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ABSTRACT 

Objectives: To explore the concordance and the fea-
sibility of obtaining systolic or diastolic variables of 
left ventricular function in elderly patients with heart 
failure symptoms. Methods: One hundred twenty 
four patients with symptoms of heart failure (mean 
age 77 years, 70% females) were included in a cross- 
sectional, explorative study. Nineteen echocardiogra- 
phic variables (7 systolic and 12 diastolic) were meas- 
ured. Results: Overall, feasibility ranged from 93% to 
100% for 15 variables and was 48% for mitral regur-
gitation dp/dt(MRdp/dt), 66% for the difference be-
tween pulmonary AR-dur and mitral A-dur, 81% for 
the ratio between early and late mitral inflow velocity 
(E/A), and 76% for tissue Doppler imaging late dia-
stolic velocity (TDI A’). Concordance was very good/ 
good in 83% and poor/missing in 17% of systolic 
variables, whereas it was very good/good for 67% of 
diastolic variables and poor/missing for 33%. Factor 
analysis reduced systolic variables to two factors that 
explained 69% of the total variance in systolic func-
tion. Conclusions: Low feasibility for some and ques-
tionable concordance of especially diastolic variables 
questions the rationale for routinely measuring a high 
number of echocardigraphic variables. The results of 
the factor analysis further strengthen the possibility 
of reducing the number of measured variables. The 
clinical value of such a reduction needs to be vali-
dated.  
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1. INTRODUCTION 

The clinical diagnosis of heart failure (HF) is often dif-

ficult and misleading [1]. An evaluation of left ventricu-
lar (LV) function is needed, usually by echocardiography 
(Echo) [2]. In elderly patients, it may be more difficult to 
obtain Echo variables due to anatomic considerations and 
co-morbidities. The number of LV function measure-
ments has increased significantly, including both estab-
lished and newer variables [3], resulting in an expanded 
Echo examination that is more costly and time consum-
ing. The question as to whether all old and new variables 
must be analysed is seldom examined and there is a lack 
of knowledge on the feasibility of obtaining all proposed 
variables. Secondly, to our knowledge there are no stud-
ies on the concordance of systolic and diastolic variables 
in elderly patients with symptoms of heart failure. In the 
present cross-sectional, explorative, echocardiographic 
study, our aims were 1) to explore the feasibility of ob-
taining systolic and diastolic variables, and 2) to study 
the concordance and pattern of correlations (factor analy- 
sis) of systolic and diastolic measurements. 

2. MATERIALS AND METHODS 

2.1. Population 

From 2000 to 2003, we studied 170 elderly patients from 
one selected primary health care centre (7800 inhabitants) 
in the city of Skellefteå, northern Sweden. In this cohort, 
we validated the diagnosis of chronic HF in patients with 
suspected but previously undiagnosed HF [4]. In short, 
all patients with symptoms of HF were examined by a 
general practitioner (GP) then referred for echo and di-
agnosed by a cardiologist at the local hospital (KB) ac-
cording to the criteria proposed by the European Society 
of Cardiology [5]. One year after the first study ended, a 
new echo machine was available that expanded the meas- 
urements for systolic and diastolic function in several 
new ways. The question about the feasibility and con-
cordance of all these measurements was then raised. It 
was also of interest to study correlations within systolic *Conflict of Interest: None declared. 
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or diastolic variables and whether or not these could be 
reduced through factor analysis. All patients were of-
fered a new examination performed by one of the inves-
tigators (JR) who was blinded to the results from the first 
study. Of these 170 patients, 46 were unable to partici-
pate, 23 had died, 11 declined participation, nine did not 
come to the appointment, two had dementia and could 
not provide written informed consent, and one had 
moved to another area. In total, 124 patients were in-
cluded from December 2002 to February 2005. Baseline 
characteristics are presented in Table 1. The patients 
were elderly and predominately female primary health 
care patients (70% females, 30% males, mean age (77 ± 
9) years) of whom 46% were older than 80 years. The 
majority had clinical symptoms of dyspnea (82%) or 
fatigue (69%) suggesting HF. No patients were in a de-
compensated state. Medications and concomitant dis-
eases are listed. Mean body mass index (BMI) was (27 ± 
5) kg/m2. We decided to leave the patients undiagnosed 
to make the Echo examination as unbiased as possible. 

2.2. Echocardiographic Examination 

Systolic and diastolic variables were analyzed with the  

Table 1. Baseline patient characteristics. 

Variables 
All Patients 
(n = 124) 

Females 
(n = 87)

Males 
(n = 37)

Age (years), mean ± SD 77 ± 9 78 ± 8 75 ± 10

Weight (kg), mean ± SD 73 ± 17 68 ± 14 86 ± 17

BMI (kg/m2), mean ± SD 27 ± 5 27 ± 5 28 ± 5 

Systolic BP (mmHg), mean ± SD 147 ± 21 150 ± 20 140 ± 23

Diastolic BP (mmHg), mean ± SD 80 ± 11 80 ± 10 79 ± 12

Smoker n (%) 21 (17) 11 (13) 10 (27)

Hypertension n (%) 61 (49) 44 (51) 17 (46)

Diabetes mellitus n (%) 19 (15) 9 (10) 10 (27)

Angina pectoris n (%) 44 (36) 33 (38) 11 (30)

Myocardial infarction n (%) 19 (15) 10 (12) 9 (24) 

Valvular heart disease n (%) 29 (23) 20 (23) 9 (24) 

History of atrial fibrillation n (%) 25 (20) 14 (16) 11 (30)

Dyspnea n (%) 101 (82) 70 (81) 31 (84)

Fatigue n (%) 85 (69) 62 (71) 23 (62)

Mean EF (%) 48.6 ± 2,0 47 ± 9 53 ± 11

Medication: 

Diuretics n (%) 73 (59) 51 (59) 22 (60)

ACE-inhibitors/AII blockers n (%) 68 (55) 42 (48) 26 (70)

Βeta-receptor blockers n (%) 68 (55) 41 (47) 27 (73)

Digitalis n (%) 16 (13) 9 (10) 7 (19) 

Nitrates n (%) 40 (32) 31 (36) 9 (24) 

Calcium-channel blockers n (%) 15 (12) 9 (10) 6 (16) 

Acuson Sequoia 256 system (Siemens Medical Systems, 
Mountain View, CA). Standard images were taken and 
calculations performed according to the guidelines of the 
American Society of Echocardiography [6]. Left atrial 
(LA) size was indexed to body size (LA index) to avoid 
differences related to body size or gender. Visual estima-
tion of LV systolic function was performed and qualita-
tively characterized as good or mildly, moderately, or 
severely depressed [2]. The LV was divided into 17 
segments [7] and segmental wall motion abnormalities (1 
= normal contractility, 2 = hypokinesis, 3 = akinesis, and 
4 = dyskinesis, X = segment not visible) were tabulated. 
Wall-motion score index was then calculated [8]. Meas-
urement of the systolic mitral annular motion (MAM) 
was obtained with M-mode by placing a cursor at the 
septal, lateral, anterior, and inferior regions of the mitral 
annulus in the 4- and 2-chamber apical views. The mean 
of the systolic displacement in the four regions was then 
calculated [9].  

2.3. Doppler Velocities 

The transmitral and pulmonary venous flow-velocity pat- 
terns were recorded with a pulsed wave Doppler tech-
nique recommended by the American Society of Echo-
cardiography [10] and by the Technical Guide for Ob-
taining Optimal Flow Velocity Recordings [11]. Meas-
urements were averaged from three different and most 
readable cardiac cycles. Pulsed Doppler technique was 
also used to estimate LV stroke volume [10]. Using the 
spectral display of the mitral regurgitation jet, the rate of 
LV pressure rise (MRdp/dt) was used as an indirect meas-
ure of myocardial contractility and systolic function [12]. 
The MR signal was optimized, sweep speed set to 100 
mm/sec, and the velocity scale set to 4 m/sec. The time 
interval between 1 m/sec and 3 m/sec was measured and 
dp/dt was performed using the Bernoulli equation.  

2.4. Color M-Mode 

E wave propagation velocity (Vp) was recorded in the 
apical 4-chamber view with the color sector as narrow as 
possible, and by adjusting the color baseline to 40 - 50 
cm/sec [3]. The slope of the first aliasing velocity (red to 
blue) from the mitral leaflet tips in early diastole at a 
position of 4 cm in the LV cavity was calculated in 
cm/sec. The three most readable measurements were 
averaged. 

2.5. Tissue Doppler Imaging  

Tissue Doppler imaging (TDI) [3] was obtained from the 
4-chamber apical view. TDI velocities were measured at 
the septal corner of the mitral annulus and velocities 
from the three most readable beats were averaged. The 
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velocity scale was adjusted to obtain a Nyquist limit of 
15 - 20 cm/sec with a sample volume of 3 - 5 mm. We 
used low-wall filter settings and a Doppler gain setting of 
–15 dB. By aligning the cursor as parallel as possible to 
the septal wall, Doppler beam angles over 20 degrees 
were avoided. 

LA contractility was estimated by TDI measuring A’ 
(mitral annular velocity at the septal corner) at the time 
of atrial contraction [13]. TDI A’ < 6.5 cm/sec or atrial 
fibrillation implied impaired LA systolic function. 

2.6. Protocol and Derived Variables 

A standardized protocol was devised to allow for reliable 
evaluation of LV function. LV systolic function was as-
sessed with a visual estimation of LV function [2], frac-
tional shortening (FS%) [6], wall motion score index 
(WMSI) [8], mitral annular motion (MAM) [9], Doppler- 
derived mitral regurgitation dp/dt (MRdp/dt) [12], stroke 
volume index (SVI)  [14], and tissue Doppler imaging 
systolic velocity (TDI S’) at the septal corner of the mi-
tral annulus [15]. Diastolic variables were LA index [16], 
the ratio between early and late mitral inflow velocity 
(E/A) [17], E deceleration time (DT) [18], isovolumic 
relaxation time (IVRT) [18], the ratio between pulmo-
nary vein systolic and diastolic flow velocities (PVs/d) 
[19], the difference between the pulmonary AR-dur and 
mitral A-dur (PVARdur-Adur) [20], flow propagation 
velocity (Vp) [3], tissue Doppler-imaging early diastolic 
velocity (TDI E’) [3], tissue Doppler-imaging late dia-
stolic velocity (TDI A’) [21], LA contractility [13], E/E 
[22], and E/Vp [23]. Echocardiographic variables are 
presented in Table 2. 

Systolic heart failure was defined as an EF below 50%. 
The mean calculated EF was 48.6% ± 2.0% [24]. Of all 
124 patients, 69 (56%) patients had an EF below 50%. If 
diastolic heart failure is strictly diagnosed as heart failure 
with preserved ejection fraction, only 7 patients fulfilled 
the criteria proposed by Xin-Xin Shuai and co-workers 
[25]. Their criteria was based on EF ≥ 50%, E/E’, LA 
index and PVARdur-Adur. The remaining 48 patients in 
our study with EF ≥ 50% did not fulfil the above criteria 
for diastolic heart failure [25] but could miss or have one 
or more diastolic variables outside the reference values 
presented in Table 3.  

2.7. Procedures 

Cut-off values with references are shown in Table 3. 
These values were searched and chosen from the most 
cited articles and we tried to find specific variables for 
patients aged > 70 years. We used concordance on an 
individual basis to evaluate whether the measured vari-
ables were in agreement, indicating either normality or 
abnormality. For example, if all variables in an individ-  

Table 2. Measured echocardiographic variables of the patients, 
data presented as mean ± standard deviation. 

Systolic variables Mean ± SD 

FS 33.2% ± 8.1% 

WMSI 1.16 ± 0.26 

MAM (9.8 ± 2.0) mm 

SVI (37.3 ± 9.2) ml/m2 

MRdp/dt (1278 ±360) mmHg/sec 

TDI S’ (6.6 ± 1.0) cm/sec 

Diastolic variables  

LA index (24.4 ± 3.7) mm/m2 

E/A 0.81 ± 0.26 

DT (206 ± 49) ms 

IVRT (88 ± 19) ms 

PVs/d 1.33 ± 0.55 

PVARdur-Adur (–9.5 ± 21.9) msec 

Vp (48.1 ± 17.1) cm/sec 

TDI E’ (7.7 ± 2.0) cm/sec 

TDI A’ (10.0 ± 2.2) cm/sec 

E/E’ 9.8 ± 3.6 

E/Vp 1.6 ± 0.6 

Explanation of abbreviations: FS, fractional shortening; WMSI, wall motion 
score index; MAM, mitral annular motion; SVI, stroke volume index; 
MRdp/dt, Doppler derived mitral regurgitation dp/dt; TDI S’, tissue Doppler 
imaging systolic velocity; LA index, LA antero-posterior diameter indexed 
to body surface; E/A, the ratio between early mitral inflow velocity and late 
mitral inflow velocity; DT, E deceleration time; IVRT, isovolumic relaxation 
time; PVs/d, the ratio between pulmonary vein systolic and diastolic flow 
velocities; PVARdur-Adur, the difference between the pulmonary AR-dur 
and mitral A-dur; Vp, flow propagation velocity; TDI E’, tissue Doppler 
imaging early diastolic velocity; TDI A’, tissue Doppler imaging late dia-
stolic velocity. 

ual patient were abnormal, i.e. outside the cut-off limits 
for normality, the concordance was very good. If half of 
the variables were abnormal and half were normal, the 
concordance was judged as poor. In the definitions below, 
we elaborate on how the extent of concordance was as-
sessed. 

For each individual patient, we also noted which vari-
ables could not be obtained either because of poor image 
quality, technical difficulties, or atrial fibrillation. 

2.8. Definitions 

Feasibility was defined as the percentage of echo vari- 
ables that could be obtained and measured. 

Concordance was defined as follows: 
1) Very good if all measurable systolic or diastolic 

variables were in agreement.  
2) Good (acceptable) if two or fewer systolic or three 

or fewer diastolic variables differed. 
3) Poor if more than two of the systolic or more than  
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Table 3. Feasibility of obtaining variables, prevalence of ab-
normalities, applied cut-off values with references from the 
literature. 

Variables Feas.% Abn.% App. cut-off val. Ref.

FS 99 15 <25% (5)

WMSI 95 26 >1.2 (7)

LV vis.*1) 100 32 Depressed  

MAM 99 52 <10 mm (8)

SVI 94 19 <30 ml/m2 (13)

MRdp/dt 48 11 <1000 mmHg/sec (11)

TDI S’ 93 43 <6.5 cm/sec (14)

LA index 100 26 >26 mm/m2 (15)

E/A 81 20 <0.4 or > 1.0 (16)

DT 95 32 <150 or >250 ms (17)

IVRT 92 27 <60 or >105 ms (17)

PVs/d 93 23 <1.0 or >2.5 (18)

PVAR 66 3 >30 msec (21)

Vp 96 48 <45 cm/sec (3)

TDI E’ 93 35 <7 cm/sec (20)

TDI A’ 76 4 <6.5 cm/sec (20)

LA contr.*2) 93 22 impaired (12)

E/E’ 91 7 ≥15 (21)

E/Vp 94 23 ≥2.0 (22)

Explanation of abbreviations: Feas., feasibility, Abn., abnormality, App. cut- 
off val., applied cut-off values, Ref., references, FS, fractional shortening; 
WMSI, wall motion score index; *1)LV vis., visual estimation of LV systolic 
function; MAM, mitral annular motion; SVI, stroke volume index; MRdp/dt, 
Doppler derived mitral regurgitation dp/dt; TDI S’, tissue Doppler imaging 
systolic velocity; LA index, LA antero-posterior diameter indexed to body 
surface; E/A, the ratio between early mitral inflow velocity and late mitral 
inflow velocity; DT, E deceleration time; IVRT, isovolumic relaxation time; 
PVs/d, the ratio between pulmonary vein systolic and diastolic flow veloci-
ties; PVAR, the difference between the pulmonary AR-dur and mitral A-dur; 
Vp, flow propagation velocity; TDI E’, tissue Doppler imaging early dia-
stolic velocity; TDI A’, tissue Doppler imaging late diastolic velocity; *2)LA 
contractility abnormalities includes patients with atrial fibrillation. 

three of the diastolic variables differed.  
4) Missing if more than two of the systolic or three of 

the diastolic variables could not be obtained and no esti-
mation of concordance was done. 

The percentages of the three different levels of con-
cordance were calculated. 

2.9. Statistical Analysis 

Statistical analysis was performed with SPSS software 
(version 11.5) (SPSS Chicago, IL). All continuous vari-
ables were expressed as the mean value ± standard de-
viation (SD) and categorical variables as percentages. 
Two systolic variables, WMSI and visual categorization, 
and six diastolic variables, E/E’, E/A, DT, LA index, 
PVs/d, and TDI A’, were skewed and thus log trans-
formed. After log transformation, only WMSI and visual 

categorization of all variables were still moderately 
skewed at –1.8 ± 0.2 and –2.1 ± 0.2, respectively.  

Factor analysis has been used to simplify the underly-
ing structure of multiple contributing variables. Grouping 
variables into factors may be of value as it shows which 
variables correlate with each other. For this purpose, we 
used principal component analysis with Varimax rotation 
to reduce the number of systolic and diastolic variables. 
Only factors with eigenvalues above 1.00 were chosen. 
These factors in a rotated principal analysis are, by defi-
nition, uncorrelated. All systolic and diastolic variables, 
respectively, contributed to all factors but with different 
loadings. A factor loading is a variable’s correlation to 
the factor. In each factor, only those variables with a 
loading above 0.5 were considered. WMSI was inverted 
so as to be presented in the same functional direction as 
the systolic variables in Figure 1. No diastolic variable 
was inverted. 

The study complied with the Declaration of Helsinki 
and was approved by the local ethics committee of 
Västerbotten in northern Sweden. All patients provided 
their written informed consent to participate. 

3. RESULTS 

The feasibility of different Echo variables is listed in 
Table 3. The success rate for recorded variables was 
93% to 100% for all but four variables; MR dp/dt could 
be measured in only 48%, PVAR dur-A dur in 66%, E/A 
in 81%, and TDI A’ in 76% of patients. 

For the systolic variables, very good concordance was 
achieved in 23%, good (acceptable) concordance in 60%, 
and poor concordance in 15%. For diastolic variables, 
very good concordance was achieved in 10%, good (ac-
ceptable) concordance in 57%, and poor concordance in 
22% (Table 4). There was missing information in 2% of 
systolic and 11% of diastolic variables. The prevalence 
of abnormalities among the different echocardiographic 
variables is summarized in Table 3. Among systolic pa-
rameters, MAM was abnormal in 52% and TDI S’ in  

Table 4. Consistency of echocardiographic variables. 

Systolic variables 

Very good (all variables in agreement) 23% 

Good (two or less of the variables differed) 60% 

Poor (more than two of the variables differed) 15% 

Missing (less than five variables obtained) 2% 

Diastolic variables 

Very good (all variables in agreement) 10% 

Good (three or less of the variables differed) 57% 

Poor (more than three of the variables differed) 22% 

Missing (less than nine variables obtained) 11% 
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Abbreviations: lnviskat = log transformed visual estimation of LV function, lninvwmsi = log transformed 
inverted wall motion score index, FS = fractional shortening, MAM = mitral annular motion, dp/dt = Dop-
pler derived mitral regurgitation (MRdp/dt), SVI = stroke volume index, dtisyst = tissue doppler imaging 
systolic velocity at the septal corner of the mitral annulus (TDI S’). 

Figure 1. Result of factor analysis with the extracted two factors with seven included 
systolic variables. Lnviskat and lninvwmsi are highly associated with factor 1 while 
MAM and SVI are primarily associated with factor 2. 

43%. Disturbances in systolic long-axis motion showed 
the highest percentage of abnormalities. Of diastolic 
variables, velocity propagation rate was abnormal in 
48% and TDI E’ and DT were abnormal in 35% and 32%, 
respectively.  

 OPEN ACCESS 

Factor Analysis 

Seven systolic variables were reduced to two factors that 
explained 69% of the total variance in systolic function. 
Although the WMSI and visual categorization were some- 
what skewed, they were included in the factor analysis. 
LogWMSI, logVisual categorization, FS, MRdp/dt, and 
TDI S’ with loadings 0.92, 0.90, 0.77, 0.59, and 0.54, 
respectively, constituted Factor 1. Factor 2 included vari- 
ables MAM, SVI, and TDI S’ with loadings of 0.89, 0.82, 
and 0.52, respectively (Figure 1). 

Eleven diastolic variables (LA contractility was ex-
cluded because it was a dichotomous variable) were re-
duced to four factors explaining 73% of diastolic pa-
rameters. Factor 1 included logE/E’ (–0.86), TDI E (0.82), 
logTDI A (0.57), and PVARdur-Adur (0.56). Factor 2 
included Vp (–0.96), E/Vp (0.83), and IVRT (0.65). Fac-
tor 3 included logPVs/d (0.87), logE/A (–0.82), and 
logTDI A (0.57), and Factor 4 included only logLAindex 
(0.81).  

No figure is shown for diastolic variables because of 
the difficulty with presenting four dimensions graphi-

cally. 

4. DISCUSSION 

One of the main findings of our study was that the feasi-
bility of assessing echocardiographic variables was low 
for four variables; MR dp/dt, PVARdur-Adur, TDI A’, 
and E/A. The feasibility of the other echocardiographic 
variables was acceptable. Another finding was that con-
cordance was poor/missing in 17% of systolic and 33% 
of diastolic variables. MR dp/dt could be measured in 
less than half of the patients due to lack of mitral regur-
gitation or a disturbing valve click. Measurement of 
PVARdur was not possible due to atrial fibrillation at 
echocardiography in 22 patients, whereas 20 patients 
demonstrated low-flow signal quality. E/A was not re-
corded in 24 patients (22 with atrial fibrillation and two 
with poor image quality). TDI A’ was used to estimate 
left atrial contractility [13], but patients with atrial fibril-
lation were also regarded as having impaired LA systolic 
function, explaining the difference in feasibility between 
LA contractility (93%) and TDI A’ (76%). 

Khan et al. [26] studied patients in sinus rhythm (80 
patients, mean age 69 years) and had a 100% success rate 
for TDI measurements of the septal and lateral mitral 
annulus. This also might explain why they could record 
mitral valve flow in 100%. Khan reported a very low 
recording success rate (46%) for pulmonary vein atrial 
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reversal (PVAR dur). Otherwise, we achieved similar 
results regarding TDI variables and Vp. Jensen et al. [27] 
had an 89% success rate for obtaining PVARdur in pa-
tients with sinus rhythm, but their patients were also 
younger (mean age 68 years) than ours.  

We extend earlier knowledge of not only feasibility, 
but also of concordance of echocardiographic variables 
in individual patients. The concordance was better 
among systolic variables than among diastolic ones. The 
measured diastolic variables were more numerous than 
the systolic ones, and were therefore more likely to show 
disagreement. There are many potential explanations for 
variations in concordance, such as the number of patients 
with atrial fibrillation, concomitant diseases, degree of 
HF, patients’ age, and ongoing treatment. It is also im-
portant to recall how cut-off values are determined. In 
the literature, we found wide variation in how normality 
and abnormality were defined but very little data on how 
the cut-off limits were applied to elderly HF patients, as 
most studies did not include sufficiently high numbers of 
patients of advanced age. Another problem that should 
be considered is the way each variable relates to ven-
tricular dysfunction. This is important whether there is a 
linear or U-shaped relationship, as for E/A in diastolic 
dysfunction.  

The prevalence abnormalities depend to a high degree 
on the cut-off value chosen for a given abnormality. In 
Table 3, these are shown together with their references. 
For clinical decisions, the cut-off value has a very strong 
impact and the clinical question for elderly patients is 
often whether divergent results are due to normal aging 
or pathology. For TDI S’ with a cut-off value of <6 
cm/sec, we found 24% abnormalities. On the other hand, 
if a cut-off value of <7 cm/sec was chosen, 62% were 
abnormal. With respect to systolic variables, MAM and 
TDI S’ were abnormal more often when compared with 
fractional shortening (FS%). One possible explanation is 
that long-axis disturbances precede radial changes meas-
ured as FS% [28] Since 18% of our study patients (at the 
Echo exam) had atrial fibrillation, this had a strong im-
pact on some of the diastolic variables. Among our pa-
tients with impaired LA contractility, 22 patients (81%) 
had atrial fibrillation. Of those with reduced PVs/d, 59% 
had atrial fibrillation contributing to a decreased systolic 
fraction of the pulmonary vein flow pattern. In our study, 
there were very few patients with estimated increased 
left atrial pressure. Only 7% had an E/E’ > 15, and 26% 
had an enlarged left atria; that is, LA index > 26 mm/m2. 

This suggests that only a few patients in our study had 
severe left HF, which is in agreement with what was 
presented in the ESC Consensus Statement of 2007 [29]. 

Factor analysis was used to study the possibility of 
reducing the number of variables that constituted systolic 
or diastolic function. Systolic variables could be reduced 

to two factors that mainly describe radial (Factor 1) or 
longitudinal (Factor 2) functions. A reduction in the 
number of variables always entails a significant loss of 
information; in our case, 31% for systolic and 27% for 
diastolic function. Future prospective studies are needed 
to define whether or not it is enough to analyze only the 
variables with the highest correlations to the factors; fur-
thermore, the incremental value of adding variables with 
internal correlations below 0.5 or eigenvalues less than 1.  

We regarded our patients as fairly representative of 
Swedish primary health care patients [30] therefore, it 
was important from a clinical point not to exclude pa-
tients with atrial fibrillation, valvular heart disease, or 
those with pacemakers.  

5. LIMITATIONS 

The present study was cross-sectional with no control 
group and no gold standard among the variables tested. 
The number of patients was limited, which hampered the 
statistical analysis. A higher number of patients was de-
sirable, but we examined all patients available who pre-
sented at this primary health care centre. Because this 
was an explorative and hypothesis-generating study of 
older patients with HF, our judgement was that the num-
ber of patients enrolled would be sufficient.  

Factor analysis was based only on those patients with 
all systolic (n = 52) and diastolic (n = 76) variables reg-
istered. Left ventricular ejection fraction was only calcu-
lated [24], instead we used categorized visual estimation, 
mitral annular motion, and tissue Doppler imaging sys-
tolic velocity. 

TDI was not measured at four sites as some authors 
have recommended [31] but Omnen [22] showed that the 
E/E’ ratio using the medial annulus correlated better with 
LV filling pressures when measured with left heart 
catheterization.  

A wall motion score index of 1.0 is regarded as normal, 
but we used a cut-off value of 1.2 according to results 
published by Moller [8]. LA size was measured as the 
antero-posterior diameter by M-mode in the parasternal 
long-axis view and not measured with the LA volume 
method, as recommended by ASE [6]. Doppler velocity 
measurements in patients with atrial fibrillation are usu-
ally averaged from five different readable cardiac cycles, 
but we averaged three different cycles as for other Dop-
pler measurements in the study.  

The examinations were performed by a single investi-
gator on one occasion and we did not study reproducibil-
ity by any inter-reader variability as Khan did [25] Since 
our patients were referred from only one primary health 
care centre, the external validity is reduced. Another 
limitation when studying patients complaining of dysp-
nea upon exertion is that all examinations were done at 
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rest. Exercise Echo could unmask patients who show 
normal values at rest but have restrictive filling patterns 
with exercise [32]. 

6. CLINICAL IMPLICATIONS  

Our results indicate that in clinical practice, MRdp/dt and 
PVARdur-Adur in elderly patients could be omitted as 
routine measurement because these variables had limited 
feasibility and only moderate correlations to the ex-
tracted factors for evaluating systolic and diastolic func-
tion. The routine measurement of PVARdur-Adur could 
also be questioned, but in select circumstances it may 
still be useful to detect increased LV end-diastolic pres-
sures in cases where the other diastolic variables show 
signs of normal mean left atrial pressure. The incre-
mental value of these variables beyond other measures of 
systolic or diastolic function warrants further evaluation. 
The concordance for diastolic variables was poor/miss- 
ing in 33%, which further raises the question of which 
echocardiographic variables are the most informative, 
time-saving, and rational for use in daily Echo practise.  

7. CONCLUSIONS 

The low feasibility of some systolic variables and the 
questionable concordance of diastolic variables and fac-
tor analysis suggest that the number of systolic and espe-
cially diastolic measurements could be reduced. The 
clinical outcome of such a reduction needs to be evalu-
ated.  
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