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Abstract
Background: The Gorlin equation is the reference method for the assessment
of aortic valve area in aortic stenosis and is calculated using a constant, called
the coefficient of contraction, which is empirically assumed to be 1. This coefficient is the ratio of effective aortic area to anatomic aortic area, and a value
of 1 indicates that both are the same. The purpose of this study was to estimate the actual coefficient of contraction in patients with aortic stenosis and
to evaluate its impact on aortic area as calculated by the Gorlin equation. Methods: We studied 17 patients with moderate to severe aortic stenosis. Effective aortic area was calculated using the continuity equation. Anatomic aortic
area was obtained by planimetry with transesophageal echocardiography. Aortic
valve area by the Gorlin equation was calculated from echocardiography data.
The coefficient of contraction was derived as above. Results: The coefficient
of contraction was inversely related to the pressure recovery. Effective area was
correlated with anatomic area (r = 0.86, P < 0.01) but there was a high mean
difference (0.22 ± 0.14 cm2). Aortic area by the Gorlin equation was not correlated with anatomic area, but the correlation became significant when the
Gorlin equation was corrected for coefficient of contraction and pressure recovery. Conclusions: Using a coefficient of contraction of 1 in the Gorlin equation gives a poor correlation with anatomic area. Using the calculated coefficient of contraction for each patient and the mean gradient for pressure recovery improves the correlation with anatomic area. These facts could be taken in account when Gorlin equation is considered as the reference method.
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1. Introduction
The assessment of aortic stenosis severity depends in the clinical practice on the
measurement of transvalvular gradients and aortic valve area [1]. In severe aortic
stenosis, these gradients can be decreased, as a consequence of a low ejection
fraction, or in patients with preserved ejection fraction, but a low stroke volume
(paradoxical aortic stenosis), because the gradients depend on transvalvular flow
[2]. For this reason, the severity of aortic stenosis is classified according to effective valve area (AVAe), calculated from the continuity equation, taking in account that there may be errors due to the incorrect measurement of the left ventricular outflow tract and its elliptical shape, or to factors affected by aortic root
size, such as pressure recovery [3] [4]. Using this method, the area obtaining the
AVAe, is the area of the vena contracta, which is located above the anatomic
valve area (AVAa) close to the level of the sinotubular junction; this corresponds
to the site of maximal jet velocity (registered by continuous-wave Doppler) that
results from the momentum of the blood passing through the stenotic valve.
The method of the reference for the calculation of valve area is the Gorlin equation, which attempts to estimate the area from data obtained during catheterization, as follows: [5]

(

valve=
area flow Cc × Cd × 44.3 × MG

)

where Cc is the coefficient of contraction, Cd is the coefficient of discharge, 44.3
is the gravitational component ( ≈ 2g ), and MG is the mean gradient. The Gorlin equation can be calculated from echocardiographic data with or without correction of MG for pressure recovery, because MG by Doppler is slightly greater
than that by catheterization [4] [5] [6]. With regard to the constants used in the
equation, in mitral stenosis Cc × Cd = 0.86, according to correlations obtained
from surgery or autopsy, and in aortic stenosis, Cc × Cd = 1 has been established
empirically [7]. Cd is the relationship between ideal gradient and real gradient,
which cannot be measured in patients and is assumed to be 1. Cc is the ratio
between the area of the vena contracta, or AVAe, and AVAa; in the case of aortic
stenosis, a value of 1 assumes that both areas are equal, that is AVAe = AVAa.
However, it has been demonstrated echocardiographically that AVAe is lower
than AVAa because of the factors mentioned above (pressure recovery and the
size of the aorta).
Taking into account that the value of Cc = 1 was established empirically, the
objective of the present investigation was to estimate the Cc in aortic stenosis,
based on the values of AVAa, obtained by transesophageal echocardiography
(TEE), and AVAe, derived from the continuity equation, and to reassess its impact on the calculation of valve area using the Gorlin equation.

2. Methods
Twenty-three patients (age 65 ± 11 years, 13 male) who were referred for evaluation of valvular disease were studied prospectively. All had aortic stenosis of
grade moderate to severe, as determined by transthoracic echocardiography and
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TEE. Patients with moderate or severe aortic or mitral regurgitation were excluded. The patients were questioned about cardiovascular risk factors and
symptoms, and underwent a complete physical examination with blood pressure
measurement prior to complete Doppler echocardiography. The protocol was
approved by the Investigation Committee of our hospital.

2.1. Echocardiography
Examinations were performed with the patient in the left lateral decubitus position, using a TOSHIBA SSH140A ultrasound device with a 2.5 MHz transducer
and ECG lead DII as reference.
End-diastolic and end-systolic diameters and ejection fraction were calculated
according to the American Society of Echocardiography’s guidelines [8]. Left
ventricular outflow tract (LVOT) diameter was measured from the long-axis parasternal view at the insertion point of the valve in mid-systole [9] and LVOT
cross-sectional area was calculated as (LVOT diameter)2 × 0.785 [10].
The aortic valve was examined using continuous-wave Doppler from the apical, right parasternal, suprasternal and subxiphoid views to obtain peak gradient,
MG, and flow integral. LVOT flow was determined using pulsed-wave Doppler
from the apical five-chamber view.

2.2. Transesophageal Echocardiography
TEE was performed under anesthesia with propofol [11] at an initial dose of 2 2.5 mg/kg (<60 years), 1.6 - 1.7 mg/kg (>60 years), or 0.7 mg/kg in aged patients
followed by a maintenance dose with a bolus of 10 - 20 mg every 5 - 10 minutes
until the end of the procedure. A multiplane Toshiba 5 MHz transducer was
used and planimetry of the aortic valve was obtained from the short-axis view
[12]. The view was considered adequate for planimetry if the aorta had a circular
shape and all cusps were visualized simultaneously. AVA was defined as the orifice area between the cusps at the time of maximal opening in systole. An average of three consecutive measures was obtained.

2.3. Assessment of Aortic Stenosis
AVAe was calculated according to the continuity equation as:
AVAe = (LVOT area × integral flow of LVOT)/aortic integral flow.
AVAa was calculated from the TEE Doppler parameters using the Gorlin equation, as: [13]

AVAa
= flow Cc × Cd × 44.3 × MG
where aortic flow (mL/s) was calculated as stroke volume (LVOT area × LVOT
integral flow) (mL) divided by left ventricular ejection time(s) measured from
the beginning to the end of LVOT flow as recorded by pulsed-wave Doppler. Cc
is the coefficient of contraction = AVAe/AVAa (TEE); Cd is the coefficient of
discharge = 1; 44.3 is the gravitational component (44.3 =

[ 2 × 980.67]

cm·s−2); and MG is the mean gradient obtained by continuous Doppler. MG net
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was calculated taking into account the pressure recovery according to the Baumgartner equation: [14] [15]

(

)

2
2
Pressure recovery
= 4 VAo
− VLVOT
× 2 ( AVAe Ao ) × 1 − ( AVAe Ao )

where VAo is the mean velocity through the aorta, VLVOT is the mean velocity in
the LVOT, and Ao (cm2) is the area at the sinotubular junction.

2.4. Measurement Variability
To evaluate the intra- and inter-observer variability related to image analysis by
transthoracic echocardiography and TEE; the measurement of AVAe and AVAa
were repeated in 17 patients by two blinded observers with the use of the same
set of images.

2.5. Statistical Analysis
Continuous variables were expressed as mean ± standard deviation. Pearson’s
coefficient of correlation (r) and Bland-Altman analysis were used for correlations. A level of P < 0.05 was considered significant.

3. Results
Mean AVAe calculated by the continuity equation was 0.77 ± 0.2 cm2. Mean
AVAa obtained by TEE was 0.98 ± 0.28 cm2, but in 5 patients (22%) it could not
be determined; thus, 17 patients were included in the analysis. Clinical findings
are shown in Table 1. Eight patients had a bicuspid aortic valve and 9 a tricuspid
valve. Patients with a tricuspid valve were older than those with a bicuspid valve
(70 ± 5.7 vs. 59 ± 8.3 years, P < 0.09), and had a larger AVAe (0.88 ± 0.18 vs.
0.61 ± 0.12 cm2, P < 0.03) and AVAa (1.13 ± 0.25 vs. 0.79 ± 0.14 cm2, P < 0.01)
Table 1. Clinical findings.
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Gender (n)
Male
Female

13
4

Age (year)

63 ± 11

Body surface (m2)

1.81 ± 0.16

Co-morbilities and risk factors (n)
Coronary artery disease
Previous myocardial infarction
Hypertension
Dyslipidemia
Diabetes
Smoker
Obesity

4
1
10
5
0
8
5

Symptoms
Dyspnea I-II
Dyspnea III-IV
Angina
Syncope

3
0
1
0
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by TEE. PG, MG, and MG net were greater in patients with a bicuspid valve, but
the difference was not significant. Ejection fraction, PG, MG, MG net, pressure
recovery, and transvalvular flow are presented in Table 2.
There was a good correlation between AVAa by TEE and AVAe (r = 0.86, P <
0.01) (Figure 1(a)), but with a high mean difference (0.22 ± 0.14 cm2) (Table 2)
Table 2. Echocardiographic parameters.

Ejection fraction (%)

All patients
(n = 17)

Bicuspid aortic
valve
(n = 8)

Tricuspid
aortic valve
(n = 9)

P

60 ± 16

57 ± 14

66 ± 16

NS

Peak gradient (mmHg)

67 ± 26

71 ± 27

58 ± 24

NS

AVAe (cm2)

0.77 ± 0.2

0.61 ± 0.12

0.88 ± 0.18

0.01

AVAa (cm2)

0.98 ± 0.28

0.79 ± 0.14

1.13 ± 0.25

0.01

Mean gradient (mmHg)

37 ± 14

40 ± 14

32 ± 14

NS

Pressure recovery (mmHg)

14 ± 5

15 ± 5

13 ± 5

NS

Net mean gradient* (mmHg)

29 ± 12

31 ± 13

24 ± 11

NS

Sinotubular junction (TEE) (cm)

2.7 ± 0.47

2.5 ± 0.3

2.8 ± 0.5

NS

Aortic flow (mL/s)

201 ± 61

179 ± 35

218 ± 69

NS

*Mean gradient minus pressure recovery. AVAe: effective aortic valve area; AVAa: anatomic aortic valve
area.

Figure 1. (a) Correlation between AVAa obtained by TEE and AVAe estimated by
continuity equation. (b) Correlation between AVAa calculated by Gorlin equation
and AVAa by TEE. (c) Correlation between AVAa using Cc calculated for each
patient (AVAe/AVAa TEE) and AVAa by TEE. (d) Correlation between AVAa by
Gorlin using Cc calculated for each patient and MG correctedfor pressure recoveryand AVA by TEE. AVAe: effective aortic valve area; AVAa: anatomic aortic
valve area; TEE: transesophageal echocardiography; Cc: coefficient of contraction.
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and with displacement of the regression line above the identity line, suggesting
an overestimation of stenosis severity by AVAe calculated from the continuity
equation. According to the regression equation (y = 1.1632x + 0.0878), an AVAe
of 1 cm2 corresponded to an AVAa of 1.25 cm2.
There was no correlation between AVAa (TEE) and valve area calculated by
the Gorlin equation when a Cc of 1 was used (r = 0.23, P:NS) (Figure 1(b)), but
the correlation improved when the Cc calculated for each patient (AVAe/AVAa)
was incorporated in the equation (r = 0.64, P < 0.01) (Figure 1(c)). The average
Cc was 0.79 ± 0.13, with a range between 0.66 and 1 (only in 2 patients), and
there was no difference between patients with a bicuspid and tricuspid aortic
valve.
The correlation between AVAa (TEE) and the valve area by Gorlin equation
was r = 0.71 (P < 0.01) when MG was corrected for pressure recovery (Figure
1(d)), with a low mean difference (0.09 ± 0.20 cm2), suggesting a good concordance between the two methods.
Cc had an inverse correlation with pressure recovery (Figure 2) (r = −0.61, P <
0.01), indicating that pressure recovery was greater for a greater difference between AVAe and AVAa (Table 3). The intra- and inter-observer variability of
AVAe was 6% ± 5% and 8% ± 6% and for AVAa 5% ± 4% and 9% ± 5% respectively. Examples of AVAe, AVAa and the corresponding Cc in patients are shown
in Figure 3.
Table 3. Coefficients of correlation and mean difference.
AVAe (continuity)-AVAa (TEE)

r

Mean difference ± SD (cm2)

0.86*

0.22 ± 0.14

Gorlin-AVAa

0.23

0.17 ± 0.28

Gorlin Cc-AVAa

0.64*

0.04 ± 0.21

Gorlin Cc and PR-AVAa

0.71*

0.09 ± 0.20

*P < 0.001. SD: standard deviation; AVAe: effective aortic valve area; AVAa: anatomic aortic valve area;
TEE: transesophageal echocardiography; Cc: coefficient of contraction; PR: pressure recovery.

Figure 2. Correlation between pressure recovery and coefficient of contraction (Cc).
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Figure 3. (a) Female patient, 68 years old, with dyspnea II (Top left) Recording of transvalvular aortic flow with continuous-wave Doppler simultaneously with phonocardiogram (PCG) and electrocardiogram (ECG). PG: peak gradient and MG: mean gradient.
(Top right) Measurement of the left ventricular outflow tract (LVOT) diameter. (Bottom
left) Recording of LVOT flow with pulsed-wave Doppler. (Bottom right) planimetry of
AVAa in short-axis view by TEE. AVAa is greater than AVAe, with a Cc of 0.75. (b) Male
patient, 78 years old, with heart failure functional class III (dyspnea). The order of the
recordings is similar to figure A. Again, AVAa is greater than AVAe, with a Cc of 0.68.
AVAe: effective aortic valve area; AVAa: anatomic aortic valve area; TEE: transesophageal
echocardiography; Cc: coefficient of contraction.

4. Discussion
The reference method for the calculation of aortic valve area is the Gorlin equation, which was first reported in 1951 [10]. It was first used for the calculation of
mitral valve area, and a coefficient of 0.7 was used based on the correlation with
AVAa obtained from autopsy (6 patients) or surgical resection (5 patients). Because the duration of diastolic filling flow was measured from aortic closure (dicrotic notch) to the upstroke of aortic pressure (including isovolumic contraction and relaxation time), Cc was changed from 0.7 to 0.86 when simultaneous
recording of the left atrium and ventricle became available [16] [17]. A Cc below
1 in mitral stenosis implies that effective valve area is less than anatomic valve
area; however, in aortic stenosis Cc was established empirically as 1, indicating
that AVAe is equal to AVAa. Several studies of the correlation between AVAe
estimated by Doppler echocardiography and valve area estimated by cardiac catheterization, TEE, computed tomography and magnetic resonance demonstrated that AVAa is greater than AVAe, because AVAe is calculated using the
maximal velocity at the vena contracta, a hydrodynamic area located above
AVAa [12] [18]-[23]. Clavel et al. [24] studied with computed tomography and
echocardiography patients with aortic stenosis and found a modest correlation
(r = 0.57) between AVA planimetry (AVAa) by computed tomography and
AVAe (echocardiography) with larger AVA planimetry compared with AVAe
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which are in concordance with our findings and other researchers [21] [25]. The
guidelines of the European Society of Cardiology and the American Heart Association/American College of Cardiology make no distinction between echocardiographic or hemodynamic measurementsin the cutoff for the severity of aortic
stenosis based on AVAe or AVAa and MG [26] [27] and they are assumed to be
similar, though in daily practice MG is greater and AVA is lower by Doppler
compared to the values obtained by catheterization.
In the present study, we found that AVAe was less than AVAa by TEE and the
Cc calculated for each patient was variable (between 0.66 and 1), while the value
of 1, as normally used in the Gorlin equation, was found only in 2 patients. For
the same reason, AVAe was approximately 25% lower than AVAa by TEE, despite the good correlation between the two methods. The range of Cc found
(0.66 - 1) is consistent with previous studies [28] [29] [30]. There were no significant differences in Cc in relation to the valve anatomy (bicuspid vs. tricuspid).
The correlation between AVAa by TEE and valve area by the Gorlin equation
was not significant, because of the great dispersion of the values (Figure 1(b)),
but it improved when it was corrected for the Cc of each patient and the pressure recovery. Regarding the last point, it is important to point out that pressure
recovery depends on the size and elastic properties of the aorta; those parameters
were not considered in the Gorlin equation and increase especially in smaller
aortas (<30 mm) and in moderate to severe stenosis (AVAe 0.8 - 1.2 cm2) [31]
[32] [33]. In addition, it should be kept in mind that Gorlin equation is derived
from the Bernoulli equation, which describes a system with continuous flow and
does not take in account the acceleration and inertia that apply in the case of
pulsatile flow and contribute to an overestimation of the valve area. Furthermore, the equation ignores the conversion from mm H2O to mmHg and the
density of the blood, in which the constant 44.3 should be replaced by 50 [18]. In
addition, it has been demonstrated that, for a constant value of AVAa, AVAe
may vary significantly, depending on whether the contraction is gradual or abrupt [34]. For the above reasons, the calculation of valve area using the Gorlin
equation has limitations and is only an attempt to estimate AVAa. Furthermore,
according to our findings, Cc is not constant, but varies from patient to patient.
A better default value could be 0.8 instead of 1, given that AVAe is lower than
AVAa in the majority of patients. However, when a constant value of 0.8 was
used, the correlation did not improve (r = 0.26, P:NS).
Because of the limitations in the estimation of AVAa by the Gorlin equation,
valve area should be determined using another imaging modality, such as TEE,
three-dimensional echocardiography, magnetic resonance or computed tomography [34] [35] [36] [37].

Limitations of the Study
The number of the patients studied was small. Planimetry of AVAa by TEE could
not be accomplished in 22% of the patients due to impossibility of visualization
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of the entire orifice perimeter, in general associated with extensive calcification
of the valve and acoustic shadow extending into aortic valve. Another limitation
was the lack of correlation of AVAa with other techniques like computed tomography or magnetic resonance but there was not available. Determination of
AVA by Gorlin equation with catheterization was not performed take in account
the risk associated with the procedure [38] and the good correlation with Gorlin
formula derived from echocardiography [39].

5. Conclusion
The use of a constant of 1 for Cc in the Gorlin equation yielded a poor correlation with anatomic valve area. The correction of the values of Cc and MG for
pressure recovery improved the correlation with AVAa by taking account of the
fact that AVAa was greater than AVAe, elements that were not considered in the
original Gorlin equation.
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