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Diagnostic Ability of Physical Examination in Aortic Valve Stenosis

La capacidad diagndstica del examen fisico en la estenosis valvular adrtica

JORGE I. PARRAS, JOSE M. ESCALANTE, JUAN M. LANGE

ABSTRACT

Background: Physical examination is essential to detect aortic stenosis but there is scarce information currently available.
Objectives: The goal of this study is to evaluate the diagnostic yield of physical examination, the interobserver agreement of clinical
signs, and to establish a score to identify severe aortic stenosis.

Methods: One-hundred patients were included in the study. Before echocardiographic evaluation, two cardiologists independently
evaluated the clinical signs of the physical examination in aortic stenosis. Sensitivity, specificity, and inter-observer agreement were
calculated, and the area under the curve was analyzed to develop a score for predicting severe aortic stenosis.

Results: The decreased intensity of the first heart sound and the crescendo-decrescendo shape of the murmur had sensitivity >90%
and specificity <70%.

The specificities of an absent second sound, a murmur that peaks later in systole and the presence of a parvus et tardus pulse were
>95%, but the sensitivities were <50%.

Inter-observer agreement was good for most criteria, except for murmur shape and intensity. The best area under the curve was
achieved by the score composed of heart sounds of decreased or absent intensity, duration of the holosystolic murmur, parvus et
tardus carotid pulse and a grade 3-4 systolic murmur.

Conclusions: Physical examination findings have low sensitivity but good specificity. Inter-observer agreement of clinical signs of
severity was moderately good. Correct identification of patients with severe aortic stenosis can be achieved using a simple score.
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RESUMEN

Introduccion: El examen fisico es fundamental para detectar estenosis adrtica, pese a lo cual son pocos los datos actuales disponibles.
Objetivos: Evaluar la capacidad diagndstica del examen fisico, el acuerdo entre observadores de los signos y establecer un puntaje
que permita identificar estenosis aértica grave.

Material y métodos: Se incluyeron 100 pacientes. Previo a la realizacion del estudio ecocardiografico, dos cardiélogos evaluaron
en forma independiente los signos del examen fisico de la estenosis adrtica. Se calcularon los valores de sensibilidad, especificidad,
acuerdo entre observadores y mediante analisis de area bajo la curva se construy6 un puntaje para predecir estenosis aértica grave.
Resultados: El primer ruido hipofonético y la forma creciente-decreciente del soplo tuvieron una sensibilidad mayor del 90% con una
especificidad menor del 70%.

El segundo ruido ausente, el acmé telesistdlico del soplo y la presencia de un pulso parvus-tardus tuvieron especificidades mayores
del 95% pero sensibilidades menores del 50%.

El acuerdo fue moderadamente bueno en la mayoria de los criterios, con la excepcién de la forma y la intensidad del soplo, en los que
fue bajo. El puntaje conformado por ruidos cardiacos hipofonéticos/ausentes, duracién del soplo holosistélico, pulso carotideo parvus-
tardus e intensidad 3 o 4 del soplo fue el que mostré mejor area bajo la curva.

Conclusiones: Los hallazgos del examen fisico son poco sensibles pero especificos. El acuerdo de los signos clinicos de gravedad es
moderadamente bueno. Un puntaje de obtencién simple permite identificar adecuadamente a pacientes con estenosis aértica grave.
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Abbreviations

SAS  Severe aortic stenosis S2 Second heart sound
S1 First heart sound LR Likelihood ratio
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INTRODUCTION

Aortic valve stenosis is the most common valvular
heart disease in the adult population and its preva-
lence will probably increase in a near future. (1) Phys-
ical examination is still essential when the diagnosis is
suspected in patients with or without symptoms.

There is scarce statistical information about the
diagnostic yield of physical examination and interob-
server agreement for the different physical signs in
aortic stenosis. Furthermore, the etiology of aortic
stenosis has changed worldwide due to several factors,
such as reduction in rheumatic etiology and increase
in comorbidities as obesity, chronic obstructive pulmo-
nary disease and hypertension, (2) which might affect
the findings of physical examination and would justify
its re-evaluation. Finally, despite Doppler echocardi-
ography is currently the diagnostic method of choice,
the information of physical examination derives from
studies based on invasive methods to identify these
patients.

The aim of this study was to evaluate the sensi-
tivity and specificity of the different clinical criteria
for determining severe aortic stenosis (SAS), evaluate
interobserver agreement for the clinical criteria of se-
verity and establish a score for the better identifica-
tion of SAS.

METHODS

The study included 100 outpatients referred to the Doppler
echocardiography laboratory due to a systolic murmur over
the aortic area.

Patients with heart valve prostheses in any position and
those with other moderate or severe heart valve disease or
subaortic or supravalvular aortic stenosis were excluded.

Before performing Doppler echocardiography, two cardi-
ologists independently evaluated the presence of the clini-
cal criteria of aortic stenosis severity listed below, using a
standardized form:

- Levine scale for grading murmur intensity from 1 to 6.

- Characteristics of the first heart sound (S1) and second
hear sound (S2): normal, decreased intensity or absent.

- Murmur duration: short or long.

- Murmur shape: crescendo-decrescendo or other.

- Peak intensity: early-systolic, mid-systolic or late-systol-
ic.

- Murmur radiation: to the neck, apex or no propagation.

- Presence or absence of apex beat, evaluated with the pa-
tient in the left lateral decubitus position.

- If apex beat is present, evaluate position (normal or dis-
placed) and characteristics (sustained or other).

- Carotid artery upstroke was classified as delayed (parvus
et tardus) or other.

Finally, each evaluator classified the findings in mild,
moderate or severe aortic stenosis.

Blood pressure was normal in all the patients at the time
of the study.

Immediately after, Doppler echocardiography was per-
formed to all the patients according to the European Asso-
ciation of Echocardiography/American Society of Echocardi-
ography recommendations. (3, 4)

Peak aortic jet velocity, aortic valve area estimated by
continuity equation and mean trans-aortic gradient were
determined.

Aortic valve stenosis was classified according to the aor-
tic valve area in:
- Severe:<1 cm?%
- Moderate: >1 and <1.5 cm?®.
- Mild or aortic sclerosis: >1.5 cm?.

A cohort of 20 additional patients was included for vali-
dating the findings of the first 100 patients.

Statistical analysis

Student’s t test or ANOVA were used to compare the mean
values of the different echocardiographic variables among
the clinical criteria of severity according to the physical ex-
amination.

The statistical association between the physical signs
and the presence of aortic stenosis was evaluated with the
chi square test. Sensitivity, specificity and likelihood ratio of
the different criteria were calculated to identify SAS. Inter-
observer agreement of the different criteria and of the final
interpretation was evaluated using the kappa coefficient. A
ROC curve was built to analyze the different scores integrat-
ing SAS criteria. The best score was validated in the addi-
tional cohort of 20 patients.

All the calculations were estimated using SPSS 21 sta-
tistical package. Medcalc version 9 was used for ROC curve
analysis and comparison.

RESULTS

One hundred patients were included in the study.
Mean age was 66 + 13 years; 51% were women and
16% had symptoms. Degenerative etiology was consid-
ered in 95% of cases.

The clinical characteristics are summarized in Ta-
ble 1.

Considering aortic valve area, 21 patients had
SAS, 28 had moderate stenosis and 51 had mild ste-
nosis (with insignificant trans-aortic gradient). Mean
gjection fraction was 64%=9%. Table 2 shows the
echocardiographic variables.

Peak jet velocity and mean trans-aortic gradient
corresponded with the severity of aortic stenosis (Ta-
ble 3).

Clinical criteria assessment
All the patients underwent clinical evaluation.

Only the presence and location of the apex beat
were not statistically associated with SAS.

Among the remaining physical exam criteria to
predict SAS, S1 with decreased intensity or absent
and a murmur with a crescendo-decrescendo shape
had a sensitivity of 90% and a specificity of 70%.

The specificity and sensitivity of decreased inten-
sity or absent S2, late-systolic peaking and presence of
a parvus et tardus carotid artery upstroke were >95%
and <50%, respectively.

Murmur intensity grade ranged from 1 to 4. A
grade 3 murmur or greater had one of the best com-
binations of sensitivity and specificity (95.2% and
63.3%, respectively).

Observer final interpretation to diagnose SAS has
a sensitivity of 42.9% with a high specificity of 97.5%

When the same criteria are considered to identify
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moderate or severe aortic stenosis, the sensitivity does
not exceed 90%. However, the specificity is >90% for
absent S2, holosystolic murmur, late-systolic peaking
and parvus et tardus carotid artery upstroke.

The sensitivity and specificity of a grade 3 murmur
to diagnose moderate or severe aortic stenosis were
75.5% and 76.5%, respectively.

Table 4 summarizes the data for all the criteria.

Figure 1 shows significant clinical differences
when comparing mean aortic valve areas calculated

Table 1. Clinical characteristics

Characteristic Value

Age, years, mean (SD) 66 (13)
Weight, kg, mean (SD) 79 (16)
Height, cm, mean (SD) 164 (10)
BMI, mean (SD) 29.3(5.1)
Body surface area, m2, mean (SD) 1.89 (0.25)
Female gender, % 51
Hypertension, % 79
Smoking, % 10
COPD, % 2
Diabetes, % 22
Previous myocardial infarction, % 8
Previous CABGS, % 1
Previous PCl, % 6
Symptoms, % 16

SD: Standard deviation. BMI: Body mass index. COPD: Chronic obstruc-
tive pulmonary disease. CABGS: Coronary artery bypass graft surgery.
PCl: Percutaneous coronary intervention.

Table 2. Echocardiographic characteristics

Variable Mean Value (SD)

Left atrial dimension, mm 42 (6)
End-diastolic ventricular dimension, mm 47 (7)
End-systolic ventricular dimension, mm 29 (7)
Interventricular septum, mm 12 (2)
Posterior wall, mm 12 (2)
End-diastolic volume, mm 94 (33)
End-systolic volume, mm 35 (22)
Ejection fraction, % 64 (10)

Table 3. Echocardiographic
characteristics according to
the severity of aortic valve
stenosis :
Aortic valve area, cm2

Peak jet velocity, m/s

Mean trans-aortic gradient, mm Hg.

by echocardiography among the different categories of
murmur intensity, peak intensity and the characteris-
tic of carotid artery upstroke.

Interobserver agreement

Kappa coefficient was moderately good (>0.41) for
most criteria, except for murmur shape (kappa 0.25)
and intensity (kappa 0.03). Murmur duration had the
best agreement (kappa 0.82). Kappa coefficient esti-
mated for agreement of the final interpretation was
0.45. All the values are displayed in Table 4.

The presence of symptoms had a statistical asso-
ciation with SAS.

Several scores were constructed using the differ-
ent criteria evaluated except for the apex beat due to
low interobserver agreement and because it cannot be
evaluated in all the patients.

The score composed of decreased intensity or ab-
sent S1 and S2, holosystolic murmur duration, par-
vus et tardus carotid artery upstroke and grade 3-4
murmur (present: 1 point; absent: 0 point) showed the
best area under the ROC curve (0.92, 95% CI 0.85 to
0.97). A score of 3 had a sensitivity of 81% and a speci-
ficity of 89.9% for the diagnosis of SAS (Figure 2).

When only murmur intensity is used to identify
moderate or severe aortic stenosis, a grade 2 murmur
or greater has a sensitivity of 98% but a specificity of
27.5%.

For the score previously described, a value of 2 was
the best cut-off point for the diagnosis of moderate or
severe aortic stenosis, with a sensitivity of 71.4% and
a specificity of 82.4%.

The score was validated in 20 additional patients.
The clinical and echocardiographic characteristics
were similar to those of the original cohort. The area
under the ROC curve was 0.92 (95% CI 0.71 to 0.99).
A score of 3 had a sensitivity of 67% and a specificity
0of 93% to diagnose SAS.

DISCUSSION
The diagnostic threshold in aortic stenosis depends
on each patient; yet, it is convenient to use evidence-
based rules.

The European Society of Cardiology guidelines on
the management of valvular heart disease (5) indicate
that the systolic murmur typical of aortic stenosis
may occasionally be faint and the disappearance of S2
is a specific but not sensitive sign of SAS. On occa-
sions, SAS may present as heart failure of unknown
etiology. The guidelines do not mention other physical

Severe (n = 21) Moderate (n = 28) Mild (n = 51)
Mean (SD) Mean (SD) Mean (SD)
1.61(0.1) 1.61(0.1) 1.61(0.1)
2.6 (0.3) 2.6 (0.3) 2.6 (0.3)

16 (4) 16 (4) 16 (4)
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Sensitivity

Specificity

(%) (%)

Absent S1 90.5 59.5 11
Absent S2 42.9 98.4 2.23
Murmur duration (holosystolic) 81 86.1 27
Crescendo-decrescendo shape 90.5 63.3 5.83
Peak intensity 28.6 97.4 2.47
Radiation to neck 81 63.3 2.21
Sustained apex beat 54.5 83.7 3.34
Carotid pulsus parvus et tardus 38.1 98.7 29
Grade 3 murmur or greater 95.2 63.3 2.59
Interpretation as SAS 42.9 97.5 17

S1: First heart sound S2: Second heart sound. LR: Likelihood ratio. SAS: Severe aortic stenosis.

Table 4. Sensitivity, specificity
and likelihood ratio of the
different physical examina-
tion signs for the diagnosis

0.73 0.47 of severe aortic stenosis and
0.16 0.55 interobserver agreement es-
oEs 082 timation.

0.22 0.25

0.15 0.52

0.3 0.44

0.54 0.51

0.63 0.6

0.08 0.03

0.59 0.45

Fig. 1. Mean aortic valve area

for murmur intensity (A),
peak intensity (B) and the
characteristic of carotid ar-
tery upstroke (C).
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signs suggestive of SAS.

According to the American College of Cardiology/
American Heart Association 2006 guidelines (6), the
physical signs of aortic stenosis are specific but not
sensitive. The guidelines recognize a 4/6 late-peaking
systolic murmur that radiates to the carotid arteries
and diminished carotid upstroke as classical signs of
SAS. However, the murmur may occasionally be faint.
The American guidelines recommend Doppler echo-
cardiography in the presence of a grade 3/6 or louder
systolic murmur, single S2 or symptoms suggestive of
aortic stenosis.

This recommendation has been updated in the
2014 AHA/ACC Guideline (7) and states that Doppler
echocardiography is indicated when there is an unex-
plained systolic murmur or a single S2 that might be
due to aortic stenosis.

It can be seen that the evidence available is insuf-
ficient and out of date.

Aronow et al. (8) included 75 patients with mean
age of 83 years. Prolonged duration of the systolic
murmur, late peaking, decreased or absent S2 and
prolonged carotid upstroke time were associated with
moderate or severe aortic stenosis. However, these
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Fig. 2. Area under the score curve to predict severe aortic ste-
nosis.

signs did not differentiate between moderate and se-
vere aortic stenosis. Physical examination was per-
formed by a single observer. In this study, SAS was de-
fined by a peak aortic jet velocity of 3.6 m/s or greater
measured by Doppler echocardiography, a criterion
that is not currently recommended. These findings
were confirmed by the author in a second study in-
cluding more patients. (9)

McGee (10) reported that in patients with systolic
murmurs, several classical signs were associated with
peak aortic jet velocity of 2.5 m/s or greater (as seen
in mild aortic stenosis). Absent S2 in the second left
intercostal space had a positive likelihood ratio (LR+)
of 15.7, while the LRs of a murmur radiating to the ca-
rotid arteries and delayed carotid upstroke were 12.4
and 6.3, respectively. Holosystolic murmur and grade
3 murmur had a LR+ of 2.6. The evaluation of the
signs was performed by a single investigator.

Munt et al. (11) evaluated 123 asymptomatic sub-
jects. Unlike our study, peak aortic jet velocity was 2.5
m/s or greater in all the patients. Physical examina-
tion was performed by a single investigator. Severe
aortic stenosis was defined with a peak aortic jet ve-
locity of 4 m/s or greater.

The sensitivity and specificity for grade 3 murmur
or greater were quite different from those found in
our study, but very similar for grade 2 murmur, em-
phasizing the evidence of poor agreement in the Lev-
ine scale.

The authors did not find any combination of vari-
ables with acceptable values of sensitivity and speci-
ficity.

Etchells et al. (12) reviewed studies evaluating
physical signs of aortic stenosis. Most of these stud-

ies used cardiac catheterization as the gold standard
for determining the severity of aortic stenosis, while,
nowadays, Doppler echocardiography is the method of
choice. Although interobserver variability of physical
examination signs was not reported, the agreement
among cardiologists to assess heart murmurs (not
only for aortic stenosis) was established. Similar to
our study, the kappa coefficient was low both to de-
termine absence versus presence of murmur (kappa
0.3) as for the comparison of murmur absence/grade
1 versus grade 2-4 (kappa 0.29). These date seem to
indicate that a diagnostic strategy based only on mur-
mur intensity is rather imprecise (scarcely repeatable)
and hence, it is preferable to evaluate also other signs
with better agreement.

Kuperstein et al. also evaluated the physical deter-
minants of systolic murmur intensity in aortic steno-
sis, (13) and found that the perceived loudness of the
murmur is the complex consequence of multiple fac-
tors (pressure gradient, transvalvular flow and body
mass index). This may explain the lack of diagnostic
accuracy of murmur intensity.

Our findings provide further information.

According to our study, if only the intensity of the
murmur is evaluated, a grade 3 or 4/6 murmur could
identify most patients with SAS at the expense of low
specificity and bearing in mind its scarce repeatability.
Thus, it is not recommended to rely only on murmur
intensity for patient screening, as it is very unlikely
that other examiners will consider the same intensity
evaluated by us.

However, the score obtained by evaluating S1 and
S2 duration, murmur intensity and the presence of
pulsus parvus et tardus had the best area under the
curve and is built with acceptably accurate signs.

Among these signs, decreased S1 is rarely men-
tioned in aortic stenosis but has been recognized for
a long time. (14) The mechanism is not clear but may
be due to increased left ventricular end-diastolic pres-
sure with less excursion of the mitral valve in early
systole. Also, a holosystolic murmur can mask S1 per-
ception.

Other scores have been published (15) but with
significant methodological differences; thus, they can-
not be compared with our study.

The final interpretation of all the clinical examina-
tion signs represents the summary of integrating all
the information. Overall, physical examination in SAS
has high specificity with low sensitivity.

Ethical considerations
The protocol was reviewed and approved by the Insti-
tutional Ethical Board.

Study limitations

Our study was not designed for evaluating special sit-
uations, as patients with low ejection fraction, other
significant valvular diseases, valvular prostheses or
paradoxical low-flow, low-gradient SAS. Our findings
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should not be extrapolated to these patients.

Recent investigations (16-18) have demonstrated
that hypertension may affect not only the estima-
tion of aortic stenosis severity (by echocardiography
or cardiac catheterization), but also the physical ex-
amination findings. The data of our study should only
be applied to patients with controlled blood pressure
values.

CONCLUSIONS
Physical examination findings for the diagnosis of
SAS have low sensitivity but adequate specificity.
Interobserver agreement for the different clinical
signs of severity is, at least, moderately good.
A simple score obtained by physical examination
and adequate repeatability can be used to identify pa-
tients with SAS.
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