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Abstract
Objective-To investigate the pathophys-
iological (cardiac fimction and physical
performance) significance of clinically
silent interstitial lung water accumula-
tion in patients with moderate heart fail-
ure; to use isolated ultrafiltration as a
means of extravascular fluid reabsorp-
tion.
Design-Echocardiographic, Doppler,
chest x-ray evaluations, and cardiopul-
monary tests at baseline, soon after
ultrafiltration (veno venous extracorpo-
real circuit), and four days, one month,
and three months later.
Setting-University institute of cardio-
logy.
Subjects-24 patients with heart failure
due to idiopathic dilated cardiomyopathy
or ischaemic myocardial disease with
sinus rhythm and ejection fraction less
than 35%. Twelve were randomised to
ultrafiltration and 12 were taken as
controls.
Main outcome measures-Left ventricu-
lar systolic function (from ultrasonogra-
phy); Doppler evaluation of mitral,
tricuspid, and aortic flow and echo-
Doppler determination of cardiac out-
put; radiological score of extravascular
lung water; right and left ventricular fill-
ing pressures; oxygen consumption at
peak exercise and exercise tolerance time
in cardiopulmonary tests.
Results-Soon after ultrafiltration (1976
(760) ml of fluid removed) the following
was observed: a reduction in radiological
score of extravascular lung water (from
15(1) to 9(1)) and of right (from 7*1 (2.3)
to 2-3 (1.7) mm Hg) and left (from 17*6
(8-8) to 9-S (6.4) mm Hg) ventricular fill-
ing pressures; an increase in oxygen con-
sumption at peak exercise (from 15-8
(3.3) to 17-6 (2) mllminlkg) and of toler-
ance time (from 444 (138) to 508 (134) s);
a slight decrease in atrial and ventricular
dimensions; no changes in the systolic
fimction of the left ventricle; a reduction
of the early to late filling ratio in both
ventricles (mitral valve from 2 (2) to 1.1
(1-1)); (tricuspid valve from 1-3 (1.3) to
0-69 (0-18)) and an increase in the decel-
eration time of mitral and tricuspid flow,
reflecting a redistribution of filling to

late diastole. Variations in the ventricu-
lar filling pattern, lung water content,
and functional performance persisted for
three months in all cases. None of these
changes was detected in the control
group.
Conclusions-Reduction of interstitial
lung water was probably the mechanism
whereby ultrafiltration modified the pat-
tern of filling of the two ventricles and
improved fimctional performance.

(Br HeartJ_ 1993;70:135-140)

Patients who have moderate cardiac insuffi-
ciency while taking maintenance doses of
frusemide and whose water balance is appar-
ently in equilibrium, may have radiological
signs of congestion and fluid accumulation in
the interstitial space of the lungs.' The patho-
physiological meaning of this clinically silent
pulmonary overhydration is unknown. Its
removal may help to define its importance. A
simple method to clear the lungs might be the
administration of supplemental doses of
frusemide2 or vasodilators3 to lower the
hydrostatic forces (left atrial pressure) that
facilitate an excessive filtration of fluid. These
categories of drugs, however, may cause
humoral effects (stimulation of renin secre-
tion, rise in circulating noradrenaline concen-
tration, electrolyte imbalance)4 or vascular
effects (systemic vasodilatation, blood venous
pooling),78 or both, which make it hard to
discern how much of the observed changes is
attributable to clearing of the lungs and how
much to other effects.

Ultrafiltration effectively promotes reab-
sorption of extravascular water and resolves
pulmonary oedema in patients with cardiac
failure, overhydration, and refractoriness of
the disease to pharmacological remedies.>"
We assumed that ultrafiltration, as a physical
method, is more suitable than pharmacologi-
cal methods to investigate the effects of
removal of fluid accumulation in the intersti-
tial space of the lung. It is not too invasive a
technique (cannulation of the femoral vein)
and has few complications." "'34 We evalu-
ated the cardiac effects of a single filtration
with echo-Doppler techniques and by assess-
ing changes in physical performance from the
results of cardiopulmonary stress tests.
Patients were followed up for three months.
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Patients and methods
PATIENTS
Twenty four consecutive patients were
recruited to the study and satisfied the follow-
ing selection criteria: (a) they had clinically
silent but radiologically evident increased
interstitial lung water without pleural, peri-
cardial, or abdominal effusion; (b) they had
regular sinus rhythm in an electrocardiogram;
(c) they had good quality ultrasound and
Doppler recordings; (d) they had no severe
(>3 +) mitral or tricuspid regurgitation"5; and
(e) they gave written consent to the study
after receiving detailed information about the
procedures, the possible clinical benefits, and
the investigative purposes. These patients
were screened from 61 patients with conges-
tive heart failure. Twelve of them (11 men
and 1 woman, whose age ranged between 52
and 69 (mean 57)) were randomised to
receive ultrafiltration; the other 12 were not
subjected to ultrafiltration and were followed
up for the same period with the same meth-
ods. The protocol was approved by the ethi-
cal committee of the Institute of Cardiology,
University of Milan.

All subjects had primary or secondary
myocardial disease (table 1); their peak oxy-
gen uptake obtained during exercise (peak
Vo2) ranged beween 11-7 and 24-4 ml/min/kg.
Based on maximal peak Vo2 classification16
two patients were in functional class A, 13 in
class B, and nine in class C; the echocardio-
graphically determined left ventricular minor
axis at end diastole exceeded 6 cm (mean 7-4
cm), left ventricular shortening fraction was
less than 25%, and left ventricular ejection
fraction was less than 35%. After admission
each patient received his or her usual outpa-
tient doses of digoxin (0-25 mg/day),
frusemide (60 (20) mg/day), and captopril
(eight in the treated group and eight in the
control group), and these were kept constant
for each patient throughout the study.

STUDY DESIGN
Patients were admitted to the intensive care
unit for the invasive procedures. Intravascular
measurements were performed in all cases
and were repeated immediately after a single
ultrafiltration in the 12 patients subjected to
the procedure. Chest radiography, echocar-
diographic and Doppler evaluations, and car-
diolpulmonary exercise tests were performed
the day before ultrafiltration and four days,
one month, and three months thereafter. In
control subjects these evaluations were car-
ried out at the same intervals as in the treated
group.

ULTRAFILTRATION
The procedure has been described previously
in more detail." In brief, a D20SF Amicon
diafilter (Danvers, Massachusetts), which
allows filtration of plasma water and solutes
of less than 50 000 daltons, was inserted into
a veno venous extracorporeal circuit with a
double lumen Y shaped catheter percuta-
neously introduced into a femoral vein. The
flow through the circuit was driven by a

Gambro system (Lund, Sweden) AK10 peri-
staltic pump regulated to generate ultrafiltrate
at a rate of 600 ml/h. The procedure was con-
tinued until right atrial pressure was lowered
to 50% of baseline values; this corresponded
to a mean ultrafiltrate of 1926(760) ml.

HAEMODYNAMIC MEASUREMENTS
For the intravascular evaluations a flow
directed triple lumen thermodilution catheter
(No 7F) was inserted percutaneously into a
subclavian or jugular vein and advanced to
the pulmonary artery or, when necessary, to
the wedge position. The proximal port of the
catheter was used to measure pressure in the
right atrium. Systemic arterial pressure was
derived from a polyethylene cathether inser-
ted into the femoral artery. Pressures were
determined with Hewlett-Packard strain
gauge transducers (model 128 6B) and
recorded on a Hewlett-Packard eight channel
ink recorder (model 1064 C). Cardiac output
was obtained by thermodilution through an
Edwards cardiac output computer (9520A);
measurements were made in triplicate at each
period and the mean was taken as the repre-
sentative value.

ECHOCARDIOGRAPHIC EXAMINATIONS
Echocardiograms were recorded with a
Hewlett-Packard ultrasound unit, model
77020A. Cross sectional views were used as a
quality control check of the M mode calcula-
tions. From the parastemal view the following
measurements were obtained: left atrial diam-
tter, diastolic right ventricular dimension,
diastolic (Dd) and systolic (Ds) left ventricu-
lar cavity dimensions, and left ventricular
fractional shortening, calculated as the per-
centage of (Dd-Ds)/ Dd. The right atrial
and right ventricular areas were measured
from the apical four chamber view; end dias-
tolic and end systolic volumes of the left ven-
tricle and left ventricular ejection fraction
were measured from the two chamber view
by the area-length method.

DOPPLER EVALUATIONS
Left and right ventricular diastolic filling was
evaluated through pulsed Doppler flow of the
mitral and tricuspid valve, respectively, with a
Hewlett-Packard ultrasound unit and a 2-5
MHz transducer. Doppler recordings were
obtained from a four chamber view during
quiet regular respiration. The Doppler cursor
line and sample volume were first placed in
the mitral funnel at an angle as parallel to
flow as possible. The sample volume position
was adjusted to record the maximal protodi-
astolic velocity through the mitral valve. Then
the cursor line was placed in the tricuspid
funnel to find the highest velocity of protodi-
astolic flow. Doppler tracings were recorded
at a paper speed of 50 mm/s and were
analysed through a Kontron computer. The
following variables were obtained: peak
velocity of early left and right ventricular
filling (PFVE), peak velocity of late left
and right ventricular filling (PFVA),
PFVE/PFVA, and deceleration time (DT) of
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the mitral and tricuspid flow, which was

taken as the time required for the PFVE to
decrease from its peak to baseline values. All
reported Doppler measurements were the
averages of 15 consecutive cardiac cycles.
The degree of mitral and tricuspid regurgita-
tion was measured by the method of
Miyatake et al: 1 + (mild), 2 + (moderate),
3+ (moderate to severe), 4+ (severe).'5

Cardiac output was calculated non inva-
sively according to the following formula'7:

Cardiac output = VTI x A x heart rate,

where VTI was the velocity time integral of
the systolic velocity spectrum recorded in the
outflow tract of the left ventricle (five cham-
ber view) and A was the subvalvar area of the
left ventricular outflow tract (M mode).

CARDIOPULMONARY EXERCISE TESTS AND
CHEST RADIOLOGY
Physical performance was evaluated through
cardiopulmonary exercise tests that were per-

formed while the patient was upright, on a

cycloergometer with 30 seconds of unloaded
pedalling followed by 25 W increments every

three minutes until the patient developed
limiting dyspnoea or fatigue. All patients were

carefully instructed on how to perform car-

diopulmonary exercise. The investigators
assisting patients during exercise tests were
blind to the patient's experimental condition.
Oxygen consumption at peak exercise (peak
V02) (ml/min/kg) was expressed as a mean
over 30 seconds.

Extravascular lung water was graded by
scoring pulmonary interstitial oedema in a
chest radiograph.'8

INTRAOBSERVER AND INTEROBSERVER
VARIABILITY AND STATISTICAL METHODS
The results for each patient were analysed at
the end of the follow up in one session by

three independent experts who were blind to
the study protocol. The Doppler-echocardio-
graphic examination was not repeated by a

different observer in the ultrasound labora-
tory because of time constraints. To measure

interobserver variability all recorded data
were examined on two occasions, one month
apart, by two investigators. To assess intraob-
server variability one investigator measured
the same set of cardiac cycles on two occa-

sions (two weeks apart).
For echocardiographic and Doppler data

intraobserver variability was 4% and 5% and
interobserver variability 5% and 6%, respec-

tively. For scoring of chest radiographs
intraobserver variability was 8% and interob-
server variability 9%. Differences between the
two groups at each step of the study were

evaluated by a paired Student's t test. Linear
regression was used to correlate echocardio-
graphic, Doppler, and haemodynamic data
with each other.

Results
FUNCTIONAL CAPACITY
Ultrafiltration removed an amount of fluid
ranging between 1220 and 2300 ml (mean
1926 (760)) and did not cause complications
or side effects. Two patients had slight
reversible hypotension during the procedure.

Table 1 reports the individual peak Vo2,
exercise tolerance time, and chest radiology at
the various steps of the study. In the two
groups of patients baseline peak Vo,, exercise
tolerance time, and radiological score index
for lung water content were similar. In the
control patients these variables did not show
significant changes during the follow up. In
patients receiving ultrafiltration, however,
peak Vo, and exercise tolerance time were

significantly raised and the score for lung
water was reduced at four, 30, and 90 days
after ultrafiltration.

Table 1 Clinical data and radiological score in study and control populations at baseline and duringfollow up

Peak VO, Exercise tolerance time Radiological score index
Case Age
No (years) Diagnosis Baseline Day 4 Day 30 Day 90 Baseline Day 4 Day 30 Day 90 Baseline Day 4 Day 30 Day 90

Study population:
1 63 Ischaemic heart disease 16 18 20-1 20-7 585 600 615 630 16 7 9 11
2 52 Ischaemicheartdisease 16-1 21 7 21-1 21 545 630 735 600 14 7 9 9
3 57 Primary cardiomyopathy 24-4 21-5 22-8 20-8 645 690 735 765 15 8 8 8
4 69 Primary cardiomyopathy 15-4 16 16-2 15-3 540 540 540 555 16 10 10 10
5 49 Primary cardiomyopathy 15 17-9 15 23-1 465 570 585 735 14 10 10 9
6 60 Primary cardiomyopathy 11-7 11-5 15-4 16 330 450 375 375 15 10 9 10
7 55 Primary cardiomyopathy 13-6 17-3 16-4 20 390 435 495 540 13 9 10 9
8 61 Ischaemic heart disease 15-5 18-8 20-1 23-2 420 510 450 480 16 10 11 11
9 59 Ischaemic heart disease 12-5 13-8 15-3 12-4 210 195 255 225 14 10 11 11

10 56 Primary cardiomyopathy 17-3 17-3 16 19-6 345 360 390 390 14 10 10 10
11 55 Primary cardiomyopathy 18-4 19-6 20-9 22-7 585 570 585 660 12 10 10 10
12 52 Primary cardiomyopathy 13-8 17-8 15-5 16 270 435 345 360 16 9 11 12

Means (SD) 57(5) 15-8 (3 3) 17-6 (2)* 17-9 (2)* 19-2 (3)* 444 (138) 498 (134)* 508 (151)* 526 (164)* 15 (1) 9 (1)*10 (1)* 10 (1)*

Control population:
13 61 Ischaemic heart disease 15-4 15-8 15-9 16 540 560 530 520 16 16 16 16
14 53 Primary cardiomyopathy 15-9 15-7 16 16 520 500 480 480 13 14 14 14
15 58 Ischaemic heart disease 23 23-2 23-1 22 630 645 660 630 11 10 11 11
16 65 Primary cardiomyopathy 16 15-9 14 15 480 475 465 420 11 11 10 12
17 47 Primary cardiomyopathy 12 12-4 13 13 300 320 350 310 14 14 14 14
18 63 Ischaemic heart disease 19-6 19-7 19-4 18-9 520 510 530 500 13 13 13 13
19 54 Ischaemic heart disease 12-4 12-7 12-9 13 240 285 240 270 14 13 14 14
20 58 Ischaemic heart disease 18-4 18-9 18-6 18-9 580 560 530 500 13 13 12 14
21 53 Ischaemic heart disease 14 13-4 14-4 14 310 300 330 350 16 16 16 16
22 58 Primary cardiomyopathy 14-4 14-6 12 13 430 470 420 430 14 15 16 15
23 50 Primary cardiomyopathy 17-2 17 18-1 17 500 490 480 475 12 12 12 12
24 60 Ischaemic heart disease 16-1 17-2 17 16 450 475 460 430 14 14 14 14

Mean (SD) 56(5) 16-2 (3) 16-3 (3) 16-2 (3) 16 (3) 458 (119) 465 (110) 456 (110) 442 (98) 13 (2) 13 (2) 13 (2) 14 (1)

*p < 0-02 Compared with corresponding control group value.
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Table 2 Haemodynamic data in study and control population. Values are means (SD)

Study population

Baseline After ultrafiltration Control population

Heart rate (beats/min) 74 (16) 76 (18) 78 (18)
Mean aortic pressure (mm Hg) 88-3 (11-3) 85-3 (14-2) 86 (13-3)
Mean pulmonary artery pressure (mm Hg) 26-4 (12-8) 17-5 (9.2)* 24-6 (13)
Mean right atrial pressure (mm Hg) 7-1 (2-3) 3-1 (1-7)* 6-8 (2)
Mean wedge pressure (mm Hg) 17-6 (8 8) 9 5 (6 4)* 16-8 (7)
Cardiac index (1/min/m) 2-9 (0 58) 2-42 (0 66)* 2-7 (0 63)

*p < 0-01 Compared with baseline values.

HAEMODYNAMIC, ECHOCARDIOGRAPHIC, AND
DOPPLER DATA
The control and treated groups were homo-
geneous in terms of heart rate, systemic and
pulmonary artery pressures, filling pressures
of the two ventricles, and cardiac index (table
2). The procedure did not produce significant
changes in heart rate and mean aortic pres-
sure, but it significantly lowered right atrial,
mean arterial, and wedge pulmonary pres-
sures and the cardiac index. Left ventricular
diastolic and systolic diameters and volumes,
right atrial and right ventricular areas, and
left atrial diameter were slightly decreased
immediately after ultrafiltration and four days
later; at subsequent evaluations no changes
from baseline were detected (table 3). The
systolic function of the left ventricle, as

measured by the fibre fractional shortening
and the ejection fraction, did not change dur-
ing follow up. The cardiac index at echo-
Doppler evaluation decreased immediately
after ultrafiltration and returned to baseline
values at the one month follow up.

In the control group all these variables
were unchanged during the follow up.

As shown in table 4, ultrafiltration modi-
fied the characteristics of left and right ven-

tricular filling. In fact, immediately after
ultrafiltration peak velocities of early left and
right ventricular filling were significantly low-
ered and peak velocities of late ventricular fill-

ing of the two ventricles were raised. These

variations persisted in the next three months.

PFVE/PFVA of both atrioventricular valves
was significantly reduced and deceleration
time significantly augmented during the same

period. The figure shows representative trac-
ings in a patient at the various stages of the
study, with mean values of mitral and tri-
cuspid PFVE/PFVA for the group at the same
stages. Withdrawal of plasma water clearly
affected the Doppler patterns and changes
were still quite evident after three months.
During follow up ultrasound and Doppler
values in the control group did not change
significantly from baseline values.

Both before (24 patients) and after with-
drawal of plasma water (12 patients) a posi-
tive correlation was found between mitral and
tricuspid PFVE/PFVA (before ultrafiltration:
r = 0-68; p < 0-05; after ultrafiltration:
r = 0-6; p < 0 05) and between mitral and
tricuspid flow deceleration time (before ultra-
filtration: r = 0 56; p < 0 05; after ultrafiltra-
tion: r = 0-56; p < 0-05). Changes in PFVE
of mitral flow with haemofiltration were rela-
ted to changes in wedge pulmonary pressure
(r = 0-78; p < 0.01), and variations in PFVE
of tricuspid flow were related to those in right
atrial pressure (r = 0-68; p < 0-05).
The cardiac index with the Doppler

technique significantly correlated with meas-

urements from thermodilution (before ultra-
filtration: r = 0-92; SEE = 0-5; after ultra-
filtration: r = 0 91; SEE = 06 I/min).

Discussion
Patients who underwent ultrafiltration
showed improvement in exercise perfor-
mance, reduction of the filling pressures of
the two ventricles, and attenuation of the
radiological signs of lung congestion. These

results persisted for three months in all cases.

The benefits of ultrafiltration in acute pul-
monary oedema'4 and in severe congestive
heart failure912 have been interpreted as being
mediated by absorption of extravascular
water at the lung, reduced right and left heart
filling pressures, and increased left atrial com-

Table 3 Echocardiographic data in study and control population at baseline and duringfollow up (values are mean (SD))

Baseline Ultrafiltration Day 4 Day 30 Day 90

Study populaion
Left ventricular diameter (mm):

Diastolic 74 (5-9) 72 (5-7)* 72-4 (6.7)* 72-8 (6-7) 73-1 (6-7)
Systolic 62-7 (5-9) 60-2 (7-3)* 60-7 (6)* 61-1 (6-1) 61-7 (5 8)

Fibre fractional shortening (%) 15-9 (5 3) 16 6 (8-9) 16 8 (6) 16-5 (583) 16-8 (5-3)
Left ventricular:
End diastolic volume (ml) 311 (61) 299 (54)* 280 (56)* 306 (46) 296 (66)
Ejection fraction (%) 23-8 (8 7) 24 (6-7) 24 (6) 25-6 (6-1) 24-2 (5 3)

Cardiac index (I/min/m2) 2-8 (0-5) 2-4 (0-7)* 2-8 (0 5) 2-8 (0 5) 2-8 (0 6)
Leftatrial diameter (mm) 47-7 (4-2) 45-6 (4 9)* 45-3 (4)* 45-6 (4) 46 (5)
Right atrial area (cm2) 17-1 (4 9) 14-8 (2.6)* 14 6 (2.8)* 15 (3) 16 2 (5-1)
Right ventricular area (cm2) 18-7 (6 1) 16-8 (7) 16-2 (6)* 16-5 (8) 17-5 (7)

Control population
Left ventricular diameter (mm):

Diastolic 73-5 (5 6) 73-6 (5-7) 73-8 (5 7) 73-6 (5-7)
Systolic 61-9 (5-9) 62 (5 8) 62 (5 8) 61-8 (5-9)

Fibre fractional shortening (%) 15-7 (5 3) 15 7 (5 4) 15-9 (5 4) 16 (5 6)
Left ventricular:
End diastolic volume (ml) 300 (68) 305 (70) 295 (73) 300 (75)
Ejection fraction (%) 24-2 (9) 24-3 (9) 24-4 (10) 25 (10)

Cardiac index (min/m2) 2-7 (0 5) 2-8 (0 6) 2-8 (0 6) 2-7 (0 6)
Left atrial diameter (mm) 48 (4 5) 48 (4-5) 48-2 (4-7) 48-3 (4 7)
Right atrial area (cm2) 18 (4 9) 18-1 (5) 18 1 (5) 18-4 (6)
Right ventricular area (cm2) 18-8 (6-2) 18 8 (6-3) 18 9 (7) 18-7 (6 5)

*p < 0-01 Compared with corresponding control group value.
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Table 4 Doppler data in study and control populations at baseline and during follow up. Values are mean (SD).

Baseline Ultrafiltration Day 4 Day 30 Day 90

Study population
Mitral valve:
PFVE (m/s) 0-78 (0 34) 0-6 (0 34)* 0-59 (0-31)* 0 59 (0-31)* 0 74 (0.38)
PFVA (m/s) 0-56 (0.3) 0-68 (0 32)* 0 7 (0-29)* 0-7 (0-3)* 0-65 (0 26)*
PFVEIPFVA 2 (2) 1 1 (1-1)* 1-5 (0 54)* 1-5 (1-6)* 1-4 (0 8)*
DT (ms) 153 (32) 191 (41)* 186 (40)* 182 (36)* 179 (37)*

Tricuspid valve:
PFVE (m/s) 0-42 (0 11) 0-34 (0-09)* 0-37 (0-04)* 0-37 (0.04)* 0-36 (0-06)*
PFVA (m/s) 0 40 (0 11) 0-51 (0-17)* 0-52 0-15)* 0 53 (0-14)* 0-48 (0-13)*
PFVE/PFVA 1-3 (1-3) 0-69 (0-18)* 0-8 (0-13)* 0-81 (0-15)* 093 (0.34)*
DT (ms) 209 (57) 233 (56)* 238 (53)* 239 (50)* 239 (40)*

Controlpopulation
Mitral valve:
PFVE (m/s) 0-8 (0 36) 0 79 (0 35) 0-8 (0 35) 0-8 (0 36)
PFVA (m/s) 0-51 (0 3) 0 50 0 39) 0 49 (0 32) 0-49 (0-31)
PFVE/PFVA 1.9 (1.8) 1-9 (1 9) 2 (1 9) 2 (2)
DT (ms) 158 (30) 153 (33) 150 (33) 153 (35)

Tricuspid valve:
PFVE (m/s) 0-43 (0-11) 0 43 (0-13) 0 44 (0-15) 0 44 (0-16)
PFVA (m/s) 0-36 0 11) 0-37 (0-13) 0-36 (0-15) 0-36 (0 11)
PFVE/PFVA 1-4 (1-3) 1-4 (1-4) 1-4 (1-3) 1-42 (1-3)
DT (ms) 200 (50) 205 (53) 195 (50) 198 (59)

PFVE = peak flow velocity in early diastole; PFVA = peak flow velocity in late diastole; DT = deceleration time.
*p < 0-01 Compared with corresponding control group value.

pliance. These mechanisms may apply to
patients in our study in whom signs of exces-
sive interstitial lung water regressed in parallel
with reduced filling pressures of the two sides
of the heart. A decrease of circulatory volume
may not be the only reason for this: reduction
in pressure outside the heart because of
absorption of lung water may play a part."I In
these patients lung stiffness was probably
increased'9 and a higher intrapleural pressure
was required for distention of the lungs.20
That extramyocardial forces, and not solely
the intravascular volume, interfered with ven-

Mitral and tricuspidflow
patterms at various stages of
study. Bars are the
corresponding means (SD)
ofPFVEIPFVA of whole
population. Day 0
corresponds to ultrafiltration
(*p < 0 001 compared
with control value.)

tricular filling is also supported by two facts:
the pattern of ventricular filling varied in a
similar manner in the two sides of the heart
and changes persisted for much longer than
the time required for the circulatory volume
to be restored after-ultrafiltration.2'

Withdrawal of plasma water caused, both
short term and long term, a redistribution of
filling of either ventricle to late diastole. In
fact, the ratio of early to late ventricular filling
was reduced in both sides of the heart and
there was an increase in the deceleration time
of mitral and tricuspid flow. In normal hearts
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reduction of left atrial pressure causes a pro-

portional decrease in peak early and late
mitral flow velocity22; in dilated hearts with
raised left ventricular diastolic pressure, how-
ever, reduction of left atrial pressure lowers
only the peak of early mitral flow velocity.2324
The increased left atrial pressure in patients
with heart failure masks a relaxation abnor-
mality of the left ventricle through normalisa-
tion of the early diastolic transmitral pressure
gradient.25 This normalised pattern resembles
a restrictive left ventricular filling pattern with
premature cessation of mitral flow in early
diastole because of the presence of a dip-
plateau contour of the left ventricular pres-

sure. Lavine et al found that redistribution of
filling to early diastole in an acutely dilated
left ventricle with raised diastolic pressure is
the consequence of pericardial restraint.26 In
patients with idiopathic or ischaemic dilated
cardiomyopathy right and left ventricular
interaction and pericardial restraint have an

important part in the ventricular filling pat-
tern.27-29 Changes in ventricular filling after
ultrafiltration may well be explained by
changes in the diastolic pressure of both ven-

tricles as well as in extramyocardial forces. In
fact, radiological changes reflecting the lung
water were strongly related to changes in
Doppler data.
Our findings support the suggestion that in

patients with idiopathic or ischaemic dilated
cardiomyopathy the functional class corre-

lates better with the diastolic than with the
systolic function.30 In our patients functional
performance varied in parallel with variations
in the Doppler pattern of mitral and tricuspid
flow. What remains to be defined is whether
the degree of physical performance depended
on the diastolic function or both were a con-

sequence of the lung water reabsorption.
In conclusion, we found that moderate

congestive heart failure may be associated
with fluid accumulation in the interstitial
space of the lung, which although clinically
silent, may interfere with the diastolic proper-

ties of the heart and the patient's functional
performance.
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