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Echocardiographic Evaluation of Left Ventricular Filling
Pressure in Patients With Heart Failure With Preserved Ejection
Fraction: Usefulness of Inferior Vena Cava Measurements and

2016 EACVI/ASE Recommendations
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ABSTRACT

Context: The left ventricular filling pressure (LVFP) is correlated to right atrial pressure (RAP) in heart
failure. We compared diagnostic value of the inferior vena cava (IVC) measurements to the one of the
2016 echocardiographic recommendations to estimate LVFP in patients with suspected heart failure with
preserved ejection fraction (HFpEF).

Methods: Invasive hemodynamics and echocardiography were obtained within 48 hours in 132 consecu-
tive patients with left ventricular ejection fraction >50%, and suspected pulmonary hypertension. Increased
LVFP was defined by a pulmonary artery wedge pressure (PAWP) >15 mmHg.

Results: Of 83 patients in sinus rhythm, a score of the 2016 recommendations > 2 (E/e’ ratio > 14 and/or
tricuspid regurgitation velocity >2.8 m/s and/or indexed left atrial volume>34 mL /m?) had a positive pre-
dictive value (PPV) of 63% for PAWP>15 mmHg, whereas a dilated IVC (>2.1 cm) and/or non-collaps-
ible (<50%) had a PPV of 82%. The net reclassification improvement was 0.39 (P < .05). In atrial
fibrillation (AF), a dilated and/or non-collapsible IVC had an 86% PPV for PAWP>15 mmHg. The correla-
tion between RAP and PAWP was 0.60, with 75.7% concordance (100/132) between dichotomized pres-
sures (both RAP>8 mmHg and PAWP=>15 mmHg and vice versa).

Conclusion: The IVC size and collapsibility is valuable to identify patients with HFpEF with high LVFP
in both sinus rthythm and AF. (J Cardiac Fail 2020;26:507—514)
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Transthoracic echocardiography (TTE) is a key examina-
tion for the evaluation of left ventricular filling pressure
(LVFP).! The noninvasive diagnosis of an abnormal
increase in LVFP by TTE remains difficult to interpret in a
significant proportion of patients.” * However, the TTE-
based estimation of LVFP is important for several reasons.
It is a key element for the diagnosis, treatment guidance,
and prognostic evaluation of heart failure (HF).” Although
heart catheterization is the reference method to measure
LVFP, this invasive procedure cannot be routinely per-
formed, with TTE therefore remaining the first-line
method." European Association of Cardiovascular Imaging/
American Society of Echocardiography (EACVI/ASE)
guidelines have proposed a TTE-based algorithm taking
into account several parameters for the evaluation of
LVFP.® The algorithm has been tested in different popula-
tions, namely in patients with HF referred for hemodynamic
evaluation and in patients referred for further exploration in
unexplained dyspnea.”’
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Right atrial pressure (RAP) is significantly correlated
with pulmonary artery wedge pressure (PAWP) and
LVFP."""'? RAP is most commonly estimated by inferior
vena cava (IVC) diameter measurement and the relative
magnitude of inspiratory collapse.'” Increased RAP leads to
IVC dilatation and/or reduced IVC collapse with inspira-
tion. Few studies have tested the usefulness of IVC evalua-
tion for LVFP estimation.'””'> A recent study has
highlighted the prognostic value of IVC dilatation in HF.'”

Our study aimed at evaluating the performance of the
updated 2016 EACVI/ASE diastolic function guidelines
and of IVC measurements for the estimation of LVFP in
patients referred for right heart catheterization (RHC) to
explore suspected pulmonary hypertension at our center in
patients with suspected HF with preserved ejection fraction
(HFpEF). We also compared the diagnostic accuracy in
sinus rhythm and in patients with atrial fibrillation (AF).

Methods

Between 2015 and 2018, 132 patients with suspected HFpEF
were identified based on HF symptoms (New York Heart
Association [NYHA] class >II), a left ventricular ejection frac-
tion (LVEF) >50%, and suspicion of pulmonary hypertension
on a previous echocardiogram (defined as tricuspid regurgita-
tion [TR] velocity >2.8 m/s and/or right ventricular [RV] dila-
tation without other cause), who were referred to the
catheterization laboratory, Hopital Bicétre, APHP, France, for
routine RHC. Inclusion criteria were TTE and RHC performed
within 48 hours without changes in medication, and a sus-
pected HFpEF. Exclusion criteria were all patients with moder-
ate to severe mitral, tricuspid or aortic valve disease, and all
patients with pulmonary hypertension of precapillary origin, ie,
mean pulmonary pressure (mPAP) > 25 mmHg and PAWP <
15 mmHg at RHC. The investigation was in line with the prin-
ciples of the Helsinki Declaration, and was approved by the
local ethics committee.

Echocardiography

Echocardiographic images were prospectively acquired
in a supine position and according to a specific protocol
with a Vivid 9 echocardiograph (GE, Horten, Norway). The
images were recorded over 3 consecutive cardiac cycles. In
patients with AF, a mean of 5 cycles were analyzed. An off-
line analysis was performed with an Echopac system by a
single observer (E.B.) who was blinded to the cardiac cathe-
terization results. Cardiac structures were evaluated includ-
ing heart dimensions and left and right ventricular and atrial
heart thicknesses and volumes.'” LV systolic function and
left atrial volume were evaluated by the Simpson method.
LV mass was assessed in M mode. Pulsed early mitral
Doppler flow (E and A wave) and tissue Doppler velocities
(e) at the septal and lateral mitral annulus were recorded
and the mean E/e’ ratio was calculated. Measurements were
also done for the maximum speed of TR. For all patients,
we applied the updated diastolic function guidelines that
analyses E/A ratio, E wave value, the E/e’ ratio, TR velocity

(TRV), and left atrial volume. The 2016 recommendations
permitted the determination of “normal LVFP”, “elevated
LVFP”, and in some cases were not able to determine
LVFP. In parallel, patients were analyzed for the size and
collapsibility of the IVC.

The subcostal view was used when feasible for imaging
the IVC, with the IVC viewed in its long axis. Measurement
of IVC diameter was made at end-expiration and just proxi-
mal to the junction of the hepatic veins that lie ~0.5 to
3.0 cm proximal to the ostium of the right atrium. M-mode
was used for measurement when possible. When the IVC
was not perpendicular to the cursor, IVC diameter was mea-
sured in 2D. To accurately assess IVC collapse, the respira-
tory-induced variations of the IVC diameter were measured
with the respiration, ensuring that the change in diameter
does not reflect a translation of the IVC into another plane
as recommended.'”"” In our study, we defined 2 groups
depending on IVC size and collapsibility. The first group
with an IVC diameter < 2.1 cm and collapses >50%
was the “normal LVFP” group, and the second group
with an IVC diameter >2.1 cm and/or collapses < 50%
was the “high LVFP” group. These groups were defined
according to the recommendations.'® Interobserver vari-
ability was tested in our patients. All measurements
were performed in accordance with recommendations
for structure and function evaluation.

Invasive Hemodynamic Measurements

All patients had a medical indication of RHC based on the
European pulmonary hypertension recommendations.'® The
time interval between echocardiography and RHC ranged from
5 to 48 hours. The RHC was performed after patients signed
an informed consent. A catheter with a 7 F balloon was used to
measure RAP, PAP, and PAWP, which were measured on
both sides by remote exhalation to minimize potential errors
related to pressure variations and air bubbles. Catheterization
data were acquired through automated measurement and all
curves were reviewed off-line by an experienced catheterizer.
For pressure measurements, the intra-observer and interob-
server variability has been tested on 14 patients in a previous
study and each was <5%.'" In the present study, the interob-
server variability was tested on 36 patients and the inter-rater
agreement kappa coefficient of PAWP measurement between
both readers was 0.91.

The wedge position was verified by fluoroscopy and
changes in the waveform. Wedge pressure was measured at
the end of expiration according to an initial validation using
PAWP as a surrogate measure of LVFP.'®* A PAWP <15
mmHg indicates a normal LVFP and a PAWP > 15 mmHg
indicates high LVFP. Patients with mPAP > 25 mmHg and
PAWP > 15 mmHg were diagnosed as “post-capillary
hypertension due to HFpEF”.

Statistical Analysis

Quantitative continuous variables are presented as mean
=+ SD (normal distribution) or median (1st and 3rd quartiles;
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non-normal distribution). Categorical variables are pre-
sented by numbers (%). We calculated sensitivity (Se),
specificity (Sp), positive predictive value (PPV), and nega-
tive predictive values (NPV) and positive likelihood ratio
(PLR). PLR was calculated as Se/(1 — Sp). When PLR is
>10 the discriminating property is high, 5—10 moderate,
2—5 mild, and <2 weak.'” To quantify how well a new
model reclassifies subjects, either appropriately or inappro-
priately, compared with another model, the net reclassifica-
tion improvement (NRI) is a good index.””*' The NRI is a
statistical tool proposed to assess improvement in model
performance offered by a new method of classification com-
pared with a reference one. The NRI indicates how much
more frequently appropriate reclassification occurs than
inappropriate reclassification using a new model of classifi-
cation. The NRI is based on reclassification tables con-
structed separately for participants with and without the
interest event, and quantifies the correct movement in cate-
gories, upward for events and downward for non-events.
Define upward movement (up) as a change into higher cate-
gory based on the new algorithm and downward movement
(down) as a change in the opposite direction. The NRI is
defined as follows: NRI= P(uplevent)—P(down|event)+P
(down|non-event)—P(up|non-event). The null hypothesis
for NRI=0 is tested using Z statistic following McNemar
asymptotic test for correlated proportions. In our study, the
comparison is between an original model (2016 recommen-
dations) and a new model which is the study of IVC size
and collapsibility. NRI is composed of subjects with and

without events. In our study, the event is the PAWP > 15
mmHg and the nonevent PAWP < 15 mmHg. Subject with
events who are correctly classified by IVC methods are
assigned a +1. Subjects without events who are incorrectly
classified by IVC method are assigned a —1. Subjects well
classified either with both methods are assigned a 0. The
NRI values vary between 0 and 1. A result >0.25 is a non-
weak improvement. Concerning hemodynamic data, the
relationship between RAP and PAWP was assessed using
Pearson correlation. Mean RAP and PAWP values were
dichotomized as RAP < 8 or > 8 mmHg and PAWP < 15
or > 15 mmHg.'"'® The agreement of right- and left-sided
filling pressures, dichotomized as normal versus high, was
calculated as the percentage of patients with both elevated
RAP and elevated PAWP and patients with both normal
RAP and normal PAWP. The percentage of patients with
discordant pressures was also calculated (elevated PAWP
but normal RAP or vice versa).'” Statistical analysis was
performed by Medcalc software. Statistical significance
was defined as a 2-tailed P< .05 for all tests.

Results
Study Population

The baseline characteristics of the 132 patients included
in the study are described in Tables 1 and 2. Patients with
PAWP> 15 mmHg were more often in stages 3 or 4 of the
NYHA class, were more often hospitalized for HF, had
more often AF, and were more often on diuretics treatment.

Table 1. Patients Characteristics

Overall PAWP < 15 mmHg PAWP > 15 mmHg p

N=132 N =40 (30%) N =92 (70%)
Demographics
Age (y) 70+11 72410 69411 .107
Gender (female) (%) 85 (64%) 25 (63%) 60 (65%) 961
Heart rate (BPM) 78+18 7615 80+19 270
BMI (kg/m?) 3247 30+7 33+8 .038
NYHA class 3 or 4 (%) 71 (54%) 10 (25%) 66 (72%) <.001
Systolic blood pressure (mmHg) 139424 137£25 140+24 .677
Diastolic blood pressure (mmHg) 75+13 75+12 75+13 .803
Medical history
Atrial fibrillation (%) 49 (37%) 9 (22%) 40 (43%) 057
Coronary disease (%) 21 (16%) 7 (18%) 14 (15%) .940
Previous HF hospitalization (%) 32 (24%) 5 (12%) 27 (29%) <.001
Arterial hypertension (%) 88 (67%) 31 (77%) 57 (63%) .084
Diabetes (%) 53 (40%) 16 (40%) 37 (40%) 932
Dyslipidemia (%) 36 (27%) 14 (35%) 22 (24%) 333
Smoker status (%) 33 (25%) 15 (39%) 18 (20%) .048
Sleep apnea syndrome (%) 33 (25%) 6 (13%) 27 (29%) .042
Medical use at admission
Diuretics (%) 99 (75%) 25 (62%) 74 (80%) <.001
Beta blockers (%) 55 (42%) 13 (33%) 42 (46%) .195
ACE inh-ARB (%) 75 (57%) 22 (55%) 53 (58%) .628
Laboratory assessment at admission
BNP (pg/mL) 2894252 2324278 313+211 239
BNP >400 pg/mL 29 (22%) 9 (22%) 20 (22%) .895
GFR (Cockcroft, mL/min) 88+40 84+49 89+£35 .856
Hb (g/dL) 12.7£1.9 13,042.1 12.5£1.8 0.452
Hematocrit (%) 42412 42413 42412 0.896

Data are presented as mean £ SD or number (%). BMIL, body mass index; ACE-inh, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor

blockers; Hb, hemoglobin; GFR, glomerular filtration rate.
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Table 2. Echocardiographic and Hemodynamic Characteristics of Patients

Overall PAWP < 15 mmHG PAWP > 15 mmHg P

132 40 92
Echocardiography
Ejection fraction (%) 5848 6017 578 127
IV sept thickness (mm) 11£1 10+1 11+£1 .562
LV mass index (g/m?) 86128 75£19 91430 .019
LV end-diastolic diameter (mm) 46+3 4545 47+£3 120
E wave (cm/s) 99430 8628 105+28 .006
E <50 cm/s (%) 5 (4%) 4 (10%) 1 (2%) .052
E/A ratio 1.48+1.03 1.35+1.23 1.534+0.88 128
E/A > 2 (%) 15 (11%) 4 (10%) 11 (12%) .081
A wave (cm/s) 77432 79431 76£36 176
¢’ lat (cm/s) 10+3 10£3 10+3 921
¢’ sept (cm/s) 8+4 8+4 744 256
E/e’ median 10+4 9+3 11+4 .049
LA vol index (mL/m2) 41+£25 36421 43+26 <.001
TAPSE (mm) 1947 19+6 1947 936
TRV (m/s) 3.3£0.6 2.8£0.5 3.5+0.6 <.001
IVC (mm) 19+6 1545 20+6 <.001
IVC collapsibility >50% (%) 46 (35%) 26 (65%) 20 (22%) <.001
RHC
mPAP, mmHG 39+19 34+19 42420 <.001
PAWP, mmHg 18 £3 1242 2314 NA
RAP, mmHg 14+6 10+3 166 <.001
CO, L/min 5.54+1.74 5.224+1.48 5.86+1.96 .556

Data are presented as mean %+ SD or median [interquartile range] or number (%). LA, left atrial; IV sept, interventricular septum; TAPSE, tricuspid annular

plane systolic excursion; CO, cardiac output; NA, not applicable.

Mean brain natriuretic peptide (BNP) level was not signifi-
cantly different in the 2 groups. Patients with PAWP> 15
mmHg (n=92) had a higher LV mass index, mitral E-wave,
indexed left atrial volume (LAV) and maximum TRV and a
more important IVC dilatation. Thirty-seven percent of
patients had AF at inclusion. Maximum E wave velocity
was available in 96% of patients and E/A was analyzable in
81/83 patients in sinus thythm. Using the 2016 recommen-
dations, LVFP “could not be determined” in 37% of the
patients, all in AF. IVC size and collapsibility were analyz-
able in 92% of patients and the LVFP could be determined
in 100% of the analyzable cases. The Pearson correlation
coefficient between IVC maximal size and RAP was .58,
and the coefficient between IVC collapsibility and RAP
was —0.44 (each P < .001).

Identification of Patients With PAWP > 15 mmHg (n=92)

In sinus rhythm, an “E/A ratio>2" had a PPV of 79% for
PAWP > 15 mmHg. Se was 39% and Sp 84%. In patients
with “E/A <2”, the sum of the criteria (E/e’ ratio> 14, maxi-
mal systolic TRV > 2.8 m/s and indexed left atrial volume
(LAV)> 34 mL/mZ) > 2 had a PPV of 63% for PAWP> 15
mmHg. Se was 48% and Sp was 50%. An “IVC dilatation
>2.1 cm and/or collapse< 50%” had a PPV of 82%, Se was
69% and Sp was 74%. In patients with AF, the use of the
2016 recommendations is not recommended according to
the guidelines.(’ In this case, an “IVC dilatation >2.1 cm
and/or collapse < 50%” had a PPV of 86%, Se was 74%
and Sp was 75% (Table 3).

Table 3. Sensitivity, Specificity, and Predictive Value of
Echographic Parameters for PAWP >15 mmHg

Se Sp PPV NPV LHR

Sinus rhythm

2016 recommendations

E/A >2 39% 84% 19%  47%  2.43
IfE/A <2, >2 positive criteria ~ 48% 50% 63% 35%  0.96
e E/e’ >14
® TRV > 2.8 m/s
e LA vol index >34 mL/m>

IVC proposal

Dilatation and/or 69% T74% 82% 61% 2.65
non-collapsible IVC
Atrial fibrillation

2016 recommendations
Not applicable*

IVC proposal tested
Dilatation and/or 74% 15% 86%  37% 2.96
non-collapsible IVC

LA, left atrial; LHR, likelihood ratio.
*The 2016 recommendations were not tested because it is discouraged
in patients with AF.

Identification of Patients With PAWP < 15 mmHg (n= 40)

In sinus rhythm, the criteria “E/A < 0. 8 and E < 50 cm/s”
had a PPV of 100%, Se was 58% and Sp was 100%. When
these criteria were not analyzable, the sum of the criteria (E/e/
ratio, TRV, and indexed LAV) < 2 had a PPV of 36% for
PAWP < 15 mmHg, Se was 34% and Sp was 65%. An “ITVC
diameter < 2.1 cm and collapses > 50%” had a PPV of 82%
to predict PAWP < 15 mmHg, Se was 55% and Sp was 69%.
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Table 4. Sensitivity, Specificity, and Predictive Value of
Echographic Parameters for PAWP <15 mmHg

Se Sp PPV NPV LHR

Sinus rhythm

2016 recommendations

E<50and E/A < 0.8 58% 100% 100% 13% NA
If E> 50 cm/s or 0.8<E/ 34%  65% 36% 64% 0.97
A<2,

<2 positive criteria

e E/e' > 14
® TRV >2.8 m/s
® [ LA vol index >34
mL/m?
IVC proposal tested
Thin/collapsible IVC 55%  69% 82% 65% 2.77

Atrial fibrillation

2016 recommendations
Not applicable*

IVC proposal tested
Thin/collapsible IVC 52%  86% 63% 86% 3.71

LHR, likelihood ratio.
*The 2016 recommendations were not tested because it is discouraged
in patients with AF.

In patients with AF, the use of 2016 recommendations is not
applicable. An “IVC diameter < 2.1 cm and collapses >50%"
had a PPV of 63%, Se was 52% and Sp was 86% (Table 4).

Net Reclassification Index

All 83 patients in sinus thythm had analyzable TTE data
including IVC measurements. Among patients with PAWP >
15 mmHg, 46 patients were correctly classified using the IVC
analysis, and 9 patients were misclassified. Using the 2016 rec-
ommendations, 28 patients were correctly classified, and 27
patients were misclassified. Among patients with PAWP <15
mmHg, 15 patients were correctly classified using the IVC anal-
ysis, and 13 patients were misclassified. Using the 2016 recom-
mendations, 12 patients were correctly classified, and 16
patients were misclassified. The NRI value was 0.39, thus favor-
ing the study of the vena cava (P< .05; Table 5).

Relationship Between Invasively Measured Right- and
Left-Sided Filling Pressures

There was a positive relationship between IVC size and
RAP (Pearson correlation coefficient 0.583; P < .001;
Fig. la), and between IVC size and PAWP (0.539;
P < .001; Fig. lc). There was a negative relationship
between IVC maximal over minimal size ratio and RAP
(—0.438; P < .001; Fig. 1b), between IVC maximal over
minimal size ratio and PAWP (—0.405; P < .001; Fig. 1d)
and between RAP and PAWP (—0.405; P < .001; Fig. le).
There was 75.7% concordance between dichotomized pres-
sures (100/132 patients). Indeed, 87 patients had both high
RAP and high PAWP and 13 patients had both normal RAP
and normal PAWP. Conversely, 24.2% patients (32/132)

Table 5. Net Reclassification Improvement Table Comparing
2016 Recommendations and Study of the IVC of Patients in Sinus
Rhythm

Hemodynamic PAWP > 15 mmHg ‘

2016 recommendations

Elevated |Normal |[Total

LVFP LVFP
Elevated 23 23 | 59
Proposal with IVC LVFP --—
study Normal 4
Total [[44 39 83

Yellow indicates the results for hemodynamic PAWP >15 mmHg for
each noninvasive methods; blue indicates the results for hemody-
namic PAWP <15 mmHg for each noninvasive methods.

had discordant dichotomized pressure, namely 27 patients
with normal PAWP, but high RAP, and 5 patients with high
PAWP but normal RAP.

Discussion

The data shows that in our patients with suspected
HFpEF, the 2016 recommendations for filling pressure eval-
uation algorithm is not always accurate for estimating the
invasively measured PAWP and is relatively complex. For
a long time, a non-invasive and reliable evaluation of LVFP
has been a difficult and important issue.

In the past, the recommendations for evaluation of LVFP
were validated, with studies showing a good correlation
between E/e’ and PAWP,”* including in patients with
HFpEF studied separately.”” Other more recent studies have
questioned the accuracy of E/e’ for the estimation of LVFP
because a correlation coefficient between the 2 values does
not allow for analysis of the exact performance of a test.”
LA size is increased and LA function is impaired in
HFpEF.”* These 2 left atrium parameters are also an
important prognostic factor in HE.”* However, only 1 study
showed a good correlation between LA size and LVFP eleva-
tion.”” Studies are controversial regarding the evaluation of
PAPs by maximum speed of TR with echocardiography, and
its relationship with the values obtained by RHC.”™' No
studies have shown a relationship between maximum speed
of TR and PAWP. Notably, in our study the BNP did not dif-
fer between groups, which supports the hypothesis that BNP
level is not the best parameter for indicating filling pressure,
as suggested in previous studies.”” Natriuretic peptide level
is partly due to the stretching of myocardial fibers, but is also
partly due to other phenomenon like fibrosis and hypertro-
phy. In this last case, natriuretic peptide level is more a
marker of structural disease than hypervolemia.

Three recent studies have evaluated the performance of
the 2016 recommendations for estimation of LVFP and the
results showed a moderate predictive value for estimation

22
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Fig. 1. (a) Scatterplot of the relationship between RAP and IVC maximal size. (b) Scatterplot of the relationship between RAP and IVC
maximal versus minimal size ratio. (c) Scatterplot of the relationship between PAWP and IVC maximal size. (d) Scatterplot of the relation-
ship between PAWP and IVC maximal versus minimal size ratio. (e) Scatterplot of the relationship between RAP and PAWP.

of invasively acquired PAWP. In the first study, only corre-
lation coefficients between invasive and non invasive LVFP
evaluation were studied.” In the second study, only 65% of
patients with low echo LVFP had low LVFP at catheteriza-
tion and 79% of patients with echo increased LVFP had
high LVFP at catheterization.® In the third study, the corre-
lation coefficient between the mean E/e’ ratio and PAWP
was r=0.24 (P=.019), and between the indexed LAV and
PAWP was r=0.20 (P=.11).” Applying the algorithm rec-
ommended in the updated 2016 guidelines, the diagnostic
accuracy of elevated LAP by echocardiography was 87%
for the overall study group compared with 72% by

clinical assessment alone (P < .001). Among the 241
patients with LVEF >50%, the impact of echocardio-
graphic assessment of LAP was good, with a diagnostic
accuracy of 84% compared with 64% by clinical assess-
ment alone (P < .001).”®

Our study supports the helpfulness of an analysis of the E
wave and E/A ratio as recommended in the 2016 recom-
mendations. We found that all patients with E/A < 0. 8 and
E < 50 cm/s had normal PAWP (sensitivity and PPV of
100%). However, this result concerns only 4/132 patients.
Our study shows that the performance of the analysis of E/
e’ ratio, LA volume and peak TRV was a reasonably good
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value for assessing elevated PAWP (Table 4). When analyz-
ing the E/A > 2 ratio, the PPV is 79% for detecting a PAWP
> 15 mmHg and concerns only 19/132 patients (Table 3).

The present IVC analysis may be viewed as an additional
use of the existing data from conventional echocardiographic
examination. Although the combined criteria/algorithms are
directly aimed at determining the left ventricular filling pres-
sure, we took advantage of the RAP versus PAWP relationship
to indirectly estimate the left ventricular filling pressure. Sev-
eral studies have documented a good correlation between
RAP and PAWP,'*!'! as also observed in our study. Further-
more, we documented good agreement of right- and left-sided
filling pressure obtained from right catheterization and dichot-
omized as normal versus high, and the 75.7% concordance
was fully consistent with previous findings.'” Finally, assess-
ment of IVC is well known to significantly correlate with
RAP, as also documented in our study.

Thus, in our study, the analysis of IVC was related to
PAWP elevation, and demonstrated better positive and neg-
ative predictive values, and a better test likelihood ratio
than the 2016 recommendations analyses. For LVFP evalu-
ation, calculation of NRI (0.39) favors utilization of IVC
for evaluating PAWP elevation of patients in sinus rhythm.

Importantly, another advantage of our new proposal is
that it may theoretically apply to all patients while the cur-
rently published criteria/algorithms for directly assessing
the LVFP may not be universally applicable in every
patient. Indeed, AF remains a difficult case for the estima-
tion of LVFP.**** In the 2016 recommendations, there are
no specific guidelines addressing this situation. Importantly,
our study found that the analysis of the IVC had a good PPV
for evaluation of LVFP in patients with AF. In the Hummel
et al” study, the correlation between the echo parameters
and hemodynamic estimation was lower in AF than in sinus
rhythm, but the PPV of the echo parameters was not studied
in this population. Overall, analysis of the size and collaps-
ibility of the IVC was the most reliable parameter when the
hemodynamic LVFP is either high or normal, whatever the
rhythm (sinus or AF).

Strengths of the study

We recorded echo and RHC within 48 hours, without
changing medications. We had a sample of 132 patients,
which is a reasonably large sample of patients with hemo-
dynamic and echo evaluation over a short time period. We
tested the patients in sinus rhythm and in AF. We tested and
proposed a simple parameter to indirectly estimate noninva-
sive LVFP and we found that the study of the IVC had good
performance.

Limitations of the Study

First, we retrospectively analyzed patients prospectively
enrolled in our center and the results pertain strictly to the
population under study. Our monocentric study explored a
particular population represented by patients referred for
RHC at our center with finally normal hemodynamic results

or post-capillary pulmonary hypertension related to HFpEF.
As a result, only patients with dyspnea and a TRV >2.8 m/s
or RV dilatation on a previous echo were included. This
selection is the consequence of the ethics related to the indi-
cation of RHC. It could be that adding IVC size and collapse
would be less informative in a more generalized population
with dyspnea. However, this is an avoidable limitation when
invasive hemodynamics and echocardiographic are com-
pared. Second, there may be an unavoidable variability of
cardiac catheterization measurements in patients with AF.
Third, we used PAWP to estimate left heart filling pressure
but did not measure left ventricular end diastolic pressure
(LVEDP).'® Finally, the correlations between invasively
measured RAP and IVC size and collapsibility are at best
only modest (Pearson correlation coefficients 0.44—0.58).

Clinical Perspectives

For evaluation of LVFP in patients with HFpEF, the 2016
recommendations must be used with caution. Our study
favors analysis of IVC size and collapsibility in addition to
the recommendations for detection of normal or elevated
filling pressure for both sinus rhythm and AF because it is
reliable and easy to use.
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