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Abstract
Study objective: Hypertension or hypotension in patients receiving continuous infusions of dexmedetomi-
dine (DEX) is often due to changes in vascular resistance caused by α2 receptor stimulation.We investigated
whether baseline perfusion index (PI) and pleth variability index (PVI), derived from pulse oximetry read-
ings, could predict DEX-induced changes in the hemodynamic status in spontaneously breathing patients.
Design: Observational study.
Setting: Operating room.
Patients: Patients (American Society of Anesthesiologists performance status 1 or 2) scheduled to undergo
lower extremity or abdominal procedures under regional anesthesia were approached.
Interventions: The PI and PVI were set as baseline upon arrival in theater and were then measured at 2.5-
minute intervals. Upon attaining stable hemodynamic status under spontaneous breathing, intravenous ad-
ministration of DEX was initiated at 6 μg kg−1 h−1 for 10 minutes, followed by continuous infusion at
0.6 μg kg−1 h−1.
Measurements: Blood pressure, heart rate, PI, and PVI were measured. Hypertension was defined as an in-
crease in systolic blood pressure (SBP) N15% and hypotension as a decrease in SBP b15% from baseline.
Main results: Baseline PI and PVI correlated with the degree of change in SBP. The maximum percentage
increase as well as the maximum percentage of decrease in SBP from baseline correlated with baseline PI
(r = 0.418 [P = .005] and r = 0.507 [P b .001], respectively) and PVI (r = −0.658 [P b .001] and
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r = −0.438 [P = .003], respectively). PVI b 15 identified DEX-induced hypertension (sensitivity 94%,
specificity 85%) and PVI N 16 identified DEX-induced hypotension (sensitivity 83%, specificity 64%).
Conclusions: PVImay predict DEX-induced changes in blood pressure in spontaneously breathing patients.
© 2016 Elsevier Inc. All rights reserved.
1. Introduction and was performed according to World Medical Association
Hypertension and hypotension in patients receiving continu-
ous infusions of dexmedetomidine (DEX) are often the conse-
quence of increased or decreased vascular resistance,
respectively, due to α2 receptor stimulation. These conflicting
hemodynamic changes may be induced by initial loading doses
of DEX at various time points and lead to a critical condition
even in nonintubated patients, although an initial loading is
needed for rapid onset of anesthesia. If the changes in blood
pressure could be predicted, assessment and treatment of hyper-
tension and hypotension caused by DEX would be possible.

A previous study has demonstrated that the condition of pa-
tients determines which site (central nervous system or peripher-
al vessels) is most affected by DEX administration [1]. For
example, systolic blood pressure (SBP) can decrease because of
the sedative effect of DEX in patients who are in an emergency
condition and who are experiencing pain or stress. In contrast,
SBP can increase because of a peripheral vasoconstrictive effect
in patients who have received sufficient amounts of anesthetics.
However, no useful and objective indicators of DEX-induced he-
modynamic changes in conscious patients have been found to date.

The perfusion index (PI) and pleth variability index (PVI),
derived from pulse oximetry, have been used to evaluate periph-
eral perfusion dynamics from changes in peripheral vascular
tone. The PI is defined as the ratio between constant absorption
and pulsatile absorption and reflects the amplitude of the ple-
thysmographic waveform. PVI can automatically detect the
maximum andminimal PI value over a sufficient period of time.
Evaluation of patients' peripheral vascular status may be helpful
to predict DEX-induced hemodynamic changes. Moreover, be-
cause the probe for pulse oximetry is attached only to a finger
and is therefore noninvasive, it is helpful, particularly in con-
scious patients where arterial and central venous catheters are
typically not used to measure hemodynamic parameters.

This study was aimed to examine whether baseline PI and
PVI could be useful to predict DEX-induced hemodynamic
changes in spontaneously breathing patients. We aimed to de-
termine optimal cutoff points for PI and PVI to predict DEX-
induced hypertension and hypotension.
2. Materials and methods

2.1. Study population

This study was approved by the Institutional Ethics Com-
mittee of Asahikawa Medical University, Asahikawa, Japan,
Ethical Principles for Medical Research Involving Human
Subjects. We investigated patients attending the Asahikawa
Medical University Hospital from February 2014 to February
2015. Forty-two patients scheduled to undergo lower extrem-
ity or abdominal procedures under regional anesthesia were
approached prior to anesthesia; patients provided oral and
written informed consent to enter in this study. The exclusion
criteria were an American Society of Anesthesiologists (ASA)
classification of III or greater, age below 18 years, pregnancy,
inability to give informed consent, or the presence of severe ar-
teriosclerosis obliterans, arrhythmia (atrial fibrillation), heart
failure (ejection fraction b40%), renal failure (plasma creati-
nine level N2mg/dL), and previous use of medications involv-
ing α- or β-adrenergic agonists or antagonists.

2.2. Hemodynamic status monitoring

Premedication was not needed. Upon arrival in the operat-
ing room, each patient was placed in the supine position and
was given an intravenous infusion of bicarbonate or acetate
Ringer's solution, at 100 to 200 mL/h. Standard monitoring
by means of electrocardiography, automated noninvasive
blood pressure (NIBP) monitoring, and pulse oximetry was
carried out. The automated NIBP device cuff was attached to
the right arm, and SBP and diastolic blood pressure were mea-
sured at 2.5-minute intervals. The probe of the pulse oximeter
(Masimo Radical-7; Masimo Corp, Tokyo, Japan) was at-
tached to the left fourth finger. Baseline NIBP, heart rate
(HR), PI, and PVI were monitored in the supine position.
The attending anesthesiologists were blinded to the values of
PI and PVI.

When hemodynamic status had stabilized under spontaneous
breathing, DEX was administered at 6 μg kg−1 h−1 for 10 mi-
nutes and then modulated to 0.6 μg kg−1 h−1. At least 20 mi-
nutes after the initiation of DEX administration, appropriate
regional anesthesia, according to the surgical site (intrathecal
anesthesia, lumbar plexus block, femoral nerve block, or sciat-
ic nerve block), was administered by the anesthesiologist.

NIBP, HR, PI, and PVI were recorded for 20 minutes dur-
ing administration of DEX. Hypertensionwas defined as an in-
crease in SBP to a value greater than 15% or 20 mm Hg from
baseline and hypotension as a decrease in SBP to a value of
less than 15% or 20 mmHg from baseline, as defined in a pre-
vious study [2]. When SBP increased more than 30% from
baseline, 0.5 mg nicardipine was dispensed intravenously,
and when SBP decreased more than 30% from baseline,
5 mg ephedrine was dispensed intravenously as a rescue med-
ication. We dispensed 0.5 mg atropine intravenously if severe



Table 1 Patient characteristics and baseline parameters

Characteristics

Age (y) 65 (29-89)
Sex (M/F) 17/25
Height (cm) 156.3 (9.82)
Weight (kg) 58.5 (12.0)
ASA-PS (I/II) 12/30
Baseline parameters
SBP (mm Hg) 139 (25.9)
DBP (mm Hg) 69 (16.5)
HR (beats/min) 76 (13.5)
PI (%) 2.97 (2.06)
PVI (%) 17 (7.05)

Data are presented as mean (range) for age and mean (standard deviation)
for other parameters.
ASA = American Society of Anesthesiologists; PS = performance status;

SBP = systolic blood pressure; DBP = diastolic blood pressure; HR =
heart rate; PI = perfusion index; PVI = pleth variability index.
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bradycardia (HR b 40 beats/min) occurred. Oxygen was given
if the arterial oxyhemoglobin saturation, as determined by
pulse oximetry, decreased to b93%.

2.3. Statistical analysis

Patient population data are presented as means (standard
deviation) or medians (range), where appropriate. Because
no published reports have included data regarding the strength
of the correlation between baseline PI or PVI and the degree of
change in SBP from baseline, a correlation hypothesis of coef-
ficient r = 0.42 was assumed in this study based on our pilot
study that showed r = 0.415 (P b .001) between baseline PI
and the change in SBP from baseline. To detect a correlation
coefficient at a power of 0.8 and a 2-tailed α of .05, 42 patients
were required in this study.

To assess the correlation between baseline PI or PVI and
the degree of change in SBP from baseline, Spearman rank
correlation coefficient was used. To assess the relationship be-
tween patient characteristics and baseline parameters with the
degree of change in SBP from baseline, multiple linear regres-
sion analysis was performed. Backward stepwise procedures
were used to select independently associated variables, with-
out multicollinearity among the covariates.

Receiver operating characteristic (ROC) curves for hyper-
tension and hypotension were generated and areas under the
ROC curves were calculated to assess the abilities of baseline
PI and PVI to predict DEX-induced changes in blood pressure.

Patient population data were compared using the unpaired
Student t test, Mann-Whitney U test, or Fisher exact probabil-
ity test, where appropriate. Perioperative hemodynamic pa-
rameters, PI, and PVI were compared using 2-way analysis
of variance with the Bonferroni post hoc test. Statistical signif-
icance was defined as P b .05.
Table 2 Correlations between the degree of change in systolic
blood pressure (SBP) and baseline parameters

Maximum% SBP
increase

Maximum% SBP
decrease

r P r P

Characteristics
Age (y) −0.056 .724 −0.214 .174
Sex −0.212 .177 −0.15 .343
Height (cm) 0.115 .469 0.183 .245
Weight (kg) 0.138 .383 0.267 .087
ASA-PS −0.544 .732 −0.148 .35

Baseline parameters
SBP (mm Hg) −0.205 .192 −0.345 .025
DBP (mm Hg) −0.137 .387 −0.071 .657
HR (beats/min) −0.136 .391 −0.144 .362
PI (%) 0.418 .005 0.507 b .001
PVI (%) −0.658 b .001 −0.438 .003

Data are determined by the Spearman rank correlation.
ASA = American Society of Anesthesiologists; PS = performance status;

DBP = diastolic blood pressure; HR = heart rate; PI = perfusion index;
PVI = pleth variability index.
3. Results

3.1. Changes in SBP

Forty-two patients were included and no patients were exclud-
ed from this study or presented an inadequate signal quality for
measurement of PI and PVI. Patient characteristics and baseline
parameters are presented in Table 1. Preoperative hypertension
had been diagnosed in 17 patients (40.5%), and they had taken
1 or 2 hypertensive medications not involving α-adrenergic ago-
nists or antagonists. After administration of DEX, 14 patients
(33.3%) developed hypertension, with a maximum increase in
SBP to 35.4% higher than baseline; 19 patients (45.2%) devel-
oped hypotension, with a maximum decrease in SBP to 45.4%
lower than baseline. One patient developed both hypertension at
10 minutes after administration of DEX and hypotension at 20
minutes after administration of DEX. The median (range) nicardi-
pine requirement was 0 (0-2) mg, and the ephedrine requirement
was 0 (0-10) mg. Atropine was not administered to any patient.
Table 2 shows correlations between the change in SBP and
patient characteristics and baseline parameters. The maximum
percentage increase in SBP from baseline, observed 10 mi-
nutes after administration of DEX in most cases, was statisti-
cally correlated with baseline PI (r = 0.418, P = .005;
Table 2) and PVI (r = −0.658, P b .001; Table 2, Fig. 1).
The maximum percentage decrease in SBP from baseline, ob-
served 20 minutes after administration of DEX in most cases,
was also correlated with baseline PI (r = 0.507, P b .001; Ta-
ble 2), PVI (r = −0.438,P = .003; Table 2), and baseline SBP
(r = −0.345, P = .025; Table 2).

Multiple linear regression analysis revealed that baseline
PVI statistically contributed to the maximum percentage



Fig. 1 Correlation between baseline PVI and SBP increase. Correlation between baseline pleth variability index (PVI) and each maximum per-
centage increase in systolic blood pressure (SBP) from baseline. SBP increase = ([highest SBP − baseline SBP] × baseline SBP − 1). The solid
line represents the linear regression line.
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increase in SBP from baseline (predicted maximum percent-
age increase in SBP from baseline = 30.514 − [1.659 × base-
line PVI]; R2 = 0.35, P = .006), and baseline PI and PVI
contributed to each maximum percent decrease in SBP
(predicted maximum percentage decrease in SBP from base-
line = −3.396 + [2.993 × baseline PI] − [0.861 × baseline
PVI]; R2 = 0.24, P = .039).
3.2. PVI and DEX-induced hemodynamic changes

ROC curve analysis confirmed that baseline PVI was ap-
propriate for detecting patients at risk of DEX-induced hyper-
tension or hypotension (area under the curve [AUC] = 0.931
[P b .001] and AUC = 0.785 [P b .001], respectively;
Fig. 2). PVI b 15 identified DEX-induced hypertension with
Fig. 2 Receiver operating characteristic (ROC) curves for baseline PI and
ity index (PVI) to detect dexmedetomidine-induced hypertension (A) and hy
intervals.
a sensitivity of 94% and a specificity of 85% (95% confidence in-
terval, 85%-100%). PVI N 16 identified DEX-induced hypoten-
sion with sensitivity of 83% and a specificity of 64% (95%
confidence interval, 64%-93%). Fig. 3 shows the relationship
between these cutoff points and the change in SBP. Baseline PVI
was correlated with baseline PI (r = −0.325, P = .035; Fig. 3).

Patient characteristics were compared according to the base-
line PVI cutoff points of 15 and 16, as determined from the
ROC curve analysis. Eighteen patients (42.9%) had a low base-
line PVI (PVI ≤ 15). Hypertension was observed in 13 of these
18 patients (72.2%) and hypotension in 4 (22.2%). Twenty-four
patients (57.1%) had a high baseline PVI (PVI ≥ 16). Hyperten-
sionwas observed in 1 (4.2%) of these 24 patients, and hypoten-
sion in 14 (58.3%). The patient groups (low and high PVI) were
not different with respect to age, height, weight, ASA classifica-
tion, preoperative laboratory data, and fasting time.
PVI. ROC curves for baseline perfusion index (PI) and pleth variabil-
potension (B). AUC, area under the ROC curve, with 95% confidence



Fig. 3 Scatter diagram graph of patients about PI and PVI. Scatter diagram of baseline perfusion index (PI) and pleth variability index (PVI) of
patients. Red dots indicate patients who developed hypertension (an increase in SBP N15% from baseline) during administration of dexmedeto-
midine (DEX). Blue dots indicate patients who developed hypotension (a decrease in SBP b15% from baseline) during administration of DEX.
The purple point indicates a patient who developed both hypertension and hypotension during administration of DEX. The black point indicates
patients who developed neither hypertension nor hypotension during administration of DEX.
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Hemodynamic changes in both groups are presented in
Fig. 4A-E. Although SBP decreased significantly 17.5 and
20 minutes after administration of DEX in patients with a high
baseline PVI (both P b .05; Fig. 4A), patients with a low base-
line PVI had a transiently higher value in SBP 10 minutes after
administration of DEX (P b .05; Fig. 4A). Baseline PI did not
differ significantly between patients with a high baseline PVI
and those with a low baseline PVI (P N .05; Fig. 4D). The
change in PVI in patients with a low baseline PVI was not sig-
nificant throughout administration of DEX. However, PVI in
Fig. 4 Summary of the changes in parameters. Summary of the changes i
heart rate (HR; C), perfusion index (PI; D), and pleth variability index (PVI
detomidine. Data are presented as means (standard deviation). x:P b .05 vs
PVI (PVI ≥ 16) vs those with a low baseline PVI (PVI ≤ 15) during adm
patients with a high baseline PVI was markedly decreased at
5, 7.5, 10, 12.5, 15, 17.5, and 20 minutes after administration
of DEX (all P b .05; Fig. 4E).
4. Discussion

Although α2 agonists have central sympatholytic effects
and are prescribed to treat hypertension, administration of
n systolic blood pressure (SBP; A), diastolic blood pressure (DBP; B),
; E) from baseline through 20 minutes after administration of dexme-
the group's baseline value; v:P b .05 for patients with a high baseline
inistration of dexmedetomidine.



323Pleth Variability Index with Dexmedetomidine Loading
DEX, which has selective α2 adrenergic properties, could also
induce a transient systemic hypertensive reaction [3]. α2 Re-
ceptors are distributed widely, not only in the central nerve
system but also in the peripheral vasculature [4–6]. Blood
pressure decreases when DEX acts on the central nerve sys-
tem, but can also increase because of stimulation of post-
synaptic α2 receptors in peripheral blood vessels, which has
vasoconstrictive effects [7]. Kunisawa et al [1] have reported
that blood pressure can decrease in patients whose peripheral
blood vessels were sufficiently constricted due to hypovolemia
or pain; in contrast, the vasoconstrictive effect was pro-
nounced in patients who had received sufficient anesthetic
agents, because the sedative effect was masked. A patient's
sympathetic activity before infusion of DEX could predict
DEX-induced blood pressure changes; therefore, devices ca-
pable of objectively monitoring these changes are needed.

PI and PVI, determined by pulse oximetry, have been used
to evaluate peripheral perfusion dynamics. PI depends on va-
somotor tone [8,9], and its changes are induced by pulsatile
and nonpulsatile changes in arterial and venous blood flow
that originate from variations in the vasomotor tone of the
blood vessel wall muscles under various situations [10,11].
A previous study has shown that an increase in PI was an ear-
lier and more sensitive indicator of the progression of epidural-
induced sympathectomy than was an increase in peripheral
temperature [12]. Others have shown that a decrease in PI
was a valuable adjunctive diagnostic tool for early detection
of a clinically significant central hypovolemic state, prior to
the onset of cardiovascular decompensation, in healthy volun-
teers [13]. Toyama et al [14] reported that a high baseline PI,
rather than a change in PI, was associated with profound hypo-
tension during spinal anesthesia for caesarean delivery. PVI is
automatically and continuously calculated from the maximal
and minimal PI over a sufficient period of time to include at
least one complete respiratory cycle and reflects respiratory
variations in the pulse oximeter waveform amplitude. Some
studies have demonstrated that PVI has a high sensitivity and
specificity for predicting fluid responsiveness in mechanically
ventilated patients during general anesthesia [15]. Although
the reliability of PVI in spontaneous patients still needs to be
confirmed, others have demonstrated that PVI is a valuable
tool for detecting hemodynamic changes induced by passive
leg raising in spontaneously breathing volunteers [16].

Based on these findings, we hypothesized that the relation-
ship between the baseline vasomotor tone and DEX-induced
blood pressure changes could be assessed by PI and PVI
values in spontaneously breathing patients. To verify our hy-
pothesis, we investigated whether baseline PI and PVI corre-
lated with the degree of change in SBP after administration
of DEX and whether baseline PI and PVI could predict a
patient's risk for hypertension or hypotension.

We observed a statistical correlation between baseline PI or
PVI and the degree of change in SBP from baseline, after ad-
ministration of DEX, in spontaneously breathing patients. Al-
though there were not clinically significant contributions
presented by some of the low r values, baseline PVI had a
good contributions to increase in SBP at 10 minutes after ad-
ministration of DEX. The degree of hypertension was larger
and the degree of hypotension was smaller in patients with a
low baseline PVI (PVI ≤ 15) than in those with a high base-
line PVI (PVI ≥ 16). The higher baseline PVI and/or lower
baseline PI in our study may have reflected a relative hypovo-
lemic state and a higher peripheral vascular tone secondary to
perioperative stress.

Another noteworthy finding was that a lower baseline PVI
and/or a higher baseline PI could predict DEX-induced hyper-
tension in conscious patients. Without anesthetic, SBPmay in-
crease after administration of DEX if patients are in a
euvolemic state and have sufficient peripheral intravascular
volume. We therefore suggest that patients with a lower base-
line PVI and a higher baseline PI had a lower peripheral vascu-
lar tone and were at higher risk of developing DEX-induced
hypertension, because it would have a more pronounced vaso-
constrictive effect.

As described in this study, PVI could be a more useful tool
than PI as a peripheral baseline perfusion value. Relative to PI,
which shows nearly real-time values, the PVI calculation mea-
sures changes in PI values over a period of time (60 seconds in
this study), which can incorporate one or more complete respi-
ratory cycles; hence, PVI values have high repeatability over a
particular time period within the same individual and can be
useful in spontaneously breathing conscious patients.

The present study has some limitations. First, we did not in-
sert arterial and central venous catheters to measure hemody-
namic parameters, such as stroke volume, cardiac output,
systemic vascular resistance, and peripheral temperature.
However, these are not generally performed in procedures re-
quiring regional anesthesia. Second, the PI value is greatly and
easily affected by factors such as stressful and uneasy situa-
tions that can cause sympathetic activation (which in turn
causes peripheral vasoconstriction), respiratory status, temper-
ature, and movement of the patient. Although the pulse oxim-
eter used in this study is capable of monitoring peripheral
perfusion even in critically ill patients, these factors may affect
the sensitivity and specificity of preoperative PI and PVI for
predicting DEX-induced changes in blood pressure. Third, al-
though baseline PI was correlated with baseline PVI, we could
not identify whether patients with a higher baseline PVI and a
lower baseline PI were experiencing hypovolemic states, pain,
or perioperative stress. Objective stress assessment, such as
measurement of stress hormones, was not performed. Fourth,
the study population was limited to patients with ASA classi-
fications of I or II. Further studies that include severely ill pa-
tients in intensive care units are required to determine the
factors that influence the effect of DEX and to establish pre-
ventative measures in patients who are predicted to develop
hypertension or hypotension during administration of DEX.

In conclusion, baseline PI and PVI, measured by pulse ox-
imetry, statistically correlate with the degree of change in
blood pressure during administration of DEX in spontaneously
breathing patients. Baseline PVI cutoff points of 15 and 16
could be used to identify patients at risk for DEX-induced
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hypertension and hypotension, respectively. Baseline PVI
may be a useful predictor of changes in blood pressure during
DEX infusion for sedation of ASA classification I and II pa-
tients in clinical practice.
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