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Chapter 7

Impact of positive end-expiratory pressure 

on thermodilution-derived right ventricular 

parameters in mechanically ventilated 

critically ill patients

Cherpanath TGV, Lagrand WK, Binnekade JM, Schneider AJ, Schultz MJ, Groeneveld AB
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Abstract
Introduction: We examined the effect of positive end-expiratory pres-
sure (PEEP) on right ventricular stroke volume variation (SVV) with 
possible implications for the number and timing of pulmonary artery 
catheter thermodilution measurements.
Methods: In volume-controlled mechanically ventilated patients 
equipped with a pulmonary artery catheter right ventricular pa-
rameters were measured by thermodilution at 10% intervals of the 
ventilatory cycle using a rapid-response thermistor. Measurements 
were performed at 5 cmH2O PEEP, after which PEEP was increased to 
10 cmH2O and from 10 to 15 cmH2O with 10-minute intervals, with 
similar decremental PEEP steps from 15 to 10 and 10 to 5 cmH2O.
Results: Mean right ventricular stroke volume and end-diastolic vol-
ume declined during incremental PEEP and normalised on return to 
5 cmH2O PEEP (p = 0.01 and p = 0.001, respectively). Right ventricular 
SVV remained unaltered upon PEEP changes (p = 0.26) regardless of 
incremental PEEP (p = 0.15) or decremental PEEP (p = 0.12). The coeffi-
cients of variation in the ventilatory cycle of all other thermodilution-
derived right ventricular parameters were also unaffected upon 
changes in PEEP.
Conclusion: Our study suggests that increases in PEEP do not affect 
right ventricular SVV in mechanically ventilated critically ill patients 
despite reductions in mean right ventricular stroke volume and 
end-diastolic volume. This could be explained by cyclic counteract-
ing changes in right ventricular pre- and afterloading during the 
ventilatory cycle independent of PEEP. Changes in PEEP do not affect 
the number and timing of pulmonary artery catheter thermodilution 
measurements.
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Introduction
Left ventricular stroke volume variation (SVV), induced by mechani-
cal ventilation, has demonstrated to be more helpful than static filling 
pressures in predicting fluid responsiveness, defined as an increase in 
stroke volume or cardiac output upon fluid loading.1,2 A decrease in 
left ventricular preload upon an increase in positive end-expiratory 
pressure (PEEP), resulting in an increase in left ventricular SVV, is 
largely mediated through a decrease in right ventricular preload. 
Thus, PEEP can presumably induce an increase in right ventricular 
SVV as well, which has not been specifically investigated before in 
mechanically ventilated critically ill patients. Moreover, PEEP may 
also induce a rise in right ventricular SVV through increased cyclic 
right ventricular afterloading.3,4 A PEEP-induced increase in right 
ventricular SVV can be of clinical importance as this affects the preci-
sion of pulmonary artery catheter thermodilution measurements 
over the ventilatory cycle. Thermodilution is still considered the gold 
standard for cardiac output measurement, with the pulmonary artery 
catheter mostly used in patients undergoing cardiothoracic surgery.5 
We and others have demonstrated that multiple measurements in the 
ventilatory cycle, preferably equally spaced or frequently performed 
at random in the cycle, are necessary to reliably assess right ventricu-
lar stroke volume index (SVI) and cardiac output during mechanical 
ventilation because of cyclic changes in right ventricular loading.6,7

We measured multiple right-sided thermodilution-derived param-
eters equally spread in the ventilator cycle to derive right ventricular 
SVV at various levels of incremental and decremental PEEP in me-
chanically ventilated critically ill patients. We hypothesise that PEEP 
increases right ventricular SVV during mechanical ventilation neces-
sitating adaptation of the number and timing of pulmonary artery 
catheter thermodilution measurements in the respiratory cycle.

Methods
Study protocol
Following approval of the study protocol by the local hospital Medical 
Ethics Committee of the VU University Medical Centre, Amsterdam, 
the Netherlands (Chairperson A.C. van Loenen) and after obtaining 
informed consent by patients’ next-of-kin, we performed a single-
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centre prospective pilot study in the Department of Intensive Care 
Medicine of the VU University Medical Centre. Consecutive patients 
were studied during continuous volume-controlled positive pressure 
ventilation (Servo 900 B, Siemens, Stockholm, Sweden) when haemo-
dynamic monitoring with a pulmonary artery catheter was deemed 
necessary for clinical management, at the discretion of the attending 
physician. All studied patients started off with 5 cmH2O of PEEP as 
previously described.7 An inspiratory time of 25% was set with an end-
inspiratory hold of 10%, thus remaining 65% of the ventilatory cycle 
as expiratory time. Sedation was provided via unchanged intravenous 
infusion of midazolam and fentanyl. Patients were haemodynami-
cally stable, in sinus rhythm and without known cardiac valvular 
stenosis or regurgitation.

Measurements
An arterial catheter (Marquette Electronics, Milwaukee, WI, USA) for 
arterial blood pressure measurements was positioned in the radial 
artery and arterial blood gas analysis was performed at baseline al-
lowing calculation of PaO2-FiO2 ratios. A rapid-response thermistor 
was inserted having a response time of 50 ms (93A-431H 7.5F, Edwards 
Life Sciences, Santa Ana, CA, USA) with intracardiac electrodes, via 
the jugular or subclavian vein and advanced until wedging of the in-
flated balloon occurred and the proximal injection port, located 21 cm 
from the tip, recorded right ventricular pressures. The catheter was 
then slowly withdrawn until right ventricular pressure waveforms 
disappeared to place the injection port above the tricuspid valve after 
which absence of V waves were recorded to rule out haemodynamical-
ly significant tricuspid regurgitation. The injectate temperature was 
measured distally from the injection site by an in-line temperature 
probe (93-600 CO-set, Edwards Life Sciences, Santa Ana, CA, USA). 
The analog electrocardiographic signal, rapid-response thermistor 
and injectate temperature probe were applied according to built-in 
algorithms of a REF-1 Edwards Life Sciences computer,8,9 yielding ac-
curate reproducible measurements while enabling the calculation of 
ventricular volumes.10-12 This computer standard detects the R waves 
and uses the down slope of the thermodilution curve to calculate the 
residual fraction from the relationship between successive tempera-
ture plateaus. From the residual fraction, right ventricular ejection 
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fraction (EF), end-diastolic volume index (EDVI), and end-systolic 
volume index (ESVI) are derived, while cardiac output was measured 
by integrating the temperature change of the blood.7 Right ventricular 
SVV was calculated for each individual patient and at each PEEP level 
as follows: SVV (%) = 100 × (SVImax − SVImin) / (SVImax + SVImin) / 2), where 
SVImax and SVImin refer to maximal and minimal stroke volume index 
in the ventilatory cycle respectively.
Baseline characteristics were recorded including the Simplified Acute 
Physiology score (SAPS II). Ventilatory settings were assessed for each 
patient to determine the presence of Acute Respiratory Distress Syn-
drome (ARDS) according to the Berlin criteria.13 Dynamic pulmonary 
compliance was estimated by tidal volume / (peak pressure − positive 
end-expiratory pressure). This allowed, together with the number of 
quadrants with alveolar consolidations, PEEP and PaO2-FiO2 ratios, 
calculation of the lung injury score (LIS) ranging from 0 (no acute 
lung injury) to 4 (severe acute lung injury).14 Central venous pressure 
(CVP), pulmonary artery occlusion pressure (PAOP), mean pulmo-
nary arterial pressure (PAP) and mean arterial pressure (MAP) were 
obtained after calibration at the mid-chest level in supine position 
during end-expiration at every PEEP level. Pulmonary vascular resis-
tance index (PVRI) was calculated as PAP − PAOP divided by cardiac 
index (CI).
A phase controller regulated the moment of injection of 5 ml dextrose 
5% at room temperature, dependent of the phase in the ventilatory 
cycle derived from the mechanical ventilator. The first bolus injection 
was administered precisely at the start of inflation, i.e. 0% of the venti-
latory cycle, with the right-sided thermodilution-derived parameters 
obtained after a transit time of roughly 3 heart beats reflecting right 
ventricular function at the time of injection. Approximately 30 sec-
onds later, a second injection was performed at 10% of the ventilatory 
cycle, and this sequence was repeated until a total of 11 equally spaced 
measurements were performed covering the entire ventilatory cycle. 
Next, incremental PEEP levels were applied from 5 to 10 and from 
10 to 15 cmH2O with 10-minute intervals while the thermodilution 
measurements were repeated. Finally, decremental PEEP from 15 to 10 
and from 10 to 5 cmH2O was applied, again with all other ventilatory 
settings and drug doses unaltered. A diagram of the study design of 
the thermodilution measurements is depicted in Figure 7.1.
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Statistical analysis
We considered n = 15 patients as a sufficient number for this pilot 
study taken into account that no prior study has specifically inves-
tigated right ventricular SVV before in mechanically ventilated criti-
cally ill patients. Normal distribution was evaluated by the Shapiro-
Wilk test. For each thermodilution-derived parameter a coefficient 
of variation was calculated as standard deviation / mean during the 
ventilatory cycle. A linear mixed model (PASW Statistics version 20.0, 
IBM Corporation, New York, USA) was used for the repeated haemo-
dynamic measurements as dependent variable with PEEP as fixed 
factor. Measurements obtained during inspiration and expiration 
were compared using a paired samples t-test. The effect of time was 
determined using analysis of variance (ANOVA) with repeated mea-
sures using Greenhouse–Geisser correction for correlation in case of 
violation of sphericity using Mauchly’s test. Pearson’s correlation was 
used to detect relations between right ventricular SVV and changes in 
right ventricular EDVI. A p-value < 0.05 was considered statistically 
significant and data were summarised as mean ± standard deviation.
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Figure 7.1 Diagram of the study design of the ther-
modilution measurements. The experiment starts at 5 
cmH2O positive end-expiratory pressure (PEEP) during 
volume controlled mechanical ventilation with an in-
spiratory time of 25%, end-inspiratory hold of 10%, and 
65% of expiratory time. A phase controller times the first 
injection of 5 ml dextrose 5% precisely at the start of 
inflation, i.e. 0% of the ventilatory cycle. The right-sided 
thermodilution-derived parameters are obtained after a 
transit time to reach the thermistor of approximately 3 
heart beats. Approximately 30 seconds later after this 
first measurement (●) has been obtained, the second 
bolus injection is performed at 10% of the ventilatory 
cycle, and this sequence is repeated until a total of 11 
equally spaced measurements are obtained covering the 
entire ventilatory cycle. Then, PEEP is set from 5 to 10, 
from 10 to 15, from 15 back to 10 and from 10 back to 
5 cmH2O with 10-minute intervals of stabilisation after 
which the thermodilution measurements are repeated. 
In each patient, a total of 55 measurements are obtained 
in approximately one hour using 275 ml dextrose 5%.
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Results
Baseline characteristics
Patients were studied with the main baseline characteristics 
displayed in Table 7.1 and the ventilatory and haemodynamic 
parameters in Table 7.2. Patients had impaired oxygenation at 
baseline with six patients having mild ARDS and another six 
patients fulfilling the definition for moderate ARDS. Seven 
patients had a dynamic pulmonary compliance below 25 ml/
cmH2O and all patients required vasoactive drugs.

Respiratory and haemodynamic parameters
Peak inflation pressures, PAP, PAOP and PVRI rose during in-
cremental PEEP levels and returned to baseline values during 
decremental PEEP (Table 7.3). Mean EDVI decreased during 
incremental PEEP and normalised on return to baseline PEEP, 
while mean ESVI remained unchanged. Mean ESVI and EDVI 
increased during inspiration compared to expiration (p < 0.001 
and p < 0.001, respectively) at any PEEP level with the nadir at 
mid-expiration (Figure 7.2). There was a significant change over 
time (p < 0.001), but the phase and amplitude changes in ESVI 
and EDVI did not change during increased PEEP. Mean SVI 
declined during incremental PEEP and normalised on return to 
5 cmH2O PEEP (Table 7.3). Mean SVI decreased during inspiration with 
the nadir at end-inspiration compared to expiration (p = 0.02) (Figure 
7.3). There was a significant change over time (p < 0.001), yet the phase 
and amplitude changes of SVI did not change during increased PEEP.

Variation in right ventricular parameters
The coefficient of variation of thermodilution-derived right ventricu-
lar parameters including SVI and CI (p = 0.06 and p = 0.25 respectively) 
did not change during PEEP changes (Table 7.3). The coefficient of 
variation of SVI and CI were lower than the coefficient of variation of 
EDVI, ESVI and EF. Right ventricular SVV averaged 27% at baseline 
and increased in 19 of the 30 total (15 patients with each 2) incremental 
PEEP steps and decreased in 16 of the 30 decremental PEEP steps. No 
change was seen in right ventricular SVV during PEEP changes (p = 
0.26), regardless of incremental PEEP (p = 0.15) or decremental PEEP 
(p = 0.12). A change in right ventricular SVV was not observed at the 

Variable Value

Age (years) 62.3 ± 12.6

Male 11 (73%)

Temperature (⁰C) 37.6 ± 1.0

Weight (kg) 73.6 ± 12.4

LIS 1.65 ± 0.48

Etiology of respiratory insufficiency

Sepsis 4

Major vascular surgery 3

Acute pancreatitis 3

Major esophageal/gastric surgery 3

Major large bowel surgery 2

Vasoactive drugs

Dopamine alone 11

Dopamine and dobutamine 4

Dose of vasoactive drugs

Dopamine (μg/kg/min) 7.68 ± 5.54

Dobutamine (μg/kg/min) 12.2 ± 5.58

SAPS II 12 ± 5

Table 7.1. Baseline patient characteristics (n = 15)

Abbreviations: LIS = lung injury score; SAPS = simplified 
acute physiology score.
Data are given as the mean ± SD or number with the 
percentage in parentheses.
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higher PEEP steps (10 to 15 and 15 to 10 cmH2O PEEP; p = 0.41) 
nor at the lower PEEP steps (5 to 10 and 10 to 5 cmH2O PEEP; p 
= 0.16). Right ventricular SVV did not correlate with changes in 
EDVI at any PEEP level (p = 0.51 at 5 cmH2O PEEP, p = 0.13 at 10 
cmH2O PEEP and p = 0.79 at 15 cmH2O PEEP). No change in right 
ventricular SVV was detected during PEEP changes in patients 
with and without a dynamic pulmonary compliance below 25 
ml/cmH2O (p = 0.25 and p = 0.42 respectively).

Discussion
Our study suggests that right ventricular SVV and thus the pre-
cision of pulmonary artery catheter thermodilution remains 
unaffected by changes in PEEP in mechanically ventilated criti-
cally ill patients. The absence of alterations in SVI amplitudes 
upon PEEP changes may be explained by the balancing effects 
of right ventricular pre- and afterloading during the ventila-

tory cycle, exemplified by the inspiratory increase in right ventricular 
ESVI as well as EDVI preventing a large inspiratory decrease in SVI. 
The phase of right ventricular volume changes remained unaltered 
at any PEEP level, as PEEP induces a continuous increase in airway 
and intrathoracic pressures throughout the entire ventilatory cycle. 
Therefore, mean EDVI and SVI decreased upon increases in PEEP but 
without affecting right ventricular SVV. As a result, the number and 
timing of pulmonary artery catheter thermodilution measurements 
necessary for reliable assessment of right ventricular parameters are 
not affected by PEEP in our study population.
During mechanical ventilation, left ventricular SVV can increase by 
PEEP caused by a diminished left ventricular preload through a de-
crease in right ventricular preload.15 Right ventricular EDVI, a clinical 
measure for preload, was within the normal range at baseline making 
marked hypo- or hypervolaemia unlikely in our patient population. 
EDVI declined over the ventilatory cycle during incremental PEEP 
and normalised on return to baseline PEEP in our patients. Raised 
intrathoracic pressure upon increased PEEP probably reduced venous 
return and subsequently right ventricular preload, which has been ex-
tensively documented before.16-20 This may have largely mediated the 
simultaneously observed decrease in mean SVI and CI. However, we 

Variable Value

Ventilation

RR (breaths/min) 18 ± 3

Ppl (cmH2O) 23 ± 7

Ppeak (cmH2O) 31 ± 7

PEEP (cmH2O) 5

Cdyn (ml/cmH2O) 29 ± 9

PaO2/FiO2 (mmHg) 224 ± 74

Haemodynamics

HR (beats/min) 97 ± 21

MAP (mmHg) 78 ± 14

CVP (mmHg) 9 ± 5

PAP (mmHg) 25 ± 5

PAOP (mmHg) 13 ± 4

Table 7.2 Baseline ventilatory and haemodynamic pa-
rameters (n = 15)

Abbreviations: Cdyn = dynamic pulmonary compliance; 
CVP = central venous pressure; HR = heart rate; MAP 
= mean arterial pressure; PaO2/FiO2 = ratio of arterial 
partial pressure of oxygen to the inspired fractional con-
centration of oxygen; PAOP = pulmonary artery occlu-
sion pressure; PAP = mean pulmonary arterial pressure; 
PEEP = positive end-expiratory pressure; Ppeak = peak 
inflation pressure; Ppl = plateau pressure; RR = respira-
tory rate.
Data are given as the mean ± SD.
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cannot exclude a concomitant mean 
increase in right ventricular afterload 
over the ventilatory cycle, since mean 
right ventricular ESVI remained 
unchanged and PVRI increased upon 
incremental PEEP.
Airway pressures and lung volumes 
reach their highest point during 
inspiration with the capacity to cause 
partial or total collapse of pulmonary 
capillaries when transpulmonary 
pressures exceed pulmonary venous 
pressure.3,21-23 We observed an overall 
inspiratory increase in right ven-
tricular ESVI and EDVI compared to 
expiration. The phase and amplitude 
of increases in ESVI and EDVI during 
inspiration did not change during 
increased PEEP. A possible explana-
tion for the increase in EDVI during 
inspiration may be an increase in 
transpulmonary pressure and thus 
augmented afterload resulting in in-
creased right ventricular preload.21 Although experiments in healthy 
animals generally show a predominant preload lowering effect dur-
ing inspiration, evidenced by an inspiratory fall in right ventricular 
EDVI,24,25 some clinical studies have shown either no change21 or even 
an increase22,26 in right ventricular EDVI during inspiration. Our 
observed inspiratory increase in EDVI accompanying an increase in 
ESVI possibly is dependent on volume status, cardiac function and 
respiratory variables.12,21,27,28

A small end-inspiratory decrease was observed in right ventricular 
SVI as the aforementioned changes in right ventricular afterload may 
have largely counteracted changes in right ventricular preload during 
the ventilatory cycle in our patients. Moreover, the end-inspiratory 
decrease and subsequent expiratory increase in right ventricular SVI 
is in accordance with the literature.20,29-31 As the phase and amplitude 
of right ventricular SVI were unchanged in the ventilatory cycle 

Variable PEEP 5 PEEP 10 PEEP 15 PEEP 10’ PEEP 5’ p-value

Ventilatory parameters

Ppeak (cmH2O) 31 ± 7 39 ± 9 44 ± 8 37 ± 9 32 ± 7 <0.001

Haemodynamic parameters

PAP (mmHg) 25 ± 5 26 ± 5 27 ± 4 26 ± 5 25 ± 4 <0.001

PAOP (mmHg) 13 ± 4 14 ± 4 16 ± 3 15 ± 4 14 ± 3 0.001

PVRI (Wood) 3 ± 1 3 ± 1 4 ± 1 3 ± 1 3 ± 1 0.02

HR (beats/min) 97 ± 21 94 ± 20 94 ± 22 94 ± 20 93 ± 18 0.08

SVI (ml/m2) 42 ± 12 40 ± 11 37 ± 10 39 ± 11 41 ± 11 0.01

CI (l/min·m2) 4 ± 1 4 ± 1 3 ± 1 4 ± 1 4 ± 1 0.002

ESVI (ml/m2) 55 ± 18 53 ± 15 53 ± 15 51 ± 17 53 ± 13 0.26

EDVI (ml/m2) 97 ± 22 93 ± 19 90 ± 17 90 ± 17 94 ± 17 0.001

EF (%) 45 ± 11 44 ± 9 42 ± 10 45 ± 9 45 ± 10 0.35

Variation in RV parameters

SVV (%) 27 ± 9 32 ± 12 28 ± 11 32 ± 10 26 ± 11 0.26

SVI CV 0.08 ± 0.03 0.10 ± 0.04 0.08 ± 0.03 0.10 ± 0.03 0.08 ± 0.04 0.06

CI CV 0.08 ± 0.03 0.09 ± 0.03 0.09 ± 0.05 0.09 ± 0.03 0.08 ± 0.03 0.25

ESVI CV 0.29 ± 0.16 0.30 ± 0.10 0.29 ± 0.13 0.28 ± 0.12 0.29 ± 0.17 0.76

EDVI CV 0.16 ± 0.08 0.17 ± 0.06 0.16 ± 0.06 0.16 ± 0.08 0.16 ± 0.09 0.99

EF CV 0.16 ± 0.07 0.20 ± 0.08 0.19 ± 0.07 0.17 ± 0.09 0.15 ± 0.09 0.054

Table 7.3 Thermodilution derived RV parameters during 
PEEP changes

Abbreviations: CI = cardiac index; CV = coefficient of 
variation; EDVI = end-diastolic volume index; EF = ejec-
tion fraction; ESVI = end-systolic volume index; HR = 
heart rate; PAOP = pulmonary artery occlusion pres-
sure; PAP = mean pulmonary arterial pressure; Ppeak = 
peak inflation pressure; PVRI = pulmonary vascular re-
sistance index; SVI = stroke volume index; SVV = stroke 
volume variation.
Data are given as the mean ± SD.
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at every PEEP step during our experiments, right ventricular SVV 
remained unchanged. The absence of a correlation at any PEEP level 
between right ventricular SVV and preload may thus be attributed to 
the counteracting effect of cyclic right ventricular afterloading. The 
PEEP-induced overall decrease in mean right ventricular SVI upon a 
reduction of preload may therefore not affect right ventricular SVV. 
The coefficient of variation of right ventricular EDVI, ESVI and EF 
were higher than the coefficient of variation of right ventricular SVI 
and CI at baseline and remained higher during PEEP changes neces-
sitating more thermodilution measurements, as described before.7

In an animal study comparing open and closed chest conditions 
performed by Kubitz et al., a decrease in right ventricular SVV was 
observed when 15 cmH2O PEEP was reduced to 0 cmH2O PEEP with 
measurements performed 5 minutes after changing the PEEP level.4 
No change in right ventricular SVV during decremental PEEP steps 
was observed in our critically ill patients, which may have been caused 
by the longer 10-minute intervals between the smaller 5 cmH2O PEEP 
steps allowing adaptation. Furthermore, no obvious lung injury was 
present in their animal study potentially facilitating lower applied 
inspiratory pressures in contrast to our mechanically ventilated criti-
cally ill patients.
Several limitations of our study should be recognised. First, no lit-
erature on right ventricular SVV in patients during changes in PEEP 
is available for a robust sample size calculation. Although a small 
change in right ventricular SVV may not have been detected with our 
sample size, we did find significant PEEP-induced changes in other 
thermodilution-derived right ventricular parameters such as SVI 
with comparable standard deviations as SVV. Where SVI consequently 
decreased upon PEEP increments and increased following PEEP dec-
rements, SVV did not follow a predictable trend upon PEEP changes, 
adding weight that the latter two are not related. We did not measure 
right ventricular SVI beat-to-beat in order to calculate right ventricu-

     












     






















 

     




















 

 

 

Figure 7.2 Mean right ventricular end-diastolic volume index (EDVI; ○) and mean end-
systolic volume index (ESVI; ●) variation throughout the mechanical ventilatory cycle 
shown at 5 cmH2O, 10 cmH2O and at 15 cmH2O positive end-expiratory pressure (PEEP). 
Inspiration resulted in an increase in mean EDVI and ESVI (both p < 0.001) with nadir at 
mid-expiration. The phase and amplitude did not change during increased PEEP. 
Data are given as the mean ± SE.
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lar SVV. In our study, the mean respiratory rate was 18 breaths 
per minute with a mean heart rate of 97 beats per minute, so 
that right ventricular SVV would be based on approximately 16 
right ventricular SVI measurements using beat to beat analysis 
during 3 mechanical breaths. Instead, we used multiple pul-
monary artery catheter thermodilution measurements during 
several mechanical breaths resulting in 11 right ventricular SVI 
measurements equally spaced in 10% intervals of the mechani-
cal ventilatory cycle. This could have led to an underestimation 
of right ventricular SVV. Intrathoracic pressures were not 
measured so that the exact amount of PEEP transmitted to the 
pleural space remains unclear, although our results suggest an 
increase in intrathoracic pressures with a decrease in venous re-
turn since end-diastolic volumes declined during incremental 
PEEP while end-systolic volumes remained unchanged. Finally, 
our study population was heterogeneous with relatively high 
baseline pulmonary artery pressures during volume-controlled 
positive pressure ventilation, so that the results should be cautiously 
extrapolated to other patient populations and ventilation modes.

Conclusion
Our findings suggest that right ventricular SVV remains unaltered 
with 5 cmH2O changes in PEEP in mechanically ventilated critically 
ill patients despite a reduction in mean right ventricular SVI and pre-
load during incremental PEEP and normalisation during decremental 
PEEP. This may be explained by cyclic counteracting changes in 
right ventricular pre- and afterloading during the ventilatory cycle 
independently of PEEP. The respiratory variation of other pulmonary 
artery catheter thermodilution measurements was also unchanged. 
Hence, right-sided thermodilution measurements policies to yield 
reliable right ventricular parameters and cardiac output need no 
adjustments with changing PEEP.

     




























 

 

Figure 7.3 Mean right ventricular stroke volume in-
dex (SVI) throughout the mechanical ventilatory cycle 
shown at 5 cmH2O (○), 10 cmH2O (●) and at 15 cmH2O 
(□) positive end-expiratory pressure (PEEP). A decrease 
in mean right ventricular SVI was seen at end-inspira-
tion compared with its maximum at mid-expiration 
(p = 0.02), while increased PEEP resulted in an overall 
decline in mean right ventricular SVI (p = 0.01) in the 
15 patients. The phase and amplitude changes of right 
ventricular SVI did not change during increased PEEP. 
Therefore, right ventricular stroke volume variation did 
not change (p = 0.26) despite PEEP-induced decreases 
in right ventricular SVI.
Data are given as the mean ± SE.
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