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Pulse pressure variation as a guide to
oxygen transport

Optimisation of cardiac output (C0), as a major determinant of
systemic oxygen delivery, is an important task in the treat-
ment of critically ill patients. Since, according to Frank-
Starling’s law, adequate cardiac preload is a prerequisite to
maintain maximum stroke volume, fluid status should always
be optimised before inotropics are applied. More and more
clinicians are optimising intravascular volume by using
‘dynamic parameters’ of cardiac preload, such as systolic
pressure variation (SPV), stroke volume variation (SW) and
pulse pressure variation (PPV). There is evidence that these
parameters can predict whether a patient will respond
favourably to fluid administration. Ideally, fluid management
using PPV should lead to more stable organ function and
improved final outcome in critically ill patients. The mea-
surement of PPV is less invasive than that of many other
parameters and several studies have shown its clinical value
in practice. However, the limitations of using PPV need to be
considered. In patients in whom respiratory changes are dif-
ficult to interpret, a passive leg raising manoeuvre should be
considered for assessing fluid responsiveness. In conclusion,
available results on PPV-guided therapy in high-risk surgical
patients are promising; however, more data on critically ill
patients are required in the future.

ptimisation of cardiac output (CO), as a major deter-
minant of systemic oxygen delivery, is an important
task in the treatment of critically ill patients. Since,
according to Frank-Starling’s law, adequate cardiac preload
isaprerequisite to maintain maximum stroke volume (SV),
fluid status has to always be optimised befote inotropics
should be applied.! Ideally, any marker of cardiac preload
should be so reliable that it indicates fluid responsiveness a
priori, which means that response to fluid loading is pre-
dictable, thereby excluding unnecessary fluid application
which may be harmful in patients with capillary leakagee.g.
those suffering from sepsis or ARDS. Over the last few years,
it has clearly been demonstrated that cardiac filling pres-
sures, i.e. central venous pressure (CVP) and pulmonary
artery occlusion pressure (PAOP) which i clinical practice
are measured against the atmosphere, are umnreliable indi-
cators of cardiac preload in critically ill patients.2AS pres-
surereadings are influenced by compensatory physiological
mechanisms that preserve pressure at the expense of flow,
this may result in the inadvertent over- or under-adminis-
tration of intravascular fluid. Unfortunately, when using
these parameters, preload insensitivity will not be recog-
nised until the fluid has already been administered. As a
consequence, more and more clinicians optimise intravas-
cular volume by using ‘dynamic parameters’ of cardiac
preload. Systolic pressure variation (SPV) was suggested as
one of these by Perel et al. in the 1980s.3 SPV, stroke vol-
ume variation (SVV) and pulse pressure variation (PPV)
aredynamic ‘virtual’ preload challenges, occurringeach res-
piratory cycle, without the actual administration of fluid.
Thereis evidence that these parameters can predict whether

a patient will respond favourably to fluid administration.
Ideally, fluid management using PPV should lead to more
stable organ function and finally, improved outcome in crit-
ically ill patients. This review will focus on PPV as a dynam-
ic preload variable and the possible benefit effected by a
PPV-guided treatment.

PHYSIOLOGICAL BACKGROUND

There is a growing interest in the clinical value of the varia-
tions in blood pressure and.CO that result from the interac-
tions between the heart and lungs during ventilation. By
analysing arterial pressure waveform beat-to-beat, systolic
pressure variation (SPV), stroke volume variation (SVV)
and pulse pressure variation (PPV) for each respiratory cycle
can be measured and displayed at the patient’s bedside. In
general, mechanical ventilation in a controlled mode has
been known to induce cyclic changes in arterial blood pres-
sure. These changes come from cyclic modifications in sys-
temicvenousseturnand in rightventricularafterload related
to changes in intrathoracic pressure and in transpulmonary
pressure, respectively. Like SPV, PPV is also higher during
mechanical inspiration and lower during expiration (Figure
1). Pulse pressure (PP) is calculated as the systolic minus the
diastolic blood pressure which is higher during inspiration
and lower during expiration.4 In principle, PPV reflects
changes inleft ventricular stroke volume related to tidal ven-
tilation. Because the left ventricle is directly filled from the
pulmonary circulation, which is therefore its filling reserve,
respiratory changes in left ventricular stroke volume, and
thus PPV, are directly related to changes in the amountof
blood in the pulmonary teservoir: during inflation, pul-
monary vessels are emptied and blood is squeezed towards
theleftheart, whereas simultaneouslya decrease in rightven-
tricular ejection precludes its immediate re-filling. Two con-
ditions have been described that prevent immediate
re-filling of the pulmonary vasculature by the right heart,
thereby inducing significant PPV; 1) hypovelaemia leading
to a marked inspiratory decrease in right ventricular ejec-
tion related to a decreased venous return, and; 2) severeright
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ventricular dysfunction also leading to an~inspiratory /"

decrease in right ventricular ejection but due to an increase
in right ventricular afterload. In the first case, the infused

fluid reaches the pulmonaryvessels and reduces PPV byopti- 7+

mised left ventricular preload and increased left ventricular
stroke volume. In the second scenario, fluids do net reach
the pulmonary vessels, do net.correct PPV and will not
inerease left ventricular stroke volume.

However, changes in arterial blood pressure not only
reflect changes in left ventricular stroke volume bl@
related to the transmission of the intrathoracic pressure to
the aorta.5 Assuming that during controlled mechanical
ventilation the intrathoracic pressure is transmitted 51m1-
larly to the systolic and dlastohc pressures, pulse pressure
‘more accurately reflects left ventricular stroke VOT‘-E
Accordingly, SPV have been shown to be shghtly less valu-
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Figure 1. Respiratory changes in
arterial pressure during
mechanical ventilation. The pulse
pressure (PP = systolic minus
diastolic pressure) is minimal
(PPrin) three heart beats after its
maximal value (PPray). The
respiratory change in pulse

pressure (pulse pressure variation,

PPV) can be calculated as the
difference between PPray and
PPrin, divided by the mean of the
two values, and expressed as a
percentage: PPV(%) = 100 x

(PPrvex = PPrin)/([PPava + PPrin]/2).

able than PPV in detecting volume responsiveness.5-% For
this reason, Michard ef al. suggested not using SPV but
rather PPV in clinical practice while they demonstrated that
PPV could be a strong predictor of fluid responsiveness: the
higher the PPV the greater the increase in stroke volume
induced by fluid expansion.” In their paper, the authors
described in 40selected patientsa specificity 0£96% for PPV;
however, patients with severe ARDS were excluded from
the analysis.

CLINICAL APPLICATION OF PULSE PRESSURE VARI-
ATION
Monitoring of PPV in critically ill patients may be helpful
invarious clinical scenarios to guide fluid therapy more ade-
quately. In an animal model of haemorrhage and re-trans-
fusion,® SVV, as measured by the pulse contour algorithm,
and PPV, as calculated by the formula originally proposed,
change gradually and consistently with decreasing blood
volume, and reflect changes in stroke volume even during
extreme hypovolaemia. In detail, correlations of SVV, SPV
and PPV to SV throughout the study were®0:189; £0:91%d
-0:9%, respectively. The SPV correlated significantly with
both, PPV and SVV (r=0.97 and 0.93 respectively).
However, the PPV increased by more than 400% at 50%
haemorrhage compared with increases of 200% and 120%
for the SVV and SPV, respectlvely

~ With respect to changessinscardiacrafterioad and their
effects on preload parameters, Nouira et al.l% found in an
animal model of haemotrhagic shock that administration
of norepinephrine wasassociated with a significantdecrease
in PPV and SPV. According to'these auithors, the value of
these dynamic variables could be significantly reduced as
they mask a true intravascular volume deficit possibly by
shifting blood fromiunstressed tostressed volume.

However, even under controlled mechanical ventilation,
pressure and volume controlled mode have different influ-
ences on PPV: In an animal model of haemorrhage,
Fonsetea!! found that during removal of 15% of blood, both
SPV and PPV significantly increased. However, at 30% of
blood loss, volume controlled ventilation (VCV) led to a
significantly higher PPV and SPV in comparison tol pres«
sure controlled ventilation (PCV). Thus, while VCV due to
higher inspiratory airway pressures revealed fluid deficit
with fluid responsiveness, PCV did not. According to the
authors, it remains open whether to ‘use’ VCV in order to

uncover fluid requirements and fluid responsiveness or to
better apply PCV in hypovolaemic states because it pro-
vokes less haemodynamic interference.

Furthermore, data on PPV as a marker of fluid respon-
siveness are also available in@&Sistédentilatory support. In
30 patients,'2 PPV and SPV were measured during 20 min-
utes of pressure support ventilation with 3/min flow trig-
gered synchronised intermittent mandatory ventilation
(SIMV) breaths (tidal volume 10 ml/kg) and controlled
mechanical ventilation (respiratory rate 12/min, tidal vol-
ume 10 ml/kg). Significanteorrelationswere found between
dynamic indices in SIMV during pressure support ventila-
tion and those in controlled mechanical ventilation. The
mean differences between two measurements were PPV 0.6
+ 2.8% (limit of agreement: -5.0 and 6.2) for PPV and 0.5
* 2.3'mmHg (limit of agreement: -4.0 and 5.1) for SPV.
According their findings, PRVrand SPV:otildbe accurate-
ly monitored in patients breathing with assisted respirato-
ry assistance adding an imposed large enough SIMV:breath.

Soubrier et ali13 studied whether the respiratory changes
in PP and SPV could predict fluid responsiveness in spon-
taneously breathing patients. Thirty-two patients with clin-
ical signs of haemodynamic instability were subjected to a
500-ml volume expansion. In these patients, cardiac index
increased by at least 15% after volume:expansion in 19
patients (responders). At baseline, only dynamic indicators
were significantly higher in responders than in non- respon-
ders (13 £ 5% vs. 7 + 3% for PPV and 10 + 4% ys. 6 + 2%
for SPV). Moreover, both parameters significantly
decreasediafter fluid loading (11 + 5% to 6 + 4% for PPV
and 8 £ 4% to 6 + 3% for SPV). Sensitivity and specificity
according to receiver operating characteristics (ROC)
statistics were described by an area under the curve for PPV
and SPV ofi0:81vand"0:82, respectively. According to this
study, a PPV =12% predicted fluid responsiveness with
high specificity (92%) but.poer sensitivity (63%). The
forced-respiratory-manoeuvre (re)producing a dyspnoeic
state decreased the-predictive power of these parameters.
Due to their lack of sensitivity and their dependence to res-

piratory status, PPV and SPV were found to bedéssieliable -
to' predict fluid responsiveness in spontaneoiis‘breathing /)

compared to mechanically ventilated patients. However,
when thebaseline value istigh withoutacute right ventric-
ular dysfunction in a participating patient, a positive
response to fluid was mentioned to be likely. y
Over the last few years, several commercially available
systems have been developed which enable monitoring of
PPV continuously at the bedside. For instance, Umbrello et
al.1* described an online system which they found to be
accurate when compared to an offline technique. In ten
patients treated with a PEEP of 6 cmH,O and tidal volume
10 ml/kg, PPV measured with the online technique on the
monitor was 5.5 + 2.3%, and with the offline method was
5.9 £ 2.3%. According to their results, PPV can be'derived
reliably by such a system. Also, Auler et al.15 reported an
online monitoring of PPV by automatic calculation and
real-time monitoring using standard bedside monitors. In
59 mechanically ventilated patients after cardiac surgery,
fluid administration increased cardiac outputiby at least
15% in 39 patients (66% responders). Before fluid admin-
istration, responders and fionfresponders were compara-=
ble with regard to right atrial and pulmonary artery
occlusion /pressuires: In contrast; PPV was significantly
greater in responders than in non-responders (17 + 3% s,
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94 2%). A cut-off value of PPV of 12% allowed identifica-
tion of responders with a §émsitivityiof 97% and a specificiz
ty 0of95%. The authors concluded that automatic real-time
monitoring of PPV is possible using a standard bedside
monitor and was found to be a reliable method to predict
fluid responsiveness after cardiac surgery.

INFLUENCE OF VENTILATOR SETTINGS ON PPV

As the concept of PPV is increasingly applied in critically ill
patients with mechanical ventilation, the influence of end-
expiratory pressure (PEEP) on PPV needs to be addressed.
In patients with acute lung injury or ARDS, PPV was found
to be useful to predict PEEP-induced haemodynamic insta-
bility - the higher the PPV on zero end-expiratory pressure,
the greater the decrease, in cardiac output when PEEP is
applied. Consequently, some clinicians use PPV /before”
applying PEEP (or performing feesuiitment manoeuvres in
patients with ARDS.® It has also been described that PEEP
doesiinerease PPV which may be surpiising since applying
PEEP does fitfincrease the éyelicvatiation in airway and
pleural pressures (from end-expiratory to end-inspiratory
values) during a single mechanical breath. As an explana-
tion, by increasing mean airway and pleural pressures and

hence by decreasing.mean cardiac preload, PEEP actually

induces al léftiWardy shift on the PrankeStarling clirve!

y*y ‘Therefore, a patient operating on the flafportion of the

Frank-Starling curve on zero end-expiratory pressure (i.e.
a fluidmon-responsive patient) may move to the steep part
of the curve during PEEP, and Bécomie fluid f&sponsive. In
other words, if PEEP does affect PPV, it does nog affect its
physiologic or clinical value: PPV isstilla marker of the posi-
tion on the Frank-Starling curve and logically an accurate
predictor of fluid responsiveness.!?

Also, tidal volume exerts influence on PPV and may thus
have an impact on the usefulness of PPV for assessing fluid
responsiveness. Tidal volume is the migif determinant of
respiratory variations in pleural pressure and cardiac
preloadwhich areresponsible for significant PPV in patients
operatingon the steep portion of the Frank-Starling curve. 18
Withoutany significant change in pleural pressure and car-
diacpreload, a PPV @aniiotbe observed even in fluid fespoii=
sive patients (e.g. during apnoea, PPV equals zero even in
patients operating on the steepest part of the Frank-Starling
curve). Charron et al.!® studied the influence of tidal vol-
ume in patients of whom 43% were responders to intravas-
cular volume expansion. In their study, ! percentage change
in PPV was higher in responders compared with non-
responders, that is, predictive values of %PP were similar
and higher than that of left ventricle cross-sectional end-
diastolic area at the appropriate level of tidal volume. A
noteworthy point is that %PP was slightly correlated with
norepinephrine dosage. In conclusion, %PP increased with
the increase in the level of tidal volume, both before and
after intravascular volume expansion, contrasting with an
unexpected stability of aortic velocity time integral as a
marker of stroke volume. De Backer et al.20 have confirmed
in 60 patients that PPV isilessiacéirate in predicting fluid
responsiveness when tidal volume is<8l/kg than when it
1s58 Inl/kg In patients with ARDS, ventilated with a mean
tidal volume of 6.4 + 0.7 ml/kg (PEEP 13.9 + 1.4 cmH,0),
Huang et al.?! observed thata PPV cut-off value ofil2% dis-
criminates between fluid-responders and non-responders
with a specificity of 100%and a sensitivity ofi68% Among
the various baseline preload indicators, only baseline PPV

PULSE PRESSURE VARIATION GUIDED THERAPY

y=0.11x-051

showed a positive correlation with volume expansion
induced absolute changes in cardiac index (Figure 2). It has
been suggested that aetite.cor pulmonale — theincidence of
which has been significantly lowered:by the currently rec-
ommended use offlow! tidal volumes?2 — may be responsi-
ble for large PPV in patients non-responding to fluid
loading (fal§&positive).* The specificity of 100% reported
byHuangetal. supportsthe notion that such aphenomenon
(high .PPV..values..in=non-responders) is actually §eiy
mRcommon.

However, the sensitivity of/68% indicates that false neg-
atives may be observed (roughly onesthitd of responders
were fioti properly detected by PPV). As explained above,
this phenomenon is likely related to gmuallirespiratory vari-
ations in pleural pressure and cardiac preload in patients
ventilated with low tidal volumes (£8ml/kg).

In summary, in ARDS patients ventilated with low tidal
volume (and at any level of PEEP), athigh PPV is linost

always indicative that the patient will be fespomsive to fluid
administration. However, a [6w PPVidoesmot éxclude the

possibility of a positive response. In this clinical situation,
it is wise to perform a passive legraising/manocuvre while
monitoring/cardiac output'continuously. Such a manoeu-
vre is reversible, mimics the effects of fluid loading, and has
been shown to be very accurate in predicting fluid respon-
siveness.?* If a significant increase in cardiac output is
observed during the passive leg raising manoeuvre, the
patient should respond to fluid loading. If there is not a sig-
nificant increase in cardiac output, the patient should be a
non-responder and giving fluid would most likely be a mis-
take.

PULSE PRESSURE VARIATION DIRECTED THERAPY
Guiding treatment by PPV as a dynamic preload parame-
ter may be associated with more stable organ function in
different pathophysiological states. With respect to imteas
abdominal hypettension; Bliacheriene et al.+ investigated
the effects of pneumoperitoneum and hypovolaemia on
PPV and SPV in an animal model. In detail, pneumoperi-
toneum was induced by application of CO, and hypo-
volaemia by controlled haemorrhage. While SPV was
modified by haemorrhage but @ls¢ influenced by pneu?
moperitoneum, PPVin contrast was modified Gnly By
haemorrhage. Their findings suggest that PPV should be
used preferentially instead of SPV to detect hypovolaemia
and guide fluid therapy during lparéscopy.

4

Figure 2. Linear correlation
between baseline pulse pressure
variation and absolute changes in
cardiac index at end of volume
expansion (modified from Kramer
etald).
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Figure 3. Guiding intra-operative
fluid therapy by pulse pressure
variation (PPV) in high-risk
surgical patients. Box-and-
whiskers representation of the
duration (days) of mechanical
ventilation (MV), stay in the
intensive care unit (ICU), and stay
in hospital in the control and
intervention groups. The line
inside a box denotes the median,
the limits of the box denote the
75th percentile of the data, and
the whiskers represent the 90th
percentile of the data (modified
fromLopes et al.27).

- administration, but Hoth'

More recently, Renner et al.5 found in a similar animal
model of increased intra-abdominal pressure (IAP) that
PPV, SVV, and global-end-diastolic volume (GEDV) were
the onlyvariables that showed a significant correlation with
SV independent of changes in IAP. With respect to fluid
loading, PPV, SVV, and GEDV significantly correlated with
percentage change in SV before IAP was increased. After
elevation of IAPlup to25 g, this correlation remained
nearlyunchanged for PPV and GEDVA whereas for SVV/ it
was abolished. ROC statistics revealed that PPV had the
greatest area under the curve (estimate of sensitivity and
specificity) of 0.92 during baseline and 0.89 during pneu-
moperitoneum (for comparison: SVV: 0.91 and 0.62,

' )GEDV: 0.90 and 0.83). Transferring those data to critically
il patients, PPV.thay be of particular relevance for patients

with intra-abdominal compartment syndrome.
In critically ill patients, Michard et al.” found that PPV
was even better than SPV at predlctlng a response to fluid
better than EVPr PAOP.
A fthreshold value of a PRV %-allowed dlSCIl!‘l‘ﬁ‘I‘l’atlQn
between responding (cardiac mdex increasing by/S15% t%
volume expansion) and non-responding patients. ..~

Kramer et al.8 studied the response to a volume challenge
in postoperative cardiac surgical patients (6 responders and
15 non-responders). Baseline/@VP and PAOP were no dif-
ferent between these two groups. In contrast, the %SPV and
the %PPV were significantly higher in responders than in
non-responders. ROC curve analysis suggested that the PPV
wasthebest predictor of fluid responsiveness. Theideal PPV
threshold for distinguishing responders from non-respon-
ders was found to bedii%. A PPV value of >11% predicted
an increase in CO with 100%Sensitivity and93% specifici-
ty. According to these authors, PPV and SPV can be used
to predict whether or not volume expansion will increase
CO in postoperative CABG patients. PPV was superior to
SPV at predicting fluid responsiveness while both were fart
stipetion to CVP and PAOP.

With respect to fluid therapy guided by dynamic param-
eters, our group studied 80 patients undergoing elective
major abdominal surgery who were randomly assigned to
a control or SP¥ group in which fitrasoperative fldidman-
agement was guidedbySPV (trigger: SPV10%).26 Duration

of surgery was comparable (5.8 vs. 5.4 hours); however,
infusion volume was slightly higher in the SPV group
(median 4865 ml vs. 4330 ml ). Hepato-splanchnic blood
flows”as assessed by ind nesgreen plasmd disappear-
ancerate, lactate, and central Venousoxygensatiiration'were
notdifferent between both groups. Only, vasopressor sup-
port was intermittently slightly lower in the control group.
However, in comparison with routine care, intra-operative
SPV-guided treatment was associated with slightly
increased fluid admlmstranon whereas organ perfusion and
function was §imila#. Unfortunately, we did not assess PPV
which, however, has been shown to be correlated with SPV.

Very few data are available so far with particular respect
to PPV on the/benefit for guiding fluid therapy. In 2007,
Lopes et al.?? studied 83 patients undergoing high-risk
surgery who were randomised either to a control group
(n=16, PPV was not measured) or to an intervention group
(n=17). In the intervention group, PP¥i was continuously
monitored during surgery by a multi-parameter bedside
monitor and minimised to/l0%orlessby volume’loading.
A noteworthy point is that momejof the patients received
continuous yasoactive/support during surgery. While both
groups were comparable in terms of patient demographics
and type of surgery, the ffiterventiongroup received signif- |
icantly morerfliid than the controls (4618/+ 1557 ml vs.
16943 705 ml) and PPV significantly decreased from22/+
7% to@%: 1% or less at the end of the surgical procedure in
all but four patients (range 7 to 11) in the intervention
group. Onadmission to the €U, meanarterial pressurewas
significantly greater in the intervention group; 24 hours
after ICU admission fewétpatients requirediasoactive sup-
port in the intervention group, and blood lactate was lower
in this group. [Béwer patients/developed complications/in <
the 1ntervent10n group (Zspatients [41%] vs. A2 patients
[75%]). Fivé patients/@ied/(on days 7, 11, 18, 19, and 26) in
the control group, whereastWopatients died (on days 7 and
22) in theinterventiongroup (P=0.171).In control patients,
cause of death was septic shock and ARDS in four cases
(pneumonia n=1, abdominal sepsis n=2, pneumonia and
urosepsis n=1), and acute pulmonary oedema in one case.
In the intervention group, the cause of death was unex-
plained cardiacarrest in one case, and acute respiratory fail-
urein one case (tracheostomy complication). Because death
does influence the duration of mechanical ventilation, the
duration of stay in the ICU, and the duration of stay in hos-
pital, these parameters were also analysed considering only
survivors (n=26). The median duration of mechamcal ven-
tilation, stay in the ICU, and stay in hospital wasT#s:5 days' &
(P=0.29),39519days (P=0.014), and Z¥s: 17 days(P=0. 024) 4.
in survivors of the intervention group (n=17) and control
group (n=16), respectively (Figure 3).

LIMITATIONS AND PITFALLS
As in every concept, PPV for prediction of fluid responsive-
ness, which is indisputably helpful in patients receiving
mechanical ventilation, has its limitatiofis. Principally, it
may come to predict falsely positive infusion of fluid in the
presence of a falsely high PPV in the absence of hypo-
volaemia and false negative results, i.e. low PPV despite fluid
responsweness The major point is that particularly ingsight
mction false positive prediction’by PPV may be
encountered Most patients with/false positive PPV results
are described in acutécorpulmonale:>’?8 ?* ¢
Furthermore, PPV has a lower reliability i in pat1ents with
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Low PPV

Figure 4. How to use pulse
pressure variation in patients
with acute respiratory distress
syndrome (ARDS) ventilated with
a low tidal volume (at any level of
PEEP).

CO0: cardiac output; PPV: pulse
pressure variation; PEEP: positive
end-expiratory pressure.
(modified from Tehoul ang
Monnets)

Patient with RDS
* low tidal volume
+ high PEEP

1 CO monitoring

Fluid
responder

nias." In general, it may be hypothe-
sised that, in patients with owlung Pliance, the de
m of alveolar pressure to the intrathoracic com-
partment could result in Joy V, even in cases of preload
p ness. However, high PPV may be observed in
patients with severe acute lung injury (and thus low lung
compliance). 16 Importantly, low lung compliance is general-
ly associated with high alveolar pressures, even in the case of
reduced tidal volume, As 4 result, despite reduced Ppressure
transmission, the respiratory changes in C/pres-
sure should remain Sigiiif rthus leading to a certain
amount of PPV in preload responsive patients. Overall, the
potential role of lung compliance on PPV thyg
documented. Others have challenged this viewpointby argu-
ing thatin patients with acute lung injury (in whom reduced
tidal volume is recommended) low lung compliance is asso-
ciated with cyclic changes in both transpulmonary pressure
and intrathoracic pressure still high enough for PPV to keep
its ability to predict fluid responsiveness.2? Finally, arterjal
compliance per se and changes in vasomotor tone may mod-

ify the pulse wave itself and its amplification characteristics

both by modifying the sites at which the pressure wave is
reflected and by affecting pulse wave velocity. This may alter
the relationship between aortic pulse pressure and peripher-
al pulse pressure, and the resulting effect on PPV remains to
be clarified. Most recently, PPV and SVV were found to be
able to predict fluid responsiveness unde d=chest con-
ditions, whereasalllstatic and dynamic preload indicators fail
to predict fluid responsiveness under nest condi-
tions,30 emphasising that the influence of intratho
sutefis of particular importance for interpretation.,

In patients in whom respiratory changes are difficult to
interpret, a passi [aising manoeuvre should be con-
sidered for assessing fluid responsiveness. The appropriate
utilisation of this test requires a real-time assessment of its
effects on systemic blood flow. A practical way following
this suggestion is summarised in Figure 4,31

CONCLUSION

Pulse pressure variation is avery promising clinical too] for

management of fluid responsiveness in critically ill patients
with circulatory failure and mechanical ventilation, The pre-
sent body of evidence supports the incorporation of this
parameter in standard monitoring devices. The measure-
ment of PPV is less invasive than that of many other param-
eters and several studies have shown its clinical valye i
practice. However, limitations of the concept of Ppy for
assessing fluid responsiveness, especially present in an unse-
lected population, need to be considered. Available results on
PPV-guided therapy in high-risk surgical patients are
promising; however, more data on critically ill patients are
required in the future.
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