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Responses of the second derivative of the finger
photoplethysmogram indices and hemodynamic
parameters to anesthesia induction

Atsushi Kohjitani1, Masaaki Miyata2, Yoko Iwase1 and Kazuna Sugiyama1

The finger photoplethysmogram (PTG) is a non-invasive method for pulse-wave analysis. The second derivative wave of the

PTG (SDPTG) enables evaluation of atherosclerosis and cardiovascular aging. Responses of SDPTG indices and hemodynamic

parameters to anesthesia induction are unknown. A total of 42 patients aged X40 years, who may have had atherosclerotic

change, and who underwent elective oral surgery, were analyzed. Patients were divided into sevoflurane (S group; N¼22)

and sevoflurane with remifentanil (R group; N¼20) groups. Systolic and diastolic blood pressure (SBP, DBP), heart rate (HR)

and SDPTG were measured at four time points: before induction, after loss of consciousness, after tracheal intubation and

30min after induction. At postintubation, b/a was elevated (that is, large arterial stiffness was increased), and d/a was reduced

(that is, peripheral vascular resistance was increased) in the S group compared with the R group. SBP, DBP and HR were

increased in the S group compared with those in the R group. In the S group, preanesthetic b/a and the aging index (AGI) were

positively correlated with SBP at immediate postintubation, and preanesthetic d/a was negatively correlated with SBP and DBP

at immediate postintubation. It is suggested that usage of remifentanil, a potent l-opioid analgesic, with sevoflurane anesthesia

prevented an increase in blood pressure and HR in response to laryngoscopy and tracheal intubation, which was accompanied

by suppression of both elevation of b/a and the AGI and reduction of d/a. SDPTG indices are useful for predicting hypertension

during induction of sevoflurane anesthesia, regardless of a history of hypertension or hypertensive factors.
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INTRODUCTION

The finger photoplethysmogram (PTG) is used as a non-invasive
method for pulse-wave analysis, which closely reflects pulsation of
the heart. Pulse-wave analysis evaluates aortic stiffness in response to
vascular aging, hypertension or atherosclerosis.1 Aortic stiffness, which
is evaluated by pulse wave velocity, is strongly associated with the extent
of atherosclerosis and is widely used as a marker of future development
of cardiovascular complications in hypertensive patients,2,3 diabetes
mellitus patients4 or even in normotensive subjects.5

The second derivative of the finger photoplethysmogram (SDPTG),
or accelerated plethysmogram, is obtained from double differentiation
of the PTG. The SDPTG is considered to provide structural and
functional properties of both large and peripheral arteries.6 The
SDPTG is effective for screening of atherosclerotic disease, such as
hypertension, diabetes mellitus or coronary heart disease,7 and enables
evaluation of cardiovascular aging in hypertensive patients8 by means
of categorized wave patterns.9 It has also been suggested that the
SDPTG is useful for estimating the risk of coronary heart disease.6

In the anesthesiology field, it is considered that the stress of
laryngoscopy and tracheal intubation, which stimulate cardiac sympa-
thetic activity and intrinsic catecholamine secretion and lead to acute
hypertension and tachycardia, may be harmful to patients with
cardiovascular or cerebrovascular disease, exposing them to risks of
morbidity and mortality.10 For example, the incidence of myocardial
ischemia is highest at the time of intubation during non-cardiac
surgery in coronary artery disease patients,11 and similarly, coronary
hypoperfusion has been observed at the immediate postintubation
period in coronary artery disease patients.12 Furthermore, a profound
decrease in left ventricular performance has been observed during
reflex hypertension and tachycardia in response to laryngoscopy and
intubation; there was persisting depression of left ventricular function
in patients with coronary artery disease.13 Moreover, perioperative
ischemic episodes, which frequently occur during intubation and
surgical stimulation in response to hemodynamic abnormalities, are
one of the risk factors of postoperative myocardial infarction.14

Therefore, the period during which intubation is performed is
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considered to be a particularly high-risk interval, and therefore,
various anesthetic techniques and drugs have been investigated to
avoid hemodynamic fluctuations.10

It has been reported that preoperative SDPTG is unable to predict
blood pressure (BP) increases in response to anesthesia induction in
non-hypertensive patients.15 Furthermore, a recent study using pre-
operative carotid–femoral pulse wave velocity failed to predict hemo-
dynamic responses to anesthesia and surgical stimulation.16 In the
current study, we evaluated responses of SDPTG indices and hemo-
dynamic parameters (systolic and diastolic blood pressure (SBP, DBP)
and heart rate (HR)) to anesthesia induction. This was achieved by
investigating the effect of remifentanil, a potent, ultra short-acting m-
opioid analgesic that leads to bradycardia and hypotension by stimu-
lating cardiac parasympathetic nerve and decreasing peripheral vas-
cular resistance,17 during induction of sevoflurane anesthesia on
patients aged X40 years, who may have had atherosclerotic change.
Second, in a sub-analysis, we investigated the relationships between BP
after tracheal intubation and preanesthetic SDPTG indices (b/a, d/a
and the aging index (AGI)), to determine whether SDPTG indices are
capable of predicting BP in response to anesthesia induction.

METHODS
A total of 45 patients X40 years old who underwent elective oral surgery were

enrolled in this study following approval of the Clinical Ethical Committee of

Kagoshima University Hospital. Patients were category I (normal healthy

patients, no organic, physiologic or psychiatric disturbance) or II (patients

with mild systemic disease, no functional limitations) of the American Society

of Anesthesiologists physical status classification.18 Informed consent was

obtained from all subjects. Patients were divided into two groups, sevoflurane

(S group) and sevoflurane with remifentanil (R group), by using the random

numbers table. Patients who showed unstable PTG waveforms during a 90 s

recording period for each time point, those who showed arrhythmias such as

ventricular premature beats during the recording period that altered PTG

waveforms, and those who needed i.v. ephedrine because of sustained hypoten-

sion were excluded from the analysis. Patients with a history of hypertension

and receiving medications for hypertension, or those with hypertensive factors

were classified as hypertensive patients. The hypertensive factors were protru-

sion of the aortic arch into the left lung field or calcification of the aorta in a

chest radiograph, left ventricular hypertrophy in an echocardiogram, or SBP

X140mmHg and/or DBP X90mmHg after entering the hospital until the

day before the operation. BP was measured at the sitting position, and the

mean value of two measurements was used.

The study scheme is shown in Figure 1. Patients were premedicated with

atropine sulfate (0.5mg) and pentazocine (15mg) intramuscularly 30min

before induction of anesthesia. Routine antihypertensive medications were

continued until the day of surgery; however, angiotensin II receptor blockers

and angiotensin-converting enzyme inhibitors were discontinued on the day of

surgery to minimize hypotension during anesthesia. In the S group, anesthesia

was induced by thiopental sodium and inhalation of sevoflurane with 66%

nitrous oxide in oxygen, and then tracheal intubation was facilitated by i.v.

vecuronium (0.1mgkg�1). In the R group, remifentanil (0.25mg kg�1min�1)

was added immediately after application of thiopental sodium using the

same procedure as the S group. In both groups, a total of 2.5 minimum

alveolar concentration (MAC) using sevoflurane with nitrous oxide was

applied until the trachea was intubated. A MAC of 66% nitrous oxide was

equipotent to 1.05% sevoflurane,19 and the MAC for age of each patient

was adjusted according to Mapleson’s formula.20 For example, 2.5 MAC

for 60 years old requires an expired sevoflurane concentration of 4.25%;

when adding 67% nitrous oxide, 3.2% expired sevoflurane is required. After

the trachea was intubated, the concentration of expired sevoflurane was

adjusted to 1.5 MAC. Patients were ventilated to maintain the end-tidal

concentration of carbon dioxide at 35–40mmHg. Concentrations of inspired

and expired anesthetic gas, nitrous oxide and carbon dioxide were monitored

using the Smart Anesthesia Multi-gas Module (GE Marquette Medical Systems,

Tokyo, Japan).

BP was measured at the supine position during anesthesia. When a patient

showed hypertension (SBP X180mmHg), subsequent manipulations were

temporarily discontinued; if sustained hypertension was observed (all three

consecutive BP measurements performed at 1min intervals showed a SBP

X180mmHg), calcium antagonists (nicardipine hydrochloride or diltiazem)

were applied. When a patient showed hypotension (SBP p80mmHg), addi-

tional extracellular fluid was applied within a few min; if sustained hypotension

was observed (all three consecutive BP measurements performed at 1min

intervals showed a SBP p80mmHg), ephedrine was applied.

PTG waveforms were obtained using APG HeartRater SA-3000P software

(Tokyo Iken, Tokyo, Japan) in the supine position. Each PTG was recorded for

a 90 s period on the index finger of either hand where the BP cuff was not

attached, and then they were automatically transformed into SDPTG wave-

forms and analyzed. Non-invasive SBP, DBP and HR were measured using a

patient monitor SOLAR 8000 (GE Marquette Medical Systems) and simulta-

neously recorded with the SDPTG at four time points as follows: before

induction of anesthesia (T0), after loss of consciousness (T1), after tracheal

intubation (T2) and 30min after induction (T3). Parameters of T0 were

recorded immediately after an electrocardiogram, and a BP cuff and a pulse

oximetry probe were attached to patients and an i.v. catheter was placed.

Parameters of T1 were recorded after patients lost consciousness by thiopental

µ

T3

Figure 1 The study protocol is shown. S group, sevoflurane group; R group, sevoflurane with remifentanil group.
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sodium and then ventilation by face mask was started. Parameters of T2 were

recorded just after patients were intubated, both lungs were auscultated, and

patients were then mechanically ventilated. Parameters of T3 were recorded

30min after induction of anesthesia (that is, application of thiopental sodium

and vecuronium bromide). These PTG measurements were carried out when

no stimulation was applied to the patients.

Figure 2 shows a representative SDPTG recording. The SDPTG consists

of four systolic waves: the a-, b-, c- and d-waves, and a diastolic e-wave.

The a-wave (initial positive wave) and b-wave (initial negative wave) correspond

to the early systolic component of the PTG, and the c-wave (re-increasing wave)

and d-wave (late re-decreasing wave) correspond to the late systolic compo-

nent.21 The b/a, the ratio of the height of the b-wave to that of the a-wave,

expresses the vascular response to blood ejection from the left ventricle and is

used as an index of the stiffness of large arteries. The d/a represents a reflection

wave from the periphery and is used as an index of peripheral vascular

resistance or left ventricular after-load.6 The AGI, which is defined as the

equation of (b-c-d-e)/a, is associated with atherosclerotic alterations, which are

based on the history of coronary heart disease, peripheral vascular disease,

stroke or abdominal aortic aneurysm, and therefore, it is used as an index of

vascular aging.1 However, the clinical significance of c/a is not well under-

stood.7 The shift from baseline to the peak of each wave was measured and

calculated in the software, and was shown as b/a, c/a and d/a. The AGI was also

calculated automatically.

Statistical analysis
Data are expressed as means with s.d. One-way analysis of variance was used to

test significance between the two groups for each time point (T0–T3). The

Wilcoxon signed-rank test was used to test significance vs. control values for

each group. The w2 test was used to test significance between the two groups for

gender. Correlations between preanesthetic SDPTG indices (X) and BP after

tracheal intubation (Y) were analyzed by Pearson’s correlation coefficient, and

relations were fitted by simple regression. Po0.05 was considered statistically

significant.

Receiver operating characteristics curve analysis was performed to identify

values of preanesthetic SDPTG indices for optimal discrimination of patients

showing a SBP (T2) X180mmHg or DBP (T2) X110mmHg. Linear

discriminant analysis is a predictive model that generates a function based

on linear combinations of the predictor variables. Linear discriminant analysis

was also applied to discriminate patients showing a SBP (T2) X180mmHg or

DBP (T2) X110mmHg using combinations of age, preanesthetic BP or

preanesthetic SDPTG indices (b/a (T0), d/a (T0) or AGI (T0)) as predictor

variables. The variables were chosen stepwise based on the Fisher-Snedecor

parameter F, by which the variable that makes the largest contribution to the

separation of the groups at each step was determined as the discriminant

function. The discriminant ability was assessed by the percentage of correct

classifications attained for each set. The quality of the discriminate function was

evaluated using the Wilks’ parameter l. All statistical analysis was performed

using JMP 8.0 software (SAS Institute Japan, Tokyo, Japan).

RESULTS

Three patients were excluded from the data analysis because of use of
ephedrine (two patients in the R group), and unstable PTG waveform
during the recording period (one patient in the R group). The total
number of cases included in the data analysis was 42; the S group had
22 patients and the R group had 20 patients. The baseline patient
characteristics are shown in Table 1.
At T0 and T1, there were no significant differences in SBP and DBP

between the two groups. However, both SBP and DBP in the S group
were significantly increased at T2 and those of the R group were
slightly decreased (Figures 3a and b; Po0.01). At T3, SBP in the S
group was decreased to the same level, whereas DBP was significantly
decreased (Po0.05), as compared with those in the R group. Similarly,
HR in the S group at T2 was significantly increased compared with
that in the R group (Figure 3c; Po0.05).
There were no significant differences in b/a between the two groups

at T0 and T1. After tracheal intubation, b/a was significantly elevated
in the S group at T2 compared with that at T0 (Po0.01), showing
significant difference compared with the R group (Figure 4a; Po0.05
at T2).
No significant differences were observed in d/a between the two

groups at T0 and T1. In the S group, d/a was significantly reduced at
T2 vs. T0 (Po0.01) whereas it was constant in the R group, showing
significant difference compared with the R group (Figure 4b;
Po0.05). In the S group, d/a was still decreased at T3 compared
with that at T0 (Po0.01), but no significant difference was found
between the two groups.
For AGI, there were no significant differences between the two

groups at T0 and T1. After tracheal intubation, AGI was significantly
elevated vs. T0 (Po0.01 at T2 and T3) in the S group, showing signi-
ficant difference between the two groups (Figure 4c; Po0.05 at T2).

Table 1 Baseline characteristics of patients

S group R group P-value

Age (years) 64.8±16.9 66.6±11.1 NS

Gender (M/F) 9/13 14/6 NS

Height (cm) 156.7±10.5 159.7±7.5 NS

Weight (kg) 55.5±11.4 59.2±9.8 NS

BMI (kg m�2) 22.4±3.3 23.2±3.1 NS

SBP (mm Hg) 128.4±17.0 115.8±12.3 NS

DBP (mm Hg) 76.2±8.8 73.2±9.8 NS

Hypertensive patients 15 (68%) 15 (75%) NS

Diabetes mellitus 4 (18%) 5 (25%) NS

Hyperlipidemia 9 (41%) 7 (35%) NS

Current or past smoker 6 (27%) 8 (40%) NS

Fasting plasma glucose (gdl�1) 104.7±24.1 120.7±34.9 NS

Triglyceride (mg dl�1)a 123.6±71.5 127.4±74.3 NS

Total cholesterol (mg dl�1) 208.9±39.3 190.2±37.5 NS

BUN (mg dl�1) 15.4±4.1 17.4±12.6 NS

Serum creatinine (mg dl�1) 0.74±0.22 1.18±1.98 NS

Antihypertensive medication use (%) 11 (50%) 12 (60%) NS

Ca2+ antagonists 8 10

ARBs 4 6

ACE inhibitors 1 0

Lipid medication use (%) 5 (23%) 5 (25%) NS

Abbreviations: ACE, angiotensin-converting enzyme; ARBs, angiotensin II receptor blockers;
BMI, body mass index; BUN, blood urea nitrogen; DBP, diastolic blood pressure; NS, not
significant; SBP, systolic blood pressure.
S group, sevoflurane group; R group, sevoflurane with remifentanil group.
aTriglyceride data were 92 (95.75) in the S group and 116.5 (72) in the R group, in median
(interquartile range).

Figure 2 A representative SDPTG recording is shown. The ratios of the

height of b-, c- and d-waves to that of the a-wave were measured, with the

values above baseline being positive and those under baseline being

negative, and they are described as b/a, c/a and d/a.
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Relationships between preanesthetic SDPTG indices and SBP after
tracheal intubation in the S group are shown in Figure 5. The higher
the b/a (T0) and AGI (T0), the higher the SBP (T2), with strong
correlation coefficients (R¼0.65 and 0.69, respectively) and signifi-
cant correlations (Po0.01 and 0.001, respectively; Figures 5a and c).
The d/a (T0) showed a significant, negative relationship with SBP
(T2) (Po0.0001) with a strong correlation coefficient (R¼�0.74;
Figure 5b). Similarly, DBP (T2) had a significant, positive relation-

ship with b/a (T0) and a negative relationship with d/a (T0) (Po0.05
and 0.001, respectively), with notable correlation coefficients (R¼0.50
and�0.68, respectively). The AGI (T0) showed a positive relationship
with DBP (T2) with a notable correlation coefficient (R¼0.57),
whereas the relationship was not significant (P¼0.0052).
Figure 6 shows receiver operating characteristic curves of b/a (T0),

d/a (T0) and AGI (T0) to predict a SBP (T2) X180mmHg or DBP
(T2) X110mmHg. The area under the receiver operating character-

Figure 3 Time course of systolic blood pressure (SBP) (a), diastolic blood pressure (DBP) (b) and heart rate (HR) (c) in the sevoflurane group (S group; open

circles) and the sevoflurane with remifentanil group (R group; closed circles). T0, before induction of anesthesia; T1, after loss of consciousness; T2, after
tracheal intubation and T3, 30min after induction of anesthesia. Data represent mean and s.d. *Po0.05 and **Po0.01 compared between groups;
wPo0.05 and wwPo0.01 compared with the T0 value.

Figure 4 Time course of b/a (a), d/a (b) and SDPTG aging index (AGI) (c) in the sevoflurane group (S group; open circles) and the sevoflurane with

remifentanil group (R group; closed circles). T0, before induction of anesthesia; T1, after loss of consciousness; T2, after tracheal intubation and T3, 30 min

after induction of anesthesia. Data represent mean and s.d. *Po0.05 compared between groups; wPo0.05 and wwPo0.01 compared with the T0 value.
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istic curve (AUC) for b/a (T0) was 0.87, with a peak discriminating
sensitivity and specificity of 0.80 and 0.88, respectively, where the
cutoff point of b/a was �0.50. The AUC for d/a (T0) was 0.87, with a
peak discriminating sensitivity and specificity of 1.00 and 0.71,
respectively, where the cutoff point of d/a was �0.38. The AUC for
AGI (T0) was 0.86, with a peak discriminating sensitivity and
specificity of 0.80 and 0.82, respectively, where the cutoff point of
AGI was 0.02.

The results of linear discriminant analysis applied to discri-
minating patients showing a SBP (T2) X180mmHg or DBP (T2)
X110mmHg using predictor variables in the S group are shown in
Table 2. Usage of AGI (T0), age, b/a (T0) and SBP (T0) as predictor
variables effectively classified patients showing hypertension in
response to laryngoscopy and tracheal intubation.

DISCUSSION

The onset of action of remifentanil is rapid, and therefore, it effectively
attenuates cardiovascular responses to noxious stimuli, such as laryn-
goscopy, tracheal intubation or surgical manipulation.22 The current

Figure 5 Relationships between systolic blood pressure (SBP) at T2 and b/a (a), d/a (b) and AGI (c) at T0 in the sevoflurane group (S group). Patients with a

history of hypertension or hypertensive factors are shown by open circles, and those without a history of hypertension or hypertensive factors are shown by

closed circles. The regression line shows the results of simple regression fitting for all cases. R indicates Pearson’s correlation coefficient. T0, before

induction of anesthesia; T2, after tracheal intubation.

Figure 6 Receiver operating characteristic (ROC) curves of the ability of

b/a (A) (solid line), d/a (B) (chain line) and AGI (C) (dashed line) at T0

to predict SBP (T2) X180 mmHg or DBP (T2) X110mm Hg in the

sevoflurane group (S group). AUC, area under the ROC curve. T0, before

induction of anesthesia; T2, after tracheal intubation.

Table 2 Application of LDA to predict a SBP (T2) X180mmHg or

DBP (T2) X110mmHg using predictor variables in the S group

Number of predictor variables 1 2 3 4 5 6

AGI (T0) Yes Yes Yes Yes Yes Yes

Age (years) No Yes Yes Yes Yes Yes

b/a (T0) No No Yes Yes Yes Yes

SBP (T0) No No No Yes Yes Yes

d/a (T0) No No No No Yes Yes

DBP (T0) No No No No No Yes

Wilks’ l 0.644 0.579 0.558 0.539 0.515 0.511

Correct classification

(out of 22 cases)

17 20 20 20 17 18

Correct classification rate (%) 77.3 90.9 90.9 90.9 77.3 81.8

Abbreviations: AGI, aging index; DBP, diastolic blood pressure; LDA, linear discriminant
analysis; SBP, systolic blood pressure.
The predictor variables were shown as an order of stepwise choice based on the Fisher-Snedecor
parameter F. S group, sevoflurane group; T0, before induction of anesthesia; T2, after tracheal
intubation.
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study showed that sevoflurane, in the absence of remifentanil, caused
an elevation of b/a and reduction of d/a, as well as an increase in both
BP and HR after tracheal intubation. On the other hand, the
application of remifentanil in combination with sevoflurane sup-
pressed the elevation of b/a and reduction of d/a, as well as the
increase in BP and HR. Therefore, this suggested that sevoflurane was
unable to suppress an increase in sympathetic tone (increased BP and
HR) and sympathetically mediated peripheral vasoconstriction
(reduced d/a) in response to tracheal intubation; therefore, the
vascular response to blood ejection from the left ventricle was
increased (elevated b/a). Remifentanil inhibited sympathetically
mediated contraction of peripheral blood vessels and decreased
after-load of the left ventricle in response to tracheal intubation.
These findings are consistent with previous findings that remifentanil
induces bradycardia and hypotension23–25 due to a reduction in
peripheral vascular resistance and the cardiac index,26 and that the
hemodynamic instability of remifentanil is mediated by stimula-
tion of cardiac parasympathetic nerve, as well as a direct effect on
peripheral vascular tone.17 Our results also suggest that the SDPTG
indices, b/a, d/a and AGI, reflect peripheral vascular resistance and a
response of large vessels to increased cardiac output during induction
of anesthesia.
Furthermore, our results suggest that there are significant relation-

ships between preanesthetic SDPTG indices and BP in response to
laryngoscopy and tracheal intubation under sevoflurane anesthesia.
Because b/a expresses vascular responses to blood ejection from the
left ventricle and d/a reflects peripheral vascular resistance, it was
reasonable that preanesthetic b/a was correlated with SBP and pre-
anesthetic d/a was correlated with DBP at immediate postintubation.
Moreover, the current results suggest that combinations of predictor
variables are capable of predicting hypertension in anesthesia induc-
tion, regardless of a history of hypertension or hypertensive factors.
Among these variables, age is an important factor affecting aortic
stiffness; SBP is influenced by the stiffness of large arteries,27 and SBP
continues to rise until the eighth or ninth decade.28

Our findings suggested that vascular aging-like mechanisms, which
include increased arterial stiffness and increased peripheral vascular
resistance,6 occurred during induction of sevoflurane anesthesia. This
finding is considered to be mainly due to increased cardiac sympa-
thetic nerve activity. The increase in sympathetic activity was especially
applicable to patients with a history of hypertension or hypertensive
factors; categorized wave patterns of hypertensive patients in the S
group shifted to aged patterns at T2 and T3, while this shift was
prevented in the presence of remifentanil (data not shown). Therefore,
we consider that it is reasonable to stimulate cardiac parasympathetic
nerve and reduce peripheral vascular resistance by means of remifen-
tanil in patients with hypertension. There was a significant difference
in AGI in response to laryngoscopy and tracheal intubation between
the two groups. This finding suggests that this index, which generally
represents atherosclerosis and is used as a parameter of vascular aging,
is also susceptible to stress during anesthesia induction, and thus reflects
properties of the vascular wall, independent of hemodynamic changes.
A recent study using preoperative carotid–femoral pulse wave

velocity failed to predict hemodynamic responses to anesthesia and
surgical stimulation.16 It is possible that the reasons for this failure
could be that pulse wave velocity solely indicates aortic stiffness but
not left ventricular after-load or peripheral vascular resistance, and
that the patients enrolled were relatively young and of the female
gender, who have lower BP than middle age or older patients, or
males.28 However, in our preliminary findings where young patients in
the second or third decade were included, an increase in b/a and/or a

decrease in d/a were not typically observed, even during sevoflurane
anesthesia. Therefore, prediction of hypertension using SDPTG
indices is suitable for aged subjects who may possibly have athero-
sclerotic change.
In this study, we used the definition of hypertension during

anesthesia induction as SBP X180mmHg or DBP X110mmHg,
which is based on stage 3 hypertension in the report of the Joint
National Committee on Prevention, Detection, Evaluation and Treat-
ment of High Blood Pressure (the JNC sixth report).29 There is no
definite description of hypertension and/or hypotension during the
perioperative period, except for ‘acceptable values for cardiovascular
variables during and after surgery’, where SBP is within the range of
85–175mmHg,30 or it has been described that postoperative hyper-
tension is ‘arbitrarily’ defined as a SBP X190mmHg and/or DBP
X100mmHg following surgery.31 Second, we should note that the
findings of this study should be interpreted in view of a limitation that
family history of cardiovascular diseases has not been considered to
determine hypertensive factors.
In conclusion, our findings suggest that usage of remifentanil, a

potent m-opioid analgesic, to sevoflurane anesthesia prevents an
increase in BP and HR in response to laryngoscopy and tracheal
intubation, which is accompanied by suppression of both elevation of
b/a and AGI and reduction of d/a. Sub-analysis of the data also
suggested that the SDPTG indices are useful for predicting hyperten-
sion (SBP X180mmHg or DBP X110mmHg) during induction of
sevoflurane anesthesia in patients aged X40, regardless of a history of
hypertension or hypertensive factors.
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