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Abstract. As reported in the previous review, midazolam, propofol and
their combination are common choices for intravenous moderate seda-
tion of dental outpatients in Japan. In the “Practice Guidelines for Mod-
erate Procedural Sedation and Analgesia 2018, midazolam and dexme-
detomidine are recommended for “sedative/analgesic medications not
intended for general anesthesia’, that is moderate sedation. The aim
of this review is to introduce modern view of the sedative agents’ char-
acteristics and to present the clinical strategies of intravenous moderate
sedation during dental treatment. Practitioners should select the seda-
tive agent or its combination depending on the patient’s condition and
coexisting diseases. Suppression of hemodynamic fluctuation is impor-
tant in the dental treatment of medically compromised patients such
as patients with cardiovascular diseases including hypertension and/
or ischemic heart disease. Intravenous moderate sedation has stronger
sedative effects than inhalation sedation with nitrous oxide (Minimal
sedation: Anxiolysis). Both midazolam and propofol are commonly used
in phobic and medically compromised patients. In contrast, propofol
is a good candidate for patients with gag reflex and receiving prolonged
treatment. Patients with acute closed angle glaucoma and myasthenia
gravis, and taking HIV protease inhibitor are contraindications of ben-
zodiazepines including midazolam. Systemic condition of the patient
should be evaluated before sedation. Practitioners should consult the
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Characteristics and selection of the sedative
agents and clinical strategies of intravenous
moderate sedation during dental treatment

family doctor and obtain medical information including laboratory data
and regular medications. During sedation basic monitoring items include
consciousness, oxygenation, ventilation and circulation such as heart
rate and blood pressure. In addition, electrocardiography, capnography
and bispectra index monitoring may be appended in some patients with
coexisting cardiorespiratory diseases or during deep sedation. Airway
protective reflex may be to some degree suppressed during moderate
sedation. Airway protective reflex may be to some degree suppressed
during moderate sedation. Conclusion. Intravenous moderate sedation
has wide range of indications and practitioners can propose safe and
comfortable dentistry to the patients.
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T. NunHoxe,

[.M.H., npe3unaeHT MexayHapoaHon
denepaumm cTomaTonormyeckmnx
aHeCTe3noNornyecKmnx ooLecTs,
npodeccop Kadepbl CTOMATONOrNYECKON
aHecTe3unonorum

TOKMICKNIA CTOMATONOTMYECKNIA KONNEOXK

Pedepar. Kak cooblwanocb B npeabigyliem 063ope, Muaasonam,
npono¢on 1 ux KOMOUHaLMA ABNAITCA 0ObIYHBIM BbIOOPOM LA BHY-
TPVBEHHOWN yNpaBNAaeMoii cejaLnn y CTOMaTONIOrNMYeCcKnX naLmeHToB
B AnoHuu npu ambynatopHom neuyeHun. B MpakTnyeckux pekomeH-
JaumAx no ynpasnsaemon cegaunm n aHanbresmn — 2018 muaasonam
N DeKCMeAeTOMUAVH PEKOMEHAYIOTCA B KayecTBe «CeAaTVBHbIX/aHasb-
reTUYeCKUX NpenapaToB, He NpefHa3HaueHHbIX A1 06LLel aHeCTe3nm»,
13-3a X yMepPeHHOro cefjaTuBHoro 3¢dekTa. Lienb 31oro 0630pa — no-
3HAKOMUTb YnTaTeNlell C COBPEMEHHbIM B3INALOM Ha XapaKTePUCTUKN
CeflaTVBHbIX CPeLCTB 1 NPefCTaBUTb KMHUYECKe CTpaTerim ynpasnsa-
€MOW BHYTPUBEHHOW ceflali BO BPeMA CTOMATOIOMMYECKOro NieyYeHns.
MpakTuKytoLLve Bpaum JOMKHbI BbIOMPATb CelaTUBHOE CPeCTBO Wi €ro
KOMOMHALMIO B 3aBUCMMOCTY OT GYHKLMOHANIbHOTO COCTOAHMA MaLyeHTa
1 C y4eTOM ConyTCTBYIOLWMX 3aboneBaHunii. Hopmanusauusa remognHamu-
K1 AIBNAETCSA BaXKHOW COCTaBAALLE 6€30MacHOCTY NMpYU CTOMATONOr -
YeCKOM JleYeHUM Y NaLMEHTOB C COMYTCTBYIOLLEN NaToONOrven, a UMEHHO

XapakTepucTHKa 1 BBIOOP CeJaTMBHBIX
CPEeACTB U KIMHUYECKUX CTPaTeruii
BHYTPMBEHHOV YMEPEHHOM

cejalluy Py JIe9eHun 3yOOB

C CepAEYHO-COCYAUCTbIMY 3a60N1EBaHNAMMY, BKIIOYAS TUMNEPTOHNYECKYIO
6one3Hb 1/vnu Nwemmyeckyto 6onesHb ceppua. BHyTpuBeHHas ynpas-
nsieMas ceflaLMa OKasbiBaeT 6osiee BbipaXkeHHOE CelaTUBHOE JeiCTBIE,
yeM MHranALMOHHaA cefauma 3aKnCbio a30Ta, NPV KOTOPOM AOCTUraeTcs
COCTOAHWE MUHUMAJIbHON ceflaunn — aHKcnonus. I muaasonam, u npo-
no$on 06bIYHO UCMONb3YIOTCA Y NaLUEHTOB ¢ GOOMAMM 1 Y NaLMEHTOB
C KOMMPOMETMPOBAHHBIM 06LLMM CTaTycOM 380poBbs. Hanpotus, npo-
nodon ABNAETCA NpenapaTom Bbibopa A8 NaLWEHTOB C MNOBbILLEHHbIM
PBOTHbIM pedpneKkcom, KOTOpbIM NPeCcTOUT AJINTeNIbHOe CTOMATOJ0-
rmyeckoe nieveHue. MauyeHTam € 3aKpbITOYrofibHOWM rNayKkoMon 1 Mu-
acTeHMen, NPUHUMAIOLLMM MHIMOUTOPbLI MPOTeas, MPOTNBOMNOKa3aHbI
6eH30/Ma3enyiHbl, BKIKOYas muaasonam. Nepen cepaumeii HE06Xo0ANMO
oueHUTb GyHKLMOHaNbHOe COCToAHME NaureHTa. [pakTuKyioLwme Bpaum
[OMKHbI BCEra KOHCY/bTPOBaTbCA C CEMENHbIM (eyallym) Bpayom na-
LMeHTa 1 NoNyunTb MeAULMHCKYI0 MHPOpMaLio, BKtouas nabopatop-
Hble JlaHHble 1 CBefleHUA O NpenapaTax, KoTopble NauueHT NpYHUMAEeT
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Ha perynAapHoil ocHoBe. Bo Bpema cefilaLium OCHOBHble MapameTpbl MO-
HUTOPVHTA BK/KOYAIOT KOHTPOJIb CO3HAHWA, OKCMreHaLum, 4acToTbl cep-
JeyYHbIX COKPALLEHWii 1 NoKasaTenn apTepuanbHoro asneHus. Kpome
TOrO, Y HEKOTOPbIX MaLMEHTOB C COMYTCTBYIOLMMI CEPLEYHO-COCYAUCTbI-
MM 1 6POHXONEroYHbIMY 3ab0eBaHNAMY BO BpeMaA rmy6boKoii cegaumm
MOryT 6biTb 06aBNeHbl aneKTpoKapavorpadus, KanHorpapusa n MoHu-
TOPUHT BUCNEKTPANbHOrO NHAEKCA. 3aLUTHBIN pedneKc AbiXaTenbHbIX
nyTeil O HEKOTOPOIi MOXeT CTENEeHN NOAABNATLCA NPU ynpaBaAeMon
cepaumm, a 3alWUTHbINA pedreKc AbixaTesbHbIX NyTel Npyu yMepeHHON
cepauun. 3akntoueHue. Ynpasnsemas BHyTPUBEHHaA cefauma umeet

INTRODUCTION

In the previous review in this journal, the author introduced
clinical practices and education of intravenous moder-
ate/deep sedation in Japan [1]. In this second review, the
author will focus on the characteristics and selection of the
sedative agents and clinical strategies of intravenous mod-
erate sedation during dental treatment mainly based on the
researches that had been conducted in our department and
the “Practice Guidelines for Intravenous Conscious Sedation
in Dentistry” established by the Japanese Dental Society
of Anesthesiology in 2017 [2].

THE SEDATIVE AGENTS

As reported in the previous review, midazolam, propofol
and their combination are common choices for intravenous
moderate sedation of dental outpatients in Japan.

In the “Practice Guidelines for Moderate Procedural
Sedation and Analgesia 2018”, midazolam and dexmedeto-
midine are recommended for “sedative/analgesic medica-
tions not intended for general anesthesia”, that is moderate
sedation [3]. However, dexmedetomidine is not commonly
used for dental outpatients in Japan because it requires long
recovery period. In the guidelines, it is reported that an-
algesics administered with sedatives include opioids such
as fentanyl and remifentanil. However, opioid easily induces
respiratory depression and sometimes apnea. In addition,
opioids are treated as narcotics and strictly controlled for
physicians and dentists to use in Japan. Thus, midazolam has
been one of the most common agents for moderate sedation
during dental treatment.
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LWIMPOKWIA CNEeKTP NOKa3aHWiA, U NPaKTUKYyIoLWMe Bpaun MoryT npeasio-
XKUTb NayueHTam 6e3omacHoe 1 yaobHoe neyeHue.

KnioueBble cnioBa: ctomatonorus, obe3donmeaHve, ceaaus, BHyTpU-
BeHHas ynpasnsemas cefjauns, KOMOMHaLMA celaTUBHbIX CPeACTB
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Another choice for moderate sedation is propofol. Pro-
pofol s classified in “sedative/analgesic medications intend-
ed for general anesthesia”. These include propofol, ketamine
and etomidate. In “Practice Guidelines for Moderate Proce-
dural Sedation and Analgesia 2018 [3], task force members
strongly agree with the recommendations to 1) provide care
consistent with that required for general anesthesia when
moderate sedation with sedative /analgesic medications in-
tended for general anesthesia by any route is intended, and
2) assure that practitioners administering sedative /analgesic
medications intended for general anesthesia are able to re-
liably identify and rescue patients from unintended deep
sedation or general anesthesia. Small dose propofol induces
moderate sedation, while large dose propofol induces deep
sedation and general anesthesia (table 1). Thus, sedation
level of the patient depends on the infusion rate of propofol
and practitioners must realize the potential risk of unintend-
ed loss of consciousness produced by propofol. Fortunately,
most Japanese dentists who give propofol for intravenous
moderate sedation are certified as the Board Certified Den-
tal Anesthesiology Specialist (BCDAS) or Japanese Board
of Dental Anesthesiology (JBDA). They have enough skills
and knowledge for general anesthesia and deep sedation
as well as intravenous moderate sedation.

1. Midazolam

Midazolam is a benzodiazepine derivative. The standard dose
for moderate sedation is 0.05—0.075 mg/kg [2]. Midazolam
has four major effects. These include 1) sedative/anxiolytic,
2) amnesic, 3) anticonvulsive, and 4) muscle relaxant effects.
Midazolam has stronger anxiolytic and amnesic effects than
propofol during moderate sedation. In addition, midazolam

Table 1. Continuum of depth of sedation definition of general anesthesia, and levels of sedation/analgesia

Minimal Moderate

(anxiolysis) tion)

(analgesia/conscious seda-

Deep

. General anesthesia
(analgesia)

. Normal response
Responsiveness

Purposeful response to ver- Purposeful response after re-
to verbal stimulation bal or tactile stimulation peated or painful stimulation with painful stimulus

Unarousable, even

Intervention often

Airway Unaffected No intervention required Intervention may be required -
required
spontaneous Unaffected Adequate May be inadequate Frequently inad-
ventilation equate
Cardiovascular Unaffected Usually maintained Usually maintained May be impaired

function
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has stronger inhibitory effects on sympathetic nervous activi-
ties during simulated anxious stress [4, 5]. Thus, midazolam
reduces hemodynamic fluctuations during dental treatment,
especially in phobic dental patients. Interestingly, midazolam
increases bite force, while reduces grip strength during mod-
erate sedation [6]. Therefore, some patients with intellectual
disability might clench by unexpected severe force during
insufficient sedation. Anticonvulsive and muscle relaxant
effects are effective for moderate sedation of patients with
strong muscle tone and/or involuntary movement such as ce-
rebral palsy and epilepsy. Midazolam produces respiratory
depression. However, desaturation during moderate sedation
with midazolam is prevented by inhalation of 50% oxygen [7].
Estimated maximal plasma concentration of midazolam
depends on the injection rate (fig. 1). In a simulation analy-
sis, estimated plasma concentration of midazolam exceeds
100 ng/mL (unconscious level) for 4 minutes after bolus
injection of 0.05 mg/kg midazolam. If the same dose of mid-
azolam is administered in 2 minutes, estimated plasma con-
centration of midazolam exceeds 100 ng/mL for 2.5 minutes.
Likewise, if administered in 5 minutes, it exceeds for only
1 minute. Thus, the injection rate is quite important to pre-
vent unintended deep sedation. Practitioners should titrate
the dose of midazolam according to patient’s symptoms [2].

2. Propofol

Propofol is an intravenous anesthetic and given commonly
in an infusion technique. As describe earlier, small dose pro-
pofol induces moderate sedation, while large dose propofol
induces deep sedation and general anesthesia. The standard
dose and infusion rate of propofol for moderate sedation
is 6—8 mg/kg/hr for 2 minutes and thereafter 2 mg/kg/hr
(or 0.2—0.4 mg/kg bolus injection followed by 2 mg/kg /hr
infusion) [2]. To precisely control the effect-site concentra-
tion of propofol, the target controlled infusion technique
is commonly used in Japan and Europe. For moderate seda-
tion, estimated effect-site concentration of propofol is about
1 pg/mL. However, it may be about 1.5 pg/mL or more
in some young patients. Because propofol is commonly ad-
ministered with an infusion technique, sedation level can
be easily controlled and accordingly emergence from seda-
tion is rapid and clear.

ng/ml

200

midazolam (0.05 mg/kg)

2 min injection (2.5-5)

sedated

60 min

Fig. 1. Midazolam concentration in plasma after various rate of midazolam
injection

Propofol has less anxiolytic and amnesic effects than
midazolam during moderate sedation. In addition, propofol
has less inhibitory effects on sympathetic nervous activities
during simulated anxious stress [4, 5]. In contrast, propofol
strongly inhibits gag reflex [8]. In a comparative cross-over
study of propofol and midazolam in patients with gag reflex,
propofol effectively inhibited gag reflex during moderate se-
dation. This means that the patients were conscious. In con-
trast, 75% of the patients required to be unconscious to in-
hibit gag reflex during midazolam sedation. Propofol also
increases bite force during moderate sedation like midazolam
[9]. Because propofol has moderate to severe pain on injec-
tion, the practitioners should administer propofol slowly [10].

3. Midazolam-propofol combination

Intravenous moderate sedation with a combination of small-
er doses of midazolam and propofol is widely used in Japan.
This method has several advantages. By using smaller doses
of midazolam and propofol, the patient can obtain anxiolysis
and amnesia produced by midazolam, and stable sedative
level and rapid and clear emergence produced by propofol.
Meanwhile, side effects can be reduced because of smaller
doses of the sedatives.

Sympathetic nervous activations caused by simulated
pain sensation was smaller during midazolam-propofol
combination compared with propofol alone [11]. Respira-
tory depression was smaller during midazolam-propofol
combination compared with propofol alone [12]. Midazol-
am-propofol combination increases bite force about twice
as much as that before sedation [13].

INDICATIONS AND CONTRAINDICATIONS
OF INTRAVENOUS MODERATE SEDATION

Intravenous moderate sedation has stronger sedative ef-
fects than inhalation sedation with nitrous oxide (Minimal
sedation: Anxiolysis). Indications of intravenous moderate
sedation are as follows.
. Invasive and prolonged treatments
. Phobic dental patients
. Medically compromised patients
. Hyperventilative patients
. Intellectually disabled patients
. Patients with strong muscle tone and/or involuntary

movement (Cerebral palsy etc.)

7. Epileptic patients

8. Patients with gag reflex

Both midazolam and propofol are commonly used
in phobic and medically compromised patients. In addition,
midazolam is a good candidate for patients with hyperven-
tilation, strong muscle tone and/or involuntary movement,
and epilepsy. In contrast, propofol is a good candidate for
patients with gag reflex and receiving prolonged treatment.
Contraindications of intravenous moderate sedation

are as follows:

1. Pregnant patients

2. Non-cooperative patients (moderate sedation)

3. Patients with acute closed angle glaucoma

NNk W=
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4. Patients with myasthenia gravis
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5. Patients taking HIV protease Minor Medically || Intellectually || Cerebral Dental Gag || Dentalphobia
inhibit oral surgery || compromised disabled palsy phobia reflex b
n 1 1tor ' Gag reflex
Patients with acute closed angle
glaucoma and myasthenia gravis, |
and taking HIV protease inhibitor . p , N
are contraindications of benzodiaz- Surgical Hemodynamic Body 1 Fear/ Gag
epines including midazolam. S fluctuation movement Anxiety reflex |
I mild | |severe
SELECTION anxiolytic
OF THE SEDATIVE AGENTS lengthy treatment
Practitioners should select the seda- !

tive agent or its combination de-
pending on the patient’s condition
and coexisting diseases (fig. 2) [14].
Suppression of hemodynamic fluc-
tuation is important in the dental
treatment of medically compromised
patients such as patients with car-
diovascular diseases including hypertension and/or isch-
emic heart disease. Midazolam is effective for these patients
because of its sympatholytic effects. Control of body move-
ment is important for patients with intellectually disability
and/or cerebral palsy. Both midazolam and propofol are
effective for these patients and are used according to its
severity. Mitigation of fear/anxiety is important for phobic
dental patients. Midazolam is also effective for these patients
because of its strong anxiolytic effects. In patients with gag
reflex, propofol is a good choice. Thus, midazolam, propo-
fol or midazolam/propofol combination is used according
to patient’s condition. Fundamentally, the target level of in-
travenous sedation is moderate. However, sometimes deep
sedation is required especially in patients with intellectually
disability, severe fear/anxiety or severe gaging reflex. Some
of these patients may undergo general anesthesia instead
of intravenous sedation.

CLINICAL STRATEGIES
OF INTRAVENOUS MODERATE SEDATION [2]

1. Before sedation

Systemic condition of the patient should be evaluated before
sedation. Practitioners should consult the family doctor and
obtain medical information including laboratory data and
regular medications. Sometimes this information may con-
fine the use of sedative agents.

Restriction of oral intake should be considered for mod-
erate sedation and is mandatory for deep sedation. Patients
should be fasting for 2 hours to drink clear liquids and for
8 hours or more to eat routine meals (table 2).

2. During sedation

A person or persons responsible for giving sedatives should
be independent from the operator. This person must contin-
uously monitor the patient. Basic monitoring items include
consciousness, oxygenation, ventilation and circulation such
as heart rate and blood pressure. In addition, electrocar-
diography, capnography and bispectral index monitoring

@dazolam |

combined administration for
moderate/deep sedation

Midazolam
+ Propofol

may be appended in some patients with coexisting cardio-
respiratory diseases or during deep sedation. To evaluate
the sedation level, Ramsay sedation scale (RSS) is useful
(table 3). The target level for moderate sedation is 3 and 4.
In this state, the patient shows blepharoptosis (Verrill sign;
table 4). Although RSS 2 (anxiolysis) is also acceptable for
moderate sedation, this level may be sometimes inadequate
for severe phobic patients. Practitioners should realize that
oxygenation and ventilation is different monitoring items.
Oxygenation can be evaluated by pulse oximetry. Inhala-
tion of oxygen via a nasal cannula is useful. Ventilation
should be evaluated by observing the thoracic movement
or capnography. If the patient is given oxygen and becomes
apneic during sedation, high SpO, level may interfere with
early detection of respiratory arrest.

Airway protective reflex may be to some degree sup-
pressed during moderate sedation. Thus, aspiration may

|
| Propofol

Fig. 2. The schema of drug selection for Intravenous sedation

Table 2. Restriction of oral intake (minimum fasting period, hours)

Intake Period, hours
Clear liquids 2
Nonhuman milk 4
Light meal 6
Fried foods, fatty foods or meat 8 or more
Table 3. Ramsay sedation scale
Effect Level

1. Anxious and agitated or restless or both —

2. Cooperative, oriented, and tranquil Minimal (anxiolysis)

3. Responsive to commands only

4. Brisk response to light glabellar tap Moderate
or loud auditory stimulus
5. Sluggish response to light glabellar tap
or loud auditory stimulus
Deep

6. No response to light glabellar tap or loud
auditory stimulus
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Table 4. Sedation symptoms

Level S Objective symptoms
symptoms
Minimal  Relaxed Ta“;g;‘g’g;lgip‘d %
No anxiet Relaxed, slurring,
Y blepharoptosis (Ver- VRN
Moderate  relaxed, i i
seepy 0 sign), complying @
to verbal command
Dee Asleep,  Eye closing, slurring, /\
P indifferent ~ drowsy response = ——

occur during dental treatment. Attentions should be paid
especially when water is accumulated in the patient’s
mouth. Rubber dam techniques may be effective to prevent
aspiration. During deep sedation, airway protective reflex
is considerably suppressed and spontaneous breathing may
be inadequate. Thus, equipment for artificial ventilation in-
cluding anesthesia machine and tracheal intubation should
be prepared.

3. After sedation

After finishing dental treatment, the patient emerges from se-
dation. Practitioners should evaluate street fitness of the pa-
tient. Subjectively, the patient does not feel lightheadedness.
Objectively, practitioners should confirm the recovery of psy-
chomotor and cardiorespiratory functions. These include 1)
recovery from sedative feeling, 2) recovery of ambulatory
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ability, and 3) cardiorespiratory stability. It is recommend-
ed that the patient returns home with being accompanied
by a caretaker. When sedative effect of midazolam is pro-
longed, flumazenil can be administered to antagonize mid-
azolam. However, practitioners should realize that flumazenil
antagonizes the sedative effect of midazolam, while it cannot
antagonize disturbance of equilibrium function.

CONCLUSION

The author has introduced the characteristics and selection
of the sedative agents and clinical strategies of intravenous
moderate sedation during dental treatment. Intravenous
moderate sedation has wide range of indications and prac-
titioners can propose safe and comfortable dentistry to the
patients. However, to securely perform intravenous seda-
tion, practitioners must learn skills and knowledge of gen-
eral anesthesia. The author would expect the development
of education and training on systemic management of dental
patients including intravenous sedation and general an-
esthesia in Russia. The author would hope to be involved
in this development as a good case of Japanese-Russian den-
tal collaboration.
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