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Fig. 1. Inter-observer variability in stent volume index of beginner and expert analysts using

IVUS and FD-OCT. The inter-observer variability of mean stent area was minimal for both
beginner and expert analysts for both IVUS (1-A, random variability: 0.38 vs. 0.05 mm®/mm)
and FD-OCT (1-B, random variability: 0.26 vs. 0.08 mm®/mm).

analysts with FD-OCT as compared to IVUS; and (3)
In particular, at the patient level, the reproducibility of
qualitative analyses of FD-OCT images was signifi-
cantly lower for beginner analysts as compared to
experts.

IVUS is widely used as a major diagnostic and
assessment tool that provides detailed cross-sectional
imaging of blood vessels in the cardiac catheterization
laboratory. Our results suggest that the interpreter’s ex-
perience when evaluating IVUS images does not
appear to significantly impact the reproducibility or
reliability of the results for both quantitative and quali-
tative evaluations. Of note, in quantitative FD-OCT
analyses, the discrepancies between beginner and
expert analysts were even less than with IVUS. This
may be because of FD-OCT’s 10-fold higher resolu-
tion, providing a clearer delineation of intravascular
properties. We observe that random variability can also
contribute to some observed differences (0.38 mm?/
mm in IVUS and 026 mm’/mm with FD-OCT).
Though no prior studies comparing beginner and expert

quantitative analyses of IVUS and FD-OCT exist,
Yamaguchi et al. [11] reported that intra-observer per-
cent errors of lumen measurements of FD-OCT and
IVUS were 2.0 £ 1.1% and 2.5 *=2.4%, respectively.
These reproducibility results were similar to those of
both beginner and expert analysts in our study. Consid-
ering these results, the increased resolution of FD-OCT
appears to decrease the variability in measurement
of quantitative parameters despite varying levels of
training.

Several studies have shown FD-OCT to be superior
to IVUS in visualization of microscopic structures of
the coronary arteries [3-5]. Kawamori et al. [12]
recently found that in 18 patients undergoing percuta-
neous coronary intervention, ISA was more frequently
observed by FD-OCT than by IVUS (30% vs. 5%,
P =0.0381), and edge dissection was not detected at
all by IVUS, but was detected in 10% by FD-OCT.
Although prior studies do not compare beginner and
expert qualitative analyses of IVUS and FD-OCT, our
study suggests that both beginner and expert analysts

Catheterization and Cardiovascular Interventions DOI 10.1002/ccd.
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TABLE 1L Quahtatlve Gompanson' mJPatlent Level Analysns , Y
: * Inter-observer dgreement k . k51nfré-dbserver,agfeemerit
Beginner (%) Expert (%‘) P : . Beginner (%) Expert (%) P

IVUs '

ISA 9/14 (64) 11/14 (79) 0.678 9/14 (64) 14/14 (100) 0.041

Edge dissection 11/14 (79) 12/14 (86) >0.999 12/14 (86) 14/14 (100) 0.482
FD-OCT

1SA 5/14 (36) 10/14 (71) 0.058 7/14 (50) 13/14 (93) 0.033

Edge dissection 7/14 (50) 13/14 (93) 0.033 13/14 (93) 14/14 (100) >0.999

Intra-stent dissection 0/14 (0) 5/14 (36) 0.041 2/14 (14) 13/14 (93) <0.0001
ISA, incomplete stent apposition.
detected more ISA and dissection with FD-OCT as TABLE . Number of Findings in Lesion Level Analysis
compared to IVUS. There was similar patient level Beginner Beginner Expert  Expert Gold
agreement of qualitative variables between beginner ! 2 I 2 standard
and expert analysts of IVUS images, but there was less  1vus
agreement based on FD-OCT image analysis. Further- Isa 40 6(3) 40 5 4
more, in contrast to quantitative FD-OCT analyses,  Edge dissection 2(I) 3@ 20 2z 2

. . . ] - FD-OCT

there was a significant difference in reproducibility of ISA 2512 16 (5) A7) 16G) 14
qualitative FD-OCT analyses between beginner and gy digsection  10(1)  2(=7)  10(1) 10(3) 9
expert analysts. These data suggest that the higher re- Intra-stent 14 (6) 18 (8) 19¢10) 164 12

solution from FD-OCT reveals more detail, necessitat-
ing greater experience in order to distinguish artifacts
from real findings. We postulate that this may
Catheterization and Cardiovascular Interventions DO 10.1002/ccd.

dissection

Brackets show number of findings with over diagnosis. Minus value
means the number of findings was under-estimated.
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Fig. 3. Case examples. Because of a lack of deep-side struc-
ture information, either a side branch or cavity with flap was
suspected in Case 1 (1A-1C). In addition, neighbor frames (just
one frame distal or proximal) did not show cavity formation;
therefore, the FD-OCT images could not clarify exact struc-
tures. However, the IVUS images clearly showed the

highlight the importance of adequate education and
training in order to ensure accurate and clinically rele-
vant FD-OCT qualitative assessment.

Even for expert analysts, there was room for
improvement in the reproducibility of detecting ISA
and dissection using FD-OCT. One possible reason
for this is that there is no established standard defini-
tion for the severity and/or grade of these findings.
Because FD-OCT can detect small findings compared
with IVUS, the threshold of significant findings might
be different according to different analysts. Therefore,
we may need to determine not only the presence or

Observer Variability in IVUS and FD-OCT E197

Distal

merged process of the side branch. Case 2 (2A-2C) indi-
cates where a beginner analyst diagnosed a side branch,
but an expert analyst diagnosed a dissection. Case 3 (3A
and 3B) indicates where a beginner analyst diagnosed a
dissection with cavity (broken line), but an expert diag-
nosed a major side branch (solid line) with carina.

absence of findings, but also the severity or degree of
findings based on semi-quantitative analysis. Another
difficulty with FD-OCT interpretation relates to the
significantly lower vessel wall penetration compared
with IVUS. The relationships of deep-side structures
as well as near-side information are often needed to
distinguish structures such as side branches from a
cavity or dissection. Moreover, a relatively faster
pullback speed may result in a lack of longitudinal
continuity, which may produce findings on one
cross-sectional image that significantly changes in
neighboring frames. Finally, the inability to

Catheterization and Cardiovascular Interventions DOI 10.1002/ccd.
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TABLE IV. Qualitative Comparison in Lesion Level Analysis (vs. Gold Standard)

Inter-observer agreement

Beginner 1 Beginner 2 P Expert | Expert 2 P
IVUS
ISA 1/4 3/4 0.486 4/4 4/4 >0.999
Edge dissection 12 12 >0.999 2/2 12 >0.999
FD-OCT
ISA 13/14 11/14 0.596 14/14 13/14 >0.999
Edge dissection 9/9 2/9 0.002 9/9 7/9 0.471
Intra-stent dissection 8/12 10/12 0.640 12/12 12/12 >0.999
Intra-observer agreement
Beginner 1 Beginner 1 P Expert 1 Expert | P
IVUS
[SA 1/4 1/4 >0.999 4/4 4/4 >0.999
Edge dissection 1/2 12 >0.999 2/2 2/2 >0.999
FD-OCT
ISA 13/14 13/14 >0.999 14/14 14/14 >0.999
Edge dissection 9/9 8/9 >0.999 9/9 9/9 >0.999
Intra-stent dissection 8/12 6/12 0.408 12/12 12/12 >0.999

completely eliminate red blood cells during image
acquisition may cause further difficulty. Some types
of thrombus are diagnosed by observing floating
objects under blood flow; however, this may be diffi-
cult by FD-OCT.

FD-OCT is very sensitive for detecting tiny findings
such as dissections, ISA, or thrombus; however, the
clinical significance of subtle degrees of these findings
remains unclear. Further studies with an established def-
inition for the severity of these findings may be war-
ranted to evaluate the exact importance of training in
assessment of qualitative FD-OCT analysis.

Limitations

The most significant limitations of our study are our
sample size, as well as the limited number of analysts
we used. Follow-up studies with larger sample sizes and
more analysts will be required to confirm these findings.
Additionally, the clinical impact of our findings remains
to be determined through follow-up analyses.

CONCLUSION

Despite varying levels of training, the increased re-
solution of FD-OCT compared to IVUS provides better
detection and less variability in quantitative image
analysis. On the contrary, this increased resolution not
only increases the rate but also the variability of detec-
tion of qualitative variables (ISA and dissection).
Accordingly, the level of an analyst’s training may be

Catheterization and Cardiovascular Interventions DOI 10.1002/ced.

more relevant in the interpretation of abnormal findings
detected on FD-OCT image evaluation.
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(1) Role of salt in hypertension and cardiovascular diseases

Katsuyuki Ando!, Hiroo Kawarazaki?, Katsuyuki Miura®, Hideo Matsuura?, Yoshihiko Watanabe®,
Katsushi Yoshita®, Minoru Kawamura’, Miho Kusaka®, Hisashi Kai®, Takuya Tsuchihashi!® and

Yuhei Kawano!!

Dietary salt consumption is closely associated with the level of blood pressure (BP); stricter salt reduction more markedly
decreased BP. Obesity/metabolic syndrome, Dietary Approach to Stop Hypertension (DASH) diet, exercise and mental stress
influence the BP-elevating effect of high-salt diet. Observational and intervention studies suggested that salt restriction
improved the risk of cardiovascular diseases. However, the effects may differ among the types of the hypertensive
complications; salt reduction may decrease the risk of stroke more than that of ischemic heart disease. Small-scale studies
demonstrated that excess salt increased the risk of the left ventricular hypertrophy, heart failure, the urinary protein/albumin
levels and end-stage renal failure. These diverse beneficial effects of sait reduction are probably because low-salt diet is an
effective strategy to decrease BP and body fluid volume but is less effective to ameliorate the other cardiovascular risk factors.
A mean salt intake in Japan is markedly high. Considering the present condition, salt reduction is essential for the prevention
and treatment of hypertension and for the prevention of cardiovascular diseases.

Hypertension Research (2013) 36, 1009-1019; doi:10.1038/hr.2013.102; published online 24 October 2013

Keywords: blood pressure; heart disease; kidney disease; sodium chloride; stroke

INTRODUCTION

Excessive salt intake has been known to be an important environ-
mental factor in the pathogenesis of hypertension. Not only many
animal experiments but also epidemiological and interventional
human studies demonstrated that high salt intake increased blood
pressure (BP), and that salt reduction exhibited antihypertensive
effects.! Therefore, it is clear that excessive salt consumption is one of
the major factors for BP rise. In many guidelines for the management
of hypertension, salt restriction is recommended as a lifestyle
modification. In the Japanese Society of Hypertension Guidelines
for the Management of Hypertension (JSH2009),2 the target level of
salt intake is set as <6g per day. As the salt intake in the Stone Age is
estimated to have been 0.5 to 3g per day® humans may have been
adapted to such a low salt intake. There has been a marked increase in
salt intake during the past 1000 years.* Considering human history,
this increase has been very rapid. In the modern society, in which the

number of aged and obese people is greater than in the past, however,
the effects of excessive salt intake in human health may be altered.
Many animal experiments showed the inhibitory effects of salt
reduction on the onset and progress of cardiovascular diseases.
However, it may remain controversial whether low salt intake is
beneficial to suppression of cardiovascular diseases in humans. Salt
reduction lowers BP but enhances the renin-angiotensin-aldosterone
system.5 Some studies have indicated that low salt intake stimulated
the sympathetic nervous system and exacerbated the risk factors for
metabolic syndrome® As most studies regarding salt intake and
cardiovascular diseases in humans have been epidemiological, some
conflicting results may reflect the fact that the accurate assessment of
dietary salt intake is difficult and that changes in salt consumption
alters the dietary pattern. Furthermore, the increased risk for
cardiovascular diseases with reducing salt intake in a few studies
may simply indicate that high-risk patients with cardiovascular
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diseases are-more positively performing salt-reducing strategies as
compared with low-risk patients.

The purpose of this report is to validate evidence on the relation-
ship of dietary salt intake to hypertension, cardiovascular diseases and
the risk factors for cardiovascular diseases, and to clarify whether
dietary salt reduction is beneficial in subjects with hypertension and/
or cardiovascular diseases. 3
SALT AND HYPERTENSION
Salt intake and BP level
Many experimental, epidemiological and interventional studies
demonstrated that high salt intake was associated with the onset
and progress of hypertension.!” According to a classical
epidemiological study by Dahl and Love® there was a positive
correlation between salt intake and incidence of hypertension in the
studied population, and hypertension was noted in ~30% of
residents in the Tohoku District (1950s), with a salt intake of ~25
to 30g per day. In Japan, the incidence of hypertension has rapidly
decreased with a recent, marked reduction in salt intake, In the
International Study on Salt and Blood Pressure (INTERSALT),? in
which the relationship between salt intake and BP was investigated

.through a survey involving various areas of the world, including

Yanomamo in South America (dietary salt intake: <0.1g per day)
and Tianjin in China (~ 15 g per day), there was a positive correlation
between the salt intake estimated from the urinary excretion of
sodium (Na) and BP. In particular, the mean BP was markedly low in
a population with a very low salt intake (<3 g per day). In addition,
there was no aging-related increase in BP in such a population with a
very low salt intake. As there are individual differences in the salt-
induced increase in BP (salt sensitivity),'®!! it is difficult to identify
the relationship between salt intake and BP in epidemiological studies
involving a single population or populations with a similar lifestyle
(salt intake). However, even such studies indicated the positive
relationship between salt intake and BP'!?

In Japan, there has been no large-scale, interventional study in
which the antihypertensive effects of salt reduction were evaluated.
In studies in Europe and the United States, such as the Trials of
Hypertension Prevention (TOHP)-L!¥ Trial of Nonpharmacologic
Interventions in the Elderly (TONE)!® and Dietary Approaches to
Stop Hypertension (DASH)-Sodium,!¢ significant antihypertensive
effects of salt reduction were observed. The achieved salt intake in
these studies was lower than in the TOHP-II study,'? in which there
were no significant BP-lowering effects, Therefore, to obtain
significant decrease in BP, salt intake should be reduced to some
extent. For example, in the TONE study, the level of salt restriction
effective for maintaining a normal BP after the discontinuation of an
antihypertensive drug was ~5.6g per day or less.'® However, this
value was obtained in Burope and the United States, in which the
average salt intake in general public is lower than in Japan. A
significant decrease in BP may be achieved in Japan even if salt intake
is not reduced to the level that has been reported in Europe and the
United States,

A meta-analysis of intervention studies,'? in which the antihy-
pertensive effects of moderate salt reduction were investigated,
showed that when salt intake was reduced from 9.5 to 5.1 g per day
(median) in hypertensive patients (4.6g per day of decrease),
there was a 5.0/2.7 mm Hg of mean decrease in BP (Figure 1). In
other words, the systolic BP decreased by 1.2mm Hg per 1.0g per
day salt reduction in hypertensive patients. In normotensive
individuals, a 4.4g per day decrease in salt intake led to a 2.0/
1.0mm Hg decrease in BP. Another meta-analysis indicated that a

Hypertension Research

4-
24 ®
0.
o
2
r-]
g‘l\
of
£
= E < Nommotensives
2
g
] < Hypertensives
‘12 ¥

2 3 4 -5 -6 7
Changes in the urinary
excration of Na
(calculated as salt: g/day)

Figure 1 Meta-analysis of the antihypertensive effects of salt reduction.!? In
both hypertensive and normotensive individuals, the relationship between
the grade of salt reduction estimated by urinary sodium (Na) excretion and
blood pressure (BP) decrease was linear. Salt reduction may exhibit
antihypertensive effects in accordance with its grade.

5.6g per day decrease in salt intake resulted in a 3.7/0.9mm Hg
decrease in BP in hypertensive patients, and that a 7.4g per day
decrease in salt intake resulted in a 1.0/0.1 mm Hg decrease in
BP in normotensive individuals.2® Although the decrease in BP
varied among studies, a reduced salt intake linearly lowered BP
in accordance with its extent of decrease. Slight salt reduction
could contribute to a decrease in BP, even though the BP decrease
is small.

Thus, BP rises in accordance with increase in salt intake. Based on
the results of the above interventional study,}4-12 salt intake must be
reduced to ~6g per day or less to obtain a significant decrease in BP
in a population with the same salt intake as reported in Europe and
the United States. Considering this, the target salt intake was
established as <6g per day in many guidelines for hypertension
treatment. In addition, in the INTERSALT? study, the mean BP was
markedly lower in a population with a salt intake of <3 g per day. In
the DASH-Sedium?® study, salt reduction at 3.8 g per day (period of
30 days) resulted in a marked decrease in BP without causing adverse
events, Therefore, a salt intake of <6 g per day has been considered to
be reasonable.

Individual differences in the BP response to salt reduction

There are marked individual differences in the BP response to changes
in salt intake.!®!! Clinically, the antihypertensive effects of salt
reduction are large in elderly individuals, obese subjects, patients
with metabolic syndrome, diabetics, hypertensives with kidney
dysfunction and low-renin hypertensives.” However, as many factors
are involved in the salt sensitivity of BP in a complex manner, it is
difficult to predict the salt sensitivity based on clinical characteristics
in individual patients. The salt sensitivity of BP is consecutively
distributed,!®!! and antihypertensive effects may be achieved in many
patients by reducing salt intake (Figure 2). Furthermore, a study
reported that in resistant hypertensive patients, salt reduction from 15
to 3 g per day led to a decrease in BP even during the administration
of antihypertensive drugs?' Actually, it was established that salt
restriction enhanced the effects of several antihypertensive drugs.
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