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Abstract: Purpose: The purpose of this study was to compare pre- and postoperative autonomic
activities and changes in salivary stress biomarkers between patients who received sedation and those
who received only local anesthesia in dental implant surgery.

Methods: A total of 21 patients were enrolled in this non-randomized controlled prospective study; 7
subjects underwent implant surgery under local anesthesia with intravenous sedation and 14 subjects
underwent surgery under only local anesthesia, Stress was evaluated by measuring salivary levels of
chromogranin A (CgA) and a spectral analysis of heart rate variability (HRV) at baseline, 1 h
preoperatively, and 1 h postoperatively. HRV analysis yields low- (LF) and high-frequency {(HF)
components, the LF/HF ratio, and the component coefficient of variance (CCV[HF}), which provide
indices of sympathetic and parasympathetic regulatory activity.

Results: CgA levels were significantly higher (p<0.05) at baseline in patients who received sedation
than those who did not, but CgA levels did not differ prior to surgery. Also, the values of most
parameters, including LF, HF, LE/HF, and CCV(HF), did not significantly differ between groups or
among the three time points. Only ALF/HF and ACCV(HF) were significantly lower (p<0.05} at1h
preoperatively in patients who received sedation than those who received only local anesthesia.
Conclusions: CgA levels were high in both groups immediately before surgery, and thus CgA values
immediately before surgery may not be a reliable indicator of the need for intravenous sedation. Also,
spectral analysis of HRV, especially ALF/HF and ACCV(HF), could he useful for assessing tension and
anxiety.
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Abstract

Purpose: The purpose of this study was to compare pre- and postoperative autonomic
activities and changes in salivary stress biomarkers between patients who received
sedation and those who received only local anesthesia in dental implant surgery.
Methods: A total of 21 patients were enrolled in this non-randomized controlled
prospective study; 7 subjects underwent implant surgery under local anesthesia with
intravenous sedation and 14 subjects underwent surgery under only local anesthesia.
Stress was evaluated by measuring salivary levels of chromogranin A {CgA) and a
spectral analysis of heart rate variability (HRV) at baseline, 1 h preoperatively, and 1 h
postoperatively. HRV analysis yields low- (LF) and high-frequency (HF) components,
the LF/HF ratio, and the component coefficient of variance (CCV[HFY]), which provide
indices of sympathetic and parasympathetic regulatory activity.

Results: CgA levels were significantly higher (p<0.03) at baseline in patients who
received sedation than those who did not, but CgA levels did not differ prior to surgery.
Also, the values of most parameters, including LF, HF, LF/HF, and CCV(HF), did not
significantly differ between groups or among the three time points, Only ALF/HF and
ACCV(HF) were significantly lower (p<0.05) at 1 h preoperatively in patients who
received sedation than those who received only local anesthesia.

Conclusions: CgA levels were high in both groups immediately before surgery, and thus
CgA values immediately before surgery may not be a reliable indicator of the need for
intravenous sedation. Also, spectral analysis of HRYV, especially ALF/HF and

ACCV(HF), could be useful for assessing tension and anxiety.
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Introduction

Stress surrounding dental treatment is one of the most important factors that induce
accidental systemic symptoms such as shock and acute elevation of blood pressure
during procedures [1-3]. Systemic complications during dental treatment can be readily
provoked by these psychological stresses, and most emergencies such as blood pressure
elevation, tachycardia, and vasodepressor syncope are related to autonomic nervous
disturbances [4]. These generally cause stress and fear, which may affect patient
physiology and increase perioperative anxiety [5]. Previous studies have confirmed that
patients experience anxiety not only before invasive treatments such as tooth extraction,
but also before general dental treatments such as root canals and periodontal scaling
[6,7]. In fact, invasive or uncomfortable procedures sometimes require intravenous
sedation or general anesthesia [5,8].

As dental implant surgery can be very long, local anesthesia may be insufficient, and
intravenous conscious sedation is an option [9]. Intravenous conscious sedation by the
anesthetist is safe procedure and reduces the incidence of adverse events [9].
Consequently, intravenous sedation or general anesthesia is considered necessary for
implant surgeries, particularly in patients who are highly susceptible to stress [10-12].
Stress may be evaluated by a variety of methods, including a self-administered
questionnaire (SAQ) [5,6,13—13], statistical or dynamic analysis of electrophysiological
signals of blood pressure and heart rate [16,17], and biochemical methods including
measuring stress-related substances such as chromogranin A (CgA) and cortisol in blood
or saliva samples [18-20]. The SAQ is employed most frequently, but it requires that

subjects maintain reflective capability, and social preferences and subjects’ tendency for
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self-conceit make its objective evaluation difficult. Moreover, levels of stress-related
substances vary markedly among individuals and throughout the circadian cycle [19,20]
and lack a baseline. Therefore, it is difficult to identify patients susceptible to stress
from surgery in advance of a procedure or to reliably evaluate stress before, during, or
after dental treatment; there are also no guidelines on which patients should be
intravenously sedated.

On the other hand, HRYV is widely used as an index of autonomic nervous activity. In
humans, cardiac pulsation fluctuates constantly, even at rest, and is determined by the
firing cycle of the sinus node. Sinus node firing is regulated by intracellular potassium
(K™) and calcium (Ca”™) ion levels, which are adjusted by the autonomic nerves, Thus,
autonomic nervous activity is assessable by frequency and time domain analyses of
electrocardiogram data [21-26].

In this study, we attempted to identify biological distinctions between patients desiring
intravenous sedation during implant placement and those who do not by evaluating
salivary levels of the stress biomarker CgA and HRV immediately before, during, and

after surgery.

Materials and methods

Subjects

A non-randomized controlled prospective study was performed with the approval of the
Ethics Committee of Kyushu Dental University (No. 11-60). Twenty-one patients (15
females and 6 males; mean age, 61.4 years) were enrolled between August 2011 and

August 2013 at Kyushu Dental University Hospital. Patients were given sufficient
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explanation of the study goals and signed a consent form. We excluded patients with
certain criteria (severe diabetes, previous chemotherapy, previous irradiation of the head
and neck region, progressive periodontitis, immunosuppression, human
immunodeficiency virus infection), as well as those who had poor oral hygiene or were
pregnant. Patients who needed bone grafting were also excluded. The differences
between local anesthesia with and without intravenous sedation were explained to all
patients before surgery, and the anesthetic methods were selected according to patient
preference. In all, 7 patients received sedation during surgery and 14 received only local
anesthesia.

Stress was evaluated by measuring salivary levels of the psychological stress biomarker
CgA by immunoassay and by spectral analysis of heart rate variability (HRV) during
orthostatic tolerance tests. HRV analysis yielded low- (LF) and high-frequency (HF)
components, the LF/HF ratio, and the component coefficient of variance (CCV[HF]),
providing indices of sympathetic and parasympathetic regulatory activity. Orthostatic
tolerance tests were performed and saliva was collected at baseline (on a day other than

the day of surgery), 1 h preoperatively, and [ h postoperatively (Fig. 1).

Changes in salivary CgA related to psychological stress

Saliva was collected from each subject using a salivette. Subjects chewed on a small
piece of cotton for 4 min, after which the cotton piece was placed in a tube. After
collection, the samples were kept in an icebox until transport to the laboratory, where
they were centrifuged and stored at -80°C until analysis. The concentration of CgA

(pmol/mL) was measured using the YK070:CgA (Human} EIA kit (Yanaihara Institute).
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CgA levels were corrected for protein concentration as measured by the Bio-Rad Protein

assay kit and expressed as pmol/mg protein,

Autonomic reflex orthostatic iolerance test

HRYV and blood pressure were measured for 5.5 min: 3 min while patients sat in a
relaxed manner and 2.5 min while they stood (Fig. 2). Time domain analysis of IRV
allowed direct evaluation of changes in the R-R interval, which then were converted
into frequencies, and components in each frequency range were evaluated. The power
spectrum was subsequently quantified using standard frequency-domain measurements,
including HF power ( >0.15 Hz) and LF power (between 0.05 and 0.15 Hz). LF/HF was
used as an indicator of the balance between sympathetic and parasympathetic activities,
that is, a relative sympathetic index. In addition, the coefficient of variance of R-R
intervals (CVRR: SD of the R-R interval/mean of the R-R interval x 100), which
represents fluctuations of heart beat, was measured as an index of autonomic activity
[27,28].

With normal autonomic reflexes, sympathetic activity is increased and parasympathetic
activity is suppressed immediately upon standing. On the other hand, while continuing
to remain upright, sympathetic activity is suppressed and parasympathetic activity is
increased. In addition, AL/H (LL/H [just after standing] — L/H [sitting]), ACVRR (CVRR
[just after standing] — CVRR [sitting]), and AnormCCVHF (normCCVHF [continued
standing] — normCCVHF [just after standing]) were calculated to evaluate changes in
the balance index with the change from sitting to standing, changes in autonomic

activity with the change from sitting to standing, and changes in the percentage of the
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parasympathetic activity associated with continued standing, respectively. Systolic
arterial and diastolic blood pressure was measured every minute, beginning 1 min after

the beginning of the test, and heart rate was monitored throughout.

Statistical analysis
For comparisons between groups, the Mann-Whitney test was used, while for three
groups (baseline, before, after), the Friedman’s test followed by Dunn’s post-test was

used. A value of p < 0.05 was considered to indicate statistical significance.

Results

CgA levels were significantly greater (p<0.05) in patients who received sedation than
those who did not at baseline. On the other hand, there was no significant difference
between the two groups at 1 h pre- or postoperatively (Fig. 3). Autonomic functional
measurements while sitting, including LF/HE, CCV (HF), and CVRR, did not differ
significantly between patients who received the two methods of anesthesia (Fig. 4). In
addition, there was no significant difference in autonomic functional measurements in
other positions. As for changes in these variables between standing and sitting, the only
significant difference between the two groups was in ALE/HF and ACCV (HF)at | h
prior to surgery; both were significantly lower (p<0.05) in patients who received
sedation; ACVRR did not vary between groups (Fig. 5). Moreover, heart rate, systolic
arterial pressure, and diastolic blood pressure did not significantly differ between groups

at any time point.
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Discussion

In dental treatment, local anesthesia with intravenous sedation is reported to mitigate
intraoperative stress and prevent accidental systemic symptoms [10-12]. However, there
are no clear criteria regarding which patients would benefit from intravenous sedation.
Generally, patients who feel fear tend to select intravenous sedation. In this study,
baseline salivary CgA levels, which should correlate with fear, were significantly higher
in these patients. Also, no significant difference was noted in the CgA level between the
two groups | h prior to surgery, indicating that preoperative stress levels were also high
in patients opting only for local anesthesia. These results suggest that CgA levels
immediately before surgery are not reliable indicators of the need for intravenous
sedation.

On the other hand, we also examined whether autonomic nervous activity signifies
patients’ preoperative stress susceptibility by comparing HRV before and after implant
surgery between patients who underwent surgery with and without intravenous sedation.
ECG R-R interval and HRV based on the pulse wave and first and second derivatives of
photoplethysmogram have been shown to be reliable indicators of autonomic nervous
activity [29,30]. Among these, we used the ECG R-R interval to analyze HRV.
Frequency analysis of the R-R interval of ECG yields three spectral components: very
LF (VLF; <0.05 Hz), LF (0.05-0.15 Hz), and HF (>0.15 Hz). Because the HF
component reflects parasympathetic activity and the LF reflects both sympathetic and
parasympathetic activities, the LF/HF ratio and HF are used as indices of the
sympathetic and parasympathetic activities, respectively. In addition, in time domain

analysis, the coefficient of variance of the dimension of fluctuation of the HRV (CVRR)
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is used as an index of the magnitude of autonomic activity. Moreover, in this study,
perioperative autonomic nervous function was evaluated by analyzing HRV by means of
the orthostatic tolerance test of autonomic reflexes. As a result, the ALF/HF, which
reveals changes in sympathetic activity, and AnormCCVHE, changes in parasympathetic
activity, were found to be significantly lower in patients who received sedation than
those who elected not 1 h before surgery. Generally, upon standing, blood (0.5-1 L) is
retained in the venous volume of the lower limbs and body trunk due to gravity,
followed by an increase in sympathetic and suppression of parasympathetic activity due
to the action of baroreceptors of the aortic arc and carotid body. These reactions induce
increases in heart rate and contractile force and coarctation of the vascular volume to
maintain blood pressure. If the standing position is maintained, the intravascular volume
is expanded by activation of the renin-angiotensin-aldosterone system and secretion of
antidiuretic hormones, and consequent suppression of sympathetic and enhancement of
parasympathetic activity due to autonomic reflexes stabilize heart rate and coarctation
of the vascular volume and maintain a standing-appropriate blood pressure. Because
autonomic nervous function as indicated by AnormCCVHF and ALF/HF was unstable
only in patients who received sedation immediately before surgery, pre-operative
autonomic function tests may be effective to evaluate patients’ fear of surgery and

assess whether intravenous sedation should be used in addition to local anesthesia.

Conclusion
Patients who desire intravenous sedation for implant treatment may be prone to high

levels of psychological stress that cause unstable autonomic nervous activity
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immediately before surgery. Also, autonomic function tests appear to be an effective
evaluation of patients’ fear and stress immediately before implant surgery.
Implementation of this practice could mitigate the risk of accidents due to

hemodynamic changes resulting from intraoperative psychological stress.
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Figure Legends

Figure 1
Study design. Orthostatic tolerance tests and measurement of salivary CgA levels were

performed at baseline, 1 h before surgery and 1 h after surgery.

Figure 2

Principle of orthostatic tolerance test of the autonomic reflex.

Figure 3
CgA levels were significantly higher (p<0.05) in patients who received sedation than
those who received only local anesthesia at baseline. There was no significant difference

between groups at the pre- and post-operative timepoints.

Figure 4
Changes in baseline autonomic activity (in the sitting position) over the perioperative

period. There was no significant difference between groups.

Figure 5

Changes in autonomic function over the perioperative period. ALF/HF and ACCV(HF)
were significantly lower (p<0.05) in patients who received sedation than those opting
for only local anesthesia 1 h before surgery, but did not differ at later time points. There

was no significant difference in ACVRR.
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