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Abstract

Background:Atherosclerosis is a generalized disease of the arterial vasculature; among
thus it manifests in the descending aorta and the coronary arteries. We tested whether
known risk factors, the coronary flow velocity reserve and the grade of aortic athero-
sclerosis detected by transoesophageal echocardiography in the course of the same
semi-invasive examination is able to distinguish between patients with significant left
anterior descending coronary artery (LAD) stenosis or with multivessel disease.

Methods and results: The present study involved 125 consecutive patients (mean
age: 56 11 years, range: 22–73) with chest pain undergoing coronary angiography.
Grade of aortic atherosclerosis was obtained by means of transoesophageal echocar-
diography, and the coronary flow velocity reserve was calculated in the left anterior
descending coronary artery. The age (ROC area, 63%, p<0.01), the gender (ROC area,
63%, p<0.02) and the grade of aortic atherosclerosis (ROC area, 64%, p<0.01) exhib-
ited good power for the prediction of patients with multivessel disease from among
all other patients. Only the grade of aortic atherosclerosis (ROC area, 63%, p<0.05)
appears useful to distinguish patients with left anterior descending coronary artery
disease from those with multivessel disease.

Conclusions: These results demonstrate that grade of aortic atherosclerosis fur-
nishes additional help in the prediction of patients with severe coronary artery disease.
It can differentiate patients with multivessel disease from those with significant left
anterior descending coronary artery stenosis. Coronary flow velocity reserve has no
any prognostic power in this evaluation.

List of abbreviations
AA = aortic atherosclerosis
ANOVA = analysis of variance
AOS = aortic valve stenosis
CAD = coronary artery disease
CFR = coronary flow velocity reserve
CI = confidence interval
CX = left circumflex coronary artery
LAD = left anterior descending coronary artery
MVD = multivessel disease
OR = odds ratio
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RC = right coronary artery
ROC = receiver operator characteristic
TEE = transesophageal echocardiography

Introduction
Atherosclerosis is a generalized disease of the arterial vasculature; among thus it
manifests in the descending aorta and the coronary arteries. The detection of athero-
sclerotic plaques in the descending aorta by multiplane transesophageal echocardi-
ography (TEE) has been found to be indicative of coronary artery disease (CAD)
[1,2]. The severity of aortic atherosclerosis (AA) can be classified by TEE by using
an echocardiography-based five-grade scale [2]. The absence of atherosclerotic le-
sions in the thoracic aorta indicates the absence of significant CAD [3]. Few data
are available concerning the relation between the grade of AA and the severity of
CAD. Khoury et al. found that the combinative plaque score of the extracardiac
vessels was significantly higher in patients with multivessel CAD than in patients
with single-vessel CAD disease or with normal coronary arteries (p<0.001) [4].

Measurement of the coronary flow velocity reserve (CFR) characterizes the re-
serve capacity of a coronary artery and establishes the functional significance of
an epicardial coronary stenosis [5]. This concept was first exploited invasively by
measuring the baseline and hyperemic (i.e. after intravenous adenosine administra-
tion) average peak velocities with an intracoronary Doppler wire [6]. TEE is capa-
ble of measuring the blood velocity in the proximal left anterior descending coro-
nary artery (LAD). TEE Doppler evaluation of the coronary blood flow velocity
under baseline conditions and during dipyridamole-induced coronary vasodilation
was first described by Iliceto et al. [5]. The sensitivity and specificity of the CFR,
assessed by Doppler TEE (TEE-CFR), for the detection of significant obstruction
in the LAD proved to be high [7].

During the present study, we tried to find a clinically available risk factor or
echocardiographic parameter for the differentiation of multivessel disease from
LAD disease before the operation. Regarding to the fact, that TEE allows the par-
allel evaluation of the CFR and the severity of aortic atherosclerosis, we tested
whether known risk factors, TEE-CFR and the grade of AA detected by TEE in
the course of the same semi-invasive examination is able to distinguish between
significant stenosis of the LAD and MVD. Additionally, we created a prediction
model for MVD by using the variables correlating significantly with the presence
of MVD, in order to evaluate the advantage of measuring AA, too.

Subjects, materials and methods
Study population. The study comprised 125 consecutive patients (mean age: 56 11 
years, range: 22–73) with chest pain without a previous myocardial infarction in
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whom coronary angiography were planned. AA grade determination and TEE-CFR
measurement were undertaken as part of a prospective investigation aimed at es-
tablishment of the clinical utility of the TEE-CFR. All 125 patients underwent co-
ronary angiography with the following results: negative, non-significant CAD, sig-
nificant LAD stenosis or significant multivessel disease (MVD). MVD was defined
as significant stenosis of the LAD and/or CX and/or RC, or significant left main
coronary artery stenosis. Patients with isolated left circumflex coronary artery (CX)
and/or right coronary artery (RC) stenosis were excluded from the study, because
the CFR characterizes the functionality of the LAD and the measurements were
made on that. Coronary stenosis was assessed by a digital caliper method, with the
Siemens HiCorTM biplane angiographic system; a diameter reduction >50% was
considered to be significant when the „worst view method” was applied. Fourty-
seven patients with anatomically non-significant CAD (group 1), 34 patients with
significant LAD disease (group 2) and 44 patients with MVD (group 3) were exam-
ined. None of the patients had significant valvular heart disease. Informed consent
was obtained from each patient and the study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki, as reflected in a priori approval by
the institution’s human research committee.

Transesophageal echocardiography. TEE was performed with the ATL® Ultramark
9 HDI echocardiography equipment, using a 5.5 MHz biplane transducer. TEE-
CFR measurements were carried out according to the standard protocol proposed
by Iliceto et al. [5]). Patients were lying in the left lateral decubitus position, and
TEE examinations were made in each patient after sedation with 2.5–5 mg intrave-
nous midazolam. In all patients, the aortic root and the proximal portion of the LAD
were visualized in the transversal plane. The biphasic coronary flow waveform was
recorded in the LAD by pulsed Doppler. Flow measurements were made under
baseline conditions and after the administration of 0.56 mg/kg dipyridamole over 4
minutes. The peak velocities were measured in the 6th minute at maximal vasodila-
tion. All measurements were recorded on super-VHS videotape. In each case, five
consecutive cycles were measured and averaged. The CFR was calculated as the
ratio of the hyperemic to the basal peak diastolic flow velocity. Blood pressure was
monitored under baseline conditions and during stress. At the end of the examina-
tion, the AA grading of the thoracic descending aorta at the level of the left atrium
was performed as proposed by Fazio et al. [2]: grade 0: no atherosclerosis, grade 1:
intimal thickening, grade 2: <5 mm plaque, grade 3: >5 mm plaque, grade 4: plaque
with mobile parts. Patients with grade 2, 3 or 4 were grouped together as those in
whom the presence of macroscopic atherosclerosis was regarded as proved. Param-
eters were considered at the „worst place” (2). All TEE examinations proceeded
coronary angiography.

Statistical analysis. Data are reported as means standard deviation; 95% confi-
dence intervals are also given. Analyses were performed with a standard software
package (SPSS 9.0, SPSS Inc. Chicago, IL, USA). Variables were compared by a
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multiple ANOVA test between patient groups. For dichotomous values, Fisher’s ex-
act test was used where needed. To establish the prediction power of the variables,
receiver operating characteristic (ROC) curves were constructed and the areas under
curves are reported, p <0.05 was considered statistically significant. Binary logistic
regression tests were performed to study the correlation of the variables with the
results of coronary angiography. Variables showing significant correlations were
entered in a multiple regression analysis; a statistical model was created in order to
assess the overall predictive value. A likelihood ratio test was performed to evaluate
the difference between the model with or without entering the grade of AA.

Results
Correlation of risk factors and the presence of AA with CAD. The mean age and
the incidences of arterial hypertension and diabetes mellitus were not significantly
different between patient groups (Table 1). The fasting glucose and cholesterol
levels did not differ between the groups. The prevalence of male gender was sig-
nificantly higher in patients with MVD. The prevalence of hypercholesterolemia
was significantly lower in patients without major CAD. The mean grade of aortic
atherosclerosis was increased in patient with significant CAD (Figure 1). The CFR
was significantly decreased in the patients with signifiant LAD stenosis or MVD as
compared with the patients without major CAD (Figure 2). The CFR was decreased
in aortic intimal thickening (grade 1 AA) and no further decrease could be observed
in the presence of aortic plaque (grade 2–3 AA) (Figure 3).

Differentiation of patients with MVD from all other patients. Binary logistic regres-
sion and ROC curves were utilized to establish the prognostic power of traditional
risk factors, aortic grade and the CFR for the to selection of patients with MVD
(Table 2). The age (ROC area, 63%, p < 0.01), the gender (ROC area, 63%, p <
0.02) and the grade of AA (ROC area, 64%, p < 0.01) displayed good value for

Table 1. Comparison of risk factors and presence of coronary artery disease

Group 1 Group 2 Group 3

Patient number 47 34 44
Mean age (years) 53.7 11.0 56.1 11.1 59.0 9.0
Male gender (%) 28 (60) 24 (71) 40 (91)*
Arterial hypertension (%) 23 (49) 21 (62) 29 (66)
Diabetes mellitus (%) 11 (23) 6 (18) 9 (20)
Hypercholesterolemia (%) 15 (32) 18 (53)* 23 (52)*
Fasting serum glucose level (mmol/l) 4.29 1.32 4.35 1.22 4.41 1.38
Serum cholesterol level (mmol/l) 4.12 0.11 5.16 1.19 5.11 0.99
CFR 2.41 1.00   1.78 0.48*   1.87 0.58*

Results of multiple ANOVA; values are expressed as number (%) unless otherwise indicated.
Abbreviation: CFR= coronary flow velocity reserve.
* p < 0.05 vs group 1 
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Figure 1. Dependence of mean aortic atherosclerosis grades on the degree of coronary artery disease

Figure 2. Coronary flow velocity reserve in non-significant coronary artery disease, in left anterior
descending coronary artery disease and in multivessel disease
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Figure 3. Coronary flow velocity reserve in patients with different grades of aortic atherosclerosis.

Table 2. Differentiation of patients with multivessel disease from all other patients

Binary logistic regression

Variable
ROC area
(95% CI)

P-value
of ROC

OR
(95% CI)  P-value

Hypertension 0.56
(0.46–0.67)

0.46  1.69
(0.78–3.68)

0.18

Diabetes mellitus 0.49
(0.39–0.61)

0.98 0.98
(0.40–2.44)

0.97

Hypercholesterolaemia 0.54
(0.43–0.65)

0.49  1.36
(0.64–2.88)

0.42

Age  0.63
(0.53–0.73)

0.01  1.05
(1.00–1.09)

0.02

Male gender  0.63
(0.53–0.73)

0.02  4.59
(1.63–12.9)

0.01

Grade of aortic atherosclerosis  0.64
(0.54–0.74)

0.01  2.11
(1.22–3.64)

0.01

CFR 0.41
(0.31–0.51)

0.09 0.57
(0.32–1.00)

0.05

Abbreviations: ROC = receiver operator characteristic, OR = odds ratio, CI = confidence interval,
CFR = coronary flow velocity reserve.
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the prediction of MVD. Hypertension, hypercholesterolemia, diabetes mellitus and
CFR failed to distinguish the patients with MVD. By binary logistic regression
analysis, the age, the gender and the grade of AA were found to correlate signifi-
cantly with the prevalence of MVD (Table 2). These variables were entered into
multiple logistic regression analysis. In order to differentiate patients with MVD
from all others, the age and gender were entered as the first covariates: the model
gave 2= 15.214 (df = 2, p = 0.0005). When the grade of AA was entered, the
power of the model increased significantly: 2 = 21.888, df = 4, p = 0.0001; assess-
ment by the likelihood ratio test gave 2 = 6.674, df = 2, p = 0.036.

Differentiation of patients with MVD from those with LAD disease. Only the grade
of AA (ROC area, 63%, p < 0.05) was found to exhibit good prognostic value in
predicting patients with MVD. All other traditional risk factors, such as hyperten-
sion, hypercholesterolemia, diabetes mellitus, age, gender and CFR, were without
prognostic power (Table 3).

Discussion
The main finding of the current study is that the grade of aortic atherosclerosis ex-
hibits good prognostic power for the differentiation of LAD disease patients from
those with MVD but CFR has no any predictive value in this evaluation. Addition-

Table 3. Differentiation of patients with multivessel disease from those with single-
vessel left anterior descending coronary artery disease

Binary logistic regression

Variable
ROC Area
(95% CI)

P-value
of ROC

OR
(95% CI) P-value

Hypertension 0.52
(0.38–0.65)

0.68  1.14
(0.44–2.97)

0.78

Diabetes mellitus 0.50
(0.37–0.63)

0.98  1.01
(0.33–3.08)

0.98

Hypercholesterolaemia 0.48
(0.35–0.61)

0.79 0.87
(0.35–2.17)

0.77

Age 0.60
(0.46–0.73)

0.15  1.05
(0.10–1.10)

0.07

Male gender 0.59
(0.46–0.73)

0.17 3.30
(1.00–10.88)

0.05

Grade of aortic atherosclerosis  0.63
(0.50–0.76)

0.05  2.15
(1.02–4.52)

0.04

CFR 0.54
(0.41–0.67)

0.53  1.01
(0.41–2.5)

0.99

Abbrevations: ROC = receiver operator characteristic, OR = odds ratio, CI = confidence interval,
CFR = coronary flow velocity reserve.



80 Attila Nemes et al.

ally the age, the gender, and the grade of AA is suitable for the prediction of patients
with multivessel disease from all others. Moreover, a new prediction model was
created which verified that the grade of AA exhibits an important additional value
for predicting MVD.

Stress transesophageal echocardiography allows the evaluation of coronary
blood flow velocity reserve of LAD. The CFR is reduced in patients with signifi-
cant LAD disease, in case of proximal location or more severe stenosis, further
impairment can be observed [5,7–11]. When significant stenosis of right coronary
artery and/or left circumflex coronary artery is associated, no further CFR impair-
ment can be found [8]. The CFR is reduced in patients with even minimal grade of
AA in case of aortic intimal thickening relative to cases without relevant AA. Inter-
estingly, no further decrease can be observed in patients with frank higher grades
of AA (in the presence of different grades of aortic plaque) [12].

The presence of aortic atherosclerotic plaques evaluated by means of the widely
available TEE appears to be a marker for the presence of significant CAD in general
population [1–3,13–21]. Acarturk et al. reported that the sensitivity and specificity
of AA in the detection of CAD were 75.9% and 67.7% [1]. The predictive value of
atherosclerotic lesions of thoracic aorta was verified in young patients [13,14]), in
women [15] and in patients with valvular heart disease, even in the elderly [16,17].
Triboulloy et al. found that the presence of aortic plaque revealed by TEE identified
significant CAD in aortic stenosis patients with a sensitivity of 90.5%, a specifi-
city of 72.5%, and positive and negative predictive values of 75.0% and 89.3%,
respectively [18]. Khoury et al. found a strong correlation between the presence
of significant CAD and periferial arterial atherosclerosis [4]. The sensitivity and
specificity of the presence of AA for the detection of CAD were the highest from
among all the sites measured. The AA “score” (the sum of the plaque thickness in
millimetres at distinct locations in the descending aorta) was significantly higher in
patients with CAD than without it, though this variable did not distinguish patients
with one-, two- or three-vessel disease.

The present study was created on the analogy of our previous observation in pa-
tients with aortic valve stenosis (AS) [22]. The CFR was similarly decreased in AS
patients with or without severe LAD disease, and could not be used to distinguish
between these patient populations. Neither the age, the gender, the hypertension,
the diabetes mellitus and the hypercholesterolemia nor the CFR, only the grade of
AA was suitable for the prediction of AS patients with significant LAD stenosis
from those without it.

In this study, our aim was to examine the role of CFR and the grade of AA
evaluated by the same semi-invasive TEE examination in cases of suspected LAD
disease for the prediction of the severity of CAD. In comparison with known risk
factors and the CFR, the grade of AA could help in this differentiation and its pre-
dictive value for MVD was also verified. The authors did not want to suggest that
all patients with possible CAD should undergo TEE. The results of the present
study hinted that patients undergone TEE on other indications were found to have
significant aortic atherosclerosis, the probability of severe CAD is very high. It is
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important to be stated that these data are useful on the level of the whole group but
aggravated on the individual level due to overlapping problems in the absence of
evident cut-off points. Hence, overlapping makes it difficult to comment on single
cases.

Study limitations. This approach measures blood flow velocities, and not the blood
flow itself. The measurement of coronary blood flow requires an evaluation of the
luminal cross-sectional area. Further, there is an angle between the ultrasound beam
and the vessel direction, as a result of which blood flow velocities measured by this
approach can be lower than the actual values. However, both the numerator and
the denominator in the formula for the CFR are measured at the same angle, and
thus the ratio is not appreciably influenced by the angle or the vessel direction. The
analysis of wall motion abnormalities was not the aim of the present study. Previ-
ously the interobserver variability was found to be high. According to this fact, we
could not examine the interobserver variability during this study.

Conclusions. Our results confirm that the grade of AA furnishes additional help
in the prediction of patients with severe CAD. The grade of AA can differentiate
patients with MVD from those with significant LAD stenosis. The CFR has no any
prognostic power in this evaluation.
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Abstract

The cyclic flow of the Dosin® is useful in interventional radiology since it prevents
clotting and increases the mixing with the blood. The flow rate varies from 0.03 mL/s
to 5 mL/s and it is recommended to use fluid with a viscosity lower than 3 mPa.s. The
outlet pressure is recommended below 300 mm Hg. The Dosin® must be replaced
after each patient, alternatively after maximum 24h continuous use.

Introduction
To the many pump inventions already in existence and circulation, we wish to add
a whole new concept called Dosin® (Figure 1). This Dosin® is based on the prin-
ciple of continuous flow, in this case with optional, controlled pulsation. The re-
search and development of the Dosin® and the (medical) pump system, in which
it is used (Octapump® Injection System) was initiated in response to a demand for
a new and improved method of delivering fluids to patients. The key requirement
was to make the use of refillable syringes obsolete in a cost-effective and user-
friendly alternative.

Most syringes, despite their accurate delivery quotas, have a limited volume
that necessitates frequent monitoring and filling or changing. This very act is time
consuming and potentially dangerous in inexperienced hands.

The new principle, Dosin®, is capable of delivering (medical) fluids of various
consistencies in extremely precise amounts regardless of the fluid viscosity. The
outlet of the Dosin® goes through another innovation, the bubble detector, which
detects any change in direction of a light beam that passes through the content of
the outlet. Thus, should an air bubble enter the outflow of the Dosin® and hence be
about to enter the blood stream of a patient, the flow of fluid will halt immediately
and an alarm will notify the user of the problem.

Basically, the Dosin® is designed to allow adjustable flow rate, up to certain
volumes. This pumping effect is achieved by utilizing the internal structure of the
cylinder of the Dosin® so as to function as directional valves during the pumping
cycle. At recommended flow rates the Dosin® construction is rigid enough to allow
a continuous (or pulsed) and accurate (less than 5% deviation) flow rate per pump
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cycle. By controlling the rotation rate, together with the well defined pump volume
at the operational range, one is able to maintain accurate volume delivery.

Design Inside the Dosin® cylinder (Figure 2), a piston rotates and thereby produces
a continuous flow of, in the case of this report, a stroke volume of 3 mL/s. At the
same time as the Dosin® rotates, it also reverses back and forth. The design param-
eters of the Dosin® allow it to achieve a flow rate of between 360 mL/h and 12000
mL/h depending on the application for which it has been programmed.

The Dosin® consists of 5 main parts, a shell, a plunger (above called piston), an
axle, a steering notch and a closing lid. The shell, the plunger and the closing lid are
together called the cylinder. The housing has connections for an inlet and an outlet.
On the outlet is a long straight piece with flat parallel walls which slides into the
bubble detector. Both the inlet and outlet have Luer Lock connections to fluid lines.
The pumping action is achieved within two cavities that contain the plunger in its
housing. The plunger has a semi-helical groove that forces the plunger back and
forth as the plunger rotates. Simultaneously, there are two cut-outs on the plunger
that are connected hydraulically to either end of the plunger. These cut-outs are
situated so as to control the flow. When the volume of the cavity decreases, its cut

Figure 1. The Dosin®.

Figure 2. Three of the
Dosin®’s 5 parts.


