing strokes, fibromyalgia or other debilitating acute or 
chronic illnesses; (3) chronic/daily analgesic use for any 
specific or non- specific non HF-related reasons; and (4) 
patients with past medical history of  cerebral infarction.

All patients were evaluated using a brief  cognitive 
screening test, the “Mini cog”[11-14]. This test is a 5-point 
cognitive screening which consists of  a three different 
word recall (score 0-3) and a clock drawing with the hand 

pointing at a specific time (score 0, or 2). Patients with a 
Mini-cog score of  more than three, which rules out de-
mentia were included into the study[11-14]. The study was 
conducted by a healthcare professional who was not di-
rectly involved in the patients’ care. A standardized ques-
tionnaire, the Edmonton Symptom Assessment System 
(ESAS)[15-17] was used to evaluate for symptoms and se-
verity by using a scoring system. The ESAS scoring scale 
ranges from 0 to 10 with 0 representing no symptoms 
and 10 representing worst possible symptoms. The pres-
ence and severity of  the following nine subjective com-
plaints were assessed: pain, tiredness, nausea, depression, 
anxiety, drowsiness, appetite, wellbeing, and shortness of  
breath. A diagram of  the human body enabled the patient 
to mark the site of  existing pain sensations. The func-
tional status of  HF was assessed using both history and 
physical examination and only patients in NYHA classes 
Ⅱ and Ⅲ were enrolled in the study. Ejection fraction 
(EF) was measured by 2-D transthoracic echocardiogra-
phy using the Simpson method either at the time of  the 
visit or echocardiographic data from former visits was 
used as long as the echo study was performed within six 
months prior to the beginning of  the study. The patients 
were on a standard regimen containing the following 
medications: beta blockers (82% of  the patients), ACE-
inhibitors (44%), angiotensin Ⅱ receptor blocker (29%), 
aldosterone antagonists (40%), other diuretics (66%) and 
digoxin (29%). All patients were on a stable medication 
regimen without major medication changes except dose 
adjustments within the last three months. For further 
analysis, the patients were then divided into two groups: 
group 1 represented patients with an EF of  more than 
40%, group 2 represented patients with an EF of  less 
than or equal to 40%. Data between the groups were 
compared using a student t-test. A P value of  less than 
0.05 was considered statistically significant. 

RESULTS
Sixty-two patients were enrolled in the study, 51 men, 11 
women, age 56 ± 13 years (range 28-77 years). The EF 
was 33% ± 17% (range 10%-76%). The total pain score 
was 2.5% ± 3.1. 32% reported pain in more than one an-
atomical site, 15% reported pain either in the chest, back, 
neck, abdominal or in the extremities. Four patients (7%) 
did not indicate the site of  pain but reported generalized 
body pain. Patients suffered different co-morbidities ir-
respective of  the EF. The most common co-morbidities 
were hypertension (n = 38, 61%), hyperlipidemia (n = 29, 
47%), end stage renal disease (n = 20, 32%), and diabetes 
(n = 17, 27%). Other common conditions were atrial fi-
brillation (28%), depression (18%), obesity (16%), osteo-
arthritis (15%), COPD (8%), gout (8%), thyroid diseases 
(7%), anemia (7%) and peripheral artery disease (PAD, 
3%). Patients reported pain regardless of  the EF and 
co-morbidities. Patients with degenerative joint diseases 
reported higher pain scores. 
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Most frequently reported symptoms were tiredness 
(n = 47, 76%), decreased wellbeing (n = 52, 84%), short-
ness of  breath (SOB, n = 47, 76%), and drowsiness (n = 
43, 69%). The most severe symptoms based on the score 
were tiredness (score 4.0 ± 2.8), decreased wellbeing (3.7 
± 2.7), SOB (3.6 ± 2.8), and drowsiness (2.8 ± 2.8).

Seventeen patients had an EF > 40% (group 1), 11 
(65%) males and 6 (35%) females, age 54 ± 14 years (range 
32-74 years), forty-five patients had an EF ≤ 40% (group 
2), 40 (89%) males and 5 (11%) females, age 57 ± 13 (range 
30-77) years. EFs were 56% ± 11% (range 43%-76%) in 
group 1 and 24% ± 10% (range 10%-40%) in group 2. 
Pain score in group 1 was 1.2 ± 1.9, pain score in group 2 
was 3.1 ± 3.3 (P < 0.001 between the groups, Table 1).

Pain was present in both groups regardless of  co-
morbidities. Thirty-two patients (52%) reported pain of  
various intensities at various locations with pain scores of  
2.5 ± 3.1. 

DISCUSSION
We evaluated the prevalence and severity of  pain in pa-
tients with chronic stable heart failure. Fifty-two percent (n 
= 32) of  the patients reported presence of  pain of  vari-
ous characters and intensities ranging from a scale of  1-10 
at different anatomical sites, or generalized pain. Patients 
reported pain regardless of  the EF and co-morbidities. 
Patients with degenerative joint diseases reported higher 
pain scores. The prevalence and severity of  pain were 
higher in patients with a lower EF (≤ 40%).

 Pain in HF can be secondary to physical, spiritual, 
psychological and social factors[4]. Physical pain experi-
enced by patients can be caused by multiple co-morbid-
ities[4,18]. The International Association for the Study of  
Pain defines pain as an unpleasant sensory or emotional 
feeling that is associated with potential or actual tissue 
damage[19]. Pain is present in many medical conditions 
and it is the most common reason for clinician’s consulta-
tion in the United States[20,21]. 

Pain that is transient, lasting only until the stimulus is 
removed or the pathology is healed is regarded as acute 
while pain that persist for years in conditions like cancer, 
rheumatoid arthritis, peripheral neuropathy and idiopath-
ic type of  pain is regarded as chronic. Some authors de-
fine acute pain as pain lasting less than one month while 
others define acute pain as pain that is less than three 
months from the time of  onset. Chronic pain is defined 
by some as pain lasting up to six months from the onset 
or a subjective feeling that extends beyond the expected 
period of  healing. Pain lasting between the intervals of  1 
mo to 6 mo is regarded to be subacute. 

The presence or absence of  psychological and social 
factors can affect the intensity of  pain feeling. Some stud-
ies showed that patients with psychological issues, anxi-
ety and/or depression reported higher pain score[4,22-25]. 
Patients who experience severe symptoms such as SOB 
and fatigue that interfere with daily activities often also 

complain of  pain, which easily can lead to more suffering 
and even social isolation[4,19]. 

 According to Woolf, there are three classes of  pain: 
nociceptive pain, pathological pain and inflammatory 
pain[26]. Others types of  pain are phantom, incident, psy-
chogenic and breakthrough pain.

Nociceptive pain is caused by noxious stimulation of  
sensory receptors that responds to potentially damag-
ing stimuli. The stimuli can be from thermal, mechanical 
or chemical injury. Nociceptive pain can be superficial, 
somatic or visceral. Superficial pain is caused by activa-
tion of  nociceptors in the skin or other superficial tissue. 
It is sharp and well-defined e.g., first degree burns and 
minor wounds. Somatic pain is initiated by stimulation 
of  nociceptors in body surface or musculoskeletal tissues 
such as the tendons, ligaments, bones, muscles, fasciae, 
and blood vessels. Such pain is aching, dull and poorly 
localized pain. It is aggravated by exertion and relieved 
by rest. Examples include post surgical pain from surgical 
incisions, broken bones and sprains. Visceral pain is pain 
(from the visceral organs) due to stretch, ischemia and 
inflammation. It is diffuse, vague and difficult to locate. It 
is described as deep squeezing, pressure like, dull or dif-
fuse type of  pain which can be associated with malaise, 
nausea, vomiting or fever. 

Pathological pain is a disease state caused by damage 
to the nervous system e.g., neuropathic pain or by its ab-
normal function e.g., fibromyalgia, tension headache and 
irritable bowel syndrome[26].

Neuropathic pain is caused by disease, injury or mal-
function to any part of  the nervous system- the central 
and the peripheral[27]. It may be associated with abnormal 
sensations (dysesthesia) or pain from normal non-painful 
stimuli (allodynia). Neuropathic pain is typically burn-
ing, shooting, cutting, drilling, stabbing, piercing, itching, 
stinging, tingling or it may be felt like a coldness, numb-
ness, “pins and needles” or “electric shock” like type of  
sensation[28]. The pain occur at the level or below the level 
of  injury within days, weeks, or months of  the injury. 
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Table 1  Patients symptoms

Patients symptoms All patients EF > 40% EF ≤ 40% P value 

Pain 2.5 ± 3.1 1.2 ± 1.9 3.1 ± 3.3 0.001
Tiredness 4.0 ± 2.8 3.7 ± 2.8 4.2 ± 2.9 0.276
Nausea 1.2 ± 2.3 1.2 ± 2.4 1.2 ± 2.3 0.497
Depression 2.5 ± 3.0 1.8 ± 2.6 2.7 ± 3.2 0.126
Anxiety 2.2 ± 2.5 1.7 ± 2.3 2.4 ± 2.6 0.143
Drowsiness 2.8 ± 2.8 2.1 ± 2.6 3.0 ± 2.9 0.116
Appetite 2.7 ± 3.0 2.5 ± 3.1 2.7 ± 2.9 0.396
Wellbeing 3.7 ± 2.7 2.7 ± 2.5 4.1 ± 2.6 0.025
Shortness of  breath 3.6 ± 2.8 2.7 ± 2.9 4.1 ± 2.7 0.052
Other problems from 
co morbidities

2.1 ± 3.1 1.7 ± 2.8 2.3 ± 3.3 0.296

Using Edmonton Symptom Assessment System questionnaire; each 
symptom has scale of 0-10, with 0 = no symptoms and 10 = worst possible 
symptoms. P values compares group 1 [ejection fraction (EF) > 40] and 
group 2 (EF ≤ 40). 
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Neuropathic pain can be episodic and/or continuous in 
nature. It is divided into three types: (1) the central neu-
ropathic pain involving the brain and spinal cord; (2) the 
peripheral neuropathic pain involving the peripheral ner-
vous system and (3) the mixed neuropathic pain involving 
both the central and the peripheral nervous system. 

Inflammatory pain is a type of  pain that is associated 
with infiltration of  immune cells due to cellular or tissue 
damage[26]. 

Psychogenic pain or somatoform pain is pain caused 
by or increased by a mental, an emotional, or a behavioral 
factor(s). Such pain can manifest as headache, stomach 
pain and back pain etc.

 Phantom pain is a type of  pain that result from a part 
of  the body that was surgically or accidentally removed 
or from which the brain no longer receives signals. This 
type of  pain is mostly reported by amputees. 

Breakthrough pain is pain that spontaneously comes 
on just for short periods of  time in patients with a back-
ground level of  pain and is usually not relieved by the 
patients’ regular pain medication. The character of  this 
breakthrough pain differs from person to person and ac-
cording to the cause of  the pain. This pain type is com-
monly seen in cancer patients.

Incident pain is type of  pain that arises secondary to 
exertion e.g., stretching a wound, movement of  an ar-
thritic joint etc.

There is limited data on pain association with chronic 
heart failure. It has been a priority for physicians to man-
age pain in chronically ill patient but it is rare for physi-
cians to assess or recognize pain as being a symptom in 
patients with HF. The presence of  pain in chronic heart 
failure patients are insidious and unnoticed[7]. Few studies 
demonstrated the association of  pain with heart failure. 
A case series using a retrospective review of  fifty patients 
with chronic heart failure for a period of  three and a half  
year indicated that pain was part of  multiple symptoms 
addressed during their hospital visits[29]. A multicenter, 
cross-sectional studies of  60 patients with heart failure 
indicated that more than fifty percent of  these patients 
reported pain, shortness of  breath, tiredness, drowsi-
ness or dry mouth[22]. Another study with 1786 chronic 
heart failure patient who completed questionnaires for 
symptom assessment of  heart failure showed that even 
though pain is common, pain is not necessarily due to 
angina even in patients with coronary heart disease[30]. 
Data obtained from three-hundred patients with chronic 
HF indicated that sixty-seven percent of  the patients 
reported pain with increment in the prevalence of  pain 
as the functional class worsens[7]. In a study of  ninety-six 
veterans with chronic HF, more than fifty percent report-
ed pain with more than thirty-seven percent rating their 
pain as moderate to severe[4]. Our study demonstrated 
that pain was present in more than 50% of  the patients 
which reinforces the evidence that pain is one of  the 
symptoms of  chronic HF. The pain sensation in patients 
with chronic HF might be inflammatory and neuropathic 

in origin or a combination of  different types of  pain, 
however, a concise classification of  the pain character in 
these patients is outside the frame of  the present study. 

 It is imperative for clinicians to recognize pain as part 
of  expected symptoms in patients with HF. Adequate 
pain management that might involve palliative care pro-
viders and multidisciplinary teams might be effective in 
minimizing sufferings and improve quality of  life[4,22,31-35]. 

This is a cross sectional subjective assessment of  
symptoms rather than an objective measure. Patients 
were randomly selected from an outpatient clinic cohort. 
No additional questionnaires were provided.

This study did not identify the causal mechanisms be-
hind the association of  pain and heart failure.

Pain and other non specific symptoms are usually not 
regarded as typical symptoms in patients with chronic 
heart failure[4,7]. Evidence supports that more than fifty 
percent of  patients with chronic HF report pain of  vari-
ous characters and intensities. Our data suggest that 
among other symptoms, pain appears to be prevalent and 
significantly affects quality of  life in heart failure patients. 
Adequate pain assessment and management should be 
an integral part of  chronic heart failure management. 
Involving a multidisciplinary team in the management 
of  heart failure can help to address the complex nature 
of  pain and improve the quality of  life. Further research 
to study the causal mechanism of  pain association with 
heart failure is needed. 
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reduce emergency visits and hospital admissions; (5) reduce overall morbidity; 
and (6) reduce costs. Even though pain management is not part of the present 
study, this aspect requires further investigation. 
Terminology
Heart failure is a condition that is usually caused by a reduction of the con-
tractile function of the ventricular chambers or an impairment of the relaxation 
properties of the cardiac chambers. 

253 August 26, 2012|Volume 4|Issue 8|WJC|www.wjgnet.com

Udeoji DU et al . Pain in heart failure

 COMMENTS



Peer review
This article retrospectively investigated the prevalence and severity of pain in 
patients with chronic heart failure. Chest pain is a clinical symptom suggesting 
myocardial ischemia. The research may include a potential important topic. 
There are some issues that need to be addressed precisely.
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Abstract
AIM: To evaluate the effects of eicosapentaenoic acid 
(EPA) on regional arterial stiffness assessed by strain 
rate using tissue Doppler imaging.

METHODS: Nineteen eligible patients were prospec-
tively studied (mean age 62 ± 8 years, 68% men). 
Subjects with large vessel complications and/or diabe-
tes mellitus were excluded. The strain rate of the as-
cending aorta was measured by tissue Doppler imaging 
as an index of regional arterial stiffness, and brachial-
ankle pulse wave velocity (baPWV) was measured as 
an index of degree of systemic arteriosclerosis. These 
indices were compared before and after administration 
of EPA at 1800 mg/d for one year. 

RESULTS: The plasma concentration of EPA increased 
significantly after EPA administration (3.0% ± 1.1% to 

8.5% ± 2.9%, P  < 0.001). There were no significant 
changes in baPWV (1765 ± 335 cm/s to 1745 ± 374 
cm/s), low-density lipoprotein cholesterol levels (114 ± 
29 mg/dL to 108 ± 28 mg/dL), or systolic blood pres-
sure (131 ± 16 mmHg to 130 ± 13 mmHg) before and 
after EPA administration. In contrast, the strain rate 
was significantly increased by administration of EPA 
(19.2 ± 5.6 s-1, 23.0 ± 6.6 s-1, P  < 0.05). 

CONCLUSION: One year of administration of EPA re-
sulted in an improvement in regional arterial stiffness 
which was independent of blood pressure or serum 
cholesterol levels.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Eicosapentaenoic acid (EPA) is derived from fish oil. It 
was previously reported that EPA administration reduces 
peripheral arterial stiffness measured by brachial-ankle 
pulse wave velocity (baPWV)[1]. It was also reported that 
EPA administration results in a reduction of  the inci-
dence of  cardiovascular diseases[2]. However, whether 
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EPA has any effect on regional arterial stiffness has re-
mained unclear.

We have previously reported that strain rate of  the 
ascending aorta measured by tissue Doppler imaging is 
an accurate and blood pressure-independent index of  re-
gional arterial stiffness[3]. We therefore examined whether 
administration of  EPA reduces regional arterial stiffness 
assessed by the strain rate of  the ascending aorta. 

MATERIALS AND METHODS
Study population
With approval from the Institutional Review Board, we 
prospectively enrolled 19 patients (mean age 62 ± 8 years, 
68% men) who visited our outpatient clinic for the man-
agement of  hypertension or dyslipidemia. We excluded 
patients with diabetes mellitus (HbA1c > 6.0%) and/or 
large vessel complications including ischemic heart dis-
ease, cerebrovascular disease, aortic aneurysm (diam-
eter of  aorta ≥ 35 mm), and arteriosclerosis obliterans 
(ankle-brachial index < 0.8)[4,5], assessed by history taking, 
physical examination, electrocardiography, transthoracic 
echocardiography, blood tests, and computed tomogra-
phy. Blood pressure was less than 140/90 mmHg in all 
patients, and low-density lipoprotein (LDL) cholesterol 
levels were less than 140 mg/dL for at least 2 years at the 
time of  their enrollment. 

Measurement of strain rate and baPWV
To evaluate the effects of  EPA on arterial stiffness, 
baPWV (as an index of  degree of  systemic arterioscle-
rosis[6]) and strain rate (as an index of  regional arterial 
stiffness[3]) were measured simultaneously. Both indices 
were determined before administration and one year after 
administration of  EPA at a daily dose of  1800 mg. After 
identifying the long axis of  the ascending aortic wall by 
tissue Doppler imaging, the strain rate was calculated by 
establishing a region of  interest on the ascending aortic 
wall using Vivid Five (GE, Yokogawa Medical Systems), 
and the velocity between two points was measured and 
divided by the distance between these two points[3] (Fig-
ure 1). The movement velocity between any two points 
can be quantitatively assessed by this index, which is 
known to be unaffected by tissue swing or tethering[7-9]. 
The same point was assessed before and after EPA ad-
ministration and the average of  three heart beats was 
evaluated. Comprehensive echocardiography was also 
performed before and after EPA administration. Blood 
pressure and baPWV were simultaneously measured us-
ing an automatic waveform analyzer (BP-203RPE; AT 
Company, Colin Medical Technology). Both tests were 
conducted in a room with calming background music 
where the temperature was maintained at 20  ℃. Each 
subject was instructed to rest in the supine position for 
15 min. Then, blood pressure and baPWV were simul-
taneously measured, and tissue Doppler imaging was 
subsequently performed. Written informed consent to 
participate in the study was obtained from all patients. 

Normal values in healthy subjects and intra- and inter-
observer variability
The strain rate of  the ascending aorta was measured in 
10 healthy subjects (mean age 36 ± 19 years, 50% men) 
to obtain the normal range of  the index. Inter-observer 
variability was assessed from 10 randomly selected images 
by 2 independent observers, each blinded to the results 
obtained by the other. Intra-observer variability was as-
sessed by repeated measurements from 10 images by the 
same observer one week after the first analysis. Inter- and 
intra-observer variability was calculated as the absolute 
difference between repeated measurements in percentage 
of  their mean.

Statistical analysis
The results represent the mean ± SD. The significance of  
differences between variables was determined by analysis 
of  variance. Student’s t test was used for statistical com-
parisons and a P value of  < 0.05 was considered to be 
statistically significant. 

RESULTS
Effects of EPA on lipid profile and blood pressure
There was no difference in the proportion of  patients with 
hypertension or dyslipidemia before and after administra-
tion of  EPA. No appreciable difference was noted in the 
details of  the use of  concurrent drugs. There was no sig-
nificant difference before and after EPA administration in 
LDL cholesterol levels (114 ± 29 mg/dL to 108 ± 28 mg/
dL), triglyceride levels (107 ± 52 mg/dL to 99 ± 24 mg/
dL), or systolic blood pressure (131 ± 16 mmHg to 130 
± 13 mmHg). The mean plasma concentration of  EPA 
increased from 3.0% ± 1.1% to 8.5% ± 2.9% at one year 
after EPA administration (P < 0.001) (Table 1). None of  
the patients experienced any particular adverse reactions.

Effects of EPA on baPWV and the strain rate of the aorta
Echocardiographic left ventricular systolic or diastolic 
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Figure 1  Measurement of the strain rate of the ascending aorta by tissue 
Doppler echocardiography. A: A region of interest (arrow) was identified on 
the ascending aortic wall; B: Strain rate (arrow) was recorded and the peak 
value during initial contraction was measured by averaging the systolic peak of 
three heart beats. 



parameters were not significantly different before and 
after administration of  EPA (Table 2). baPWV was 1765 
± 335 cm/s before EPA administration and 1745 ± 374 
cm/s at one year after EPA administration. The differ-
ence was not statistically significant. In contrast, the strain 
rate of  the ascending aorta was significantly increased 
from 19.2 ± 5.6 s-1 to 23.0 ± 6.6 s-1 by EPA administra-
tion (P < 0.05) (Figure 2), indicating that EPA adminis-
tration for one year improved the regional stiffness of  
the ascending aorta.

Normal values and reproducibility of the strain rate of 
the aorta
The mean value of  the strain rate of  the ascending aorta 
in 10 healthy subjects was 31.9 ± 5.0 s-1. Inter-observer 
and intra-observer variability for strain rate were 12% ± 
5% and 11% ± 4%, respectively.

DISCUSSION
Our data show that administration of  EPA for one year 
resulted in an improvement in regional arterial stiffness as 
indicated by increased strain rate of  the ascending aorta, 
and that this effect of  EPA on regional arterial stiffness 
is independent of  blood pressure or serum cholesterol 
levels.

The degree of  arteriosclerosis represents an impor-
tant predictive factor for cardiovascular outcome[10-13]. 
Appropriate management of  arteriosclerosis is clinically 

important, especially in the early stage of  cardiovascular 
diseases. EPA is taken up by vascular smooth muscle 
cells and considered to maintain the elasticity of  arteries. 
It was previously reported that administration of  EPA 
reduces peripheral arterial stiffness measured by baPWV, 
and the incidence of  cardiovascular disease[2,14,15]. 

To date, baPWV has been used as a noninvasive index 
of  arterial stiffness or arterial distensibility[6,16]. There are, 
however, several limitations concerning the evaluation of  
arterial stiffness by baPWV. Firstly, the actual length of  an 
artery used for measuring PWV is estimated based on an 
anatomical correction value. Secondly, baPWV is affected 
by systolic blood pressure and overestimated in hyperten-
sive subjects[17,18]. In contrast, the strain rate measured by 
tissue Doppler imaging accurately reflects the velocity of  
tissue movements[7-9], and thus can be used to noninva-
sively assess regional arterial stiffness. Our previous study 
demonstrated that the strain rate of  the ascending aorta 
is an accurate and blood pressure-independent index of  
regional atrial stiffness[3]. Positive results validating tissue 
Doppler imaging assessment of  arterial wall properties 
have also been reported in the evaluation of  abdominal 
aorta disease[19] and characterization of  the common ca-
rotid artery[20]. 

In the present study, one year of  administration of  
EPA significantly improved regional arterial stiffness of  
the ascending aorta but not baPWV. There are several 
published reports showing that baPWV was improved by 
the administration of  EPA[2,14,15], in which patients were 
treated with EPA for at least 2 years. The discrepancy be-
tween the present study and previous reports in the effect 
of  EPA on baPWV may be due to the difference in the 
length of  EPA administration. The observation that the 
effect of  EPA on arterial stiffness was not detected by 
baPWV also suggests that the strain rate of  the ascending 
aorta may be a more sensitive marker of  arteriosclerosis 
than baPWV. Finally, the relatively small number of  pa-
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Table 1  Clinical data before and after eicosapentaenoic acid 
administration (n  = 19)

Variables Pre-administration After-administration P  value

Systemic hypertension 17 (89%) 17 (89%) NS
Dyslipidemia 14 (74%) 14 (74%) NS
Body mass index (kg/m2) 23.9 ± 2.3 23.9 ± 2.5 NS
Systolic BP (mmHg) 131 ± 16 130 ± 13 NS
Diastolic BP (mmHg) 83 ± 9 80 ± 7 NS
Triglyceride (mg/dL) 107 ± 52   99 ± 24 NS
LDL cholesterol (mg/dL) 114 ± 29 108 ± 28 NS
EPA (%)   3.0 ± 1.1   8.5 ± 2.9 < 0.001

Values are given as mean ± SD or number (percentage). BP: Blood pres-
sure; LDL: Low-density-lipoprotein; NS: Not significant. 

Table 2  Echocardiographic data before and after eicosapen-
taenoic acid administration (n  = 19, mean ± SD)

Variables Pre-administration After-administration P  value

LA dimension (mm) 38 ± 5 39 ± 4 NS
LVDd (mm) 48 ± 3 48 ± 4 NS
LVDs (mm) 29 ± 4 30 ± 5 NS
Mitral E/A   0.96 ± 0.28   1.01 ± 0.56 NS
Mitral DT (ms) 218 ± 44 232 ± 60 NS
LV ejection fraction (%) 76 ± 8 76 ± 9 NS
Strain rate of aorta (s-1) 19.2 ± 5.6 23.0 ± 6.6 < 0.05

LA: Left atrial; LVDd: Left ventricular end-diastolic dimension; LVDs: Left 
ventricular end-systolic dimension; DT: Deceleration time; NS: Not signifi-
cant. 

Figure 2  Effect of eicosapentaenoic acid on brachial-ankle pulse wave 
velocity and the strain rate of the ascending aorta. A: No difference was 
noted in baPWV before and after eicosapentaenoic acid (EPA) administration; 
B: In contrast, a statistically significant increase in the strain rate of the ascend-
ing aorta was observed after one year of EPA administration. PWV: Pulse wave 
velocity; NS: Not significant.
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tients examined and the lack of  a control group need to 
be recognized as limitations of  this study. 

In conclusion, the strain rate of  the ascending aorta 
was a sensitive and blood pressure-independent marker 
of  arteriosclerosis. Administration of  EPA for one year 
led to an improvement in regional arterial stiffness as 
indicated by strain rate, even though there was no change 
in blood pressure or serum cholesterol levels.
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Abstract
Magnetic resonance imaging can be used for prepro-
cedural assessment of complex anatomy for radiofre-
quency (RF) ablations, e.g., in a univentricular heart. 
This case report features the treatment of a young 
patient with a functionally univentricular heart who suf-
fered from persistent sudden onset tachycardia with 
wide complexes that required RF ablation as treatment.
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INTRODUCTION
Patients with a univentricular heart are born with a unique 
cardiac anatomy, including a wide range of  heterogenic 
morphologies. The heart usually consists of  a functionally 
single main ventricle that is associated with a hypoplastic 
or rudimentary second ventricular chamber. The anatomy 
of  the outflow and inflow tract can also be altered, for 
example a double inlet or common atrioventricular canal 
can exist. Tricuspid or mitral atresia is often found. The 
clinical presentation depends on the exact anatomic fea-
tures, but congestive heart failure commonly develops. A 
possible treatment is a complex surgical procedure, called 
Fontan’s operation, that ensures patient survival beyond 
childhood and teenage years. Fontan’s operation forms a 
total cavopulmonal anastomosis that connects the venae 
cavae directly to the pulmonary system without participa-
tion of  the right atrium and ventricle. With increasing 
age, the patients often develop long-term side effects, the 
most common being cardiac arrhythmia, hepatic dysfunc-
tion and thrombosis[1]. Cardiac arrhythmias can be very 
resistant to medical treatment, thus requiring ablation 
therapy. Ablation therapy has been proven to be a very 
reliable treatment, with high long-term success rates[2]. 
The unique anatomy can be challenging for this proce-
dure[3-9]. Magnetic resonance imaging (MRI) is a sensitive 
tool for soft tissue imaging and can be of  great help in 
planning such an intervention.

CASE REPORT
A 17-year-old boy with wide complex tachycardia (heart 
rate approximately 230 bpm), presented to our emer-
gency room with dizziness and angina (Figure 1A). The 
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tachycardia had been present for more than 3 h at the 
time of  presentation. The patient maintained hemody-
namic stability. Acute treatment included administration 
of  adenosine, which had no effect on the tachycardia. 
Administration of  ajmaline successfully terminated the 
tachycardia. The lack of  an effect of  adenosine led to the 
conclusion that supraventricular tachycardia (atrioventri-
cular node reentry or accessory pathway) was very un-
likely. The acute treatment was followed up by an invasive 
electrophysiological (EP) study during the patient’s stay at 
our hospital. 

The patient had been born with a hypoplastic right 
ventricle and atrium, and atresia of  the tricuspid valve. 
The functionally univentricular heart with a ventricular 
septal defect and L-malposition of  the main arteries had 
been treated with Fontan’s operation at the age of  4 years. 
Besides these cardiac conditions, the patient suffered 
from hypofunction of  the thyroid gland and attention 
deficit hyperactivity disorder. At the time of  admission, 
the patient was treated with medikinet (methylphenidate) 
and aggrenox (acetylsalicylic acid and dipyridamol). 

In this complex case with a univentricular heart and 
prior cardiac surgery (Fontan’s operation to form a total 
cavopulmonal anastomosis without participation of  the 
right atrium and ventricle), we chose to examine the pa-
tient using MRI before the EP study. There are several 
advantages of  MRI: first, it provides actual information 
on cardiac anatomy beyond operative notes; second, it of-
fers better anatomical information and, in particular, bet-
ter soft tissue contrast than echocardiography, which is 
important for exploring access routes (MR angiography) 
to the cardiac chambers; and third, contrast-enhanced 
late enhancement (LE) imaging can indicate intramural 

scars in contrast to CARTO3 alone, which is dependent 
on endocardial voltages. Furthermore CARTO3 cannot 
provide preprocedural information on anatomy.

A 3T Trio (Siemens, Erlangen, Germany) system 
was used for the MRI studies. 3D-MR angiography 
demonstrated the dextroposition of  the aorta and an 
anastomosis between the venae cavae and the pulmonary 
arteries (Figure 1C and D). Steady-state free precession 
(SSFP true-FISP) imaging (images not shown) revealed 
a ventricular left-right shunt in the basal area as well as a 
ventricular septal patch. Septal hypokinetic activity with 
a remaining ejection fraction of  49% and a cardiac index 
of  3.3 L/min/m² was documented. After administration 
of  gadolinium-based contrast agent, the LE scan showed 
a hypoplastic right atrium and right ventricle (Figure 1B). 
Except for subtle signal enhancement at the site of  the 
septal patch, no left ventricular scar/fibrosis was detected 
(Figure 2B).

The actual EP study was performed using CARTO3 
with a single 7F Navistar Thermocool D-Type/3.5 
mm/115 cm catheter (Biosense Webster, Diamond Bar, 
CA, United States). The arterial access was chosen in ac-
cordance with the specific anatomy and the MRI scans 
showed no direct venous connection to the cardiac main 
chamber.

During the EP evaluation, all attempts using pro-
grammed stimulation to induce the tachycardia failed, 
even under isoprenaline. However, occasional premature 
ventricular complexes (PVCs) were detected. Supra-
ventricular stimulation was not possible since the right 
atrium could not be reached due to anatomical obstacles 
in the univentricular heart, and the left atrium could not 
be stimulated in a reliable fashion by retrograde access via 
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Figure 1  Wide complex tachycardia. A: Electrocardiographic 
findings in the emergency room; B: Long-axis late gadolinium 
enhancement view, main chamber and one outflow tract; C: Mag-
netic resonance (MR) angiography, arterial phase [maximum in-
tensity projection (MIP)]; D: MR-angiography, venous phase (MIP). 
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the left ventricle.
Validation of  tachycardia origin was achieved with 

two approaches. Stimulation of  the septal wall showed 
a QRS morphology similar to the complexes during the 
tachycardia. Secondly PVCs with electrocardiographic 
morphology similar to that found during tachycardia 
were used to create a CARTO3-based 3D-activation map, 
localizing the origin of  earliest activation at the same 
septal area as the pace map. The PVCs were identical to 
the documented wide complex tachycardia, suggesting a 
triggered focus as origin. No areas with low voltage sig-
nals were detected which corresponds with the lack of  
scars/fibrosis in the MRI. His potentials were detected 
near this focus, indicating close proximity of  the bundle 
(Figure 2A). However, bundle branch reentry tachycardia 
seemed extremely unlikely, since we had no reproduc-
ible induction of  the ventricular tachycardia (VT). Since 
induction of  VT failed, we could not see a stable His or 
bundle branch potential that would have preceded each 
ventricular activation and which then could indicate a 
bundle branch reentry[10].

Despite the close proximity of  the focus to the bun-
dle of  His, radiofrequency (RF) ablation at a sufficient 
distance from the delicate bundle of  His region was fea-
sible. After the ablation, no PVCs were detected. A post-
ablational LE MRI scan showed the ablation scar located 
at the septal wall close to the patch that had been used 
for closing the ventricular defect (Figure 2C). 

In addition to the EP evaluation and ablation, optimi-
zation of  the patient’s medical treatment was undertaken. 
Medikinet (methylphenidate) can be pro-arrhythmic[11] 
and might have contributed to the development of  ar-
rhythmias in the univentricular heart after Fontan’s opera-
tion. At present, 8 mo after the ablation, the patient is in 
good health and, to date, there has been no recurrence of  
the tachycardia.

Patients with a univentricular heart often exhibit very 
complex heart pathologies even if  treated early with 
Fontan’s operation[12]. After this surgical procedure, heart 
anatomy and function remain idiosyncratic[13]. A strong 
association with cardiac arrhythmias has been described, 

and which might be challenging to treat[1,14]. MRI might 
offer essential therapeutic help, as it provides a very 
good insight into the anatomy of  these hearts, thus al-
lowing better planning of  sometimes necessary EP pro-
cedures[15]. MRI can also be used to delineate ablation 
lesions in patients[2]. As shown in the current case, the 
synopsis of  morphological and structural information 
and a thorough evaluation of  the electrical activities can 
result in superior guidance and successful ablation in 
such difficult cases. Written consent for publication was 
obtained from the patient’s guardian.
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Figure 2  Tachycardia origin and post-ablation scan. A: Carto3. Yellow: His Bundle; red: area of earliest activation; red dots marked by white arrows: ablation sites; 
B: Short axis ate gadolinium enhancement (LGE) prior to ablation with no areas indicating scars. Note area of the septal patch (white arrow); C: Short axis LGE post-
ablation: the ablation lesion is close to the area of the septal patch (white arrow). 
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Abstract
Coronary artery anomalies are usually encountered as 
coincidental findings during coronary angiography or at 
autopsy. Life threatening symptoms, such as arrhyth-
mias, syncope, myocardial infarction, or sudden death, 
can occur in up to 20% of patients. However, the ma-
jority of anomalies (80%) are benign and asymptom-
atic. A single coronary artery (SCA) is one of the most 
rarely seen coronary anomalies with an incidence of 
0.05%. We report the case of a 55-year old male pa-
tient who presented with symptoms of chest pain as-
sociated with an acute myocardial infarction. Coronary 
angiography revealed an anomalous left main coronary 
artery (LMCA) originating from the right coronary os-
tium, and an occluded distal right coronary artery. The 
occluded distal right coronary artery was successfully 
treated by thrombosuction and stenting. In order to 
confirm the origin and course of the SCA, multi-slice 
computed tomography (MSCT) of the heart was per-
formed after coronary angiography. MSCT showed that 
the anomalous LMCA originated from the right coro-
nary artery ostium and then passed the interventricular 
septum, instead of being intra arterial, and under the 
right ventricular infundibulum. The anomalous LMCA 
was classified as R-Ⅱ S subtype according to Lipton’s 
classification.
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INTRODUCTION
A single coronary artery (SCA), defined as an artery that 
arises from the aortic trunk from a single coronary osti-
um and supplies the entire heart, is rare. Coronary anom-
alies are inborn errors, and life-threatening symptoms, 
such as arrhythmias, syncope, myocardial infarction, or 
sudden death, can occur in up to 20% of  patients. How-
ever, the majority of  anomalies (80%) are benign and as-
ymptomatic[1]. They are usually encountered as coinciden-
tal findings during coronary angiography or at autopsy. 

The incidence of  a left main coronary artery (LMCA) 
originating from the ostium of  the right coronary artery 
(RCA) is very low (0.05%)[2]. There are several classifica-
tions for coronary artery anomalies. Lipton proposed a 
classification of  solitary coronary arteries in 1979 which 
combined two previous classifications defined by Smith 
in 1950 and Ogden and Goodyer in 1970. 

CASE REPORT
A 55-year old man presented at the emergency depart-
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ment with progressive typical anginal symptoms for a 
few days. The patient’s medical history showed no car-
diovascular diseases and his sole risk factor was current 
smoking. Physical examination revealed a blood pressure 
of  115/80 mmHg with a regular pulse of  64 beats per 
minute, heart murmurs were absent and there were no 
signs of  heart failure. 

Laboratory assessment disclosed evidence of  myocar-
dial injury, but was otherwise unremarkable:  troponin T 
(0.49 μg/L, normal < 0.10 μg/L) and creatine kinase (805 
E/L, normal < 200 E/L). Electrocardiography demon-
strated a sinus rhythm of  68 beats per minute and ST 
depression of  2 mm in leads V2-V4. The patient was ad-

mitted to our hospital with a non-ST elevated myocardial 
infarction and, after treatment with appropriate medica-
tion, his chest pain disappeared. 

The day after admission, chest pain reappeared and 
the electrocardiogram now showed sinus rhythm with ST 
elevation in leads Ⅱ, Ⅲ, aVF and 1 mm ST depression 
in V2-V5 without the presence of  pathological Q waves. 
Thereupon, coronary angiography was performed imme-
diately. The angiogram demonstrated a SCA: the LMCA 
originated from the ostium of  the RCA (Figure 1A and B). 
There was a borderline lesion in the proximal RCA and 
an occlusion of  the posterolateral branch of  the RCA 
(Figure 1A). Thrombosuction and stenting of  the oc-
cluded branch was performed successfully (Figure 1C). In 
order to confirm the origin and course of  the anomalous 
LMCA, multi-slice computerized tomography (MSCT) of  
the heart was performed (Figure 2). The results showed 
the anomalous LMCA originating from the ostium of  the 
RCA and passing the interventricular septum, rather than 
being intra arterial, then under the right ventricular infun-
dibulum (Figure 3). The anomalous LMCA was classified 
as R-Ⅱ S subtype (Table 1).  

DISCUSSION
Most coronary artery anomalies are asymptomatic and 
are usually encountered as coincidental findings during 
coronary angiography or autopsy[1]. The most commonly 
seen coronary artery anomaly include the left anterior de-
scending and ramus circumflex (RCx) arteries arising from 
separate ostia in the left sinus of  Valsalva. The RCx artery 
arising from the right sinus of  Valsalva, the RCA arising 
from the left sinus of  Valsalva, and coronary artery fistu-
lae are also commonly seen. An isolated SCA anomaly is 
one of  the most rarely seen coronary anomalies[3]. These 
coronary anomalies are classified by Lipton according to 
the site of  origin from the left and right coronary arter-
ies, the anatomical distribution on the ventricular surface, 
and according to the relationship with the ascending aorta 
and the pulmonary artery (Table 1)[3]. Our case provides 
an example of  a SCA arising from the right sinus of  Val-
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Figure 1  Angiographic view. A:Origin of the left main coronary artery in the 
ostium of the right coronary artery. The ramus posterolateralis (RPL)-branch 
is occluded; B: The course of the left main coronary artery to the left anterior 
descending and ramus circumflex; C: Angiographic result of the ramus postero-
lateralis branch after percutaneous coronary intervention with thrombosuction, 
balloon dilatation and stent implantation. RCA: Right coronary artery; LMCA: 
Left main coronary artery; RDP: Ramus descendens posterior; LAD: Left ante-
rior descending; RCx: Ramus circumflex. 

Figure 2  Multi-slice computed tomography showed the anomalous left 
main coronary artery originating from the ostium of the right coronary ar-
tery. AO: Aorta; LA: Left atrium; RV: Right ventricle; RCC: Right coronary cusp; 
LAD: Left anterior descending; RCx: Ramus circumflex. 
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salva and which had an initial common trunk that gave 
rise to both the RCA and a long LMCA which followed a 
prepulmonic intraseptal course (R-Ⅱ S subtype), which is 
rare and non-malignant[4]. In patients with a SCA and an 
intra arterial course, sudden death may take place since the 
coronary artery is compressed between the aorta and the 
pulmonary artery during vigorous exercise[4].

Coronary angiography is the gold standard for the 
evaluation of  coronary artery disease. However, in the 
case of  coronary anomalies, further evaluation by MSCT 
or cardiac magnetic resonance imaging is recommended 
to determine the course of  the anomaly and prognosis. 
The excellent spatial resolution of  MSCT makes this 
technique very suitable to detect the relationship of  the 
anomalous vessels with the aorta, pulmonary artery and 
cardiac structures[5]. It is a safe technique and provides 
detailed 3-dimensional reconstructions that may be dif-
ficult to obtain with invasive angiography.

In our patient, we diagnosed the SCA by coronary an-
giography and further delineated the course of  the anom-
alous coronary artery in relation to the aorta and pulmo-
nary artery by MSCT. The management of  patients with 
a SCA includes a conservative approach in most patients, 
but in the case of  an intra arterial course, coronary artery 
bypass grafting is the treatment of  choice to prevent sud-

den death[5].
The incidence of  a LMCA originating from the 

ostium of  the RCA is very low (0.05%). Our case of  
a 55-year old male patient with this coronary anomaly 
underwent MSCT to confirm the origin. The anomalous 
LMCA passed the interventricular septum and therefore 
was classified as R-Ⅱ S subtype according to Lipton’s 
classification. 
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Figure 3  Reconstructed 3-dimensional image demonstrates that the 
anomalous left main coronary artery originates from the ostium of the 
right coronary artery. The LMCA proceeds intraseptal (R-Ⅱ S subtype). AO: 
Aorta; LV: Left ventricle; LMCA: Left main coronary artery; RV: Right ventricle; 
LAD: Left anterior descending; RCA: Right coronary artery; PA: Pulmonary ar-
tery.

Table 1  Angiographic classification of a single coronary 
artery proposed by Lipton in 1979[3]

Ostial location R Right sinus of Valsalva
L Left sinus of Valsalva

Anatomical 
distribution

I Single coronary artery with normal right or left 
coursing (RC or LC) 

II After leaving the right or left sinus the single 
coronary artery crosses at the base of the heart 

as a large transverse trunk in order to supply the 
contralateral coronary artery

III Single coronary artery arising from the right sinus, 
with the left anterior descending and circumflex 

arteries from separate coronary artery trunks 
instead of a single trunk immediately at the exit

Course of the 
transfer branch

A Anterior to the large vessels 
(anterior to the right ventricle)

B Between the aorta and pulmonary artery
P Posterior to the large vessels
S Septal type (above the interventricular septum)
C Combined type

LAD

RV

LMCA
RCA

LV

PAAO
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Notes in tables and illustrations
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