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ABSTRACT

Introduction. Dynamic tests for predict-
ing fluid responsiveness have generated 
increased interest in recent years. One of 
these tests, pulse pressure variation (PPV), 
is a parameter calculated from respiratory 
variations of pulse pressure. Another test, 
pleth variability index (PVI), is based on 
respiratory variations of the perfusion in-
dex and can be measured non-invasively 
by pulse oximeter. Previous studies have 
shown that both tests are valuable in deter-
mining fluid responsiveness.
Methods. In this observational prospective 
study, our aim was to compare the PVI and 
PPV in order to identify a convenient tool 
for determining fluid responsiveness. Our 
study was performed in a surgical and re-
animation intensive care unit. We enrolled 
one hundred mechanically ventilated adult 
patients diagnosed with sepsis. Exclusion 
criteria included brain death, spontane-
ous breathing, cardiac arrhythmia, and 
impaired peripheral circulation. We meas-
ured the PPV by arterial monitorization 
and the PVI by using Masimo Radical 7 in 
the 45° semi-recumbent position (SP) and 
then 15° Trendelenbug position (TP). We 
performed correlation and ROC analysis 
using a >13% fluid responsiveness cut-off 
value for the PPV and >14% for the PVI.
Results. Between the SP and the TP, we did 
not observe significant decreases in PPV 
(from 14.17 ± 10.57 to 12.66 ± 9.64; p > 
0.05), while we did observe significant de-
creases in PVI (from 21.91 ± 13.99 to 20.46 
± 14.12; p < 0.05). The PPV fluid respon-
siveness cut-off value in the SP and TP was 
20% (78.95% sensitivity, 77.05% specific-
ity) and 18% (76.67% sensitivity, 72.46% 

specificity), respectively. The PVI fluid 
responsiveness cut-off value in the SP and 
TP was 20% (80.49% sensitivity, 81.03% 
specificity) and 16% (81.25% sensitivity, 
62.69% specificity), respectively. The area 
under the ROC of the PPV and PVI was 
0.843 and 0.858 in the SP, respectively, and 
0.760 and 0.747 in the TP, respectively. The 
PPV and PVI were correlated in the SP (r 
= 0.578; p = 0.001) and the TP (r = 0.517; 
p = 0.001).
Conclusions. Our results showed that the 
PPV and PVI were correlated independent 
of position change in sepsis patients. Both 
tests appear to be equivalently reliable. 
However, the ability of the PPV and PVI 
to predict fluid responsiveness decreased 
in the TP in our study.
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INTRODUCTION

Sepsis is a disease with multiple compo-
nents in terms of cause, pathophysiology, 
diagnosis, and treatment. Patient physiol-
ogy deteriorates due to infection, host de-
fense, and sepsis treatment. Intravenous 
fluids, antibiotics, source control, vaso-
pressors, inotropic drugs, and mechani-
cal ventilator therapy are performed as 
early intervention measures in sepsis. (1) 
While inadequate fluid treatment may lead 
to tissue hypoxia and organ dysfunction, 
unnecessary fluid treatment may increase 
mechanical ventilation therapy time, lung 
damage, and mortality. (2)
Fluid treatment is frequently the first line 
of treatment in critically ill sepsis patients. 

(1) However, serious hemodynamic prob-
lems may occur because of ineffective or 
uncontrolled fluid treatment. Therefore, 
there has been increased interest in the 
assessment of fluid responsiveness in criti-
cally ill patients. Fluid responder patients 
are critically ill patients that benefit from 
fluid infusion, while fluid non-respond-
er patients have unfavorable results. (3) 
Measurement of cardiac preload (i.e., cen-
tral venous pressure) has been used for 
fluid assessment for decades. However, a 
wide range of studies have shown that car-
diac preload may be affected by multiple 
factors and that cardiac preload yields lim-
ited data for fluid responsiveness. (4) For 
this reason, dynamic tests were researched 
in the assessment of fluid responsiveness, 
including tests for variation of arterial 
pressure and stroke volume in accordance 
with intrathoracic pressure changes by 
ventilation. 
Dynamic tests, unlike static tests, are able 
to predict the hemodynamic effects of vol-
ume expansion. (5) The main limitation of 
dynamic tests is that they do not consider 
the presence of spontaneous breathing 
effort, arrhythmias, increase in intra-ab-
dominal and intra-thoracic pressure, and 
right ventricular dysfunction. (6) Most dy-
namic tests are invasive which makes them 
inconvenient for critically ill patients. The 
pulse pressure variation (PPV) test is a dy-
namic test that has been proven effective 
for predicting fluid responsiveness, but it 
requires an invasive arterial line and con-
tinuous arterial monitorization. (7) On 
the other hand, the pleth variability in-
dex (PVI) has surfaced in recent years as 
a non-invasive dynamic test involving an 
algorithm that calculates respiratory varia-
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tions in the perfusion index. Clinical trials 
have shown that PVI is a suitable tool for 
assessing fluid responsiveness in mechani-
cally ventilated patients. (8)
Our aim was to study the effect of position 
change while assessing fluid responsive-
ness with non-invasive and invasive tests. 
Our main objective was to determine cor-
relations between PPV and PVI in patients 
in the semi-recumbent position (SP) and 
the Trendelenburg position (TP) by de-
termining fluid responsiveness for each 
test in each position. For this purpose, we 
measured PPV and PVI, along with other 
parameters, of patients in the SP and the 
TP with a 5-minute intermission between 
patient positions.

MATERIALS AND METHODS

Our prospective observational study was 
approved by the Medical Faculty Ethics 
Committee at Trakya University (Proto-
col no: TUTF-GOKAEK 2013/171). Our 
study included a hundred mechanically 
ventilated critically ill patients who had 
been diagnosed with sepsis within a year. 
Informed consent forms were signed for 
each patient by appropriate relatives. Pa-
tients were included in the study with the 
following criteria: mechanical ventilation, 
sepsis diagnosis, and age above 18 years. 
Patients were excluded with the follow-
ing criteria: presence of known cardiac 
arrhythmias, brain death, spontaneous 
breathing, and impaired peripheral blood 
circulation.
All of the patients in our study were moni-
tored for arterial pressure using a BeneV-
iew T8 bedside monitor (Mindray Medical 
Electronics Corporation, Shenzhen, Chi-
na). Patients were also monitored using 
a pulse oximeter probe with shading for 
outside light connected to Masimo Radi-
cal 7 monitor (Masimo Corporation, Ir-
vine, USA). Patients were not intentionally 
sedated. Most of the patients were not on 
sedatives and were on mechanical ventila-
tion without breathing efforts. We record-
ed demographic data, acute physiology 
and chronic health evaluation (APACHE) 
II scores, laboratory results, mechanical 
ventilator parameters, and vital parameters 
of the patients. Patient treatments, includ-
ing ongoing fluids and vasoactive drugs, 
were unchanged during the data collec-
tion period. There was no fluid expansion 
during this period. After monitorization, 
patients were placed in the initial 45° semi-
recumbent position. We simultaneously 
recorded vital parameters, central venous 
pressure (CVP), PPV, and PVI values. 

Then the position was changed to the 15° 
Trendelenburg position, and patients were 
carefully observed for 5 minutes. After a 
5-minute waiting period, values for vital 
parameters, CVP, PPV, and PVI were again 
recorded, and patients were returned to 
their initial position.

STATISTICAL ANALYSIS

Data were analyzed using two groups of 
PPV threshold values (> 13% or ≤13%). 
Michard et al. showed this value for fluid 
responsiveness in mechanically ventilated 
patients previously. (7) ROC curves for 
PVI were generated. In the same way, data 
were analyzed using two groups of PVI 
values, according to another study by Can-
nesson et al, which showed a threshold for 
fluid responsiveness in mechanically ven-
tilated patients. (8) ROC curves for PPV 
were also generated. Correlation analysis 
was performed between newly found val-
ues of PPV and PVI in the semi-recumbent 
and Trendelenburg positions. Vital param-
eters, mechanical ventilator values, PPV, 
PVI, CVP values were compared between 
both positions. Statistical analysis was 
conducted using Statistical Package for So-
cial Sciences (SPSS) version 21 (SPSS Inc., 
Chicago, IL, USA) and MedCalc v14.12.0 
(MedCalc Software bvba, Ostend, Bel-
gium). One sample Kolmogorov Smirnov 
test was used for normal distribution of 
measurable data. Wilcoxon signed-rank 
test was used for non-normally distributed 
in-group comparisons. Spearman’s cor-
relation analysis was used for measuring 
statistical dependence between two varia-
bles. ROC curves were used for sensitivity, 
specifity and threshold values. Descriptive 
statistics were expressed as mean ± stand-
ard deviation. Statistical significance for p 
values was considered less than 0.05.

RESULTS

Of the 100 patients initially included in our 
study, 99 completed the study. One patient 
was excluded because of instability of vi-
tal parameters during the recording phase. 
Patient characteristics are presented in ta-
ble 1. Patients were included in the study 
after 8.1 ± 9.2 days of admission to the in-
tensive care unit (ICU). Of the 99 patients 
included, 29 (29.3%) were receiving seda-
tion and 15 (15.2%) were in septic shock.
Table 2 shows a comparison of parameter 
values recorded for the two different posi-
tions studied, the SP and TP. According to 
this data, the PPV and PVI have similar p 

values, but PVI has statistical significance 
during position change. Systolic, diastolic, 
and mean arterial pressure values were all 
increased significantly in the TP. The pe-
ripheral oxygen saturation (SpO2) value 
decreased significantly, as expected, with 
position change. The peak pressure of the 
mechanical ventilator, pulse pressure, PPV, 
and perfusion index did not change signifi-
cantly with position change. However, the 
CVP increased significantly with position 
change. 
The distribution and correlation of PPV 
and PVI values, in the SP and the TP, are 
shown in Figure 1 and Table 3. All three 
combinations were interpreted as hav-
ing moderate correlation, except for the 
PPV-TP and PVI-SP correlation, which is 
r=0.462 (p=0.001) and interpreted as weak 
(Table 3).
In the SP, a PVI threshold value above 
20% was able to discriminate between 
PPV values above 13% and PPV values of 
13% and below. In the TP, a PVI threshold 
value above 16% was able to discriminate 
the same PPV values (Table 4). In the SP, 
a PPV threshold value above 20% was able 
to discriminate between PPV values above 
14% and PPV values of 14% and below. In 
the TP, a PVI threshold value above 18% 
was able to discriminate between the same 
PPV values (Table 4). Values are presented 
in Table 4, including sensitivity, specificity, 
area under the ROC curve, positive and 
negative predictive values, and positive 
and negative likelihood ratios. The ROC 
curves are shown in Figure 2.

DISCUSSION

Fluid loading is a frequently used method 
for increasing cardiac preload and car-
diac output in ICUs. However, according 
to recent studies, 50% of ICU patients 
remain unresponsive to fluid therapy. (9) 
The static variable tests routinely used for 
cardiac preload assessments are not effec-
tive in showing fluid responsiveness. (10) 
However, dynamic indices are effective in 
showing fluid responsiveness under cer-
tain circumstances.
In this study, the correlations between PPV 
and PVI were moderate if the patients were 
in the same position. The PPV and PVI 
were more accurate in the SP. In the same 
position, the PPV and PVI have similar ac-
curacy in showing fluid responsiveness.
In a study by Biais et al., norepinephrine 
was used for increasing cardiac output. 
Our results differed from this study with 
different correlation and threshold values. 
(6) Instead of fluid challenge, Biais et al. 
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used noradrenaline, and, in our study, we 
used position change for increasing car-
diac output. Th e patient groups were also 
diff erent between the studies, the Biais 
study consisted of mostly trauma patients 
while our study consisted of mostly sepsis 
patients.  Th e results from the Biais et al. 
study were verifi ed by cardiac output cal-
culation via doppler echocardiography. In 
contrast, we verifi ed our results by refer-
ence values from previous studies. 
Our results were generally not in accord-
ance with recent studies for PPV threshold 
values. For instance, Michard et al. used 
fl uid challenge and cardiac index monitor-
ing in assessment of fl uid responsiveness. 
(11) Feissel et al. used a similar approach 
to Michard et al. but showed similar 
threshold values with our study. (12) Th e 
Michard et al. study was based on mostly 
severe sepsis patients with circulatory fail-
ure using vasoactive drugs while the Feis-
sel et al. study was based on patients with 
pneumonia and peritonitis predominantly, 
which correlated more closely with our pa-
tient group. It is important to mention that 
the PPV value mostly depends on the ca-
pacity of pulmonary veins and compliance 
of arteries. (13)
In other studies, Monnet et al. examined 
passive leg raising and aortic blood vol-
ume monitored by eosophageal doppler, 
Auler et al. examined fl uid challenge and 
cardiac index,  and Yazigi et al. examined 
fl uid challenge and stroke volume. In these 
studies, threshold values were signifi -
cantly lower than ours. (14-16) Th e study 
by Monnet et al. included patients with 
spontaneous breathing and cardiac ar-
rhythmias, while the Auler et al. study and 
Yazigi et al. study consisted of postopera-
tive cardiac patients. In our study, patients 
with cardiac arrhythmias and spontaneous 
breathing were excluded, and our patients 
were mostly sepsis patients.
Research on PVI studies indicates that our 
results were mostly not in accordance with 
recent PVI studies. Cannesson et al. moni-
tored fl uid loading by cardiac index. Zim-
mermann et al. monitored fl uid loading by 
stroke volume index. Vos et al. monitored 
fl uid loading by minimal invasive stroke 
volume index in patients undergoing sur-
gery. Siswojo et al. monitored fl uid loading 
by minimal invasive stroke volume index. 
In these studies, the PVI threshold value 
was lower than ours. (8,17-19) One of the 
reasons for this diff erence is that in our 
study, the PVI threshold was calculated by 
reference to a PPV study. In the other stud-
ies, data was collected from patients who 
were mostly undergoing surgery, whereas 
data was collected from ICU patients in 

our study. In another study, by Keller et 
al., spontaneously breathing patients were 
examined during a passive leg-raising test 
and monitored by transthoracic echo-
cardiography. (20) Surprisingly, our data 
showed similar results to this study despite 
diff erences in cardiac and pulmonary vari-
ations in mechanically ventilated patients.
Most studies on the correlation of the PPV 
and the PVI in ICUs showed high degrees 
of correlation, whereas our data showed 
moderate correlation. (21,22) However, 

Monnet et al. showed a low degree of 
correlation, unlike our data, which may 
be due to peripheral vasomotor tone and 
hypothermia or other factors aff ecting the 
PVI in their study. (23)
Th e PVI may have diff erent results de-
pending on the pulse oximeter measur-
ing site. (24) Hood et al. showed that the 
PVI obtained from fi nger probes may be 
able to predict fl uid responsiveness better 
than ear probes. (25) Th e PVI measuring 
quality depends on signal quality, body 

Figure 1. Distribution and relation of PVI and PPV values in (A) Semi-Recumbent and 
(B) Trendelenburg position. 
PPV, Pulse pressure variability; PVI, Pleth variability index.

Figure 2. Receiver operating characteristic curves indicating the ability of PVI to discrimi-
nate between PPV >13% or ≤13% in (A) semi-recumbent, (B) Trendelenburg position and 
the ability of PPV to discriminate between PVI >14% or ≤14% in (C) semi-recumbent, 
(D) Trendelenburg position. 
PPV, Pulse pressure variability; PVI, Pleth variability index.
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temperature, vasoactive drug infusion, 
sedation level, spontaneous movements, 
and outside light. (6) In the present study, 
we measured the PVI from the finger with 
shading. We excluded patients with pe-
ripheral circulatory failure.
Assessment of fluid responsiveness was de-
termined by fluid challenge in most of the 
studies researched. However, in our study, 
we had no fluid challenge; instead, we 
used position change to increase cardiac 
preload and output. Position change is not 
accepted as a substitute for fluid challenge; 
moreover, this may cause changes in sym-
pathetic nervous system. (26)
The most significant limitation of our study 
is the lack of a good reference test for com-
paring the PVI and the PPV. In most stud-

ies for fluid responsiveness, pulmonary 
artery catheters, transthoracic echocardi-
ography, and noninvasive or minimally in-
vasive cardiac output monitors were used. 
In this study, we adopted reference points 
for the PVI and the PPV from another 
widely accepted study. We believe our 
data showed deviations from the results of 
other studies because we adopted different 
results as reference points from different 
patient populations in different settings.
Since our study was performed on patients 
with mechanical ventilation and intact pe-
ripheral circulation and without cardiac 
arrhythmias or spontaneous breathing, we 
cannot extrapolate our results to all ICU 
patients.
In conclusion, this study generated data 

from two dynamic tests, the minimally in-
vasive PPV test and the non-invasive PVI 
test, for predicting fluid responsiveness of 
ICU patients in SP and TP. Our data sug-
gests that the correlation between the PPV 
and the PVI is moderate, and that this cor-
relation does not change due to position. 
The PPV and the PVI both appeared to be 
more accurate in the SP than the TP for 
predicting fluid responsiveness.
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Table 1. Patient characteristics
(n=99)

Age (years) 64.64 ± 18.11
Weight (kg) 82.26 ± 19.98
Gender (F/M) 64/35 (64.6%/35.4%)
Airway (E/T) 83/16 (83.8%/16.2%)
APACHE II 19.32 ± 5.88
Glasgow Coma Scale 7.5 ± 2.97
Partial O2 pressure/ Inspiratory O2  fraction (kPa) 234.46 ± 92.75
A/a gradient 204.66 ± 69.35
Tidal volume (ml) 501.41 ± 52.81
Positive End-Expiratory Pressure (cmH2O) 6.23 ± 2.14
Respiratory rate (/min) 19.82 ± 6.43
Inspiratory O2  fraction (%) 52.27 ± 5.72
Temperature (°C) 36.46 ± 1.41

Data expressed as mean ± standard deviation or in numbers
APACHE II, Acute Physiology and Chronic Health Evaluation;E, Endotracheal tube; F, Female; M, Male; T, Tracheostomy cannula.

Table 2. Comparison of variables in Semi-recumbent and Trendelenburg position
Semi-recumbent Trendelenburg p*

Peak Pressure (cmH2O) 34.12 ± 13.2 34.83 ± 13.55 0.057
Systolic AP (mmHg) 125.58 ± 32.48 130.66 ± 30.29 0.016
Diastolic AP (mmHg) 63.17± 15.76 66.87 ± 16.82 0.003
Mean AP (mmHg) 83.73 ± 19.49 87.44 ± 20.6 0.01
SpO2 (%) 96.66 ± 4.92 95.16 ± 6.42 0.001
Heart Rate (/min) 105.4 ± 28.15 102.83 ± 27.54 0.028
Pulse Pressure (mmHg) 59.47 ± 25.95 59.88 ± 21.46 0.39
PPV (%) 14.17 ± 10.57 12.66 ± 9.64 0.051
PVI (%) 21.91 ± 13.99 20.46 ± 14.12 0.048
Perfusion Index (%) 2.43 ± 3.06 2.71 ± 4.1 0.31
CVP (mmHg) 11.83 ± 7.22 17.25 ± 9.51 0.001

*Wilcoxon signed rank test
AP, Arterial pressure; CVP, Central venous pressure; PPV, Pulse pressure variability; PVI, Pleth variability index; SpO2, Oxygen saturation. 
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Table 3. Correlation of PPV and PVI in semi-recumbent and Trendelenburg position
r2* p

PPV  Semi-Recumbent PVI Semi-Recumbent 0.578 0.001
PVI Trendelenburg 0.572 0.001

PPV Trendelenburg PVI Semi-Recumbent 0.462 0.001
PVI Trendelenburg 0.517 0.001

* Spearman’s rank correlation coefficient
r2: Correlation coefficient 
PPV, Pulse pressure variability; PVI, Pleth variability index.

Table 4. Effect of position on the ability of PVI to discriminate between PPV >13% or ≤13% and the ability of PPV to discriminate be-
tween PVI >14% or ≤14%

Semi-Recumbent PPV 
(%13)

Trendelenburg PPV (%13) Semi-Recumbent PVI 
(%14)

Trendelenburg PVI (%14)

Treshold value (%) PVI PPV
20 16 20 18

Sensitivity (%)
(%95 CI)

80.49 (65.1-91.2) 81.25 (63.6-92.8) 78.95 (62.7-90.4) 76.67 (57.5-90.1)

Specifity (%)
(%95 CI)

81.03 (68.6-90.1) 62.69 (50-74.2) 77,05 (64.5-86.8) 72.46 (60.4-82.5)

Area Under Curve 0.858 0.747 0.843 0.760
p* <0.0001 <0.0001 <0.0001 <0.0001
+PV (%) 75 51 68.2 54.8
-PV (%) 85.5 87.5 85.5 87.7
+LR (%) 4.24 2.18 3.44 2.78
-LR (%) 0.24 0.3 0.27 0.32

* Receiver operator characteristic (ROC) curve
CI, Confidence interval; LD, Likelihood ratio; PPV, Pulse pressure variability; PV, Predictive value; PVI, Pleth variability index. 
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