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ABSTRACT
Objective: Systolic pressure variation results from cyclical fluctuation in the intra-thoracic pressure
associated with mechanical ventilation and has been used as a measure of relative hypovolemia in
mechanically ventilated patients. The impact of the magnitude of the tidal volume and airway pressure on
systolic pressure variation, however, has not been examined in mechanically ventilated patients.
Methods: Two patients underwent monitoring following elective cardiac surgery. Tidal volume was
randomly varied between 3 and 11 mL/kg over a two minute interval, and the corresponding airway
pressure was monitored, as were the effects on the systolic pressure variation of the systemic and
pulmonary circulations.
Results: There was a strong correlation between increasing tidal volume and peak airway pressure
(p<0.0001). In addition, peak airway pressure strongly correlated with the systolic pressure variation of
both the systemic and pulmonary circulations (p<0.0001). The increase in diastolic pulmonary arterial
pressure induced by insufflation correlated well with the associated increase in systolic blood pressure
(p<0.0001). Similarly, the increase in systolic pulmonary artery pressure (PAP) correlated with the
associated decrease in systolic blood pressure induced by insufflation (p<0.0001).
Conclusions: Systolic pressure variation in the systemic and pulmonary circulations is affected by tidal
volume and peak airway pressure. This should be considered when using systolic pressure variation as a
marker of intravascular volume status. Our findings regarding the correlations between changes in the
pulmonary arterial pressure and the systemic arterial pressure induced by mechanical ventilation are
consistent with the proposed physiological mechanisms of systolic pressure variation. (Critical Care and
Resuscitation 2004; 6: 167-174)
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Systolic pressure variation (SPV) describes the
fluctuations in arterial pressure which accompany
mechanical ventilation, and results from changes in
ventricular preload and afterload induced by alterations
in intra-thoracic pressure.1 The degree of systolic

pressure variation is increased in the presence of
hypovolemia2-4 and has been used clinically as a
predictor of responsiveness to a volume challenge.5-9
The effect of altering tidal volume on systolic pressure
variation has been studied in ventilated dogs10 but has

Correspondence to: Dr. D. Jones, Department of Intensive Care, Austin Hospital, Studley Rd, Heidelberg, Victoria 3084

167

D. JONES, ET AL
only been studied in humans who are spontaneously
breathing.11 Left ventricular stroke volume variation,
measured using pulse contour analysis, has been shown
to be affected by tidal volume in patients who are
mechanically ventilated.12
In an accompanying article, we described a novel
technique which allows the simultaneous recording and
archiving of airway pressure, as well as the systemic and
pulmonary arterial pressure waveforms.13 We now
describe the effects of altering tidal volume on these
readings in two mechanically ventilated patients
following elective cardiac surgery.
MATERIALS and METHODS
Approval for the study was obtained from the
medical centre ethics committee, and signed consent was
obtained from each patient studied. Both patients were
intubated and mechanically ventilated following elective
coronary artery bypass grafting for angina pectoris
refractory to medical therapy and had radial arterial
lines and right internal jugular pulmonary artery
catheters inserted as part of routine care. Postoperative
care, including inotropic and fluid therapy was dictated
by the treating physician. Both patients were treated
with milrinone and noradrenaline, and volume
expansion was administered for systemic hypotension,
oliguria, or reduced cardiac index in the context of low
pulmonary arterial pressures. The ventilation mode was
volume controlled ventilation and 5 cmH2O of PEEP
was applied. Patient 1 had mild renal dysfunction
(plasma creatinine 0.125 mmol/L) and patient 2 had
moderate LV dysfunction preoperatively.
Recordings of airway pressure, systemic arterial
pressure and pulmonary arterial pressure were obtained
as previously described.13 Following stabilisation in the
intensive care unit, the tidal volume on the ventilator
was altered over a one to two minute period, and
continuous readings of pressure measurements were
obtained. Two to four ventilator breaths with tidal
volumes of 3, 5, 7, 9, and 11 mL/kg were delivered in a
pre-allocated but random manner in an effort to
eliminate any bias induced by a progressive increase in
tidal volume over this range. In the case of patient 1 the
order of the delivered breaths was 9, 3, 7, 11 and 5
mL/kg. Patient 2 received sequential tidal volumes of 7,
5, 3, 11, and 9 mL/kg.
A total of 17 sets of readings and 353 individual
breaths were obtained for the two patients over a two to
four hour time frame. Over the course of the readings
patients 1 and 2 received three and four discrete
episodes of volume expansion, respectively. Peak airway pressure was measured at the plateau phase of the
insufflation, just prior to the pressure decent (figure 1).
Systolic pressure variation and pulse pressure variation
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were calculated as previously described.14 The same
formulae were employed to calculate these variables for
the pulmonary circulation.13 In addition, the systolic and
diastolic blood pressures of the systemic and pulmonary
circulations of the beat prior to insufflation were
recorded as a reference point for the changes in
pressures induced by insufflation (figure 1).
Statistical analyses
Correlations between peak airway pressure and
systolic pressure variation were analysed using the
Spearman - rank linear regression analysis on MS
Windows Stat-view (Abacus Concepts, Berkeley, CA).
RESULTS
There was significant correlation between tidal
volume and peak airway pressure over the range of tidal
volumes delivered (r = .968 for patient 1; r = .869 for
patient 2, p < 0.0001 for both). Increasing airway
pressure resulted in a progressive increase in the degree
of systolic pressure variation in the pulmonary and
systemic arterial circulations (figures 2, 3, and 4).
In the systemic arterial circulation there was a
significant correlation between peak airway pressure and
the measured values of SPV, % SPV, and ∆ Pp (Figure
3). In the pulmonary circulation, significant correlation
was also seen with PA-SPV and %PA-SPV. However,
there was only a weak correlation between peak airway
pressure and ∆ Pp for the pulmonary circulation (figure
4).
The relationship between the change in pulmonary
arterial pressure and systemic arterial pressure was
analysed to determine whether the effects of changing
tidal volume on systolic pressure variation were
consistent with the proposed physiological basis for
arterial systolic pressure variation. We found a
significant correlation (r = 0.722 for patient 1,and r =
0.794 for patient 2 ) between the increase in diastolic
PAP associated with insufflation, and the maximum
increase in systolic blood pressure (figure 5). Similarly,
there was a significant correlation (r = 0.656 for patient
1 and r = 0.516 for patient 2 ) between the increase in
systolic PAP associated with insufflation, and the
maximum decrease in systolic blood pressure (figure 5).
DISCUSSION
Previous studies have shown that systolic pressure
variation is increased in the presence of absolute or
relative hypovolemia2-4 and systolic pressure variation
has been used clinically as a predictor of cardiac output
responsiveness to a volume challenge.5-9
However, these studies did not considered the impact
of tidal volume and airway pressure on systolic pressure
variation. The effect of altering tidal volume on systolic
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Figure 1. Simultaneous recordings of systemic arterial, airway, and pulmonary arterial pressure. a pre-insufflation beat for systemic arterial
waveform b beat for maximum pressure for systemic arterial waveform c beat for minimum pressure for systemic arterial waveform d increase in
systolic pressure associated with insufflation e decrease in systolic pressure associated with insufflation f peak airway pressure g pre-insufflation
beat for pulmonary arterial waveform h beat for maximum pressure for pulmonary arterial waveform i beat for minimum pressure for pulmonary
arterial waveform j increase in systolic PAP associated with insufflation k increase in diastolic PAP associated with insufflation.

pressure variation has been studied in mechanically
ventilated dogs undergoing hypovolemia,10 but to our
knowledge, this relationship has not been investigated in
humans on mechanical ventilation.
In the present study, we demonstrated a strong
correlation between the increase in peak airway pressure
induced by increasing tidal volume, and the
corresponding increase in systolic pressure variation in 2
patients who were mechanically ventilated following
elective CABGS (figures 2 and 3). A similar effect was
observed for the systolic pressure variation of the
pulmonary arterial waveform (figures 2 and 4).
In patients with acute circulatory failure a ∆ pulse
pressure (∆Pp) value of more than 13% predicts fluid
responsiveness of cardiac output with a sensitivity of
94% and a specificity of 96%.5 However, this study did
not take into account the effects of tidal volume on ∆Pp.
In the present study, we were able to increase ∆Pp from
10% to 25% simply by increasing the peak airway
pressure from 10 to 30 cmH2O. This observation
highlights the importance of taking into account the
value of peak airway pressure when using systolic
pressure variation as a marker of intravascular volume

status.
The physiological basis of systolic pressure variation
is thought to relate to cyclical variations in aortic and
pulmonary blood flow secondary to the transmitted
intrathoracic pressures imposed on the great vessels.15
The initial increase in systolic blood pressure which is
associated with insufflation, is thought to result from the
increase in LV preload which is associated with
emptying of the pulmonary capillaries.16,17 Concurrently,
insufflation results in an increase in RV afterload, a
reduction in RVEDV and the fall in systolic blood
pressure over the subsequent cardiac cycles.17,18
Our findings regarding the relationship between the
changes in pulmonary arterial and systemic arterial
pressure are consistent with the proposed physiological
basis of systolic pressure variation. We analysed the
effects of insufflation on the changes in pulmonary and
systemic arterial pressure in comparison to the heart beat
immediately pre-insufflation. There was a good
correlation between the increase in diastolic PAP
produced by insufflation and the corresponding increase
in systolic blood pressure. Similarly, the increase in
systolic PAP induced by insufflation, correlated well
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Figure 2. Graphic representation of the effects of increasing airway pressure on the systemic and pulmonary arterial waveforms. Tidal volume
3,5,7,9, and 11ml/kg were delivered over a 2 to 3 minute period in a random order.
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Figure 3. Scatter plots showing correlation between increasing peak airway pressure and SPV, %SPV, and ∆Pp in the systemic circulation for 2
patients. p < 0.0001 for all data shown. SPV = systolic pressure variation, ∆ Pp = ∆ pulse pressure
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Figure 4. Scatter plots showing correlation between increasing peak airway pressure and SPV, %SPV and ∆Pp in Pulmonary arterial pressure for 2
patients.
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Figure 5. Scatter plots showing the correlation between the changes in pulmonary arterial pressure associated with insufflation and the
corresponding effects on components of the systolic pressure variation. The maximum increase in systolic and diastolic PAP induced by
insufflation were compared with the values seen in the beat prior to insufflation. p < 0.0001 for all data.

with fall in systolic blood pressure seen at the nadir of
the systolic pressure variation.
We conclude that the magnitude of the prescribed
tidal volume and corresponding airway pressure have a
significant impact of the magnitude of systolic pressure
variation of both the systemic and pulmonary arterial
circulations. Thus, either should be taken into account
when using systolic pressure variation as a marker of
intravascular volumes status.
Our findings regarding the correlations between
changes in the pulmonary arterial pressure and the
systemic arterial pressure are consistent with the
proposed physiological mechanism of systolic pressure
variation. Further studies need to be conducted to
determine the relative contribution of volume challenge
and airway pressure on SPV and to correlate the
ventilator induced changes in systolic pressure variation

with echocardiographic studies of trans-valvular
Doppler flow and ventricular end-diastolic dimensions.
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