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Background. Plethysmographic variability index (PVI) is an accurate predictor of fluid
responsiveness in mechanically ventilated patients. However, the site of measurement of
the plethysmographic waveform impacts its morphology and its respiratory variation. The
goal of this study was to investigate the ability of PVI to predict fluid responsiveness at
three sites of measurement (the forehead, ear, and finger) in mechanically ventilated
patients under general anaesthesia.

Editor’s key points

e Plethysmographic
variability index (PVI) can
predict i.v. fluid
responsiveness in

mechanically ventilated
patients, but the
influence of the
monitoring site on
sensitivity and specificity
is unknown.

PVI monitored at the
forehead, ear, or finger
predicted fluid
responsiveness in 28
anaesthetized and
mechanically ventilated
subjects.

PVI monitored at the
forehead or ear provides
a useful alternative to the
finger in certain
situations.

Methods. We studied 28 subjects after induction of general anaesthesia. Subjects were
monitored with a pulmonary artery catheter and three pulse oximeter sensors (the
finger, ear, and forehead). Pulse pressure variation, central venous pressure, cardiac index
(CI), and PVI measured at the forehead, ear, and finger (PVIorenead; PVIear, and PVIgnger)
were recorded before and after fluid loading (FL). Subjects were responders to volume
expansion if CI increased >15% after FL.

Results. Areas under the receiver-operating curves to predict fluid responsiveness were
0.906, 0.880, and 0.836 for PVlforenead; PVlear, and PVlgnger, respectively (P<<0.05).
PVItoreheads PVIear, and PVIgnger had a threshold value to predict fluid responsiveness of
15%, 16%, and 12% with sensitivities of 89%, 74%, and 74% and specificities of 78%,
74%, and 67%, respectively.

Conclusions. PVI can predict fluid responsiveness in anaesthetized and ventilated subjects
at all three sites of measurement. However, the threshold values for predicting fluid
responsiveness differ with the site of measurement. These results support the use of this
plethysmographic dynamic index in the cephalic region when the finger is inaccessible or
during states of low peripheral perfusion.
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Recent studies have shown that intraoperative optimization
of cardiac output (CO) using goal-directed volume expansion
has the ability to improve postoperative outcome with a
decrease in postoperative morbidity and hospital stay.’~*
To avoid the potential deleterious effects of volume expan-
sion, preload dependence assessment is crucial to guide
fluid therapy to prevent excessive fluid loading (FL), and so
robust predictors of fluid responsiveness are needed.” °
Dynamic parameters, relying on respiratory variations in
stroke volume, have been shown to be better indicators of

fluid responsiveness than static parameters in mechanically
ventilated patients under general anaesthesia.®

Pulse oximetry is a standard intraoperative monitor, is
widely available, non-invasive, and mandatory in many
countries.® Respiratory variations in the plethysmographic
waveform amplitude (APOP) can predict fluid responsiveness
in mechanically ventilated patients in the operating
theatre.’~'*  Plethysmographic variability index (PVI)
(Masimo Corp., Irvine, CA, USA) is an algorithm allowing for
automated and continuous monitoring of respiratory
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variations in the pulse oximetry plethysmographic waveform
amplitude, derived from the perfusion index (PI)."? PVI has
the ability to predict fluid responsiveness'®> '* and to
improve intraoperative fluid management and postoperative
outcome.’ However, vasomotor tone can impact the
plethysmographic waveform and the accuracy of APOP, PVI,
or both to predict fluid responsiveness.'® Most studies
focusing on this topic measured these parameters at the
finger.” '*-'* However, recent studies suggest that other
sites of measurement might be more appropriate.’’~?° The
choice of an alternative site of measurement with less sensi-
tivity to changes in vasomotor tone, such as the ear or fore-
head, might then improve the accuracy of PVI.

The goal of this study was to investigate and compare the
ability of PVI to predict fluid responsiveness at three different
sites of measurement (the finger, ear, and forehead) in
mechanically ventilated patients in the operating theatre.

Methods

The protocol used in the present study was approved by the
institutional review board for human subjects of Comité Con-
sultatif de Protection des Personnes dans la Recherche Bio-
médicale Lyon Sud Est III (Ref: 2010-025 B). After receiving
written informed consent, we studied 28 patients referred
for cardiac surgery. Patients with cardiac arrhythmias, left
ventricular (LV) ejection fraction <40%, or right ventricular
(RV) dysfunction were not included.

Anaesthesia was induced with sufentanil (0.5-1.0
ng kg %), propofol (1-3 mg kg '), and cisatracurium
(0.15 mg kg_l). After induction of anaesthesia, an 8 cm, 5 F
catheter (Arrow International Inc., Reading, PA, USA) was
inserted in the left or right radial artery. A triple-lumen, 16
cm, 8.5 F central venous catheter (Arrow International Inc.)
and a 7.5 F pulmonary artery catheter (Swan-Ganz catheter;
Baxter Edwards, Lifescience, LLC, Irvine, CA, USA) were
inserted via the right internal jugular vein. Pressure transdu-
cers (Medex Medical Ltd, Rossendale, Lancashire, UK) were
placed at the level of the mid-axillary line and fixed to the
operating table at the atrial level throughout the study proto-
col. All transducers were zeroed to atmospheric pressure. CO
was measured by thermodilution using the average of three
successive measurements obtained by injection of 10 ml
(5%) dextrose at room temperature randomly during the res-
piratory cycle. Cardiac index (CI) and stroke volume index
(SVI) were calculated using standard formulas by dividing CO
and stroke volume, respectively, by body surface area. Three
pulse oximeter probes were attached to different sites, the
first one on the index finger of the right or the left hand via a
finger clip (LNOP® Adt, Masimo Corp.), one on the left ear via
an ear clip (LNOP® TC-1, Masimo Corp.), and one on the fore-
head just above the eyebrow (LNOP® TF-I, Masimo Corp.).
External pressure was applied to the forehead probe with a
headband, as recommended by the manufacturer. The
probes were wrapped to prevent outside light from interfering
with the signal. These pulse oximeters were connected to a
Masimo Radical 7 monitor (Masimo SET, Masimo Corp.) with

330

PVI software version 7.1.1.5. Pulse oximeter plethysmographic
waveforms were recorded from the Radical 7 monitor to a per-
sonal computer using PhysioLog software (PhysioLog V1.0.1.1,
Protolink Inc., Richardson, TX, USA) for further analysis.
Anaesthesia was maintained with continuous infusion of
propofol (5 mg kg~* h™1) and sufentanil (0.1 ng kg™ h™?) to
keep bispectral index (BIS) (Aspect 1000, Aspect Medical
Systems Inc., Natick, MA, USA) between 40 and 60. Patients
were ventilated in a volume-controlled mode with a tidal
volume of 8 ml kg~ ! body weight, a frequency of 10-12
min~%, an LE ratio of 1:2, an oxygen inspiratory fraction of 0.5,
and a PEEP of 0 cm H,0 (Primus®; Dréger, Liibeck, Germany).

Data recording and analysis

PVI calculation

PVI is a measure of the dynamic changes in PI during a com-
plete respiratory cycle. For the measurement of oxygen sat-
uration (Spo,) via pulse oximetry, red and infrared lights are
used. A constant amount of light [direct current (DC)] from
the pulse oximeter is absorbed by skin, other tissues, and
non-pulsatile blood, whereas a variable amount of light
[alternating current (AC)] is absorbed by the pulsating arter-
ial inflow. For PI calculation, the infrared pulsatile signal is
indexed against the non-pulsatile infrared signal and
expressed as a percentage [PI=(AC/DC)x100], reflecting
the amplitude of the pulse oximeter waveform. PVI calcu-
lation is then accomplished by measuring changes in PI
over a time interval sufficient to include one or more com-
plete respiratory cycles as PVI=[(PIqx —Plmin)/PImax] x 100.
PVI is continuously displayed by the Radical 7 monitor and
is averaged over 2 min. At each step of the protocol, PVI
was recorded for each site of measurement: at the finger
(PVIfnger), the ear (PVley), and the forehead (PVIforenead). PI
was also recorded at the finger (Plgnger), the ear (Pleq), and
the forehead (Plyrenead)-

Other haemodynamic measurements

The following variables were also recorded: systolic arterial
pressure, mean arterial pressure (MAP), diastolic arterial
pressure (DAP), heart rate (HR), end-expiratory central
venous pressure (CVP), end-expiratory pulmonary capillary
wedge pressure (PCWP), SVI, CI, systemic vascular resistance
index (SVRI), Spy,, and the percentage change in arterial
pulse pressure [pulse pressure variation (PPV)]. PPV based
on Aboy and colleagues®’ ?? was automatically and continu-
ously displayed by the Philips® monitor (Intellivue MP70,
Philips Medical System, Suresnes, France).

Experimental protocol

For each patient, a complete baseline set of plethysmo-
graphic and haemodynamic measurements was performed
after induction of general anaesthesia after a 5 min period
of haemodynamic stability with no changes in anaesthetic
protocol and no volume expansion. Then, an i.v. volume
expansion using 500 ml of hetastarch 6% (Voluven®;
Fresenius Kabi, Bad Homburg, Germany) was infused over
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10 min, followed by a new set of haemodynamic measure-
ments 5 min after FL.

Statistical analysis

All haemodynamic variables are presented as mean (sb)
unless otherwise stated. The normality of distribution of
data was demonstrated with a Kolmogorov-Smirnov test.
Subjects were allocated to two groups according to the per-
centage change in CI induced by volume expansion. Volume
responders were defined by an increase in CI>15% and non-
responders by an increase in CI<15%.”> Responders and
non-responders group data were compared using unpaired
Student’s t-test. To assess the ability of measured/calculated
parameters to identify responders to intravascular
fluid administration, receiver-operating characteristic (ROC)
curves were generated, varying the discriminating threshold
for CI, CVP, PCWP, PI, PVI, and PPV. The optimal threshold
value (the value that maximizes the sum of the sensitivity
and specificity) was also determined. The areas under the
ROC curves were calculated for each variable and compared
as described previously.”*

The variability of PI was evaluated by the coefficient of
variation of PI (CVp;) for each site of measurement during a
3 min period before and after FL. CVp; was calculated as
the sp divided by the mean of PI, based on a sampling rate
of 1 Hz. The mean and sp of the CVp; for the entire study
group were then calculated for each site before and after
volume expansion. The CVp's of the cephalic region (the
ear and forehead) were compared with the CVp; of the
finger by a one sample t-test.

Considering previously published results, power analysis
showed that 25 subjects were necessary to detect differ-
ences of 0.15 between the PVI and PPV area under the ROC

curve (5% type I error rate, 80% power, two-tailed test).?
For all comparisons, P<<0.05 was considered significant. Stat-
istical analysis was performed using SPSS software version
13.0 for Windows (SPSS Inc., Chicago, IL, USA).

Results

Twenty-eight subjects were enrolled in the study. This group
consisted of 23 men and five women aged between 38 and
86 yr (mean age, 62 yr). Sixteen subjects received B-blockers
before operation; none received vasoactive drugs before

surgery.

Effects of volume expansion on haemodynamic data

Baseline haemodynamic and plethysmographic data and
their changes after intravascular fluid administration are
summarized in Table 1. Volume expansion induced signifi-
cant increases in CI, SVI, CVP, PCWP, and Plyenead and a sig-
nificant decrease in PVIforenead; PVIear, PVIfingers PPV, SVRI,
and HR. We observed no change in MAP, Plgger, OF Plegr.

Differences in haemodynamic data between
responders and non-responders to volume expansion

Nineteen subjects were responders and nine were
non-responders to volume expansion (Table 1). PVIfreheads
PVIear, and PVIgnger Were significantly higher in the responder
group than in the non-responder group [20 (4)% vs 13 (5)%,
P<0.001; 19 (6)% vs 11 (4)%, P=0.001; and 17 (6)% vs 9
(5)%, P=0.003, respectively], as was PPV [16 (6)% vs 9
(4)%, P=0.003]. Interestingly, Plforenead Was significantly
lower in responders than in non-responders [0.90 (0.37)%
vs 2.06 (1.27)%, P=0.001], as was CI [1.84 (0.51) vs 2.67
(1.56) litre min~* m~2, P=0.04]. There was no significant
difference in CVP [9 (4) vs 11 (7) mm Hg, P=0.39], PCWP

Table 1 Haemodynamic and plethysmographic data in responders and non-responders at baseline and after FL. Data are mean (sb). MAP, mean
arterial pressure; HR, heart rate; CVP, central venous pressure; PCWP, pulmonary capillary wedge pressure; SVI, stroke volume index; CI, cardiac
index; SVRI, systemic vascular resistance index; PPV, automated pulse pressure variation; PVI, plethysmographic variability index; PI, perfusion

index

Responders to fluid Non-responders to P-value Before fluid After fluid P-value

loading (n=19) fluid loading (n=9) loading (n=28) loading (n=28)
MAP (mm Hg) 66 (14) 71 (12) 0.35 67 (13) 71 (14) 0.21
HR (beats min~?Y) 60 (10) 62 (14) 0.67 61 (11) 58 (10) 0.01
CVP (mm Hg) 9 (4) 11 (7) 0.39 10 (5) 13 (5) <0.001
PCWP (mm Hg) 12 (5) 16 (12) 0.16 13 (8) 16 (8) <0.001
SVI (ml m~2) 32 (13) 42 (15) 0.08 35 (14) 44 (18) <0.001
CI (litre min~* m~?) 1.84 (0.51) 2.67 (1.56) 0.04 2.11 (1.03) 2.50 (0.92) <0.001
SVRI (dyn s™tecm™> m™?) 2601 (788) 2125 (754) 0.14 2448 (796) 2039 (673) <0.001
PPV (%) 16 (6) 9 (4) 0.003 14 (6) 73) <0.001
PVIfinger (%) 17 (6) 9 (5) 0.003 15 (7) 11 (6) 0.01
PVIeqr (%) 19 (6) 11 (4) 0.001 17 (7) 11 (5) <0.001
PVIforehead (%) 20 (4) 13 (5) <0.001 18 (6) 10 (5) <0.001
Plfinger (%) 4.41 (2.56) 4.81 (2.77) 0.71 4.54 (2.59) 4.62 (2.84) 0.81
Plear (%) 0.63 (0.55) 0.71 (0.59) 0.74 0.65 (0.55) 0.72 (0.65) 0.38
Pltorehead (%) 0.90 (0.37) 2.06 (1.27) 0.001 1.27 (0.93) 1.53 (1.08) 0.008
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Table 2 Areas under the ROC curves and cut-off values of haemodynamic and plethysmographic parameters in prediction of fluid
responsiveness. AUC, area under the curve; PVI, plethysmographic variability index; PPV, automated pulse pressure variations; PI, perfusion
index; CVP, central venous pressure; PCWP, pulmonary capillary wedge pressure; CI, cardiac index

AUC Standard error  Asymptotic 95% confidence P-value  Cut-off Sensitivity (%)  Specificity (%)
interval
Lower bound  Upper bound
PVlfinger 0.836  0.077 0.685 0.988 0.005 >12% 74 67
PVIear 0.880 0.066 0.751 1.009 0.001 >16% 74 89
PVIforehead  0.906  0.066 0.776 1.036 0.001 >15% 89 78
PPV 0.836  0.081 0.678 0.995 0.005 >11% 74 89
Plfinger 0.538 0.125 0.293 0.783 0.75 <4.20% 58 56
Plear 0.620 0.106 0.412 0.828 0.31 <0.36% 42 89
Pliorehead  0.854  0.076 0.704 1.003 0.003 <1.37% 95 67
CVP 0.418 0.129 0.165 0.671 0.49 <8 mm Hg 58 33
PCWP 0.386  0.135 0.122 0.650 0.34 <11 mm Hg 56 44
I 0.760  0.091 0.583 0.938 0.03 <1.64lmin"'m~? 53 100
1.09 T 301 . e Responders
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Fig 1 ROC curves comparing the ability of PVI recorded at the
forehead, ear, and finger (PVIorehead; PVIear, and PVIgnger), auto-
mated PPV and CVP at baseline to discriminate between respon-
ders and non-responders to intravascular volume expansion.

[12 (5) vs 16 (12) mm Hg, P=0.16], PI.o, [0.63 (0.55)% vs 0.71
(0.59)%, P=0.74], or Plgnger [4.41 (2.56)% vs 4.81 (2.77)%,
P=0.71] between the two groups.

Prediction of fluid responsiveness

Areas under ROC curves (se) and the optimal threshold value
for each parameter are presented in Table 2. The greater
areas were obtained with PVI.,, and PVIirehead (P=0.001
for both) (Fig. 1). Optimal threshold values of PVI were
higher at the forehead and ear (15% and 16%, respectively)
than at the finger (12%). Areas under ROC curves obtained
with Plegy, Plfinger, CVP, and PCWP showed no significant
difference from 0.5 (Fig. 1). The three sites of measurement
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of PVI were able to predict fluid responsiveness with the
best site being the forehead, then the ear and finger;
however, there was no statistical difference between these
three areas.

Individual data of PVIgyenead Nd Plegenead according to
responders and non-responders to FL are shown in
Figure 2. A Pliyenead below 1.37% predicted fluid responsive-
ness with a sensitivity of 67% and a specificity of 95%
(P<0.005). Interestingly, looking at the threshold values of
Plforehead aNd PVIgorenead together increased the specificity
from 78% to 100%, and the positive and negative predictive
values to predict fluid responsiveness (Table 3).

Signal stability analysis

Four subjects were excluded from CVp; calculation because of
discontinuous collection of the plethysmographic signal
during the PI recording. The CVp; calculated for each site at
baseline and after volume expansion are presented in
Table 4. There was no significant difference in CVp; between
each site before and after volume expansion. However, CVp;
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Table 3 Prediction of fluid responsiveness by PVI and the association of PVI and PI recorded at the forehead. PVI, plethysmographic variability

index; PI, perfusion index

Sensitivity (%)

Specificity (%)

Positive predictive Negative
value (%) predictive value (%)

PVItorehead™>15% 89
PVIforehead > 15% and Plforehead < 1.37 89

78
100

89 78
100 82

Table & Coefficients of variation of perfusion index at the
forehead, ear, and finger at baseline and after FL. Data are mean
(sp). CVprforenead, COEfficient of variation of perfusion index at the
forehead; CVpreqr, coefficient of variation of perfusion index at the
ear; CVpifinger, coefficient of variation of perfusion index at the
finger. *Significantly different from CVprforenead before FL (P<<0.05).
Ssignificantly different from CVpiroreneaa after FL (P<0.05)

Before fluid loading
0.130 (0.090)*

0.088 (0.079)
0.095 (0.078)

After fluid loading
0.117 (0.085)°

0.066 (0.072)
0.075 (0.097)

CVPIﬁ nger
CVPIear

CVPIforehead

were nevertheless significantly lower for the ear and fore-
head than for the finger whatever the period of recording.

Discussion

This present study shows that PVI¢enead and PVIeq, provide a
prediction of fluid responsiveness in mechanically ventilated
and anaesthetized patients in the operating theatre as accu-
rately as PPV and PVIsnger. Contrary to the usual practice,
using PVIfrenead cOmMbined with Plieneqd (available on the
same device) seems to be the most appropriate measure-
ment method.

PVI is an algorithm allowing automated and continuous
monitoring of respiratory variation of photoplethysmo-
graphic waveform amplitude. Despite limits of application
of dynamic parameters such as arrhythmias, LV dysfunction,
or small tidal volumes,?> 2° ~40% of the patients undergoing
an anaesthetic procedure met the criteria for the use of
PVL?” All studies concerning PVI have involved the finger
plethysmograph. However, it has been suggested that the
choice of an alternative site of measurement, such as the
ear lobe or forehead, might affect the ability of PVI to accu-
rately predict fluid responsiveness, mainly for two reasons.
First, the effect of ventilation on the plethysmographic
signal is expressed more strongly if probes are placed on
the head (probably because of a shorter distance between
the heart and the cephalic region than between the heart
and fingers).'? The higher values of PVIyenead aNd PV
compared with PVIgnger oObserved in responder patients high-
light this fact. Secondly, PI depends on the distensibility of
the vascular wall and the intravascular pulse pressure.*® °
So any change in local conditions (such as acute changes
in vasomotor tone) could alter PI, and consequently, PVI,
since this index reflects variations in PI over a given period.

It should be noted that the vasculature of the head is rela-
tively more resistant to sympathetically mediated vasomotor
tone changes than that of the finger.?” *®

CVpr was higher at the finger than in the cephalic region,
although values of PVI were highest at the ear and forehead.
Since the CVp; is not linked just to respiratory variations of PI,
we hypothesize that these variations of PI at the finger are
predominantly dependent on variations in vasomotor tone,
independently of the volume status. Of note, we have not
evaluated the coefficient of variation of PVI before and
after FL because the value of PVI displayed by the monitor
is already averaged over a period of 2-3 min. Vasomotor
tone can be explored by analysing low frequencies of the
PI using spectral analysis.’® Unfortunately, we were unable
to perform spectral analysis on low PI frequencies because
of filters placed on the monitors provided by the manufac-
turer. Consequently, we cannot draw definitive conclusions
regarding the cause of these smaller PI variations or regard-
ing a potential better PVI measurement site. As with a
number of devices, PVI is a ‘black box’ with a protected algo-
rithm. Because of this, there could be a loss of important
information, specifically venous modulation during the res-
piratory cycle, that could give us supplementary information
about fluid responsiveness.

We suppressed the venous component using an external
headband so as not to alter the PI. It could be interesting
to study the PVI and PI of the forehead and ear sensor
without compression. This could confirm previous studies®®
by exploring both arterial and venous components of the
photoplethysmographic signal in further studies should the
manufacturer be more forthcoming with details of the algo-
rithm used to calculate PVI.>®

Many factors can decrease the alternating current of the
PI (such as vasoconstriction, cold, surgical stress, or use of
vasoactive drugs).’® *° Nevertheless, general anaesthesia
reduces the oscillatory components of the perfusion signal
related to sympathetic, myogenic activity and the com-
ponent modulated by the endothelium.>° This is why our sub-
jects were studied during steady-state conditions, under
deep general anaesthesia, with a BIS between 30 and 60,
and none of the subjects received vasoconstrictors.

Despite the fact that CVp; was lower in the cephalic region,
the ROC curve observed for PVIiyrehead aNd PVIeq, Was not
statistically better compared with the PVlgnger. These
devices need to be tested during surgical procedures,
where vasomotor tone can be exerted. Forget and colleagues
have previously demonstrated the feasibility of PVI during
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major abdominal surgery with a probe on the finger. In that
study, PVI-based goal-directed fluid management resulted in
less crystalloid administration perioperatively and lower
lactic acid levels after operation.’®

Interestingly, using a Plgyenead cUt-off value of <1.37% in
the face of a PVlfyenead >15% increased the specificity of
PVI. This agrees with a recent article®’ that showed that
the area under the curve for the forehead plethysmographic
amplitude (which is related to the PI), as opposed to the
finger site, was strongly correlated (r>>0.59) with stroke
volume changes during low body negative pressure in
healthy volunteers. Therefore, PI could be used as an
additional tool for haemodynamic monitoring. Moreover, PI
has already been linked to systemic and tissue perfusion,
particularly in neonates.>? Of note, forehead plethysmogra-
phy is based on transreflectance contrary to ear and finger
plethysmography which are based on transmittance. Never-
theless, the haemodynamic state seems to influence these
two different measurement techniques in the same
manner.”® The reason why, in our study, the ratio AC/DC
(i.e. the PI) is more sensitive to preload dependence when
measured on the forehead as opposed to the other sites is
not yet understood.

Recent studies have shown that the method of attach-
ment of a pulse oximeter can affect the ability of the
device to accurately determine the optimal waveform.?®
Moreover, Shelley and colleagues®® have found that forehead
plethysmography can be affected by the presence of a strong
venous signal, which can contribute to misinterpretation of
the plethysmographic waveform in patients with a pulse oxi-
meter probe attached to their forehead. The ear and finger
plethysmographic probes are outfitted with a clip, which pre-
vents venous stasis and therefore reflects a more reliable
arterial waveform. In our study, we applied external pressure
on the forehead probe with a dedicated headband in order to
obtain an optimal plethysmographic waveform?® and to sup-
press the impact of venous pulsation.**

Several factors can affect vasomotor tone during the peri-
operative period such as surgical stress, regional sympathetic
blocks, sedation depth, cold, and vasoconstrictors and these
can consequently affect PIL. Further studies are necessary to
confirm the ability of PVI to assess fluid responsiveness
during surgical procedures.

Threshold values of dynamic indicators of fluid responsive-
ness such as PVI*3 1 3“ vary among studies and settings, and
the existence of an inconclusive ‘grey zone’ has been
evoked.” We believe that values in this grey zone should be
interpreted warily, and additional indices should be used
(such as the Plforenead in our study) to make decisions.

In conclusion, PVI can predict fluid responsiveness what-
ever the site of measurement in the operating theatre
during general anaesthesia may be. Despite a lower variabil-
ity of forehead and ear PI, the cephalic region is not better
than the finger site at monitoring the PVI in this setting.
However, it is a viable alternative when the finger site
cannot be monitored. Further studies should be performed
during surgical procedures to examine the potential
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increased accuracy of predicting fluid responsiveness by
using the PVIfrenead aNd PVIeg,.
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