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Abstract

volume falls, causing activation of the sympathetic and renin-

Background: Hemodynamic changes, including systemic vascular resistance, in cirrhotic patients during massive paracentesis have
been reported, but large and small artery compliance has not yet been
investigated.
Objective: To investigate hemodynamic variables, including small
and large artery compliance, in cirrhotic patients during total paracentesis.
Methods: The study included 15 cirrhotic patients admitted for an
episode of tense diuretic-resistant ascites. Hemodynamic variables
including vascular compliance were measured using an HDI pulse
wave cardiovascular profiling instrument CR-2000. The variables were
measured in these patients before, immediately after, and 24 hours
following large volume (mean 5.6 L) paracentesis.
Results: Cardiac output increased immediately after paracentesis
due to increment in stroke volume, with no change in heart rate.
However, 24 hours later the cardiac output decreased to below the
basal level. The fluctuation was statistically significant (P < 0.05).
There was no change in large artery compliance, but small artery
compliance increased after paracentesis (P < 0.05) and partially
returned to the basal level after 24 hours. Systemic vascular resistance
measurement showed the same pattern of change: vasodilatation
occurred during paracentesis and was attenuated 24 hours later.
Conclusions: Large volume paracentesis with albumin replacement caused an accentuation of the vasodilatation (small but not large
artery) already present in these patients. This may be the first sign of
enhanced vasodilatation due to large volume paracentesis before the
clinical expression of impaired hemodynamics and deterioration of
renal function.

angiotensin-aldosterone system, sodium and water retention and
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is used extensively in clinical studies for patients with athero-

ascites formation. Profound systemic vasodilation is associated
with marked neurohumoral activation, very low urinary excretion of
sodium, renal vasoconstriction, and hepatorenal syndrome. Vasodilators

such

as

nitric

oxide,

calcitonin

gene-related

peptide,

endotoxin and cytokines could cause vasodilatation and increased
arterial compliance [5±7]. Inhibition of nitric oxide secretion may
reverse peripheral vasodilation and the vascular hyporesponsiveness to vasoconstrictors [8,9]. Arterial compliance was found to be
significantly higher in cirrhotic patients than in controls and directly
related to the severity of the disease [10,11].
Adaptations in arterial vasculature play a critical pathogenetic
role in hemodynamic changes in cirrhosis. The altered static and
dynamic

functions

of

the

arterial

wall

in

cirrhosis

may

have

implications for the circulatory and homoeostatic derangement,
and potentially for therapy with vasoactive drugs [12].
Arterial compliance is usually investigated by measuring stroke
volume and blood pressure, and determined as the stroke volume
relative to pulse pressure. However, in cirrhotic patients, differentiation

between

small

artery

compliance

and

large

artery

compliance has not yet been performed. The increased demand
from clinicians and researchers for the assessment of arterial
compliance has led to the development and commercial availability
of several non-invasive methods. One of them, pulse wave analysis,

sclerotic

disease,

arterial

hypertension,

diabetes

mellitus

and

various other disorders and medical conditions. The effectiveness
Hypotension,
sensitivity

low

to

systemic

vascular

vasoconstrictors

are

resistance,

features

of

reduced

of this method has already been proven for the early detection of

hyperdynamic

and

vascular disease [13], for assessing endothelial function [14], and

syndrome in portal hypertension and are pathogenetic factors

for

triggering most serious clinical complications of liver cirrhosis. The

compliance [15±17].

assessing

the

influence

of

vasoactive

drugs

on

arterial

hyperdynamic circulation begins in the portal venous bed as a

Pulse contour analysis provides measurements that capture

consequence of portal hypertension due to the increased resistance

both capacitive and cushioning (oscillatory) arterial functions. It

to flow from the altered hepatic vascular morphology of chronic

uses the arterial pulse contour to provide an assessment of large

liver

artery (capacitance) behavior and the behavior of smaller arteries

disease. Dilatation

of the portal vein is associated

with

increased blood flow and leads to subclinical sodium retention,

that

resulting in expansion of all body fluid compartments, including the

oscillations

systemic and central blood volumes. This blood volume expansion

diastolic pressure decay utilizes a modified Windkessel model, a

is associated with vasorelaxation and increased cardiac output [1±

well-established

3].

Components
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open

under
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represent
in
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arterial
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the

vasodilator substances, body oxygen consumption is decreased,

modified

Windkessel

and tissue oxidation is abnormal [4]. The effective arterial blood
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Figure 1. Modified Windkessel model used for analysis of vascular properties.
SV = stroke volume, C1 = capacitive compliance, C2 = oscillatory
compliance, R = systemic vascular resistance, L = inertia of the blood, P1
= proximal pressure, P2 = distal pressure [17].
capacitive

and

oscillatory

compliance,

systemic

vascular

B

resis-

tance and impedence, distal and proximal blood pressure, and
blood inertia. C1 is derived from the slope of the exponential
diastolic decay and reflects large artery compliance, while C2 is
derived from the oscillatory component of the diastolic decay and

C

reflects small artery compliance.
Observing the pulse wave using the HDI-Pulse Wave CR 200
instrument enables evaluation of hemodynamic performance and
compliance of large and small blood vessels in a non-invasive
manner [13,18]. This instrument has recently come into use and is a
means to evaluate blood vessel performance in epidemiologic
studies. Using this technique we examined hemodynamic changes
including small and large artery compliance in cirrhotic patients
during total paracentesis.

Patients and Methods

on the floor. The patients were given 8 g of albumin/L of ascites

Patients

removed during the procedure.

The study included 15 cirrhotic patients (2 women and 13 men;
mean age 60.5 years, range 42±77) admitted to our department
between May 2002 and March 2003 due to an episode of tense
diuretic-resistant ascites. Cirrhosis was alcohol-related in 5 cases
and post-hepatic in 10 (8 positive for hepatitis C virus and 2 for
hepatitis B). Excluded were patients with concomitant disease ±
such

as

diabetes

vascular
mellitus,

disease,

arterial

bacterial

hypertension,

peritonitis,

sepsis,

heart

failure,

hepatocellular

carcinoma, and renal failure.
All the patients signed an informed consent and the study
protocol conformed to the ethical guidelines of the Declaration of
Helsinki.

Hemodynamic variables including vascular compliance were measured using an HDI pulse wave cardiovascular profiling instrument
CR-2000

(Hypertension

Research

Cardiovascular

Diagnostics
Profiling

Inc/Pulse

System,

Wave

TM

CR-2000

Minneapolis,

USA).

Radial artery waveforms were recorded with an arterial tonometer
sensor array. The tonometry unit contained an array of piezoresistive pressure transducers, each 0.2 mm apart, capable of
measuring the relative intra-arterial pulse amplitude with high
accuracy in arteries as small as 1.0 mm in diameter. Upon location of
a strong pulse, a good quality radial artery waveform is normally

Waveforms are recorded for 30 seconds on the right arm of the

On admission, patients were put on a low sodium diet (2 g/day)
with unrestricted fluid intake and a bed-rest regimen. Diuretic
administration and beta-blockers were discontinued at least 5 days
before paracentesis. No vasoactive drugs were allowed before or
the

Arterial compliance method

obtained within a few minutes even by an untrained individual.

Paracentesis

during

Figure 2. Typical waveforms in cirrhotic patient before [A], after [B], and 24
hours after [C] paracentesis

study.

Paracentesis

was

performed

under

sterile

conditions with a cannula 1.4 x 45 mm in the left lower abdominal
quadrant. Ascitic fluid was drained by gravity into a sterile container

subject with an arterial tonometer sensor array for maintaining the
sensor in position. The waveform is calibrated by the oscillometric
method with a cuff on the opposite arm and an internal calibration.
Figure 2 shows a typical waveform in cirrhotic patients. The variables
were measured in these patients before, immediately after, and 24
hours following large volume (mean 5.6 L) paracentesis.

Statistics
Statistical differences were calculated by using the descriptive

C1 = capacitive compliance
C2 = oscillatory compliance
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4

t

analysis and paired samples -test. Statistical significance was set at

P

0.05.
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Table 1. Hemodynamic changes and vascular compliance in cirrhotic patients during total paracentesis

plasma norepinephrin concentra-

Before
paracentesis

After
paracentesis

24 hr after
paracentesis

tion.

Systolic BP (mmHg)

118.4

114.1

116.9

centesis

Diastolic BP (mmHg)

67.9

66.9

67.9

syndrome,

Mean arterial BP (mmHg)

87.1

83.3

85.4

Pulse pressure (mmHg)

50.5

47.2

49

Pulse rate (beats/min)

76.9

75.6

75.3

Estimated cardiac ejection time (msec)

289.2

313.7

289.1

Estimated stroke volume (ml/beat)

60.2

67.4

60.6

Estimated stroke volume index (ml/beat/m )

33.3

37

33.1

Estimated cardiac output (L/min)

2

This

early

phase

may

be

rapidly followed by a post-paracirculatory

dysfunction

characterized

by

an

irreversible reduction in effective
arterial

blood

volume

and

im-

paired renal function. An increase
in

plasma

renin

activity

after

paracentesis has been considered

4.5

5

4.4*

evidence of effective hypovolemia

Estimated cardiac index (L/min/m )

2.5

2.7

2.4*

and is labeled post-paracentesis

Large artery elasticity index (ml/mmHg x 100)

17.9

17.8

15.1

circulatory dysfunction [21]. Albu-

5.6

5

min administration may prevent

1523.2

1400.5

1508

125.4

116.9

135.1

2

Small artery elasticity index (ml/mmHg x 100)
Systemic vascular resistance (dyne.sec.cm
Total vascular impedance (dyne.sec.cm

*

-5

-5

3.7*

)

)

this effect in cirrhotic patients in
whom at least 5 L of ascitic fluid

P < 0.05 compared to after paracentesis

was removed.
Our study showed no signifi-

Results

cant changes in arterial pressure, heart rate, cardiac ejection time,

No local complications related to the procedure were observed.

stroke volume and systemic vascular resistance during paracentesis.

There were no significant changes in serum urea and creatinine

Cardiac

concentration before and 24 hours after paracentesis. The results of

decreased to below the basal level 24 hours later, as previously

the study are summarized in Table 1.

shown [25]. In our study, for the first time, we were able to

output

increased

immediately

after

paracentesis

and

non-

differentiate between small and large artery compliance during

significant fall in mean arterial pressure, which returned to basal

paracentesis. Large artery compliance remained without significant

level 24 hours later. Cardiac output increased immediately after

change,

paracentesis due to increment in stroke volume with no change in

immediately after paracentesis and decreased 24 hours later but

heart rate. However, 24 hours later the cardiac output decreased to

not to the basal level. This parameter may be the first sign of

below basal level. The fluctuation was statistically significant (

enhanced vasodilatation due to large volume paracentesis before

Large

volume

paracentesis

was

accompanied

by

a

P<

but

small

artery

compliance

increased

significantly

0.05). Pulse rate, pulse pressure, cardiac ejection time, stroke

the appearance of any clinical expression of impaired hemody-

volume and total vascular impedance did not show any significant

namics and deterioration of renal function, and therefore may be a

change during paracentesis.

subclinical marker of post-paracentesis circulatory dysfunction.
In our study group there were no cases of serious circulatory

There was no change in large artery compliance; however, small

P

< 0.05) and

dysfunction or impaired renal function. Such cases are associated

partially returned to basal level after 24 hours. Systemic vascular

with deterioration in mean arterial pressure despite the intense

resistance

renal

artery compliance increased after paracentesis (

measurement

showed

the

same

pattern

of

change:

vasoconstriction.
in

Renal

glomerular

blood

filtration

flow

rate

decreases,

and

causing

sodium

a

vasodilatation occurred during paracentesis and was attenuated 24

reduction

excretion.

hours later.

Intensive peripheral vasodilatation is an important pathogenetic
component in the development of hepatorenal syndrome. Our

Discussion

study did not yield data that would enable us to predict which

The short-term hemodynamic effects of large volume paracentesis

patients

are well investigated, and the safety of this approach in cirrhotic

paracentesis. A possible future study with a larger number of

could

possibly

develop

renal

failure

during

recurrent

patients

randomized

patients might enable us to assess the degree of small artery

controlled trials [19±21]. Large volume paracentesis ameliorates

compliance as a predictor of the development of renal failure after

shortness of breath and early satiety experienced by these patients.

recurrent paracentesis.

with

tense

ascites

has

been

proven

in

It may also be associated with collateral advantages, such as
reductions in the hepatic venous pressure gradient [22], intravariceal pressure, and variceal wall tension [22±24]. These parameters
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A large income is the best recipe for happiness I ever heard of
Jane Austen (1775-1817), British novelist whose works include Sense and Sensibility, Pride and Prejudice, Mansfield Park,
Emma, Northanger Abbey and Persuasion. Their heroines are drawn from the rural landed gentry, and her plots
trace the development of relationships that generally culminate in marriage. Her novels are distinguished
by her delicate and often ironic wit and her sensitive insight into personal social tensions.

Capsule
New tool for fighting TB
There is an urgent need for new drugs to combat the advancing

anti-mycobacterial drugs, R207910 targets an adenosine triphos-

scourge of tuberculosis that is inexorably linked with the HIV

phate synthase. R207910 enhanced mycobacterial killing in a

epidemic. Andries et al. have developed a lead compound from a

mouse model of established infection compared with isoniazid,

series of recently patented diarylquinolines, known as R207910.

rifampicin, or pyrazinamide, which are used in current therapeu-

This compound has good selectivity and potency for several

tic regimens. It is hoped that this new drug candidate will enable

mycobacterial species, including

the treatment of tuberculosis in as little as 2 months.

retains activity against

Mycobacterium tuberculosis , and
M. tuberculosis strains that are singly or

Science 2005;307:223

multiply resistant to commonly used drugs. In contrast to other
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