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Independence of Changes in Right Atrial Pressure

and Central Venous Pressure
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Dynamics of changes in right-atrial pressure and venous pressure measured in the inferior
and superior vena cava at their orifices (central venous pressure) after bolus injection of 20
ml physiological saline or epinephrine (5.0 ng/kg) was studied in acute experiments on cats.
The initial pressure in the right atrium was equal to that in caval veins. Pressor stimuli either
increased or decreased the right atrial pressure, but always increased blood pressure in the
caval veins. Moreover, right atrial pressure returned to the initial level more rapidly com-
pared to that in caval veins. Our results suggest that the dynamics of the right-atrial pressure
does not reflect the shifts in the central venous pressure.
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It is commonly accepted that the right-atrial pressure
(RAP) adequately reflects the central venous pressure,
i.e. venous pressure at the orifices of the caval vein.
In light of this changes in the central venous pressure
are routinely estimated by RAP [4]. However, when
intrathoracic or intraabdominal pressures increase or
decrease, the blood pressure measured in the inferior
and superior vena cava differs from RAP despite a
strong correlation between RAP and inferior vena cava
pressure under conditions of quiet breathing [2,3,5]. For
methodical restrictions, clinical studies also can not elu-
cidate the actual relationship between shifts in RAP and
central venous pressure during circulatory responses to
various stimuli under natural conditions.

We recently reported that after pressor stimulation
RAP recovers more rapidly than changes in venous
return [1]. Our aim was to study the dynamics of chan-
ges in RAP and venous pressures at the vena cava
orifice during pressor stimulation.
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MATERIALS AND METHODS

The study was performed on 14 open-chest cats wei-
ghing 3.5-5.0 kg. The animals were anesthetized with
Nembutal (35-40 mg/kg, intramuscularly) and arti-
ficially ventilated. Pressure in the superior vena cava
(PSVC) near the right atrium was measured with a
low-pressure 6MD11S mechanotron transducer [1] via
a catheter inserted through the right external jugular
vein. Pressure in the inferior vena cava (PIVC) and
RAP were recorded with similar transducers connec-
ted to catheters introduced into the inferior vena cava
and into the right atrium throught the auricle. The
mean PSVC, PIVC, and RAP were determined from
the peak-and-valley magnitudes using an integrator.
Arterial blood pressure was recorded in the left femo-
ral artery with a 6MDKhIB ultraminiature mechano-
tron transducer [1].

Bolus injection of 20 ml physiological saline into
the left femoral vein over 5 sec and injection of 5.0
ug/kg epinephrine were used as pressor stimuli. The
right-atrial, venous, and arterial pressures were re-
corded on an N-338-8P ink-pen recorder.
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The data were statistically analyzed by Student’s
t test using standard and original software (Axum 5.0
and MathSoft Inc.).

RESULTS

The baseline pressures were: arterial blood pressure
9549 mm Hg, RAP 5.9+1.1 mm Hg, PSVC 6.4+0.6
mm Hg, and PIVC 6.9+0.8 mm Hg. Thus, the initial
RAP and central venous pressure did not differ sig-
nificantly.

Intravenous bolus injection of 20 ml physiological
saline increased RAP and pressures in both caval veins
(Fig. 1). On the 4th sec postinjection RAP, PSVC, and
PIVC significantly increased compared to baseline
values (Fig. 1). At 40 sec postinjection RAP returned
to the initial level, while PSVC and PIVC surpassed
the baseline even 80 sec postinjection (Fig. 1) and re-
turned to baseline values only after 4-5 min. Hence,
RAP changes more rapidly than PSVC and PIVC and
does not adequately reflect the central venous pres-
sure. The dynamics of PSVC and PIVC after injection
of physiological saline was similar.

Intravenous injection of 5.0 pg/kg epinephrine
increased arterial blood pressure by 51+10% (p<0.05).
RAP decreased in some animals (n=8, group 1) and
increased in others (n=6, group 2). The maximum de-
crease in group 1 animals was 23+6% (p<0.05), while
the maximum increase was 24+7% (p<0.05, Fig. 2, a).
It should be noted that vena cava pressures increased
in all animals irrespective of changes in RAP (Fig. 2,
b). The dynamics of pressure shifts in both caval veins
was similar, but differed from RAP changes. It was pre-
viously demonstrated that different RAP responses to
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Fig. 1. Changes in right-atrial pressure (light columns) and pressures
in the superior (dark columns) and inferior vena cava (dashed

columns) after bolus intravenous injection of 20 ml physiological
saline. *p<0.05, compared to the initial level.

epinephrine [1] did not depend on its initial level, blood
flow in caval veins, and HR changes, but can result
from different right-heart afterload, in particular blood
pressure in the pulmonary artery [6].

Thus, our findings indicate that pressure changes
in the inferior and superior vena cava in response to
intravenous injection of epinephrine (5.0 pg/kg) were
synchronous and codirected, while changes in RAP
were not always parallel to the shifts in the central
Venous pressure.

The amplitudes of these responses were also dif-
ferent. Published data suggest that atrial pressure de-
pends not only on diastolic filling rate and duration of
diastole [3,6], but also on residual volume, end-dia-
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Fig. 2. Changes in right-atrial pressure (, a) and vena caval pressures (b) after bolus intravenous injection of 5.0 ug/kg epinephrine. a:
groups with decrease (7) and increase (2) in RAP; b: venous pressure in the superior (7) and inferior (2) vena cava.
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stolic pressure, phasic changes in ventricular pressure,
and elasticity and contractility of the myocardium [2].
At the same time, blood pressure in the caval veins
depends not only on the cardiac function, but also on
circulating volume, venous tone and compliance, and
venous blood flow rate. This probably explains inde-
pendence of changes in RAP and central venous pres-
sure observed after pressor stimulation.

In summary, our experiments demonstrated that
RAP is equal to PSVC and PIVC under normal con-
ditions, but after pressor stimulation shifts in RAP can
differ in amplitude and direction from changes in the
central venous pressure. These findings contradict the
current views that the central venous pressure can be
evaluated by RAP.
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