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80 ~804 » > T3542& 34 (7 o COPD £ GOLD4; 31 o s R 2Bid &
ESC4q 51 » NYHA*# 5v % 55 — 3 = B - 32 % % A CPET - ?3‘.E¥§
lF“”ﬁi£Jqdi first passZ myocardial perfus1on+*‘ ¥eh oA
& P2 02PA i ~ A A~ first pass'» R R S VU e
AF o JECPET® » it mpin - -= % T{ﬂ*—-mé?f"* /b o

A Fr i %08 (02P 1) ¥ ﬁhln\?’h‘a}%t test ANOVA & 45 » 224 e &~ #
# Mann-Whitney - 2% 4 % 38 (02P7) f& )##chi-squaresFisher s
exact test e P<0.053u 2 3 53t £ B o St #ct4RSAS -

i Kﬁr(ﬁﬁﬁLOZP)

Fhow 5* # i i3 (CPET)

A R (VS)

E ﬁ?ﬁkil(oxygen extraction)

: Background: In non-invasive cardiopulmonary exercise

testing (CPET), oxygen pulse (02P) is defined as oxygen
uptake divided by heart rate and is equal to the product of
stroke volume and oxygen extraction by cells. As per, the
02P indicates the capability of oxygen consumption of whole
body tissues and cells per heart beat. During exercise, the
02P changes can be deemed as the stroke volume changes as
the oxygen extraction by muscle cells are normal. Hence,
CPET-02P can be non-invasively and continuously used to
monitor the stroke volume changes during exercise. 02P
value (i.e., % of predicted) is related to the severity and
prognosis of heart failure and to the severity of
constraint of the heart caused by exercise-induced
hyperinflation or air trapping in patients with chronic
obstructive pulmonary disease (COPD). However, 02P plateau
pattern is not uncommonly encountered in the daily
practice.

Hypothesis and aims: 02P patterns during incremental
exercise are seldom investigated although they have been
hypothesized that the plateau or decreasing patterns are
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related to myocardial failure or ischemia. In this
proposal, the 02P patterns are to be thoroughly
investigated: (1) the patterns in norms, patients with
heart failure and COPD, (2) the relationship between the
02P pattern and cardiac function and/or myocardial ischemia
in patients with heart failure and COPD. As yet there are
no relative reports on the 02P pattern and its possible
mechanisms in the literature, the results of the proposal
might tremendously impact the interpretation strategy of
CPET reports.

Methods: Multi-center, multidisciplinary, prospective,
comparative cross-sectional study is designed. Subjects
aged from 40-85 years with the BMI of 18-28kg/mZ are to be
enrolled: sample sizes of the norms, heart failure and COPD
groups are 40, 80, and 80, respectively, equally
distributed in two years. The definitions of COPD and heart
failure with NYHA class I-III are according to the GOLD and
ESC guidelines, respectively o All the three groups undergo
CPET measurement; the patient groups undergo
echocardiography, and the first pass and myocardial
perfusion studies using Tc-99. The primary measurements are
the 02P patterns and the cardiac function measured with
echocardiography, the first pass and myocardial perfusion
studies and air trapping in the lungs. Patients have to
stop medications except rescue medications one to three
days before CPET.

Statistical analysis: For normal continuous data, t-test or
ANOVA 1is used. For non-normal data, the Mann-Whitney test
is used. The chi-square test or Fisher s exact test is
used to compare the proportion of categorical variables
between the two groups. A p value of less than .05 is
considered to be statistically significant. Statistical
procedures are performed using the SAS software package
version 9. 3.

*02P: oxygen pulse, CPET: cardiopulmonary exercise testing,
VS: stroke volume, BMI: body mass index, ESC: European
Society of Cardiology, NYHA: New York Heart Association
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B PTG ] o(2) R R £ # 40-85 }%« § % % & the European society of
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% ejection fraction <45%(40-50%) > — B * p & ,4—— ME IR % o &gy ESC B0
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RE o2 A B 2 gg Il o oR & B L B R R
Fiw BT HRp R R R £ x (Hb <10 g/dL), atrial fibrillation or flutter,
recent (less than 3 months) acute coronary syndrome, recent (less than six months)
percutaneous or surgical revascularization, left-bundle-branch block, pacemaker, or
1nab1hty to exercise.? COPD % Fé:vJ U R T ﬁﬁ o R f{i‘ o ¥ M
XEFE T 0% R ¢ AR A e R s TR E s R g g R
Agciz B ¥4 3% COPD & fBX Féi‘ e P\ e_]ectlon fraction £ £ 10% ~
BHL 6% MofE 005 frik? 08 % EH > 25 10%F0F 28 ki 5 80
o & ¥ X F AP A ejection fraction ;?L oA 40 o T 2 EH
FEg - &) o
BFHH()EFEH: COPD 238 F d WP FRE I o o BRI RFHd o
F5 FF i /1 (L Appendix) & i & 7 demographic data - P g ~ CBC- DC Cr ~Na ~
K ~ GOT ~ GPT ~ Bil(T) ~ sugar(pc) ~ hs-CRP ~ CXR ~ EKG -
(2)Fz 332 ¥7: (a) spirometry lung volumes diffusing capacity: Forced expired volume
in one second (FEV)), total lung capacity, and residual volume were measured with a
pressure-sensitive body plethysmograph (MasterScreen Body, Carefusion,
Leibnizstrasse, Wuerzburg, Germany) at body temperature, ambient atmospheric
pressure, and when fully saturated. The best of three technically satisfactory readings
was used.? All of the lung function data were obtained after inhaling 400 ug of
fenoterol HCI. The diffusing capacity for carbon monoxide (DLCO) was measured by
the single-breath technique.'® Direct maximum voluntary ventilation (MVV) was
performed and calculated from a 12-second maneuver of rapid and deep breathing as
recommended for patients with COPD.!! Simple volume calibration was conducted
with a 3-L syringe before each test. (b) Two-dimensional echocardiography (iE33,
Philips, Seattle, USA) was performed by the experienced cardiologists who were
blind to the clinical data, lung function, the 1% pass study, and CPET reports within
four weeks before CPET. If there were acute exacerbations of COPD in the time

between the two tests, one of the tests would be postponed. Parasternal, apical and



subcostal studies of echocardiography were conducted and the definitions of cor
pulmonale and ejection fraction were used according to previous reports.!>14 3 s % 2%
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kL2t = ;2 . Data were summarized as mean =+ standard deviation. For each outcome

variable, the comparisons were planned a priori. In univariate analysis, p values were
calculated by ANOVA with Tukey’s correction for multiple comparisons to compare
means across the three groups. The unpaired t test was used to compare two samples.
Fisher’s exact method was used in contingency table analysis for categorical variables.
Pearson’s correlation coefficients were used to quantify the pair-wise relationships
between interested variables. All statistical analyses were performed using SAS
statistical software. Statistical significance was set at p < 0.05.
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Figure 3. Flow Diagram.
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Table 1. Demographic data , symptom scores and blood tests.

Norm COPD CHF ANOVA
mean SD mean SD mean  SD p value
n= 34 31 17

Age, year 622 9.2 68.4 7.4 57.3 8.4 0.0001
Height, cm 167.0 5.3 1655 5.4 167.4 5.0 NS
Weight, kg 69.2 8.9 63.3 10.0 76.6 10.0  <0.0001
BMI, kg/m”"2 2477 2.66  23.00 3.17 27.3 3.2 <0.0001
Cigarette, pack-yr 52 177  66.6 388 307 287  <0.0001
CAT sum 0.5 1.0 5.9 6.8 3.7 3.6 <0.0001
OCD, cm 8.3 1.0 7.0 1.6 7.7 0.9 0.0004
mMRC (0-4) 0.0 0.0 0.7 0.7 0.3 0.5 <0.0001
Borg score at rest 0.03 0.2 0.3 0.5 0.4 0.4 0.005
NYHAFc 1.0 0.0 1.7 0.7 1.5 0.5 <0.0001
RBC, 10M4/ul 481.5 41.0 493.8 62.3 503.4% 294 NS
Hb, g/dL 147 1.2 14.8 1.6 15.8%% 0.9 0.02
WBC, /uL 6185.3 1250.6 7032.3 1303.4% 7695% 1332.8 0.0006
Segment, % 57.5" 8.7 61.7°  10.0° 62.8% 8.4 NS
Lymph, % 3277 89 275 8.6 2655 78 0.06
Monocyte, % 6.8 1.4 6.87 1.8 6.8% 1.4 NS
Eosinophil, % 24" 1.3 3.7° 2.6 2.7% 1.9 NS
Basophil, % 0.6™ 0.2 0.7+ 0.3 0.6 0.3 NS
Platelet, 10"3/ulL 2343 59.2 2214 48.0 249.3%  63.1 NS
Creatinine, mg/dL 1.0 03 1.0 0.2 1L.1% 0.2 NS
Na, mmol/L 1384 2.2 139.57 3.3 1379 2.4 NS
K, mmol/L 4.1 0.4 417" 04 4.1% 0.5 NS
GPT, IU/L 28.1 10.9 21.07" 10.2 31.4% 145 0.02
Bil-T, mg/dL 0.85 0.39 0.76*  0.29 0.76%% 026 NS
CRP, mg/dL 0.16 0.23 2.047 3.93 026 0.35 0.007
NT proBNP, pg/mL.  47.8 38.5 46.07" 354 312.6%%% 320.5 <0.0001
Glucose (PC), mg/dL. 110.8 24.0 112.7% 24.4 147.6% 81.9 0.01

BMI: body mass index, OCD: oxygen cost diagram, mMRC: modified medical

research council, CAT: COPD assessment test, NYHAFc: New York heart association
functional class, Bil-T: bilirubin total, CRP: C-reactive protein, NT proBNP:
n = *33, ¥*23: 720; **30; #28, 27, %12,

N-terminal pro-brain natriuretic peptide .

5516, 55514, ‘15



Table 2. Lung function test.

Norm COPD CHF ANOVA
Mean, SD Mean, SD Mean, SD P value
n= 34 31 16

FVC, %p 101.4 12.7 78.5 13.0 92.7 10.1 <0.0001
FEV 1, %p 102.5 12.6 61.1 15.3 93.1 10.2 <0.0001
FEVI/FVC 799 5.6 57.4 10.2 80.3 3.5 <0.0001
MMEF7sp0s5, %p 929 283 27.6 10.8 85 22.8 <0.0001
PEF, %p 104.1 18.0 60.3* 23.4 82.1 14.7 <0.0001
IC forced, %p 1043 18.4 73.2 17.6 101.2** 15.2 <0.0001
TLC%p 969 10.6 98.9 11.5 91.5 5.9 0.07
RV%p 100.9 17.2 140.4 33.7 98.2 14.1 <0.0001
RV/TLC 38.8 64 56.4 10.4 38.3 7.9 <0.0001
RV/TLC%p 101.4 11.7 138.5 21.9 104.6 15.3 <0.0001
FRCpietn%p 95.6 16.1 121.8 23.4 87 10.8 <0.0001
DLCO sg%p 105.6 15.6 76.6 20.1 89.7 12.7 <0.0001
DLCO/Va%p 103.3 15.9 74.7 20.5 103.5 11.7 <0.0001
Va%p 86.3 113 71.1* 12.1 79.1 10.4 <0.0001

n=* 18, **15

10



Table 3A. Cardiopulmonary exercise test at rest and unloding exercise.

Norm COPD CHF ANOVA
mean SD mean SD mean SD P value
N= 34 31 17
VOy/kg-rest mL/min/kg 4.2 1.3 449 133 4.6 1.1 NS
HR-rest I/min 782 123 782 12.8 77.9 13.4 NS
O2/HR-rest mL 3.7 1.1 3.67 1.17 4.6 1.3 0.03

BPsys-rest mmHg 141.1 20.8 145.9* 25.7 141.5 20.5 NS
BPdia-rest mmHg 85.7 13.5 83.0* 14.1 95.2 15.8 0.02

VE/VO;_rest 36.5 114 400 9.0 33.0 6.3 0.06
VE/VCO,_rest 423 7.8 46.5** 7.1 39.6 6.4 0.006
SpO:_rest % 972 1.2 96.2 19 97.2 1.1 0.009
V'E_rest L/min 11.3 43 124 3.6 12.4 3.1 NS
Vrex rest L 0.81 0.46 0.74 035 0.81 0.24 NS
BF rest 1/min 150 45 182 4.6 16.5 5.8 0.03
BR rest % 90.1 36 769 9.0 88.3 3.9 <0.0001
EELV rst 2.95*% 0.98 3.57% 0.86 2.82% 0.79 0.07
EELV rst/TLC 0.48* 0.13 0.60~ 0.11 0.487 0.13 0.02

7.7 1.8 8.0 2.1 8.1 1.9 NS
86.1 133 84.6 11.8 85.1 12.6 NS
6.2 14 6.0 1.4 71 1.6 0.03
146.5 21.5 148.9* 20.7 145.5 21.7 NS
87.1 12.8 83.9* 13.9 97.9 20.7 0.01
300 52 36.6 7.6 29.8 5.7 <0.0001
365 42 43.6 7.2 36.3 4.4 <0.0001
974 1.0 956 20 97.0 1.2 <0.0001
17.0 39 195 4.6 19.5 5.4 0.05
094 029 097 023 1.07 0.46 NS
19.0 46 203 39 19.7 53 NS
84.9 48 63.0 14.6 81.7 6.6 <0.0001
2.72* 092 3.71% 091 2.73% 0.66 0.001
0.45* 0.13 0.61% 0.12 0.48° 0.12 0.0007
n=*%29, *¥30, *21; **12, 14, 15, 516, 513, %528
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Table 3B. Cardiopulmonary exercise test at anaerobic threshold (AT) and peak

exercise.

Norm COPD CHF ANOVA
mean SD mean SD mean SD P value
N= 34 31 17

Load AT, watts 77.6 28.0 50.2* 21.1 64.5 11.5 <0.0001
VOy/kg- AT, mL/minkg 14.9 4.3 12.7* 3.3 13.2 2.7 0.06
VO%p_ AT, % 53.0 11.8 479* 12,6 474 8.9 NS
V'COz-AT, mL/min ~ 908.8 290.7 691.8* 2174 837.4 208.3 0.006
HR_AT, 1/min 108.7 13.8 96.8* 14.1 99.6 13.2 0.003
VO»HR AT, mL 9.3 2.1 8.4* 2.1 10.1 1.7 0.02

BPsys AT, mm Hg 165.7 24.0 165.2** 26.2 153.9 243 NS
BPdia AT, mm Hg 88.2 19.7 84.8* 148 1014 19.0 0.01

Ve/VO,_AT 282 39 331* 64 26.9 4.4 <0.0001
VE/VCO,_ AT 317 3.6 384* 6.6 32.2 3.7 <0.0001
SpO2_AT, % 97.1 1.1 93.4* 9.6 96.6 1.3 0.04
V't AT, L/min 298 6.8 2777 6.1 28.4 6.5 NS
Vrex AT,L 143 050 1.26* 030 1.46 0.71 NS
EELV AT, L 2.66* 086 345 0.73 2.87 0.78 0.01
EELV_AT/TLC 0.44* 0.13 0.58 0.12 0.49*% 0.14 0.005
BF AT, 1/min 220 46  222* 33 21.2 54 NS
BR-AT, % 743 6.1 50.0« 162  73.7 7.0 <0.0001

146.6 34.7 93.3 3890 1254 26.8 <0.0001
255 6.8 19.2 5.5 20.3 5.0 0.0002
90.7 194 71.7 19.1 733 18.9 0.0003
1984.9 526.8 1234.9 4825 1626.5 435.1 <0.0001
1494 16.8 1249 208 135.2 22.9 <0.0001
11.5 25 9.6 2.5 11.4 2.0 0.007
207.4 252 2014+ 362 178.8 23.7 0.006
101.6 249 94.0+ 20.5 113.8 21.1 0.02

6.5 2.1 597 25 7.1 2.6 NS

5.8 2.2 627" 28 5.8 24 NS
397 7.6 374+ 8.6 35.8 6.8 NS

345 50 375+ 79 33.9 5.2 0.08
96.8 12 91.8° 7.1 96.5 1.7 0.01
704 18.0 46.8 157 564 15.4 <0.0001
196 042 1.43 035 1.84 0.41 <0.0001
032 0.05 024 0.06 0.32% 0.08 <0.0001
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2.77** 0.88
0.46** 0.13
366 93
398 134
N=#29, **28, %30, ™17, 15, #16, 33

3.80™
0.63™
32.6
18.8

13

0.85
0.11
6.6

14.7

3.00
0.51%
31.5
48.1

0.53
0.07
8.2

15.6

0.0003
<0.0001
0.05
<0.0001



Table 3C. O pulse patterns at peak exercise.

Normal COPD CHF
n= 34 31 17
Increasing 16 (47%) 11 (35%) 1 (6%)
Plateau 12 (35%) 17 (55%) 8 (47%)
Decreasing 4 (12%) 1 (3%) 5(29%)
Unclassified 2 (6%) 2 (6%) 3 (18%)

Fisher’s exact test was performed. Overall p = 0.01, normal versus COPD, p =0.19,
normal versus CHF, p = 0.01, COPD versus CHF, p = 0.006.
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Table 4. Echocardiography and nuclear scintigraphy.

Norm COPD CHF ANOVA
mean SD  mean SD mean SD P value
N= 8 30 17

LVIDs, cm 3.18  0.21 3.16© 030 4.29 0.69 <0.0001
LVIDd, cm 4.8 0.3 4.8 0.5 5.4 0.7 0.002
LVPWs, cm 1.51 0.21 1.39* 0.16 1.42 0.13 NS
LVPWd, cm 1.0 02 1.0 0.2 1.0 0.13 NS
LVOTD, cm 226 0.19 2.15+ 0.14 2.28 0.16 0.07
LVOT mx, cm/s 97.8 11.8 953+ 264 744 20.3 0.01
LV mass, g 183.8 55.0 150.8* 27.8 217.7% 715 0.0005
EF T, % 613 59 643 109 434 8.3 <0.0001
IVSs, cm 142 0.16 1.29* 0.14 1.33 0.14 NS
IVSd, cm 1.1 02 1.1 0.5 1.0 0.1 NS
LAD, cm 3.7 04 3.6 0.6 4.1 0.7 0.045
RA p. mmHg 7.5 2.7 88 28 8.8 33 NS
MV A, cm/s 769 16.1 90.0++ 15.8  87.1% 17.1 NS
MV E, cm/s 72.7 141 614* 12.6  69.6 23.1 NS
MV E/A 099 0.28 0.68+= 0.15 0.77% 0.25 0.01
AoRD, cm 329 0.26 3.40 1.31 3.19 0.26 NS
ACS, cm 1.59 0.29 1.41* 0.29 1.55 0.32 NS
AV_max, cm/s 124.0 213 1326 31.4 132.3 63.1 NS
AVmaxPG, mmHg 6.3 25 75 3.5 8.6 12.1 NS
AVA, cm”™2 3.2 0.7 24+ 0.6 24 0.7 0.009
Max vel TR, cm/s  227.88 37.03 243.96"" 34.71 249.76  40.07 NS
Max PG_ TR, mmHg 21.3 59 258* 54 25.9 9.3 NS
RVSP(TR), mmHg 28.8 7.8 34.6** 6.5 34.4 11.5 NS
PA Vmax, cm/s 89.6* 16.8 77.8% 39.1 85.1 23.2 NS
RVEF,% 574 129 63.2 132 52.3** 74 0.02
LVEF,% 724 3.6 628 123 43.5%** 124 <0.0001

n=*7, #17; #x%]5 122; +25; %20, #26, $16
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Appendix:
European Heart Journal 2008; doi:10.1093/eurheartj/ehn309

Table 3 Definition of heart failure

Heart failure is a clinical syndrome in which patients have the
following features:

e Symptoms typical of heart failure
(breathlessness at rest or on exercise, fatigue, tiredness, ankle
swelling)
and

¢ Signs typical of heart failure
(tachycardia, tachypnoea, pulmonary rales, pleural effusion, raised
jugular venous pressure, peripheral oedema, hepatomegaly)
and

¢ Objective evidence of a structural or functional
abnormality of the heart at rest
(cardiomegaly, third heart sound, cardiac murmurs, abnormality on
the echocardiogram, raised natriuretic peptide concentration)

Table 5 Classification of heart failure

e New onset First presentation

Acute or slow onset
e Transient Recurrent or episodic
e Chronic Persistent

Stable, worsening, or decompensated
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Table 6 Classification of heart failure by structural abnormality (ACC/AHA), or by symptoms relating to functional

capacity (NYHA)

ACC/AHA stages of heart failure NYHA functional classification

Stage of heart failure based on structure and Severity based on symptoms and physical activity

damage to heart muscle

Stage A At high risk for developing heart failure. No identified Class |
structural or functional abnormality; no signs or
symptoms.

Stage B Developed structural heart disease that is strongly Class 11

associated with the development of heart failure, but
without signs or symptoms.

Stage C Symptomatic heart failure associated with underlying Class Il
structural heart disease.

Stage D Advanced structural heart disease and marked symptoms of Class IV
heart failure at rest despite maximal medical therapy.

No limitation of physical activity. Ordinary physical activity
does not cause undue fatigue, palpitation, or dyspnoea.

Slight limitation of physical activity. Comfortable at rest, but
ordinary physical activity results in fatigue, palpitation, or
dyspnoea.

Marked limitation of physical activity. Comfortable at rest, but
less than ordinary activity results in fatigue, palpitation, or
dyspnoea.

Unable to carry on any physical activity without discomfort.
Symptoms at rest. If any physical activity is undertaken,
discomfort is increased.

ACC = American College of Cardiology; AHA = American Heart Assodation. Hunt 5A et al. Graulation 2005;112:1825-1852.
The Criteria Committee of the New York Heart Association. Nomenclature and Criteria for Diagnosis of Diseases of the Heart and Great Vessels. $th ed. Little Brown & Co;

1994. pp 253-256.

Table 7 Common causes of heart failure due to disease of heart muscle (myocardial disease)

Coronary heart disease Many manifestations

Hypertension Often associated with left ventricular hypertrophy and preserved ejection fraction
Cardiomyopathies*® Familial/genetic or non-familial/non-genetic (including acquired, e.g. myocarditis)
Hypertrophic (HCM), dilated (DCM), restrictive (RCM), arrhythmogenic right ventricular (ARVC), unclassified
Drugs B-Blockers, calcium antagonists, antiarrhythmics, cytotoxic agents
Toxins Alcohol, medication, cocaine, trace elements (mercury, cobalt, arsenic)
Endocrine Diabetes mellitus, hypo/hyperthyroidism, Cushing syndrome, adrenal insufficiency, excessive growth hormone,
phaecchromocytoma
Nutritional Deficiency of thiamine, selenium, carnitine. Obesity, cachexia
Infiltrative Sarcoidosis, amyloidosis, haemochromatosis, connective tissue disease
Others Chagas’ disease, HIV infection, peripartum cardiomyopathy, end-stage renal failure

*See text for details.
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Table 15 Common echocardiographic abnormalities in heart failure

Measurement

Abnormality

Clinical implications

LV ejection fraction
LV function, global and focal

End-diastolic diameter
End-systolic diameter
Fractional shortening
Left atrial size

Left ventricular thickness

Walvular structure and function

Mitral diastolic flow profile

Tricuspid regurgitation peak velocity

Pericardium

Aortic outflow velocity time integral

Inferior vena cava

Reduced (<45-50%)
Alkinesis, hypokinesis, dyskinesis

Increased (=55—60mm)
Increased (=45 mm)

Reduced (<25%)

Increased (=40 mm)

Hypertrophy (>11-12 mm)
Valvular stenosis or regurgitation (especially

aortic stenosis and mitral insufficiency)

Abnormalities of the early and late diastolic
filling patterns

Increased (=3 m/s)

Effusion, haemopericardium, thickening

Reduced (<15 cm)
Dilated Retrograde flow

Systolic dysfunction

Myocardial infarction/ischaemia

Cardiomyopathy, myocarditis

Volume overload

HF likely

Volume overload

HF likely

Systolic dysfunction

Increased filling pressures

Mitral valve dysfunction

Atrial fibrillation

Hypertension, aortic stenosis,
hypertrophic cardiomyopathy

May be primary cause of HF or complicating factor

Assess gradients and regurgitant fraction

Assess haemodynamic conseguences

Consider surgery

Indicates diastolic dysfunction and suggests
mechanism

Increased right ventricular systolic pressure

Suspect pulmonary hypertension

Consider tamponade, uraemia, malignancy,
systemic disease, acute or chronic pericarditis,
constrictive pericarditis

Reduced low stroke volume

Increased right atrial pressures

Right ventricular dysfunction

Hepatic congestion
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Table 16 Doppler-echocardiographic indices and

ventricular filling
Doppler Pattern Consequence
indices
E/A waves ratio  Restrictive (=2, short  High filling pressures

E/Ea

(A mitral-A
pulm)
duration

Pulmonary
S wave

Vp
EVp

Yalsalva
manoeuvre

deceleration time
<115 to 150 ms)

Slowed relaxation (<<1)
Normal (=1)

Increased (>=15)
Reduced (<8)
Intermediate (8—15)
=30 ms

<30 ms

=D wave

<45 cm/s

=25

=52

Change of the
pseudonormal to

abnormal filling
pattern

Yolume overload

MNormal filling pressures
Poor compliance

Inconclusive as may be
pseudo-normal

High filling pressures
Low filling pressures
Inconclusive

MNormal filling pressures

High filling pressures

Low filling pressures

Slow relaxation
High filling pressures
Low filling pressures

Unmasks high filling
pressure in the
setting of systolic and
diastolic dysfunction
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