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Background-—Noninvasive echocardiographic tissue Doppler assessment (E/e0) in response to exercise or pharmacological
intervention has been proposed as a useful parameter to assess left ventricular (LV) filling pressure (LVFP) and LV diastolic
dysfunction. However, the evidence for it is not well summarized.

Methods and Results-—Clinical studies that evaluated invasive LVFP changes in response to exercise/other interventions and
echocardiographic E/e0 were identified from PubMed, Scopus, Embase, and Cochrane Library databases. We grouped and
evaluated studies that included patients with preserved LV ejection fraction (LVEF), patients with mixed/reduced LVEF, and
patients with specific cardiac conditions. Overall, we found 28 studies with 9 studies for preserved LVEF, which was our primary
interest. Studies had differing methodologies with limited data sets, which precluded quantitative meta-analysis. We therefore
descriptively summarized our findings. Only 2 small studies (N=12 and 10) directly or indirectly support use of E/e0 for assessing
LVFP changes in preserved LVEF. In 7 other studies (cumulative N=429) of preserved LVEF, E/e0 was not useful for assessing LVFP
changes. For mixed/reduced LVEF groups or specific cardiac conditions, results similar to preserved LVEF were found.

Conclusions-—We find that there is insufficient evidence that E/e0 can reliably assess LVFP changes in response to exercise or
other interventions. We suggest that well-designed prospective studies should be conducted for further evaluation. ( J Am Heart
Assoc. 2017;6:e004766. DOI: 10.1161/JAHA.116.004766.)
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echocardiography • left ventricular diastolic dysfunction • left ventricular diastolic function • left ventricular filling pressure

L eft ventricular diastolic dysfunction leading to heart
failure with preserved ejection fraction (HFpEF) is a

major clinical problem.1–3 Elevated left ventricular filling
pressure (LVFP) is often used as a clinical surrogate for
impaired diastolic function in patients with preserved left
ventricular ejection fraction (LVEF).4,5 LVFP is usually mea-
sured at rest in routine clinical practice. However, changes in
LVFP with exercise or other physiological intervention provide

incremental information to assess diastolic function.5–10

A direct measurement of LVFP requires an invasive interven-
tion, which has significant risk and costs, and is therefore
performed in select patients only. Echocardiography is
frequently used for noninvasive evaluation of diastolic func-
tion and estimating LVFP.4–6 Echocardiographic quantification
of LVFP is based on E/e0 measurement, which is the ratio of
the early diastolic velocity on transmitral Doppler (E) and the
early diastolic velocity of mitral valve annulus obtained from
tissue Doppler (e0).4–6,11–14 The guidelines recommend using
E/e0 in evaluating LV diastolic function.4–6,10 In research
studies, E/e0 is also used as a primary or secondary end point
for assessing the treatment efficacy and quantifying changes
in LVFP.11–19

Despite extensive use of E/e0, there continues to be
ongoing debate about the usefulness of E/e0 in assessing
LVFP.20–24 In our recent comprehensive meta-analysis, we
have found limited evidence for the use of E/e0 under resting
conditions to estimate LVFP in preserved LVEF.20 It has been
suggested that changes in E/e0 with exercise or other
physiological/pharmacologic interventions may more
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accurately reflect changes in the LVFP and diastolic proper-
ties.5,6,8,10,25 Here we decided to evaluate the evidence
describing the relationship of E/e0 and LVFP in preserved
LVEF with exercise or other physiological interventions. We
also summarize the available evidence describing the rela-
tionship of E/e0 and LVFP in a wider spectrum of LVEF and for
specific cardiac conditions.

Methods

Search Strategy and Study Selection
Original clinical studies that evaluated LVFP by using
echocardiographic E/e0 and invasive techniques were
screened from PubMed, Scopus, Embase, and Cochrane
Library databases to September 2016 using a number of
search strategies (Figure). Specific search terms and full-text
studies excluded after evaluation are listed in Tables S1 and

S2. Clinical studies (in English) that reported changes in E/e0

and invasively measured LVFP attributable to physiologic
and/or pharmacologic or other therapeutic intervention and/
or repeated serial measurements in the adult subjects (age
>18 years) with any LVEF and clinical conditions were
included. References of important studies were also reviewed
for comprehensive search. LVFP measurements included LV
end diastolic pressure, LV pre-A wave pressure, LV mean
diastolic pressure, left atrial pressure, and pulmonary capillary
wedge pressure (PCWP) obtained during the left or right heart
catheterization or from a permanently implantable cardiac
pressure monitoring system. Only studies that utilized
transthoracic echocardiographic pulsed-wave tissue Doppler
imaging for E/e0 measurements at interventricular septum
(E/e0septal), lateral mitral annulus (E/e0 lateral), and/or mean of
septal and lateral values (E/e0mean) were selected.

The studies were included if they reported at least 1 of the
following data sets: (1) E/e0 and LVFP values at baseline and

314 full-text articles selected for evaluation 
from 21013 unique records from PubMed, 

Scopus, Embase, and Cochrane  Library search 
for meta-analysis of Sharifov et al. 2016 

2024 records excluded by the title 
or abstract (no data of interest or 

duplications) 

329 full-text articles selected for 
evaluation  

301 full-text articles excluded due 
to no data of interest 

28 studies included in Systematic Review 

Preserved LVEF 
9 studies 

Mixed/Reduced LVEF 
10* studies 

Specific Cardiac Conditions 
10 studies 

2039 records identified through new PubMed, 
Scopus and Cochrane  Library search, and 

analysis of reference lists of selected studies 
and seminal publications 

Figure. Summary of the literature search. Studies that include data for patients with preserved LVEF (LVEF ≥50%) were our primary interest.
Other studies that include data for patients with mixed or reduced LVEF (LVEF <50%) and patients with specific cardiac conditions were our
secondary interest. For this review, with studies identified during a comprehensive literature search for recent meta-analysis, Sharifov et al20

were initially evaluated. An updated literature search was then performed based on specific search strings as described. One study included a
data set for primary and secondary analysis. LVEF indicates left ventricular ejection fraction.
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after intervention; (2) changes in E/e0 and LVFP values
because of intervention; (3) assessment of correlation
between E/e0 and LVFP postintervention, alone, or combined
with baseline; (4) assessment of correlation between changes
in E/e0 and LVFP with intervention; and (5) the diagnostic
accuracy of either postintervention E/e0 values or postinter-
vention changes in E/e0 to predict elevated LVFP or LVFP
changes.

Patient Cohorts and Study Analysis
Included studies were grouped and analyzed based on patient
cohorts. The first group was for studies that included patients
with LVEF ≥50%, including HFpEF patients, but without a
substantial number of moderate-to-severe valvular heart
disease, hypertrophic or restrictive cardiomyopathy, congen-
ital heart disease, acute coronary syndromes, septic shock,
cardiac transplant, and atrial fibrillation. This group was our
primary interest. Other groups were for studies that included
patients with reduced/mixed LVEF, and for studies that
included patients grouped with specific cardiac conditions (eg,
cardiac transplants). Overall, we found 28 studies: 9 stud-
ies24,26–33 for our primary interest, and 19 studies25,34–51 for
secondary interest (Figure). One study included a data set for
primary and secondary interest.30 Since most of the studies
were single center with differing methodologies with many
reporting only a limited data set, we chose descriptive
methodologies to summarize the results.

Results

Studies in LVEF ≥50% With or Without HFpEF
Table 1 summarizes study details and results for the 9 studies
that included participants with preserved LVEF (≥50%),
including HFpEF patients (see Table S3 for more details). All
studies, except 1,29 had a prospective design and all studies,
except 1,32 simultaneously measured echocardiographic and
hemodynamic variables. Most of these studies had a low
sample size (median N = 22 with interquartile range of
11–82). Three of these studies had subjects perform exercise
stress echocardiography using a supine bicycle29,31 or passive
and then active leg-raise33 for evaluating patients with
suspected HFpEF. There was an increase in invasive LVFP
but no consistent relationship for the changes in E/e0

postintervention in these 3 studies. Talreja et al31 found that
E/e0 provides a reliable estimation of PCWP with exercise in a
small study of 12 patients. Based on their scatterplot,31 we
estimated that stress E/e0septal >15 predicts PCWP
≥20 mm Hg with sensitivity of 83% and specificity of 100%.
Maeder et al29 found decreased E/e0septal with exercise and
no correlation between poststress E/e0septal and PCWP. In the

largest exercise study in patients with exertional dyspnea
(N=181), Choi et al33 recorded no change of E/e0septal despite
a significant elevation of LV end diastolic pressure with
passive and active leg raise.

In another set of studies, authors performed stress
echocardiography using differing pharmacological interven-
tions27,30,32 or body position change24 that resulted in
significant decrease of LVFP (Table 1). Only in 1 small study,32

authors reported the decrease of group average E/e0 lateral in
response to decreased LVFP for 10 HFpEF patients. However,
this study did not provide any individual data for further
analysis. Interestingly, in another publication from the same
group45 (Table 2), authors reported no correlation between
individual changes of E/e0 and LVFP for a combined cohort of
10 HFpEF and 15 heart failure with reduced ejection fraction
(HFrEF) patients. In studies24,27,30 with a total of 179 HFpEF
and/or coronary artery disease patients, there were no
significant changes in E/e0 values despite reduced LVFP.
Furthermore, in these studies there was no significant corre-
lation between postintervention values of E/e0 and LVFP or
between individual changes in E/e0 and LVFP.

In 2 other studies, participants underwent preload changes
leading to lower LVFP caused by low body negative pressure
and increase in LVFP by saline infusion.26,28 Both studies
found that E/e0 cannot reliably track changes in LVFP in
healthy people26,28 and in HFpEF patients.26

Studies in Reduced or Mixed LVEF
Table 2 summarizes study details and results for the 10
studies that included participants with mixed or reduced LVEF
(see Table S4 for more details). In the study of Burgess
et al,25 which included 37 unselected patients with varying
LVEF, authors reported a significant correlation (r=0.59)
between E/e0septal and LV mean diastolic pressure during
single-leg supine exercise. They reported high AUC value
(0.89) for exercise E/e0septal to predict an elevation of LV
mean diastolic pressure >15 mm Hg.25 In their reports for the
same patient cohort, E/e0septal >13 had sensitivity of �70%
and specificity of �95% for estimating elevated LV mean
diastolic pressure >15 mm Hg.25,44 In another study of 22
patients,46 mean E/e0 lateral increased with preload stress.
However, on detailed analysis, E/e0 lateral increase was
observed in only a small subset of patients (N=6). No
correlation of E/e0 and LVFP or diagnostic value of E/e0 lateral
was reported.46 In another study in patients with reduced
LVEF (N=40), authors reported a significant correlation
between exercise E/e0 and LVFP and a paradoxical decrease
of exercise E/e0 values despite LVFP elevation.40

In 4 studies, investigators used different pharmacological
agents to decrease LVFP and measured corresponding
changes in E/e0 (Table 2).30,36,42,45 Despite differences in
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patient cohorts, agents, and measured indices, all studies
concluded that E/e0 does not reflect changes in
LVFP.30,36,42,45

In 2 studies, the investigators performed serial measure-
ments using implanted hemodynamic measurement devices
(Table 2).41,50 In 1 study of 15 patients with chronic heart
failure with reduced ejection fraction, the investigators found
high diagnostic values of E/e0mean, E/e0 lateral, or E/e0septal to
predict the elevated mean left atrial pressure (≥15 mm Hg).
In their study, E/e0 lateral and E/e0mean had no correlation and
E/e0septal had only modest correlation (r=0.46) with mean left
atrial pressure on serial measurements.41 In another study of
5 patients with reduced LVEF, the investigators found no
correlation between E/e0 and LVFP and no significant
diagnostic value of E/e0 to detect elevated LVFP on serial
measurements.50

Studies in Specific Cardiac Conditions
Table 3 summarizes study details and results for the 10
studies that included participants with specific cardiac
conditions (see Table S5 for more details). In 3 studies,
cardiac transplant patients were evaluated.37–39 In 1 study of
14 transplant patients, serial measurements revealed an
excellent correlation between changes in E/e0mean and
changes in PCWP.39 In contrast, in another study with a
larger cohort (N=57), there was no difference in the E/e0

values postexercise despite changes in PCWP.37 In another
study with similarly large sample cohort, the investigators
found low predictive power of exercise E/e0 for identifying
elevated PCWP and a modest correlation for the E/e0-PCWP
and DE/e0-DPCWP.38

In patients with severe aortic stenosis (N=28)49 and in
patients with recent myocardial infarction (N=61),48 the
investigators concluded that E/e0 does not reflect exercise-
induced changes in PCWP.48,49 Three studies measured E/e0

and PCWP before and after cardiovascular surgery.34,35,47 In 1
study, a strong correlation between E/e0 lateral and PCWP was
noted before and 30 days after cardiac surgery (coronary artery
bypass grafting or aortic valve replacement) (N=52, LVEF
40�17%).34 Interestingly in these patients, E/e0septal increased
whereas PCWP decreased after surgery.34 In a study of
hypertrophic cardiomyopathy (N=17), ethanol-induced septal
infarction caused changes in PCWP of either direction, which
strongly correlated with changes in E/e0 lateral.

35 In patients with
chronic thromboembolic pulmonary hypertension (with E<A,
NYHA class III-IV, and preserved LVEF, N=61), both PCWP and
E/e0 increased following pulmonary thromboendarterec-
tomy.47 Another study reported a strong correlation between
individual changes in PCWP and E/e0mean in 9 patients with
differing LVEF in the intensive care unit following 2 days of
treatment with diuretics and/or inotropes.43 However, in 51Ta
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patients with decompensated heart because of advanced
systolic HF, no correlation was found between changes in
E/e0mean and PCWP.51

Discussion
The major findings of our study are that there is lack of robust
clinical evidence to support the use of E/e0 in response to
physiological and/or pharmacological intervention to esti-
mate LVFP changes and LV diastolic dysfunction. Further-
more, most of the studies are single center with limited
sample size with nonuniform study methodologies and data
reporting that does not allow for quantitative meta-analysis of
the studies.

Invasive LVFP measurements (primarily LV end diastolic
pressure or PCWP as its surrogate) in response to altered
physiological conditions provide incremental information
about the LV function and stiffness.4 In proper context, it
can be extremely useful in diagnosing diastolic dysfunction.4

Since some studies5,35,43,52,53 have suggested that echocar-
diographic E/e0 can be used to estimate LVFP quantitatively/
semiquantitatively, there has been tremendous interest
in evaluating changes in E/e0 to physiological and/or
pharmacological interventions as a surrogate to changes in
LVFP and therefore its potential use in assessing LV diastolic
function.5,6,11–19 Recent meta-analysis has demonstrated
that E/e0 measurements at rest have limited diagnostic
accuracy in evaluating LVFP in patients with preserved
LVEF.20 In the present systematic review, we again noted
absence of meaningful correlation (where reported) between
E/e0 and LVFP at rest in preserved LVEF (Table S3). In
contrast, for the reduced or mixed LVEF group, a stronger
correlation between E/e0 and LVFP is reported (Table S4),
which may be related to a wider range of E/e0 and LVFP (for
instance, see Figure 4 in Nagueh et al54). However, other
factors may also be playing an important role as Manouras
et al30 demonstrated a higher correlation for the reduced
LVEF group compared to preserved LVEF despite similar
LVFP and E/e0 range of values in the 2 cohorts (see Table 3
and Figure 4, Manouras et al30). It is interesting to note that
the recent American Society of Echocardiography guidelines
propose a consensus-based approach consisting of multiple
parameters for evaluating diastolic function in preserved
LVEF.10 Regarding posthemodynamic changes induced by
exercise or physiological interventions, we note that there is
no significant correlation between E/e0 and LVFP in
preserved LVEF cohorts (Table S3). Moreover, most studies
demonstrated worse correlation in mixed or reduced LVEF
cohorts after exercise or physiological interventions
(Table S4). A similar trend was also noticed in patients with
specific cardiac conditions (Table S5).

For evaluating the relationship of change in E/e0 to
changes in LVFP in response to exercise or physiological/
pharmacological intervention, we find that there are only 2
studies with limited sample size that directly31 or indirectly32

support the use of E/e0 for the assessment of LVFP changes
in HFpEF patients. In 12 patients, Talreja et al31 found a
promising diagnostic value of specific exercise E/e0 cutoff
(>15) to predict elevation of exercise PCWP (>20 mm Hg).
Efstratiadis et al32 reported concordant reduction of E/e0 and
LVFP following nesiritide infusion in 10 patients. Seven other
studies24,26–30,33 (cumulative N=429) found that E/e0 does
not reliably reflect changes in LVFP in response to physio-
logical or pharmacological intervention in preserved EF. For
studies that evaluated mixed LVEF groups, results similar to
those of the preserved LVEF group were noted. Only 1 study25

demonstrated a clinically meaningful relationship and diag-
nostic characteristics of E/e0 in estimating elevated LVFP with
exercise and reduced exercise capacity. No consistent trends
were found in other studies with mixed groups. Also, in
specific cardiac conditions we did not find consistent trends
across the studies. In the present study we did not evaluate
the prognostic value or the pathognomonic mechanisms that
may be attributed to the lack of reported relationships with
exercise or other interventions of changes in E/e0 and LVFP. It
is well recognized7 that LVFP may increase in diastolic
dysfunction on invasive measurements. However, E/e0 mea-
surements did not demonstrate a predictable relationship,
which may be attributable to the small sample size of
individual studies with relatively heterogeneous LV mechan-
ics. This requires further exploration in future studies.

A number of guidelines/tools such as STARD55 and
QUADAS56 have been developed for evaluating diagnostic
test accuracy studies. As evident from our data tables,
because of a limited number of studies, limited sample size,
and nonuniform methodologies and data reporting, perform-
ing such an analysis would not substantially alter our results.
Here we are unable to quantify effects of publication bias due
to lack of consistent findings and limited studies. However,
this is unlikely to affect the overall conclusions.

In summary, our review indicates that there is inadequate
evidence for using E/e0 for estimating LVFP changes in
response to exercise/other physiological interventions. Well-
designed prospective multicenter studies are required for
evaluation and validation before recommending it for clinical
and research purposes.
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Table S1. Data sources and search strategy. 
 

1. Original search for Sharifov et al. 2016 1 
 

PubMed (total of 18791 original citations) 

Search 1 diastol* AND (echo* OR Doppl* OR ultrasound* OR acous*). Limits: English, Journal Article, Humans. Time 
range: 1/1/1980 - 11/14/2013 (identified 12733 document citations). 

Search 2 diastol* AND catheter* AND Doppler* AND pressure. Limits: English, Journal Article, Humans. Time range: 
1/1/1970 - 04/28/2014 (identified 738 document citations [551 new and 187 duplicates]) 

Search 3 echocardiography AND tissue doppler AND catheterization. Limits: English. Time range: not specified - 
02/06/2015 (identified 503 document citations [291 new and 212 duplicates]) 

Search 4 ((ventric* pressure*) OR "ventricular pressure"[MeSH Terms] OR "ventricular dysfunction"[MeSH Terms]) AND 
(Doppler* OR E/e* OR "echocardiography, doppler"[MeSH Terms]). Limits: English. Time range: not specified - 
02/16/2015 (identified 9776 document citations [5216 new and 4560 duplicates]). All studies of our interest, 
which were selected from the results of Searches 1, 2, and 3 in PubMed, were also identified in the document 
citations of the Search 4. 

Scopus (total of 1580 original citations) 

Search 1 ( TITLE-ABS-KEY ( echocardiography )  OR  TITLE-ABS-KEY ( tissue Doppler )  AND  TITLE-ABS-KEY ( 
catheterization )  AND  DOCTYPE ( "ar" )  AND  SUBJAREA ( mult  OR  agri  OR  bioc  OR  immu  OR  phar  
OR  mult  OR  medi  OR  nurs  OR  vete  OR  dent  OR  heal )  AND  ( LIMIT-TO ( LANGUAGE ,  "English" ). 
Time range: not specified - 02/06/2015 (identified 512 document citations [167 new and 345 PubMed 
duplicates]) 

Search 2 ( TITLE-ABS-KEY ( ventric*  pressure* )  OR  TITLE-ABS-KEY ( ventricular  dysfunction )  AND  TITLE-ABS-
KEY ( doppler* )  OR  TITLE-ABS-KEY ( e/e* )  OR  TITLE-ABS-KEY ( echocardiography,doppler ) )  AND  
SUBJAREA ( mult  OR  medi  OR  nurs  OR  vete  OR  dent  OR  heal )  AND NOT INDEX (medline) , AND ( 
LIMIT-TO ( LANGUAGE ,  "English" ) )  AND  ( LIMIT-TO ( SUBJAREA ,  "MEDI" ) )  AND  ( LIMIT-TO ( 
DOCTYPE ,  "ar" )  OR  LIMIT-TO ( DOCTYPE ,  "cp" ) ). Time range: not specified - 02/16/2015 (identified 1413 
document citations, as not indexed in Medline) 

Embase (total of 594 original citations) 

Search 1 (ventric* near/2 pressure or ventric* near/3 'diastolic pressure' or ventric* near/3 'filling pressure' or 'ventricular 
pressure'/exp or 'ventricular pressure' or 'ventricular dysfunction'/exp or 'ventricular dysfunction' or 'diastolic 
heart failure'/exp or 'diastolic heart failure' or 'heart failure with normal' or 'heart failure with preserved' and 
('doppler' or 'e/e' or 'echocardiography doppler'/exp or 'echocardiography doppler') and ([article]/lim or [article in 
press]/lim or [conference paper]/lim or [letter]/lim) and [english]/lim and [embase]/lim) and [embase]/lim not 
[medline]/lim. Time range: not specified - 03/05/2015 (identified 594 document citations, as not indexed in 
Medline) 

Cochrane Library (March 2015) (total of 48 original citations (conference abstracts)) 

Search 1 "filling pressure" AND "Doppler" (gives 78 citations [5 new and 73 duplicates]) 

Search 2 "filling pressure" AND "E/e" (gives 42 citations [6 new and 36 duplicates]) 

Search 3 "diastolic dysfunction" AND "e/e" (gives 46 citations [10 new and 36 duplicates]) 

Search 4 "diastolic dysfunction" AND "tissue Doppler" (gives 70 citations [26 new and 44 duplicates]) 

Search 5 "diagnostic accuracy" AND "diastolic dysfunction" (gives 3 citations [0 new and 3 duplicates]) 

Search 6 "diagnostic accuracy" AND " diastolic heart failure" (gives 0 citations [0 new and 0 duplicates]) 

Search 7 "diagnostic accuracy" AND "tissue doppler" (gives 6 citations [1 new and 5 duplicates]) 

Search 8 "diagnostic accuracy" AND "E/e" (gives 2 citations [0 new and 2 duplicates]) 

 
2. New search 

 
PubMed (total of 728 citations) 

Search 1 Exercise test AND E/e. Limits: English. Time range: - 09/14/2016 (identified 154 document citations). 

Search 2 Exercise AND E/e AND invasive. Limits: English, Time range: - 09/14/2016 (identified 13 document 
citations) 

Search 3 ("exercise test"[MeSH Terms] OR ("exercise"[All Fields] AND "test"[All Fields]) OR "exercise test"[All 
Fields] OR ("exercise"[All Fields] AND "stress"[All Fields] AND "test"[All Fields]) OR "exercise stress 
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test"[All Fields]) AND ("Echo"[Journal] OR "echo"[All Fields]) AND invasive[All Fields]. Limits: English. 
Time range: not specified - 09/15/2016 (identified 83 document citations) 

Search 4 ((("dobutamine"[MeSH Terms] OR "dobutamine"[All Fields]) AND ("Echo"[Journal] OR "echo"[All Fields]) AND invasive[All 
Fields]) AND (diastol[All Fields] OR diastola[All Fields] OR diastolc[All Fields] OR diastole[All Fields] OR diastole'[All Fields] 
OR diastoles[All Fields] OR diastoli[All Fields] OR diastolic[All Fields] OR diastolic'[All Fields] OR diastolic''[All Fields] OR 
diastoly[All Fields] OR diastolyc[All Fields])) AND ("pressure"[MeSH Terms] OR "pressure"[All Fields]) ]. Limits: English. 
Time range: not specified - 09/15/2016 (identified 4 document citations) 

Search 5 "cardiac catheterization"[MeSH Terms] AND ((("tissues"[MeSH Terms] OR "tissues"[All Fields] OR "tissue"[All Fields]) AND 
doppler[All Fields]) OR (early[All Fields] AND mitral[All Fields] AND velocity[All Fields] AND early[All Fields] AND 
("diastole"[MeSH Terms] OR "diastole"[All Fields] OR "diastolic"[All Fields]) AND velocity[All Fields] AND mitral[All Fields] 
AND annulus[All Fields]) OR (early[All Fields] AND mitral[All Fields] AND inflow[All Fields] AND velocity[All Fields] AND 
mitral[All Fields] AND annular[All Fields] AND early[All Fields] AND ("diastole"[MeSH Terms] OR "diastole"[All Fields] OR 
"diastolic"[All Fields]) AND velocity[All Fields])) AND ("pressure"[MeSH Terms] OR "pressure"[All Fields]) AND 
("diastole"[MeSH Terms] OR ("diastole"[MeSH Terms] OR "diastole"[All Fields] OR "diastolic"[All Fields])) 09/15/2016 
(identified 102 document citations) 

Search 6 E/e[All Fields] AND (left[All Fields] AND ("heart ventricles"[MeSH Terms] OR ("heart"[All Fields] AND "ventricles"[All Fields]) 
OR "heart ventricles"[All Fields] OR "ventricular"[All Fields]) AND filling[All Fields] AND ("pressure"[MeSH Terms] OR 
"pressure"[All Fields]))  09/15/2016 (identified 372 document citations) 

Scopus (total of 1391 citations) 

Search 1 (TITLE-ABS-KEY(E/e ) AND TITLE-ABS-KEY(left ventricular filling pressure)) AND ( LIMIT-
TO(DOCTYPE,"ar" ) ) AND ( LIMIT-TO(LANGUAGE,"English" ) ) AND ( LIMIT-
TO(SUBJAREA,"MEDI" ) ) AND ( LIMIT-TO(EXACTKEYWORD,"Human" ) ). Time range: not 
specified - 09/15/2016 (identified 1391 document citations) 

Cochrane Library (total of 190 citations) 

Search 1 " left ventricular filling pressure, doppler" (gives 190 trails citations) 09/15/2016 
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Table S2. Full-text studies excluded after evaluation (no data of interest). 

Studies are identified with PMID (if available) 

 

1. 8078825 

2. 9052288 

3. 12356384 

4. 23190400 

5. 1905874 

6. 1985353 

7. 1987211 

8. 2214134 

9. 2278168 

10. 2360494 

11. 2498005 

12. 2683699 

13. 2782257 

14. 2871286 

15. 2958532 

16. 3177175 

17. 3209254 

18. 7730680 

19. 7771173 

20. 7817903 

21. 8319326 

22. 8496538 

23. 8606285 

24. 8933237 

25. 9046493 

26. 9237029 

27. 9247521 

28. 10149211 

29. 10969625 

30. 11368862 

31. 11593199 

32. 11884251 

33. 12487633 

34. 16195393 

35. 18325734 

36. 24319341 

37. 1827808 

38. 7780619 

39. 8736006 

40. 1607511 

41. 3392336 

42. 8245357 

43. 8557907 

44. 9015003 

45. 10913476 

46. 10913478 

47. 11279327 

48. 11391284 

49. 11560356 

50. 11770447 

51. 11926970 

52. 14563593 

53. 14652601 

54. 15653227 

55. 15891754 

56. 16128376 

57. 16500488 

58. 16516591 

59. 20197576 

60. 19168324 

61. 19560662 

62. 18612440 

63. 18635276 

64. 18771556 

65. 16716013 

66. 17069599 

67. 17196474 

68. 17451867 

69. 17541761 

70. 17658724 

71. 17884382 

72. 18514937 

73. 18538465 

74. 17560894 

75. 21245360 

76. 22567531 

77. Moladoust H. et al, 

Echocardiography: A Jrnl. of CV 

Ultrasound & Allied Tech. 

(2009) 26 (4), 403-411  

78. Said K. et al, The Egyptian 

Heart Journal (2012) 64, 69-74 

79. 11944011 

80. 19602775 

81. 2816770 

82. 7193403 

83. 7960266 

84. 8890820 

85. 12221410 

86. 17079190 

87. 17484987 

88. 18406665 

89. 18440343 

90. 20117802 

91. 22494067 

92. 24174962 

93. 1760176 

94. 1800031 

95. 1918702 

96. 2629864 

97. 2816706 

98. 3153793 

99. 3532754 

100. 3903704 

101. 6777405 

102. 7561012 

103. 7640020 

104. 7673761 

105. 7802299 

106. 8001095 

107. 8037096 

108. 8184840 

109. 8252682 

110. 8261053 

111. 8771303 

112. 8891860 

113. 8904686 

114. 9043850 

115. 9104907 

116. 9137220 

117. 9203493 

118. 9424066 

119. 9950969 

120. 10230946 

121. 10441218 

122. 10980082 

123. 11158951 

124. 11407738 

125. 11408426 

126. 11433812 

127. 11433813 

128. 11433824 

129. 11482709 

130. 11490324 

131. 11550110 

132. 11585994 

133. 11593203 

134. 11696830 

135. 11796872 

136. 11809440 

137. 11917193 

138. 12094170 

139. 12707119 

140. 12714167 

141. 12766750 

142. 12804750 

143. 12848693 

144. 12940700 

145. 14640103 

146. 14641374 

147. 14652600 

148. 14670073 
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149. 14672750 

150. 14717717 

151. 14752488 

152. 15172419 

153. 15309696 

154. 15476639 

155. 15488086 

156. 15948097 

157. 16014646 

158. 16223980 

159. 16284230 

160. 16344121 

161. 16434758 

162. 16575023 

163. 16949491 

164. 17207727 

165. 17313636 

166. 17390199 

167. 17488411 

168. 18198205 

169. 18471459 

170. 18597919 

171. 19203992 

172. 20058507 

173. 20553318 

174. 20625213 

175. 20682947 

176. 20970305 

177. 21262980 

178. 21316304 

179. 21683506 

180. 22577437 

181. 22739787 

182. 23146480 

183. 23194487 

184. 23689521 

185. 23879336 

186. 22066607 

187. 2705380 

188. 9183590 

189. 11502702 

190. 12167386 

191. 15979445 

192. 16174119 

193. 16803936 

194. 16970713 

195. 24839086 

196. 10440167 

197. 11175032 

198. 11595603 

199. 12714167 

200. 15307890 

201. 16174119 

202. 24621836 

203. 24839086 

204. 24943993 

205. 24958524 

206. 25249511 

207. 25441329 

208. 25510308 

209. 21602549 

210. 23883877 

211. 24869961 

212. 24902871 

213. Cong T. et al, Experimental & 

Clinical Cardiology (2014) 20 

(1), 2479-2490  

214. 2296893 

215. 2672760 

216. 15325936 

217. 9247519 

218. 3177234 

219. 2360518 

220. 2913110 

221. 7710749 

222. 9385913 

223. 11153819 

224. 15389248 

225. 18091642 

226. 20609653 

227. 21723693 

228. 11179524 

229. 15084546 

230. 17291934 

231. 22645191 

232. 23316319 

233. 11796546 

234. 11263606 

235. 11263607 

236. 11270316 

237. 11585994 

238. 23582091 

239. 10636281 

240. 10849514 

241. 10910486 

242. 3280641 

243. 1869739 

244. 11121596 

245. 21718357 

246. 18636341 

247. 22473456 

248. 23555178 

249. 11093099 

250. 22632828 

251. 25611697 

252. 23074579 

253. 24626519 

254. 24995376 

255. 25414078 

256. Wang W. et al, Acta Cardiol Sin 

(2012), 28, 206-215 

257. Ahn J. et al, e-Herz (2013), DOI 

10.1007/s00059-013-4010-0 

258. 21718351 

259. 27354047 

260. 27573595 

261. Ma H. et al. Ultrasound in Med. 

& Biol (2016) 

http://dx.doi.org/10.1016/j.ultras

medbio.2015.09.022 

262. 25533754 

263. 27582773 

264. 26343250 

265. 12578874 

266. 15637491 

267. 18025528 

268. 18222643 

269. 18653572 

270. 20139439 

271. 20394874 

272. 21478380 

273. 22939039 

274. 23549512 

275. 23824244 

276. 25532095 

277. 25747153 

278. 25956143 

279. 26603966 

280. 20543134 

281. 25044440 

282. 25393338 

283. 20406766 

284. 20705267 

285. 21685198 

286. 25342738 

287. 25450014 

288. 26082167 

289. 26216649 

290. 25161181 

291. 26914917 

292. 20418368 

293. 25701392 

294. 27021934 

295. 21865226 

296. 22661507 

297. 23002243 

298. 25468660 

299. 18413502 

300. 23103948 

301. 22705767 
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Table S3. Detailed Summary of studies with subjects with LVEF ≥50%.  

Study N  Subjects Intervent
ion 

Echo./ 
Cath. 

timing 

LVFP values at 
baseline and post 

intervention (mmHg) 

E/e’ values at 
baseline and post 

intervention 

E/e’-LVFP relation (r) E/e’ - 

LVFP 
relation 

Prediction of elevated LVFP Comments 

Baseline Intervention Baseline Intervention  E/e’ 

Interventions to increase LVFP 

Firstenberg, 
20002 

7 Healthy volunteers, LVEF 
72±4%, 37±9 yr. 

Saline 
infusion 

Simult. PCWP: 
10.7±1.9 – 20.0±3.3* 

Lateral: 
4.6±0.3 - 6.1±1.3 

Septal: 
6.5±0.8 – 7.6±1.3 

NA NA NA NA NA NA E/e’ does not change despite 
significant elevation of LVFP 

Talreja, 
20073 
 

12 Patients with exertional 
dyspnea (NYHA class II-

III) 

Supine 
bicycle 

Simult. PCWP: 
14±4 - 22±10* 

Septal: 
11.7±0.5 – 
14.5±0.6 

NA NA NA NA †Se./Sp: 
83%/100% to 

predict 
PCWP≥20 mm 
Hg if E/e’>15 

NA  

Maeder, 
20104 

8-22  
HFpEF (N=14) 

LVEF 63±6%, 69±10 yr. 
Controls (N=8) 

LVEF 62±5%, 61±12 yr. 
Total cohort (N=22) 

supine 
bicycle 

Simult. PCWP: 
10±4 -23±6* 

 
10±4 -20±7* 

 
NA 

Septal: 
13±4.1–9.5±3.4* 

 
9.5±3.4 -†9.4±3.4 

 
NA 

 
NA 

 
NA 

 
0.19 

 
NA 

 
NA 

 
0.22 

 
NA 

 
n.s. 

 
NA 

 
NA 

 

Choi, 20165 181 HFpEF (LVEF>50%,  
at rest 8<E/e´<15, 

E/A<1, or e´<8 cm/s) 

Passive 
and 

active 
leg-raise 

Simult. LVEDP 
18.0±5.5 – 24.9±8.3* 

Pre-A 
9.0±3.1 – 11.2±8.7* 

Septal: 
10.0±2.5 - no 

change 

NA NA NA NA NA NA E/e’ remained unchanged 
despite increase of LVFP 

Interventions to decrease LVFP 

Chan, 20116 16 Patients w/out 
significant CAD, 

LVEF>50%, 57±8 yr. 

Dobutami
ne i.v. 

Simult. LVEDP: 
19.9±4.1 – 8.1±6.2* 

LVMDP: 
12.3±2.6 – 9.0±2.3* 

Lateral: 
7.5±1.9 – 7.9±3.5 

Septal: 
8.7±2.2 – 8.3±3.1 

NA Lateral: 
n.s. 

Septal: 
n.s. 

Lateral: 
n.s. 

Septal: 
n.s. 

NA NA NA  

Manouras, 
20137 

38 Patients with stable 
angina and/or exertional 

dyspnea, LVEF>55% 
(60±4.5%) 

Nitroglyc
erin i.v. 

Simult. LVEDP: 
20.2±6.5 - 15.5±5.7* 

Pre-A: 
14.2±4.7 - 10.7±4.3* 

Lateral: 
NA 

 
Septal: 

NA 
 

Mean: 
8.9±2.9 – 8.2±2.5 

Lateral: 
0.33* 
0.4* 

Septal: 
0.03 
0.02 

Mean: 
0.18 
0.21 

Lateral: 
0.14 
0.15 

Septal: 
0.11 
0.16 

Mean: 
0.13 
0.08 

Lateral: 
NA 

 
Septal: 

NA 
 

Mean: 
n.s. 
0.08  

NA NA NA After NTG, number of 
patients with LVEF>55% 
changed from 38 to 52 

 B-only for patients with 
LVFP decreased to normal 
(pre-A ≤12 mm HG) after 

NTG 

Firstenberg, 
20002 

7 Healthy volunteers, LVEF 
72±4%, 37±9 yr. 

lower-
body 

negative 
pressure 

Simult. PCWP 
10.3±2.0 – 4.0±1.4* 

Lateral: 
6.2±1.5 – 5.5±1.6 

Septal: 
7.1±2.2 – 7.4±2.0 

NA NA NA NA NA NA E/e’ does not change despite 
decrease of LVFP 

Efstratiadis, 
20098 
 

10 HFpEF patients, LVEF 
64±7%, 61±10 yr.  

Nesiritide 
i.v. 

Conseq. PCWP: 
19±9 - 11±7* 

LVEDP: 
18.7±6.1 – 10.4±4.9* 

Lateral: 
10.8±3.7 – 
7.9±3.0* 

NA NA NA NA NA NA E/e’ and LVFP decreased. 

However, E/e’ does not 
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N – number of patients with LVEF>50% (not always a total N of patients in the study); Values are mean±SD. Lateral, Septal, and Mean – E/e’lateral, E/e’septal, and 

E/e’mean; LVEF=left ventricular ejection fraction; LVFP=left ventricular filling pressure; LVEDP=left ventricular end diastolic pressure; pre-A=left ventricular pre- A 

wave pressure; LVMDP=left ventricular mean diastolic pressure; LAP=left atrial pressure; PCWP=pulmonary capillary wedge pressure; CAD=coronary artery disease; 

HFpEF=heart failure with preserved ejection fraction; AUC= area under the receiver operating characteristic curve; Se./Sp. – Sensitivity and Specificity; n.s. – study 

reports that correlation coefficient is not statistically significant; NA – not available (not reported). * statistically significant; † our assessment made from the study 

data. 

  

correlate with LVFP (see 
Weeks, 20089) 

Santos, 
201510 

118 Patients with 
unexplained dyspnea, 

LVEF 63±8%, 57 (40-79) 
yr. 

From 
supine to 
upright 
position 

Conseq. 
for 

supine, 
Simult. 

for 
upright 

PCWP: 
12±5 – 7±4* 

Lateral: 
7.3±3.4 – 8.5±3.2 

 
 

Septal: 
 9.7±3.6 – 
10.3±3.7 

 
Mean: 

8.2±3.4 – 9.2±3.3 

Lateral: 
0.30* 

(N=89) 
 

Septal: 
0.41* 

(N=91) 
 

Mean: 
0.36* 

(N=88) 

Lateral: 
0.03  

(N=61) 
 

Septal: 
0.19  

(N=80) 
 

Mean: 
0.10  

(N=59) 

Lateral: 
-0.07 

(N=52) 
 

Septal: 
0.07 

(N=64) 
 

Mean: 
0.04 

(N=50) 

Lateral: 
AUC 0.62 (95%CI, 
0.46-0.78, N=89) 

 
Septal: 

AUC 0.67 (95%CI, 
0.53-0.81, N=93) 

 
Mean: 

AUC 0.65 (95%CI, 
0.50-0.79, N=88) 

NA NA E/e′ does not accurately 
estimate PCWP, does not 

identify patients with 
elevated PCWP. Positional 

change in E/e′ does not 
reflect change in PCWP. 

Analysis of combined measurements from baseline and during intervention 

Firstenberg, 
20002 

7 Healthy volunteers, LVEF 
72±4%, 37±9 yr. 

lower-
body 

negative 
pressure 
–saline 
infusion 

Simult. PCWP: 
4.0±1.4 – 20.0±3.3* 

Lateral: 
5.5±1.6 – 6.1±1.3 

Septal: 
7.4±2.0– 7.6±1.3 

Lateral: 
0.17  

Septal: 
0.14 

(30 measurements) 

NA NA NA NA E/e’ does not change despite 
significant LVFP changes. E/e’ 
did not correlate with LVFP. 

Bhella, 
201111 

47 Outpatients HFpEF 
(N=11, 73±7 yr.) and 

healthy old (N=24, 69±3 
yr.) and young (N=12, 

32±9 yr.) controls, LVEF 
>50% 

lower-
body 

negative 
pressure 
–saline 
infusion 

Simult. PCWP: 
Range: 0.8 - 28.8 

Mean: 

Range:2.5 - 20 
NA NA NA NA NA R2 for individual linear 

regression ranged from 0.00 
to -0.94. Slopes ranged from 

-6.76 to 11.03. 
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Table S4. Detailed summary of studies with subjects with mixed or reduced LVEF.  

Study N  Subjects Intervent
ion 

Echo./ 
Cath. 

timing 

LVFP values at 
baseline and post 

intervention (mmHg) 

E/e’ values at 
baseline and post 

intervention 

E/e’-LVFP relation (r) E/e’ - 

LVFP 
relation 

Prediction of elevated LVFP Comments 

Baseline Interventi
on 

Baseline Intervention  E/e’ 

Interventions to increase LVFP 

Burgess, 
200612 
 
 
 
 
 
Gibby, 201313 
 

37 
 
 
 
 
 
 

37 

Unselected patients, 
LVEF NA (9 patients with 

LVEF<45%), 61±9 yr. 
 
 
 
 

LVEF 56±12%, 61±9 yr 

Single leg 
supine 
cycle 

Simult. LVMDP: 
11.2±6.6 – 14.5±7.9 

(?) 
 
 
 
 

NA 

Septal: 
11.7±4.4 – 13.4±6.2 

(?) 
 
 
 
 

NA 

0.67* 
 
 
 
 
 
 

NA 

0.59* 
 
 
 
 
 
 

NA 

NA 
 
 
 
 
 
 

NA 

NA 
 
 
 
 
 
 

NA 

AUC: 0.89*  To 
predict LVMDP>15 

mmHg  Se./Sp.: 
73%/96% to 

predict LVMDP>15 
mm Hg if E/e’>13 

 
Se./Sp.: 

67%/95% to 
predict LVMDP>15 
mm Hg if E/e’>13 

NA 
 
 
 
 
 
 

NA 

 

Yamada, 
201414 

22 Patients with various 
chronic cardiac diseases, 

LVEF 58±14% 

Leg-
positive 

pressure at 
90 mm Hg 

Simult. LVEDP: 
11.6±4.1 – 16.3±5.8* 

Pre-A: 
7.1±2.8 – 9.6±4.2* 

Lateral: 
9.2±4.0 – 11.6±7.0* 

NA NA NA NA NA NA  

Marchandise, 
201415 
 

40 LV systolic dysfunction, 
LVEF 27±11%, 54±12 yr 

Semi-
supine 
bicycle 

Simult. PCWP: 
15±7 - 24±9* 

Lateral: 
14.3±7.4 – 10.8±4.1* 

Septal: 
17.7±7.6 – 15.5±6.6* 

Mean: 
14.5±5.3 – 12.3±4.1* 

Lateral: 
0.14 

Septal: 
0.75* 
Mean: 
0.44 

 

Lateral: 
0.40* 

Septal: 
0.57* 
Mean: 
0.52* 

NA Lateral: 
 NA 

Septal: 
Se./Sp.: 

91%/77% to 
predict 

PCWP>12 
mm Hg if 
E/e’>15 
Mean:  

NA 

NA NA  

Interventions to decrease LVFP 

Weeks, 20089 
 
Efstratiadis, 
20098 

25 10 HFpEF and 15 HFrEF, 
LVEF 45±19%/ 60±11 yr. 

Nesiritide 
i.v. 

Conseq. PCWP: 
17±8 - 10±6* 

LVEDP: 
18.7±7.1 – 9.8±4.9* 

Lateral: 
9.3±4 - 7±3.5* 

PCWP: 0.29* 
(combined before and 

after  nesiritide)  
LVEDP: 0.35* 

(combined before and 
after  nesiritide) 

PCWP: 
0.12 

LVEDP: 
0.01 

NA NA NA  

Manouras, 
20137 

65 Stable angina and/or 
exertional dyspnea, LVEF 

>40%, 66±9 yr. 

Nitroglyc
erin i.v. 

Simult. LVEDP: 
Approx. 21 – 16 (not 
reported but can be 

estimated from 
subgroup datasets, 

changes in subgroups 
are significant ) 

Lateral: 
NA 

Septal: 
NA 

Mean: 
n.s. 

 

Lateral: 
0.47* 

Septal: 
0.31* 
Mean: 
0.41* 

 

Lateral: 
0.25* 

Septal: 
025* 

Mean: 
0.25* 

 

NA Lateral: 
NA 

Septal: 
NA 

Mean: 
NA 

 

Lateral: 
NA 

Septal: 
NA 

Mean: 
n.s. 

Lateral: 
NA 

Septal: 
NA 

Mean: 
n.s. 
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N – number of patients; Values are mean±SD. Lateral, Septal, and Mean – E/e’lateral, E/e’septal, and E/e’mean; LVEF=left ventricular ejection fraction; LVFP=left 

ventricular filling pressure; LVEDP=left ventricular end diastolic pressure; pre-A=left ventricular pre- A wave pressure; LVMDP=left ventricular mean diastolic 

 
 

Pre-A: 
Approx. 15 – 11 (not 
reported but can be 

estimated from 
subgroup datasets, 

changes in subgroups 
are significant) 

 
 

Lateral: 
NA 

Septal: 
NA 

Mean: 
n.s. 

 
 

Lateral: 
0.54* 

Septal: 
0.34* 
Mean: 
0.48* 

 
 

Lateral: 
0.26* 

Septal: 
025* 

Mean: 
0.27* 

 
 

Lateral: AUC 
0.71±0.08*  
Septal:  AUC 

0.62±0.09 
Mean: AUC 
0.70±0.089 
to predict 
Pre-A>12 

mmHg 

to predict 
LVEDP>16 mmHg 

 
Lateral: AUC 

0.59±0.08  
Septal:  AUC 

0.59±0.08 
Mean: AUC 
0.59±0.08 

to predict Pre-A>12 
mmHg 

to predict LVEDP 
>16 mmHg 

 
Lateral: 

NA 
Septal: 

NA 
Mean: 

n.s. 
to predict Pre-
A>12 mmHg 

Egstrup, 
201316 

14 Chronic HFrEF 
outpatients, LVEF 36±8% 

(<45%), 65±8 yr. 

Dobutami
ne i.v. 

Simult. PCWP: 
16.6±8.3 – 14.2±9.2 

Septal: 
15.6±7.6 – 14.0±5.2 

Septal: 
0.64* 

Septal: 
0.40 

NA NA NA NA  

Chiang, 
201417 

60 Suspected CAD, LVEF 
43±16%, 62.6±11.8 yr. 

Glyceryl 
trinitrate 

i.v. 

Simult. LVEDP: 
31.3±12.1 – 15.8±7.4* 

Pre-A: 
21.9±8.5 – 11.3±5.4* 

Septal: 
13.5±4.6 – 11.1±3.7* 

Septal: 
0.29* 

Septal: 
NA 

(P=0.51) 

NA NA NA NA  

Serial or repeated measurements 

Ritzema, 
201118 

15 Ambulant chronic HFrEF, 
LVEF 32±12%/ approx. 

71 yr. 

Serial 
measurem
ents  with 
implantabl
e pressure 

sensor  

Simult. LAP: 
17.3±8 (baseline) 

Lateral: 
16.6±9.3 (baseline) 
 

Septal: 
21±10.4 (baseline) 

 
Mean: 

NA 
 

Lateral: 
0.15 (60 measurements) 
 

Septal: 
0.46* (60 

measurements) 
 

Mean: 
0.13 (60 measurements 

Lateral: 
NA 

 
Septal: 
0.46* 

 
Mean: 

NA 
 

Lateral: 
AUC= 0.90* (60  measurements) 
Se./Sp.: 73%/87% if E/e’≥12 

Septal: 
AUC= 0.90* (60 measurements) 
Se./Sp.: 84%/91% if E/e’≥15 

Mean: 
AUC=0.95* (60 measurements) 
Se./Sp.: 84%/96% if E/e’≥14 

to detect LAP≥15 mm Hg 

NA  

Goebel, 
201119 

5 Patients scheduled for 
aortocoronary bypass 
surgery, LVEF <35% 
(25%-35%)/ NA yr. 

Serial 
measurem
ents  with 
implantabl
e pressure 

sensor 

Simult. LVEDP 
Values of individual 

measurements range 
from 5 to 25  (median 

17) 
 
 
 

LVMDP 
Values of individual 

measurements range 
from 7 to 29 (median 

20) 

Lateral: 
NA 

Septal: 
NA 

Mean: 
NA 

 
 

Lateral: 
NA 

Septal: 
NA 

Mean: 
NA 

Lateral: 
0.35 (21 measurements) 

Septal:  
0.16 (21 measurements 

Mean: 
0.35 (21 measurements 

 
 

Lateral: 
0.35 (21 measurements) 

Septal:  
0.29 (21 measurements 

Mean:  
0.35 (21 measurements 

NA Lateral: 
AUC=0.57 (21 measurements) 

Septal:  
AUC=0.63 (21 measurements 

Mean: 
AUC=0.67 (21 measurements 
To detect LVEDP>15 mmHg 

 
Lateral: 

AUC=0.76 (21 measurements) 
Septal 

AUC=0.76 (21 measurements) 
Mean: 

AUC=0.82* (21 measurements 
To detect LVMDP>12 mmHg 

NA  
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pressure; LAP=left atrial pressure; PCWP=pulmonary capillary wedge pressure; CAD=coronary artery disease; HFpEF=heart failure with preserved ejection fraction; 

HFrEF=heart failure with reduced ejection fraction; AUC= area under the receiver operating characteristic curve; Se./Sp. – Sensitivity and Specificity; n.s. – study 

reports that correlation coefficient is not statistically significant; ? – not clear from text; NA – not available (not reported). * statistically significant.  
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Table S5. Detailed summary of studies with subjects with specific cardiac conditions.  

Study N  Subjects Intervent
ion 

Echo./ 
Cath. 

timing 

LVFP values at 
baseline and post 

intervention (mmHg) 

E/e’ values at 
baseline and post 

intervention 

E/e’-LVFP relation (r) E/e’ - 

LVFP 
relation 

Prediction of elevated LVFP Comments 

Baseline Intervention Baseline Intervention  E/e’ 

Interventions to increase LVFP 

Gurudevan, 
200720 

61 Chronic thromboembolic 
pulmonary hypertension 

with E < A (NYHA class 
III-IV), LVEF 66±9%, 

57±13 yr. 

Pulmonar
y 

thrombo 
endarter
ectomy 

≤48h 
before 

and 
≤10±6 

days after 
surgery 

PCWP: 
9.2±3.2 – 10.6±3.8* 

Lateral: 
6.2±2.2 – 7.4±3.2* 

Septal: 
7.8±3.8 – 10.9±4.6* 

NA NA NA NA NA NA  

Dalsgaard, 
200921 

28 Severe aortic stenosis, 
LVEF 57±8%,70±8 yr. 

 
 

Supine 
bicycle 

Simult. PCWP: 
18±8 - 39±10* 

 
 

Lateral: 
14±4 – 15±4 (P=0.05) 

Septal: 
19±6 – 19±6 

Lateral: 
0.67* 

Septal: 
0.72* 

Lateral: 
0.47* 

Septal: 
0.66* 

Lateral: 
0.09 

Septal: 
0.29 

NA NA NA  

Meluzin, 
2013 22 

61 Heart transplants, LVEF 
65±1% 

Supine 
bicycle 

Simult. PCWP: 
Individual change 

approx. 15±1.1 

Mean: 
Individual change 
approx. 2.0±0.3 

Mean: 
0.48* 

Mean: 
0.42* 

Mean: 
0.45* 

NA Only for patients 
with PCWP <15 
mmHg at rest 
(N=50):  AUC 0.74* 
to detect PCWP 
≥25 mmHg. At 
exercise E/e’ ≥8.5 
Se./Sp.: 64%/84% 

NA  

Andersen, 
201323 

61 Post Myocardial 
Infarction with LAVI >34 

ml, 8<E/e’<15, LVEF 
56±7% (>45%), 62±8 yr. 

Supine 
bicycle 

Simult. PCWP: 
13±4 - 28±8 (4METs)- 

33±8* (Peak) 

Lateral: 
NA 

 
Septal: 

NA 
 

Mean: 
10.5±1.7 – 9.9±2.7 
(4METs) - 9.3±2.3* 

(Peak) 

Lateral: 
0.18 

 
Septal: 

0.16 
 

Mean: 
0.20 

Lateral: 
0.27*(4METs), 

0.17 (Peak) 
Septal: 

0.22 (4METs), 
0.11 (Peak) 

Mean: 
0.26 (4METs), 

0.16 (Peak) 

NA NA NA NA  

Clemmen-
sen, 201624 

57 Heart transplants, LVEF 
65±1% 

 
Group 1: PCWP <15 mm 
Hg at rest and <25 mm 

Hg at peak exercise  
(LVEF 63±9%), 52±14 yr., 

N=31) 
Group 2: PCWP ≥15 mm 
Hg  at rest or ≥25 mm Hg 

at peak exercise (LVEF 
59±10%, 43±13 yr., 

N=26) 

Semi-
supine 
bicycle 

Simult. PCWP: 
NA 

 
8±2 - 18±4* 

 
 
 
 

14±5 - 34±4* 

Mean: 
NA 

 
8±3 - 10±3 (P=?) 
 
 
 
 
13±7 - 14±6 (P=?) 

NA NA NA NA NA NA  
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N – number of patients; Values are mean±SD. Lateral, Septal, and Mean – E/e’lateral, E/e’septal, and E/e’mean; LVEF=left ventricular ejection fraction; LVFP=left 

ventricular filling pressure; pre-A=left ventricular pre- A wave pressure; PCWP=pulmonary capillary wedge pressure; AUC= area under the receiver operating 

characteristic curve; NYHA=New York Heart Association; LAVI=left atrial volume index; HCM=hypertrophic cardiomyopathy; ICU/CCU=intensive/critical care unit; 

4METs=four metabolic equivalents of task; Se./Sp. – Sensitivity and Specificity; n.s. – study reports that correlation coefficient is not statistically significant; ? – not 

clear from text; NA – not available (not reported). * statistically significant.  

  

Interventions to decrease LVFP 

Hadano, 
200725 

52 Patients undergoing 
cardiac surgery, LVEF 

53±15%, 66±10 yr. 

Cardiac 
surgery  

Conseq. PCWP: 
10.8±5.5 – 7.9±3.4* 

Lateral: 
10.1±4.3 – 7.5±3.1* 

Septal: 
10.7±4.2 – 12.2±5.6* 

 

Lateral: 
0.79* 

Septal: 
0.67* 

Lateral: 
0.69* 

Septal: 
0.44* 

30±15 days after 
surgery 

NA NA NA NA  

Serial or repeated measurements 

Sundereswa
ran, 199826 

14 Heart transplants, LVEF 
56±12% 

Repeated 
measure
ments at 
unknown 
interval 

Simult. PCWP: 
Individual change 2±6 

(range -8 to 13) 

Mean: 
Individual change NA 

Mean: 
NA 

Mean: 
NA 

Mean: 
0.87* 

NA NA To detect a 
change in PCWP 

≥5 mm Hg: 
Se./Sp.: 

77%/75% if 

E/e’ >2.5 

 

Nagueh, 
199927 

17 HCM enrolled for 
ethanol septal 

reduction, for total 
cohort of 35 patients: 

LVEF NA, 52±15 yr. 

Measure
ments 

repeated 
at the 
end of 
surgery 

Simult. Pre-A: 
Individual changes 

from -5 to 14 

Lateral: 
Individual changes 

from -6.1 to 12 

NA NA 0.8* NA NA NA  

Dokainish,  
200428 

9 ICU or CCU, LVEF 
47±18% 

Measure
ments 

repeated 
at 48 h 

Simult. PCWP: 
Individual changes 

from -8 to 9 

Mean: 
Individual changes 

from -9 to 4 

NA NA 0.87* NA NA NA No PCWP-

E/e’ 
correlation was 
for LVEF>50% 

(N=3) 

Mullens, 
200929 

51 ICU (LVEF<30%) Measure
ments 

repeated 
at 48 h 

Simult. PCWP: 
Individual changes 

from -24 to 16 

Mean: 
NA 

NA NA 0.23 
(P=0.1) 

NA NA NA  
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