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Abstract

Background: Coronary sinus (CS) has been shown to be larger in patients with atrioventri-
cular nodal reentrant tachycardia (AVNRT). We sought to determine if echocardiographically
measured CS diameter can help identify the mechanism of tachycardia in patients with narrow
complex tachycardia without preexcitation before the invasive electrophysiology study.

Methods: Forty four patients with documented narrow complex, short RP tachycardia who
were scheduled for an electrophysiology study were included. Based on the electrophysiology stu-
dy, patients were divided into those with AVNRT and those with a concealed accessory pathway
and atrioventricular reentrant tachycardia (AVRT). Proximal CS diameter (CSp) measured
at the ostium and mid CS diameter (CSm) 1 cm distal to the ostium using transthoracic echo-
cardiography.

Results: CSp was significantly larger in patients with AVNRT than AVRT (14.1 = 5 vs.
9.9 = 2 mm, p < 0.0001). CSm diameter was not significantly different between the two
groups. A cut-off of CSp > 11.2 mm identified AVNRT with a sensitivity of 92.6% and specifi-
city of 76.9%. CSp was a better discriminant (AUC 0.89, 95% CI 0.75-0.97) compared to age
(AUC 0.74, 95% CI 0.58-0.87) or tachycardia rate (AUC 0.60, 95% CI 0.44-0.76).

Conclusions: Echocardiographic measurement of the diameter of CS ostium can help in iden-
tifying the mechanism of the tachycardia before the invasive electrophysiology study. (Cardiol J
2014; 21, 3: 273-278)
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Introduction reentrant tachycardia (AVNRT) and atrioventricular

reentrant tachycardia (AVRT) using a concealed

Narrow complex, short RP tachycardia without accessory pathway. There are differences in the suc-

preexcitation in the sinus rhythm electrocardiogram cess and complication rates for ablative treatment

(ECG) is a common clinical presentation. The prima- of these arrhythmias making it desirable to identify
ry differential diagnoses are atrioventricular nodal the precise mechanism before the procedure.
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Age of the patient, rate of tachycardia and
presence of QRS alternans have some value in
differentiating the mechanisms, but lack specificity
and there is significant overlap between the two
groups. History of neck pulsation, age at onset
of symptoms and female sex have been shown to
indicate the diagnosis of AVNRT [1-3]. Administra-
tion of adenosine or adenosine tri-phosphate has
also been used to unmask accessory pathway con-
duction or dual atrioventricular nodal physiology
[4-6]. Studies using venography have shown that
the coronary sinus (CS) is larger and has a wind-
-sock shape in patients with AVNRT compared to
controls [7, 8]. Echocardiography is a simple and
non-invasive investigation that is routinely per-
formed in patients undergoing electrophysiology
study. CS can be visualized and its diameter mea-
sured using echocardiography [9, 10]. Therefore,
we investigated if echocardiographically measured
CS diameter will differentiate patients with AVNRT
from those with AVRT.

Methods

This is a prospective study carried out in
a tertiary care hospital. Consecutive patients with
documented narrow complex, short RP tachycardia
who were scheduled for an electrophysiology study
were included. Patients with preexcitation in the
resting ECG were excluded. Informed consent was
obtained from all participants. CS was visualized
in the apical 4 chamber view [9] and the diameter
was measured at 2 points by a trained cardiologist
on the day before the electrophysiology study.
Proximal CS diameter (CSp) was defined as the
diameter at the ostium while the mid CS diameter
(CSm) was defined as the diameter 1 cm distal to
the ostium (Fig. 1). The morphological index was
calculated as the ratio of the proximal to the mid
CS diameters. A subgroup of measurements was
repeated by a second observer and this was used to
assess the inter-observer agreement of the measu-
rements. During the subsequent electrophysiology
study, diagnosis of the arrhythmia was made by
an electrophysiologist based on standard criteria.
Based on the diagnosis, the patients were divided
into group I (final diagnosis of AVNRT) and group II
(final diagnosis of AVRT).

Statistical analysis

Continuous variables were compared be-
tween the two groups using independent Student’s
t test. Categorical variables were compared using
the Fisher’s exact test. Receiver operating charac-
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Figure 1. Echocardiographic measurement of coronary
sinus (CS) diameter. Schematic diagram showing me-
asurement of CS diameters by echocardiography. In
the apical 4 chamber view with the probe tilted down,
the CS can be made out and the diameter is measured
at the ostium and 1 cm from the ostium; CSp — CS
proximal diameter; CSm — CS mid diameter; LA — left
atrium; LV — left ventricle; RA — right atrium; RV —
right ventricle.

teristic (ROC) curve was used to assess the sensiti-
vity and specificity along with predictive values at
different cut-off values of CS diameter in differen-
tiating the two mechanisms. Area under the curve
(AUC) was used as a measure of the diagnostic
accuracy and 95% confidence intervals (CI) were
used to quantify uncertainty. The interobserver
agreement of echocardiographic measurement was
assessed using intraclass correlation. A p < 0.05
was considered significant. Approval from the
Institute Ethics Committee was obtained before
commencing the study.

Results

Demographics

Forty four patients were included in the study.
Of these, 30 patients had a final diagnosis of AVNRT
(group I) and 14 patients had a final diagnosis of
concealed accessory pathway with AVRT (group ID).
Patient characteristics in the two groups are listed
in Table 1. Mean age was higher in group I. Tachy-
cardia rate tended to be faster in group II, but this
was not statistically significant.

Echocardiography

In 17 subjects, echocardiographic measure-
ment of CSp and CSm was performed by 2 obser-
vers. These 34 measurements were used for asses-
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Table 1. Patient characteristics.
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Group | (AVNRT, n = 30) Group Il (AVRT, n = 14) P
Age [years] 48.7 = 11.6 36.9 + 12.9 0.004
Males 8 (27%) 6 (43%) 0.32
Tachycardia rate [bpm)] 183 = 29 198 = 23 0.19

AVNRT — atrioventricular nodal reentrant tachycardia; AVRT — atrioventricular reentrant tachycardia

Deviation of measurement [mm]
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Figure 2. Coronary sinus (CS) diameter measurement
— interobserver agreement; Bland Altman plot of agre-
ement of CS measurements between 2 echocardio-
graphers. There is a small bias, especially at larger
diameters. Overall, the deviation of the measurements
is small. Measurements and deviations are given in
millimeters.

sing interobserver agreement. Mean measurement
by operator 1 was 8.9 + 4.2 mm and by operator 2
was 8.7 = 3.2 mm. Intra class correlation was 0.86
(95% CI1 0.73-0.93), suggesting good agreement of
measurements (Fig. 2).

CS diameter could not be measured due to
poor echocardiographic images in 4 of the 44 (9%)
patients, 3 in group I and 1 in group II. Representa-
tive echocardiographic images of the measurement
from 2 patients in each group are shown in Figure 3.
CSp was significantly larger in patients in group I
(14.1 £5vs.9.9 = 2mm, p < 0.001, Fig. 4). CSm
was not significantly different (7.2 + 2.5 mm for
group I vs. 6.2 + 2.2 mm for group II, p = 0.09).
The morphological index was also not significantly
different between group I and group II (2.1 = 0.8
vs. 1.7 £ 0.6, p = 0.09).

Discrimination of tachycardia mechanisms
Area under the ROC curve for diameter at CS
ostium was 0.89 (95% CI 0.75-0.97) as compared
to the AUC for age (0.74, 95% CI 0.58-0.87) or
tachycardia rate (0.60, 95% CI 0.44-0.76) (Fig. 5).

A cut-off of CSp > 11.2 mm identified AVNRT with
a sensitivity of 92.6% and specificity of 76.9%.

Discussion

We found that CS diameter at the ostium mea-
sured by echocardiography was significantly larger
in patients with AVNRT compared to patients with
AVRT. Diameter of the CS 1 cm from the ostium
was not significantly different between the two
groups. The ratio of the diameter at the ostium
to the diameter at 1 cm, the morphological index,
which indicates the shape of the proximal CS, was
not different between the two groups.

Doig et al. [8] measured the CS diameter in
patients with AVNRT by venography and compared
it to the diameter in controls. They found that the
CS in patients with AVNRT was larger both at the
ostium and at 5 mm and 10 mm from the ostium.
The mean diameter at the ostium in the AVNRT
group was 10.2 mm, which is 2 mm less than that
in our study and the diameter in controls was
8.1 mm which is 1.8 mm less than that in AVRT group
in our study. This may represent a systematic
difference of about 2 mm in CS measurement by
echocardiography compared to venography, with
the measurements in AVRT group being similar to
controls. Doig et al. [8] also reported a windsock
shape of the CSp, representing rapid tapering in
a majority of patients with AVNRT while a tubular
CS with minimal tapering was seen in most con-
trols. We used the ratio of the CS ostium to the
CSm as an index of the CS shape and did not find
a significant difference between the two groups,
although there was a trend towards a larger ratio
in AVNRT. It is likely that the tapering of the CS
occurs beyond 1 cm as mentioned by Doig et al. [8]
and therefore, the ratio measured at 1 cm did not
represent this shape.

We did not find measurement of CS diameter
by transthoracic echocardiography technically chal-
lenging. Adequate measurements could be obtained
in 90% of the patients. There was a good interob-
server agreement of measurements between the
2 different cardiologists.
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Figure 3. lllustrative echocardiographic coronary sinus (CS) images. Each panel shows the coronary sinus as visua-
lized in a modified apical 4 chamber view in a different patient. Panels A and B are from patients in group | (AVNRT)
while panels C and D are from patients in group |l (AVRT). Measurements at the proximal coronary sinus (CSp) and
the mid coronary sinus (CSm) given in millimetres are shown in each panel.

Various studies have attempted to analyze
variables differentiating the mechanism in patients
with narrow complex tachycardia. It is recognized
that patients with AVNRT are generally older [11,
12], although there is a significant overlap between
the groups making this fact less clinically useful.
History of neck pulsations has been proposed as
a strong indicator of AVNRT [1], but in our expe-
rience this is highly subjective and unreliable. ECG
recorded during tachycardia can give various clues,
including presence of a pseudo r’ wave in V; and
pseudo s wave in inferior leads, ST depression
[13-17], ST elevation in AVR [15, 18] or QRS al-
ternans [15, 16, 19, 20]. However, these findings
have a low sensitivity, are sometimes subjective
and, most importantly, require ECG documentation
during tachycardia, which may not be available.

Adenosine administration can unmask pathway
conduction in patients with latent preexcitation
and demonstrate dual AV nodal conduction in some
patients with AVNRT [4] with a sensitivity of 74%,
but is cumbersome to perform.

Our findings are consistent with previous
reports of an enlarged CS ostium in patients with
AVNRT. The exact mechanism underlying the
association of an enlarged CS ostium and AVNRT
i1s unknown. Jackman et al. [21] have proposed
a circuit for typical slow-fast AVNRT in which re-
trograde conduction reaches the left atrium by the
fast pathway and then proceeds sequentially along
the CS roof and floor to reach the slow pathway
region. Thus, CS myocardium forms part of the
AVNRT circuit [21]. Stretching can alter myocardial
conduction properties [8, 22, 23] and it is possible
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Figure 4. Coronary sinus (CS) diameter at ostium in
the two groups. Diameter at the CS ostium measured
by echocardiography in patients with atrioventricular
nodal reentrant tachycardia (AVNRT; blue circles) and
with atrioventricular reentrant tachycardia (AVRT; gray
circles). Mean and one standard deviation on either side
of the mean are also shown. The broken line represents
the optimal cut off of 11.2 mm.
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Figure 5. Receiver operator characteristics (ROC) curves
for discrimination of tachycardia mechanism; ROC
curves are shown for age, tachycardia rate (HR) and co-
ronary sinus diameter at ostium (CSp) for differentiating
patients with atrioventricular nodal reentrant tachycar-
dia (AVNRT) from those with atrioventricular reentrant
tachycardia (AVRT).
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that stretching the slow pathway can make a dual
AV nodal physiology manifest and result in AVNRT
in these patients.

Limitations of the study

We did not attempt to study other variables
like history of neck pulsations and findings in
the ECG. However, history of neck pulsations
tends to be unreliable and subjective, while
ECGs are not available in all patients. A sy-
stematic analysis of presence of dual AV nodal
physiology in the patients with AVRT was not
performed. This could help understand the
mechanism and support the stretch hypothesis
if patients with dual AV nodal physiology had
a larger CS ostium. Finally, the number of pa-
tients included in the study is small, although
the results clearly support the validity of CS
diameter as a discriminant of mechanisms.

Conclusions

Echocardiographic measurement of CS ostium
can help differentiate patients with AVNRT from
those with AVRT among those presenting with
narrow complex tachycardia. Patients with AVNRT
have a larger diameter of the CS ostium compared
to patients with AVRT. This can serve as a simple,
non-invasive method to identify the tachycardia
mechanism before the electrophysiology procedure.
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