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ABSTRACT

Background: Although sedatives such as midazolam or nitrous oxide (N,O) are administered to dental patients, the effects
of these drugs on intra-cerebral oxygenation are not well-known. Aims: We investigated the effects of intravenous midazolam
or inhalational N,O on intra-cerebral oxygenation using near-infrared spectroscopy. Setting and Design: University hospital,
prospective. Materials and Methods: During intravenous sedation, volunteers received supplemental oxygen through nasal
cannula at 3 L/min for 10 min (control group). Midazolam (0.05 mg/kg) was then injected intravenously with flumazenil (20 mg)
injected 30 min later. In the inhalational sedation study, volunteers lay quietly for 10 min receiving 100% oxygen, then
received N,O via nasal mask at concentrations of 10%, 20%, and 25% for 5 min; 30% for 20 min; and supplemental oxygen
at 100% for 15 min after N,O was discontinued. Statistical Analysis: Intra-group comparisons were made using one-way
analysis of variance for repeated measures followed by Dunnett’s test for multiple comparisons. Differences were considered
statistically significant at P < 0.05. Results: During intravenous sedation, oxyhemoglobin increased 10 min after midazolam
administration, and total hemoglobin increased slightly until 20 min after flumazenil administration, followed by a decrease.
During inhalational sedation, oxyhemoglobin increased until 5 min after starting N,O, and total hemoglobin increased until
5 min after starting N,O, followed by a decrease. Conclusions: Midazolam and N,O influenced intra-cerebral oxygenation
during intravenous or inhalational sedation. Cerebral blood flow increased with intravenous sedation when midazolam was
administered once at a dose of 0.05 mg/kg and with inhalational sedation when N,O was supplied at a concentration of 25-30%.
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INTRODUCTION surgery for patients with dental phobia, gag reflex,
hypertension, and other factors.!'*! Although dentists
Intravenous or inhalational sedation can be necessary  and dental anesthetists often administer sedatives
in dental treatment and oral and maxillofacial  such as midazolam or nitrous oxide (N,O), the
effects of these drugs on intra-cerebral oxygenation
are not well-known. Benzodiazepines generally, and
Publisher midazolam and N,O, specifically, reduce cerebral
Website: blood flow by decreasing cerebral oxygen metabolism
www.renupublishers.com . .
when these drugs have been studied in several
on conditions.**! The doses of intravenous midazolam
10.5958/2394-4196.2015.00018.7 used for dental sedation are low compared with general
anesthesia. Therefore, we studied whether the dose
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of midazolam during intravenous sedation or the
concentration of N O during inhalational sedation for
dental treatment decreases cerebral blood flow and
affects cerebral oxygenation similar to results seen in
general anesthesia, using non-invasive near-infrared

spectroscopy (NIRS).[67]

MATERIALS AND METHODS

This observational study was approved by the ethic
committee of Iwate Medical University and met the
guidelines of the Helsinki Declaration of 1975, as
amended in 2000.

Fight healthy volunteers were ranged in age from
25-35 years, with a statistical height of 168.2 + 2.1 cm
and weight of 65.8 % 8.0 kg. All volunteers received
both intravenous midazolam sedation and inhalational
N,O sedation. The observations were performed on
different days.

Protocol

Intravenous sedation

Volunteers received supplemental oxygen (O,)
via nasal cannula at a flow rate of 3 L/min for
10 min (control). Midazolam (0.05 mg/kg) was
then injected intravenously, and flumazenil (20 mg)
was injected 30 min later. A modified Observer’s
Assessment of Alertness/Sedation (OAA/S) scale
score of 3 (“responds only after name is called loudly
and/or repeatedly”) was the end point for the
midazolam titration. We monitored non-invasive
blood pressure (BP) with tonometry, and pulse rate
and blood oxygen saturation (SpO,) every minute. We
monitored changes in oxylb, deoxylb, total Hb, and
cyt with a near-infrared oxygen monitor (NIRO 500°,
Hamamatsu Photonics, Hamamatsu, Japan) every 30s.
The NIRO sensor was placed on opposite sides of the
forehead before starting the procedure. “The optodes
of the NIRO were placed on the forehead with tape.
The NIRO sensors were covered with crepe bandage
wrapped around there head. The NIRO measured the
changes in parameters from a baseline that was set at
zero at the start of measurement”® and an baseline
measurements were made for 1 or 2 min.

All parameters were continuously recorded using
a PowerLab 4/25T data acquisition system (AD
Instruments, Bella Vista, Australia). Changes in oxyHb,
deoxyHb, total Hb, and cyt values are expressed as

the mean value for each 10 min. The value for each
parameter before sedation (control) was compared
with that 10, 20, and 30 min after administration
of midazolam, and 10, 20, 30, 40, and 50 min after

administration of flumazenil.

Inhalational sedation

Volunteers received supplemental oxygen via nasal
mask at a flow rate of 6 L/min for 10 min. After laying
quietly for 10 min receiving 100% oxygen, they received
supplemental N O via nasal mask at concentrations
of 10%, 20%, and 25% for 5 min, and 30% for 20 min;
and supplemental oxygen at 100% for 15 min after
supplemental N,O was discontinued. An OAA/S scale
score of 4 (“lethargic response to name spoken in
normal tone”) was the end point for the titration of
the N,O supplementation. We monitored non-invasive
BP, pulse rate, and SpO, every 2.5 min. We monitored
changes in oxyHb, deoxyHb, total Hb, and cyt with the
NIRO 500® near-infrared oxygen monitor (Hamamatsu
Photonics) every 30 s. As for midazolam sedation,
the NIRO measured changes in the parameters and
baseline measurements were made for 1 or 2 min.

NIRS was continuously recorded using a PowerLab
4/25T data acquisition system (AD Instruments), as
for intravenous sedation. Changes in oxylb, deoxylb,
total Hb, and cyt values are expressed as the mean
value at 2.5 min intervals. The value of each parameter
10 min before supplying N,O (control) was compared
with: Values 5 min before delivering the N,O; during
N,O delivery at 10%, 20%, and 25%; 5, 10, 15, and
20 min after N,O delivery at 30%; and 5, 10, and 15 min
after discontinuing N,O delivery.

Values are presented as mean = standard deviation.
Intra-group comparisons were made using one-way
analysis of variance for repeated measures followed by
Dunnett’s test for multiple comparisons. Differences
were considered statistically significant at P < 0.05.

RESULTS

Changes in invasive BP, SpO,, and pulse rate during
sedation are shown in Figure 1 for intravenous sedation
and Figure 2 for inhalational sedation. BP, SpO,, and
pulse rate remained stable during both intravenous
and inhalational sedation. During intravenous sedation
Figure 3, the maximum oxyHb value occurred 10 min
after midazolam administration (1.7 %= 3.1 nmol/L;
n = 8 measurements). OxyHb increased 10 min
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Figure 1: Changes in blood pressure (BP), pulse rate, SpO,, and
respiratory rate during intravenous sedation. Blood pressure,
Sp0,, and pulse rate remained stable during intravenous sedation.
BP: blood pressure; HR (bpm): heart rate (breaths per minute); RR
(bpm): respiratory rate (breaths per minute); SpO,: hemoglobin oxygen
saturation
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Figure 2: Changes in blood pressure (BP), pulse rate, SpO,,
and respiratory rate during inhalational sedation. Blood pressure,
Sp0,, and pulse rate remained stable during inhalational sedation.
BP: Blood pressure; HR (bpm): Heart rate (breaths per minute); RR
(bpm): Respiratory rate (breaths per minute); SpO,: Hemoglobin oxygen
saturation; N,O: Nitrous oxide

after midazolam administration, followed by a slight
decrease to 50 min after flumazenil administration
(=0.5 = 4.4 nmol/L; n = 8§ measurements). The
maximum deoxyHb level occurred 20 min after flumazenil
administration (0.6 = 1.6 nmol/L; n = 8 measurements),
increasing slightly until 20 min after flumazenil
administration, followed by a decrease to 0.6 = 1.6
nmol/L, (n = § measurements). Maximum total-Hb
value occurred 10 min after flumazenil administration
(1.7 = 1.7 nmol/L; n = 8 measurements), increasing
slightly until 20 min after flumazenil administration,
followed by a decrease to — 0.7 £ 1.2 nmol/L. (n = 8
measurements). The maximum cyt value occurred
10 min after flumazenil administration (0.9 = 1.7 nmol/L;;
n = 8 measurements), increasing slightly until 10 min
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Figure 3: Changes in intra-cerebral oxygenation during intravenous
sedation. (a) Before sedation (control); time after administration
of midazolam: (b) 10 min (c): 20 min, and (d): 30 min; time after
administration of flumazenil: (e) 10 min, (f) 20 min, (g) 30 min, (h)
40 min; and (i) 50 min. The maximum oxyHb value occurred 10
min after midazolam administration followed by a slight decrease
to 50 min after flumazenil administration. The maximum deoxyHb
value occurred 20 min after midazolam administration and values
increased slightly until 20 min after flumazenil administration followed
by a decrease. The maximum total Hb value occurred 10 min after
midazolam administration then increased slightly until 20 min after
flumazenil administration followed by a decrease. The maximum cyt
value occurred 20 min after midazolam administration then increased
slightly until 20 min after flumazenil administration followed by a
decrease

after flumazenil administration, followed by a decrease
to — 0.3 £ 1.4 nmol/L. (n = § measurements).

During inhalational sedation Figure 4 the maximum
oxyHb value occurred 10 min after supplying N,O
at a concentration of 30% (0.72 %= 3.3 nmol/L;
n = 8 measurements), then increased until 5 min
after beginning N,O, followed by a decrease to
0.9 = 4.4 nmol/LL. (n = 8 measurements). The
minimum deoxyHb value occurred when N,O was
begun at a concentration of 10% (—0.4 = 1.4 nmol/L,;
n = 8 measurements) with the maximum value
occurring 15 min after initiating N,O. DeoxyHb
values then decreased until delivering N,O at 10%,
followed by an increase to 0.8 = 1.9 nmol/L, (n = §
measurements.). Total-Hb maximum value occurred
10 min after beginning N,O (1.4 = 3.0 nmol/L (n = 8
measurements), then increased until 5 min after
beginning N,O delivery, followed by a decrease
to 0.1 = 5.2 nmol/L. (n = 8§ measurements). The
maximum cyt value occurred 10 min after the beginning
N,O (0.3 = 1.1 nmol/L;; n = § measurements) and
increased until 5 min after beginning N,O delivery
followed by a decrease to 0.2 = 0.7 nmol/LL (n = §
measurements). There was no significant difference
between the groups.
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Figure 4: Changes in intra-cerebral oxygenation during inhalational
sedation. (a) 10 min before delivering nitrous oxide (N,O) (control)
and (b) 5 min before delivering N,O; (c) during N,O delivery at: 10%,
(d) 20%, and (e) 25%; time after beginning N,O at 30%: (f) 5 min,
(g) 10 min, (h) 15 min, and (i) 20 min; (j) 5 min after discontinuing N,O
followed by supplementation with 100% oxygen and (k) 10 min after
discontinuing N,O followed by supplementation with 100% oxygen.
The maximum oxyHb value occurred 10 min after beginning N,O
delivery at 30%, then increased until 5 min after discontinuing N,O
followed by a decrease. The minimum deoxyHb value occurred during
delivery of N,O at 10% and the maximum value occurred 15 min after
beginning N,O delivery at 30%. DeoxyHb values decreased until the
N,O was delivered at 10%, followed by an increase. Total Hb reached
a maximum value 10 min after beginning N,O delivery at 30%, then
increased until 5 min after discontinuing N,O delivery, followed by a
decrease. The cyt maximum value occurred 10 min after beginning
N,O delivery and increased until 5 min after discontinuing N,O, followed
by a decrease

DISCUSSION

Our results showed that intravenous midazolam
and inhalational N,O influenced intra-cerebral
oxygenation.

During intravenous sedation, there was an increase in
oxyHb and total-Ib and a slight increase in deoxyHb
10 min after administration of midazolam to 20 min
after administration, followed by a decrease. These
changes indicated increased cerebral blood flow
because oxyHb and total Hb increased simultaneously.
Benzodiazepines, including midazolam, decrease
cerebral blood flow through a decrease in cerebral
oxygen metabolism. ) It was suggested that steady-state
cerebral blood flow decreased with midazolam
sedation when 0.5 mg midazolam was administered,
with an additional bolus dose of 0.5 mg administered
every 2 min after OAA/S assessment until an OAA/S
scale score of 3 was reached.” We administered
midazolam only once, in this study. Midazolam is
usually administered at an initial and single dose of
0.05 mg/kg to reach an OAA/S scale score of 3, but

for dental treatment, this score indicates light or

moderate sedation.1*! Clinically, the OAA/S scale
score needs to be 2-3 (moderate or deep sedation)
for dental treatment or oral and maxillofacial surgery.
Our data may have been inconsistent with previous
studies*”! because of different methods of midazolam
administration. Our results suggested that midazolam
influenced intra-cerebral oxygenation because
oxyHb, deoxyHb, total Hb, and cyt all increased after
midazolam administration followed by a decrease after
flumazenil.

During inhalational sedation, oxyHb, and total Hb
increased with a slight increase in deoxyllb when
delivering NJO at a concentration of 25% to 5 min
after beginning delivery. These changes indicated
increased cerebral blood flow given that the oxyHb and
total Hb values increased simultaneously. In previous
reports, cerebral blood flow increased significantly in
response to the substitution of 60% N,O for nitrogen
during halothane anesthesia,” and oxyHb and total Hb
increased gradually after additional supplementation
with 50% N, O.I"?l Our results are consistent with
previous studies.>'? We increased the concentration
of N,O in gradations to 30% because N,O is usually
delivered at a concentration of 25-30% to reach an
OAA/S scale score of 4 (“lethargic response to name
spoken in normal tone”)™ for dental treatment,
oral, and maxillofacial surgery. Our results suggested
that N,O influenced intra-cerebral oxygenation
given that both oxyHb and total Hb increased
after supplementation, followed by a decrease after
discontinuing the N,O.

One of the limitations of our study was the small
sample size (n = 16), which may have been insufficient
to reach statistical significance. However, we believe
that the data provide accurate and reliable information
on intra-cerebral oxygenation during intravenous
and inhalational sedation and are clinically useful for
anesthesia management.

CONCLUSION

Intravenous midazolam and inhalational N,O influence
intra-cerebral oxygenation. Our results suggested that
cerebral blood flow increased with midazolam sedation
when midazolam was administered once at a rate of
0.05 mg/kg and during inhalational sedation with N,O
at a concentration of 25-30%. It is prudent to know the
expected changes in intracerebral oxygenation during
intravenous and inhalational sedation when managing
dental anesthesia.
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